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Legal Notice 

This information was prepared by Gas Technology Institute (“GTI”) for DOT/PHMSA (Contract 
Number: DTPH56-09-T-000002. 

Neither GTI, the members of GTI, the Sponsor(s), nor any person acting on behalf of any of them: 

a.  Makes any warranty or representation, express or implied with respect to the accuracy, completeness, 
or usefulness of the information contained in this report, or that the use of any information, apparatus, 
method, or process disclosed in this report may not infringe privately-owned rights.  Inasmuch as this 
project is experimental in nature, the technical information, results, or conclusions cannot be predicted.  
Conclusions and analysis of results by GTI represent GTI's opinion based on inferences from 
measurements and empirical relationships, which inferences and assumptions are not infallible, and with 
respect to which competent specialists may differ. 

b.  Assumes any liability with respect to the use of, or for any and all damages resulting from the use of, 
any information, apparatus, method, or process disclosed in this report; any other use of, or reliance on, 
this report by any third party is at the third party's sole risk. 

c. The results within this report relate only to the items tested. 
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Executive Summary 

Biogas, generated through the anaerobic digestion of a variety of biomass sources, is one of the fastest 
growing renewable fuels.  However, based upon its source (e.g., dairy waste, landfill, wastewater sludge, 
agriculture waster), biogas can contain constituents that may affect pipeline integrity and system 
operations that could possibly impede pipeline safety. One such known constituent are a class of 
microorganisms, prokaryotes associated with microbiologically-induced corrosion (MIC) in produced 
biogas and biomethane (cleaned biogas), that are carried over from the anaerobic digestion process. 

MIC is promoted by the presence or activities of microorganisms including bacteria and archaea. The 
specific mechanism of microbial corrosion is associated with the type of microbe or the synergistic 
microbial communities normally present in a natural environment. One general MIC mechanism 
considers corrosion of localized areas, under the influence of microbial activity, which is due to that area 
being more anodic than the surrounding area that has not been colonized by microbes. However, this 
mechanism is difficult to validate because of extreme experimental challenges in conducting 
electrochemical testing through two bridged cells, one of which contains bacteria and the other which 
remains sterile. 

Another important issue, however, is the potential effect of the chemical constituents in 
biogas/biomethane on non-metallic pipe and/or other non-metallic components in natural gas pipeline 
system is unknown. There are no testing protocols available for such investigation in this area. 

The objective of this project is to understand key elements related to promoting the successful delivery of 
biomethane into natural gas pipeline networks. This project focuses on two key areas of concern: 

1. The effect of microbial induced corrosion on metallic pipes, and  

2. The impacts of biogas/biomethane on a non-metallic gathering network from sustained biogas 
feedstock exposure.   

The project was broken down into the following eight technical tasks: 

 
Task 1. Literature Review 
Task 1 includes a comprehensive review of biological and chemical information as it relates to the two 
focus areas of this project. A comprehensive literature review of publications, standard documents, 
research reports, and publications in scientific journals was conducted on the topic of MIC.  The literature 
review provides an overview of corrosion and MIC related microorganisms.  The literature review also 
provides specific information about MIC detection and limitation, MIC mitigation and prevention, and 
their relationship to overall pipeline corrosion, as well as those major factors or mechanisms which 
control the internal MIC process on metallic pipelines. 

Task 1 also includes the collection of chemical data from biogas and biomethane derived from dairy 
manure, landfills, and wastewater treatment plants (WWTP).  Data was obtained from previous GTI 
projects as well as samples sent to GTI’s analytical laboratory from industrial customers.  In addition, an 
extensive literature review was performed and several datasets from biogas facilities were obtained.  This 
data was then compared with comprehensive natural gas data sets acquired over the past two decades. 
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Task 2. Microbial/Chemical Profile of a Metallic Biogas Pipeline 

The purpose of Task 2 was to determine the initial microbial and chemical conditions in a representative 
metallic biogas pipeline.  

The major microbial compositions in the raw biogas were determined from ten biogas samples, which 
contained two types of corrosion-causing bacteria, i.e., acid-producing bacteria (APB) and iron reducing 
bacteria (IOB). The condensate samples collected from the raw biogas pipeline were also analyzed for 
microbial compositions. The results indicated that the condensate samples mainly contained APB. 

The identities of most sequences of heterotrophic bacteria or bacterial spores in raw biogas were closely 
related to the sequences of two bacteria genera, i.e. Paenibacillus and Bacillus. Species determination of 
corrosion-related bacteria showed the presence of Clostridium and Acidovorax species, in addition to 
dominant Paenibacillus and Bacillus species.  

From the condensate sample, the dominant heterotrophic bacteria species were also closely related to 
Bacillus and Paenibacillus, though after growth in thioglycolate medium (TG media), the dominant 
bacteria species changed to H. saxobsidens. 

The majority of sequences isolated are closely related to the sequences of genus Bacillus, followed by 
Paenibacillus, and Clostridium. Of all the sequences from these three genera, Bacillus sequences 
accounted for approximately 71.4%, Paenibacillus 24.3% and Clostridium 4.3%. The most representative 
Bacillus species was B. licheniformis.  

Twelve biogas samples from ten dairy farms were analyzed and used for determining the major gas 
composition in the raw biogas. Carbon dioxide, oxygen, nitrogen, ammonia, hydrogen sulfide, carbonyl 
sulfide, and hexane plus were detected as the major components in the biogas. The oxygen level of 0.7 
mol% was used as the oxygen concentration in the cover gas for the corrosion experiments in Task 3. 

The condensate composition was determined by analyzing the condensate collected from a raw biogas 
line. The predominant dissolved species were inorganic carbon and ammonia. A small amount of organic 
carbon was also found. The identified chemical compositions were used in the artificial growth medium 
for corrosion tests in Task 3. 

 
Task 3. Lab Evaluation of Microbial Corrosion under Simulated Field Conditions  
The purpose of Task 3 was to evaluate the microbial corrosion under a simulated field condition and to 
generate the experimental data for modeling microbial corrosion under Task 4. 

The bacteria consortium for corrosion experiments in Task 3 was determined based on the bacteria 
populations determined from biogas and condensate samples. The compositions of the artificial growth 
medium for the corrosion experiments in Task 3 were developed based on the results of chemical analysis 
of the condensate samples and the nutrient requirements for bacterial growth. The quantity of nutrient 
broth was determined through experiments on the bacterial growth curves under various conditions.  

A dual cell electrochemical test system was designed and developed for the laboratory evaluation of MIC 
corrosion under the simulated field conditions. This system was designed to investigate the galvanic 
effect induced by bacteria under the conditions that mostly likely occur in the pipeline in which bacteria 
may colonize at localized areas while the surrounding areas remained free from bacterial growth.  

A total of five test runs have been performed using the developed dual cell system. Two of the tests were 
successful and generated useful data for investigating the galvanic effect induced by bacteria under 
simulated field conditions:  
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a. A steady potential difference was developed between the anode and the cathode after the bacteria 
was introduced and multiplied in the anode cell. This potential difference created a corrosion 
current causing localized corrosion on the anode. 

b. When the cathode cell was contaminated by bacteria, the potentials in the two cells were 
equalized and the galvanic effect on the anodes disappeared.  

In addition, it was also found from the corrosion experiments that the growth of bacteria on the anode 
surface changed the local chemical environment near the anode surface resulting in a more aggressive 
corrosion rate. Both the galvanic and localized corrosive environments induced by bacteria, resulted in 
significant corrosion rates up to 1.6 mils per year (mpy) under the investigated conditions. For the same 
environment, but without bacteria, one would have predicted much lower corrosion rates. 

The most significant challenge that was encountered during the experimental work was the difficulty 
associated with contamination control in the cathode cell.  The results from the unsuccessful test runs 
suggest that if the bacteria sources (e.g., spores) could not be fully destroyed through the sterilization 
process, bacteria can easily grow in an environment that is benign for their growth, such as sufficient 
water and nutrients. This could be the reason that in many cases bacteria is always detected in the pipeline 
system even though a biocide treatment is used. Therefore, it is important to take into account developing 
an effective method and process that can fully destroy bacteria and spores in the crevices and pores to 
prevent MIC within the biogas pipeline system. 

 
Task 4. Preliminary MIC Model Development 
This task was not executed due to the limited experimental data that were generated in Task 3. 

 
Task 5. Develop Compilation of Nonmetallic Materials 
A review of the nonmetallic materials that are currently used for building natural gas distribution systems 
was performed. The overview of plastic pipes, together with the physical and mechanical properties and 
pipe joining methods are summarized in this report. A compilation of the elastomeric materials that are 
used as gasket, seal, etc for natural gas distribution systems were generated and the general description of 
each material including the physical, mechanical properties and chemical and environmental resistance 
are also included. More detailed analysis of each material was performed to obtain a complete 
compilation of the material properties and their performance under the potential environment which may 
be encountered for biogas/biomethane applications. 

Based on the evaluation of the material properties and the analysis of chemical/environmental resistance 
of the nonmetallic materials, a list of plastic pipe materials and elastomers were selected for compatibility 
analysis in Task 6. These materials include: 

• Medium Density Polyethylene (MDPE (2XXX)) 

• Polyamide (PA12) 

• High Density Polyethylene (HDPE (4XXX)) 

• Butadiene-Styrene (SBR) 

• Butadiene-Acrylonitrile (NBR) 

• Silicon Rubber (SI) 

• Polychloroprene (CR) 
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Task 6. Conduct Literature Search (Gap Analysis) for Material Compatibility Data 
The gas compositions from biogas and biomethane (processed landfill gas, processed dairy gas, raw 
landfill and raw dairy gases) that were compiled from Task 1 were used in this task to evaluate the impact 
from gas compositions on the pipeline materials. The gas compositions were ranked based on their 
concentration in the biogas or biomethane. 

A comprehensive literature search and review were conducted to collect the solubility parameters for the 
plastic materials and elastomers identified in Task 5, together with the chemicals identified in the 
biogas/biomethane.  

Compatibility was conducted between the gas compositions and the materials. For the inorganic 
chemicals, the compatibility was determined based on the chemical resistance of the material to the 
chemicals. For organic species, the compatibility was determined by the solubility parameters of the 
material and the chemical. The closer the two parameters are to eachother, the larger the impact from the 
chemical. 

The overall risk score for the biogas/biomethane was determined by the ranking of the gas compositions 
and the weight from the compatibility analysis. The gas having a higher total risk score on a material 
suggests a higher impact. A list of candidate gases and materials were selected as test samples for Task 8 
to validate the test protocol developed in Task 7. The selected gases and materials are: 

• Test Gas Samples: 

a. Raw landfill gas 

b. Raw dairy farm gas 

c. Processed landfill gas 

• Test Materials 

a. MDPE (2708) 

b. SBR 

c. NBR 

 
Task 7. Identify and Develop Baseline and Comparative Testing Protocols 
The standard and consensus test methods that have been used to study the material properties of plastics 
and elastomers were reviewed to identify the testing protocols for evaluating pipeline materials for biogas 
application. The developed protocols are separated into the Baseline Confirmatory Testing and 
Comparative Testing: 

• Baseline Confirmatory Testing 

a. Density 

b. Glass Transition Temperature (Tg) 

c. Chemical Makeup 

d. Extractable Content (for elastomers only) 

• Comparative Testing 

a. Hardness 

b. Dimensional 
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c. Tensile Strength 

d. Compression 

e. Slow Crack Growth Resistance 

The baseline confirmatory testing was used to verify the material physical properties and the chemical 
makeup. The comparative testing was used to evaluate the impact from the test gases. 

A test matrix conducting above tests using the identified test gases and materials were developed for Task 
8. 

 
Task 8. Perform Bounded Laboratory Testing  
The objective of Task 8 was to test and compare the representative biogas and biomethane exposed 
samples against the selected unexposed materials in controlled laboratory experiments. The test protocols 
developed in Task 7 that were specific to integrity testing of the selected non-metallic materials were 
verified in Task 8. 

The impact of biogas/biomethane on the non-metallic pipeline materials was evaluated in Task 8 using 
the sample gases collected from the field and the identified pipeline materials (SBR, NBR and MDPE) 
that may potentially be susceptible to the biogas compositions based on the compatibility analysis in Task 
6.  

A gas collection protocol was developed in this task, and successfully applied at the biogas sites to collect 
gas samples. The sampled gas was compressed into high pressure gas cylinders. The collected biogas 
samples were delivered to GTI and used in the gas saturation tests. 

A gas saturation test system was developed in Task 8 to saturate the test specimens with the gas samples 
at a controlled temperature and pressure.  A total of four batches of gas saturation tests were conducted 
for the three materials (MDPE, SBR and NBR). The test gases include: (a) natural gas as a baseline, (b) 
processed landfill gas, (c) raw landfill gas, and (d) raw dairy gas. 

The results obtained from the above controlled laboratory testing indicate that the developed test 
protocols are practical and powerful that allow evaluating the impact from biogas on the material 
properties. These results were then compared with unexposed control test samples for each material. 
Although the impact from the three selected biogas samples was not severe, the above tests are still 
effective to accurately quantify the material property change under the impact from the test biogas 
samples. 

 



8 
 

 
 
 
 

 

 

 
Task 1: Literature Review of Internal 
Microbial Corrosion 

 

 
 

GTI Team Members: 

Karen Crippen 
Monica Ferrer  

Xiangyang (Sean) Zhu  
(Former GTI Employee) 

 
 

 
 

 



 Task 1: Literature Review of Internal Microbial Corrosion 

 9 

Table of Contents 

 
Table of Contents ....................................................................................................................... 9 

Table of Figures ........................................................................................................................11 

List of Tables ............................................................................................................................11 

Literature Review of Microbiologically Induced Corrosion .........................................................12 

Background ...........................................................................................................................12 

MIC-Related Microorganisms and MIC Mechanisms .............................................................13 

SRB-induced corrosion ......................................................................................................15 

APB-induced corrosion ......................................................................................................18 

MOB- induced corrosion ....................................................................................................18 

MRB-induced corrosion .....................................................................................................19 

Other Bacteria-Induced Corrosion .....................................................................................19 

MIC Indicators .......................................................................................................................20 

MIC Detection and Monitoring ...............................................................................................21 

MIC Prevention and Mitigation ..............................................................................................24 

Literature Review/Collection of Biogas/Biomethane Chemical Data ..........................................28 

First Tier ................................................................................................................................28 

Halocarbons ......................................................................................................................28 

Siloxane ............................................................................................................................31 

Metals ...............................................................................................................................31 

Major Components and Extended Hydrocarbons ..............................................................31 

Sulfur .................................................................................................................................32 

Second Tier...........................................................................................................................32 

SVOCs, Aldehydes/Ketones, PCBs ...................................................................................32 

PCBs .................................................................................................................................32 

Pesticides ..........................................................................................................................32 

Pharmaceuticals ................................................................................................................33 

Previous GTI Projects ...........................................................................................................33 

GTI Analytical Laboratory Database ..................................................................................33 

Literature Review ..............................................................................................................33 

References ...............................................................................................................................37 

List of Acronyms .......................................................................................................................46 

 



 Task 1: Literature Review of Internal Microbial Corrosion 

 10 

 



 Task 1: Literature Review of Internal Microbial Corrosion 

 11 

Table of Figures 

 Page 
 
Figure 1.  Internal Microbial Corrosion. .....................................................................................12 

Figure 2.  SEM Micrograph of Biofilm and Microbial Corrosion. .................................................12 

Figure 3.  MIC Development Model [41]. ...................................................................................14 

Figure 4.  Interaction of SRB and APB on Metal Corrosion [49]. ...............................................15 

 

List of Tables 

Table 1.  Where MIC is most likely to occur [34]. .......................................................................13 

Table 2.  Target Compounds for First Tier Chemical Testing, Part A .........................................29 

Table 3.  Target Compounds for First Tier Chemical Testing, Part B .........................................30 

Table 4. Target Compounds for Second Tier Chemical Testing, Part A ....................................34 

Table 5.  Target Compounds for Second Tier Chemical Testing, Part B ...................................35 

Table 6.  Summary of Data Collected ........................................................................................36 

 



 Task 1: Literature Review of Internal Microbial Corrosion 

 12 

Figure 1.  Internal Microbial Corrosion. 
 

Figure 2.  SEM Micrograph of Biofilm 
and Microbial Corrosion. 

 

Literature Review of Microbiologically Induced Corrosion 

Microbiologically influenced corrosion (MIC) is a complex and aggressive mode of 
corrosion [1-19]. A comprehensive literature review of publications, standard documents, 
research reports, and publications in scientific journals was conducted on the topic of internal 
MIC over a nine-month period. The literature review is focused on information about MIC 
detection and limitation, MIC mitigation and prevention, and their relationship to overall pipeline 
corrosion, as well as those major factors or mechanisms which control the internal MIC process 
on metallic pipelines. The second focus of the literature review is to incorporate the data from 
Task 2 (conditions in raw biogas gathering line) and discuss its implications for potential 
microbial corrosion. The literature review will identify a set of major parameters for the 
construction of a preliminary MIC model in Task 3. 

Background 

Corrosion is mainly the consequence of 
electrochemical reactions on the surface of a 
metal. Its kinetics is determined by the physico-
chemical environment at the metal surface, such 
as concentration of oxygen, salts, pH, 
reduction-oxidation (redox) potential, and 
conductivity (Figure 1). Microbiologically 
influenced corrosion (MIC) is corrosion 
influenced by the presence or activities of 
microorganisms including bacteria and fungi 
[20-23]. Microorganisms growing at the metal 
surface form a biofilm and the release of 
chemicals or the deposition of electrochemically 
active minerals from biofilms alters the rates and 
types of electrochemical reactions at the biofilm-metal surface interface and produces a broad 
range of outcomes such as pitting, crevice corrosion, under-deposit corrosion, selective 
dealloying, enhanced erosion, and galvanic corrosion [22, 24-29] (Figure 2). The accurate 
diagnosis of MIC requires a combination of microbiological, surface analytical and 
electrochemical techniques. 
 

Despite the tremendous advances made in 
recent years to improve knowledge of the 
mechanisms of microbial corrosion, and 
development of better monitoring techniques, 
biocides, and other control measures, it is still not 
known with certainty how many species of 
microorganisms contribute to corrosion, how to 
reliably detect their presence prior to corrosion 
events, or how to rapidly assess the efficacy of 
mitigation procedures [2, 5-7, 23, 30-33]. 
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MIC can occur in unexpected places. It tends to occur repeatedly at certain locations (Table 
1) [34]. In general, MIC “problem areas” for many industries occur more often in welds and 
heat-affected zones, separators, drips, under the deposits, after hydrotesting, and when cooling 
systems are not passivated after “turnarounds” are complete. 
 

Table 1.  Where MIC is most likely to occur [34]. 
Industry/Application Potential Problem Sites for MIC Organisms Responsible 
Pipelines-oil, gas, water, 
wastewater 

Internal corrosion primarily at the bottom position                   
Dead ends and stagnant areas                                                                            
Low points in long-distance pipes                                                

Aerobic and anaerobic acid producers, SRB, manganese and 
iron-oxidizing bacteria, sulfur oxidizing bacteria

Fire protection systems Dead ends and stagnant areas Anaerobic bacteria, including SRB 

Pulp and paper Rotating cylinder machines                                                                                          
Whitewater clarifiers 

Slime-forming bacteria and fungi on paper-making machines                                                                                             
Iron-oxidizing bacteria                                                                     
SRB in waste 

Desalonation Biofilm development on reverse osmosis membranes Slime-forming bacteria

Chemical process industry 

Cooling water systems 

Power generation plants 

Docks, piers, oil platforms, and 
other aquatic structures  

SRB below barnacles, mussels, and other areas sequestered 
from oxygen 

Aerobic and anaerobic acid producers, SRB, manganese, and 
iron-oxidizing bacteria                                                                                  
In oil storage tanks also methanogens, oil-hydrolyzing bacteria 

Heat exchangers, condensers, and storage tanks-especially at 
the bottom where there is sludge build-up                                                       
Water distribution systems 

As above for heat exchangers and fire protection systems Under 
mussels and other fouling organisms on intakes

Just below the low-tide line                                                                           
Splash zone 

Heat exchangers and condensers                                                               
Firewater distribution systems                                                                        
Intakes 

Algae, fungi, and other microorganisms in cooling towers     
Slime-forming bacteria, aerobic and anaerobic bacteria, metal-
oxidizing bacteria, and other microorganisms and invertebrates  

Cooling towers                                                                                                           
Heat exchangers-in tubes and welded areas-on shell where 
water is on shell side                                                       

 

MIC-Related Microorganisms and MIC Mechanisms 

Many bacteria occurring naturally in waters and soils are considered corrosion-causing 
bacteria, including but not limited to, sulfate-reducing bacteria (SRB), acid-producing bacteria 
(APB), metal-oxidizing bacteria (MOB), metal-reducing bacteria (MRB), sulfur/sulfide 
oxidizing bacteria, nitrate-reducing bacteria, and slime-forming bacteria. Each of these 
physiological groups of microorganisms may contain hundreds or thousands of individual 
species. Each group of bacteria or an individual species of bacteria alone can cause metal 
corrosion; however in a natural environment, it is always microbial communities containing 
many different types of microbes that cause the MIC, and the resulting corrosion is always far 
more severe compared to the data generated under single strain laboratory conditions [3]. 
However, the mere presence of given classes of organisms associated with MIC (e.g., SRB) does 
not necessarily indicate that MIC is occurring. Nor does the demonstration that a given type of 
microorganisms is present establish a cause-and-effect relationship between the bacteria and 
metal dissolution [11, 35]. 
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Many MIC mechanisms have been proposed since von Wolzgen Kuhr and Van Der Vlugt in 
1934 [36]; most of them are focused on SRB corrosion [14, 17-19, 37-40]. A general mechanistic 
MIC model proposed by Pope includes three phases [28, 41] (Figure 3) . In Phase I, microbes 
attach to metal surface and start forming a biofilm. The attachment colonization of microbes in 
this phase is affected by many conditions such as preexisting corrosion on the metal surface, 
metal surface condition (roughness, welds, inclusions, etc.), and local chemical-electrochemical 
environments. The further development of biofilm on metal surface in Phase II creates an 
occluded area (inside and under the biofilms) that is relatively anodic to the surrounding area. In 
this phase, the occluded area becomes more acidic, attracting chloride and other anions and starts 
forming deposits on the metal surface (nodules or tubercles). Phase III involves the formation of 
a mature nodule over a well-defined pit. The low pH (<4.0) in the active pit region shifts the 
corrosion process to chemically-driven underdeposit acid attack. In this phase, the corrosion 
process would continue even in the absence of microbes [41]. 

 

  
Figure 3.  MIC Development Model [41].  

(a) Recognition of Desirable Sites. (b) Colony Formation and Crevice Corrosion Begins and Anode is 
Fixed. (c) Nodule is Formed over “Mature” Pit. 
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However, in a complex environment, a consortium of different types of microorganisms 
often work synergistically, resulting in far more severe corrosion compared to the data generated 
under single strain laboratory conditions [3]. For instance, APB produce low molecular weight 
organic acids (short chain fatty acids such as acetic, butyric, formic, lactic, succinic, and 
propionic acids) and inorganic acids (e.g., HCl, H2CO3, and H2SO4). While both types of acids 
can cause metal corrosion by either direct reaction with metal or disrupting the protective surface 
oxides films and calcium scales [11, 22, 42-47], the organic acids provide the environment and 
nutrients for the growth of other bacteria such as SRB [48] (Figure 4). In addition, biogenic acids 
increase the concentration of protons (H+), which can then become reduced at the cathode, 
generating hydrogen, an electron source for SRB and other hydrogen-consuming organisms [11]. 
Activities of aerobic microbes deplete oxygen in the biofilm, create an environment for growth 
of anaerobic bacteria, and form an oxygen gradient within the biofilm. This causes a potential 
change beneath the film, resulting in the development of an anodic region surrounded by a large 
cathodic area and galvanic corrosion. In addition, if the protective oxide film is breached beneath 
a biofilm, then the metal cannot be reoxidize or self-heal. Oxygen gradients and breached oxide 
film result in metal pitting beneath biofilms. Therefore MIC is the consequence of collective 
effects of microbial consortia on metal surfaces. 

 

 
Figure 4.  Interaction of SRB and APB on Metal Corrosion [49]. 

SRB-induced corrosion 

Sulfate-reducing bacteria (SRB) constitute a physiologically diverse group of obligate 
anaerobic, heterotrophic, and mixotrophic bacteria that are responsible for dissimilatory sulfate 
reduction. They are present in a variety of environments, including oil- and gas-bearing 
formations, seawater, freshwater, soils, and domestic, industrial, and mining wastewaters [50]. 
Though SRB are anaerobic bacteria, SRB can survive and quickly recover from brief oxygen 
exposure [13, 39, 49]. SRB use hydrogen, organic acids (lactic, acetic, propionic, succinic, 
pyruvic, etc.), and variety of other low molecular weight organic compounds (ethanol, aliphatic 
acids, sugars, amino acids, indole, nicotinic acid, etc.) as electron donors and also as carbon and 
energy sources. Sulfate can be used as an electron acceptor for anaerobic respiration [51-53]. 
Previous microbiological studies have suggested that SRB play a key role in microbial corrosion 
[3, 30] and other problems of great economic impact in oil and gas industries [30]. For instance, 
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oil reservoir souring is a well known phenomenon after seawater injection into reservoirs for oil 
extraction, i.e., the reservoir formation water provides volatile fatty acids (VFAs) as electron 
donors and the seawater provides the sulfate (~2,700 mg/L) as electron acceptor for SRB’s 
anaerobic respiration. 

 
It has been reported by many researchers that the corrosion rates caused by SRB under 

laboratory conditions are much lower than the rates under field conditions [10, 13-18, 38, 54],  
and the rates under laboratory conditions usually cannot be maintained at high level for long 
periods of time. The existence and activity of SRB causes the average corrosion rate of steel 
exposed to anaerobic soil to be more than 20 times higher than that of the control case, the 
maximum corrosion rate of steel and iron being reported by SRB to be 7.4 mm/y [14, 24, 55]. 
Pitting corrosion is characteristic of the action of SRBs on steel, with pits being open and filled 
with soft black corrosion products in the form of iron sulfides [10]. When the corrosion products 
are removed, the metal underneath is bright but rapidly rusts on exposure to air. 

 
Various mechanisms have been proposed to explain the accelerated corrosion rate observed 

in the presence of SRB. The most classic among them is cathodic depolarization, proposed by 
Von Wolzogen Kühr and Van Der Vlugt in 1934 [36]. They proposed that cathodic 
depolarization is achieved by the metabolic oxidation of hydrogen by SRBs. 

 
4Fe → 4Fe+2 + 8e-  (anodic reaction)  (1) 
8H2O→ 8H+ + 8OH-   (water dissociation)  (2) 
8H+ + 8e- → 8H0  (cathodic reaction)  (3) 
SO4

-2 + 8H0 MIC → S-2 + 4H2O   (cathodic depolarization) (4) 
Fe2+ + S-2 → FeS   (corrosion products)  (5) 
3Fe+2 + 6OH- → 3Fe(OH)2  (corrosion products)  (6)  
4Fe + SO4

-2 + 4H2O → 3Fe(OH)2 + FeS + 2OH-   (overall reaction)  (7) 
 
The cathodic depolarization theory posits that SRB at the cathode remove the H0 from a 

polarized metal surface (through hydrogenase) for anaerobic respiration (to produce energy by 
reducing sulfate to sulfide), resulting in increased corrosion rate. However, many later 
researchers found evidence that conflicts with cathodic depolarization hypothesis [10]. It has 
been reported that the reactions occurring at the anode are at least as important as the cathode’s 
and could be predominant in the case of SRB corrosion [56].  

 
The most severe damage resulting from the corrosion of steel by SRB is most often localized, 

taking the form of pits, crates or similar clearly delimited areas of corrosion. Pitting corrosion is 
a process of the nucleation and growth type, and the mechanism of pitting corrosion is generally 
an autocatalytic stabilization of a galvanic cell between a small corroding area (the anode) and its 
non-corroding surroundings (the cathode). Thus, the more modern theory of SRB-induced 
corrosion involves the formation of ferrous sulfide film on metal surface and the formation of 
galvanic cell between ferrous sulfide film and steel base.  

 
The galvanic corrosion theory states that under anaerobic conditions, SRB uses various 

electron donors (mainly small molecule organic acids) to reduce inorganic sulfate to sulfide. As a 
result, hydrogen sulfide accumulates in the biofilm near the metal surface and iron sulfide 
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quickly forms on and covers the carbon steel surface. The iron sulfide film (cathode) and bare 
steel base (anode) forms a galvanic cell [57]. At the early stage, the film (mainly mackinawite, 
FeS(1-x), 35% S, dense and protective) is patchy and irregular, and therefore SRB-induced 
corrosion rates are high due to the galvanic couple between patchy iron sulfide (cathode) and 
steel base (anode). However, after a uniform mackinawite film is formed, it protects metal from 
further corrosion, resulting in reduced SRB corrosion [24]. When mackinawite takes up more 
sulfide and gradually converts to greigite (Fe3S4) and pyrite (FeS2, 52.5% S), the change in film 
density breaks the iron sulfide film and the resulting ruptured film exposes the bare metal, forms 
a galvanic corrosion cell again between the steel substrate and an unbroken sulfide film attached 
to the steel surface, and causes elevated corrosion rate [18, 58]. Pyrite is 12 times more corrosive 
than mackinawite due to higher potential difference to the iron anode (482 mV vs 610 mV). 
However, the incubation time for breakdown of mackinawite film, dependant on various factors 
such as redox potential, solution chemistry, physical properties of films, is not predictable, and 
may take 2-3 months [14, 17]. A high concentration of ferrous iron in the medium may 
accelerate the breakdown of dense biogenic FeS film on the metal surface, and accelerate the 
corrosion rate [17, 19]. High amounts of soluble iron also prevent formation of protective sulfide 
layers on ferrous metals [16]. Once mackinawite film is ruptured, the corrosion is independent of 
SRB number and growth rate. 

 
The galvanic corrosion cell is normally short lived because the iron sulfide matrix becomes 

saturated with electrons derived from the corrosion process. However, anaerobic SRB remove 
electrons directly from FeSx matrix (cathode), sustaining a flow of electrons through the galvanic 
couple from the corroding steel [18]. The microbes use these electrons to reduce sulfate to 
sulfide, which combines with ferrous ions (Fe2+) derived from corrosion of the steel to 
precipitate more FeSx, thus further increasing corrosive action. Other researchers found that the 
activity of the SRB on the anode (electrochemical or metabolic) might be more important than 
their activity on the cathode in terms of stabilizing the coupling current between the anode and 
the cathode, and proposed a theory that the SRB acidify the anode by precipitating ferrous ions 
into ferrous sulfide and stabilize the pH of the cathode, thus inducing a sustained galvanic 
coupling [56, 57, 59, 60]. The galvanic couple accounts for ~ 10% of the observed damage. 
Extension of the life of the corrosion cell through electron transfer to active bacteria is 
responsible for most of the metal loss [18]. Another classic hypothesis regarding the sustaining 
galvanic corrosion cell was proposed by King and Miller [17, 24, 61]. They attribute the 
sustaining life of galvanic cell to the adsorption of atomic hydrogen by the ferrous sulfide 
corrosion product. Ferrous sulfide is not, however, a permanent cathode [62] and its regeneration 
and the maintenance of a high sustained corrosion rate is dependent on the removal of this 
hydrogen by the action of bacterial hydrogenase. 

 
Other alternative hypotheses also exist, and may contribute to the explanation of SRB-induced 
corrosion. For instance, some SRB secrete exopolysaccharides (EPS), which facilitates 
irreversible cell attachment, leading to colonization on the steel surface. EPS can bind metal 
ions, causing metal ion concentration cells [63]. Hydrogen sulfide acidifies a corrosive medium 
and catalyzes penetration of hydrogen into steels, a process known as H2S-induced cracking or 
sulfide stress cracking [64, 65]. Periodic oxygen incursions and sulfur/sulfide oxidizing bacteria 
can oxidize FeSx to more corrosive sulfides such as pyrite (higher sulfur content) and production 
of elemental sulfur (2S2– + O2 + 4H+ -> 2S(0) +2H2O). Both products will increase corrosion 
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significantly [13, 19, 39]. Elemental sulfur sustains the galvanic couple between iron and the 
corrosion product FeSx by accepting electrons from the FeSx. High local acidity generated on 
particles of solid sulfur reacting with water could also be responsible for high corrosion rates of 
iron and steel. 
APB-induced corrosion 

Acid-producing bacteria (APB) are present in a variety of environments, including oi1- and 
gas-bearing formations, soils, and domestic, industrial and mining wastewaters. Acid-producing 
bacteria produce organic acids (e.g., acetic, butyric, formic, lactic, succinic, and propionic acids) 
and inorganic acids (e.g., HCl, H2CO3, H2SO4), causing metal corrosion by either direct reaction 
with metal or disrupting the protective surface oxides films and calcium scales [11, 22, 42-47]. In 
addition, biogenic acids increase the concentration of protons (H+), which can then become 
reduced at the cathode, generating hydrogen, an electron source for SRB and other hydrogen-
consuming organisms [11, 57]. Short chain organic acids provide the nutrients for other bacteria 
growth such as SRB and can lead to general attack, pitting attack, and stress corrosion cracking 
[48]. Acetic acid-producing bacteria and butyric acid-producing bacteria have been found to be 
present in environmental samples and in particular, samples from gas and oil production 
operations [4, 66, 67]. Consumption of hydrogen by SRB through formation of H2S allows the 
APB to continue acid production. Some fungi also produce organic acids and other byproducts 
which support the growth of various other bacteria such as SRB [22]. 
MOB- induced corrosion 

Metal-oxidizing bacteria (MOB), mainly iron-oxidizing bacteria and manganese-oxidizing 
bacteria, are generally filamentous, are typically found in fresh and marine water, and are 
frequently surrounded by a sheath usually encrusted with iron, manganese, or both. Iron-
oxidizing bacteria such as Gallionella, Sphaerotilus, Leptothrix, Siderocapsa, Thiobacillus, 
Crenothrix, and Clonothrix oxidize the soluble ferrous (Fe2+) and produce orange-red tubercles 
of iron oxides and hydroxides by oxidizing ferrous ions (electron donors) from the bulk medium 
or the substratum [68, 69]. They are commonly associated with tubercle formation and corrosion 
of water distribution pipelines. The small area under the deposit, deprived of oxygen, forms a 
galvanic cell with surrounding metal with large cathode to anode ratio, resulting in under-deposit 
corrosion, pitting, and crevice corrosion [22, 70], sometimes with assistance from sulfate-
reducing bacteria [71]. Gallionella spp. contributes to the generation of conditions favorable to 
colonization by SRB [20]. Manganese-oxidizing bacteria oxidize the soluble manganese (Mn2+) 
to insoluble manganese oxide (Mn2O3, MnOOH, Mn3O4, and MnO2). The oxides are formed 
extracellularly and encrust the polymeric material (bacterial capsules) that surrounds individual 
cells or cell aggregates. Leptothrix and Siderocapsa are particularly associated with formation of 
highly enriched manganese oxide deposits. Manganese oxide can elevate corrosion current, and 
can also serve as a cathode to support corrosion at an oxygen depleted anode (metal surface) 
within the deposit, resulting in similar under-deposit corrosion, pitting, and crevice corrosion 
[22, 70]. 

 
The detection of iron- and manganese-oxidizing bacteria is usually dependent on diagnostic 

liquid cultures, which is very difficult even for experienced microbiologists. Microscopic 
identification of iron-oxidizing bacteria is also quite difficult for an experienced analyst. Several 
direct and indirect tests for the presence of corrosion-causing bacteria are summarized in NACE 
Standard TM0101-2006 [22]. However, these techniques are not capable of quantifying metal-
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oxidizing bacteria. A new technique called quantitative polymerase chain reaction (qPCR) is 
now available for quick detection and quantification by targeting 16S rRNA gene of Leptothrix, 
Sphaerotilus, and Gallionella [72, 73]. The presence of iron-oxidizing bacteria within tubercles 
associated with localized corrosion is considered a positive indication of MIC. 
MRB-induced corrosion 

Under oxic conditions, the metal surface becomes oxidized, causing the formation of metal 
oxides and hydroxides, which protect the metal surface from further corrosion. Some metal-
reducing bacteria (MRB) are capable of using metal oxides or hydroxides (Fe3+ and Mn4+) as 
electron acceptors efficiently (i.e., redox potential is similar to nitrate)  and out-compete low 
potential electron acceptors such as sulfate or carbon dioxide [74]. When MRB is in direct 
contact with solid iron (Fe3+) and manganese (Mn4+) oxides, the dissimilatory reduction produces 
soluble ions (Fe2+ and Mn2+), resulting in dissolution of surface oxides.  This destabilizes the 
passivating protective film (oxide film) and allows further corrosion (localized corrosion) to take 
place [11, 48]. Medium containing ferric citrate (FeC6H5O7

.3H2O) as the terminal electron 
acceptor and acetate as the sole carbon source can be used to detect the presence of IOB. A 
positive indication of growth and iron reduction is a color change in the medium from brown to 
green [22]. 
Other Bacteria-Induced Corrosion 

Acidophilic sulfur/sulfide-oxidizing bacteria oxidize sulfide or elemental sulfur to sulfate or 
sulfuric acid. For example, Thiobacillus bacteria are the most common sulfur-oxidizing bacteria, 
and are almost always accompanied by SRB. Sulfur/sulfide-oxidizing bacteria obtain the carbon 
required for the synthesis of new cell material by fixation of CO2 from the atmosphere and 
energy from oxidation and reduction reactions [64, 75]. Ferrous iron from reduced sulfur 
compounds serve as the electron donor, and oxygen is the preferred electron acceptor. In the 
absence of oxygen, organisms grow on reduced inorganic sulfur compounds using ferric iron as 
an alternative electron acceptor. The specific oxidation reactions leading to production of 
sulfuric acid (H2SO4) varies with the initial reduced sulfur species (H2S, S2O3

2-, S3O6
2-, S4O6

2-, 
S0). Elemental sulfur, thiosulfates, metal sulfides, H2S, and tetrathionates can be oxidized to 
H2SO4 [76]. 

 
Methanogens and some strains of SRB frequently co-exist in a symbiotic relationship. They 

remove hydrogen from the surface of metals catalyzed by a reversible hydrogenase, enhance the 
cathodic reduction of proton (cathodic depolarization), and thereby accelerate anodic metal 
dissolution [11, 77]. Culturing of methanogens is very difficult due to the strictly anaerobic 
nature of methanogens. Genetic techniques are now available for quick detection and 
quantification of methanogens by targeting a specific functional gene [72]. 

 
Nitrate- and nitrite-reducing bacteria use nitrogen oxides as alternative electron acceptors 

under anoxic conditions [78]. In the presence of nitrate, denitrifying bacteria are reported to 
cause metal corrosion [31, 79].  

 
Hydrogen embrittlement of metals occurs when molecular hydrogen invades the metal lattice, 
filling interstitial regions and thereby distorting the lattice structure and weakening the metal-
metal bond [11]. Bacterial production of hydrogen can directly promote hydrogen embrittlement 
of metals. Indirectly, the generation of acids, which can be reduced to hydrogen at cathodic sites, 
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as well as the generation of sulfide, which promotes the adsorption of hydrogen into metal 
matrices may also promote hydrogen embrittlement. 

MIC Indicators 

Water is required for microbial metabolism and growth and corrosion processes. Water 
quality parameters that are considered important to understanding internal corrosion and MIC for 
a particular industrial system include temperature, pH, alkalinity, sulfide, nitrite, dissolved gases 
(CO2, H2S, O2, NH3, etc.), total dissolved solid (TDS), chemical oxygen demand (COD), 
microorganisms (bacteria, algae, and fungi), etc. Raw biogas contains up to 40% CO2 and 0.66% 
of H2S. Dissolved CO2 and H2S in water form carbonic acid and weak acidic hydrogen sulfide 
which attack metal. Dissolved oxygen might not be indicative as to the oxygen content within the 
biofilm. A better measurement is COD which measures the concentration of electron donors 
available for sulfate or metal reduction; hence a low COD means a low risk of finding SRB and 
iron-reducing bacteria in the system. Chloride (Cl-) ions are very aggressive and participate in 
many forms of corrosion, including MIC. Chloride ions from the electrolyte migrate to the anode 
to neutralize any buildup of charge, forming heavy metal chlorides that are extremely corrosive 
to metal surface, particularly stainless steels. 
 

Pope and Pope [3] listed a series of chemical and  metallurgical indicators for diagnosis of 
MIC in natural gas pipeline.  
 

Chemical MIC indicators include: 
1) Sulfide: a strong positive indication. SRB reduce sulfate to sulfide, which combines with 

Fe and forms FeS. 
2) Sulfate: a positive indication that SRB-induced MIC may occur. The FeSO4 corrosion 

product is soluble but less aggressive than the chloride iron for steel corrosion. 
3) Chlorides: a positive indication. Chlorides are known to breakdown protective oxide 

layers and are a cathodic depolarizer. Iron chloride is soluble and its formation promotes 
anodic dissolution of iron and steel.  

4) Short-chain volatile fatty acids: a positive indication for growth of APB. 
5) pH: a positive indication that MIC may occur at the site if pH is less than approx. 5.5. 
6) Ferrous iron: a positive indication that MIC may have occurred at the site. This is 

especially true if iron sulfide(s) is present. 
7) Ferric iron: a positive indication that corrosion may have occurred at the site. Can also be 

an indication that the sample was exposed to oxygen in the pipeline, or after the sample 
was collected. The information is of little value in distinguishing between MIC and other 
forms of corrosion. 

8) Hardness: an indication that scaling can occur (if pH is above about 8.0 and carbonates 
are present) and, therefore, generalized corrosion may be less likely. However, this has 
little influence on the possibility that MIC may occur at the site. 

9) Carbonate: a neutral indicator of the possibility of MIC but could be important in choices 
of mitigation measures. Carbonate can form scales which can prevent the successful 
application of inhibitors or biocides. 
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Metallurgical MIC indicators include: 
 
1) Discrete deposits: a positive indication that MIC may occur at the site.  
2) Deposit color: a black or gray deposit is a strong positive indication that MIC has 

occurred at the site. Black or gray deposits almost always suggest ferrous iron (a reduced 
form of iron often associated with MIC).  

3) Under deposit pit: a strongly positive indication that MIC has occurred at the site 
4) Shiny pit: a strongly positive indication of high acidity at the site and it indicates that 

MIC may be active. 
5) Larger pits composed of smaller pits: a positive indication that MIC has occurred at the 

site. 

MIC Detection and Monitoring 

Internal MIC is a significant problem affecting the oil and gas and other industries. Routine 
monitoring of water quality may identify potential problem organisms and the factors that may 
promote bacterial growth and attack. Water quality parameters that are considered important to 
understanding internal corrosion and MIC for a particular industrial system include temperature, 
pH, alkalinity, sulfide, nitrite, dissolved gases (CO2, H2S, O2, NH3, etc.), total dissolved solid 
(TDS), chemical oxygen demand (COD), microorganisms (bacteria, algae, and fungi), etc. COD 
measures the concentration of electron donors available for sulfate or metal reduction; hence a 
low COD means a low risk of finding SRB and iron-reducing bacteria in the system. On the 
other hand, dissolved oxygen might not be indicative as to the oxygen content within the biofilm. 
Nevertheless, changes in these parameters, especially long-term trends in one direction or large 
anomalies, indicate a need for further investigation. Online monitors are commercially available 
for monitoring temperature, pH, conductivity, and TDS, and portable or laboratory 
spectrophotometers and kits are available for the other tests. MIC investigations require 
microbiological, chemical, and metallurgical testing for proper diagnosis. 

 
Free-floating planktonic bacteria are often the focus of monitoring for MIC since system 

fluids are generally easier to sample than metallic surface. However, the results of planktonic 
bacteria can sometimes be misleading as to whether MIC will occur or, if so, to what extent [80, 
81]. Many bacteria such as Pseudomonas, Serratia, and SRB secrete EPS, which improves the 
adherence capacity to a metal surface and promotes further trapping of microorganisms in the 
substratum. The environmental conditions at biofilm/surface interfaces are often radically 
different from the bulk medium in terms of pH, dissolved oxygen, and other organic and 
inorganic species. Oxygen consumption by aerobic bacteria living in the surface region of the 
biofilm leads to the creation of an anaerobic space for the growth of anaerobic bacteria, which, in 
turn, results in the formation of oxygen concentration gradients and differential aeration cell on a 
metal surface [60]. The most devastating MIC takes place in the presence of microbial consortia 
in which many physiological types of bacteria, including SRB, APB, MOB and MRB, interact in 
a complex way within the structure of biofilms [3, 54, 82]. Compared to planktonic bacterial 
counts, sessile bacteria (e.g., biofilm) are more relevant to microbial corrosion [83]. However, 
monitoring sessile bacteria or biofilm is more complicated, requiring either that the pipeline be 
excavated or halted for internal sampling or that accommodations be made in the system design 
to allow for regular collection or on-line tracking of attached organisms during operation. 
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The most commonly used means of monitoring MIC is to quantify the number of bacteria 
capable of growing in various microbial growth media (solid or liquid) after inoculation with 
water samples (serial dilution) obtained from pipelines and other locations [81, 84]. Solid 
samples such as internal deposits, corrosion products, and surface swabs should be suspended in 
a sterile phosphate buffer to release viable microbes for inoculation. After incubation at a certain 
temperature for a pre-determined period of time (days to weeks), the result is expressed as the 
number of colony forming units (CFU) for solid medium or the most probable number (MPN) 
for liquid medium. Many bacteria growth media are commercially available or can be made in 
the laboratory to selectively grow and detect certain type of microbes – aerobic bacteria, 
anaerobic bacteria, APB, SRB, sulfur-oxidizing bacteria, iron-related bacteria, low nutrient 
bacteria, nitrite/nitrate-reducing bacteria, and slime-forming bacteria, fungi, algae, etc. General 
aerobic or anaerobic bacteria counts are normally always included in a MIC monitoring program 
to gauge the environmental conditions for microbial growth. Some microorganisms such as 
sulfur-oxidizing bacteria, iron-oxidizing bacteria, and iron-reducing bacteria are very difficult to 
grow in culture, and the indicators for active growth sometimes are not always appropriate or 
easy to identify. It is also important to note that the bacterial growth media that are intended to 
support the growth of a particular type of bacteria are not completely selective, and the vast 
majority (90-99%) of microbial species cannot currently be grown in the laboratory [85-88], thus 
underestimating the size and misrepresenting the true composition of microbial communities in 
the sample [73, 89, 90].  

 
Correct and consistent procedures are crucial for the success of growth methods in MIC 

monitoring. Sample collection may expose microorganisms to abrupt changes in pressure, 
temperature, atmosphere, and light, causing redistribution in numbers and types of 
microorganisms in the original samples. Therefore, the sample collection method, sample 
transportation, culturing techniques and growth medium, incubation temperature and time should 
be kept strictly controlled in order to reveal trends in bacteria number over long periods of time.  
This information is far more important and useful than a single data point when detecting and 
monitoring the microbial corrosion in a particular system. NACE Standard TM0194-2004 details 
the sampling procedures for planktonic bacteria, culturing techniques, growth medium and 
growth indicator for general heterotrophic bacteria and SRB, and provides the guidelines for the 
assessment of sessile bacteria [81].  

 
To circumvent problems associated with cultivation-based methods, many culture-

independent genetic techniques have been developed in the past decade [91, 92], and are 
beginning to be used in the oil and gas industry for problems related to MIC. One such method is 
called reverse sample genome probing (RSGP), which allows determination of up to 30 SRB 
species on an environmental sample in a single DNA hybridization assay [93-95]. Another 
genetic method example is quantitative polymerase chain reaction (qPCR) [72, 96-98]. qPCR can 
be designed to target and quantify a specific gene which only exists in a specific species or 
specific group of bacteria, such as SRB, APB and IOB. qPCR has also been used to determine 
microorganism abundance in many different types of complex environmental samples such as 
sediments, water, wastewater, feces, and marine samples, from domain down to genus and 
species levels [97-101]. The results are more accurate and can be obtained in a few hours instead 
of days or weeks required for traditional growth methods [72, 73]. Unlike traditional culturing 
method, qPCR detects and quantifies the target microorganisms in the samples without 
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cultivation, thus, it does not alter the composition of the microbial community in the original 
sample. In addition, qPCR also works for dry and old samples without live bacteria, a huge 
advantage over traditional growth methods.  

 
Bacteria in the water sample can also be directly counted under a microscope with or without 

staining. With proper staining (e.g., fluorescent dye), it is even possible to distinguish the live 
and dead bacteria under microscope. If bacteria are stained with fluorescently labeled 
oligonucleotides, it is possible to identify the genera or species of microbes in microbial 
communities, helping understand how biofilms develop and influence corrosion processes. 
However, direct counting with a microscope is difficult, time consuming, and sometimes 
impossible when the sample is turbid or colored, and requires a well-trained observer to gain 
useful information. Hydrocarbons, deposits, and other contaminants in the sample occasionally 
fluoresce under ultraviolet light thereby preventing the use of fluorescent dye. Other enumeration 
methods involve the measurement of molecules peculiar to microbes (e.g., antibody-based SRB 
enumeration), or biochemical activities (e.g., hydrogenase-based SRB enumeration, adenosine 
triphosphate or ATP assay). These methods are generally difficult to calibrate against “real 
world” microbes and have high detection limits. 

 
Chemical characterization of corrosion products and bulk fluids collected from corrosion 

sites is also important in the diagnosis of MIC. Inductively coupled plasma atomic emission 
spectroscopy (ICP-AES), ion chromatography (IC), and other traditional colorimetric and 
spectrophotometric assays are commonly used to measure elemental concentrations in water or 
pipeline deposit samples.  Metallurgical testing includes energy-dispersive X-ray (EDX), X-ray 
diffraction (XRD), and Raman spectroscopy. These are used to analyze corrosion morphology 
(pitting depth, shape, coverage, etc.) and corrosion products (chemical composition, compounds, 
etc.). Other techniques such as scanning electron microscope (SEM), environmental SEM 
(ESEM), and confocal scanning laser microscope can also be used to qualitatively evaluate the 
biofilm and/or corrosion products [11]. The integrated consideration of chemical and 
metallurgical data, microbial data and operational conditions is needed for proper detection and 
diagnosis of MIC [11].  

 
The choice of internal corrosion (including MIC) monitoring is based on variety of factors, 

such as leak history, product quality, presence of corrosion indicators detected in previous 
samples (e.g., dew point and/or free water levels, acid gas pressures, iron, and bacteria counts, 
etc.), as well as other operational and economic factors. In many oil and gas operations, 
monitoring has often combined with the use of corrosion detection devices with sampling and 
analysis of gas, liquids, and solids obtained from the system. Under some conditions, microbial 
corrosion and overall internal corrosion may be monitored using corrosion coupons or probes. 
The coupons are made from an alloy similar to the metal in the system, and typically installed in 
the bottom quadrant of gas lines so they would be exposed to any liquids that condensed or are 
inadvertently put into the system, or in a “side-stream” which offers the additional advantage of 
allowing one to experimentally alter biocide levels and process conditions, giving reasonably fast 
and reliable information on their affects on the system. The presence of biofilm and microbial 
activities on a coupon surface changes the local chemistry, possibly modifying the local anodic 
and cathodic processes and initiating or dramatically altering corrosion process such as pitting. 
Extensive microscopic analysis of coupons can yield important evidence with regard to pit 
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initiation mechanisms, identify the severity of localized attack through the measurement of 
pitting (pit densities, depths, and diameters), calculate pitting rates by bacteria or other corrosive 
components, and determine the severity of attack.  

 
The drawback of corrosion (including MIC) monitoring with metal coupons or probes is that 

it is destructive and requires time-consuming analysis of numerous coupons sequentially placed 
in the pipeline in order to obtain information on long-term buildup of biofilms and corrosion 
initiation. Various electrochemical techniques have been developed for nondestructive and long-
term monitoring of the formation and activity of biofilm and possibly detection of an early MIC 
problem [83, 102, 103]. Such electrochemical techniques include electrical resistance (ER) 
probes, linear polarization resistance (LPR) probes, galvanic probes, hydrogen probes, 
electrochemical impedance spectroscopy (EIS), electrochemical noise (ECN), etc. ER probes are 
used to determine metal loss by measuring the increase in resistance of a metal specimen as its 
cross-sectional area is reduced by corrosion. LPR probes measure instantaneous corrosion rates 
and qualitative pitting tendency of metals in electrolytes. ECN measures the fluctuations of the 
potential, current and resistance over time and then determines the overall corrosion rates and 
rapid sustained pitting (RSP). For example, Hernández-Gayosso and colleagues successfully 
detected the formation of biofilm, increased corrosion rate and initiation of localized corrosion 
on electrodes using EIS technology [83]. 

 
One drawback to most electrochemical techniques is the need for electrolytes in the area of 

the measuring device. Another weakness of most electrochemical techniques is the failure to 
quantify the localized corrosion, especially RSP [104, 105]. These techniques give average 
readings for the surface of a test electrode, and it is not clear whether a measured corrosion 
current corresponds to uniform corrosion of the entire surface or to localized corrosion of just a 
few sites on the surface. In the latter case, corrosion rates will be severely underestimated if the 
measured corrosion loss is not normalized to the area at which localized corrosion occurs. This 
general disadvantage of electrochemical techniques is especially bothersome in the case of MIC, 
where most corrosion processes are of an extremely localized nature [11, 48]. 

MIC Prevention and Mitigation 

Once internal MIC has been established in a pipeline, complete mitigation is neither practical 
nor possible. Therefore, the prevention of internal MIC from being initially established should be 
a top priority. One of the first defense systems against internal corrosion is to ensure that the 
product being transported is free of moisture. For corrosion to occur, there must be moisture, 
CO2, O2, or some other reduction reactant, such as one produced by microbes. Gathering lines in 
production fields have a much more significant problem with internal corrosion than the typical 
transmission pipeline. MIC after hydrotesting is a common problem when the system was not 
completely dried after testing. Water used in hydrotesting should be as clean as possible by 
removing particulates, contaminants and nutrients such as oils, iron, phosphate, and nitrate. 
When necessary, water should be treated to reduce hardness, remove oxygen, or alter pH. 

 
Although coatings/linings have been used on the internal aspects of natural gas pipelines 

principally to improve flow characteristics, some internal linings also appear to protect against at 
least some forms of corrosion, including MIC, by effectively isolating the pipeline from the 
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impact of surrounding environment [106]. However, due to its feasibility and cost, internal 
coatings are generally limited to new installations or areas easily accessible to "in situ" lining and 
areas in which pigging would not destroy the integrity of the lining. It should be noted that the 
target area must be completely lined. Failure to coat weld regions or other features in contact 
with lined portions of the system could focus corrosion on the unlined areas, thereby accelerating 
corrosion in these areas. In addition, coating performance can be compromised by microbial 
degradation of coatings or components in the coating system, leading to water permeation and 
disbondment of coating. MIC regularly takes place on pipe surfaces under the disbonded 
coatings, where water and nutrients promote the growth of microorganisms, resulting in the 
formation of corrosion cells. The severity of corrosion under the disbonded coating strongly 
depends on the conductivity of the water trapped in the pocket under the separated coating.  

 
System design, maintenance, and water quality are the keys to MIC prevention and control 

[34, 107]. Materials selection, accessibility for cleaning and water treatment, provision for 
drains, traps, recycle circuits, and monitoring equipment, control of water velocity and 
elimination of stagnant, low-flow areas and dead legs, and minimization of crevices and welds 
are the key considerations in system design. Regular cleaning, including chemical and 
mechanical cleaning, should be part of the operating routine to remove sludge, deposits, and 
foulants from the system.  

 
The mitigation measures of internal MIC consist primarily of mechanical cleaning (pigging) 

and chemical treatment (biocides and corrosion inhibitors). Chemical treatments usually involve 
the use (in batch or continuously) of biocides, corrosion inhibitors or both to control microbes in 
the system.  A successful MIC control program requires assessment of the MIC potential in a 
system, screening tests of chemical treatments, and aggressive monitoring of actual systems after 
treatment. It is worth noting that most laboratory studies of biocide efficiency in man-made 
system often fail to duplicate their successful results when they are applied in industrial systems. 
Organisms embedded within the biofilm are protected from biocides, largely due to the diffusion 
barriers generated by the EPS matrix that hinders the chemical penetration of the entire thickness 
of the deposits [23, 108]. Moreover, bacteria within the biofilm are probably physiologically 
altered and may develop resistance to a particular biocide if it is used repeatedly [2, 109]. 
Therefore, before the biocide treatment, a “time-kill” study is often needed to identify what 
chemical agent(s) is (are) the most effective in killing the bacteria in a particular system.  

 
The resistance of bacteria to biocides depends on the nature of the chemicals used. Biocides 

can be classified as either oxidizing or non-oxidizing. Apart from ozone and hydrogen peroxide, 
all the oxidizing agents used as biocides contain halogens. The non-oxidizers are relatively non-
reactive chemicals and, therefore, compatible with strong reducing agents in water treatment 
application [110]. Examples of typical non-oxidizing biocides are formaldehyde, glutaraldehyde, 
methanol, isothiazolones, quaternary amines, and tetrakishydroxymethylphosphonium sulfate 
(THPS). Non-oxidizing biocides are often used in combination with dispersants and surfactants 
to stimulate full biocides penetration into the biofilm. Whether biocides can be used continuously 
or in a batch mode, or periodically depends on the system. In the case of continuous treatment, it 
is necessary to alternate several biocides to prevent biocide resistant bacteria strain from being 
developed. Batch treatment is usually applied to the system after hydrotesting and pigging 
operation. The effectiveness of biocide treatments depend on proper treatment schedule, 
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effective doses, and appropriate locations, and combination with other control technologies (e.g., 
pigging) [106]. For instance, an additional pigging run using a sphere or ball pig to push a slug of 
a biocide solution (1% cocodiamine and quaternary in methanol) was reported to be very 
effective to keep the pipe free of bacteria after hydrotesting [2]. The mixture biocide solution in 
this treatment also acts as a corrosion inhibitor against carbon dioxide and hydrogen sulfide 
attack.  

 
Batch or continuous injection of corrosion inhibitors is also commonly employed to 

treat/prevent many types of corrosion including MIC. Most corrosion inhibitors used in the 
natural gas industry are more effective in preventing and treating generalized-type corrosion than 
the focused, RSP corrosion usually associated with MIC, due to the difficulty in penetrating 
existing biofilms and corrosion products and to the fact that bacteria may degrade some 
corrosion inhibitors [4, 111]. The concentrations of biocides and corrosion inhibitors have to be 
closely monitored in the system during treatment since the treatment chemicals can be degraded 
or used up faster by factors such as pH, TDS, chlorides, temperature, oxygen, etc. Spore-forming 
microorganisms such as species in genus Bacillus and Clostridium can usually survive biocide 
treatment, and re-generate in the pipeline system when biocide concentration becomes lower and 
other conditions become favorable. Bacillus has been isolated frequently from tubercles formed 
on metals and associated with microfouling [20]. These organisms are copious producers of 
organic acids.  

 
“Pigs” are the most common device used for the mechanical cleaning of the pipeline interior, 

and pigging is one of the most effective means of controlling microbes on metal surfaces and, 
therefore, internal MIC. Pigs are inserted into the pipelines and pushed through the pipe using 
gas pressure. The frequency of pigging and types of pigs utilized are determined, at least in part, 
by the results of the pigging itself, such as the amount and types of materials removed from the 
line. The objectives of mechanical cleaning are to remove materials capable of inhibiting gas 
flow and/or promoting corrosion (including MIC) from the pipeline. These materials include 
fluids (including water) and solids (e.g., sand, corrosion products, nodules, and biofilms/slimes). 
Water is required for microbial metabolism and growth and corrosion processes; solids provide 
shelter for microorganisms and water, reduce the efficiency of treatment chemicals (e.g., 
biocides and corrosion inhibitors), and allow the formation of concentration cells.  

 
In addition to viable microbes in the removed materials, pH, iron, chloride, and sulfide 

should also be measured in the monitoring program. Chloride (Cl-) ions are very aggressive and 
participate in many forms of corrosion, including MIC. Chloride ions from the electrolyte 
migrate to the anode to neutralize any buildup of charge, forming heavy metal chlorides that are 
extremely corrosive to metal surface, particularly stainless steels. Under these circumstances, 
pitting involves the conventional features of differential aeration, a large cathode-to-anode 
surface area, and the development of acidity and metallic chlorides [22]. Webster and Newman 
examined the impact of media constituents on localized corrosion and concluded that localized 
corrosion would not readily occur unless chloride ion was the predominant anion in the medium 
[112]. Sulfide levels in the corrosion products and fluids can serve as an indication of MIC-type 
corrosion.  
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A very different approach which has been proposed as a potential alternative to protect 
pipeline from internal corrosion is to use beneficial biofilm on metal surface as a corrosion 
inhibition mechanism [113]. Biofilms have been reported to be effective on inhibition of general 
corrosion in some circumstance for mild steel, copper, aluminum, and stainless steels [114-119]. 
The mechanisms most frequently cited for the inhibition are: 

 
1) formation of a diffusion barrier to corrosion products that stifles metal dissolution,  
2) removal of corrosive agents (e.g., oxygen) from  metal surface by bacteria physiological 

activities (e.g., aerobic respiration) [120, 121],  
3) growth inhibition of corrosion-causing bacteria by antimicrobials generated within 

biofilm (e.g., SRB corrosion inhibition by gramicidin S-producing Bacillus brevis biofilm 
[115, 117, 118],  

4) generation of protective layer by biofilms (e.g., Bacillus licheniformis biofilm produces 
on aluminum surface a sticky protective layer of gamma-polyglutamate) [120],  

5) formation of passive layers (e.g. magnetite film) [120], and 
6) production of metabolic products that act as corrosion inhibitors (e.g., siderophores) [122, 

123].  
 

However, biofilm formation on metal surface is unpredictable and uncontrollable, and is 
often not uniform. Bacteria tend to colonize preferentially on rough surfaces and are more 
attracted to anodic sites [124]. Biofilm growth rate depends on substratum, available nutrients, 
temperature, and electron acceptors. Biofilm composition is affected by small perturbations in 
the environment (e.g., temperature, nutrient concentration, and flow). A little-understood 
phenomenon – biofilm sloughing – creates a discontinuity of biofilm on metal surface 
(patchiness), which results in local differences in metabolic products, pH, dissolved oxygen, and 
gradients of nutrients and ions within the biofilm. Patchy biofilms create differential aeration 
cells which can lead to intensification of localized corrosion rates under the biofilms [125, 126]. 
Biofilm formation is an extremely complex biological/chemical process, and its impact on 
corrosion processes is difficult to predict and control. Therefore, more research is needed before 
biofilms can be used as corrosion inhibition mechanisms in the field. 
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Literature Review/Collection of Biogas/Biomethane Chemical Data 

The center piece of this research is the need to understand the integrity impacts of 
transporting various biogas/biomethane products through existing non-metallic pipelines and its 
non-metallic components.  To aid in this investigation it is necessary to fully comprehend the 
composition of potential fuel gases that may come into contact with these materials. 

One phase of task one includes the collection of analytical data from biogas and biomethane 
derived from dairy manure, landfills, and wastewater treatment plants (WWTP).  Data was 
obtained from previous GTI projects as well as samples sent to the analytical laboratory from 
industrial customers.  In addition, an extensive literature review was performed and several 
datasets from biogas facilities were obtained.  This data will be compared with comprehensive 
natural gas data sets acquired over the past two decades. 

Consistent with GTI’s previous research projects, constituents of the biogas or biomethane 
were categorized into two tiers.  The First Tier includes compounds that are consistent with 
those found in natural gas pipeline tariffs.  Second Tier target compounds include compounds of 
concern which are not routinely monitored in natural gas but are a potential hazard to the 
pipeline infrastructure.   

Table 2 and Table 3 include target compounds from the First Tier grouped based on 
analytical methods used for detection and quantification.  Table 4 and Table 5 include target 
compounds from the Second Tier and is also grouped based on analytical methods used for 
detection and quantification.  Not all samples were subject to all analyses.  Data collected from 
literature review and samples from industrial customers provided data for biogas of only the First 
Tier compound list; however, a partial list of compounds was acquired for some samples. 

First Tier  

Halocarbons 

The quantity of halocarbons in biogas is dependent on the operating temperature and 
pressure of the digester.  Sources of halocarbons include digestion of waste from the chemical 
industry, CFC containing products such as refrigerants, insulation foams and propellants 
(Arnold, 2009), aerosols, paint remover, dry cleaning agents, soaps paints and varnish (Allen, et 
al., 1997).  Combustion of halocarbons can produce corrosive acids that may cause damage to 
engine equipment (Allen, et al., 1997), and form corrosive acids in the presence of water and 
oxygen.  They are found at ppm to ppb levels in raw and processed landfill-derived renewable 
gas.  Vinyl chloride has been suggested to be the most significant chlorinated compound in 
unprocessed landfill gas (Parker, 2002).  It has been found up to 48 ppmv in raw landfill gas 
(USEPA, 1991).  Results from processed landfill-derived renewable gas are lower.  The 
California Public Utility Commission regulates vinyl chloride in landfill-derived gas supplied to 
an existing gas customer at 1170 ppbv (1.17 ppmv) via California Public Utility Commission 
General Order No. 58A. 
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Table 2.  Target Compounds for First Tier Chemical Testing, Part A 
Halocarbons Siloxanes Metals 
Dichlorodifluoromethane (CFC-12) 1,1,3,3-Tetramethyldisiloxane Arsenic 
1,2-Dichlorotetrafluoroethane (CFC-114) Pentamethyldisiloxane Barium 
1,1,2-Trichloro-1,2,2-trifluoroethane (CFC-113) Hexamethyldisilane Beryllium 
Trichlorofluoromethane (CFC-11) Hexamethyldisiloxane Cadmium 
Chloromethane Octamethyltrisiloxane Cobalt 
Dichloromethane (Methylene Chloride) Octamethylcyclotetrasiloxane Chromium 
Chloroform Decamethyltetrasiloxane Copper 
Carbon Tetrachloride Decamethylcyclopentasiloxane Manganese 
Chloroethane Dodecamethylpentasiloxane Molybdenum 
1,1-Dichloroethane  Nickel 
1,2-Dichloroethane  Lead 
1,1,1-Trichloroethane  Antinomy 
1,1,2-Trichloroethane  Selenium 
1,1,2,2-Tetrachloroethane  Strontium 
Chloroethene (Vinyl Chloride)  Thallium 
1,1-Dichloroethene  Zinc 
cis-1,2-Dichloroethene   
Trichloroethene   
Tetrachloroethene   
1,2-Dichloropropane   
3-Chloropropene   
cis-1,3-Dichloropropene   
trans-1,3-Dichloropropene   
Bromomethane   
1,2-Dibromoethane   
Chlorobenzene   
1,2-Dichlorobenzene   
1,3-Dichlorobenzene   
1,4-Dichlorobenzene   
1,2,4-Trichlorobenzene   
Hexachloro-1,3-butadiene   
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Table 3.  Target Compounds for First Tier Chemical Testing, Part B 
Major 
Components 

Extended 
Hydrocarbons Sulfur Compounds Calculated 

Real Gas Properties 
Helium Cyclopentane Hydrogen Sulfide Compressibility Factor 
Hydrogen Methylcyclopentane Sulfur Dioxide Specific Gravity 
Carbon Dioxide Cyclohexane Carbonyl Sulfide Gross HV (Btu/ft3) 
Oxygen/Argon Methylcyclohexane Carbon Disulfide Wobbe Index 
Nitrogen Benzene Methyl Mercaptan Net HV (Btu/ft3) 
Carbon Monoxide Toluene Ethyl Mercaptan Density 
Methane Ethylbenzene i-Propyl Mercaptan  
Ethane m,p-Xylene n-Propyl Mercaptan  
Ethene Styrene t-Butyl Mercaptan  
Ethyne o-Xylene Dimethyl Sulfide  
Propane C3 Benzenes Methyl Ethyl Sulfide  
Propene Naphthalene Diethyl Sulfide  
Propadiene C1 Naphthalenes Di-t-Butyl Sulfide  
Propyne C2 Naphthalenes Dimethyl Disulfide  
i-Butane Hexanes Methyl Ethyl Disulfide  
n-Butane Heptanes Methyl i-Propyl Disulfide  
1-Butene 2,2,4-Trimethylpentane Diethyl Disulfide  
i-Butene Octanes Methyl n-Propyl Disulfide 
trans-2-Butene Nonanes Methyl t-Butyl Disulfide  
cis-2-Butene Decanes Ethyl i-Propyl Disulfide  
1,3-Butadiene Undecanes Ethyl n-Propyl Disulfide  
i-Pentane Dodecanes Ethyl t-Butyl Disulfide  
n-Pentane Tridecanes Di-i-Propyl Disulfide  
neo-Pentane Tetradecanes i-Propyl n-Propyl Disulfide 
Pentenes Pentadecanes Di-n-Propyl Disulfide  
Hexane Plus Hexadecanes i-Propyl t-Butyl Disulfide  
Ammonia Heptadecanes n-Propyl t-Butyl Disulfide 
 Octadecanes Di-t-Butyl Disulfide  
 Nonadecanes Dimethyl Trisulfide  
 Eicosanes + Diethyl Trisulfide  
  Di-t-Butyl Trisulfide  
  Thiophene  
  C1-Thiophenes  
  C2-Thiophenes  
  C3-Thiophenes  
  Benzothiophene  
  C1-Benzothiophenes  
  C2-Benzothiophenes  
  Thiophane  
  Thiophenol  
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Siloxane 

Siloxane is typically not tested in natural gas, and is not defined in pipeline tariffs; however is 
grouped in the First Tier analysis because of the sample collection method.  Siloxanes are 
typically found in landfill gas and wastewater treatment digester gas, but not in dairy waste 
digester gas.  D4 (octamethylcyclotetrasiloxane) and D5 (decamethylcyclopentasiloxane) are the 
most common compounds found in landfill-derived renewable gas (GTI, 2009).  D4 has been 
found up to 160 mg/m3 in raw landfill gas (unpublished GTI data).  Results from processed 
landfill-derived renewable gas are lower, although past data has shown that D4 can break 
through into processed landfill-derived renewable gas (GTI, 2009).  Siloxane is a man-made 
organic compound that is found in many personal products such as deodorants and hairsprays.  
The use of siloxane is expected to increase and is viewed as a growing issue.  Siloxane 
volatilizes during the digestion process, and during combustion, silica dioxide is formed around 
end-use equipment that may cause equipment failure (Wheless, et al., 2004).   
 
Metals 

Volatile metals are not typical contaminants in natural gas, except from certain known gas fields.  
Arsenic is a known trace constituent from the Abo gas field, and mercury may be introduced 
artificially through spills or as a naturally occurring compound (Chao, 1995).  Copper is a 
constituent that may be present in biogas from dairy farms due to its use from copper sulfate 
anti-fungal foot baths (Bothi, 2007).  Mercury, antimony and arsenic are common elements 
found in landfill gas, and may be present as organometallic compounds, or in the case of the 
latter two, as hydrides (arsine and stibnine).  Their presence is likely due to the refuse source the 
landfill accepts, along with other potential elements.  Mercury concentrations are of particular 
concern when dealing with biogases.  Mercury can be a common byproduct of anaerobic 
biological degradation of organic materials.   

 
Major Components and Extended Hydrocarbons 

Natural gas is typically composed of methane but can also include other hydrocarbons such as 
ethane, propane, butane and pentane, and heavier. The presence of heavy extended hydrocarbons 
is problematic due to their contribution to the hydrocarbon dewpoint. The hydrocarbon dewpoint 
of natural gas is monitored because there is a concern regarding the formation of liquids in the 
pipeline.  Gases containing heavy hydrocarbons will have a higher dew point temperature 
resulting in the possibility of a condensate forming in colder weather.  
 
Natural gas also contains diluent gases, such as carbon dioxide, nitrogen, oxygen and helium. 
These major and minor constituents will vary depending on the geologic source of the gas.  The 
quality of natural gas is typically addressed by the Federal Energy Regulatory Commission 
(FERC). FERC regulates the interstate transmission of electricity, natural gas, and oil and 
requires natural gas transmission companies to file tariffs.   

 
While carbon dioxide is non-corrosive in the absence of water, if water is present it will 

form carbonic acid.  It also acts synergistically, promoting corrosion if H2S and O2 are present. 
Oxygen is not a naturally occurring constituent in the natural gas stream. It is usually present due 
to leaks, or otherwise artificially introduced. The presence of oxygen is critical because it 
increases both the effect and rate of other corrosion mechanisms.  
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Biogas and biomethane composition will also vary depending on the source.  Raw biogas will 
typically contain percent levels of methane, carbon dioxide, nitrogen, and oxygen.  Processed gas 
is meant to be purified, so the methane content is much higher.  If any other hydrocarbons are 
present, they are typically at the trace ppm level.  The First Tier chemical tests included the 
analysis of compounds typically defined in pipeline tariffs for natural gas.   
 
Sulfur 

Natural gas can contain other contaminants such as hydrogen sulfide, mercaptans, other gas 
odorants, plus naturally-occurring organic compounds that are composed of combinations of 
sulfur, carbon, hydrogen and oxygen. Odorants are artificially added to impart a smell for easy 
detection.  H2S and sulfur-containing odorants are monitored because of their potential corrosive 
and destructive nature on pipeline materials.  In the presence of water, sulfur compounds can 
eventually form sulfuric acid, a strong acid with an aggressive corrosion potential.  Sulfur 
species corrosion is synergistic if other compounds are present, especially CO2 and O2. 

 
The presence of sulfur in biogas is a result of anaerobic processes including sulfide 

reducing microorganisms.  For example, the degradation of amino acids containing sulfur result 
in the production of methanethiol and dimethylsulphide (DMS); such amino acids are typical in 
manure.  Water phase sulfur compounds are corrosive and cause damage to electricity generating 
equipment such as engines (Arnold, 2009).   

Second Tier 

SVOCs, Aldehydes/Ketones, PCBs 

 As part of GTI project Pipeline Quality Biomethane: North American Guidance 
Document for Introduction of Dairy Waste Derived Biomethane into Existing Natural Gas 
Networks, extensive literature searches were performed to determine constituents of concern and 
are listed in Table 4Error! No bookmark name given. and Table 5. This list is comprehensive 
of common SVOCs, aldehydes, and ketones that are typical in industrial uses. These compounds 
can be found at varying concentrations from ppm to ppb levels in raw and processed biogas. 
Benzene has been found up to 46 ppmv in raw landfill gas. Results from processed landfill-
derived renewable gas are lower.  
 
PCBs 
In the past, PCBs were in general use for industrial applications.  They are no longer in common 
use, although they are very stable and linger in the environment.  PCBs have not been detected in 
any raw or processed biogas samples at concentrations greater than detection limits (sub-ppb 
level) (GTI, 2009).  This is expected since the typical vapor pressure of PCB congeners is around 
10-5 torr at ambient temperature. 
 

Pesticides 

Twenty different pesticides were included in GTI’s testing program, based on dairy farm surveys 
and information gathered from literature and dairy farm professionals (Table 5).  GTI conducted 
a literature search for potential pesticides and animal care products used in the dairy industry for 
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a previous project. The National Pesticide Impact Assessment Program (NAPIAP) conducted a 
survey in 2003 with major farms in the northeast region of the United States. The survey 
included information regarding different supplements that are given to the cows such as 
antibiotics, hormones/diuretics, anti-inflammatory, and antiparasitic drugs (Saber, et al., 2009).  
The levels found in the tested samples are all sub-ppbv. 

 
Pharmaceuticals 

 Pharmaceuticals were identified based on typical dairy farm operations.  Data included in 
the database are only from dairy waste biogas.   

Previous GTI Projects 

GTI project Pipeline Quality Biomethane: North American Guidance Document for Introduction 
of Dairy Waste Derived Biomethane into Existing Natural Gas Networks evaluated biogas and 
biomethane from dairy farms from three geographic regions in the United States.  Samples from 
14 different farms producing biogas and/or biomethane were collected and analyzed for all 
chemical groups in the first and second tier.  Twelve samples of raw biogas were collected from 
12 different farms.  Another 8 samples were collected from 5 biogas facilities that provided 
partial upgrading.  A total of 23 samples from 2 biogas facilities that executed full upgrading to 
biomethane were collected.   

As part of GTI’s Pipeline Quality Biogas: Guidance Document for Dairy Waste, Wastewater 
Treatment Sludge and Landfill Conversion (PHMSA Project 250), a total of 51 samples were 
analyzed for all compound groups in the first and second tier.  This includes 16 biomethane 
samples from landfill gas and 5 biomethane samples from WWTPs, 14 biogas samples from 
landfill and 5 from WWTPs, and 11 natural gas samples.   

Previous GTI (formerly GRI and IGT) projects evaluated trace constituents in natural gas from 
across the United States and Canada.  The projects provide analytical data from the first tier 
chemical group.  A total of 29 samples were obtained for review for this project.  Analytical data 
for natural gas samples from these projects and the PHMSA project is included in the 
Appendices. 
GTI Analytical Laboratory Database 

GTI’s analytical laboratory provides a variety of analytical services for the natural gas and fuels-
related industry.  Many industrial customers send samples to GTI for analysis of biogas.  In the 
past four years, a total of 250 biogas samples were analyzed by the laboratory for first tier 
chemical groups; 42 from dairy farms, 75 from landfills, and 133 from wastewater treatment 
facilities.  In addition, 24 natural gas trace constituent samples were obtained. 
Literature Review 

 A literature review of existing analytical data from biogas and biomethane yielded 71 
samples from 5 reports; 46 biogas samples from landfill, 5 biogas samples from dairy and 20 
biogas samples from WWTP.  However, data from these reports present data only on major 
components of biogas and limited data on volatile organic compounds (VOCs) and siloxanes.   

The data collected from previous GTI projects, GTI analytical laboratory results from industrial 
customers, and literature search results have been complied into table format and is included in 
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the Appendices.  Appendices A- C includes First Tier compounds from biogas, biomethane and 
natural gas, respectively.  Appendices D-F includes Second Tier compounds from biogas, 
biomethane and natural gas, respectively. 

Table 6 summarizes the number of samples collected for review based on type of gas and source 
of information.   
 

Table 4. Target Compounds for Second Tier Chemical Testing, Part A 

Semi-volatile/Volatile Organic Compounds Aldehydes/ 
Ketones 

1,1,1-Trichloroethane 2-Chlorophenol 2,6-dinitrotoluene Formaldehyde 
1,2-Dichloroethane 1,3-Dichlorobenzene 1,2-Dinitrobenzene Acetaldehyde 
1,1-Dichloropropene 1,4-Dichlorobenzene 3-Nitroaniline o-Tolualdehyde 
Benzene p-Isopropyltoluene Acenaphthene Acetone 
Carbon Tetrachloride Benzyl Alcohol 2,4-Dinitrophenol Isocaleraldehyde 
1,2-Dichloropropane 2-Methylphenol (m-cresol) 4-Nitrophenol Valeraldehyde 
Trichloroethene 1,2-Dichlorobenzene Dibenzofuran Butyraldehyde 
Dibromomethane 3,4-Methylphenol  2,4-dinitrotoluene m-Tolualdehyde 
Bromodichloromethane bis(2-chloroisopropyl)ether 2,3,4,6-Tetrachlorophenol Propionaldehyde 
Pyridine n-Butylbenzene 2,3,5,6-Tetrachlorophenol Crotonaldehyde 
cis-1,3-Dichloropropene N-nitroso-di-n-propylamine Diethylphthalate 2,5-Dimethyl-

benzaldehyde N-nitrosodimethylamine Hexachloroethane 4-Chlorophenyl-phenylether 
Toluene 1,2-Dibromo-3-

Chloropropane 
Fluorene Benzaldehyde 

trans-1,3-Dichloropropene 4-Nitroaniline p-Tolualdehyde 
1,1,2-Trichloroethane Nitrobenzene 4,6-Dinitro-2-methylphenol Hexanaldehdye 
1,3-Dichloropropane Isophorone n-Nitrosodiphenylamine Methyl ethyl 

ketone  Dibromochloromethane 2-Nitrophenol 4-Bromophenyl phenyl 
ether 1,2-Dibromoethane 2,4-Dimethylphenol   

Tetrachloroethene bis(2-Chloroethoxy) 
methane 

Hexachlorobenzene  
Chlorobenzene Pentachlorophenol  
1,1,1,2-Tetrachloroethane 1,2,4-Trichlorobenzene Phenanthrene  
Ethylbenzene Naphthalene Anthracene  
m/p-Xylenes 2,4-Dichlorophenol Carbazole  
Bromoform 4-Chloroaniline Di-n-butylphthalate  
Styrene Hexachlorobutadiene Bis(2-ethylhexyl) adipate  
o-Xylene 1,2,3-Trichlorobenzene Fluoranthene  
1,1,2,2-Tetrachloroethane 4-Chloro-3-methylphenol Pyrene  
1,2,3-Trichloropropane 2-Methylnaphthalene Butylbenzylphthalate  
Isopropylbenzene 1-Methylnaphthalene Benz[a]anthracene  
Bromobenzene Hexachlorocyclopentadiene Chrysene   
2-Chlorotoluene 2,4,6-Trichlorophenol bis(2-Ethylhexyl)phthalate  
n-Propylbenzene 2,4,5-Trichlorophenol Di-n-octylphthalate  
4-Chlorotoluene Diphenylamine Benzo[b]fluoranthene  
1,3,5-Trimethylbenzene Azobenzene Benzo[k]fluoranthene   
tert-Butylbenzene 2-Chloronaphthalene Benzo[a]pyrene   
1,2,4-Trimethylbenzene 2-Nitroaniline Indeno[1,2,3-cd]pyrene   
sec-Butylbenzene 1,4-Dinitrobenzene Dibenz[a,h]anthracene   
Phenol Dimethylphthalate Benzo[g,h,i]perylene   
bis(2-Chloroethyl)ether 1,3-Dinitrobenzene    
Aniline Acenaphthylene    
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Table 5.  Target Compounds for Second Tier Chemical Testing, Part B 
Pesticides Polychlorinated Biphenyls Pharmaceuticals 
a-BHC PCB 2 PCB 73 PCB 81 PCB 158 Ampicillin Trihydrate 
b-BHC PCB 3 PCB 49 PCB 87 PCB 129 Amoxicillin Trihydrate 
g-BHC PCB 4 PCB 47 PCB 115 PCB 178 Oxytocin 
d-BHC PCB 10 PCB 48 PCB 85 PCB 175 Florfenicol 
Heptachlor PCB 7 PCB 75 PCB 136 PCB 187 Ceftiofur 
Aldrin PCB 9 PCB 104 PCB 77 PCB 183 Tilmicosin 
Heptachlor epoxide PCB 6 PCB 35 PCB 110 PCB 128 Furosemide 
g-Chlordane PCB 8 PCB 44 PCB 154 PCB 167 Flunixin meglumine 
Endosulfan I PCB 5 PCB 59 PCB 82 PCB 185 Fenbendazol 
a-Chlordane PCB 19 PCB 37 PCB 151 PCB 174 Doramectin 
Dieldrin PCB 12 PCB 42 PCB 135 PCB 177 Tripelennamine 

hydrochloride 4,4'-DDE PCB 13 PCB 71 PCB 144 PCB 202 
Endrin PCB 18 PCB 41 PCB 124 PCB 171  
Endosulfan II PCB 17 PCB 64 PCB 147 PCB 156  
4,4'-DDD PCB 15 PCB 40 PCB 107 PCB 173  
Endrin aldehyde PCB 24 PCB 103 PCB 123 PCB 157  
Endosulfan sulfate PCB 27 PCB 67 PCB 149 PCB 201  
4,4'-DDT PCB 16 PCB 100 PCB 118 PCB 172  
Endrin ketone PCB 32 PCB 63 PCB 134 PCB 197  
Methoxychlor PCB 34 PCB 74 PCB 114 PCB 180  
  PCB 29 PCB 70 PCB 131 PCB 193  
  PCB 54 PCB 66 PCB 122 PCB 191  
  PCB 26 PCB 93 PCB 165 PCB 200  
  PCB 25 PCB 95 PCB 146 PCB 170  
  PCB 31 PCB 91 PCB 188 PCB 190  
  PCB 50 PCB 56 PCB 153 PCB 199  
  PCB 28 PCB 60 PCB 132 PCB 196  
  PCB 20 PCB 92 PCB 105 PCB 203  
  PCB 33 PCB 84 PCB 141 PCB 189  
  PCB 53 PCB 90 PCB 179 PCB 208  
  PCB 51 PCB 101 PCB 137 PCB 195  
  PCB 22 PCB 99 PCB 176 PCB 207  
  PCB 45 PCB 119 PCB 130 PCB 194  
  PCB 46 PCB 83 PCB 138 PCB 205  
  PCB 69 PCB 97 PCB 163 PCB 206  
  PCB 52 PCB 117 PCB 164    
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Table 6.  Summary of Data Collected 

Site Type Gas Type 

Number of 
Samples from 
former GTI 
projects 

Number of 
Samples from 
industrial 
customers 

Number of 
Samples from 
literature 
search 

Total number 
of samples 

Dairy Farm Biogas 12 42 5 59 

Dairy Farm 
Biogas 
(Partially 
Clean) 

8 - - 8 

Dairy Farm Biomethane 23 - - 23 
Landfill Biogas 42 75 46 163 
Landfill Biomethane 35 -  35 
Wastewater 
Treatment 
Plant 

Biogas 16 133 20 169 

Wastewater 
Treatment 
Plant 

Biomethane 5 - - 5 

Natural Gas Natural Gas 44 24 - 68 
Total 530 
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Introduction 

Twelve raw biogas samples from 10 dairy farms in the mid-western, eastern and western regions 

of the U.S. were collected in the previous Dairy Farm Biogas project for determination of major 

raw biogas components and corrosion-related bacteria population carried over from anaerobic 

digestion processes. In addition, a condensate sample was collected in this project for 

determination of microbial and chemical profiles in raw biogas pipelines. The data will be used 

to formulate a synthetic condensate and bacteria consortium for Task 3 experiments to determine 

the corrosion effect of microbes on metal pipelines and collect data for MIC modeling in Task 4. 
 

Major Gas Compositions in Raw Biogas  

All twelve raw biogas samples were analyzed for major components such as methane, carbon 

dioxide, oxygen, and a handful of other compounds. This analysis was performed using ASTM 

D1946.  Table 1 includes only the compounds that had observed concentrations above the 

method detection limit. For example, of the 12 raw biogas samples tested, only 11 raw biogas 

samples contained hydrogen sulfide above the method detection limit with an average 

concentration of 0.31% ± 0.15%.     

 
Table 1. Results from Major Components Analysis for 12 Raw Biogas Samples  

Compound 

Detection 

Limit 

(Mol%) 

Samples 

Above 

Detection 

Limit 

Average 

(Mol%) 

Standard 

Deviation 

Min 

(Mol%) 

Max 

(Mol%) 

Carbon 

Dioxide 
0.03 12 35.5 4.17 28.57 40.39 

Oxygen/Argon 0.03 12 0.74 0.82 0.22 2.94 

Nitrogen 0.03 12 3.08 3.46 0.64 12.67 

Methane 0.002 12 60.42 5.40 49.03 68.58 

Hexane Plus 0.0001 7 0.0002 0.0001 0.0001 0.0004 

Ammonia 0.001 1 0.004 NA 0.004 0.004 

Hydrogen 

Sulfide 
0.000005 11 0.3085 0.1473 0.148 0.6570 

Carbonyl 

Sulfide 
0.000005 12 0.000154 0.0001 0.000034 0.000409 

 

As indicated in Table 1, hydrogen sulfide is a significant component in raw biogas and a 

thorough speciation analysis using ASTM D6228 was performed on the 12 raw biogas samples 

to identify the species of sulfur compounds as shown in Table 2. The raw biogas samples tested 

had an average total sulfur concentration of 2830 ppmv (168 grains/100 scf) with a range from 

0.34 ppmv (0.02 grains/100scf) to 6580 ppmv ( 390 grains/100 scf). While the major sulfur 

species is hydrogen sulfide for almost all of samples analyzed, most of the samples also contain 

other sulfur compounds in various quantities such as sulfur dioxide, carbonyl sulfide, mercaptan, 

etc. It should be noted that one raw biogas sample collected from one of the dairy farms 

contained an unusually low amount of total sulfur, 0.02 grains/100scf. No explanation for this 
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low concentration has been confirmed but the weather conditions on that day were very 

unfavorable for sample collection.  The recorded ambient temperature during this specific 

sampling event was -8°C, therefore it is possible that the integrity of the sample was 

compromised. If this sample is removed from the raw biogas data set, then the new calculated 

average for total sulfur concentration would be 182 grains/100 scf. Unlike the average total 

sulfur concentration observed from the raw biogas samples, the total sulfur concentration 

typically found in pipeline tariffs are much lower and range from 0.5-20 grains/100 scf [1]. 

 
Table 2. Results from Sulfur Analysis for 12 Raw Biogas Samples. 

Compound 

Detection 

Limit 

(ppmv) 

Samples 

Above the 

Detection 

Limit 

Average 

(ppmv) 

Standard 

Deviation 

Min 

(ppmv) 

Max 

(ppmv) 

Hydrogen 

Sulfide 
0.05 11 3090 1470 1480 6570 

Sulfur Dioxide 0.05 10 1.31 2.36 0.07 7.73 

Carbonyl 

Sulfide 
0.05 12 1.54 1.05 0.34 4.09 

Carbon 

Disulfide 
0.05 3 0.09 0.072 0.03 0.17 

Methyl 

Mercaptan 
0.05 11 2.00 2.01 0.25 6.12 

Ethyl 

Mercaptan 
0.05 11 0.20 0.072 0.07 0.30 

i-Propyl 

Mercaptan 
0.05 11 0.55 0.39 0.09 1.35 

n-Propyl 

Mercaptan 
0.05 4 0.08 0.012 0.06 0.09 

t-Butyl 

Mercaptan 
0.05 4 0.27 0.242 0.05 0.60 

Dimethyl 

Sulfide 
0.05 9 0.30 0.321 0.09 0.32 

Dimethyl 

Disulfide 
0.05 1 0.32 NA 0.32 0.32 

Diethyl 

Disulfide 
0.05 1 0.15 NA 0.15 0.15 

Thiophene 0.05 7 0.15 0.068 0.25 0.26 

Total Sulfur 

(ppm) 
NA 12 2830 1670 0.34 6580 

Total Sulfur 

(As 

Grains/100 

SCF @ 14.73 

psia, 60°F) 

NA 12 168 98 0.02 390 
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Major Microbial Compositions in Raw Biogas  

Microbiological analyses were performed in 10 raw biogas samples to determine 1) the 

number of total (live and dead) heterotrophic bacteria and various corrosion causing bacteria 

(APB, IOB, and SRB), 2) the number and identity of live bacteria, and 3) the number and 

identity of bacterial spores. The number of total bacteria and total corrosion-causing bacteria 

including both dead and live bacteria on the filter was determined by a genetic method (qPCR) 

by targeting specific genes present in the target microorganisms, and the data was reported as 

numbers per 100 scf of gas sample. The number of live bacteria and spores was determined by 

inoculating samples (phosphate buffer saline suspension of filter) to appropriate bacteria medium 

and incubated at 37 ºC for a pre-determined time, and the data was reported as colony-forming 

unit (CFU) per 100 scf of gas sample. 

 

The filter sample was placed in a 50-ml tube with 30 ml of sterile phosphate buffered saline 

(PBS, pH 7.2 ± 0.1), vortexed for 5-10 sec, and sonicated for 2 min ± 5 sec in waterbath 

sonicator filled with fresh aqueous solution of 0.3% vol/vol Tween 80. After sonication, the filter 

suspension was used for Most Probable Number (MPN) test, Spore Enumeration, and DNA 

extraction.  The MPN test determines the number of live heterotrophic bacteria in the filter 

samples carried over from anaerobic digestion process. MPN tests were performed in 

thioglycolate medium (TG media) in triplicate with serial dilutions of filter suspension samples. 

After 7 days incubation at 37 ºC aerobically and anaerobically, the positive culture bottles were 

scored and the number of heterotrophic bacteria determined using a statistically derived table 

(Most Probable Number from Serial Dilution, Bacteriological Analytical Manual, FDA, 

February 2006). The positive MPN culture then was used for DNA extraction. A second part of 

the filter suspension sample was used for Spore Enumeration using a Pour Plate Procedure 

modified from NASA standard assay NHB 5340.1D. The sample suspension is heat-shocked at 

80 ± 2 ºC water bath for 15 min to kill vegetative cells, inoculated onto Tryptic Soy Agar (TSA) 

medium, incubated at 37 ºC aerobically and anaerobically for 3 days before colony counts to 

determine the number of live spores in the filter sample. The spore colonies were used for DNA 

extraction.  

 

DNA extraction for filter suspension samples without prior growth and positive MPN culture 

in TG media and spore colonies on TSA plate after growth was performed using FastDNA SPIN 

Kit for Soil (MP Biomedicals LLC). DNA from filter suspension samples was used for 

determination of bacterial identity and qPCR quantification of total bacteria, total APB, total 

SRB, and total IOB. DNA from MPN culture and spore colonies was used for determination of 

identities of live bacteria and spores. qPCR quantification of specific groups of bacteria was 

achieved by targeting bacterial 16S rRNA, ackA and buk, dsrAB, and IOB 16S rRNA genes, 

respectively, following the instructions of the Rotor-Gene 3000 4 Channel Multiplexing System 

and QuantiTect PCR kits (Qiagen Inc., Valencia, California). 

 

The extracted DNA was amplified with polymerase chain reaction (PCR) using various 

primers specific to the target bacteria groups and the PCR products were used for determination 

of bacteria identities in the samples. For heterotrophic bacteria, universal primer pair 

BA8F/UN1492R was used to target 16S rRNA gene, and if it failed due to low quantity of target 

DNA in the samples, a second universal primer pair BA338F/BA1392R was used for a nested 
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PCR to amplify target 16S rRNA gene from the samples. For acid-producing bacteria (APB), 

two pairs of primers were used to amplify ackA (ackA-3F and ackA-4R) and buk (buk-5F and 

buk-6R) genes, respectively. Two pairs of primers (IOB-F486 and IOB-R1132, and Gall-F704 

and IOB-R1000) were also used to amplify 16S rRNA gene from iron-oxidizing bacteria (IOB). 

 

The PCR products were purified using QIAquick PCR Purification Kit, and the purified PCR 

products were inserted into pGEM-T Easy Vector System I (Promega Corp., Madison, 

Wisconsin). The vectors were then transformed into DH5α Subcloning Efficiency Chemically 

Competent Cells purchased from Invitrogen (Carlsbad, California), and the cells were inoculated 

onto LB agar medium for screening of white colonies after overnight incubation at 37 ºC. The 

white colonies were picked and their DNA prepared for sequencing. The sequences were 

analyzed with the Blast program in GenBank database and identities of heterotrophic bacteria, 

APB, and IOB were determined. 

 

The results from genetic quantification (qPCR) on filter samples indicates how many 

heterotrophic bacteria are generated by anaerobic digestion and have remained in the raw biogas 

stream, whether or not they are dead or still alive. APB, IOB, and SRB are major corrosion-

causing bacteria, and the genetic tests indicate if the anaerobic digestion process might pose a 

pipeline corrosion risk if the raw gas is not treated. However, many microbes may not be able to 

survive the adverse environment during anaerobic digestion, and the number of microbes which 

are still alive in the raw biogas stream should be much smaller. In addition, downstream clean-up 

processes may also kill some of the live microbes carried over from the raw biogas. The number 

of live bacteria is more relevant to the risk the microbes pose to the integrity of pipelines. It is 

worth noting, though, that some bacteria may be killed during sampling process (filtration); as a 

result, the number of live bacteria retrieved from MPN testing might be underestimated to a 

certain degree. Bacterial spores may survive very adverse environment such as the gas clean-up 

process and sampling process, and may pose higher risks to pipeline integrity and human health.  

 

The results in Table 3 indicated that most raw biogas samples carried an average of 2.72E+06 

heterotrophic bacteria per 100 scf with a range of 5.81E+05 to 3.8E+07 per 100 scf from 

anaerobic digestion. In terms of more specific groups of bacteria, most raw biogas samples 

contained two major types of corrosion-causing bacteria - APB and IOB, with an average of 

1.82E+04 and 2.52E+03 per 100 scf, respectively. SRB was detected only in 1 raw biogas 

sample, indicating that SRB are not a significant group of bacteria in anaerobic digestion process 

during biogas production.  

 

The bacteria leaving the digester may be dead already due to the unfavorable environment in 

the digester, or may die after they were caught by a filter during the sampling process due to 

desiccation. Therefore, the live bacteria or spores detected by MPN test and Pour Plate method 

may only represent a portion of microbes which could survive the whole process, and might be 

more relevant to the pipeline integrity and health risk of consumers if the filter would fail for 

some reasons. Live aerobic bacteria were detected in all 10 raw biogas samples, and anaerobic 

bacteria in 8 samples, with a mean 4.04E+02 and 1.45E+02 per 100 scf, respectively. Only four 

of the 10 raw biogas samples tested positive for bacteria spores, containing an average number of 

537 spores per 100 scf. 
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Table 3. Results from Biological Testing for 10 Raw Biogas Samples 

Method Pour Plate

Total Bacteria Total APB Total IOB Total SRB

Live Aerobic 

Bacteria

Live Anaerobic 

Bacteria Live Spores

Mean 2.72E+06 1.82E+04 2.52E+03 1.10E+02 4.04E+02 1.45E+02 5.37E+02

Standard 

Deviation 3.14 3.3 1.66 NA 2.75E+00 1.86E+00 1.74E+00

Minimum 5.81E+05 1.23E+03 1.02E+03 1.10E+02 9.82E+01 8.75E+01 2.48E+02

Maximum 3.80E+07 6.03E+04 5.09E+03 1.10E+02 2.11E+03 5.95E+02 8.51E+02

Samples above 

Detection Limit 10 9 8 1 10 8 4

qPCR MPN

CFU/100 scf or #/100 scf

 
 

Identities of Major Microbial Species in Raw Biogas  

DNA samples collected from the previous Dairy Farm Biogas project were used in this 

project to determine the microbial profile in raw biogas samples. There are four sources from 

which DNA was isolated: 1) directly from the biogas filter, 2) from positive MPN cultures 

incubated under aerobic condition, 3) from positive MPN cultures incubated under anaerobic 

condition, and 4) from positive bacterial spore cultures. The DNA from the above sources was 

used to determine the identities of heterotrophic bacteria, bacterial spores, and corrosion-related 

APB and IOB by targeting 16S rRNA genes or specific functional genes such as ackA and buk 

genes. 

 

All 24 heterotrophic bacteria sequences isolated from three filter samples without growing in 

the culture medium were closely related to Paenibacillus sp. (Table 4). However, after the filter 

suspension samples were grown in culture medium aerobically, various Bacillus sp. were 

enriched and became the dominant heterotrophic bacteria (Table 5). They accounted for 58% of 

24 sequences isolated, and with a majority of them being B. licheniformis (38%). When filter 

suspension samples were grown in culture medium anaerobically, all 16 sequences isolated were 

closely related to Paenibacillus sp., though these were different species from those directly 

obtained from filter samples without growth (Table 6). 

 
Table 4. The Closest Relatives of Heterotrophic Bacteria Sequences Isolated Directly from 3 Filter 

Samples without Growth using Universal Primers Targeting 16S rRNA Gene 

Closest relative in Genbank Genbank accession No. % Identity Frequency

Paenibacillus glucanolyticus AB073189 99 3

Paenibacillus glucanolyticus strain FR1_105 EU373524 99 1

Paenibacillus sp. isolate P14-7 AJ297712 96 1

Paenibacillus sp. JAM-FM32 AB526335 99-100 19  
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The identities of bacterial spores isolated from 4 positive culture samples were also 

determined (Table 7). Of 56 bacterial spore sequences retrieved, the majority of them were 

identified as Bacillus licheniformis (48%), and various other Bacillus species (43%).  
  

Table 5. The Closest Relatives of Heterotrophic Bacteria Sequences Isolated from 3 Positive 

Aerobic MPN Cultures using Universal Primers Targeting 16S rRNA Gene 

 

Closest relative in Genbank Genbank accession No. % Identity Frequency

Bacillus licheniformis isolate CCM28B FN433039 100 1

Bacillus licheniformis strain CICC 10087 GQ375232 100 1

Bacillus licheniformis strain CICC 10181 GQ375235 100 2

Bacillus licheniformis strain NBST2 GU011947 99 1

Bacillus licheniformis strain nju-1411-1 FJ915147 99-100 3

Bacillus licheniformis strain YP1A EF105377 100 1

Bacillus sp.  strain R-30915 AM910273 99 3

Bacillus sp. FE-1 EU271855 99 1

Bacillus sphaericus strain 601 DQ350820 98 1

Bordetella avium 197N AM167904 98 2

Sporosarcina ginsengisoli AB245381 96-99 2

Sporosarcina luteola AB473560 100 1

Uncultured bacterium clone 101-68 EF157238 98 3

Uncultured bacterium clone 2G4-89 EU160423 98 1

Uncultured bacterium clone B1 FJ868757 96 1  

 

Table 6. The Closest Relatives of Heterotrophic Bacteria Sequences Isolated from 2 Positive 

Anaerobic MPN Cultures using Universal Primers Targeting 16S rRNA Gene 

 

Closest relative in Genbank Genbank accession No. % Identity Frequency

Paenibacillus barengoltzii strain THWCS9 GQ284356 98-99 2

Paenibacillus barengoltzii strain THWCSN47 GQ284370 98 1

Paenibacillus sp.  strain HanTHS1 AM283040 98 2

Paenibacillus sp. 5T01 AM162346 99 4

Paenibacillus sp. enrichment culture clone 9 FJ930068 99-100 7  

 

The results indicate that the dominant heterotrophic bacteria or bacterial spores in raw biogas 

derived from dairy biomass belong to two genera, i.e. Paenibacillus and Bacillus. Bacillus is 

large and diverse genus of bacteria in the Family Bacillaceae. Paenibacillus is a genus split off 

from genus Bacillus in 1997 based on ssRNA analysis. Both belong to Class Bacilli and Order 

Bacillales. They are Gram-positive aerobic or facultative endospore-forming bacteria. 

Collectively, the aerobic spore-formers are versatile chemoheterotrophs capable of respiration of 

most all substrates derived from plant and animal sources, including cellulose, starch, pectin, 

proteins, agar, hydrocarbons, and others, although simple organic compounds such as sugars, 

amino acids, organic acids are preferred. In some cases, they also ferment carbohydrates in a 

mixed reaction that typically produces glycerol and butanediol. Endospore forming bacteria play 

a significant role in the biological cycles of carbon and nitrogen. The majority of these are 

mesophiles, with temperature optima between 30 ºC and 45 ºC, but some are thermophiles with 

optima as high as 65 ºC. They are found growing over a range of pH from 2 to 11. In the 
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laboratory, under optimal conditions of growth, Bacillus species exhibit generation times of 

about 25 minutes. 

 

P. glucanolyticus is rod-shaped, motile, facultative anaerobic endospore-forming bacteria 

that hydrolyze various β-blucans, including carboxymethyl cellulose and pustulan [2]. Cells of P. 

glucanolyticus are long (usually >3.0 µm) and thin (<0.9 µm), and produce oval terminal spores 

that markedly distend the sporangium. Colonies are flat, smooth, and opaque and are motile 

during growth on dry nutrient agar plates. P. glucanolyticus degrades cellobiose, D-fructose, D-

galactose, D-glucose, lactose, maltose, D-mannose, raffinose, salicin, sucrose, trehalose, and D-

xylose, and produces acids. 

 
Table 7. The Closest Relatives of Bacterial Spore Sequences Isolated from 4 Positive Spore Cultures 

using Universal Primers Targeting 16S rRNA Gene 

 
Closest relative in Genbank Genbank accession No. % Identity Frequency

Bacillus anthracis str. 'Ames Ancestor' AE017334 100 1

Bacillus bataviensis strain MSU1210 AY647284 99 1

Bacillus licheniformis ATCC 14580 CP000002 99-100 7

Bacillus licheniformis strain B8 EU117278 97 1

Bacillus licheniformis strain CICC10094 AY842873 99 4

Bacillus licheniformis strain MML2501 EU344793 99-100 4

Bacillus licheniformis strain MZ-14 EU586786 100 1

Bacillus licheniformis strain TCCC11009 EU231623 99 2

Bacillus licheniformis strain YP1A EF105377 99-100 2

Bacillus licheniformis strain YRL03 EU373408 99-100 6

Bacillus sp. BT97 DQ358737 97 1

Bacillus sp. By137(B)Ydz-ss EU070408 100 1

Bacillus sp. CBD 118 DQ374636 99 1

Bacillus sp. CSS-4 DQ084465 99-100 3

Bacillus sp. DCA-5 DQ238044 100 2

Bacillus sp. MO15 AY553108 97 1

Bacillus sp. N6 AB043854 99-100 8

Bacillus thuringiensis serovar konkukian strain INBI-5 EU438936 100 3

Bacillus thuringiensis strain KR19-22 EU414475 100 1

Clostridium beijerinckii NCIMB 8052 CP000721 99-100 2

Clostridium puniceum X71857 99 1

Paenibacillus sp. MB 2039 AY257871 99 1

Uncultured Bacillus sp. clone ACf137 AM489497 99 2

1.  A total of 93 anaerobic spore sequences were identified from biogas,
37 (39.8%) from processed biogas, and  56 (60.2%) from raw biogas.  
2.  In processed biogas, 16 of them  (43.2%) belong to genus Bacillus, and 
17 (45.9%) belong to  Paenibacillus. In genus Bacillus, 6 sequences were 
closely related to  Bacillus licheniformis, followed by 3 sequences each to 
Bacillus thuringiensis and Bacillus cereus.  Paenibacillus glucanolyticus  is 
the dominant species in genus Paenibacillus  (16 of 17 sequences).
3. In Raw biogas, 32 sequences (57.1%) are cloasely related to Genus 
Bacillus, and 18 (32.1%)to Genus Paenibacillus.  The dominant Bacillus is 
Bacillus licheniformis 14 sequences) , followed by Bacillus thuringiensis  (7 
sequences) and Bacillus cereus (4 sequences).  Paenibacillus 
glucanolyticus is the dominant species in genus Paenibacillus  (16 of 18 
sequences).
4.  Many bacillus spores are present in both raw and processed biogass, 
indicating they can survive the clean-up procedures of biogas. 
5. Several spore species were isolated in both aerobic and anaerobic 
conditions (Bacillus licheniformis , Bacillus sp. CSS-4, Paenibacillus 
glucanolyticus ). 
6.  In two occasions, the sequences retrieved from raw biogas samples 
collected from two farms were 100% match to the sequence of Bacillus 
anthracis str. 'Ames Ancestor' .  The sequences were also 100% match to 
Bacillus anthracis str. Sterne with same score in Blast search in Genbank 
database.  While Bacillus anthracis str. 'Ames Ancestor' is pathogenic and 
virulent, Bacillus anthracis str. Sterne is an avirulent phenotype  due to 
the lack of plasmid pXO2. Live spores of Sterne strain are commonly used 
as anthrax vaccine throughout the world 
7.  The top match of isolated sequences to the sequence of Bacillus 

1. A natural gas sample collected 
from one of the farms also contains 
Bacillus. 9 out of 10 sequences are 
also retrieved from biogas samples. 
2. This result does not mean that 
biogas and natural gas samples 
contain similar spore-forming 
bacteria community because 
another natural sample collected 
from GTI facility does not contain 
any spore-forming bacteria.
3. It is likely that the farm natural  
gas sample was contaminated  due 
to the exposure to biogas-producing
environment. However, more 
samples need to be analyzed in 
order to make a firm conclusion.

 
 

B. licheniformis is Gram-positive, rod-shaped, motile, aerobic endospore-forming 

thermophilic bacteria (with a diameter < 0.9 µm) that hydrolyze sugars fermentatively. Colonies 

of B. licheniformis are round, surface smooth, flat, margin irregular and 2-4 mm in diameter. 

Ellipsoidal spores are produced in not swollen sporangia and placed centrally [3]. Bacillus 

licheniformis has been associated with a range of clinical conditions, food spoilage and incidents 

of food-borne gastro-enteritis. B. licheniformis has also been associated with septicaemia, 

peritonitis, ophthalmitis, and food poisoning in humans, as well as with bovine toxaemia and 

abortions. Food-borne B. licheniformis outbreaks are predominantly associated with cooked 
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meats and vegetables [4]. B. licheniformis is a common contaminant of dairy products; it is the 

most common aerobic spore-forming bacteria isolated from dairy farm [5]. The optimal growth 

temperature is around 50°C, though it can survive at much higher temperatures. Optimal 

temperature for enzyme secretion is 37°C. It can exist in spore form under harsh environments or 

in a vegetative state in certain conditions. 

 

Since the results from qPCR analysis (Table 3) indicated the widespread existence of two 

major types of corrosion-related bacteria (APB and IOB), the identities of dominant APB and 

IOB species were determined by targeting ackA and buk genes for APB, and 16S rRNA genes 

for IOB. The attempt to directly amplify ackA and buk genes from filter suspension samples 

without prior growth in the medium failed; therefore the dominant profile of APB was derived 

from samples after they were inoculated to, and grown in, the culture medium (Table 8 and Table 

9). Bacillus sp. (e.g. B. licheniformis and B. cereus), Geobacillus sp., and Clostridium sp. were 

the dominant acid-producing species in raw biogas derived from dairy biomass. 

 
Table 8. The Closest Relatives of APB Sequences Isolated from 3 Positive Aerobic MPN Cultures 

using Primers Targeting ackA and buk Genes 

Closest relative in Genbank Genbank accession No. % Identity Frequency

Bacillus licheniformis ATCC 14580 CP000002 93-100 34

Clostridium acetobutylicum ATCC 824 AE001437 74-75 2

Geobacillus sp. WCH70 CP001638 75-76 3

Geobacillus sp. Y412MC10 CP001793 76 1

Methanosarcina mazei strain Goe1 AE008384 73 1  
 
Table 9. The Closest Relatives of APB Sequences Isolated from 2 Positive Anaerobic MPN Cultures 

using Primers Targeting ackA and buk Genes 

Closest relative in Genbank Genbank accession No. % Identity Frequency

Bacillus anthracis str. A0248 CP001598 79-82 9

Bacillus cereus E33L CP000001 98-100 7

Bacillus pumilus SAFR-032 CP000813 90-92 3

Clostridium acetobutylicum ATCC 824 AE001437 73-77 5

Geobacillus sp. Y412MC10 CP001793 74-75 8

Methanosarcina acetivorans str. C2A AE010299 75 1

Vibrio fischeri MJ11 chromosome I CP001139 74 1  
 

The IOB sequences derived from filter suspension samples were very diverse (Table 10). The 

majority of sequences (18 out of 27) isolated were closely related to sequences of bacteria which 

have not been cultured successfully. Four sequences were closely related to Acidovorax species. 

A well-known IOB Gallionella ferruginea was only detected once. After filter suspension 

samples were grown under aerobic or anaerobic conditions, Bacillus and Paenibacillus were 

found to be the dominant species (11 out of 25 and 35 sequences, respectively) (Table 11 and 

Table 12). The well-known IOB Sphaerotilus and Gallionella were only detected once, 

respectively. Fifteen sequences (out of 35) isolated after anaerobic growth were closely related to 

uncultured bacterial sequences. Gallionella, Leptothrix, and Sphaerotilus are the three major 

genera of iron-oxidizing bacteria. Only a few species within these genera have been isolated 

from the environment and successfully cultured in the laboratory. The primers designed based on 

limited number of sequences deposited in Genbank database might not be optimal, and may 

amplify some non-target DNA sequences from other bacteria. The identity results appeared to 
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confirm this assumption since many Bacillus and Paenibacillus sequences had been isolated 

from the samples. In summary, IOB might not be a significant corrosion-related population in 

raw biogas samples. 

 
Table 10. The Closest Relatives of IOB Sequences Isolated Directly from 2 Filter Samples without 

Growth using Primers Targeting IOB 16S rRNA Gene 

Closest relative in Genbank Genbank accession No. % Identity Frequency

Acidovorax facilis strain TSWCSN46 GQ284412 100 1

Acidovorax sp. PPs-5 FJ605421 99 2

Acidovorax temperans strain 2R3-13 GU169008 100 1

Beta proteobacterium ASRB1 AY612302 99 1

Gallionella ferruginea L07897 100 1

Paenibacillus barengoltzii strain THWCSN14 GQ284362 99 1

Paenibacillus sp. 5M01 AM162347 99 1

Paenibacillus sp. D273a FJ430033 100 1

Uncultured bacterium clone MRA3016 FN428762 99-100 2

Uncultured bacterium clone nbw217a04c1 GQ074849 100 1

Uncultured bacterium clone nbw335c11c1 GQ090536 100 2

Uncultured bacterium clone nbw390c06c1 GQ096609 99 1

Uncultured bacterium clone nbw403b10c1 GQ098239 99 1

Uncultured bacterium clone nbw518g07c1 GQ104363 100 1

Uncultured bacterium clone nbw520b12c1 GQ104478 99 1

Uncultured bacterium clone nbw530e12c1 GQ105704 100 1

Uncultured bacterium clone nbw534f08c1 GQ106415 100 1

Uncultured bacterium clone nbw579c08c1 GQ106258 100 1

Uncultured bacterium clone nbw638f09c1 GQ114515 100 1

Uncultured bacterium clone nbw639h01c1 GQ114609 100 1

Uncultured bacterium clone nbw680e07c1 GQ114021 100 1

Uncultured bacterium clone nbw906h06c1 GQ032518 99 1

Uncultured beta proteobacterium clone R64LS FM863753 100 1

Uncultured Ralstonia sp. clone 1P-1-G07 EU704794 99 1  
 
Table 11. The Closest Relatives of IOB Sequences Isolated from 3 Positive Aerobic MPN Cultures 

using Primers Targeting IOB 16S rRNA Gene 

Closest relative in Genbank Genbank accession No. % Identity Frequency

Bacillus boroniphilus strain PL69 GU001903 99 1

Bacillus licheniformis strain 3EC7A1 EU304968 99 1

Bacillus licheniformis strain ES_MS4c EU888508 99 1

Bacillus sp. BCL23-1 EF026994 100 1

Bacillus sp. HB1 FM208185 99 1

Bacillus sp. JJM-1 GU132507 99-100 5

Bacillus sp. MB66 AB518978 99 1

Pigmentiphaga sp. Zn-d-2 EU170477 98-99 9

Ralstonia sp. RS2 AB503703 100 1

Salmonella enterica strain st8r FJ544366 100 1

Sphaerotilus sp. HS EU636006 99 1

Uncultured Bacillus sp. clone QNSW24 FJ384500 99 1

Uncultured bacterium clone NCH1312/73f EU560864 96 1  
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Table 12. The Closest Relatives of IOB Sequences Isolated from 2 Positive Anaerobic MPN 

Cultures using Primers Targeting IOB 16S rRNA Gene 

Closest relative in Genbank Genbank accession No. % Identity Frequency

Bacillus sp. JJM-1 GU132507 99 1

Gallionella ferruginea L07897 99-100 5

Paenibacillus barengoltzii strain SAFN-125 DQ124699 99 1

Paenibacillus barengoltzii strain THWCSN13 GQ284361 99 3

Paenibacillus barengoltzii strain THWCSN14 GQ284362 99 2

Paenibacillus sp. 5M01 AM162347 99 1

Paenibacillus sp. AT5 GU097198 98 2

Paenibacillus sp. D273a FJ430033 100 1

Paenibacillus sp. oral taxon 786 strain F0064 GQ422747 99 1

Pseudoxanthomonas taiwanensis strain NFC7-12 EU250946 99-100 3

Uncultured bacterium clone AR18 EU008373 99 2

Uncultured bacterium clone EU32 EU008374 99 1

Uncultured bacterium clone EU40 EU008371 99 1

Uncultured bacterium clone EU40A EU008377 99 1

Uncultured bacterium clone nbw335c11c1 GQ090536 100 5

Uncultured bacterium clone nbw520b12c1 GQ104478 100 2

Uncultured bacterium clone nbw641c05c1 GQ115240 100 1

Uncultured bacterium clone p02_E05 FJ602432 100 1

Uncultured bacterium clone TSBAR002_E10 AB486284 99 1  
 

Major Chemical Compositions in Condensate of Raw Biogas Line 

GTI obtained a 5-gallon sample of raw biogas condensate from a waste water treatment plant 

(WWTP) in the mid-west area of the U.S. This condensate consisted of liquid that dropped out 

from a stream of untreated digester biogas being used to fuel a turbine combustion engine for a 

Combined Heat and Power (CHP) application. Chemical and microbiological analyses were 

conducted to characterize the liquid in order to prepare a simulated condensate recipe for work 

on subsequent tasks. Table 13 summarizes the analytes and their associated analytical 

techniques. 
Table 13. Analytical Methods Used for Condensate Sample. 

Analyte Group Analysis Technique

Organic and Inorganic Carbon EPA Method 9060

Alkalinity Titration (SM 2320 B)

Biochemical Oxygen Demand 5-day (SM 5210 B)

Chemical Oxygen Demand Closed Reflux, Titrimetric (SM 5220 C)

Suspended , Dissolved, Total Solids Gravimetric (SM 2540 B, C, D)

pH,  as received SM 4500 H+

Conductivity, µS/cm  as received SM 2510

Dissolved Gases Headspace Analysis (EPA RSK-175)

Total Ammonia Distillation / Nesslerization (SM 4500 NH3 C)

Metals Inductively Coupled Plasma Optical Emission Spectroscopy

Anions Ion Chromatography

Toxicity MicrotoxOmni

CHNS Leco  
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Aliquots of the larger sample were taken for analysis in appropriate vials. The dissolved gas 

analysis was conducted from a sealed 40-ml VOA vial to which sample was displaced by a 

measured amount of helium. The metals ICP analysis was performed after digestion in nitric acid 

and hydrogen peroxide. All other analyses were done on an as-received basis. A toxicity test was 

also performed by exposing fibrio fischeri luminescent bacteria to the sample and determining at 

what concentration one-half of the bacteria are killed (EC50). The analytical results are 

summarized in Table 14. 

 
Table 14. Analytical Results of Condensate Sample 

Analyte Results

Total Organic Carbon, mg/l 5.9

Total Inorganic Carbon, mg/l 250

Total Ammonia 240

Alkalinity, mg/l 960

BOD, mg/l < 2

Chemical Oxygen Demand, mg/l 45

Total Suspended Solids, mg/l < 10

Total Dissolved Solids, mg/l < 25

Total Solids, mg/l < 25

pH,  as received 7.32

Conductivity, µS/cm  1700

Dissolved Ammonia, mg/l < 15

Dissolved Carbon Dioxide, mg/l 218

Dissolved Hydrogen Sulfide, mg/l 0.0014

Dissolved Methane, mg/l 0.73

Dissolved Oxygen, mg/l 17.9

Calcium, mg/l 1.8

Iron mg/l 1.2

Potassium, mg/l 8

Magnesium, mg/l 0.3

Molybdenum, mg/l 0.3

Sodium, mg/l 5.9

Phosphorus, mg/l 14.8

Silicon, mg/l 18.3

Tin, mg/l 14.8

Titanium, mg/l 0.2

Zinc, mg/l 0.5

Organic Acid Anion, mg/l (calibrated as acetate) ~5

Sulfate, mg/l 0.4

Anion/Cation Ratio 1.17

Toxicity, EC50 (15 minutes) 49.27%  
 

The condensate was a clear liquid, with no apparent solids, confirmed by the suspended, 

dissolved, and total solids analysis. Conductivity was also low. The predominant dissolved 



Task 2: Microbial/Chemical Profile in Raw Biogas Pipeline 

 61 

species present are inorganic carbon and ammonia. The inorganic carbon is likely bicarbonate 

based on the solution pH, although some dissolved carbon dioxide is present. The ammonia is 

likely present as ammonium ion due to the lack of dissolved ammonia content. A small amount 

of organic carbon was found, it is likely present as the acetate ion since it was an early eluter on 

the ion chromatography analysis, plus some dissolved methane. The presence of organic acids is 

in agreement with the dominant presence of APB in the biogas and condensate samples. Sulfate 

ion was present, but surprisingly, no chloride, nitrate, phosphate or other ions were found. The 

anion/cation balance ratio calculates out to be near unity, once the dissolved carbon dioxide is 

subtracted, and the silicon converted to silicate ion.   

 

It is expected that nutrient supplement will be needed for the artificial growth medium to 

support bacteria consortium growth during corrosion experiment. A nutrient broth (DIFCO Cat# 

234000) was also analyzed. The typical nutrient broth medium contains 3 g of beef extract and 5 g 

of peptone per liter. The quantity of nutrient broth added to the recipe in this project will be 

determined by experiments with a goal to support bacteria consortium growth at the rate that 

each electrochemical corrosion experiment can be completed in about a week. A typical analysis 

of nutrient broth is presented in Table 15. 

 
Table 15. The Major Composition of Nutrient Broth. 

Analyte Results

Total Carbon, wt% 41.01

Total Hydrogen, wt% 6.47

Total Nitrogen, wt% 14.07

Total Sulfur, wt% 0.43

Calcium, wt% 0.02

Iron wt% 0.002

Potassium, wt% 3

Magnesium, wt% 0.04

Sodium, wt% 1.83

Phosphorus, wt% 0.81  
 

Major Microbial Compositions in Condensate of Raw Biogas Line 

Microbiological analyses were performed on condensate sample to determine 1) the number of 

total (live and dead) heterotrophic bacteria and various corrosion causing bacteria (APB, IOB, 

and SRB), 2) the number and identity of live bacteria, and 3) the number and identity of bacterial 

spores. The number of total bacteria and total corrosion-causing bacteria including both dead and 

live bacteria in the condensate was determined by a genetic method (qPCR) by targeting specific 

genes present in the target microorganisms, and the data was reported as numbers per 100 ml of 

condensate sample. The number of live bacteria and spore was determined by inoculating 

condensate sample to appropriate bacteria medium and incubated at 37 ºC for a pre-determined 

time, and the data was reported as colony-forming unit (CFU) per 100 ml of condensate sample. 
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The condensate sample was detected to contain 1.62E+05 heterotrophic bacteria and 1.64E+04 

APB per 100 ml of liquid; IOB and SRB were not detected in this sample by qPCR assays. No 

live bacteria were detected by the MPN test from the condensate sample statistically; however, 

the sample contained 50 live spores per 100 ml of liquid. 
 

The EC50 toxicity of this sample is 49% at 15 min exposure, meaning that 50% of fibrio fischeri 

luminescent bacteria would be killed after exposure to condensate at 49% of concentration 

(assuming the undiluted condensate has concentration of 100%) for 15 min. In the MPN test, the 

dilution factor is 10 after inoculating 1 ml of condensate sample to 9 ml of TG growth medium. 

The 10-fold diluted condensate sample is apparently toxic enough and still inhibits the growth of 

any live bacteria potentially present in the sample. When condensate was inoculated to TG 

medium at a 20-fold dilution, both cultures under aerobic and anaerobic conditions turned to 

turbid after 48 hrs and 72 hrs incubation, respectively. The DNA was then isolated for 

determination of dominant bacteria species in condensate cultures. 
 

Identities of Major Microbial Species in Condensate of Raw Biogas Line 

DNA used for the determination of identities of major bacteria species in condensate sample was 

isolated from 1) condensate liquid directly; 2) positive growth cultures after inoculating 

condensate (1:20 dilution) to TG medium and incubating under aerobic and anaerobic 

conditions; and 3) from positive bacterial spore culture.  

 

The attempt to amplify ackA and buk genes of APB and 16 sRNA gene of IOB from DNA 

isolated directly from condensate liquid was not successful; therefore the dominant profile of 

APB and IOB in condensate was not determined. The identities of heterotrophic bacteria and 

bacterial spores after growth in the medium were determined by targeting 16S rRNA genes. 
 

Sixteen heterotrophic bacteria sequences were retrieved from the condensate sample without 

growing in the culture medium. Most of them were closely related to various species of Bacillus 

and P. glucanolyticus (Table 16). However, after the condensate sample was grown in culture 

medium aerobically and anaerobically, bacteria profile was changed significantly. Under aerobic 

condition, endosymbiotic bacteria of Nilaparvata lugens and Herminiimonas saxobsidens were 

enriched and became the dominant heterotrophic bacteria (Table 17). When condensate sample 

was grown in culture medium anaerobically, the most dominant bacteria were Herminiimonas 

saxobsidens (Table 18). Herminiimonas saxobsidens are Gram-negative, rod-shaped bacteria. 

Cells are motile by means of polar flagella, non-sporulating and strictly aerobic. It utilizes 

acetate, propionate, oxalate, succinate and malate. 

The identities of bacterial spores isolated from condensate spore culture were also determined 

(Table 19). Of 28 bacterial spore sequences retrieved, all of them were identified either as 

Bacillus nealsonii (39%) or various other Bacillus species (61%). 
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Table 16. The Closest Relatives of Heterotrophic Bacteria Sequences Isolated Directly from 

Condensate Sample without Growth using Universal Primers Targeting 16S rRNA Gene 
Closest relative in Genbank Genbank accession No. % Identity Frequency

Bacillus nealsonii strain CT18 EU660368 99 1

Bacillus sp. ADP4II FJ943257 99 1

Bacillus sp. CBD 118 DQ374636 98 1

Bacillus sp. P307 FJ943260 99 1

Bacillus sp. P308 FJ554672 99 1

Bacillus sp. S209 AB425363 99 1

Bacillus sp. U4A FJ943261 98 1

Paenibacillus glucanolyticus AB073189 99 2

Thiomonas intermedia K12 CP002021 99 4

Uncultured Rhodocyclaceae bacterium clone MFC-B162-H11 FJ393146 99-100 3  
 

 

 

Table 17. The Closest Relatives of Heterotrophic Bacteria Sequences Isolated from Aerobic Culture 

using Universal Primers Targeting 16S rRNA Gene 
Closest relative in Genbank Genbank accession No. % Identity Frequency

Endosymbiont of Nilaparvata lugens clone M285 GU124500 99-100 6

Herminiimonas saxobsidens AB512141 99-100 4

Uncultured bacterium clone 13S_1c03 FJ382922 100 1

Uncultured bacterium clone 13S_2c01 FJ382887 99 1

Uncultured bacterium clone L-4 AY625148 100 1  
 

 

 

Table 18. The Closest Relatives of Heterotrophic Bacteria Sequences Isolated from Anaerobic 

Culture using Universal Primers Targeting 16S rRNA Gene 
Closest relative in Genbank Genbank accession No. % Identity Frequency

Endosymbiont of Nilaparvata lugens clone M285 GU124500 99 1

Herminiimonas saxobsidens AB512141 99 10

Uncultured bacterium clone 13S_2c01 FJ382887 99 4

Uncultured bacterium clone L-4 AY625148 99 2

Uncultured proteobacterium clone Hmd24B60 EF196996 99 1  
 

 

 

Table 19. The Closest Relatives of Bacterial Spore Sequences Isolated from Condensate Spore 

Cultures using Universal Primers Targeting 16S rRNA Gene 
Closest relative in Genbank Genbank accession No. % Identity Frequency

Bacillus nealsonii strain CT18 EU660368 98-99 10

Bacillus nealsonii strain TSWCSN40 GQ284408 99 1

Bacillus sp. ADP4II FJ943257 99 5

Bacillus sp. P307 FJ943260 98-99 6

Bacillus sp. P308 FJ554672 97-99 5

Bacillus sp. U4A FJ943261 98 1  
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MOB Metal-Oxidizing Bacteria 
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Introduction 

Corrosion is a consequence of electrochemical reactions; influenced by the physicochemical environment 
at the metal surface, such as: oxygen, salts, pH, redox potential, and conductivity, etc.  Microbially 
Induced Corrosion (MIC) is electrochemical corrosion influenced by the presence or activities of 
microorganisms.   

Microorganisms growing at the metal surface release chemicals or electrochemically active minerals, that 
in turn, alter the rates and types of electrochemical reactions at the biofilm-metal interface and result in 
various types of corrosion (e.g. pitting, crevice corrosion, under-deposit corrosion, and galvanic 
corrosion). 

Internal corrosion in raw biogas lines is affected by many factors or combination of factors including the 
presence of: 

• CO2,  

• H2S,  

• Organic acid (mainly acetic acid),  

• Microbes,  

• Oxygen, and 

• Chlorides   

The development of a MIC model should take into account factors that may interact with microbial 
activities and their metabolites, and change electrochemical characteristics at the metal-biofilm interface. 
Parameters that influence microbial growth and activities will probably affect the onset of microbial 
corrosion (i.e. pitting), corrosion rate and severity and should be included in a MIC model. Potential 
parameters for a MIC model are: 

• Nutrients (sulfate, fatty acids, total dissolved solids, utilizable nitrogen), 

•  CO2, 

•  H2S, 

•  O2, 

•  pH of condensate, 

• Salinity, 

• Alkalinity, 

• Dissolved iron, 

• Sulfide, 

• Chlorides,  

• Bicarbonates,  

• Ferrous and ferric iron, and  

• Temperature.  

The final parameters which were included in our preliminary MIC model were determined based on the 
results from the Task 1 literature review and Task 2 sample analyses. 
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The major bacterial populations in raw biogas and condensate samples collected from gathering lines 
were determined in Task 2. The results of the bacterial populations were used to formulate a major 
corrosion-related bacteria consortium for evaluating the microbial corrosion mechanism and corrosion 
rate in the experiments outlined in Task 3.  

In addition, chemical compositions and properties of a typical condensate in a raw biogas gathering line 
were thoroughly analyzed in Task 2. The compositions of the artificial growth medium for the corrosion 
experiments in Task 3 were determined based on the results of chemical analysis of the condensate 
samples and the nutrient requirements for bacteria growth. The quantity of nutrient broth was determined 
through experiments on the bacteria growth curves under various conditions.  

A dual cell electrochemical test system was designed and developed for laboratory evaluation of MIC 
corrosion under the simulated field conditions. It was designed to investigate the galvanic effect induced 
by bacteria at the situations that mostly occurred in the pipeline in which bacteria may colonize at 
localized areas with the surrounding areas remained clean.  

A total of five test runs have been performed using the developed dual cell system. Two of the tests were 
successful and generated useful data for understanding the MIC corrosion mechanism and further model 
development. The other three test runs were terminated due to contamination of the cathode cell. No 
galvanic corrosion current was detected in the contaminated cells.  

Understanding how to prevent contamination of the cathode cells was an important lesson learned from 
the unsuccessful experimental runs. The methods and procedures required to ensure the onset of MIC in 
an experiment have been carefully documented for future reference. 
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Determination of the Experimental Parameters for Laboratory Evaluation of MIC  

Microbial Consortium 

The accurate diagnosis of MIC requires a combination of microbiological, chemical, and metallurgical 
analyses. The microbiological indicators include detection and quantification of various microorganisms 
on metal-liquid interfaces, especially corrosive bacteria in biofilms formed on metal surfaces. 

Quantitative Polymerase Chain Reaction (qPCR) assays indicated that most raw biogas samples contained 
two types of corrosion-causing bacteria – acid producing bacteria (APB) and iron oxidizing bacteria 
(IOB). The condensate sample mainly contained APB. However, after the raw biogas samples were 
inoculated in thioglycolate (TGC) media and incubated for 7 days at 37 ºC, qPCR on positive growth 
cultures indicated the presence of an overwhelming number of APB in most samples. The identities of 
most of the sequences of heterotrophic bacteria or bacterial spores in raw biogas were closely related to 
the sequences of two bacteria genera, i.e. Paenibacillus and Bacillus. Species determination of corrosion-
related bacteria showed the presence of Clostridium and Acidovorax species, in addition to dominant 
Paenibacillus and Bacillus species. IOB such as Gallionella, Leptothrix, and Sphaerotilus might not be a 
significant corrosion-related population in raw biogas samples. From the condensate sample, the 
dominant heterotrophic bacteria species were also closely related to Bacillus and Paenibacillus, though 
after growth in TGC medium, the dominant bacteria species changed to H. saxobsidens. 

In summary, the majority of sequences isolated from this project are closely related to the sequences of 
genus Bacillus, followed by Paenibacillus, and Clostridium. Of all the sequences from these three genera, 
Bacillus sequences accounted for approximately 71.4%, Paenibacillus 24.3% and Clostridium 4.3%. The 
most representative Bacillus species is B. licheniformis. Therefore the proposed bacteria consortium 
which will be used in the corrosion experiment includes the enriched condensate culture (dominated by H. 
saxobsidens) and spiked B. licheniformis. 

Artificial Growth Medium 

The artificial growth medium (AGM) for the corrosion experiments is based on the results of a thorough 
chemical analysis of the condensate sample and other nutrient requirements for bacteria growth such as 
trace elements and vitamins. In addition, nutrient broth was added to the artificial medium during the 
corrosion experiment in an attempt to support bacteria consortium growth at such a rate that each 
electrochemical corrosion experiment can be completed in a reasonable time. The quantity of nutrient 
broth added to the medium was determined through experiments on growth curves under various 
conditions that were conducted in Task 2. The AGM recipe (without nutrient broth) is shown in Table 1.  

Preparation of Bacteria Consortium 

Based on thorough analysis of biogas and condensate samples, the bacteria consortium for MIC 
evaluation experiments consists of B. licheniformis (ATCC 14580) and the baseline bacteria populations 
enriched from the field condensate sample. The thorough analysis of enrichment culture of condensate 
sample indicated the dominant presence of H. saxobsidens. 

Bacillus licheniformis (ATCC 14580) are Gram-positive, rod-shaped, motile, aerobic endospore-forming 
thermophilic bacteria that hydrolyze sugars fermentatively. Colonies of B. licheniformis are round, 
surface smooth, flat, margin irregular and 2-4 mm in diameter. Ellipsoidal spores are produced in none-
swollen sporangia and placed centrally [Pridal 2001]. B. licheniformis is a common contaminant of dairy 
products; it is the most common aerobic spore-forming bacteria isolated from dairy farm [Scheldeman 
2005]. The optimal growth temperature is around 50°C, though it can survive at much higher 
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temperatures. B. licheniformis was purchased from American Type Culture Collection (ATCC14580) for 
this project. 

Herminiimonas saxobsidens are Gram-negative, rod-shaped bacteria. Cells are motile by means of polar 
flagella, non-sporulating and strictly aerobic. It utilizes acetate, propionate, oxalate, succinate and malate 
ions. The enriched condensate culture was used to provide the baseline bacteria population in corrosion 
experiments. 

Growth of Bacillus Licheniformis under Various Conditions 

The growth curve of B. licheniformis was first generated using Nutrient Broth (NB, BD Cat# 234000). A 
5% volume of overnight culture inoculums was inoculated into NB medium and the culture tubes were 
incubated aerobically or under 0.7% of O2 in a headspace at 30°C with 100 rpm shaking. Absorbance/OD 
(optical density) was measured at 600 nm periodically and the OD reading was plotted against time of 
incubation to generate a growth curve for the bacteria. The growth curves under various conditions are 
shown in Figure 1. B. licheniformis growth curve in NB medium under aerobic condition showed an 
exponential growth phase between 5 and 13 hrs after incubation at 30ºC (Figure 1a.) 

A typical raw biogas line is not strictly aerobic or anaerobic; it contains an average of 0.7 mol% of 
oxygen based on 12 raw biogas samples collected. The presence of oxygen in the raw biogas line explains 
why the dominant bacteria isolated from the samples are aerobic bacteria or facultative anaerobic 
bacteria, such as B. licheniformis, P. barengoltzii, H. saxobsidens (aerobes), and P. glucanolyticus 
(facultative anaerobe). In order to mimic raw biogas line conditions, the growth curve of B. licheniformis 
was generated in the presence of 0.7% of O2 in the headspace of the culture bottles. The medium was 
purged with gas containing 94.3% N2, 5% H2, and 0.7% O2 to create the growth conditions for the 
bacteria. The growth curve under 0.7% of oxygen is shown in Figure 1b. When aerobic B. licheniformis 
culture was incubated under 0.7% oxygen condition, B. licheniformis exhibited a longer lag growth phase 
(~12 hours), and reached lower OD readings (~0.3) within 24 hours of incubation at 30ºC in 0.8% NB. 
The exponential growth phase was between 15 and 23 hours of incubation, about 10 hours later compared 
to aerobic conditions. 

When AGM is used, it is necessary that AGM is supplemented with an appropriate percentage of NB in 
order to support bacterial consortium growth in corrosion experiments. The quantity of NB supplement 
required for growth of B. licheniformis was determined under 0.7% of headspace oxygen conditions at 30 
ºC. The culture OD was monitored periodically to determine the growth potential at various 
concentrations of NB supplement. Under aerobic conditions, at least 0.3% of NB supplement to AGM 
was required to support the growth of B. licheniformis, with the highest OD (0.45) reached after 45 hours 
of incubation. However, under 0.7% O2 condition, the highest OD was only 0.31 after 72 hours of 
incubation in AGM supplemented with 0.3% NB; the culture pH decreased from 7.6 at the beginning to 
7.24 after 168 hours. A more detailed growth curve was generated for B. licheniformis in AGM 
supplemented with 0.3% of NB and under 0.7% O2 at 30ºC in Figure 1c. B. licheniformis showed an 
exponential growth phase during 15-40 hours of incubation, with the highest OD (0.32) reached after 156 
hours of incubation. Therefore, B. licheniformis culture prepared in AGM supplemented with 0.3% of NB 
under 0.7% of headspace oxygen was used to prepare bacteria consortium for corrosion experiments. 

Preparation of Baseline Bacteria Culture from Condensate Sample 

A 5% volume of the field condensate sample was inoculated into AGM supplemented with 0.3% of NB 
and incubated under 0.7% of headspace oxygen at 30ºC at 100 rpm shaking. Absorbance/OD was 
measured at 600 nm periodically and the OD reading was plotted with time of incubation to determine the 
exponential growth phase of the baseline bacteria population from the condensate sample. The field 
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condensate sample showed an exponential growth phase between 15 and 30 hrs of incubation (Figure 2). 
The highest OD (0.14) was reached at 36 hours of incubation; then OD dropped to 0.12 after 156 hours of 
incubation. 

Final Bacteria Consortium and Growth Medium for Corrosion Experiments  

B. licheniformis and the field condensate sample were grown in a large volume of AGM supplemented 
with 0.3% NB under 0.7% of headspace oxygen at 30ºC at 100 rpm shaking. The cultures during the 
exponential growth phase were collected and bacteria concentrations determined using the plate count 
method. The concentrations of B. licheniformis and field enrichment culture at exponential growth phase 
were 6.0 x 106/ml and 7.1 x 107/ml, respectively. The culture was then aliquoted and stored at 4ºC until 
use.  

The B. licheniformis and field enrichment culture were diluted to 1.0 x 106/ml and 1.0 x 107/ml, 
respectively, and then mixed at 1:1 ratio to create a final bacteria consortium, which contains 0.5 x 106/ml 
of B. licheniformis and 0.5 x 107/ml of baseline bacteria. 5% volume of the final consortium culture was 
inoculated into AGM supplemented with 0.3% NB under 0.7% of headspace oxygen at 30 ºC at 100 rpm 
shaking. The samples were taken after incubation at 0, 48, 96, and 168 hours, and the bacteria species 
determined using a molecular method (PCR/Cloning/Sequencing). The change in the dominant bacteria 
communities in the final consortium after incubation is summarized in Table 2. At time 0, all 14 
sequences were closely related to the dominant baseline bacteria H. saxobsidens. The composition of the 
bacteria consortium became more diverse after incubation at 30 ºC; acid-producing bacteria started to 
dominate the bacteria consortium and H. saxobsidens became the less dominant bacteria species over 
time. 

The AGM (as shown in Table 1) was supplemented with 0.3% of NB to support the bacteria consortium 
during electrochemical corrosion experiments. The pH and resistance are summarized in Table 3. 
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Development of Dual Cell Electrochemical Test System 

A dual cell electrochemical test system was designed for laboratory evaluation of MIC corrosion under 
simulated field conditions. This test system consists of two test cells: one cell (anode cell) was inoculated 
with the bacteria consortium under investigation, and the other one (cathode cell) was maintained free of 
microbial growth during the test. The two cells were electrolytically connected through a salt bridge 
containing a proprietary charge mosaic membrane (CMM) filter to prevent bacteria migration from the 
anode cell to the cathode cell, see Figure 3 through Figure 5. This test system was designed to investigate 
the galvanic effect induced by bacteria under conditions most likely found in a pipeline at which bacteria 
may colonize at localized areas even as the surrounding areas remained clean. This test system provide a 
realistic laboratory method to test field condition variability on corrosion rates allowing for independent 
variable control to determine which variables are most influential.  

Due to the challenge we experienced in preventing the cathodic cell from contamination, the design of the 
test system was modified several times. Two good sets of experimental data have been collected using the 
test system.  

Electrodes in the Anode and Cathode Cell 

The electrodes are made of type C1018 carbon steel wire purchased from California Fine Wire Company. 
The diameter of the wire is 2 mm, and the chemical composition (weight %) is: Carbon (0.175), 
Manganese (0.75), Phosphorus (0.04), Sulfur (0.05) and Iron (balance).  

A pair of steel wires were mounted in the epoxy holder and used as test specimens for corrosion rate 
measurements, see Figure 6. The steel wires were coated by heat shrinkable Teflon tubing before 
mounting in epoxy and they were electrically insulated from each other. The exposed surface of each wire 
is 3.14 mm2. The surface was wet polished using silicon carbide paper in sequence from 240 to 600 grit, 
then further fine polished with aluminum oxide. 

The cathode specimen was made from the same steel wire. About 1 ft of the steel wire was folded into a 
coil and the remaining section was coated by heat shrinkable Teflon tubing (Figure 7). The coil was 
completely submersed in the test solution during the test and the total exposed surface area of the cathode 
was about 1914 mm2.  

Corrosion Coupons 

The coupons were made from the same steel wire as the anodes. They are about ¼ inch long. The top and 
bottom surface were ground and polished to provide a flat surface, see Figure 8. The corrosion coupons 
were cleaned and weighed before they were installed onto the holder. They were thoroughly cleaned and 
weighted again after the test to determine weight loss. The holder was attached to the purging tube and 
suspended in the test cell so that the coupons were fully submersed in the test solution.  

Test Cells 

As shown in Figure 3, the test cells consisted of a polycarbonate reaction vessel (2.5 L) with 
polycarbonate end plates to seal the vessel. The two test cells were connected by a salt bridge which 
contained two valves and an ion exchange membrane filter which allowed both anions and cations to 
migrate through the membrane, but blocked the bacteria migration from the anode cell to the cathode cell. 
The membrane used in the filter was an experimental CMM membrane that was developed by GTI. A 
cam and groove hose coupling was used to install the CMM membrane, and the rubber gasket in the 
coupling created a tight seal to prevent liquid leakage, see Figure 9 . 
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The top plates have assorted ports for test specimens, reference electrodes, graphite counter electrodes, 
pH probe, temperature probe, gas inlet and outlet for medium purging, medium circulation inlet and 
outlet, as well as medium sampling and replacement ports. The detailed layout of the test specimens and 
instrumentation in the anode and cathode cells are shown in Figure 4 and Figure 5 respectively. 

As shown in Figure 4, a total of three pairs of anode specimens were installed in the anode cell. One pair 
of anodes (anode 3 and anode 3') was continuously coupled with the cathode in the cathode cell during 
the test. Anode 2 and anode 4 were coupled with the cathode during the test, but were disconnected 
periodically for corrosion rate measurements.  The other two anodes (anode 2′ and anode 4') were stand 
alone.  

The anode electrodes were kept horizontal and facing up in the vessel since gravity has a significant effect 
on bacterial attachment, and the horizontal surfaces facilitate bacterial adhesion. A reference electrode 
and a graphite rod were installed in each specimen port for corrosion rate measurements.   

A pair of steel wire specimens that were made to be identical to the anode specimens was installed in the 
cathode cell to be used for baseline corrosion rate measurements in the cathode cell, see electrode 1 and 1' 
in Figure 5. A reference electrode and a graphite rod were also installed close to the electrode specimens. 

Test Media  

Both cells were filled with 2 L sterile AGM supplemented with 0.3% of NB. The gas mixture (94.3% N2-
5% H2-0.7% O2) was used to purge the test cells and maintain a slow gas flow through the entire test 
period. The anode cell was inoculated with bacterial consortium, while the cathode cell was kept abiotic. 
A salt bridge filled with same growth medium connects the two cells, but the CMM membrane filter 
installed in the bridge prevented the migration of bacteria from the anode cell to the cathode cell. The 
temperatures of the cells were maintained at test temperature using heating tape.  

Electrochemical Test and Data Acquisition System 

A NanoCorrTM Coupled Multielectrode Analyzer (Corr Instruments) was used to monitor the corrosion 
potential of the anode specimens and the cathode before coupling the anodes to the cathode. After a 
steady potential difference was established between the anode specimens and the cathode, four of the 
anode specimens were connected to the large surface cathode (the surface area of the cathode is 150 times 
the total of surface area the four anode specimens) through the Multielectrode Analyzer. The generated 
galvanic currents between the two cells were monitored and the data was automatically collected using 
CorrVisual Software at 10 minute intervals.  

The corrosion rate was periodically measured on the electrode specimens that were installed in the anode 
and cathode cell. A linear polarization resistance (LPR) test method was used to measure corrosion rate at 
open circuit potential (OCP) by potentiodynamic scan from 15 mV below OCP to 15 mV above OCP. 
The Potentiostat used for corrosion rate measurements was the Gamry Instruments Reference 600.  
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Test Protocol for Experimental Measurements of Microbial Corrosion Rate  

Preparation of Tools and Supplies 

1. Make a list of the tools that are used in the Biosafety cabinet for assembling the test cell after the 
components are sterilized. 

2. Sterilize the tools and store them in the Biosafety cabinet. 

3. Make a list of the extra supplies (plugs, rubber stopper, clamps/alligators, etc) that might be 
needed when assembling the cell. 

4. Sterilize the extra supplies and store them in the Biosafety cabinet. 

5. Prepare a thin wire that will be used to remove bubbles in the reference bridge. Sterilize the wire 
and store it in the Biosafety cabinet. 

6. Prepare sterilized KCl solution that is used for filling reference electrode and bridge tubes. 

Media Preparation: 

1. All glassware to be used is clean glassware and rinsed with DI water 5 times and baked at 130°C 
to dry. 

2. 4 liters of 2X concentration AGM macronutrients, nutrient broth, and water are prepared. The 
water source for media and deactivating solution is filtered through a US Filter Purelab Plus 
system. 

3. Media and all glassware are autoclaved at 121°C for 45 minutes in a liquid cycle.   

4. Trace minerals are made separately and sterilized through Nalgene 0.2µm CN filter. 

5. Sterile vitamin solution is purchased from ATCC.  

6. After sterilization all components are moved to the Biosafety cabinet. 

7. The temperature of the liquids and glassware are allowed to cool to room temperature 

8. Liquids are measured into sterile bottles using sterile graduated cylinders and stored in at 20°C in 
the refrigerator until needed. 

Cell Preparation: 

1. The temperature probe, pH probe, and CMM membrane, which cannot withstand the autoclave 
temperature, are sterilized with Sporicidin Sterilizing and Disinfecting Solution (SSDS) for 14 
hours in clean glassware with no exposure to light.   

2. A deactivating solution is prepared for components that were soaked in SSDS.  This solution, 
consisting of Glycine (2% w/v) and Tween 80 (0.5% v/v) mixture, is autoclaved. 

3. The temperature probe, pH probe, and CMM membrane are soaked in the sterile deactivating 
solution for at least 20 minutes and then rinsed with sterile water twice to remove any remaining 
remnants of SSDS and deactivating solution. All components are covered in aluminum foil and 
stored in a Biosafety cabinet until ready for assembly.  The rinsing activity is performed inside 
the Biosafe cabinet. 
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4. All autoclavable components are assembled in the Biosafety cabinet and treated with UV light 
overnight before autoclaving. 

5. New gas purging tubes and graphite rods should be used each time assembling a test setup. 

6. Coupons are stored in a sterilized desiccator after polishing and cleaning. New coupon holders 
should be used each time assembling a test setup. 

Setting Up Dual Cell Test System: 

1. Use latex gloves rinsed with 70% EtOH before handling the components. 

2. The test cell is assembled in the Biosafety cabinet with all the components that are autoclavable.   

3. After the test cell is assembled, media is filtered into each cell using a positive pressure of 
nitrogen through a Pall media filter (Acropak 1000 0.8/0.2µm filters). A new medium filter 
should be used each test setup. The nitrogen gas is purged into the media container through sterile 
tubing and filtered through Millipore Millex vent 1.0µm PTFE filter unit.   

4. Any openings are connected to a Millipore Millex vent 1.0µm PTFE filter unit to prevent 
contamination during cool down and cell transfer.   

5. Autoclave the assembly (without temperature probe, pH probe, and CMM membrane) at 121°C 
for 3 hrs in a liquid cycle. 

6. After autoclaving, the cell is moved to the Biosafety cabinet for cooling down.  

7. After cool down, the media in each cell is pumped out of the cell. 

8. Fill the reference bridge with saturated KCl solution and cap the top opening with a rubber 
stopper. Check if the reference bridge is leaking.  

9. Fix all heat shrink tubing that might have migrated during the autoclave cycle. 

10. Install CMM membrane into the connector and assemble it into the salt bridge.   

11. Install the temperature probe in each cell and the bulk pH probe in the anode cell. Tighten the 
fittings. 

12. Double check the fittings and probes/tubes and ensure all are tightened. 

13. New media is filtered into the cell using a Pall Acropak 1000filter while the membrane is isolated 
using the valves in the bridge. 

14. The cell is then transferred outside the Biosafety cabinet to the experiment bench area where the 
temperature jackets, bulk pH meter, gas line and the media replacement line are hooked up. 

15. Open the valves and gently tilt the cell back and forth from one side to the other so that the air 
bubbles entrapped in the salt bridge can be removed.  

16. Heat up the cell to the test temperature using heat tape. 

17. Purge both test cells with the test gas mixture (94.3% N2-5% H2-0.7% O2) and maintain a slow 
gas flow during the test. 

18. Start circulation of test media from cell bottom to top to avoid media stratification. 

19. Observe cell for 72 hours to ensure no bacteria are growing. 

20. The anode cell is then inoculated with bacteria. 
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Collecting Experimental Data on Microbial Corrosion 

Electrode Specimens  

1. Three pairs of anode specimens are immersed in the media in the anode cell that has bacteria 
growth:  

• One pair of anode specimen (anode 3 and anode 3') is continuously connected to the cathode 
through Analyzer during the entire test period. 

• Anode 2 and anode 4 are connected to the cathode through the Analyzer, but disconnected 
periodically for corrosion rate measurement. 

• Anode 2′ and anode 4' are standalone in the cell and used for corrosion rate measurements at 
the time corrosion rate is measured for anode 2 and anode 4. 

2. One pair of electrode specimens and one cathode specimen are immersed in the media in the 
cathode cell that is free of bacteria growth: 

• The pair of electrode specimen (electrode 1 and electrode 1') is standalone and used for 
baseline corrosion rate measurements in the cathode cell without bacteria growth. 

• The surface area of the cathode is 150 times the total surface area of the four coupled 
anodes. 

Corrosion Coupons 

Three pieces of corrosion coupons are installed in each cell. The top and bottom surfaces of the coupons 
are grounded and polished to a flat surface. The coupons are ultrasonically cleaned with acetone and dried 
before weight measurements. Weight measurements are taken before and after test for weight loss and 
corrosion rate calculation. The coupons are assembled in the holder that are attached to the purging tube 
and suspended in the test cell during the cell test.  

Testing Period 

The testing period is normally 6 to 8 weeks depending on the selected test parameters such as temperature 
and initial bacteria concentration that determine the bacteria growth rate. About 10% of the test media in 
the anode cell is replaced periodically to maintain the bacteria count at a relatively constant level through 
the test. The replacement intervals are determined by the bacteria count measurements during the test.  

 Measurements 

1. After the cells are filled with test media and purged with the test gas mixture, the potentials are 
continuously monitored on one of the anodes in the anode cell and the cathode in the cathode cell 
using Multielectrode Analyzer. The potentials on the other anodes in the anode cell are checked 
periodically using the potentiostat.   

2. Once the anode potentials become stable after bacteria inoculation and a steady potential 
difference has been developed between the two cells (normally the potential of each anode should 
be at least 10 mV below the cathode potential), the four anodes (anode 2, anode 4, anode 3, and 
anode 3') are connected to the large cathode through the Multielectrode Analyzer. 

3. The corrosion current of anode 2, anode 4, anode 3, anode 3', and the cathode are monitoring 
during the test using Multielectrode Analyzer. 

4. Measure corrosion rate using LPR method: 
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• Right before bacteria inoculation in the anode cell, baseline corrosion rate is taken on all six 
anodes (anode 2, anode 2', anode 3, anode 3′, anode 4, and anode 4′) in the anode cell, and the 
two electrodes (electrode 1 and electrode 1') in the cathode cell. 

• Corrosion rate is measured periodically on anode 2, anode 2', anode 4, anode 4′, electrode 1 
and electrode 1' during the test. When measuring corrosion rate on anode 2, anode 4, they are 
disconnected from the cathode temporarily and held for about 30 minutes at which the 
potential drop slows down. After corrosion rate measurement is complete, the anode is 
reconnected to the cathode. 

• Before cell tear down, the final corrosion rate measurements are taken on all six anodes 
(anode 2, anode 2', anode 3, anode 3', anode 4, and anode 4') in the anode cell, and the two 
electrodes (electrode 1 and electrode 1') in the cathode cell. 

5. Take media sample from the anode cell whenever corrosion rate measurements are taken: 

• The concentration of planktonic bacteria is determined using the plate count method with 
serial dilutions in triplicate. 

• The pH of the media sample is taken to compare with the reading from bulk pH probe. 

6. Measure bulk pH daily. 

Cell Tear Down 

1. Sample the anode and cathode cell solutions for bacteria analysis. 

2. Drain and save test solutions from anode and cathode cell in two separate containers and properly 
label the containers. Save the test solution in refrigerator for future chemical analysis. 

3. Remove the electrode specimens from both test cells and check the specimen surface using pH 
paper. 

4. Remove coupons from the anode and cathode cell. Immediately ultrasonic clean the coupons in 
acetone and measure the weight after removal of the coupons. Save coupons in the desiccator. 

5. Prepare anode specimens for scanning electron microscope (SEM) analysis: 

a. Fix the anode with 4% (wt) glutaraldehyde for 4 hrs and then rinse with a graded series 
(25%, 50%, 75%, 100% (vol) of ethanol to dehydrate the biofilm.  

b. Dry at 80°C for 10 minutes. 

c. Coat specimen with gold. 

d. Store the electrode specimens in the desiccator. 

6. Tear down test cells. Clean the cell and the components. Keep the anode and cathode cell 
components separate during cleaning and storage and mark them properly. 

Post Test Analysis 

1. Visually examine and photograph the electrode specimens and corrosion coupons. 

2. Examine the electrode and coupon surface using an optical microscope and SEM. 

3. Examine the biofilm and corrosion products by SEM-EDX. 
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4. Perform chemical and bacteria analysis of the test media collected from the anode and cathode 
cell.  

Determination of Actual Stern-Geary Constant (B Value) 

The Stern-Geary Constant (B value) is made up of the anodic and cathodic Tafel slopes, and is generally 
accepted as a constant between 0.02 and 0.08 for a variety of steels under different environments. The 
default B value from the manufacturers of the electrochemical corrosion monitoring device is usually 
around 0.030 V. However, past research [Zhu 2006, Kane 2004] has indicated significant difference 
between the default B values and actual B values measured by the electrochemical instrument. This is 
especially significant in a microbial corrosion system. Generally, the initial B values in a microbial 
system were close to the default value, and as the experiments went on, the B values decreased gradually, 
and then stabilized at a lower value in most cases.  

The InterCorr SmartCET electrochemical instrument is used in the testing to determine the actual B value 
under the same conditions as for the microbial corrosion experiments. The average B value determined 
from this experiment is used for calculating corrosion rate from the LPR measurements during the 
corrosion tests.  

Test Procedure for Determination of B Value 

1. Prior to use, the InterCorr C1018 probes are sonicated in ethanol (200-proof) for 1 min, degreased 
with acetone for 10 min, wrapped with sterile aluminum foil and dried in 60ºC oven. 

2. Prior to use, the InterCorr probe holders are soaked in SSDS overnight, deactivated, rinsed with 
sterile water, wrapped with sterile aluminum foil and dried in 60ºC oven.  

3. The anaerobic bacteria culturing system is filled with 200 ml sterile AGM containing 0.3% of NB 
medium, and purged with filtered 94.3% N2-5% H2-0.7% O2 gas mixture for 60 minutes. The 
headspace of the culture container is purged with the gas mixture daily during the test to maintain 
a 0.7% oxygen condition. 

4. The culture container is inoculated with 10% bacterial consortium mixture and incubated at 30ºC.  

5. The InterCorr C1018 probes are installed in the anaerobic bacteria culturing system and 
connected to the InterCorr SmartCET electrochemical system for data collection, see Figure 10. 

Calculation of B Value 

The result of the actual B value measurement is shown in Figure 11. The actual B values varied 
significantly in the first few days of the experiment, and then stabilized at a lower level than the default 
value. The typical B values after stabilization were calculated by the method suggested by the inventors 
of InterCorr SmartCET [Kane 2004].The actual B value for the simulated system in this project was 
0.01661 using the measured Tafel constant for the anodic reaction (βa=0.0914 V) and the cathodic 
reaction (βb=0.0644 V). 
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Preliminary Dual Cell Electrochemical Test 

The preliminary test was intended to check the test system and instrumentation. The preliminary test 
using the dual cell electrochemical test setup was started on Sept. 15, 2011 prior to the test protocol being 
finalized. The results and findings from this test were used to revise the protocol and modify the 
instrumentation.  

Test Setup 

The test setup is shown in Figure 12. Three anodes were installed in the anode cell. Anode #1 was 
continuously coupled with the cathode after a steady potential was built up between anode and cathode 
cell. Anode #2 was standalone and used for corrosion rate measurements only. Anode #3 was coupled 
with the cathode, but was disconnected from the cathode once or twice per day for corrosion rate 
measurements.  

2 L of sterile AGM supplemented with 0.3% of Nutrient Broth was pumped into the anode and cathode 
cells respectively through a 0.2 micron membrane filter, and purged with filtered gas mixture (94.3% N2-
5% H2-0.7% O2) for 60 minutes. The AGM media recipe is shown in Table 1. 

The anode cell was inoculated with bacterial consortium (10%) at 4:30pm on Sept. 15, 2011. The cathode 
cell was maintained abiotic. The temperatures of both cells were maintained at 30ºC with heat tape. 

Test Specimens: 

Anode Electrodes 

The anode electrodes were made of 2 mm diameter C1018 carbon steel wires. The wires were sealed by 
heat shrink tubing and mounted in epoxy at one end where the wire cross section was in contact with test 
solution. The exposed anode surface area was 3.14 mm2.  

Cathode:  

The cathode was made of C1018 carbon steel wire. The wire was sealed by heat shrink Teflon tubing. The 
exposed surface area of cathode was 942 mm2 (150 times the total surface areas of the two coupled 
anodes). 

Surface Preparation for Anode and Cathode 

The surfaces of the anodes and cathode were polished with 600 grit sandpaper and ultrasonically cleaned 
in distilled water before testing. 

Measurements: 

1. Monitored the potential of the anode and cathode after bacteria inoculation. 

2. Monitored bulk pH of the test solution in the anode cell and local pH close to the anode surface 
using micro pH probe. 

3. Coupled anode #1 and #3 using nanoCorrTM Coupled Multielectrode Analyzer after a steady 
potential difference was built up between anode and cathode cell. 
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4. Measured corrosion rate by linear polarization method using Gamry Potentiostat once or twice 
per day using anode #2 and #3. 

5. Measured electrochemical impedance on anode #2 at open circuit potential on Sept. 19 (4 days) 
and Oct. 5 (20 days) after bacteria inoculation. 

6. Started media circulation in anode cell on Sept. 26, 2011 (11 days). 

7. Sampled test solution daily and measured the bacteria counts on Sept. 28 (13 days). 

8. Replaced 10% media and replaced gas headspace with gas mixture (94.3% N2-5%H2-0.7%O2) on 
Sept. 30, 2011 (15 days). 

9. Replaced gas headspace with gas mixture (94.3% N2-5%H2-0.7%O2) again on Oct. 6, 2011 (21 
days). 

Electrochemical Test Results: 

The anode cell became turbid overnight after inoculation of bacteria, but the cathode cell still remained 
clear, see Figure 12. No bacteria were detected in the cathode cell. The bacteria counts in the anode cell 
were 2.25×105 per milliliter on Sept. 28, 2011. 

Figure 13 shows the potential measurements on the anode and cathode after inoculation of bacteria. The 
entrapped air bubbles in the reference bridge at the beginning of the test resulted in noisy potential 
measurements before the air bubbles in the bridge were removed. A steady potential difference between 
anode and cathode of about 50 mV was developed approximately 65 hrs after inoculation of bacteria. 

Figure 14 shows the coupling current on anode #1, anode #3 and the cathode. Due to the large data set, 
the data were plotted in four separate plots for the test duration. A power failure occurred during the test 
at 5:20pm on Oct. 2. The anodes and cathode were re-coupled together on Oct. 3 at 9:00am, and the 
coupling current was maintained. 

Figure 15 and Figure 16 show the polarization resistance curves for anode #2 (standalone) and anode #3 
(coupled) respectively on Day 1, Day 4, Day 7, Day 11, Day 14, and Day 18.  

The corrosion rate was calculated using the previously determined Tafel constants. The measured Tafel 
constant for anodic reaction (βa) was 0.0914 V and for cathodic direction (βc) was 0.0644 V. 

Figure 17 and Figure 18 are the corrosion current and corrosion potential measured on anode #2 and 
anode #3 in the polarization test.  Figure 19 and Figure 20 are the calculated polarization resistance and 
corrosion rate [mils per year (mpy)] determined by the polarization resistance method. The test time in the 
plots for anode #3 is the actual coupling time, not including the period when the coupling was interrupted 
by power failure. 

Figure 21 is the electrochemical impedance measurements on the standalone anode (#2) on Day 4 and 
Day 20 after inoculation of bacteria.  The Nyquist plot shows a depressed semicircle at higher frequency 
range, which is a typical feature of charge transfer reaction on the bare metal. The feature of a typical 
diffusion control process which is an inclined straight line at lower frequency range with about 45 degree 
slope was not observed.  At the very low frequency, the small depressed semicircle could be related to 
absorption of the bacteria or the species in the test solution. In the Z-plot, the impedance modulus at low 
frequency increased from Day 4 to Day 20, which represents the increase of the polarization resistance. 
This is consistent with the polarization resistance measurements in Figure 19.  

The reading of the bulk pH and micro pH probes using the nanoCorrTM Coupled Multielectrode 
Analyzer was inaccurate due to interference from the analyzer. The bulk pH and localized pH were 
measured by a pH meter on Oct. 3, 2011. The bulk pH reading was 7.83. The reading of the micro pH 
probes continuously fluctuated. The measured localized pH was 6.5 to 7.5 for the micro pH probe 
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installed close to the surface of anode #1 and 6 to 7 for the micro pH probe installed close to the surface 
of anode #3.   

Post Test Analysis Results 

The anode specimens were removed from the test cell after the test was terminated. The anode surface 
was examined for pH using pH paper. However, there was not enough liquid on the anode surface to wet 
the pH paper, so the pH reading on the anode surfaces could not be obtained. 

The anodes were fixed with 4% (wt) glutaraldehyde for 4 hrs and then rinsed with a graded series [(25%, 
50%, 75%, 100% (vol)] of ethanol to dehydrate the biofilm. They were then dried at 80ºC for 10 minutes, 
and stored in desiccators. The anode surfaces were coated with gold before they were examined by 
Scanning Electron Microscope-Energy Disperse X-ray Spectroscopy (SEM-EDX).  

Figure 22 is a SEM micrograph of an anode surface covered by a thin biofilm and/or deposit layer. The 
anode surface was polished before it was put into the test cell and it was at the same level with the 
mounting material. As shown in Figure 22, there was a significant amount of material loss from anode 
surface after the 35 day test. The corrosion depth was measured with the SEM and determined to be 400-
500 microns. Figure 23 shows the biofilm on the anode surface. Sessile cells were observed in the film. 
Figure 24 shows the anode chemistry analyzed by Energy Dispersive Spectroscopy (EDX).  
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Full Test Using Dual Cell Electrochemical Testing System 

Several test runs were conducted using the developed dual cell electrochemical testing system. Due to the 
challenge of contamination control by bacteria in the cathode cell, only one test run was successful in 
collecting a full set of data. The other test runs had to be terminated when the galvanic corrosion current 
between the anodes and the cathode was lost due to bacteria growth in the cathode cell that caused the 
cathode potential to decrease and eventually equalize with the anodes potential. 

Test Setup 

The test setup was the dual cell electrochemical testing system, as shown in Figure 3 through Figure 5. 
The detail of the design of the test cell system is described in the section “Development of Dual Cell 
Electrochemical Test System”.  

A total of three pairs of anode specimens were installed in the anode cell. One pair of electrode specimens 
and a cathode specimen were installed in the cathode cell. Each cell was filled with 2 L of sterile AGM 
supplemented with 0.3% of Nutrient Broth. The cell was continuously purged with the filtered gas 
mixture (94.3% N2-5% H2-0.7% O2), and a slow gas flow was maintained during the entire test period. 
The test media in the anode cell was circulated from the cell bottom to the top to avoid media 
stratification. The cell was heated up to 30°C using heat tape and temperature control system. 

Bacteria (10%) were inoculated into the anode cell at 72 hrs after setup when no visible bacteria growth 
was observed in the cathode cell. Circulation of test media was from cell bottom to top to avoid media 
stratification. 

Test Specimens: 

Anode Specimens in the Anode Cell 

Three pairs of anode specimens were immersed in the media in the anode cell with bacteria growth: 

• One pair of anode specimens (anode 3 and anode 3') was continuously connected to the cathode 
through the Analyzer during the entire test period. 

• Anode 2 and anode 4 were connected to the cathode through the Analyzer, but disconnected 
periodically for corrosion rate measurement. 

• Anode 2′ and anode 4' were standalone in the cell and used for corrosion rate measurements at 
the time when corrosion rate was measured for anode 2 and anode 4. 

Specimens in the Cathode Cell: 

One pair of electrode specimens and one cathode specimen were immersed in the media in the cathode 
cell that was free of bacteria growth: 

• The pair of electrode specimens (electrode 1 and electrode 1’') was standalone and used for 
baseline corrosion rate measurements in the cathode cell without bacteria growth. 

• The surface area of the cathode specimen was 150 times the total surface area of the four 
coupled anodes. 
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Corrosion Coupons 

Three corrosion coupons were installed in each cell. Weight measurements were taken before and after 
the test. The coupons were assembled in the holder that were attached to the purging tube and suspended 
in the test cell during the cell test. 

Results from the Successful Test Run 

A full test was started on May 3, 2012 and ran through July 11, 2012 with a total run time of 69 day. This 
test was successful and a set of experimental data was generated. The anode cell turned turbid after 3 days 
after bacteria inoculation, but the cathode cell remained clear throughout the entire test period. Figure 25 
through Figure 27 show the media condition in both cells before bacteria inoculation, and at 7 and 45 
days after bacteria inoculation respectively.  

Experiments  

After the cells were filled with test media and purged with the gas mixture, the potentials were 
continuously monitored on anode 2 in the anode cell and the cathode in the cathode cell using the 
Multielectrode Analyzer for four days to predict if there was any contamination from the components or 
assembly in the cathode cell.  The potentials of the other electrode specimens (anode 2′, anode 3, anode 
3′, anode 4, anode 4′, electrode 1 and electrode 1′) were checked periodically using the potentiostat.   

Four days post set-up, baseline corrosion rate was taken on all six anodes (anode 2, anode 2', anode 3, 
anode 3′, anode 4, and anode 4′) in the anode cell, and the two electrodes (electrode 1 and electrode 1') in 
the cathode cell. Following the initial baseline corrosion rate measurements, inoculating bacteria were 
introduced into the anode cell on May 7, 2012. The anode and cathode potentials were continuously 
monitored until the potential difference between the anode and cathode was close to ~200 mV (Figure 
28). Once the potential difference was established, four anode specimens (anode 2, anode 2′, anode 4 and 
anode 4′) were coupled with the cathode using nanoCorrTM Coupled Multielectrode Analyzer. The 
corrosion currents of the coupled anodes and the cathode were continuously monitored during the test. 

Periodically, two anode specimens (anode 2 and anode 4) were disconnected from the cathode for 
corrosion rate measurement and then connected back to the cathode. When corrosion rate measurements 
were taken, it was also measured for the two standalone anode specimens (anode 2′ and anode 4′) together 
with the two electrode specimens (electrode 1 and electrode 1′) in the cathode cell. After corrosion rate 
measurements were completed, media samples were taken from the anode cell for bacteria analysis. 

Final corrosion rate measurements were taken one day before cell tear down for all six anodes (anode 2, 
anode 2', anode 3, anode 3', anode 4, and anode 4') in the anode cell, and the two electrodes (electrode 1 
and electrode 1') in the cathode cell. 

Media replacement was performed twice a week between May 16 and June 14, 2012 to maintain a 
relatively constant level of bacteria counts in the anode cell. After the last media replacement on June 14, 
2012, bacteria entered their death phase due to the lack of nutrition in the cell. Measurements of corrosion 
rate and bacteria counts were continued to collect data for establishing the correlation of corrosion rate 
with bacteria counts. 

The bulk pH in the anode cell was continuously monitored by a pH probe and also measured from the 
media samples taken from the anode cell periodically. 
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Electrochemical Test Results: 

Figure 29 shows the current measured from the four coupled anodes and the cathode. As shown in Figure 
29a, the cathode current is in positive sign indicating the potential of the cathode was higher than the 
anodes resulting in a corrosion current flowing from the anodes into the cathode.  

In Figure 29b, the current curve of anode 3 exhibits the similar characteristics of the cathode current but 
in a negative sign. It appears the corrosion current from the anode 3 (continuously coupled) was in a 
higher level (larger than one magnitude) than the rest of the anodes. The corrosion current increased 
continuously after bacteria inoculation in the anode cell and reached the highest level (between 2 and 3 
µA) when the last media replacement was performed on June 14, 2012. The two current peaks in the 
curve on June 18 and June 27 were associated with leaks that occurred in the gas purging line. After the 
last media replacement on June 14, the corrosion current fell below 1µA and stabilized at a level close to 
1µA.  

In Figure 29c, the corrosion current of anode 3′ followed the similar trend as anode 3 to its peak level 
(~1.3 µA) on May 16, and then it started falling slowly. The corrosion current fell about one magnitude 
from May 16 to the end of test. The corrosion current was basically stabilized at a level close to 0.1 µA 
during the period without media replacement after June 14.  

In Figure 29d, the corrosion current on the two coupled anodes (anode 2 and anode 4) that were 
periodically disconnected from the cathode for corrosion rate measurements were at a lower level (<0.3 
µA) compared to anode 3 and anode 3′. Their currents fell into the positive range after May 16. It appears 
that the established corrosion condition on the anode surface was less severe compared to the two 
continuously coupled anodes, and therefore they turned into cathodes as they coupled with the two 
continuously coupled anodes that had developed more severe corrosion condition. It was likely the 
corrosion rate measurements using LPR had an impact on the anode surface or it disturbed the biofilm 
developed by the bacteria. 

Figure 30 through Figure 34 are the selected polarization curves for the anode 2', anode 4', anode 2, anode 
4, and cathode 1 which are the standalone anode test specimen, the anode test specimens coupled with the 
cathode, and the electrode specimen in the cathode cell respectively.  

Figure 35 shows the open circuit potential (OCP) measurements over the 68 day test period. The OCP of 
the two standalone anode test specimens became stabilized (-700 mV vs. Standard Calomel Electrode 
(SCE)) after bacteria inoculation. The OCP of the anodes that were coupled with the cathode was 
measured when the initial potential drop slowed down after the anodes were disconnected from the 
cathode.  

The OCP of electrode 1in the cathode cell continuously decreased during the first two days and stabilized 
at -640 mV (vs. SCE) at 20 days from which point the OCP increased slightly to -539 mV at the end of 
the test. The OCP of the other specimen (electrode 1′) in the cathode cell stabilized between -200mV and 
-300mV vs. SCE. The higher OCP of this specimen was likely due to the forming of a thicker surface film 
during the autoclave cycle that was not completely dissolved in the test solution. The results of this 
specimen were not included in the plots. 

The polarization resistance calculated from the polarization curves measured at each test point is plotted 
in Figure 36. The polarization resistance of the electrode in the cathode cell that was free from bacteria 
growth was stable over the entire testing period with a slight increase over the first ten days. However, the 
anode specimens in the anode cell exhibit a different behavior after bacteria inoculation in the anode cell. 
Immediate decrease of polarization resistance took place for all the anode specimens in the first couple of 
days after bacteria inoculation.  
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For the standalone anodes, the decrease of polarization resistance continued up to the time when the first 
media replacement was taken. Then the polarization resistance of the stand alone anode 2′ stabilized 
around 200 kOhms over the rest of test period, while the polarization resistance of the other standalone 
anode 4′ increased and then stabilized around 700 kOhms. 

For the two coupled anodes, the polarization resistance decreased after bacteria inoculation until they 
were coupled with the cathode. Then the polarization resistance fluctuated and gradually increased after 
media replacement was stopped. The polarization resistance for both coupled anodes recovered to the 
baseline value (~700 kOhms) by the end of the test. 

The corrosion rate of the anode specimens were calculated using the polarization resistance value 
obtained from the polarization curves. The results are plotted in Figure 37. Only two corrosion rate data 
points were obtained for the continuously coupled anodes (anode 3 and anode 3′). It appears the corrosion 
rates of the two continuously coupled anodes are at a higher level (1.6 and 1.4 mpy) as compared to the 
other anodes. Except for one standalone specimen that exhibited a similar level of corrosion rate (1.2 
mpy) as the continuously coupled anodes, the corrosion rates of the rest of anodes were all below 0.4 mpy 
at the end of the test. It was likely that measuring corrosion rate using LPR affected the corrosive 
condition on the anode surface or disturbed the biofilm developed on the anode surface. 

The media samples collected from the anode cell were tested for pH and live bacteria counts through 
serial dilution plating. The results obtained are summarized in Table 4 and plotted in Figure 38. It appears 
the bacteria counts in the cell reached 1.90×1015/ml, then decreased to 1×106/ml on May 31, and back to 
1.0×1014/ml on June 18 during the test period with media replacement twice a week. During the period 
without media replacement after June 14 (42 days), bacteria counts dropped to 3.40×104/ml at the end of 
the test. 

Figure 39 shows the electrode surfaces after the test. The two electrodes installed in the cathode cell 
remained almost intact. The six anode specimens installed in the anode cell exhibit corrosion with surface 
discoloration. The two anodes that were continuously coupled with the cathode were covered by a thick 
layer of corrosion products and/or biofilm. 

Corrosion Coupon Measurements 

Figure 40 shows the condition of the corrosion coupons after the test. The coupons installed in the anode 
cell were covered by a brown corrosion layer in the sections that were exposed to the test media. The 
coupons in the cathode cell had no corrosion indication except for slightly corroded ends where the 
coupons were attached to the coupon holder and a crevice might exist between the coupon and the holder.  

The weight of the corrosion coupons that were installed in the anode and cathode cells were measured 
before and after the cell testing. The results are summarized in Table 5 together with the calculated weight 
loss and corrosion rate (mpy) using the weight loss.  

The average of the weight loss of the three corrosion coupons in the anode cell were about 1% of the 
initial weight of the coupons, with the corresponding corrosion rate of 1.68 mpy. The average of the 
weight loss of the three corrosion coupons in the cathode cell were about 0.26% of the initial weight of 
the coupons, with the corresponding corrosion rate of 0.47 mpy. The 1.68 mpy for the anode cell and 0.47 
mpy for the cathode cell are consistent with those calculated from LPR measurements. 

Results and Lessons Learned from the Unsuccessful Test Runs 

There were three test runs that were initiated but were terminated due to bacteria growth in the cathode 
cell during the tests. In the first and second test runs, bacteria were inoculated in the anode cell when the 
test was started. The anode cell turned turbid after bacteria inoculation, while the cathode cell stayed clear 
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for the first week and then it also turned turbid. Media samples were taken from the cathode cell for 
bacteria analysis. The results turned positive for bacteria growth in the cathode cell. Around the same 
time when media in the cathode cell became turbid, the galvanic current between the anodes and the 
cathode was lost.  

In the third test run, the test cells were assembled using the same procedure as the last two unsuccessful 
test runs. Both cells were filled with test media but without bacteria inoculation to verify if the 
contamination was from the cell components. The media in both cells turned turbid after 5 days and 
growth of bacteria was confirmed by media sample analysis. 

Figure 41 and Figure 42 shows the cathodic and anodic current during the test in the first and second test 
runs respectively. The magnitudes of the cathodic and anodic current significantly decreased in the first 
week and then equalized around zero after a week. The galvanic current was driven by the potential 
difference established between the anodes and the cathode as a result of inoculating bacteria into the 
anode cell. 

Normally the cathode potential is stable over the test period if the cathode cell stays abiotic. However, if 
the cathode cell was contaminated by bacteria that grew in the anode cell, the potentials on the cathode 
and the anodes would eventually become equalized and galvanic corrosion would stop. Figure 43 shows 
the potential change on the cathode during the third test run in which both cells were contaminated. The 
contamination was likely from crevices or pores in the instrumentation installed in the cell, such as the pH 
probe, graphite rods, and purging tubes, etc. The bacteria spores inside the crevice or pores could survive 
the autoclave cycle or the SSDS process and grow once media and nutrients were available. When 
bacteria grew on the cathode surface and developed biofilm, the cathode potential started dropping due to 
the low oxygen level near the cathode surface generated by the aerobic bacteria. It appears the cathode 
potential could easily reach the same level as the anode potential once bacteria growth took place on the 
cathode. As a result, the galvanic corrosion between the anode and cathode stopped.  

Figure 44 shows the corrosion rates from the second run in which the cathode cell was contaminated. The 
corrosion rates of the electrode specimens installed in the contaminated cathode cell continuously 
increased during the first two weeks and then slowed down. The maximum corrosion rates of the two 
specimens in the contaminated cathode cell exceeded the corrosion rates on the anode cell that was 
inoculated with bacteria. The results suggest that if the bacteria sources (e.g., spores) could not be fully 
killed through the sterilization process, bacteria could easily grow in an environment that is benign for 
their growth, such as sufficient water and nutrient. The effect of bacteria on corrosion rate was about the 
same no matter if the bacteria source was from contamination or from inoculation. 
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Summary 

A dual cell electrochemical test system was designed and developed for laboratory evaluation of MIC 
corrosion under simulated field conditions. It was designed to investigate the galvanic effect induced by 
bacteria under conditions mostly likely occurred in a pipeline at which bacteria may colonize at localized 
areas with the surrounding areas remained clean. The developed test system provided a realistic 
laboratory method to test field condition variability on corrosion rate; and allows for independent variable 
control to determine which variables are most influential. 

This test system consisted of two test cells: one cell (anode cell) was inoculated with the bacteria 
consortium under investigation, and the other one (cathode cell) was maintained free of microbial growth 
during the test. The two cells were electrolytically connected through a salt bridge containing a 
proprietary charge mosaic membrane (CMM) filter to prevent bacteria migration from the anode cell to 
the cathode cell.  

The bacteria consortium and artificial growth medium were developed for the corrosion experiments. The 
bacteria consortium contained 5×105/ml of B. Licheniformis and 5×105/ml of baseline bacteria prepared 
from condensate samples collected in the field. The composition of the artificial growth medium for the 
corrosion experiments was determined based on the results of a thorough chemical analysis of the 
condensate samples and the nutrient requirements for bacteria growth. The quantity of nutrient broth was 
determined through experiments on the bacteria growth curves under various conditions.  

Significant challenges were experienced during the experimental work due to the difficulty of 
contamination control in the cathode cell. Initially, the filters used in the salt bridge were not effectively 
blocking bacteria migration from the anode cell to the cathode cell. This problem was resolved by using 
the proprietary charge mosaic membrane (CMM) developed by GTI. Then there were three test runs that 
were not successful due to contamination from internal bacteria sources inside the cell components, such 
as the crevices in the temperature probes, the pores in the graphite rods and gas purging tubes where the 
sterilization process was less effective. 

Two sets of experimental data were collected using this test system. The conclusions based on the results 
from the two sets of experimental data together with the results and lessons learned from the unsuccessful 
runs are summarized below: 

1. The dual cell electrochemical test system was successful for investigating the galvanic effect 
induced by bacteria under simulated field conditions:  

a. A steady potential difference was developed between the anode and the cathode after the 
bacteria was introduced and multiplied in the anode cell. This potential difference created 
a corrosion current causing localized corrosion on the anode. 

b. When the cathode cell was contaminated by bacteria, the potentials in the two cells were 
equalized and the galvanic effect on the anodes disappeared.  

2. The growth of bacteria on the anode surface changes the local chemical environment near the 
anode surface resulting in a more aggressive corrosion rate. 

3. Both the galvanic and localized corrosive environments, induced by bacteria, resulted in 
significant corrosion rates up to 1.6 mpy under the investigated conditions. For the same 
environment, but without bacteria, one would have predicted much lower corrosion rates. 

4.  This novel, electrochemical test setup now allows one to separate the two primary corrosion 
drivers. Accurate predictive models based on this technique will explain the underlying 
mechanisms and help operators develop effective preventative and mitigative measures. 
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Additional Gaps  

Temperature and initial bacterial counts are two important parameters for bacteria growth and the 
resulting corrosion rate. In the test runs where the cathode cell was contaminated, the growth of bacteria 
in the contaminated cell resulted in a similar corrosion rate as that in the anode cell with intentional 
bacteria addition within a couple of weeks.  These correlations suggest that the bacteria under this 
investigation could quickly multiply with the media and nutrients available, and develop a similar 
corrosive environment on the steel surface even though the original bacteria source could be small in 
quantity or from spore germination. The validation test for the sterilization process used in the 
experimental run-up indicates that the used autoclave cycle (121°C for 3 hrs) was effective in killing the 
most hard-to-kill bacteria. Therefore, continuing the investigation into similar conditions with varied test 
temperatures and initial bacterial counts is important to collect experimental data for developing the 
preliminary MIC model. 

Currently, there is not an effective sensor that can be utilized to investigate the local environment under 
the biofilm, such as local chemistry, pH and oxygen level. Developing in-situ localized sensing 
technology would be beneficial to investigate the local environment under the biofilm and understand the 
correlation of MIC behavior and the local corrosive environment generated by bacteria. 

The linear polarization resistance technique for corrosion rate measurements might have an impact on the 
specimen surface and disturb bacteria growth on it. Electrochemical Impedance Spectroscopy (EIS) may 
be an alternative technique for corrosion rate measurements in these experiments.  

The growth of bacteria relies highly on the nutrient supply. If a pipeline is under an ideal dry condition 
without gas condensate, the bacteria growth and thus the resulting corrosion will be limited. The gas 
condensate model should be incorporated with the microbial corrosion rate model in order to predict the 
corrosion rate under real operating conditions. 

The most significant challenge that was encountered during the experimental work was the difficulty of 
contamination control in the cathode cell.  The results from the unsuccessful runs suggest that if the 
bacteria sources (e.g., spores) could not be fully destroyed through the sterilization process, bacteria can 
easily grow in an environment that is conducive for their growth, such as sufficient water and nutrient. 
The effects of bacteria on corrosion rate were consistent with each run no matter the bacteria source- 
contamination or inoculation. 

The crevice and pores in the experiment components were considered the areas where the sterilization 
process might not be sufficient, resulting in spore survival and contamination from growth. Likewise, the 
crevices and rough surfaces in the pipeline system could be potential problematic areas where bacteria or 
spores were able to survive and grow when the medium and nutrient are available. Further, this could be 
the reason that in many cases bacteria are always detected in the pipeline system even though a biocide 
treatment was used. Therefore, it is important to take into account developing an effective method and 
process that can fully destroy bacteria and spores in the crevices and pores to ensure the biogas pipeline 
system is free from bacterial growth. 

Microbially induced corrosion is a problem for all pipeline systems including oil and gas, process fluids, 
sewer, and other systems. The developed of a dual cell electrochemical test system and a MIC model is 
not limited to only biogas pipeline; it is also applicable to any industry with similar bacterial corrosion 
mechanisms. 
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Tables 

Table 1. Artificial Growth Medium Recipe for Corrosion Experiments 

Macronutrients  Milligram per L 
NH4HCO3      400 mg 

Na2HPO4·H2O      30 mg 

K2SO4       20 mg 

CaCl2  9 mg 

FeCl2
.4H2O  5 mg 

MgSO4 . 7 H2O     3 mg 

 

100X Trace Elements stock (add 10 ml to 1 L) Milligram per 100 mL 
MnCl2

.4H2O  180 

CoCl2
.6H2O  270 

H3BO3  50 

CuCl2
.2H2O  24 

NaMoO4
.2H2O  23 

ZnCl2  19 

 

100X Vitamins stock (add 10 ml to 1 L) from ATCC Vitamin  
Supplement Formulation Catalog No: MD-VS Milligram per 100 mL 
Biotin  0.2 

Folic Acid  0.2 

Pyridoxine Hydrochloride  1.0 

Riboflavin  0.5 

Thiamin  0.5 

Nicotinic Acid  0.5 

B12  0.01 

p-Aminobenzoic Acid  0.5 

Thioctic Acid  0.5 

Calcium pantothenate                                                      0.5 

Monopotassium phosphate   0.5 
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Table 2. The Closest Relatives of Heterotrophic Bacteria Sequences Isolated from Final Bacteria 
Consortium after Incubation of Various of Hours at 30 ºC, using Universal Primers Targeting 16S 
rRNA Gene 

Hours after 
incubation Closest relative in Genbank

Genbank 
accession No. % Identity Frequency

Herminiimonas saxobsidens AB512141 99-100 3

Herminiimonas saxobsidens strain NS11T AM493906 99-100 11

Acidovorax sp. 'smarlab 133815' AY093698 100 1

Herminiimonas saxobsidens AB512141 97-99 4

Herminiimonas saxobsidens strain NS11T AM493906 99-100 6

Uncultured bacterium clone 1013-1-CG11 AY532539 98 1

Uncultured bacterium clone EV818SWSAP79 DQ337095 98 1

Uncultured bacterium, clone CAL_T6 FR675947 98 1

Acidovorax sp. 'smarlab 133815' AY093698 99-100 4

Bacillus licheniformis ATCC 14580 CP000002 99 1

Bacillus licheniformis strain B8 EU117278 99 1

Bacillus licheniformis strain CSB03 FJ189781 99 4

Herminiimonas saxobsidens AB512141 97-100 2

Uncultured bacterium clone EV818SWSAP79 DQ337095 98 1

Uncultured bacterium, clone: TS17 AB378588 98 2

Acidovorax sp. 'smarlab 133815' AY093698 99 8

Herminiimonas saxobsidens AB512141 98-99 2

Herminiimonas saxobsidens strain NS11T AM493906 99 2

Janthinobacterium sp. Marseille CP000269 99 1

Uncultured bacterium clone Hot Creek 44 AY168727 94 1

Uncultured bacterium clone nbt05c05 EU535848 98 1

168

0

48

96

 
 

 
 

Table 3. Properties of AGM 

Medium Resistance (KOhms) pH 

1×AGM 2.741 7.25 

1×AGM+0.3%NB 2.386 7.05 
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Table 4. pH and Bactria Measurements of Anode Cell Test Solution Samples 

Sample Date pH  Plate Count 

5/7/2012 7.37 Not Tested 

5/10/2012 NT 1.38 x 109 

5/14/2012 8.01 1.13 x 107 

5/18/2012 7.98 1.90 x 1015 

5/21/2012 8.16 5.30 x 1013 

5/23/2012 8.10 3.60 x 1013 

5/31/2012 8.33 1.02×106 

6/18/2012 TBD 1.86x 1014 

6/22/2012 TBD 4.36×105 

7/11/2012 TBD 3.40x 104 
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Table 5. Weight Loss Measurements and Corrosion Rate Calculated on Corrosion Coupons 

Coupon # 
Weight (grams) Weight Loss 

Before After 
grams % mpy 

Anode Cell 1 2 3 Avg 1 2 3 Avg 

1 0.19124 0.19122 0.19123 0.19123 0.18927 0.18927 0.18926 0.18927 0.00196 1.02663 1.613826 

2 0.21622 0.21623 0.21622 0.21622 0.21422 0.21422 0.21422 0.21422 0.00200 0.92653 1.646706 

3 0.21529 0.21531 0.21531 0.21530 0.21314 0.21315 0.21314 0.21314 0.00216 1.00330 1.775483 

Avg NA 0.00204 0.98549 1.67867 

Cathode Cell 1 2 3 Avg 1 2 3 Avg 
 

1 0.22745 0.22742 0.22742 0.22743 0.22676 0.22676 0.22676 0.22676 0.00067 0.29457 0.550729 

2 0.20776 0.20777 0.20775 0.20776 0.20718 0.20718 0.20718 0.20718 0.00058 0.27917 0.47675 

3 0.21038 0.21038 0.21038 0.21038 0.20993 0.20993 0.20992 0.20993 0.00045 0.21548 0.372632 

Avg NA 0.00057 0.26307 0.46670 
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Figure 1. Growth Curve of B. Licheniformis  in 0.8% Nutrient Broth under Aerobic Conditions. 
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Figure 2. Growth Curve Of Enrichment Culture of Field Condensate in AGM Supplemented With 
0.3% Nutrient Broth under 0.7% Oxygen. 
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Figure 3. The Dual Cell Electrochemical Test System 

  

CMM Membrane Filter 

Anode Cell Cathode Cell 
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Note: 
1: Medium Circulation Tube (Out), 2 and 2': A pair of electrode specimen, 3 and 3': A pair of electrode specimens, 4 and 4′: A pair of electrode specimens, 5: 
Graphite Rod, 6: Reference Electrode, 7: Medium Circulation Tube (In), 8: Gas Tube (In), 9: Gas Tube (Out), 10: Bulk pH probe, 11: Temperature probe, 12: 
Medium Sampling Port, 13: Medium Replacement Port  
Electrode 2 and electrode 4 are coupled with the cathode but disconnect periodically for corrosion rate measurements, electrode 2′ and electrode 4′ are 
standalone, and electrode 3 and electrode 3 

Figure 4. Layout of Instrumentation and Test Specimens in the Anode Cell 
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Note: 
1 and 1': A pair of electrode specimens for corrosion rate measurements, 2: Temperature Probe, 3: Reference Electrode, 4: Gas Tube (In), 5: Gas Tube (Out), 6: 
Medium Tube (In), 7: Cathode, 8: Graphite Rod, 9: Plug, 10: Medium Tube (Out)  
 

Figure 5. Layout of Instrumentation and Test Specimens in the Cathode Cell 
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Figure 6. A Pair of Steel Wires Mounted in an Epoxy Holder 

 
 
 
 
 

 
Figure 7. The Cathode Specimen 
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Figure 8. Corrosion Coupon in the Sample Holder 

 

 
Figure 9. CMM Membrane Installed in the Coupling

CMM Membrane 
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Figure 10. Anaerobic Bacteria Culturing System I with InterCorr C1018 Probes 
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Figure 11. Actual B Value Determined by Intercorr Smartect Instrument 
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Figure 12. Dual Cell Electrochemical Test Setup for Preliminary Test 
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Figure 13. The Potential* on Anode and Cathode after Inoculation of Bacteria 

 
*: The potential was measured with a saturated calomel electrode (SCE)  
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Figure 14. Coupling Current of Anode #1, Anode #3, and Cathode  

  

(a) (b) 

(c) (d) 
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Figure 15. Polarization Curves for the Standalone Anode (#2) Measured during the Test 

  

Day 1 Day 4 
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Day 11 Day 14 
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Figure 16. Polarization Curves for the Coupled Anode (#3) Measured during the Test 
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Figure 17. Corrosion Current Measured on Anode #2 and Anode #3 by Polarization Resistance Test  
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Figure 18. Corrosion Potential Measured on Anode #2 and Anode #3 by Polarization Resistance Test  
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Figure 19. Polarization Resistance Measured on Anode #2 and Anode #3 by Polarization Resistance Test  
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Figure 20. Corrosion Rate Measured on Anode #2 and Anode #3 by Polarization Resistance Test  
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Figure 21. Electrochemical Impedance on Anode #2 on Day 4 and Day 30 after Inoculation of Bacteria (Z plot) 
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Figure 21. Electrochemical Impedance on Anode #2 on Day 4 and Day 30 after Inoculation of Bacteria (Nyquist Plot) 
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Figure 22. Anode Surface after 35 day Test (Corrosion Depth: 400-500 micron) 

 
 

 
Figure 23. Biofilm on the Anode Surface 

 

Bacteria 
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Figure 24. Anode Surface Chemistry by EDX 

 

 
Element Wt % 

O 23.81 
C 24.47 
P 12.85 
Si 0.48 
S 0.19 

Fe 28.61 
Cu 2.16 
Zn 1.38 
Mn 6.06 
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Figure 25. Initial Condition of the Test Solution in the New Test Cell 

  

Cathode Cell Anode Cell 
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Figure 26. Test Solution in Anode and Cathode Cell on Day 11* 

*7 days after inoculation bacteria in the anode Cell. Test solution in the anode cell turned turbid. Test solution in the 
cathode cell remained clear. 

Anode Cell Cathode Cell 
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Figure 27. Test Solution in Anode and Cathode Cell on Day 49* 

*45 days after inoculation bacteria in the anode Cell. Test solution in the anode cell turned turbid. Test solution in 
the cathode cell remained clear. 
 

Anode Cell 
Cathode Cell 
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Figure 28. Potentials on the Anode and Cathode before and after Bacteria Inoculation 

 

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0

5/
3/

20
12

 0
:0

0

5/
4/

20
12

 0
:0

0

5/
5/

20
12

 0
:0

0

5/
6/

20
12

 0
:0

0

5/
7/

20
12

 0
:0

0

5/
8/

20
12

 0
:0

0

5/
9/

20
12

 0
:0

0

Po
te

nt
ia

l (
V)

Test Date

Anode Cathode

Inoculation of bacteria in the anode cell

19
0 

m
V 



Task 3: Laboratory Evaluation of Microbial Corrosion under Simulated Field Conditions 

123 
 

 

 

 

 
Figure 29. The Corrosion Currents of the Coupled Anodes and Cathode 
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Figure 30. The Polarization Curves for Anode 2' (Standalone) during the Test 

 
Time  

(days) 
Corrosion Rate 

(mpy) 
0 0.68 
1 0.87 
3 0.74 

24 1.26 
60 1.07 
68 1.22 

 

Baseline 
(Before Bacteria Inoculation) 

1 day after Bacteria Inoculation 

3 days after Bacteria Inoculation 

60 days after Bacteria Inoculation 

24 days after Bacteria Inoculation 

68 days after Bacteria Inoculation 
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Figure 31. Polarization Curves for Anode 4' (Standalone) during the Test 

Baseline 
(Before Bacteria Inoculation) 

1 day after Bacteria Inoculation 

3 days after Bacteria Inoculation 

60 days after Bacteria Inoculation 

24 days after Bacteria Inoculation 

68 days after Bacteria Inoculation 

 
Time  

(days) 
Corrosion Rate 

(mpy) 
0 0.04 
1 0.13 
3 0.37 

24 0.37 
60 0.32 
68 0.37 
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Figure 32. Polarization Curves for Anode 2 (Coupled) during the Test 
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Corrosion Rate 
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3 1.1 
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68 0.35 
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Figure 33. Polarization Curves for Anode 4 (Coupled) during the Test  
  

3 days after Bacteria Inoculation 

60 days after Bacteria Inoculation 

68 days after Bacteria Inoculation 

24 days after Bacteria Inoculation 

1 day after Bacteria 
Inoculation 

Baseline 
(Before Bacteria Inoculation) 

 
Time  

(days) 
Corrosion Rate 

(mpy) 
0 0.44 
1 0.35 
3 0.62 

24 0.33 
60 0.44 
68 0.30 
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Figure 34. The Polarization Curves for Cathode 1 during the Test 

3 days after Bacteria Inoculation 

60 days after Bacteria Inoculation 

68 days after Bacteria Inoculation 

24 days after Bacteria Inoculation 

Baseline 
(Before Bacteria Inoculation) 
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Figure 35. Open Circuit Potentials of the Electrode Specimens in the Anode and Cathode Cell 

 
 

 
Figure 36. Polarization Resistance of the Electrode Specimens in the Anode and Cathode Cell 
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Figure 37. Corrosion Rate of the Anode Specimens Measured by LPR using Dual Cell Test System  

 
 

 
Figure 38. Bacteria Counts in the Anode Cell during the Test 
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Figure 39. Electrode Surfaces after the Test 
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Figure 40. Corrosion Coupons after the Test

  

(a) Corrosion Coupons in the Cathode Cell (b) Corrosion Coupons in the Anode Cell 
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Figure 41. The Galvanic Current during Bacteria Growth in the Cathode Cell (1st Run) 

 
Note: Bacteria was inoculated in the anode cell on Jan. 11, 2012 
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Figure 42. The Galvanic Current during Bacteria Growth in the Cathode Cell (2nd Run) 

 
 
Note: Bacteria was inoculated in the anode cell on Jan. 11, 2012 
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Figure 43. Anode and Cathode Potential Change in the Contaminated Test Cells 
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Figure 44. Current Change on the Electrodes in the Cathode Cell during Bacteria Growth (2nd Run) 
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Review of Plastic Pipes in Gas Distribution Systems 

Overview of Plastic Pipe Application in Natural Gas Distribution Network 

Plastic pipes have been in continuous service in natural gas distribution system since 1960 with great 

success. Over 90% of the natural gas pipe installed in U.S. today is made from plastic (PPI 2006). There 

are many advantages of using plastic pipes for buried application in natural gas distribution system, 

including: 

 Outstanding Corrosion Resistance  

Plastic pipe materials are not susceptible to the corrosion mechanism that affects metallic 

pipes in many aqueous solution of acids, bases and salts, and have fairly good resistance to many 

organic chemicals, soil chemicals, and bacteria, etc. 

 Light Weight 

Plastic pipes are significantly lighter than metal pipes, e.g., polyethylene pipe is less than 1/6 

of the weight of an equivalent sized steel pipe. Heavy handling equipment is not required for 

installing, cutting, and joining plastic pipes.  

 Excellent Flexibility and Toughness:  

Plastic pipes are flexible and can be coiled, this characteristic makes it possible to provide a 

long, continuous length of pipe without any joints. The flexibility of plastic pipes allows the pipe 

to follow natural contours and transitions around obstacles, which reduces the number of fittings 

required in most piping applications. The excellent flexibility make plastic pipes work well in the 

harsh climate conditions.  

 Smooth Pipe Surface 

Plastic pipes provide a smooth pipe wall and have low resistance to flow and a high 

resistance to scale or biological build-up, as well as good wear resistance.  

 Economy 

Cutting, joining and installing plastic piping is far simpler than the same procedure for other 

materials, which increases the productivity and reduces the installation labor cost. The cost of 

installing new plastic piping system is usually less than that of metallic pipe for sizes up through 

12 inch diameter. 

The primary limitations of thermoplastic pipes are their relative low strength and stiffness, and 

sensitivity to high temperature. Because of these limitations, thermoplastic pipes have been mainly used 

in low temperature, lower pressure applications.  

 According to ASME B31.8 (Gas Transmission and Distribution Piping Systems) and ASTM 

D2513 (Standard Specification for Thermoplastic Gas Pressure Pipe, Tubing, and Fitings), 

Polyethylene (PE), Poly Vinyl Chloride (PVC), Polyamide (PA) and Crosslinked Polyethylene 

(PEX) are the common thermoplastic materials used for gas pressure pipes. Table 1 lists the 

commercial available pipe sizes and wall thickness of the thermoplastic gas pressure pipes used 

by the gas industry (ASTM D 2513). 

 In summary, PE is the mostly used pipe material in natural gas distribution because of its outstanding 

corrosion, abrasion and crack propagation resistance, as well as its lightweight and flexibility which 

allows the pipe to be coiled or changed in direction with minimal use of fittings. It is estimated that nearly 

95% of all new gas distribution pipe installations in North America that are 12" in diameter or smaller are 
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PE pipes (PPI 2006). According to ASTM D2513, PVC is only used to maintain or repair existing PVC 

gas piping and it is not the material for new construction of gas pipeline. PA and PEX have better 

temperature resistance and pressure rating than PE, but they are more expensive and have limited pipe 

size and manufacturers available, which limits their use to the applications that require superior 

temperature, pressure and chemical resistance. 

Engineering Considerations for Using Plastic Pipes in Gas Distribution System 

Engineering design of plastic pipe is based on the similar equations as those used for metallic pipes, 

i.e., assuming that the elastic behavior can also be used with plastics. However, plastic material exhibit 

viscoelastic behavior and have no true elastic material constants, such as modulus of elasticity, 

proportional limit, or yield strength. Thus, the properties of plastics have to be represented through 

effective values that reflect the viscoelastic response under a particular set of service conditions, and these 

effective values are normally used for plastic pipe design.  

Both ASTM and Federal Codes require that pressure rating of plastic pipes be based on the 

experimentally established long-term strength, i.e. hydrostatic design basis (HDB) which is derived from 

stress rupture tests performed on actual pipe specimens at temperatures that meet or exceed those 

encountered in actual service. The standard method for determining HDB of plastic pipe is given by 

ASTM D1598 (Standard Test Method for Time-to-Failure of Plastic Pipe under Constant Internal 

Pressure). 

In addition to HDB, the other properties considered in selecting a plastic pipe for fuel gas 

distribution include: 

 Resistance to chemicals that may present in the gas system  

 Resistance to soils including soil chemicals, bacteria, moisture, etc. 

 Slow crack growth resistance 

 Rapid crack propagation resistance 

 Aging resistance 

 Weatherability  

 Strength-temperature relationship 

 Toughness to withstand the stresses imposed by external and internal forces acting on complex 

piping configurations  

 Permeability 

 Pliability 

 Ductility 

 Ease of joining and suitability for making plastic to plastic  and plastic to metal joints 

General Formulations of Plastic Pipes 

Plastic pipes are made up of polymer resin and additives which are used to obtain specific effects in 

the plastic materials during fabrication and application. The key additives used in thermoplastic piping are 

heat stabilizers, antioxidants, ultraviolet stabilizers, lubricants, colorants, preservatives, and 

fillers/reinforcements (Willoughby 2002). Table 2 summarizes the additives used in thermoplastic pipes 

and their main functions. 
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Material Properties of Thermoplastic Pipes 

Physical and Mechanical Properties 

Plastic materials which are made of polymer materials display different physical and mechanical 

properties as compared to metals or ceramics. These properties are generally determined by the primary 

polymer constituents, though additives can improve the properties to some extent. The general physical 

and mechanical properties of thermoplastic polymers which are under the engineering consideration for 

the design of natural gas piping system are described in detail in the following sections, and the standard 

testing methods for these properties are listed in Table 3. 

1. Density  

Density is defined as the ratio of a material's mass to its volume at a given temperature and 

pressure. It is a measurable property that related to the other physical properties and processing 

characteristics of polymer resins. It reflects the structure and crystallinity of the polymers, and has a 

major influence of the physical and mechanical properties.  

2. Melt Index (MI) 

Melt index is the weight of resin flowing out from a standard die for 10 minutes under a given 

temperature and pressure. It is a measure of the flowability of the resin in the molten state and an 

index to its molecular weight. A larger melting index denotes a lower melt viscosity and a lower 

molecular weight. It is an important parameter for processing and heat fusion joining plastic 

materials. 

3. Viscoelasticity, Creep and Stress Relaxation 

Plastic materials display a combination behavior of elastic solids and viscous liquids when 

undergoing deformation, which is called viscoelasticity. Creep and stress relaxation are the two 

characteristics of plastics displayed under constant stress:  

 Creep: when a plastic is subjected to a constant static load, it deforms immediately to a strain 

as an elastic solid and then continues to deform indefinitely at a slower rate.  

 Stress relaxation: when a plastic is subjected to a constant strain, the initial stress generated 

by this deformation slowly decreases at a decreasing rate. 

Because of the viscoelastic response of plastics, engineering design with plastic pipes is not only 

based on stress intensity, but also on the duration of the stress, temperature and environment. 

4. Strength  

The working strength of plastic materials which exhibit viscoelasticity is affected by the 

magnitude of load, duration of loading, temperature and environment. In addition to the general 

material properties obtained from short-term tensile and compressive testing, long-term strength of 

plastic materials is the key factor to be considered in designing plastic pipes for natural gas 

distribution systems. Important properties include: 

 Ultimate tensile strength: The stress required to deform a material prior to breakage. 

 Yield strength: The stress at which material strain changes from elastic deformation to plastic 

deformation, causing it to deform permanently. 

 Elongation at break: The increase in the length of a tension specimen at break, usually 

expressed as a percentage of the original length of the specimen.  
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 Compressive strength: The maximum compressive stress that a material is capable of 

sustaining. For materials that do not fail by a shattering fracture, the value depends on the 

maximum allowed distortion.  

 Long term strength: The long-term strength is used to determine the maximum allowable 

operating pressure (MAOP) for plastic pressure pipes.  The long-term strength is derived 

from the pressure testing results on actual pipe specimens under the temperature and other 

conditions of interest.  

5. Flexibility 

The flexibility of a plastic pipe is the ability to resist bending and straightening cycles without 

failure or deterioration in physical properties. Flexibility is dependent on the material, the wall 

thickness, the diameter and the operating temperature of the pipe. Pipes with sufficient degree of 

flexibility can be coiled or undergo a change in direction during field installation.  

6. Hardness 

Hardness is the measure of a material’s resistance to deformation. Hardness measurements 

usually involve an indenter of a standard geometry and a known applied force. The force can be 

applied either by a dead-load or spring.  

Hardness test are relatively crude and require test specimens of a controlled geometry and 

consistent force dwell time. These tests are not usually considered a reliable design or engineering 

property. These tests are useful in that they are portable and able to detect large difference in cured 

compound properties. 

7. Coefficient of Thermal Expansion (CTE)  

The thermal expansion coefficient is the amount of strain due to thermal expansion per degree 

Kelvin. It is the same in all directions for isotropic materials, while the value is different for each 

direction for anisotropic materials. 

Thermoplastic materials have considerably larger CTE than metals, it is extremely important to 

consider the axial expansion and contraction of the plastic piping system when selecting and 

installing mechanical fittings and joints. In addition, thermal stress may be generated in the plastic 

pipes if the thermally induced movement is restrained during daily and seasonal temperature changes. 

As a result, the pullout forces generated by thermal stress on the joint can also be considerable.  

8. Permeability 

Plastics are permeable to all gases to some degree, and the permeability depends on the solubility 

and the diffusion rate of the gas in the plastics, which are related to the chemical and physical 

properties of the gases and plastics. The loss of gas due to gas permeation through a plastic pipe wall 

is one of the factors that should be considered for material selection and design of natural gas 

pipeline. The permeability coefficient is the constant used to quantify the permeation rate of gas in a 

solid material. 

9. Resistance to Slow Crack Growth (SCG)  

This is the resistance of a plastic pipe to the failure from cracks that initiate at defects, and then 

grow slowly through the pipe wall under long-term stress or strain. It is measured by the time to 

failure under a constant load in air at a constant temperature. Because the plastic pipe may contain 

internal and external defects which are created during manufacture and/or installation, the resistance 

to slow crack growth of a plastic pipe is one of the primary requirements that it must meet in order to 

qualify for natural gas distribution system. 

10. Resistance to Rapid Crack Propagation (RCP)  
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Rapid crack propagation in plastic pipe is a brittle failure involving the growth of a crack at high 

speed (300 to 1,400 ft/sec) that results in a crack of several inches to many feet in length. It is very 

undesirable for natural gas piping to experience a brittle, rapid propagating break which will result in 

a release of large volume of gas. The susceptibility of plastic pipes to RCP increases when pipe 

diameter, wall thickness or pressure increase, and temperature decreases. 

11. Abrasion Resistance 

Abrasion resistance is the ability of a material to withstand mechanical action such as rubbing, 

scraping, or erosion that tends progressively to remove material from its surface. Plastic piping 

materials provide excellent service in handling slurries such as fly ash, bottom ash, and other abrasive 

solutions. The material toughness and the smooth inner-bore of plastic piping make it ideal for 

applications where abrasion-resistance is needed. 

Chemical Resistance  

Chemical resistance is the ability to withstand chemical attacks including chemical solvation, 

permeation and chemical reaction. It is basically determined by the base polymer materials in the plastics, 

but the additives may improve or degrade the overall performance to some degree based on the content of 

the additives and the interaction of the additives with base polymers and the attacking chemicals (PPI 

2007). The chemical attacks on plastics include: 

 Chemical Solvation  

Solvation is the physical process that may change the physical properties of plastics without 

changing the polymer molecule structure. This process results in absorbing solvent molecules by the 

plastic materials, or dissolving some of the plastic components that can be polymer resin and/or the 

additives. 

 Attack by Chemical Reaction: 

This attack involves chemical reactions that result in the irreversible changes of the physical and 

mechanical properties such as tensile strength, ductility, impact resistance, and susceptibility to stress 

cracking.  

 Environmental Stress Cracking (ESC) 

Environmental stress cracking is another form of chemical attack of plastics. This happens when 

a plastic is under stress and the sensitizing agents, such as detergents or alcohols, accelerate the rate 

of crack propagation from the minute flaws in the plastics.  

The chemical attack is generally classified by the chemical categories based on the similarities in 

chemical characteristics. Inorganic and organic materials are the two large groups, and they are further 

classified into subgroups such as acids, bases, alcohols, ketones, etc. 

All plastics currently being installed for gas pipe applications are extremely resistant to the inorganic 

acids, bases and salts that they might encounter in service. Only very strong oxidizing or reducing agents 

will attack these plastics.  

Some organic chemicals, which are called solvents, can interact with the thermoplastic materials, 

resulting in swelling, softening, plastification, or complete dissolution. In general, plastic is not affected 

by the gaseous state solvents. The extent of the effect depends on the physical and chemical properties of 

the particular solvent and plastic. For example, the non-polar material such as polyethylene is more likely 

attacked by non-polar solvent such as petroleum distillate, while polar material such as polyamide can 

transport non-polar liquid hydrocarbons but it absorbs methanol which is a polar solvent. 
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Chemical attacks may be accelerated by chemical concentration, temperature and stress level, etc. 

Usually, any chemical attack is accelerated by temperature or stress. The effect from these factors can be 

greater in combination. In some cases, combinations of chemicals may have a synergistic effect on a 

plastic material where the individual chemicals do not.  

Environmental Resistance 

1. Aging Resistance  

Aging of plastics is the loss of strength or some properties with time, as a result of chemical and 

physical changes of the material structure. It can be accelerated by moisture, chemicals, bacteria, UV, 

temperature, etc.  Appropriate additives are added in plastics to improve the aging resistance under the 

normal field conditions. 

2. Weathering Resistance  

Plastic materials are susceptible to loss of color and gradual degradation when continually exposed to 

UV and heat in outdoor storage or service. Heat and UV stabilizers are normally added in plastics to 

improve weathering resistance.   

3. Temperature Resistance 

The strength of thermoplastic materials decreases at elevated temperatures, resulting a lower pressure 

rating for plastic pressure pipes at higher service temperature. The maximum service temperature of 

thermoplastic pipes are much lower compared to metal pipes and this limits plastic pipes in the 

applications that require higher temperature rating.  

The stiffness of thermoplastic materials will increase at temperatures near or below freezing. 

Significant impact or shock loads can fracture the plastic pipe when it is at freezing or lower temperature. 

Joining Methods 

It is required for the gas distribution system that the joints between pipe sections or between pipes and 

fittings must perform with equal integrity to the other components, and the strength of the joints should 

not be less than the strength of the pipes. The joining methods for plastic pipes in gas distribution service 

include heat-fusion (butt fusion and electrofusion), mechanical fittings and solvent cement. Except for the 

repair of existing PVC piping, solvent cements are not be used for joining piping in gas distribution 

system. Plastic pipes and fittings are typically joined together by heat fusion, and plastic pipes may be 

joined to metal by means of compression fittings, flanges, or other types of qualified proprietary transition 

fittings.  

 Heat Fusion Welding 

Heat fusion welding is the most common method of joining thermoplastic pipe. A heater plate is inserted 

between the ends of two pipes to heat up the pipe ends to the melting point. The heater plate is then 

quickly removed and the melted pipe ends are drawn together with a specified force hold the ends 

together during the cool down. The formed joint is as strong as the pipe itself and leak-free. 

 Electrofusion  

Electrofusion is used for both joining pipes and pipes to fittings.  Heating elements are pre-installed in the 

couplers or fittings that are used to join the pipes. By applying electricity to the surrounding heating 

elements, the pipe is heated up, expand and fill the gap between pipe and fitting. Once the melting 

temperature is reached, the two pipe surface start to melt and weld together under clamping pressure. The 

melt from the couplers or fittings combines with that from the pipe and bonds the pipes to the couplers or 
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fittings. When the current is terminated, the joint slowly cools under clamping pressure and forms a high-

strength, leak-tight joint. 

 Mechanical Connectors and Transition Fittings 

1. Mechanical Fittings 

Mechanical fittings normally create a gas tight seal on the O.D. or I. D. surface of plastic pipe 

by using one of several different seals, such as O-ring, gasket, plastic or metal ring, etc.  

2. Flanges and Flange Adapters 

Flanges and flange adapters are used to make a flat mating surface at the transition from steel 

to plastic pipes, and seal the joint with full-face gaskets or some type of O-rings. 

3. Transition Fittings and Other Special Purpose Fittings 

Transition fittings provide a connection between two dissimilar materials. They are either a 

modified compression-type fittings or prefabricated metal to plastic joint fittings that are joined 

by conventional methods to the plastic and metal pipe ends. The prefabricated joint is generally a 

socket design with the plastic pipe in compression between metal components with auxiliary 

sealing devices such as O-rings.  

Failure 

Failure of plastic pipes can be due to one or a combination of several causes. The common failure 

modes of plastic pipes include mechanical, thermal, chemical, environmental, and ductile to brittle 

failures. 

Mechanical failure arises from the applied external forces that exceed the strength limit, causing pipe 

cracking, burst, breakage, etc. 

Thermal failure occurs from exposing the plastic pipes to an elevated temperature or extremely cold 

environment. Most of the thermoplastics have a relative low temperature resistance and exposure at 

temperature over the maximum temperature limit, even for a short period of time may cause softening, 

melting or even burning. Thermal aging of the pipes may develop over the time at elevated temperatures, 

resulting in the failure from loss of strength and integrity. Extended exposure below low temperature limit 

may reduce the ductility of the material and brittle fracture may happen to the pipes.  

Some chemicals can interact with plastic materials and accelerate material aging or completely 

deteriorate the material, causing pipe failure. 

Environmental factors include UV radiation, humidity, microorganisms, and ozone, all of which may 

affect the polymer structure and lead to material aging or completely breakdown. The environmental 

failures can be identified by the change of color, crazing, and cracking. 

Plastic materials generally exhibit a high degree of ductile behavior at room temperature and with a 

low rate of loading, but they may experience brittle failure at certain conditions such as extreme low 

temperature and high loading speeds. Residual stresses can also contribute to brittle failures.  

Overview of Polyethylene (PE) and Properties 

Polyethylene is the most widely used thermoplastic. It is a thermoplastic polymer consisting of long 

chains of the monomer ethylene and produced by polymerization of ethylene. It can also be produced by 

polymerization of ethylene with small amounts of other monomers such as butene, propylene, hexene, 

and octene which slightly modify the chemical structure and result in certain different properties such as 
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density, ductility, hardness, etc. According to ASTM D3350 (Standard Specification for Polyethylene 

Plastics Pipe and Fittings Materials), the ethylene content in polyethylene plastics should not be less 

than 85% and no less than 95% of total olefins with additional compounding ingredients.  

The typical physical, mechanical and thermal properties of polyethylene plastics are listed in  

Table 4, and the chemical resistance of PE is summarized in Table 5 and Table 6. The effect of density, 

melt index and molecular weight on the PE properties is summarized in Table 7. 

Density 

PE is classified according to its density as low-density (Type 1), medium-density (Type II), and 

high-density (Type III and IV), see  

Table 8.  

LDPE is defined by a density range of 0.910-0.940 g/cm3. LDPE has a high degree of short and long 

chain branching, which prevents the chains from packing into a crystal structure. It therefore has weaker 

intermolecular forces and thus less tensile strength but increased ductility. The high degree of branching 

with long chains gives molten LDPE unique and desirable flow properties. 

MDPE is defined by a density range of 0.926-0.940 g/cm3. It has good shock and drop impact 

resistance, and less notch sensitivity and better stress cracking resistance than HDPE.  

HDPE is defined by a density of greater or equal to 0.941 g/cm3. HDPE has a low degree of 

branching and thus stronger intermolecular forces and tensile strength. Type IV is referred to as 

homopolymers (only ethylene is used in the polymerization process) which have the least branching and 

highest density.  

Crystallinity 

PE is a semi-crystalline polymer, which is a blend of crystalline and amorphous phases. In crystalline 

region, the polymer chain align themselves in closely packed and very well ordered arrangements of 

polyhedral-shaped, microscopic crystals called spherulites. In amorphous region, the polymer chains have 

no definite molecular arrangement. Crystalline regions are denser than amorphous regions because of 

their closer packing. HDPE can consist of up to 95% crystalline regions compared to 40% for LDPE. 

Molecular Weight and Distribution/Melt Index 

The size of a polymer molecule is represented by its molecular weight. Since the polymer contains 

molecules of different lengths, the molecular weight is usually expressed as an average value. The most 

common is the number average (Mn) and weight average (Mw). Molecular weight affects a polymer’s 

melt viscosity or its ability to flow in molten state. Melt Index is a rough guide to the molecular weight 

and processability. 

The distribution of different sized molecules in a polyethylene polymer typically follows the normal 

distribution curve. A polymer with a narrow molecular weight distribution (MWD) contains molecules 

that are nearly the same in molecular weight. It will crystallize at a faster, more uniform rate. A polymer 

with broad MWD contains a broader range of chain lengths. This type of resins has good slow crack 

growth and impact resistance and good processability. 

A bimodal shaped distribution of PE is made by blending two different polymers, each of which has 

particular weight average and distribution. It contains both very short and very long polyethylene 

molecules, giving the resin excellent physical properties while maintaining good processability. The latest 



Task 5: Develop Compilation of Nonmetallic Materials 

153 
 

generation of high performance PE, e.g. PE 4710 is produced from bimodal resins. Figure 1shows the 

various molecular weight distributions of PE resins.  

Mechanical Properties  

The mechanical properties of PE are most controlled by the density, molecular weight and molecular 

weight distribution. Because of the semi-crystalline nature of PE, it has a low glass transition temperature 

which is approximately -130°F. At room temperature, PE behaves more like a rubbery solid with a greater 

capacity for toughness, which offer PE higher resistance to impact and rapid crack propagation, and the 

capacity to undergo larger elastic deformation.  

PE exhibits a viscoelastic behavior, and the working tensile strength of PE is affected by the 

magnitude of load, duration of the loading, temperature and environment. The mechanical properties such 

as tensile strength, tensile modulus, elongation, etc. from short-term tensile tests provide the material 

properties that are related to polymer composition and structure, and can be used as a reference for the 

material mechanical behavior. Long-term strength from tensile-creep test is required for engineering 

design.  

Abrasion Resistance 

PE pipe is usually used to transport granular or slurry solutions such as sand, fly ash and coal. It 

offers a great abrasion resistance that exceeds that of many metal piping materials. Laboratory test results 

indicate that the wear resistance of PE is three to five times greater than that for steel pipe when 

conveying fine grain slurries (Pankow 1987). The super abrasion resistance of PE comes from PE’s 

toughness and elastic properties which allow particles to bounce off its surface under proper flow 

conditions. 

Coefficient of Thermal Expansion (CTE) 

The CTE of PE is about 10 times larger than metal which means a larger thermal 

expansion/contraction if it is unconstrained. In the constrained condition, due to the much lower apparent 

modulus of elasticity, the thermal stress developed in PE is low.   

Environmental Resistance 

PE with 2-3% carbon black addition as UV screen will retain its original performance in outdoor 

services for more than 50 year. In case of buried and other kinds of applications that do not require long-

term exposure to sunlight, an addition of UV stabilizer can provide PE weatherability for two years in 

outdoor storage and installation (PPI 2005). 

Heat stabilizer and antioxidants are added into PE resin to prevent the degradation of PE material 

from thermal processes and oxidation.  

PE is resistant to biological attack from bacteria and fungi spores that are found in normal sewer and 

water systems (PPI 2006).  

Permeability 

PE has very low permeability to water vapor. It exhibits some amount of permeability to certain gases 

such as methane and hydrogen. The permeability depends on the size of the permeant molecule, the 

similarity of the permeant, and the PE chemical structure.  
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Temperature Resistance 

The typical operating temperature range for PE pipe is from 0-140°F for pressure service. However, 

for non-pressure and special applications, PE can be used at -40°F and even lower. PE retains about 50% 

of its 73°F strength at 140°F (PPI 2006-PE handbook). 

Chemical resistance: 

PE has superb chemical resistance and is the material choice for many harsh chemical environments. 

It is immune to electrolytic corrosion which most of the metals suffer. It has a good resistance to most 

inorganic materials such as salts, acids (dilute or weak), and alkalis except for oxidizing agents which can 

attack the PE molecule and lead to a deterioration of the material properties. It is also resistant to many 

organic materials, but certain organic solvents such as oil and gasoline can be gradually absorbed by PE 

through solvation causing swelling, softening and a decrease in long-term strength (PPI 2006-PE 

Handbook). In General: 

 PE is immune to electrolytic attack and normally is not adversely affected by the aqueous 

solution of salts, dilute or weak acids and bases/alkalis. 

 PE is not adversely affected by inorganic gases, e.g. hydrogen, nitrogen, carbon dioxide and 

hydrogen sulfide in both dry and wet condition. 

 Strong oxidizers can gradually cause damage to PE material and the damage depends on the 

concentration and the chemical activity of the oxidizing agents.  

 Long-term strength is not significantly affected by low molecular hydrocarbon gases, e.g. 

methane. 

 The high molecular weight gases in the vapors generated by liquefied petroleum gases (LPG) 

have platicizing and solvating effects on PE and reduce the long-term hydrostatic strength of the 

material to some extent. 

 PE has limited resistance to the common liquid hydrocarbons, e.g. hydrocarbons in LPG, fuel gas 

condensates, crude oil, fuel oil, gasoline, diesels and kerosene due to the larger solvating effect. 

 PE has limited resistance to aromatic hydrocarbons, e.g. benzene, toluene, xylene, etc. due to the 

larger solvating effect and is not suitable for these liquids. 

 PE is generally resistant to the fluids containing surface active agents, e.g., detergents, alcohols 

and glycols including anti-freeze solutions, but precautionary measures are necessary for those 

PE pipes which have low resistance to slow crack growth. 

 Normally sewage and wastewater do not contain components that affect PE. 

Cross-linked Polyethylene (PEX) and Properties 

Cross-linked polyethylene is a high-temperature, flexible polymeric material formed by the chemical 

joining of individual polyethylene molecules. It was first developed in Europe and has since come into 

use around the world for a variety of applications. PEX has a 30-year history of successful use in the 

European market with extensive testing for durability and material performance. It has been used for gas 

distribution since the 1990’s in Europe, and was first installed for natural gas distribution in North 

America in 2006. 

Polyethylene can be crosslinked using several technologies. All methods induce links between the 

single strands of PE to form a dense network through radical reactions. The number of links between the 
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strands determines the crosslink density and is an important factor in determining the physical properties 

of the material. The minimum percent crosslinking for each method is specified in the ASTM F876 

(Standard Specification for Crosslinked Polyethylene (PEX) Tubing). There are three most common 

crosslinking methods: 

 Crossling by Peroxide (Engel Process, PEX-a): PE is cross-linked by the reactive free radicals 

generated from organic peroxides when heated.  

 Moisture-cured Vinylsilane (Silane Process, PEX-b): PE is cross-linked through the reactive 

silane molecules that are grafted to PE molecular chains. 

 Beta Irradiation (Radiation Process, PEX-c): PE is cross-linked by a dose of high-energy 

electrons. 

PEX produced by any of the three methods must meet the same qualification requirements as 

specified in the PEX standards.  

Material properties of PEX 

Crosslinking forms a thermoset plastic material and alters the performance of the original 

polyethylene. Some of the key properties, such as toughness, higher temperature performance, the 

resistance to environmental stress crack resistance, slow crack growth, chemicals and abrasion, etc. are 

improved. The property change from PE to PEX is summarized in Table 9. The typical physical and 

mechanical properties of PEX pipe material are listed in Table 10, and the chemical and environmental 

resistance of PEX is summarized in Table 11 and Table 12. 

The maximum operating temperature of PEX is 212°F to 248°F vs. 140°F for thermoplastic PE. 

UV resistance: long term performance of PEX will be affected by UV radiation from sunlight. PEX 

should not be stored outdoors. 

Joining Methods  

PEX pipes require mechanical fittings to be joined. The most common fittings are cold expansion 

fittings, and metal/plastic insert fittings.  

 Cold expansion fittings with PEX reinforced rings 

PEX pipe with a reinforcing PEX ring placed over the end of the pipe is expanded before the 

fitting is inserted into the pipe end. The pipe end tights on the fitting and forms a seal by the retraction 

of the pipe wall.  

 Cold expansion fittings with metal compression sleeves 

The PEX pipe is expanded before it placed over the oversized fitting. The pipe shrinks down 

over the fitting insert, then a metal compression sleeve is pulled over the connection, compressing the 

pipe over the fitting.  

 Metal/plastic insert fittings: 

This type of fitting uses a metal crimp ring that is compressed around the PEX piping to secure it to 

the fitting. The crimp ring can be copper or stainless steel. Fittings can be made of copper, brass, bronze, 

or plastic.  
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Overview of Polyamide (PA) and Properties 

Polyamide, which is generally known as Nylon, is a semi-crystalline thermoplastic material. It is 

produced by condensation reaction of an amino group and a carboxylic acid with water eliminated. 

Polyamides can be made from: 

1) Diamines and diabisic acids, e.g., Nylon 6/6: 

                                                                

2) -amino acids, e.g., Nylon 11 

                                        

3) Lactams, e.g., Nylon 6 

                          

Polyamide is commonly named by the number of carbon atoms in the monomers. For the polyamides 

made from diamines and diabisic acids, the number of carbon atoms in the diamines goes first. Generally 

the number of the carbon atoms in the molecular chain determines the melting point and water absorption 

of this polymer. The higher the number of the carbon atoms are, the lower the melting point and water 

absorption. Nylon 6/6 and Nylon 6 are the most important commercial products, and other commercial 

nylons are 6/9, 6/10, 6/12, 11 and 12.  

PA11 and PA12 are the two aliphatic polyamides, which combine the properties of typical polyolefin 

and nylons.  They are very similar from their molecular structure, but slightly different on physical and 

mechanical properties. Pipes and tubing made of these two resins have been used for heavy truck airbrake 

tubing, automotive fuel lines and onshore and offshore oil and gas production. They are also  two resins 

in the polyamide family that have been investigated as an alternative material for natural gas distribution 

pipeline to replace steel pipes at higher pressure rating (Scholten 2008, Mason 2006, GRI 1999). The 

important properties of PA11 and 12 are summarized as below: 

 Low crystallinity 

 Excellent impact strength 

 Good flexibility and ability to be coiled 

 Low water absorption 

 Excellent chemical resistance 

 Low hydrocarbon permeation 

 Excellent mechanical strength 

 Heat fusibility 

 Excellent resistance to slow crack growth 

 Excellent high temperature properties 

 Continuous operating temperature: -40 to 212°F 

 Excellent pressure bearing capabilities  

The physical and mechanical properties of PA11 and PA12 are listed in Table 13. There is limited 

chemical resistance test data on PA11 and P12 in the open literature, the available data is summarized in 

Table 14.     
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Selection of Three Pipe Materials for Compatibility Analysis and Testing 

Property Comparison of the Pipe Materials 

The physical/mechanical properties to be considered for biogas gathering line applications are 

compared for those thermoplastic materials which are listed in ASTM 2513 for pressure pipe application, 

see Table 15. The material properties are rated as: 1 (poor); 2 (fair); 3 (good) and 4 (excellent). 0 is given 

when the data is not available. A relative weighting factor is included for all the properties based on their 

importance to the biogas application.  

The overall rating of MDPE and PA12 is relatively low compare to the other pipe materials. Due to 

the shortage of abrasion resistance data, the total rating of PA11 is also lower, but the weighted rating of 

PA11 is high.   

The rating of the chemical and environmental resistance of PE, PEX and PA11 is summarized in 

Table 16. Chemical resistance is rated as: 0 (no data); 1 (not resistant); 2 (limit resistant); 3 (resistant at 

ambient); and 4 (resistant at higher temperature). Environmental resistance is rated as: 0 (no data); 1 (not 

resistant); 2 (limit resistant) and 3 (resistant). Since the difference of the chemical and environmental 

resistance between MDPE and HDPE is not significant, they are rated for PE instead of each subcategory 

for comparison. Additionally, there is very limited chemical and environmental resistance data for PA12 

in the open literature that can be used for comparison, thus only PA11 is included. Knowing the similarity 

of the physical and chemical properties of PA11 and PA12, the chemical and environmental resistance of 

PA11 can be used as a reference for PA12.  

The overall chemical resistance rating is lower for PA11 because of the data shortage. Further 

compatibility analysis of the thermoplastic pipe materials with the chemicals present in biogas application 

are performed in Task 6.   

Basis for Selecting Materials 

MDPE (2XXX) is selected for testing because its total weighted rating of physical and mechanical 

properties is the lowest among all the pressure pipe materials. Compared to HDPE and PEX, MPDE is 

less resistant to certain chemicals and environment that they are susceptible, thus it is ranked as the 

highest risk among the pipe materials and needs to be tested. 

PA12 is also selected for testing because of its relative low total rating on physical and mechanical 

properties. In addition, there are limit data of PA12 on the chemical and environmental resistance, it is 

necessary to test it for its compatibility with biogas environment.  

 HDPE (4XXX) and PEX are at the same rating on their physical and mechanical properties. Since 

HDPE (4XXX) is the widely used pipe materials for natural gas distribution system, it is also selected for 

testing. 
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Review of Elastomers in Natural Gas Distribution Systems 

Application of Elastomers in Natural Gas Distribution System  

Elastomers have been used as mechanical coupling seals and gaskets, meter and regulator 

diaphragms, boots, O-rings, flange seals, and valve seats, etc. They are amorphous polymers existing 

above their glass transition temperature, and are soft and flexible at room temperature. In addition to the 

base elastomeric polymer material, most of the elastomers also contain many additives including 

reinforcing agents, fillers, plasticizers, curing agents, accelerators, promoters, antioxidants and pigments. 

The variation of the formulations creates different type of elastomers with various physical, mechanical 

and chemical properties which are suitable for different type of applications and environment. Table 17 

lists the type of elastomers that are mostly used in natural gas distribution systems.  

Overview of Elastomers 

Definition 

According to ASTM definition, an elastomer is polymeric material which at room temperature can be 

stretched to at least twice its original length and upon immediate release of the stress will return quickly 

to its original length. It must be an amorphous polymer existing above its glass transition temperature in 

service.  Generally, the elastomers are crosslinked so the chains do not slip past one another under stress. 

The crosslink in thermoplastic elastomer polymers is a weaker dipole or hydrogen bond or takes place in 

one of the phases of the material. However, there are some thermoplastic elastomers (TPE), e.g. styrene-

butadiene-styren, which are a class of copolymers or a physical mixure of polymers (usually a plastic and 

a rubber). TPE possess many of the properties of thermoset rubbers and thermoplastics. They are 

processable by conventional thermoplastic processing techniques such as injection molding, extrusion and 

blow molding, and do not need to be vulcanized during fabrication into end-use parts.  

General Formulation 

Elastomers are formulated to impart specific properties to meet the application needs. In addition to 

the base polymer material, an elastomer contains many additives including reinforcing agents, fillers, 

plasticizers, vulcanizing/curing agents, accelerators, promoters/activators, antioxidants/stabilizers, 

pigments, etc. The general additives used in elastomers are summarized in Table 18. 

Physical and Mechanical Properties  

The physical and mechanical properties of elastomers to be addressed for the application in natural 

gas distribution systems include density, hardness, tensile properties, hysteresis, creep/stress 

relaxation/set, abrasion/wear, flex fatigue, resilience, and brittle temperature. Many of these properties are 

as the same definition and tested with the same methods as those for plastic pipes, which has been 

described in 0. Below are the brief descriptions for those properties specific for elastomers: 

 Hysteresis 

Hysteresis is a phenomenon that a lag occurs between the application and the removal of a force 

or field and its subsequent effect. Elastic hysteresis is more pronounced when the loading and 

unloading is done quickly than when it is done slowly. Elastomers exhibit a high degree of elastic 

hysteresis. The elastomer heats up when it is stretched and cools down when it is suddenly released. 

 Resilience 
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Resilience is the property of a material to absorb energy when it is deformed elastically and then 

upon unloading to have this energy recovered. It is represented by the area under the curve in the 

elastic region in a stress-strain diagram. 

 Flex Fatigue 

Flex fatigue resistance is an elastomer’s ability to withstand deterioration of any physical 

property resulting from exposure to cyclic deformation. Typically these deformations are in the form 

of bending, shearing, compression, or extension. There are two categories for these fatigue tests:  

1) Flex cracking tests: typically performed on specimens that are either notched or unnotched. 

Notched specimens are used to measure the cut growth of cracks while un-notched specimens 

are used to determine crack initiation. These tests are run at speeds that limit hysteresis. 

2) Heat build-up tests: typically run on both notched and un-notched samples under severe 

conditions of cyclic compression that encourages hysteresis. This type of testing is common 

to the tire industry. 

Chemical and Environmental Resistance 

The primary requirement of an elastomer is that it must have good resistance to chemical attack and 

environmental degradation caused by heat, sunlight, ozone, and moisture. The chemical and 

environmental degradation of an elastomer is basically the same as what has been described for plastic 

pipes in section 0  

Failure 

The major failure of elastomers comes from the chemical reaction between the elastomers and 

chemicals or the adsorption/permeation of the chemicals by the elastomers. This attack results in swelling 

and softening with a reduction of their tensile strength. The temperature and concentration of the chemical 

medium determines the degree of deterioration. The absorption and desorption of a gas medium during 

the change of gas compositions may result in permanent damage of the elastomers.  

Some elastomers can be degraded in outdoor conditions when they are exposed to sunlight, ozone, 

and oxygen. This type of degradation can cause surface cracking, discoloration, significant loss of tensile 

strength, elongation and other rubbery properties. 

Pure mechanical damage is not a frequent failure model of elastomers. Most mechanical damage 

occurs as a result of chemical deterioration of the elastomer. When the elastomer is chemically 

deteriorated, it is more susceptible to mechanical damage.   

Elastomers can become brittle when crystallization takes place at low temperatures, and this can 

cause brittle fracture of the elastomers. 

Material Properties of the Elastomers  

The general properties of each of those elastomers listed in Table 17 will be discussed in this 

section. It should be noted that the variation of an elastomer’s formulation alter its properties, it is 

not able to quantify the properties without specifying a product.  Thus, a qualitative description of 

the general physical and mechanical properties is given for each elastomer above mentioned. The 

operating temperature range and chemical resistance of the generic elastomers are summarized in  

 

Table 19, Table 20, and Table 21for reference (Schweitzer 2007, Willoughby 2002).  
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In general, the material properties may be improved to some extend by adding additives, but this may 

result in the adverse effect on another property. For example, the physical and mechanical properties may 

be improved by adding certain additives, but these additives may have adverse effect on the chemical 

resistance of the elastomer. Table 22 illustrates the general effect from the additives on elastomer 

properties. 

Natural rubber 

Natural rubber is made by coagulating the latex found in the sap of some plants. The purified form of 

natural rubber is polymethyl butadiene (polyisoprene), which can also be produced synthetically. Purified 

raw rubber becomes sticky in hot weather and brittle in cold weather. A vulcanizing process in which 

rubber is cross-linked with sulfur or sulfur-bearing organic compounds improves the mechanical 

properties, and chemical and temperature resistance. Depending on the degree of crosslink, natural rubber 

is classified as soft, semi-hard, or hard rubber. Only soft rubber meets the ASTM definition of an 

elastomer. 

1) Physical and Mechanical Properties 

 Many physical and mechanical properties are varied to a degree by the vulcanization process. 

 Outstanding resilience in comparison to the synthetic rubbers. Excellent rebound properties 

either hot or cold. 

2) Chemical Resistance 

 Excellent resistance to most inorganic salt solutions, alkalies and nonoxidizing acids. 

 Good resistance to alcohol. 

 Reacts with hydrochloric acid to form rubber chloride and not recommended for items in 

contact with this acid 

 Severely attacked by strong oxidizing media such as nitric acid, concentrated sulfuric acid, 

permanganates, dichromates, chlorine dioxide, and sodium hypochlorite. 

 Sensitive to mineral and vegetable oils, gasoline, benzene, toluene, and chlorinated 

hydrocarbons. 

3) Environmental Resistance 

 Resistant to cold weather 

 Becomes hard and brittle when exposed to the air, particularly in sunlight  

 Fair resistance to ozone 

 Poor weathering and aging properties 

Butadiene-Styrene (SBR) 

SBR is a synthetic rubber copolymer consisting of styrene and butadiene. It was originally developed 

prior to World War II in Germany, but during the War was used extensively by the USA to replace 

natural rubber supplies from the far-east, that had been captured by the Japanese. SBR can be produced 

from solution or as emulsion. High styrene-content rubbers are hard, since the glass transition temperature 

of butadiene is extremely low. It is widely used in car tires, where it is blended with natural rubber. 

1) Physical and Mechanical Properties 

 Very similar physical and mechanical properties as natural rubber 
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 Excellent abrasion resistance, which is better than that of natural rubber 

 Inferior to natural rubber in terms of tensile strength, elongation, resilence, hot tear and 

hysteresis. 

2) Chemical Resistance 

 Similar chemical resistance to natural rubber 

 Better water resistance than natural rubber 

 Fair to good resistance to dilute acides, alkalies and alcohols. 

 Not resistant to oils, gasoline, hydrocarbons, or oxidizing agents 

3) Environmental Resistance 

 Sensitive to wastewater 

 Sensitive to ozone 

 Poor weathering and aging resistance 

Butadiene-Acrylonitrile (NBR) 

NBR is an outgrowth of German Buna-N; they are copolymers of butadiene and acrylonitrile, first 

commercially produced by Germany in 1934. NBR are produced from emulsion in hot and cold process 

and solution polymerization process. It has been used as gasket, O-ring, diaphragms, flange and quad 

seals in natural gas distribution systems. 

1) Physical and Mechanical Properties 

 Very similar physical and mechanical properties as natural rubber 

 Exceptional strength and elasticity at low temperatures 

 Good compression set recovery 

 Good  abrasion resistance 

 Not exceptional heat resistance, poor hardness at high temperatures 

2) Chemical Resistance 

 Good resistance to solvents, oils, water and hydraulic fluid 

 Swells slightly in aliphatic hydrocabons, fatty acids, alcohols and glycols 

 Improved resistance to hydrocarbons at the cost of losing flexibility with the increase of 

nitrile content  

3) Environmental Resistance 

 Poor sunlight, ozone and weathering resistance 

Polychloroprene (CR) 

CR is a family of synthetic rubbers that are produced by polymerization of chloroprene. The raw 

material to make CR is acetylene which makes this product more expensive than some of the other 

elastomers.  
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CR was introduced by Dupont in 1932 as an oil resistant substitute for natural rubber. Its dynamic 

properties are very similar to those of natural rubber, but its range of chemical resistance overcomes many 

shortcomings of natural rubber. 

CR is produced in a fluid form as either a compounded latex dispersion or a solvent solution. Once 

these materials have solidified or cured, they have the same physical and chemical properties as the solid 

forms. 

1) Physical and Mechanical Properties 

 Resilience exceeds that of natural rubber by about 5% when its shore hardness larger than 55  

 Less permeable to gas than natural rubber 

 Does not soften or melt when heated, regardless of the degree of heat 

 Good low temperature resistance down to 0°F 

 Excellent cyclic and flex crack resistance 

 Low degree of permanent deformation or compression set 

2) Chemical Resistance 

 Good resistance to solvents, waxes, fats, oils, greases and other petroleum-based products 

 Good resistance to dilute mineral acids, inorganic salt solutions, or alkalies 

 Minimum amount of swelling  and little loss of strength when in contact with aliphatic 

compounds (methyl and ethyl alcohols, ethylene glycols, etc), aliphatic hydrocarbons and 

Freon. 

 Sensitive to chlorinated and aromatic hydrocarbons, organic esters, aromatic hydroxyl 

compounds, and ketones 

 Attacked by highly oxidizing acids nitric acid and concentrated sulfuric acid and salt 

solutions 

 Can be formulated with outstanding resistance to water absorption 

 Good resistance to bacteria, soil chemicals, sea water, and waste 

3) Environmental Resistance 

 Excellent resistance to sun, weather and ozone 

 Low oxidation rate and  high resistance to outdoor/indoor aging 

Ethylene-Propylene (EPDM and EPT) 

EPDM and EPT are the synthetic hydrocarbon-based rubbers made from ethylene-propylene diene 

monomer and ethylene-propylene terpolymer respectively. These monomers are combined in such a 

manner as to produce an elastomer with a completely saturated backbone and pendant unsaturation for 

sulfur vulcanization.  

PDM and EPT are very similar in physical and mechanical properties. They can acceept a much 

higher loading of extending oils and mineral fillers than any other elstomer and possess many properties 

superior to those of natural rubber and conventional general-purpose elastomers.  

1) Physical and Mechanical Properties 
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 Excellent creep resistance, both static and dynamic 

 Excellent flexibility at low temperatures 

 Good impact, tearing, abrasion and cut growth resistance 

 Low degree of permanent deformation 

 High heat resistance 

2) Chemical Resistance 

 Resistant to oxygenated solvents (acetone, methyl ethyl ketone, ethyl acetate, alcohols and 

glycols) 

 Resistant to weak acids, alkalies, detergents and phosphate esters 

 Excellent resistance to hot water and steam 

 Not resistant to hydrocarbon based solvent, oils or chlorinated hydrocarbons 

3) Environmental Resistance 

 Exceptional resistance to ozone, oxygen, sun and weathering 

Polyamide Elastomers (PA11 and PA12) 

PA11 and PA12 can be formulated to thermoplastic elastomer (TPE) by incorporating polyether or 

polyester segments into polyamide segments forming block copolymer. Nylon 6, 6/6 and 6/10 are not 

used to be formulated as elastomers. 

The copolymer is composed of the hard polyamide segments and soft polyether or polyester segments 

which are linked by the amide group. It exhibits the combined properties from polyether/polyester and 

polyamide, and possesses the advantage of both rubbery material and plastic material. 

1) Physical and Mechanical Properties 

 Unusual combination of high tensile strength, ductility and toughness 

 High impact strength and elastic memory 

 Good abrasion resistance 

 Low moisture absorption 

2) Chemical Resistance 

 Good resistance to inorganic alkalies, particularly ammonium hydroxide and ammonia at 

elevated temperature, and sodium potasium hydroxide at ambient temperature 

 Good resistance to almost all inorganic salts 

 Resistant to organic acids (citric, lactic, oleic, oxalic, stearic, tartaric and uric), aldehydes and 

ketones at normal temperatures 

 Good resistance to almost all hydrocarbons and petroleum-based fuels 

 Limited resistance to hydrochloric, sulfonic and phosphoric acids at ambient temperature 

3) Environmental Resistance 

 Resistant to sun, weather and ozone 



Task 5: Develop Compilation of Nonmetallic Materials 

164 
 

Silicone and Fluorosilicone (SI and FSI) 

Silicone rubbers, also known as polysiloxanes, are a series of compounds whose polymer structure 

has a Si-O-Si backbone rather than C-C backbone. The silicones are derivatives of silica (SiO2), and are 

produced by breaking Si=O double bond and link together. Compare to the other C-C bonds elastomers, 

silicone rubbers are more stable. The material comes in two forms: thermosetting and room temperature 

vulcanizing. 

Fluorosilicone is fluorovinylmethyl silicone rubber, it has the same physical and mechanical 

properties as silicone rubbers with improved adhesion to metals and impermeability. 

1) Physical and Mechanical Properties 

 The most heat resistant elastomers available 

 The most flexible elastomer at low temperature 

 Poor abrasion and tear resistance and tensile strength compared to the other C-C backbone 

elastomers 

 Good compression set resistance and rebound properties 

 FSI is good as static seal but not qualified for dynamic use due to the limited strength, poor 

abrasion resistance and high friction tendencies. 

2) Chemical Resistance 

 Excellent resistance to water 

 Resistant to dilute acids, akalies, alcohols, animal and vegetable oils, lubricating oils, and 

aliphatic hydrocarbons. (FSI has a better resistance than SI) 

 Excessive selling in aromatic solvents like benzene, toluene, gasoline and chlorinated 

solvents. (FSI has a better resistance than SI) 

 Not resistant to high temperature and high pressure steam 

3) Environmental Resistance 

 Excellent resistance to sun, weathering and ozone 

Fluoroelastomers (FKM) 

FKM are fluorine-containing hydrocarbon polymers with a saturated structure obtained by 

polymerizing fluorinated monomers such as vinylidene fluoride, hexafluoropropene, and 

tetrafluoroethylene. They are high performance synthetic rubber with exceptional resistance to oils and 

chemicals at elevated temperatures. They are relatively expensive and initially were used for O-rings. 

1) Physical and Mechanical Properties 

 Good tensile strength, especially at high temperatures  

 Excellent resilience 

 Can be formulated with very low compression set 

 Relatively impermeable to air and gases  

2) Chemical Resistance 

 Excellent resistance to mineral acids 
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 Excellent resistance to oils, fuels, lubricants  

 Excellent resistance to aliphatic and aromatic hydrocarbons (carbon tetrachloride, benzene, 

toluene, xylene), gasoline and naphtha 

 Excellent resistance to chlorinated solvents and pesticides 

 Can be specially formulated with resistance to hot mineral acids, steam and hot water 

 Not resistant to low molecular weight esters and ethers, ketones, certain amines, hot 

anhydrous hydrofluoric or chlorosulfonic acids. 

3) Environmental Resistance 

 Excellent resistance to sun, weathering and ozone 

Perfluoroelastomers (FPM) 

FPM combines the elastomeric properties of FKM and the chemical resistance of 

Polytetrafluoroethylene (PTFE). Compared with other elstomeric compounds, they are more resistant to 

swelling and embrittlement and retain their elastomeric properties over the long term. In difficult 

environments, there are no other elastomers that can outperform the FPMs. They provide the sealing force 

of elastomers and the chemical inertness and thermal stability of polytetrafluoroethylene. 

1) Physical and Mechanical Properties 

 Long term thermal stability up to 600ºF 

 Similar physical properties to FKMs 

 Negligible outgasing 

 Low swell 

2) Chemical Resistance 

 Immune to over 1,600 chemicals, solvent and plasmas 

 Should not expose to molten or gaseous alkali metals such as sodium 

 Service life can be greatly reduced in fluids containing high concentrations of some diamines, 

nitric acid, and basic phenol when the temperature exceeds 212ºF 

 Swelling in uranium hexafluoride and fully halogenated Freons 

3) Environmental Resistance 

 Immune to sun, weathering and ozone 

Polypropylene (PP)  

PP elastomer is one of the Thermoplastic Elastomers Olefinic (TEO). It is a blend of PP with a 

rubbery polymer such as EPDM or NBR. Each polymer has its own phase, and the rubber phase has little 

or no cross-linking. The polymer present in the larger amount is usually the continuous phase. The 

discontinued phase should have a smaller particle size for the best performance of the blend. The most 

common TEO is the blend of EPDM rubber and PP. TEOs are similar to thermoset rubbers because they 

can be compounded with a variety of the same additives and fillers to meet specific applications. These 

additives include carbon black, plasticizers, antioxidants, and fillers, all that tend to concentrate in the soft 

rubber phase of the TEO. 
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1) Physical and Mechanical Properties 

 Specific gravity of PP is among the lowest of all polymers (0.90-0.915) 

 Good stiffness and tensile strength 

 Excellent fatigue resistance 

2) Chemical Resistance 

 Vulnerable to fluids with a similar solubility parameter, such as alkanes, alkenes, oralkyl 

substituted benzenes, especially at elevated temperatures. 

 Highly resistant to oxidation 

 Highly resistant to water, aqueous solutions, and other polar fluids such as alcohols and 

glycols 

 Excessively swell and loss of properties when exposed to halocarbons and hydrocarbons such 

as oils and fuels 

3) Environmental Resistance 

 Good resistance to sun and ozone 

 Excellent weatherability 

 No property change after prolonged exposure to water at elevated temperature 

Polytetrafluoroethylene (PTFE & TFE) 

PTFE is a fully fluorinated thermoplastic. It has been used as the material to make O-rings, valve 

seats and seals in natural gas distribution system. 

1) Physical and Mechanical Properties 

 High heat resistance up to 430°F without exposing to aggressive chemicals 

 Relative low in strength and tends to creep under stress at elevated temperatures. Mechanical 

properties can be improved by addition of carbon fibers 

 Low coefficient of friction 

 Hardness decreases as temperature increases 

 Subject to permeation and absorption 

2) Chemical Resistance 

 Chemically inert in the presence of most materials 

 Can be attacked by violent oxidizing and reducing agents, elemental sodium and alkali metals 

(potassium, lithium, etc.) 

3) Environmental Resistance 

 Excellent weathering properties 

 Not degraded by UV radiation 
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Selection of three Elastomers for Compatibility Analysis and Testing 

Property Comparison of the Common Elastomers 

The key properties of those elastomers that have been used in natural gas distribution network are 

compared in Table 23. PP and PTFE are the thermoplastic elastomers whose physical and mechanical 

properties are similar as the elastomers that they are blended with or coated on, thus the physical or 

mechanical properties of PP and PTFE are not included.   

Chemical resistance is rated as: 0 (no data); 1 (not resistant); 2 (limit resistant); 3 (resistant at 

ambient); and 4 (resistant at higher temperature). Environmental resistance is rated as: 0 (no data); 1 (not 

resistant); 2 (limit resistant) and 3 (resistant). The physical/mechanical properties are rated as: 1 (poor); 2 

(fair); 3 (good) and 4 (excellent).  

SBR and NR have lower chemical resistance compared to the other elastomers. The chemical 

resistance rating of SI and CR is also relatively low. SBR and NR also have the lowest rating on 

environmental resistance due to their bad weather and sunlight resistance. NBR is another one with lower 

rating of environmental resistance. SI is the poorest in terms of the overall rating on physical and 

mechanical properties, and the rating of SBR, FPM, CR and PA are also relatively low on physical and 

mechanical properties. 

Basis for Selecting Materials 

SBR, SI, CR and NBR are selected for further compatibility analysis and testing: 

1) SBR 

 Poor resistance to most of the chemicals that present in biogas gathering network,  

 Poor environmental resistance, and 

 Lower rating on physical and mechanical properties 

2) SI 

 Poor physical and mechanical properties, and  

 No or limit resistance to many chemicals that are critical for biogas applications such as  

hydrocarbons, halocarbons, sulfur containing compounds, water/steam, etc. 

3) CR 

 Relatively low rating on physical/mechanical properties, and  

 Poor resistance to certain chemicals that present in biogas, such as aromatic hydrocarbon, 

ketones, halocarbons and sulfur containing compounds. 

4) NBR 

 Widely used elastomers in natural gas distribution systems, 

 Poor environmental resistance 

 Poor resistance to certain chemicals that present in biogas, such as aromatic hydrocarbon, 

ketones, halocarbons and sulfur containing compounds. 
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Table 1. Sizes and Wall Thicknesses for Thermoplastic Gas Pressure Pipes*   
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Table 1. Sizes and Wall Thicknesses for Thermoplastic Gas Pressure Pipes* (Continued)  

 
 
* Data from ASTM D2513  
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Table 2. Key Additives Used in Thermoplastic Pipes 

Additives Function 

Heat Stabilizers 

Prevent the degradation of plastic materials from heat and light. 

Compounds used as heat stabilizers: 

 Metallic salts (barium, cadmium, lead, zinc or a mixture of these materials) 

 Organotin compounds 

 Hindered phenolics 

 Secondary aromatic amines 

 Phosphites/phosphonites 

 Thioethers 

 Soya-based epoxies. 

Antioxidants 
Inhibits reactions caused by oxygen or peroxides and extends the service 
temperature range and life 

Ultraviolet 
Stabilizers 

Inhibits ultraviolet degradation from sunlight and maintains the physical properties at 
the outdoor application. 

Colorants Pigments and dyes are used to provide any desired color 

Coupling Agents Coupling agents improves the mechanical and electrical properties of the plastic 
materials 

Preservatives Preservatives prevent degradation of polymers by microorganisms and make the 
materials better suited for underground use. 

Fillers 

Inert or Extender Fillers: 

 Reduce the cost of the compounds 

 Increasing the density 

 Reduce the shrinkage 

 Increase the hardness 

 Increase the heat deflection temperature 

 

Reinforcing Fillers: 

 Increase the tensile, compressive and shear strengths 

 Increase the heat deflection temperature 

 Reduce shrinkage 

 Increase the modulus and improve the creep behavior 

 

Inert/extender Fillers: 

 China clay (kaolin) 

 Talc (Hydrated Magnesium silicate) 

 Calcium carbonate. 

 

Other Fillers: 

 Wollastonite 

 Silica 

 Barium sulfate 

 Metal powders 
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Table 3. Standard Test Methods for the Physical and Mechanical Properties of Plastic Materials 

Property Test Methods 

Density ASTM D792, ASTM D1505 

Tensile (strength, elongation, modulus) ASTM D638 

Hardness (Shore) ASTM D 1706 

Hardness (Rockwell) ASTM D785 

Hardness (Durometer) ASTM D2240 

Melt Index ASTM D1238 

Flexural Modulus ASTM 790 

Slow Crack Growth Resistance ASTM D 1693 

Coefficient of Thermal Expansion ASTM D696 

Deflection Temperature ASTM D648 

Vicat Softening Temperatue ASTM D1525 

Impact ASTM D256 

Brittleness Temperature ASTM D746 

 
 

Table 4. Physical, Mechanical and Thermal Properties of Polyethylene*  

Physical Properties LDPE MDPE HDPE PE4710 

Density (g/cm
3
) 0.915-0.925 0.926-0.940 0.941-0.947 0.947-0.955 

Tensile Strength (Yield, 10
3
 psi) 0.6-2.3 1.2-3.5 3.2-3.5 3.3-3.8 

Modulus of Elasticity (10
5
 psi) 0.14-0.38 0.25-0.55 0.6-1.8 1.3 

Compressive Strength (10
3
 psi) NA 2.6 3.2 3.4 

Flexural Strength (10
3
 psi) NA 100 110 150 

Long Term Strength (10
3
 psi) NA 1.2-1.5 1.5-1.7 1.5-1.8 

Izod Impact (Ft-lbs/in of notch) >16 No break 3-24 6-24 

Heat Deflect Under Load 

(ºF at 264 psi) 
NA 

140  

(at 66 psi) 
150-175 160-180 

Water Absorption (% in 24h) <0.1 0.1 0.1 0.1 

Coefficient of Expansion (×10
-5

, K
-1

) 10 7-12 7-12 7-12 

Methane Permeability 

(Ft
3
·Mil/Ft

2
/Atm/Day) 

2.49×10
-2

 4.2×10
-3

 2.4×10
-3

 2.4×10
-3

 

Abrasion Resistance 

Taber (mg/1000 cycles) 
10-15 6-10 2-5 NA 

Brittleness, Low temperature (ºC) < -118 < -118 < -118 to -73 NA 

Hardness (Shore D) 44-48 45-60 55-70 NA 

 
* Data from Plastic Pipe Manual for Gas Services (AGA 2006) and Polymer Handbook (Brandrup 1999) 
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Table 5. The Resistance of Polyethylene to Inorganic Chemicals*  

Chemicals Phase/Concentration Chemical Resistance 

Hydrogen Gas 140 

Carbon Dioxide 
Dry 100% 140 

Wet 140 

Carbon Monoxide Gas 140 

Carbon Tetrachloride -- C to 73 

Carbon Disulfide -- C to 140 

Ammonia Gas, 100% 140 

Oxygen Gas 140 

Ozone -- C to 120 

Sulfur Dioxide 
Gas Dry 140 

Gas Wet 120 

Hydrogen Sulfide 
Dry 140 

Wet 140 

Chlorine Gas 50ppm + moisture C to 73 

Bromine 
Liquid N 

Vapor 25% N 

Carbonic Acid Sat’d 140 

Sulfurous Acid -- 140 

Sulfuric Acid 

30% 140 

50% 120 

50-90% 120 

94-98% C to 73 

100% C to73 

Hydrofluoric Acid 

30% 140 

50% 120 

100% 120 

Hydrochloric Acid 
10% 140 

30% 140 

Perchloric Acid 
15% 140 

70% 73 

Bromic Acid 
Sat’d N 

10% 140 

Hydrobromic Acid 50% 140 

Nitric Acid 

40% 73 

100% N 

25% R to 140 

Potassium Hydroxide 25% R to 140 

Sodium Hydroxide 50% 140 

Sodium Chloride -- 140 

Sodium Carbonate -- 140 

Water 

Acid Mine 140 

Potable 140 

Salt 140 

Sea 140 

Waste 140 

Chlorinated Water Sat’d C to120 

Bleach 
5% active Cl2 C to140 

12% active Cl2 73 

Bromine Water Cold Sat’d N 

Brine Sat’d 140 
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Table 6. The Resistance of Polyethylene to Organic Chemicals* 

Chemicals Phase/Concentration Chemical Resistance 

Methane -- 140 

Propane -- 140 

Butane 50% 140 

Heptane -- 73 

Isooctane -- 73 

n-Pentane -- C to120 

Butylene  Liquid 120 

Gasoline -- 73 

Kerosene -- C to 140 

Benzene -- C to 120 

Toluene -- C to 120 

Ethyl Benzene -- C to 73 

Styrene -- C to 73 

Xylene -- N 

Naphthalene -- 73 

Cyclohexane   N 

Carbon Tetrachloride -- C to 73 

Carbon Disulfide -- C to 140 

Chloroform Dry C to 75 

Methyl Chloroform -- C to 120 

Tetrachloroethane -- C to120 

Dichloroethylene -- C to 120 

Trichloroethylene -- C to 120 

Tetrachloroethylene -- C to 120 

Perchloroethylene -- C to 120 

Monochlorobenzene Tech Pure C to 120 

Dichlorobenzene   C to 120 

Chlorobenzene Dry C to 75 

Methyl Chloride Dry C to 120 

Methylene Chloride 100% N 

Ethyl Chloride  Dry C to 73 

Methyl Bromide -- C to 73 

Methylene Bromide -- C to 120 

Methanol -- R to 140 

Ethanol -- 140 

Propyl Alcohol -- R to 140 

Ethylene Glycol  Liquid 140 

Glycol -- 140 

Isopropyl Alcohol -- 140 
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Table 6. The Resistance of Polyethylene to Organic Chemicals (Continued)* 

Chemicals Phase/Concentration Chemical Resistance 

Cyclohexanol -- 73 

Ether -- 73 

Ethyl Ether  Liquid N 

Methyl Acetate -- C to 120 

Ethyl Acetate -- 73 

Isopropyl Acetate 

-- 73 

Dilute 140 

35 to 50% 140 

Formaldehyde 100% 140 

Acetic Acid 

Vapor 140 

25% 140 

60-85% 73 

Fatty Acids -- 120 

Acetone  5% C to 73 

Ketones -- 73 

Methyl Ethyl Ketone  100% N 

Methyl Isobutyl Ketone -- 73 

Methyl Isopropyl Ketone -- 73 

Cyclohexanone -- 120 

Phenol 90% R to 140 

Silicone Oil -- 73 

Detergents  Heavy Duty R to 140 

 
* Data from Chemical Resistance of Thermoplastics Piping Materials (PPI TR-19/2007). The following code is used in the 

chemical resistance data table: 

1.  Number “X”: Material is generally resistant to this temperature 

2. R to X: Material is generally resistant to this temperature and may have limited resistance at higher temperature 

3. C to X: Material has limited resistance to this temperature 

4. N: Not resistant 

5. NA: No data 

Resistant: Swelling <3% or weight loss<0.5% and elongation at break not significantly changed. 

Limited Resistance: Swelling 3-8% or weight loss 0.5-5% and/or elongation at break decreased by <50% 

Not Resistant: Swelling >8% or weight loss >5% and/or elongation at break deceased by >50% 
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Table 7. The Effect of Density, Melt Index and Molecular Weight Distribution on PE Properties* 

Property 
Density 

Increase 

Melt Index 

Increase 

Broad Molecular 

Weight Distribution 

Tensile Strength 
(Yield) 

Increase Decrease NA 

Stiffness Increase Slight Decrease Slight Decrease 

Impact Strength Decrease Decrease Decrease 

Low Temperature 
Brittleness 

Increase Increase Decrease 

Abrasion Resistance Increase Decrease NA 

Hardness Increase Slight Decrease NA 

Softening Point Increase NA Increase 

Stress Crack 
Resistance 

Decrease Decrease Increase 

Permeability Decrease Slight Increase NA 

Chemical Resistance Increase Decrease NA 

Shrinkage Increase Decrease Increase 

 

*Data from Handbook of Polyethylene Pipe (PPI 2006) 

 

 

Table 8. Polyethylene Resin Type and Density (ASTM D3350) 

Type Density (g/cm
3
) 

I 0.91-0.925 (Low) 

II 0.926-0.940 (Medium) 

III 0.941-0.959 (High) 

IV 0.960 and above (High, Homopolymer) 
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Table 9.  The Effect of Cross-linking on PE*  

Property Effect of Crosslinking 

Density Unchanged or Decreases 

Tensile Stength @73F  Unchnaged 

Elongation at Break Unchanged or Decreases 

Environmental Stress Crack Resistance Increases 

Resistance to Slow Crack Growth Increases 

Creep Resistance Increases 

Hydrostatic Design Basis (HDB) 

@ 73F 

@ 180F 

 

Unchanged 

Increases 

Hydrocarbon Permeation Unchanged 

Chemical Resistance Increases 

Maximum service temperature Increases 

 

*Data from Crosslinked Polyethylene (PEX) Pipe and Tubing (PPI TN-17/2008).   

 

 

 

 

 
Table 10. Physical, Mechanical and Thermal Properties of PEX* 

Physical Properties PEX 

Density (g/cm
3
) 0.941-0.955 

Tensile Strength (Yield, 10
3
 psi) 3.5-4.0 

Modulus of Elasticity (10
5
 psi) 1.5 

Compressive Strength (10
3
 psi) 3.6 

Flexural Strength (10
3
 psi) 180 

Long Term Strength (10
3
 psi) 1.5-1.8 

Izod Impact (Ft-lbs/in of notch) 6-24 

Heat Deflect Under Load (ºF at 264 psi) 180-200 

Water Absorption (% in 24h) 0.1 

Coefficient of Expansion (×10
-5

, K
-1

) 7-12 

Methane Permeability (Ft
3·Mil/Ft

2
/Atm/Day) 2.4×10

-3
 

 

* Data from Plastic Pipe Manual for Gas Services (AGA 2006)  
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Table 11. The Resistance of PEX to Inorganic Chemicals*  

Chemicals Phase/Concentration Chemical Resistance 

Hydrogen Gas 140 

Carbon Dioxide 
Dry 100% 140 

Wet 140 

Carbon Monoxide Gas 140 

Ammonia Gas, 100% 140 

Oxygen Gas 140 

Ozone -- C to 120 

Sulfur Dioxide 
Gas Dry 140 

Gas Wet 120 

Hydrogen Sulfide 
Dry 140 

Wet 140 

Chlorine Gas 50ppm + moisture C to 73 

Bromine Liquid N 

 Vapor 25% N 

Carbonic Acid Sat’d 140 

Sulfurous Acid -- 140 

Sulfuric Acid 

30% R to 140 

50% R to 140 

94-98% N 

Hydrofluoric Acid 

30% 140 

50% 120 

100% 120 

Hydrochloric Acid 
10% R to 212 

30% R to 140 

Perchloric Acid 
15% 140 

70% 73 

Bromic Acid Sat’d N 

Hydrobromic Acid 
20% 140 

50% 140 

Nitric Acid 

5% C to 140 

10% C to 140 

40% 140 

100% N 

Potassium Hydroxide 25% R to 140 

Sodium Hydroxide 50% 140 

Sodium Chloride -- 140 

Sodium Carbonate -- 140 

Water 

Acid Mine 140 

Potable 140 

Salt 140 

Sea 140 

Waste 140 

Chlorinated Water Sat’d C to 120 

Bleach 5% active Cl2 C to140 

 12% active Cl2 73 

Bromine Water Cold Sat’d N 

Brine Sat’d 140 
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Table 12. The Resistance of PEX to Organic Chemicals* 

Chemicals Phase/Concentration Chemical Resistance 

Methane -- 140 

Propane -- 140 

Butane 50% 140 

Heptane -- 73 

Isooctane -- 73 

n-Pentane -- C to 120 

Butylene  Liquid 120 

Gasoline -- 73 

Kerosene -- C to 140 

Benzene -- R to 68 

Toluene -- C to 120 

Styrene -- C to 73 

Xylene -- N 

Naphthalene -- 73 

Cyclohexane -- N 

Carbon Disulfide -- R to 68 

Carbon Tetrachloride -- C to 68 

Chloroform 
Dry C to 75 

Liquid N 

Methyl Chloroform -- C to 120 

Tetrachloroethane -- C to 120 

Dichloroethylene -- C to 120 

Trichloroethylene -- C to 68 

Tetrachloroethylene -- C to 120 

Perchloroethylene -- C to120 

Monochlorobenzene Tech Pure C to120 

Dichlorobenzene -- C to 120 

Chlorobenzene 
Dry C to 75 

Liquid R to 68 

Methyl Chloride Dry C to 120 

Methylene Chloride 100% N 

Ethyl Chloride  Dry C to 73 

Methyl Bromide -- C to 73 

Methylene Bromide -- C to120 

Methanol -- R to 140 

Ethanol -- 140 

Propyl Alcohol -- R to 140 

Ethylene Glycol  Liquid R to 212 

Glycol -- 140 
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Table 12. The Resistance of PEX to Organic Chemicals (Continued)* 

Chemicals Phase/Concentration Chemical Resistance 

Isopropyl Alcohol -- 140 

Cyclohexanol -- 73 

Ether -- 73 

Isopropyl Ether -- 73 

Ethyl Ether  Liquid R to 68 

Methyl Acetate -- C to 120 

Ethyl Acetate -- 73 

Isopropyl Acetate -- 73 

Formaldehyde 
Dilute NA 

35 to 50% 140 

Formic Acid 

10% R to 140 

100% 140 

10% 140 

25% 140 

50% R to 176 

60-85% 73 

Fatty Acids -- 120 

Acetone  5% C to 73 

Ketones -- 73 

Methyl Ethyl Ketone  100% R to 140 

Methyl Isobutyl Ketone -- 73 

Methyl Isopropyl Ketone -- 73 

Cyclohexanone -- C to 176 

Phenol 90% R to 140 

Silicone Oil -- 73 

Detergents  Heavy Duty R to 140 

 

 * Data from Chemical Resistance of Thermoplastics Piping Materials (PPI TR-19/2007). The following code is used in the 

chemical resistance data table: 

1.  Number “X”: Material is generally resistant to this temperature 

2. R to X: Material is generally resistant to this temperature and may have limited resistance at higher temperature 

3. C to X: Material has limited resistance to this temperature 

4. N: Not resistant 

5. NA: No data 

Resistant: Swelling <3% or weight loss<0.5% and elongation at break not significantly changed. 

Limited Resistance: Swelling 3-8% or weight loss 0.5-5% and/or elongation at break decreased by <50% 

Not Resistant: Swelling >8% or weight loss >5% and/or elongation at break deceased by >50% 
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Table 13. Physical, Mechanical and Thermal Properties of PA11 and PA12* 

Property PA11 PA12 

Density (g/cm
3
) 1.01-1.15 1.01-1.02 

Tensile  Strength (Yield, 10
3 
psi) 5.2 5.9 

Elongation at Break (%) 360 250 

Compressive Strength (10
3
 psi) NA 10.6 

Modulus of Elasticity (10
5
 psi) NA 2.03 

Hardness (Shore D) 72 NA 

Hardness (Rockwell) NA 106-110 

Izod Impact Strength (ft-lb/in notch) 1.85 0.4 

Flexural Modulus (10
3
 psi) 184 149 

Glass Transition  Temperature (ºF) 107 134 

Coefficient of Thermal Expansion (×10
-5

, K
-1

) 8.5 11 

Melting Point (ºF) 370 347-356 

Heat Deflection Temperature (ºF) 116 239 

Water absorption (wt%), 73ºF, 100% RH 1.9 1.5 

Methane Permeability (Ft
3
·Mil/Ft

2
/Atm/Day) 8×10

-5
 2.4×10

-4
 

 
*Data from Polymer Data Handbook (Mark 1999) 
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Table 14. Chemical Resistance of PA11* 

Chemicals Phase/Concentration Chemical Resistance 

Hydrogen Gas 194 

Carbon Tetrachloride -- N 

Carbon Disulfide -- R to 104 

Ammonia Gas, 100% 140 

Oxygen Gas R to 140 

Ozone -- C to 68 

Bromine Liquid N 

Sulfuric Acid 100% C to 194 

Hydrochloric Acid 10% C to 104 

Nitric Acid 5% N 

Potassium Hydroxide 50% C to 104 

Sodium Hydroxide 
50% C to 104 

Sat 194 

Sodium Carbonate -- R to 140 

Water 

Potable 194 

Salt 194 

Sea 194 

Waste 194 

Methane -- 140 

Propane -- 140 

Toluene -- R to 140 

Styrene -- R to 104 

Xylene -- C to 194 

Naphthalene -- R to194 

Cyclohexane -- C to 140 

Trichloroethylene -- C to 68 

Tetrachloroethylene -- C to 68 

Perchloroethylene -- C to 68 

Chlorobenzene Liquid C to 176 

Methyl Chloride Dry R to 68 

Methyl Bromide -- R to 68 

Ethanol -- C to 104 

Glycol -- C to 140 

Methyl Acetate -- -- 

Ethyl Acetate -- 140 

Formaldehyde Dilute C to 104 

Formic Acid 10% N 

Acetic Acid 
10% R to 176 

50% C to 68 

Fatty Acids -- 194 

Acetone 5% C to 140 

Methyl Ethyl Ketone 100% C to 140 

Cyclohexanone -- C to 140 

* Data from Chemical Resistance of Thermoplastics Piping Materials (PPI TR-19/2007).The following code is used: 

1.  Number “X”: Material is generally resistant to this temperture 

2.  R to X: Material is generally resistant to this temperature and may have limited resistance at higher temperature  

3.  C to X: Material has limited resistance to this temperature 

4.  N: Not resistant 

5. NA: No data 

Resistant: Swelling <3% or weight loss<0.5% and elongation at break not significantly changed. 

Limited Resistance: Swelling 3-8% or weight loss 0.5-5% and/or elongation at break decreased by <50% 

Not Resistant: Swelling >8% or weight loss >5% and/or elongation at break deceased by >50%
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Table 15. Comparison of the Physical/Mechanical Properties of PE, PEX, PA11 and PA12  

Weight 
Factor 

Physical/Mechanical Properties 
MDPE 
(2XXX) 

HDPE 
(3XXX) 

HDPE 
(4XXX) 

PEX PA11 PA12       

15 Impermeability 2 3 3 3 4 4   Rating   

10 Tensile Strength 2 3 3 3 4 4   0: No data   

20 Long-term Strength/Creep 2 3 3 3 4 4   1: Poor   

15 Impact Resistance 4 4 4 4 4 2   2: Fair   

10 Flexibility 4 4 3 3 3 3   3: Good   

20 Slow Crack Growth Resistance 4 4 4 4 4 4   4. Excellent   

10 Themal Expansivity 1 1 1 1 1 1       

10 Abrasion Resistance 4 4 4 4 0 0       

Total 
Rating 23 26 25 25 24 22       

Weighted Rating 320 365 355 355 360 330       
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Table 16. Comparison of Chemical and Environmental Resistance of PE, PEX and PA11 

Properties PE PEX PA11 

Chemical Resistance Critical for Biogas Application 30 32 19 

0: No data Weak Acids (CO2, H2S) 4 4 0 

1: Not resistant Mineral Acids 4 4 1 

2: Limit resistant Concentrated/Oxidizing Acids 2 2 1 

3: Resistant at ambient Hydrocarbon Gas 4 4 4 

4: Resistant at higher  Alphatic Hydrocarbon Liquid 2 2 0 

 temperature Aromatic Hydrocarbon 1 1 4 

  Ketones 3 3 1 

  Halocarbons 1 1 1 

  Silaxanes 3 3 0 

  Water/Steam 3 3 3 

  Oil/Gasoline 2 2 0 

  Sulfur Containing Compounds 1 3 4 

  Other Chemicals 16 16 8 

  Alkalies 4 4 1 

  Salt Solutions 4 4 4 

  Alcohol 4 4 1 

  Organic Acids 4 4 2 

  Total  46 48 27 

Environmental 
Resistance 

Heat 2 3 3 

0: No data Bacteria 3 3 0 

1: Not resistant Waste Water 3 3 3 

2: Limit resistant Weather 2 2 3 

3: Resistant  Ozone 2 2 3 

  Sunlight 2 2 3 

  Total 14 15 15 
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Table 17. Elastomers in Natural Gas Distribution System 

 Material Name Other Names Type Acronym 

1 Butadiene-Styrene Buna-S; GR-S Styrene-butadiene Rubber SBR 

2 Butadiene-Acrylonitrile Buna-N; Nitrile; Perbunan; Nytek  Acrylonitrile-butadiene Rubber NBR 

3 Natural Rubber Gum Natural Rubber NR 

4 Polychloroprene Neoprene; Bayprene; Chloroprene Synthetic Rubber CR 

5 Ethylene-Propylene Nordel; Royalene; Dutral Synthetic Rubber EPM & EPDM 

6 Polyamide (11 and 12) Rilsan; Vydyne; Plaskin; Nylon PA11 & PA12 Elastomer PA11 & PA12 

7 Silicone and Fluorosilicone Polysiloxanes; Cohrlastic; Green-Sil; Parshiled; 
Baysilone; Blue-Sil 

Silicone Rubber/Polysiloxane SI &FSI 

8 Fluoroelastomer Viton; Fluorel; Technoflon High Performance Synthetic Rubber FKM 

9 Perfluoroelastomer Kalrez; Chemraz; Kel-F High Performance Synthetic Rubber FPM 

10 Polypropylene PP Thermoplastic/Polyolefin PP 

11 Polytetrafluoroethylene Teflon, Halon Fully Fluorinated Thermoplastic PTFE &FTE 
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Table 18. Additives Used in Elastomer Formulations 

Additives Function Chemicals 

Reinforcing Agent 
Increase tensile strength and 
abrasion/tear resistance 

Carbon Black (basic and acid) SiO2 for silicone 
rubber 

Filler Reduce the cost 
CaCO3, barite, talc, silica, silicates, clays and 
fibrous material 

Plasticizer Soften polymer 
Bituminous substances, coal tar, vegetable and 
mineral oils, paraffin, petrolatum, petroleum, 
oils, and asphalt 

Vulcanizing 
Curing Agent 

Crosslink polymer Sulfur with heating 

Accelerators Speed up vulcanizing process Sulfur containing organic compounds 

Promoters 
Activator 

Improve the cure Zinc oxide 

Antioxidants 
Stabilizers 

Improve the resistance to 
natural aging, sunlight, heat and 
flexing 

Condensation amines and waxes 

Pigments Provide color  

 
 

 

Table 19. Operating Temperature Range of the Elastomers* 

Elastomer 
Operating Temperature Range (ºF) 

Min Max 

NR -59 175 

CR -13 203 

SBR -66 175 

NBR -40 250 

EPDM -65 300 

SI -60 450 

FKM -10 400 

FPM -58 600 

PTFE &TFE -20 430 

 

*Data from Corrosion of Polymers and Elastomers (Schweitzer 2007) 
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Table 20. Compatibility of Elastomers with Selected Inorganic Chemicals* 

Chemicals 
Phase 

Concentration 

Max Temperature (°F) 

NR SBR NBR CR EPDM PA SI FKM PP 

Carbon Monoxide -- N NA NA N N NA 400 400 220 

Carbon Dioxide 
Dry NA NA 140 200 200 NA NA 80 220 

Wet NA NA NA 200 200 NA NA N 140 

Fluorine 
Gas, Dry N NA N N N NA NA N N 

Gas, Wet NA NA NA N 60 NA NA N N 

Chlorine 

Gas, Dry N NA N N N N NA 190 N 

Gas, Wet NA NA N N N N NA 190 N 

Liquid NA NA N N N NA NA 190 N 

Carbonic Acid -- 140 NA 100 150 176 80 400 400 220 

Hydrofluoric acid 

-- NA NA NA NA NA NA N NA NA 

Dilute NA N NA NA NA N NA NA NA 

30% N N NA N 60 N NA 210 180 

40% NA N N N N N NA NA NA 

50% NA N NA NA NA N NA NA NA 

70% N N N N N N NA 350 200 

100% N N N N N N NA N 200 

Hydrogen Sulfide -- NA NA 68 N 68 N NA NA NA 

Hydrochloric acid 

Dilute NA N N N 140 80 90 NA NA 

20% N N NA N 100 N 90 350 220 

35% NA N N N NA N 90 NA NA 

38% 140 N N N 90 N NA 350 200 

50% NA N N NA NA N NA NA NA 

Hydrobromic acid 

-- NA NA NA NA NA NA N NA NA 

Dilute NA NA NA NA 90 NA NA 400 230 

20% 140 NA NA NA 140 NA NA 400 200 

50% 140 NA N 104 140 NA NA 400 190 

Nitric Acid 

-- NA N NA NA NA NA NA NA NA 

5% N NA NA N 60 NA 80 400 140 

10% NA NA NA NA NA NA 80 NA NA 

20% N NA N N 60 NA N 400 140 

70% N NA N N N NA NA 190 N 

Anhydrous N NA N N N NA N 190 N 
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Table 20. Compatibility of Elastomers with Selected Inorganic Chemicals* (Continued) 

Chemicals 
Phase 

Concentration 

Max Temperature (°F) 

NR SBR NBR CR EPDM PA SI FKM PP 

Sulfuric Acid 

-- NA NA NA NA NA NA N NA NA 

10% 140 N 150 150 150 NA NA 350 200 

50% N N 150 100 150 NA NA 350 200 

70% N N N N 140 NA NA 350 180 

90% N N N N N NA NA 350 180 

98% N N N N N NA NA 350 120 

100% N N N N N NA NA 180 N 

Hypochlorous Acid -- NA NA NA N 200 NA NA 400 140 

Perchloric Acid 
10% NA NA NA NA 140 NA N 400 140 

70% NA NA NA N NA NA NA 400 N 

Ammonia Gas NA NA 190 140 200 NA NA N 150 

Ammonium Hydroxide 

10% NA NA NA NA NA 200 210 NA NA 

25% 140 NA 180 200 100 200 NA NA 200 

Sat 140 NA NA 200 100 200 400 NA 200 

Sodium Hydroxide 

10% 140 N 150 230 200 200 90 N 220 

50% N N N 230 180 200 90 N 220 

Concentrated N N NA 230 180 200 90 N 140 

Potasium Hydroxide 

<50% NA N NA NA NA NA 210 NA NA 

50% NA NA N N 140 200 NA NA NA 

90% NA NA NA NA NA NA 80 NA NA 

Sodium Carbonate -- 140 NA 125 200 200 220 300 190 220 

Sodium Chloride 
-- 140 200 200 200 140 200 NA 400 200 

10% NA NA NA NA NA NA 400 NA NA 

Water 

Demineralized NA 210 NA NA NA NA 210 NA NA 

Acid Mine NA NA NA NA NA 80 210 NA NA 

Distilled NA NA 212 140 104 80 210 NA NA 

Salt NA 200 NA NA NA 140 210 NA NA 

Sea NA 200 NA NA NA 140 210 NA NA 

Ozone -- NA NA N N N NA 400 NA NA 
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Table 21. Compatibility of Elastomers with Selected Organic Chemicals*  

Chemicals 
Phase 

Concentration 

Max Temperature (°F) 

NR SBR NBR CR EPDM PA SI FKM PP 

Carbon Disulfide -- N N N N N 80 N 400 N 

Methyl Chloride -- NA NA N N NA NA NA 190 N 

Methylene Chloride -- NA NA N N NA NA N NA NA 

Carbon Tetrachloride -- N N N N 200 140 NA 350 N 

Ethane -- NA NA NA NA NA NA N NA NA 

Butane -- NA N 68 68 N 140 NA NA NA 

Propane -- NA N 68 68 N 80 N NA NA 

Hexane -- NA NA 140 140 N NA N NA NA 

Butadiene -- NA NA N 140 N NA NA 400 N 

Cyclohexane -- N NA N N N NA NA 400 N 

Benzene -- N N 150 N N 200 N 400 140 

Toluene -- NA N N N N 140 N 400 N 

Styrene -- NA NA NA NA NA NA N NA NA 

Xylene -- NA NA N N N NA N NA NA 

Naptha -- NA NA NA NA NA 120 N NA NA 

Fuel Oil -- NA NA 140 104 N NA N NA NA 

Gasoline -- NA NA 140 N N NA N NA NA 

Methyl Acohol -- NA NA 140 104 140 NA 410 NA NA 

Ethyl Acohol -- NA 200 N 68 140 200 400 NA NA 

Propyl Acohol -- NA NA 68 140 104 NA 400 NA NA 

Allyl Alcohol -- NA NA 180 120 200 NA NA 190 140 

Amyl Alcohol -- 140 NA 150 200 200 100 N 200 200 

Benzyl Alcohol -- N NA N N N NA NA 400 140 

Butyl Alcohol -- 140 N 140 200 200 200 80 400 200 

Cyclohexanol -- NA NA N N N NA NA 400 150 

Ethylene Glycol -- 140 200 100 100 200 200 400 400 210 

Phenol -- N N N N NA N N 210 180 

Formic Acid -- NA NA N 68 140 N NA NA NA 

  

  



Task 5: Develop Compilation of Nonmetallic Materials 

189 
 

Table 21. Compatibility of Elastomers with Selected Organic Chemicals* (Continued) 

Chemicals 
Phase 

Concentration 

Max Temperature (°F) 

NR SBR NBR CR EPDM PA SI FKM PP 

Acetic acid 

10% 150 N 68 160 140 N 90 190 220 

20% NA NA NA NA NA NA 90 NA NA 

50% N N N 160 140 N 90 180 200 

80% N N N 160 140 N 90 180 200 

Glacial N N N N 140 N 90 N 190 

Vapor NA NA NA NA NA NA 90 NA NA 

Chloroacetic Acid 
50% water N NA N N 160 NA NA N 80 

-- N NA NA N NA NA NA N 180 

Dichloroacetic Acid -- NA NA N N 140 NA NA NA 100 

Trichloroacetic Acid -- NA NA N N 80 NA NA 190 150 

Acetone 
-- 140 200 N N 200 NA 110 N 220 

50% water NA NA NA NA NA NA 110 NA NA 

Ketones -- NA NA NA N N NA NA N 110 

Methyl Ethyl Ketone -- N N N N 80 160 N N N 

Methyl isobutyl Ketone -- N N NA N 60 100 NA N N 

Cyclohexanone -- NA NA 68 NA NA 200 NA NA NA 

Amyl Acetate -- N NA N N 200 NA N N N 

Ethyl Acetate -- NA N N N 68 NA 170 NA NA 

Propyl Acetate -- NA NA NA NA NA NA N NA NA 

Butyl Acetate -- N N N 60 140 NA NA N N 

Dibutyl Phthalate -- NA NA N N N 80 NA 80 180 

Ethers General NA NA NA NA NA NA N NA NA 

Formaldehyde 

Dilute NA 200 NA NA NA NA 200 NA NA 

37% NA 200 104 104 140 NA 200 NA NA 

50% NA 200 NA NA NA NA 200 NA NA 

Acetaldehyde -- N NA N 200 200 NA NA N 120 

Benzaldehyde -- N NA N N 150 NA NA N 80 

Aniline -- N N N N 140 N 80 230 180 

Chloroform -- N N NA N N N NA 400 N 

Dichloroethane -- N NA NA N N NA NA 190 80 

Trichloroethylene -- NA N N N N 160 NA NA NA 

Chlorobenzene -- N NA N N N NA N 400 N 
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Table 21. Compatibility of Elastomers with Selected Organic Chemicals* (Continued) 

Chemicals 
Phase 

Concentration 

Max Temperature (°F) 

NR SBR NBR CR EPDM PA SI FKM PP 

Monochlorobenzene -- NA NA NA NA NA N NA NA NA 

Methyl Chloride -- N NA N N N NA N NA NA 

Acetyl Chloride -- N NA N N N NA NA 400 N 

Ethyl Chloride -- NA NA N N N NA N NA NA 

Ethylene Chloride -- NA NA N N N 200 N NA NA 

Allyl Chloride -- NA NA N N N NA NA 100 140 

Amyl Chloride -- NA NA NA N N NA NA 190 N 

Benzyl Chloride -- N NA NA N N NA N 400 80 

Silicone Oil -- NA NA 140 104 140 80 NA NA NA 

Vegetable Oil -- NA NA 68 N N NA 400 NA NA 

Mineral Oil -- NA NA 140 N NA NA 300 NA NA 

Paraffin -- NA NA 68 68 N NA N NA NA 

 
*Data from Corrosion of Polymers and Elastomers (Schweitzer 2007) and Handbook of Polyethylene Pipe (PPI 

2006). The following code is used in the chemical resistance data table: 

1.  Number “X”: Material is generally resistant to this temperature 

2.  N: Material is not compatible to this chemical 

5.  NA: No data 
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Table 22. Comparison of the Positive/Negative Effects from Elastomer Additives* 

Improved Properties Degraded Properties 

Tensile strength Extensibility; Dynamic properties 

Dynamic properties Thermal Stability; Compression set resistance 

Balanced properties Processability 

Compression set resistance Flex fatigue strength; Resilience 

Oil resistance Low-temperature flexibility 

Abrasion resistance Resilience 

Dampening Resilience; Compression set resistance 

 

*Data from Corrosion of Polymers and Elastomers (Schweitzer 2007) 
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Table 23. Comparison of Elastomer Properties 

Properties NR SBR NBR CR EPDM PA SI FKM FPM PP PTFE 

Chemical Resistance Critical for Biogas Application 13 13 26 24 26 28 19 37 44 29 44 

0: No data Weak Acids (CO2, H2S) 4 0 4 4 4 3 4 4 4 4 4 

1: Not resistant Mineral Acids 2 1 2 2 4 1 3 4 4 4 4 

2: Limit resistant Concentrated/Oxidizing Acids 1 1 1 1 1 0 1 4 4 4 4 

3: Resistant at ambient Alphatic Hydrocarbon 1 1 3 3 1 4 2 4 4 1 4 

4: Resistant at higher 
 temperaure 

Aromatic Hydrocarbon 1 1 1 1 1 4 1 4 4 1 4 

Ketones 1 2 1 1 4 4 3 1 4 4 4 

  Halocarbons 1 1 1 1 1 2 1 4 4 1 4 

  Silaxanes 0 0 4 4 4 3 0 0 4 4 4 

  Water/Steam 0 4 4 4 4 3 2 4 4 4 4 

  Oil/Gasoline 1 1 4 2 1 3 1 4 4 1 4 

  Sulfur Containing Compounds 1 1 1 1 1 1 1 4 4 1 4 

  Other Chemicals 11 9 12 12 12 11 12 9 12 12 12 

  Alkalies 4 1 4 4 4 3 4 1 4 4 4 

  Salt Solutions 4 4 4 4 4 4 4 4 4 4 4 

  Alcohol 3 4 4 4 4 4 4 4 4 4 4 

  Organic Acids                       

  Total 24 22 38 36 38 39 31 46 56 41 56 

Environmental Resistance Critical for Biogas Application 3 4 7 11 9 6 6 9 9 9 9 

0: No data Heat 2 2 3 2 3 3 3 3 3 3 3 

1: Not resistant Bacteria 0 0 0 3 0 0 0 0 0 0 0 

2: Limit resistant Waste Water 0 1 3 3 3 0 0 3 3 3 3 

3: Resistant  Weather 1 1 1 3 3 3 3 3 3 3 3 

  Others 3 2 2 6 6 6 6 6 6 6 6 

  Ozone 2 1 1 3 3 3 3 3 3 3 3 

  Sunlight 1 1 1 3 3 3 3 3 3 3 3 

  Total 6 6 9 17 15 12 12 15 15 15 15 

Physical/Mechanical Impermeability 3 4 3 3 3 2 1 4 4     

1: Poor Compression Set Resistance 4 3 4 2 4 3 4 4 3     

2: Fair Tear Resistance 4 1 2 2 4 3 1 2 1     

3. Good Tensile Strength 4 3 4 3 4 3 1 4 3     

4. Excellent Cold Rebound 4 3 3 4 3 3 3 3 3     

  Hot Rebound 4 3 3 4 3 3 3 3 3     

  Abrasion Resistance 4 3 3 3 4 4 1 4 3     

  Total 27 20 22 21 25 21 14 24 20     
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Table 24. Median Chemical Compositions of Biogas from Landfill and Dairy Farms 

Group # Gas Constituents Landfill Dairy Farms 

1 

Helium 0.10% NA 

Hydrogen 13.00% 0.07% 

Nitrogen 11.00% 0.40% 

2 

Carbon dioxide 38.00% 40.00% 

Oxygen 2.50% NA 

Carbon monoxide 0.30% NA 

Hydrogen sulfide 1830 ppm 1800 ppm 

Sulfur dioxide 0.4 ppm 0.4 ppm 

Ammonia NA 0.02% 

3 

Methane 40.00% 59.00% 

Ethane 0.03% NA 

Propane 0.01% 0.002% 

n-Butane 
0.04% 

NA 

1,3 Butane NA 

Pentane 0.08% NA 

n-Hexane 0.04% 3 ppm 

n-Heptane 662 ppm 1 ppm 

n-Octane 378 ppm NA 

Nonane 110 ppm NA 

n-Decane 57 ppm NA 

Undecane 28 ppm NA 

Dodecane 3 ppm NA 

Tridecane 1 ppm NA 

4 
Cyclopentane 

20 ppm 
NA 

Cyclohexane NA 

5 
Ethene 0.02% NA 

Propyene 0.04% NA 

6 

Benzene 415 ppm NA 

Toluene 58 ppm NA 

Ethylbenzene 8 ppm NA 

Xylene 18 ppm NA 

Styren 2 ppm NA 

C3 benzene 22 ppm NA 
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Table 24. Median Chemical Compositions of Biogas from Landfill and Dairy Farms (Continued) 

Group # Gas Constituents Landfill Dairy Farms 

7 

Carbonyl Sulfide 0.4 ppm 1.1 ppm 

Carbon Disulfide 0.2 ppm 0.08 ppm 

Methyl Mercaptan 678 ppm 0.2 ppm 

Ethyl Mercaptan 8 ppm NA 

i-Propyl Mercaptan 3 ppm 0.4 ppm 

n-Propyl Mercaptan 3 ppm 0.1 ppm 

t-Butyl Mercaptan 0.2 ppm 0.2 ppm 

Dimethyl Sulfide 404 ppm 0.2 ppm 

Methyl Ethyl Sulfide 22 ppm NA 

Diethyl Sulfide 3 ppm NA 

Dimethyl Disulfide 2 ppm 0.2 ppm 

Diethyl Disulfide NA 0.2 ppm 

Methyl Ethyl Disulfide 0.2 ppm NA 

Thiophene 14 ppm 0.1 ppm 

C1-Thiophenes 13 ppm NA 

Thiophane 4 ppm NA 

Unidentified sulfur compounds 6 ppm NA 

8 

Dichlorodifluoromethane 

0.4 ppm 

NA 

1,2-Dichlorotetrafluoroethane NA 

1,1,2-Trichloro-1,2,2-trifluoroethane NA 

Trichlorofluoroethane NA 

Chloromethane 3 ppm NA 

Vinylchloride 0.4 ppm 0.4 ppm 

1,1-Chloroethane 0.4 ppm NA 

1,1-dichloroethene 0.4 ppm NA 

1,4-dichlorobenzene NA 0.2 ppm 

9 

Hexamethyldisilane <2 ppm NA 

Octamethylcyclotetrasiloxane < 12 ppm NA 

Decamethylpentasiloxane <3 ppm NA 

Decamethyltetrasiloxane <2 ppm NA 

10 

Antimony 

100-300 mg/m
3
 

NA 

Zinc NA 

Arsenic NA 

Mercury 0.6 mg/m
3
 NA 

Copper NA 
0.02 mg/m

3
 

Molybdenum NA 
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Table 25. CO2 partial pressure, pH and the Compositions of Carbonic Acid Solutions* 

    
 

(atm) 
pH 

[CO2] 

(mol/L) 
[H2CO3] (mol/L) [    

 ] (mol/L) 
[   

  ] 

 (mol/L) 

10
-8

 7.00 3.36×10
-10

 5.71×10
-13

 1.42×10
-9

 7.90×10
-13

 

10
-6

 6.81 3.36×10
-8

 5.71×10
-11

 9.16×10
-8

 3.30×10
-11

 

10
-4

 5.92 3.36×10
-6

 5.71×10
-9

 1.19×10
-6

 5.57×10
-11

 

3.5×10
-4

 5.65 1.18×10
-5

 2.00×10
-8

 2.23×10
-6

 5.60×10
-11

 

10
-3

 5.42 3.36×10
-5

 5.71×10
-8

 3.78×10
-6

 5.61×10
-11

 

10
-2

 4.92 3.36×10
-4

 5.71×10
-7

 1.19×10
-5

 5.61×10
-11

 

10
-1

 4.42 3.36×10
-3

 5.71×10
-6

 3.78×10
-5

 5.61×10
-11

 

1 3.92 3.36×10
-2

 5.71×10
-5

 1.20×10
-4

 5.61×10
-11

 

2.5 3.72 8.40×10
-2

 1.43×10
-4

 1.89×10
-4

 5.61×10
-11

 

10 3.42 0.336 5.71×10
-4

 3.78×10
-4

 5.61×10
-11

 

 

* Data from Wikipedia: http://en.wikipedia.org/wiki/Carbonic_acid 

 

  

http://en.wikipedia.org/wiki/Carbonic_acid
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Table 26. General Physical Properties of the Hydrocarbons Present in Biogas* 

Chemical Formula Boiling point (°F) Melting point (°F) Density (g·cm
−3

)  

Methane CH4 -259.60 -297.40 gas 

Ethane C2H6 -128.20 -295.17 gas 

Propane C3H8 -43.60 -306.40 gas 

Butane C4H10 31.10 -211.00 gas 

Pentane C5H12 96.80 -202.00 0.626 

Hexane C6H14 156.20 -139.00 0.659 

Heptane C7H16 208.40 -131.80 0.684 

Octane C8H18 258.80 -70.60 0.703 

Nonane C9H20 303.80 -65.20 0.718 

Decane C10H22 345.20 -22.00 0.73 

Undecane C11H24 384.80 -14.80 0.74 

Dodecane C12H26 420.80 14.00 0.749 

Tridecane C13H28 453.20 23.00 0.756 

Cyclopentane C5H10 120.20 -137.20 0.751 

Cyclohexane C6H12 177.33 43.70 0.779 

Ethylene C2H4 -154.66 -272.56 1.178 

Propylene C3H6 -53.68 -301.36 1.81 

Benzene C6H6 176.18 41.90 0.8765 

Toluene C7H8 231.08 -135.40 0.8669 

Xylene C8H10 281.30 -53.32 0.864 

Ethylbenzene C8H10 276.80 -139.00 0.8665 

Styrene C8H8 293.00 -23.08 0.91 

C3-benzene C9H12 318.20 -146.20 0.862 

 

* Data from: 

1. Wikipedia: http://en.wikipedia.org/wiki/Carbonic_acid 

2. National Institute of Standards and Technology (NIST) Chemistry WebBook: 

http://webbook.nist.gov/cgi/cbook.cgi?ID=C74828&Units=SI 

3. International Programme on Chemical Safety (IPCS) webpage: http://www.inchem.org/ 

 

  

http://en.wikipedia.org/wiki/Carbonic_acid
http://webbook.nist.gov/cgi/cbook.cgi?ID=C74828&Units=SI
http://www.inchem.org/
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Table 27. General Physical Properties of the Organosulfur Compounds Present in Biogas* 

Chemicals Formula 
Boiling point  

(°F) 
Melting point  

(°F) 
Density  
(g·cm

−3
)  

Carbonyl Sulfide  OCS -58.36 -217.84 Gas 

Carbon Disulfide CS2 115.34 -167.44 1.261 

Methyl Mercaptan CH4S 42.71 -189.40 0.9 

Ethyl Mercaptan C2H6S 95.00 -234.40 0.8617 

i-Propyl Mercaptan C3H8S 130.73 -204.07 0.814 

n-Propyl Mercaptan C3H8S 153.95 -171.67 0.84 

t-Butyl Mercaptan C4H10S 146.93 33.53 0.8 

Dimethyl Sulfide C2H6S 98.60 -144.40 0.84 

Methyl Ethyl Sulfide C3H8S 152.33 -159.07 0.827 

Diethyl Sulfide C4H10S 197.60 -154.84 0.837 

Dimethyl Disulfide C2H6S2 229.73 -120.37 1.06 

Diethyl Disulfide C4H10S2 308.93 -150.07 0.993 

Methyl Ethyl Disulfide C3H8S2 276.80 NA 1.017 

Thiophene C4H4S 183.20 -36.40 1.051 

C1-Thiophenes C5H11S NA NA NA 

Thiophane C4H8S 246.20 -140.80 1 

 
* Data from: 

1. Wikipedia: http://en.wikipedia.org/wiki/Carbonic_acid 

2. National Institute of Standards and Technology (NIST) Chemistry WebBook: 

http://webbook.nist.gov/cgi/cbook.cgi?ID=C74828&Units=SI 

3. International Programme on Chemical Safety (IPCS) webpage: http://www.inchem.org/ 

 

  

http://en.wikipedia.org/wiki/Carbonic_acid
http://webbook.nist.gov/cgi/cbook.cgi?ID=C74828&Units=SI
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Table 28. General Physical Properties of the Halocarbons Present in Biogas* 

Chemicals Formula 
Boiling point 

(°F) 
Melting point 

(°F) 

Density 

(g·cm
−3

) 

Dichlorodifluoromethane CCl2F2 -21.64 -251.86 
1.486  

@ -21.6°F 

1,2-Dichlorotetrafluoroethane C2Cl2F4 38.30 -137.20 1.455 

1,1,2-Trichloro-1,2,2-trifluoroethane C2Cl3F3 117.86 -31.00 1.56 

Trichlorofluoroethane CCl3F 74.79 -166.86 1.494 

Chloromethane CH3Cl -11.56 -143.86 
0.002  

@ 32°F 

Vinylchloride C2H3Cl 8.60 -245.20 0.91 

1,1-Dichloroethane C2H4Cl2 134.96 -142.60 1.2 

1,1-Dichloroethene C2H2Cl2 89.60 -187.60 1.213 

1,4-Dichlorobenzene C6H4Cl2 345.20 128.30 1.25 (solid) 

 
* Data from: 

1. Wikipedia: http://en.wikipedia.org/wiki/Carbonic_acid 

2. National Institute of Standards and Technology (NIST) Chemistry WebBook: 

http://webbook.nist.gov/cgi/cbook.cgi?ID=C74828&Units=SI 

3. International Programme on Chemical Safety (IPCS) webpage: http://www.inchem.org/ 

 

  

http://en.wikipedia.org/wiki/Carbonic_acid
http://webbook.nist.gov/cgi/cbook.cgi?ID=C74828&Units=SI
http://www.inchem.org/
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Table 29.  General Physical Properties of the Organosilicon Compounds Present in Biogas*  

Chemicals Formula 
Boiling point 

(°F) 
Melting point 

(°F) 
Density 
(g·cm

−3
)  

Hexamethyldisilane C6H18Si2 235.13 57.11 0.715 

Octamethylcyclotetrasiloxane C8H24O4Si4 346.73 62.33 0.956 

Decamethylcyclopentasiloxane C10H30O5Si5 194.00 -459.67 0.958 

Decamethyltetrasiloxane C10H30O3Si4 381.20 -90.40 0.854 

 
* Data from: 

1. Wikipedia: http://en.wikipedia.org/wiki/Carbonic_acid 

2. National Institute of Standards and Technology (NIST) Chemistry WebBook: 

http://webbook.nist.gov/cgi/cbook.cgi?ID=C74828&Units=SI 

3. International Programme on Chemical Safety (IPCS) webpage: http://www.inchem.org/ 

 

  

http://en.wikipedia.org/wiki/Carbonic_acid
http://webbook.nist.gov/cgi/cbook.cgi?ID=C74828&Units=SI
http://www.inchem.org/
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Table 30. Solubility Parameters of the Compounds Presented in Landfill Gas* 

Group # Gas Constituents Concentration  (Mpa)
1/2

 H-Bonding Group 

3 

Methane 40.00% 11 Poor 

Ethane 0.03% 12.3 Poor 

Propane 0.01% 13.1 Poor 

n-Butane 
0.04% 

13.9 Poor 

1,3 Butane 14.5 Poor 

Pentane 0.08% 14.3 Poor 

n-Hexane 0.04% 14.9 Poor 

n-Heptane 662 ppm 15.1 Poor 

n-Octane 378 ppm 15.6 Poor 

Nonane 110 ppm 15.8 Poor 

n-Decane 57 ppm 15.8 Poor 

Undecane 28 ppm NA NA 

Dodecane 3 ppm 16 NA 

Tridecane 1 ppm NA NA 

4 
Cyclopentane 

20 ppm 
17.8 Poor 

Cyclohexane 16.8 Poor 

5 
Ethene 0.02% NA NA 

Propene 0.04% NA NA 

6 

Benzene 415 ppm 18.8 Poor 

Toluene 58 ppm 18.2 Poor 

Ethylbenzene 8 ppm 18 Poor 

Xylene 18 ppm 18 Poor 

Styren 2 ppm 19 Poor 

C3 benzene 22 ppm 17.6 Poor 

 
* Data from Polymer Handbook (Brandrup 1999) 
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Table 30. Solubility Parameters of the Compounds Presented in Landfill Gas (Continued)* 

Group # Gas Constituents Concentration  (Mpa)
1/2

 H-Bonding Group 

7 

Carbonyl Sulfide 0.4 ppm NA NA 

Carbon Disulfide 0.2 ppm 20.5 NA 

Methyl Mercaptan 678 ppm NA NA 

Ethyl Mercaptan 8 ppm 18.4 NA 

i-Propyl Mercaptan 3 ppm NA NA 

n-Propyl Mercaptan 3 ppm NA NA 

t-Butyl Mercaptan 0.2 ppm NA NA 

Dimethyl Sulfide 404 ppm NA NA 

Methyl Ethyl Sulfide 22 ppm NA NA 

Diethyl Sulfide 3 ppm 17.4 NA 

Dimethyl Disulfide 2 ppm NA NA 

Methyl Ethyl Disulfide 0.2 ppm NA NA 

Thiophene 14 ppm NA NA 

C1-Thiophenes 13 ppm NA NA 

Thiophane 4 ppm NA NA 

8 

Dichlorodifluoromethane 

0.4 ppm 

12.5 NA 

1,2-Dichlorotetrafluoroethane 12.9 NA 

1,1,2-Trichloro-1,2,2-trifluoroethane 14.7 NA 

Trichlorofluoroethane 15.5 NA 

Chloromethane 3 ppm NA NA 

Vinylchloride 0.4 ppm 16 Moderate 

1,1-Chloroethane 0.4 ppm 18.8 NA 

1,1-dichloroethene 0.4 ppm NA NA 

9 

Hexamethyldisilane <2 ppm NA NA 

Octamethylcyclotetrasiloxane < 12 ppm NA NA 

Decamethylpentasiloxane <3 ppm NA NA 

Decamethyltetrasiloxane <2 ppm NA NA 

 
* Data from Polymer Handbook (Brandrup 1999) 
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Table 31.  Solubility Parameters of the Compounds Presented in the Biogas from Dairy Farms*  

Group # Gas Constituents Concentration  (Mpa)
1/2

 H-Bonding Group 

3 

Methane 59.000% 11 Poor 

Propane 0.002% 13.1 Poor 

n-Hexane 3 ppm 14.9 Poor 

n-Heptane 1 ppm 15.1 Poor 

7 

Carbonyl Sulfide 1.1 ppm NA NA 

Carbon Disulfide 0.08 ppm 20.5 NA 

Methyl Mercaptan 0.2 ppm NA NA 

i-Propyle Mercaptan 0.4 ppm NA NA 

n-Propyle Mercaptan 0.1 ppm NA NA 

t-Butyl Mercaptan 0.2 ppm NA NA 

Dimethyl Sulfide 0.2 ppm 19.2 Poor 

Dimethyl Disulfide 0.2 ppm NA NA 

Diethyl Disulfide 0.2 ppm NA NA 

Thiophene 0.1 ppm 20.1 Moderate 

8 
Vinylchloride 0.4 ppm 16 Moderate 

1,4-dichlorobenzene 0.2 ppm 20.5 Poor 

 
* Data from Polymer Handbook (Brandrup 1999) 
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Table 32. Solubility Parameters of the Selected Plastics and Elastomers*  

Polymers  (Mpa)
1/2

 

E
la

s
to

m
e
rs

 
SBR  BUNA S 94/6 16.6-16.5 

  BUNA S 90/10 17.1 

  BUNA S 87.5/12.5 16.4-17.6 

  BUNA S 85/15 17.2-17.5 

  BUNA S 75/25 16.5-17.6 

  BUNA S 71.5/28.5 16.6-17.5 

  BUNA S 70/30 17.4 

  BUNA S 60/40 17.5-17.8 

  Polysar 5630 18.1 

NBR BUNA N 82/18 17.9-17.7 

  BUNA N 82/20 18.4-19.4 

  BUNA N 82/18 17.7-17.9 

  BUNA N 80/20 18.4-19.4 

  BUNA N 75/25 18.2-19.4 

  BUNA N 70/30 19.2-20.3 

  BUNA N 61/39 20.5-21.4 

  Hycar (BFGoodrich) 21.0 

CR   
15.2-19.2 

SI  
NA 

P
la

s
ti

c
s
 

PE  
16.0-18.4 

PA11  
19.2 

PA12  
19.0 

 

 * Data from Polymer Handbook (Brandrup 1999) 
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Table 33. Baseline and Comparative Testing Methods 

Test Property Test Method/Procedure 
Material 

Plastics Elastomers 
B

a
s
e

li
n

e
 Density Helium Pycnometer/PP300 X X 

Glass Transition Temperature DSC/ASTM D 3418 X X 

Chemical Makeup FTIR/ASTM D3677 X X 

Extractable Content  ASTM D 297   X 

C
o

m
p

a
ra

ti
v

e
 Compression ASTM D 575   X 

Dimensional Change TMA/ASTM E831 (modified) X X 

Hardness ASTM D2240 X X 

Tensile Strength ASTM D638 X   

SEM-EDX Analysis   X X 
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Figure 1. Molecular Weight Distribution of PE* 

 

*Data from Handbook of Polyethylene Pipe (PPI 2006) 
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Acronym Description 

BTEX Benzene, Toluene, Ethylbenzene, and Xylene 

CR Chloroprene Rubber 

GTI Gas Technology Institute 
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PA Polyamide 

PE Polyethylene 

PEX Crosslinked Polyethylene 

PVC Poly Vinyl Chloride (PVC 

SBR Styrene Butadiene Rubber 

SI Silicon Rubber 
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Biogas Constituents  

The chemical compositions of biogas that have been identified in Task 1 together with their physical 

and chemical properties have been reviewed  A literature search was performed to collect the data relating 

these compounds to the non-metallic materials that have been selected in Task 5 for further compatibility 

analysis.  

Chemical Compositions of Biogas  

The chemical composition of biogas/biomethane was evaluated in Task 1 by tabulating the data from a 

literature search and previous project sample analysis. The data set of this study is large and 

comprehensively covers the sources of biogas/bomethane, including those from landfills and dairy farms 

that will be introduced to the gas industry. Since there are limited data for waste water, it is not included 

in this study. 

The gas compositional impact was performed using the data sets for the raw and processed dairy and 

landfill gas as presented in the Task 1 report.  The data were summarized and basic statistical calculations 

were made including determining the maximum, minimum, average, median, and 90% mode 

concentrations, along with the standard deviation and the average deviation from the mean, see Table 1 

to Table 4.  Each gas constituent was ranked using an equation that took into account the 90% mode 

concentration, the number of samples analyzed and the number of positive hits, according to the 

following equation: 

     (                       )  (         ) (                    ) 

            (1) 

The equation results were categorized using the scoring scheme shown in Table 5.  Constituents with 

zero hits or only one hit were automatically assigned a rank of “0”. 

Overview of the Biogas Constituents and the Potential Impacts on the Gathering Network 
Materials 

The components in biogas are categorized into ten subgroups as below: 

1. Non-corrosive inorganic gases 

2. Corrosive inorganic gases 

3. Alkanes 

4. Cycloalkanes 

5. Alkenes 

6. Aromatic hydrocarbons 

7. Organosulfur compounds 

8. Halocarbons 

9. Organosilicones 

10. Metals 
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Non-corrosive Inorganic Gases 

Helium, hydrogen and nitrogen are the three non-corrosive inorganic gases that have been identified 

above the detection level in the biogas from landfill and dairy farms. These gases do not react with the 

plastics or elastomers, but can permeate into them.  

Corrosive Inorganic Gases 

The corrosive gases that have been identified above detection level in the biogas from landfill and dairy 

farms include: 

1) Carbon dioxide (CO2) 

CO2 is non-corrosive in the absence of water. It forms carbonic acid (H2CO3) when it dissolves 

in water: 

CO2 + H2O ⇌ H2CO3 

The majority of the CO2 is not converted into carbonic acid, it remains as CO2 molecules. In 

aqueous solution carbonic acid only exists in equilibrium with carbon dioxide, and the concentration 

of H2CO3 is much lower than the dissolved CO2 concentration. At a given temperature, the 

composition of an aqueous solution of CO2 is determined by the partial pressure of CO2 (    ) above 

the solution. The equilibrium species in a CO2 aqueous solution and the associated CO2 partial 

pressure and pH are summarized in Table 6.  

Carbonic acid is a weak acid, but it promotes corrosion of steel, especially if hydrogen sulfide 

and oxygen are present. Most of the common plastics and elastomers are resistant to carbonic acid. 

2) Carbon monoxide (CO) 

Carbon monoxide (CO), also called carbonic oxide, is a colorless, odorless and tasteless gas which is 

lighter than air. It is highly toxic to humans and animals in higher quantities.  

Carbon monoxide is produced from the partial oxidation of carbon-containing compounds; it forms 

when there is not enough oxygen to produce carbon dioxide (CO2), such as when operating a stove 

or an internal combustion engine in an enclosed space. With the presence of oxygen, it will be 

eventually oxidized to carbon dioxide. 

3) Oxygen (O2) 

Oxygen is an active gas and reacts with many materials. One of the most detrimental effects 

of oxygen in biogas is that it promotes the oxidation of some species such as hydrogen sulfide 

and sulfur dioxide and form sulfur trioxide (SO3). When water vapor is present in the gas phase, 

SO3 reacts with water forming sulfuric acid which can be condensed out from gas phase once the 

dew point temperature is reached. The concentration of the sulfuric acid in the condensate varies 

from dilute to highly concentrated depend on the concentration of SO3 in the gas phase. Sulfuric 

acid is a strong acid and very corrosive to many metallic and nonmetallic materials. Many plastics 

and elastomers are not resistant to sulfuric acid, especially the concentrated sulfuric acid which is 

highly oxidizing and corrosive. 

4) Hydrogen sulfide (H2S) 

H2S is a colorless, very poisonous, flammable gas with the characteristic foul odor of rotten 

eggs. It often results from the bacterial breakdown of organic matter in the absence of oxygen, 

such as in swamps and sewers (anaerobic digestion). 

H2S is somewhat soluble in water and acts as a weak acid, and reacts with metal ions to form 

metal sulfides causing metallic corrosion. The direct impact of H2S on the non metallic polymer 
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materials is not significant, but forming sulfuric acid from H2S with the presence of oxygen is 

more detrimental to most of the plastics and elastomers. 

5) Sulfur dioxide (SO2) 

SO2 is a colorless, toxic gas. It is soluble in water and the aqueous solution of sulfur dioxide is 

referred to as sulfurous acid: 

SO2 + H2O HSO3
−
 + H

+
 

SO2 can be oxidized within airborne water droplet forming sulfuric acid which is very 

corrosive. 

6) Ammonia (NH3) 

Ammonia is a colorless gas with a characteristic pungent odor. It dissolves in water and form a 

moderately basic aqueous solution.  

 Alkanes 

In addition to methane which is the major component in biogas, the other alkanes from C2 to 

C13 are identified at ppm level in biogas.  They are saturated organic hydrocarbon compounds, with 

the atoms linked together exclusively by single bonds without cyclic structure.   The general physical 

properties of C1 to C13 alkanes are summarized in Table 7. 

Under ambient conditions, C1 to C4 alkanes are gaseous, and C5 to C13 are liquids. In general, 

alkanes are relatively low reactive because the saturated C-C single bonds in their molecular chains 

are stable and cannot be easily broken.  

The major impacts from these alkanes on the non-metallic pipeline infrastructure materials 

include the absorption/desorption of lighter alkane gases; and solvation/dissolution effect by the 

heavier alkane liquids which have been described in Task 5 discussing the chemical resistance of 

materials. These impacts are the results of the physical interaction between the alkanes and the 

pipeline materials, and determined by their structural similarity, i.e. the more similar the two 

materials are, the larger interaction they have. Solubility parameters are often used to predict the 

degree of the interaction between materials, and will be discussed in the next section on the 

compatibility analysis. 

Cycloalkanes 

Cyclopentane and cyclohexane are the two cylcoalkanes that have been identified in the landfill 

gas at ppm level.  

Cycloalkanes, are types of alkanes which have a ring chemical structure of their molecules. 

Cycloalkanes consist of only carbon (C) and hydrogen (H) atoms and are saturated. Cycloalkanes 

with a single ring are named analogously to their normal alkane counterpart of the same carbon 

count, e.g., cyclopentane, cyclohexane. The larger cycloalkanes, with greater than 20 carbon atoms 

are typically called cycloparaffins. 

Cyclopentane and cyclohexane are liquids at ambient condition with relatively low boiling 

point; they are used as nonpolar solvent. Their general physical properties are listed in Table 7. 

They are chemically very stable like alkanes, and the major impacts on polymers are the solvation 

effect. 

Alkenes 

Only ethene and propene are identified in the landfill gas at ppm level. Ethene and propene are 

the simplest alkene, which are unsaturated hydrocarbon containing C-C double bonds. They are 
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gaseous at ambient conditions, and are more reactive than alkanes but still relatively stable. The 

general physical properties of ethene and propene are listed in Table 7.  

There is not many information in the open literature about the impacts of ethene and propene on 

plastic materials and elastomers. The potential effect may be on the absorption of ethene or propene 

by the polymer materials. 

Aromatic hydrocarbons 

Benzene, toluene, ethylbenzene, xylene (BTEX), styrene and C3-benzene are identified in the 

landfill gas at ppm level. Benzene is the major BTEX constituent. Tolune, ethylbenzene, xylene, 

styrene and C3-benzene are substituted benzenes.  

They all contain a single benzene ring, and are liquid at ambient conditions and generally used 

as solvents. Their general physical properties are listed in Table 7. Their major impacts on polymer 

materials are solvation. 

Organosulfur compounds 

Many organic sulfur compounds including organic sulfides, mercaptan, thiophene, thiophane, 

and others have been identified in the biogas at ppm level. Methyl mercaptan and dimethyl sulfide 

are the major compounds. Table 8 summarizes the general physical properties of the organosulfur 

compounds that have been identified in the biogas. Except carbonyl sulfide, the above organosulfur 

compounds are liquid at ambient conditions. There are very limit data in the literature about the 

impact of organosulfur compounds on the polymer materials.  

1) Mercaptans (Thiol) 

Mercaptans, also called thiol, are the compounds that contain the functional group composed 

of a sulfur-hydrogen bond (-SH). Mercaptans and alcohols have similar molecular structure. Due 

to the small electronegativity difference between sulfur and hydrogen, an S-H bond is less polar 

than the hydroxyl group.  

Many mercaptans have strong odors resembling that of garlic. The odor of mercaptans is 

often strong and repulsive, particularly for those of low molecular weight. They are used as 

odorant in natural gas distribution systems.  

Mercaptans show little association by hydrogen bonding, with both water molecules and 

among themselves. Hence, they have lower boiling points and are less soluble in water and other 

polar solvents than alcohols of similar molecular weight.  

Mercaptans are easily oxidized, e.g. in the presence of base, they are oxidized by reagents 

such as iodine to form an organic disulfide. Oxidation by more powerful reagents yields sulfonic 

acids. Mercaptans are more acidic compared to the alcohols. 

2) Organic sulfides 

Organic sulfides, or thioethers, are characterized by C-S-C bonds. They have strong foul 

odor and are volatile. They are easily oxidized to sulfoxides (R-(S=O)-R) which can be further 

oxidized to sulfones (R-S(=O)2-R) 

Disulfides contain C-S-S-C, with a covalent sulfur to sulfur bond which is used in polymer 

chemistry for the crosslinking of rubber.  

3) Thiophene and Thiophane  

Thiophene is a heterocyclic compound consisting of a flat five-member ring, it is considered 

aromatic. It is a colorless liquid at room temperature.  Upon hydrogenation, thiophene gives 

tetrahydrothiophene, which is also called thiophane. 
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Thiophane is the saturated thiophene. It is a volatile, clear, colorless liquid with strong 

unpleasant odor. It is occasionally used as an odorant in natural gas. 

Halocarbons 

Halocarbon compounds are the organic compounds containing covalently bonded fluorine, chlorine, 

bromine, or iodine. Trace chlorocarbons and chlorofuorocarbons have been identified in the biogas from 

landfills and dairy farms, and their general physical properties are listed in Table 9.   

1) Chlorocarbons  

Chlorocarbons are organic compounds containing at least one covalently bonded chlorine atom. 

They are typically denser than water, and have stronger intermolecular interactions than hydrocarbons 

resulting in a higher boiling point.  

2) Chlorofuorocarbons (CFC) 

A chlorofluorocarbon (CFC) is an organic compound that contains carbon, chlorine, and 

fluorine. Many CFCs have been widely used as refrigerants, propellants (in aerosol applications), and 

solvents. In general they are volatile, but less so than parent alkane due to stronger intermolecular 

interactions induced by halides. The densities of CFCs are higher than the corresponding alkanes and 

correlates with the number of chlorides. 

Organosilicones 

Organosilicon compounds are organic compounds containing carbon silicon bonds (C-Si). Siloxane 

is one type of organosilicon compounds consisting of alternating silicon and oxygen bonds (Si-O) with 

side carbon chains (R) attached to silicon atoms. Siloxanes can be found in products such as cosmetics, 

deodorant, defoamers, water repelling windshield coatings, food additives and some soaps, and they occur 

in landfill gas.  

Trace organosilicones including Hexamethyldisilane, Octamethylcyclotetrasiloxane, 

Decamethylpentasiloxane and Decamthyltetrasioxane have been identified in the landfill gas. The general 

physical properties of these compounds are listed in Table 10.  

Metals 

Trace metal elements including Antimony, Zinc, Arsenic, Mercury, Copper and Molybdenum have 

been identified in biogas, and are present as organometallic compounds. Based on the available 

information in the literature, it is not likely that these compounds will significantly impact the non-

metallic pipeline materials, especially at the levels that have been identified in biogas. 

 

Solubility Parameter 

Solubility parameter is normally used to predict the interaction between materials and can provide a 

good indication of the solubility of one material in another. The general theory is the materials with 

similar values of solubility are likely to be miscible. 

The Hildebrand solubility parameter is the square root of the cohesive energy density: 

 

           (2) 

The cohesive energy density is the amount of energy needed to completely remove unit volume of 

molecules from their neighbors to infinite separation (an ideal gas), which is equal to the heat of 
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vaporization divided by molar volume. In order for a material to dissolve, these same interactions need to 

be overcome as the molecules are separated from each other and surrounded by the solvent. 

The Hildebrand solubility parameter provides useful predictions for non-polar and slightly polar 

systems without hydrogen bonding, particularly for polymer/solvent interactions to predict the solubility 

and swelling of polymers by solvents. For polar molecules, Hansen Solubility Parameters which is the 

dimensional solubility parameters are used. 

The solubility parameters of the organic constituents in biogas and the polymers that have been 

selected in Task 5 for compatibility analysis are collected in order to evaluate the interaction between gas 

constituents and pipeline materials and assess the impact from these components on the material integrity. 

The Hilderbrand solubility parameters for biogas and the selected polymers are listed in Table 11 and 

Table 12 respectively, including the dada published in the handbooks and those calculated using Equation 

(2). Those chemicals that don’t have the solubility parameter or the necessary property data in the 

handbooks for calculation are given “NA” in the table. The chemicals and their property data used for the 

calculation by Equation (2) are listed in Table 13 with the calculation results.  

 

Compatibility Analysis 

The compatibility of the polymers with each chemical constituent in the biogas is assessed by 

calculating the difference of the solubility parameter between the polymer and a chemical: 

      (                  ) 

           (3) 

Since the solubility parameter for a polymer normally is within a range due to the variation of the 

formulation,  is calculated at the minimum, maximum and average for each polymer.  The impact of a 

chemical on a polymer is determined by the minimum  and categorized into five levels of rating from 

“1” to “5” as below: 

 Severe (5): 00.5 

 Moderate to severe (4): 0.5<1 

 Moderate (3): 1<2 

 Minor to Moderate (2): 2<3 

 Minor (1): >3 

 

For chemicals without solubility data, they are given a rating of “5” since the risks from their impact 

on the pipeline materials are unknown. The results of the compatibility analysis are summarized in Table 

14, Table 15, Table 16, Table 17 and Table 18 respectively for the two plastic pipe materials (PE and 

PA12) and four elastomeric materials (SBR, NBR, CR and SI) with the chemicals in “Group 3” to “Group 

9”. The rating for the chemicals with unknown solubility data are highlighted with red in the table, which 

will be further discussed in the gap analysis in this section. 

 The compatibility of the plastics and elastomers discussed above with the inorganic materials in 

“Group 1”, “Group 2” and “Group 10” is assessed based on their chemical resistance that has been 

reviewed in Task 5. The impact is also categorized into the above five rating levels. The overall risk is 

assessed by the impact from each chemical (Rating) and the rank of its concentration level in the gas 

(Weight). The score of the risk is calculated as: 
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The data (rating, weight and risk score) are summarized in the tables (from Table 19 to Table 26) 

for the two plastic materials (PE and PA12) and four elastomers (SBR, NBR, CR and SI) in the raw and 

processed gases (landfill and dairy): 

 Table 19: PE and PA12 in Raw Landfill Biogas 

 Table 20: PE and PA12 in Processed  Landfill Biogas 

 Table 21: SBR, NBR, CR and SI in Raw Landfill Biogas 

 Table 22: SBR, NBR, CR and SI in Processed Landfill Biogas 

 Table 23: PE and PA12 in Raw Dairy Biogas 

 Table 24: PE and PA12 in Processed Dairy Biogas 

 Table 25: SBR, NBR, CR and SI in Raw Dairy Biogas 

 Table 26: SBR, NBR, CR and SI in Processed Dairy Biogas 

The compatibility of the chemicals with the six polymers is mapped in Figure 1and Figure 2 

for the biogas from landfills and dairy farm respectively. The total risk score of each material is 

plotted in Figure 3. PA12 has better performance compared to PE. NBR is relatively better compared to 

the other three elastomers, but its overall risk score is still on the high end. The total risk score is 

significantly reduced in the processed landfill biogas since many chemicals are removed or their 

concentrations are lowered by the gas cleaning process, but the risk scores are still considerably high for 

all the materials.  

The total risk score in dairy gas is much lower compared to landfill gas because there are fewer 

chemicals in it. In raw dairy gas, the overall performance of PE is similar to PA12, and SI is relatively 

better compared to SBR, NBR and CR. The impact from the processed dairy gas is reduced to a lower 

level for all the materials due to the removal of the major harmful chemicals.  

Compatibility with Raw and Processed Landfill Biogas  

The potential risk from each chemical group on the materials is assessed by adding up the risk score 

of each chemical in this group.  Figure 4 shows the risk score of the ten chemical groups in raw and 

processed landfill biogas for the two plastics (PE and PA12) and four elastomers (SBR, NBR, CR and 

SI). There is no impact from G1 (non-corrosive inorganic gases) and G10 (metals) on any of the 

materials. G3 (alkanes), G7 (organosulfur compounds) and G8 (halocarbons) are the top three groups that 

have important impact on plastic and elastomeric materials. The next two chemical groups having 

intermediate impact are G6 (aromatic hydrocarbons) and G9 (organosilicones). The risk score in G2 

(Corrosive Inorganic Gases), G4 (Cycloalkanes) and G5 (Alkenes) are relatively low.  

1) Corrosive Inorganic Gases (G2) 

Carbon dioxide and hydrogen sulfide are the two major corrosive components in raw landfill 

gas and their concentrations are ranked as severe. Oxygen and sulfur dioxide are at moderate 

level. As shown in Figure 4, the risk score of this group is relatively low compared to the organic 

chemicals such as alkanes (G3), organosulfur compounds (G7) or halocarbons (G8). PE has better 

performance due to its chemical resistance to most of the corrosive species in this group. But 

hydrogen sulfide and sulfur dioxide have deleterious effects on PA12 and the elastomers, and 

they are the important corrosive species in this group that impact the material performance except 

for PE. The concentration of the corrosive species is reduced by the gas cleaning process, but it is 

still at the moderate level in the processed gas which gives minor to moderate risk to PA12 and 

the elastomers (SBR, NBR, CR and SI).  
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2) Alkanes (G3) 

Alkanes have significant impact on PE and most elastomers, especially the heavy alkanes 

with more than six carbons in the molecular chain which have higher concentration in landfill gas 

and also have a similar cohesive energy (solubility parameter) as the plastics and elastomers. 

PA12 has a better resistance than PE to alkanes because it has a larger cohesive energy. The gas 

cleaning process reduces the concentration levels of the chemical constituents in landfill gas and 

the total risk score in this group is reduced accordingly. However, the total risk score in this 

group still remains the highest compared to the rest of chemical groups in the processed gas 

indicating that the cleaning process cannot reduce the heavy alkanes in landfill gas to the levels 

that their impact on pipeline materials becomes insignificant.  

3) Cycloalkanes (G4) 

The compounds in this group have larger impact on most of the materials except PA12. But 

there are only four compounds that have been identified in landfill gas and their concentration 

levels are moderate, thus the overall risk of this group is relatively low. The concentrations of 

these compounds are reduced in the processed gas, but the cleaning does not completely 

eliminate the impacts from this chemical group. 

4) Alkenes (G5) 

There are three compounds in this group (ethene, propene and pentene) that have been 

identified in landfill gas, and their concentrations are at the level of “minor to moderate”. The 

impacts from these chemicals on the polymers are unknown due to lack of the relevant data in 

literature. In the processed landfill gas, ethene and pentene cannot be reduced below the 

detectable level. 

5) Aromatic Hydrocarbons (G6) 

All of the aromatic hydrocarbons in landfill gas have larger impact (4 or 5) on the plastics 

and elastomers. But their concentration levels are” moderate (3)” or “moderate to severe (4)” in 

raw landfill gas, therefore the perceived risk in this group is intermediate. The gas cleaning 

process helps to reduce their concentration levels, but the majority of the chemicals in this group 

still remain in the processed landfill gas at ppm level.  

6) Organosulfur Compounds (G7) 

There are many organosulfur compounds in landfill gas. Many of the compounds in this 

group have larger impact (4 or 5) on the polymer. Some of the other compounds in this group do 

not have enough information in literature to evaluate their compatibility with the polymers. The 

total risk score for this group is high because of the larger impact or uncertainty.  

The gas cleaning process removes many chemicals in this group including those with 

unknown compatibility. The risk score in the processed gas is significantly reduced due to the 

removal of the compounds with larger impact or uncertainty.  

7) Halocarbons (G8) 

Similar as G7, there are many halocarbon compounds in landfill gas, and many of them have 

larger impact or unknown compatibility. The risk score for this group is high in raw gas but it is 

significantly reduced in processed gas due to the removal of many compounds with larger impact 

or uncertainty. 

8) Organosilicones (G9) 

There is no compatibility data for all the chemicals in the organosilicones (Group 9) because 

of a lack of literature information for this type of chemical. The concentration levels of these 



Task 6: Conduct Literature Search (Gap Analysis) for Material Compatibility Data 

222 
 

chemicals are moderate in raw landfill biogas and they are basically removed after cleaning. The 

only chemical in this group that remains in the processed gas is Octamethylcyclotetrasiloxane 

(D4) and its concentration is not significantly changed by the cleaning. 

Compatibility with Biogas from Dairy Farm 

Biogas from dairy farms has much less chemicals compared to that gas obtained from landfills. Alkenes 

(G5), halocarbons (G8) and organosilicones (G9) have not been identified in dairy gases. Using the same 

approach as the compatibility analysis for landfill gas, the risk score for the compounds in each chemical 

group in dairy gas are added up and plotted in Figure 5 for the plastics (PE and PA12) and elastomers 

(SBR, NBR, CR and SI) respectively. It appears that G7 (organosulfur compounds) has the highest risk 

score for any plastics or elastomers. The compounds in G2 (inorganic corrosive gas), G3 (alkanes) and G6 

(aromatic hydrocarbons) also have considerable impact on some of the materials.  

1) Corrosive Inorganic Gases (G2) 

Ammonia is an additional inorganic species found in the dairy gas, as compared to landfill 

gas. Its concentration level can be relatively high compared to the majority of the compounds in 

dairy gas. However, its impact is limited on the specific material, i,e., SBR is not compatible with 

ammonia. The performance of the other materials with the chemicals of this group in dairy gas is 

about the same as landfill gas.  

The gas cleaning process reduces the concentrations of hydrogen sulfide, sulfur dioxide, and 

ammonia below detectable levels. Therefore, the impact from the corrosive compounds in this 

group is significantly reduced in the processed gas. 

2) Alkanes (G3) 

The total risk score of this group for each material is lower in dairy gas than landfill gas. In 

the processed dairy gas, all the compounds other than methane in this group are removed. 

3) Cycloalkanes (G4) 

Cyclopentanes are the only type of compound that has been identified in raw dairy gases, 

and their concentrations are relatively low. They are removed by the cleaning process. 

4) Aromatic Hydrocarbons (G6) 

There are small amount of benzene, toluene and C3 benzene in the raw dairy gases. Because 

of the relatively low concentrations of these chemicals, the overall risk score of this group is low 

for all the materials (PE, PA12, SBR, NBR, CR and SI). The chemicals in this group are removed 

by the gas cleaning process.  

9) Organosulfur Compounds (G7) 

There are less organosulfur compounds in dairy gas than landfill gas. But the risk score of 

this group for dairy gas is relatively high compared to the rest of groups. The concentrations of 

these chemicals are at level of “minor” to “moderate”, but in the processed dairy gas only 

carbonyl sulfide remains and the other compounds are below detectable level. 
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Gas and Material Selection for Testing 

Three gas samples will be collected from biogas plants for the testing in Task 8. Two raw gases with one 

landfill and one dairy gas, and one processed landfill gas will be tested for the selected plastic and 

elastomeric materials. The processed dairy gas is eliminated from the testing because it is much cleaner 

than the processed landfill gas and does not have the additional chemicals that are not identified in the 

processed landfill gas. A standard natural gas will be included in the test as a reference. 

The compositions of the sample gases to be used for testing are representative to the gases that have been 

analyzed.  The sites will be selected from the gas sample database at GTI.  

One plastic material and two elastomers will be tested in Task 8. PE is selected because its overall risk 

score is much higher than PA12 in landfill gas based on the compatibility analysis.  SBR and NBR are 

selected as the elastomers for testing because: (a) they are both widely used elastomers in the natural gas 

industry, (b) SBR has relatively less resistance to many chemicals in both types of biogas, and (c) NBR 

has relatively better performance in biogas. These three materials will tested with the three sample gases 

and the standard natural gas to generate an example data set.  

 

Gap Analysis 

There are some chemicals in biogas that do not have available data in the literature to evaluate their 

compatibility. These chemicals are mapped in Figure 6 with their concentration rank and chemical group. 

The chemicals with unknown compatibility data include some alkenes, organosulfur compounds, 

halocarbons and organosilicones. Most of these chemicals are at moderate concentration levels. None of 

the chemicals in alkene and organosilicone group has any available compatibility data, and therefore it is 

difficult to assess the risk from these groups.  

The organosulfur compounds or halocarbons may have similar impact on polymers as other chemicals 

from the same chemical group, but there is a lack of data. Further investigation of the chemicals with 

unknown compatibility may be helpful to understand the potential risk on pipeline materials from any of 

the chemicals present in biogas.   
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Table 1. Chemical Compositions of the Raw Biogas from Landfills  

Component Max Min Median Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of Samples 
Analyzed 

# of Samples 
with Hits 

Result Rank 

Helium, mol% 0.10 0.10 0.10 0.10 0.0005 0.0005 0.10 84 3 0.004 1 

Hydrogen, mol% 0.96 0.05 0.17 0.27 0.241 0.18 30.44 84 16 5.8 3 

Carbon Dioxide, mol% 45.93 0.01 36.23 32.45 11.069 7.51 40.66 114 113 40.3 5 

Oxygen/Argon, mol% 15.67 0.12 1.52 2.53 2.877 2.07 6.37 92 67 4.6 3 

Nitrogen, mol% 57.07 0.04 9.82 12.37 12.873 8.82 26.99 87 80 24.8 4 

Carbon Monoxide, mol% 0.04 0.04 0.04 0.04 NA NA NA 84 1 0 0 

Methane, mol% 73.53 1.50 52.85 51.80 12.132 8.02 63.42 114 114 63.4 5 

Ethane, ppmv 61 16 26 34 16 14 62 84 8 5.9 3 

Ethene, ppmv 36 26 31 31 5 5 35 84 2 0.8 2 

Ethyne, ppmv NA NA NA NA NA NA NA 84 0 0 0 

Propane, ppmv 59 15 22 25 10 8 36 84 32 13.7 4 

Propene, ppmv 59 16 26 32 18 16 52 84 4 2.5 3 

Propadiene, ppmv NA NA NA NA NA NA NA 84 0 0 0 

Propyne, ppmv NA NA NA NA NA NA NA 84 0 0 0 

i-Butane, ppmv 22 16 18 19 2 2 22 84 7 1.8 3 

n-Butane, ppmv NA NA 19 NA NA NA NA 84 1 0 0 

1-Butene, ppmv NA NA NA NA NA NA NA 84 0 0 0 

i-Butene, ppmv NA NA NA NA NA NA NA 84 0 0 0 

trans-2-Butene, ppmv NA NA NA NA NA NA NA 84 0 0 0 

cis-2-Butene, ppmv NA NA NA NA NA NA NA 84 0 0 0 

1,3-Butadiene, ppmv NA NA NA NA NA NA NA 84 0 0 0 

i-Pentane, ppmv 36 16 21 23 6 4 28 84 11 3.7 3 

n-Pentane, ppmv 24 16 24 21 4 3 24 84 3 0.9 2 

neo-Pentane, ppmv NA NA NA NA NA NA NA 84 0 0 0 

Pentenes, ppmv 28 23 25 25 3 3 28 84 2 0.7 2 

Hexane Plus, ppmv 558 16 119 147 111 83 326 84 72 279 5 

Ammonia, ppmv NA NA NA NA NA NA NA 15 0 0 0 
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Table 1. Chemical Compositions of the Raw Biogas from Landfills (Continued) 

Component Max Min Median Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of Samples 
Analyzed 

# of Samples 
with Hits 

Result Rank 

Cyclopentane, ppmv 4.00 0.69 1.44 1.89 1.08 0.91 4.00 46 35 3.0 3 

Methylcyclopentane, ppmv 2.00 0.32 1.00 1.17 0.43 0.32 2.00 46 24 1.0 3 

Cyclohexane, ppmv 10.65 0.29 1.00 2.42 2.35 1.74 5.59 61 44 4.0 3 

Methylcyclohexane, ppmv 3.42 0.62 2.00 1.71 0.77 0.67 3.00 50 38 2.3 3 

Benzene, ppmv 46.17 0.17 2.00 4.22 7.05 4.03 9.39 80 72 8.5 3 

Toluene, ppmv 69.77 0.41 10.33 14.07 14.45 9.74 27.49 85 83 26.8 4 

Ethylbenzene, ppmv 129.12 0.02 3.36 6.68 16.46 5.82 10.03 62 57 9.2 3 

m,p-Xylene, ppmv 92.83 0.84 7.80 12.26 16.66 10.21 27.96 70 63 25.2 4 

Styrene, ppmv 81.73 0.78 1.25 9.72 21.71 13.84 25.59 54 12 5.7 3 

o-Xylene, ppmv 15.19 0.02 2.00 2.53 2.46 1.65 5.00 54 44 4.1 3 

C3 Benzenes, ppmv 62.00 1.00 4.00 10.15 13.05 9.06 24.00 53 48 21.7 4 

Naphthalene, ppmv NA NA NA NA NA NA NA 46 0 0 0 

C1 Naphthalenes, ppmv NA NA NA NA NA NA NA 46 0 0 0 

C2 Naphthalenes, ppmv NA NA NA NA NA NA NA 46 0 0 0 

hexane, ppmv 122.23 1.30 11.59 19.93 22.55 16.94 49.22 57 54 46.6 4 

Heptanes, ppmv 73.00 1.00 10.50 16.88 15.56 12.52 36.30 46 45 35.5 4 

2,2,4-Trimethylpentane, ppmv 2.00 0.00 1.00 1.10 0.53 0.38 2.00 46 17 0.7 2 

Octanes, ppmv 51.96 2.00 9.00 14.63 13.19 9.84 34.53 46 45 33.8 4 

Nonanes, ppmv 59.06 1.00 11.00 15.24 14.18 10.09 38.58 46 46 38.6 4 

Decanes, ppmv 96.00 1.10 23.50 29.68 21.45 15.94 60.79 46 45 59.5 4 

Undecanes, ppmv 69.70 2.00 13.00 19.05 17.58 13.20 49.50 46 43 46.3 4 

Dodecanes, ppmv 13.00 1.00 2.00 3.88 3.63 2.97 9.60 46 22 4.6 3 

Tridecanes, ppmv 2.00 1.00 1.00 1.25 0.43 0.38 1.70 46 3 0.1 2 

Tetradecanes, ppmv NA NA NA NA NA NA NA 46 0 0 0 

Pentadecanes, ppmv NA NA NA NA NA NA NA 46 0 0 0 

Hexadecanes, ppmv NA NA NA NA NA NA NA 46 0 0 0 

Heptadecanes, ppmv NA NA NA NA NA NA NA 46 0 0 0 
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Table 1. Chemical Compositions of the Raw Biogas from Landfills (Continued) 

Component Max Min Median Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of Samples 
Analyzed 

# of Samples 
with Hits 

Result Rank 

Octadecanes, ppmv NA NA NA NA NA NA NA 46 0 0 0 

Nonadecanes, ppmv NA NA NA NA NA NA NA 46 0 0 0 

Eicosanes +, ppmv NA NA NA NA NA NA NA 46 0 0 0 

Hydrogen Sulfide, ppmv 1830 0.08 104.50 183.88 261.19 160 400 85 72 339 5 

Sulfur Dioxide, ppmv 1.13 0.10 0.25 0.35 0.25 0.19 0.59 73 16 0.1 2 

Carbonyl Sulfide, ppmv 5.18 0.05 0.30 0.71 1.13 0.65 1.34 73 60 1.1 3 

Carbon Disulfide, ppmv 5.93 0.04 0.12 0.39 0.99 0.44 0.55 73 44 0.3 2 

Methyl Mercaptan, ppmv 67.8 0.07 1.98 4.52 10.02 4.76 9.94 73 51 6.9 3 

Ethyl Mercaptan, ppmv 1.31 0.06 0.21 0.29 0.24 0.18 0.62 73 48 0.4 2 

i-Propyl Mercaptan, ppmv 11.10 0.05 0.78 1.13 1.65 0.89 2.19 73 50 1.5 3 

n-Propyl Mercaptan, ppmv 0.46 0.05 0.11 0.13 0.08 0.05 0.21 72 33 0.1 2 

t-Butyl Mercaptan, ppmv 1.12 0.05 0.15 0.19 0.17 0.10 0.29 73 49 0.2 2 

Dimethyl Sulfide, ppmv 131 0.05 2.45 11.74 25.27 13.86 19.57 73 55 14.7 4 

Methyl Ethyl Sulfide, ppmv 1.75 0.05 0.20 0.38 0.47 0.34 1.18 73 20 0.3 2 

Diethyl Sulfide, ppmv 0.14 0.02 0.06 0.07 0.03 0.03 0.11 73 9 0.01 1 

Di-t-Butyl Sulfide, ppmv NA NA NA NA NA NA NA 73 0 0 0 

Dimethyl Disulfide, ppmv 11.30 0.03 0.08 0.75 2.17 1.09 1.01 73 39 0.5 2 

Methyl Ethyl Disulfide, ppmv 0.42 0.06 0.12 0.18 0.14 0.12 0.34 73 4 0.02 1 

Methyl i-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 73 0 0 0 

Diethyl Disulfide, ppmv 0.28 0.28 0.28 0.28 NA NA NA 73 1 0 0 

Methyl n-Propyl Disulfide, ppmv 0.03 0.03 0.03 0.03 0.00 0.00 0.03 73 2 0.001 1 

Methyl t-Butyl Disulfide, ppmv NA NA 0.04 NA NA NA NA 73 1 0 0 

Ethyl i-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 73 0 0 0 

Ethyl n-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 73 0 0 0 

Ethyl t-Butyl Disulfide, ppmv NA NA NA NA NA NA NA 73 0 0 0 

Di-i-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 73 0 0 0 
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Table 1. Chemical Compositions of the Raw Biogas from Landfills (Continued) 

Component Max Min Med Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of  

Samples  

# of  

Hits 
Result Rank 

i-Propyl n-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 73 0 0 0 

Di-n-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 73 0 0 0 

i-Propyl t-Butyl Disulfide, ppmv 0.06 0.03 0.05 0.05 0.02 0.02 0.06 73 2 0.002 1 

n-Propyl t-Butyl Disulfide, ppmv NA NA NA NA NA NA NA 73 0 0 0 

Di-t-Butyl Disulfide, ppmv NA NA NA NA NA NA NA 73 0 0 0 

Dimethyl Trisulfide, ppmv 0.29 0.02 0.04 0.07 0.08 0.05 0.18 73 14 0.03 1 

Diethyl Trisulfide, ppmv NA NA NA NA NA NA NA 73 0 0 0 

Di-t-Butyl Trisulfide, ppmv NA NA NA NA NA NA NA 73 0 0 0 

Thiophene, ppmv 2.68 0.05 0.24 0.45 0.54 0.38 1.20 73 49 0.8 2 

C1-Thiophenes, ppmv 3.06 0.06 0.39 0.72 0.79 0.60 1.85 73 30 0.8 2 

C2-Thiophenes, ppmv 0.74 0.06 0.13 0.22 0.20 0.16 0.48 73 12 0.08 1 

C3-Thiophenes, ppmv NA NA NA NA NA NA NA 72 0 0 0 

Benzothiophene, ppmv NA NA NA NA NA NA NA 73 0 0 0 

C1-Benzothiophenes, ppmv NA NA NA NA NA NA NA 73 0 0 0 

C2-Benzothiophenes, ppmv NA NA NA NA NA NA NA 73 0 0 0 

Thiophane, ppmv 1.59 0.05 0.18 0.35 0.40 0.30 0.92 72 21 0.3 2 

Thiophenol, ppmv 0.18 0.05 0.08 0.10 0.05 0.05 0.16 73 4 0.01 1 

Individual Unidentified, ppmv as S 9.91 0.05 0.61 1.03 1.48 0.81 1.97 73 49 1.3 3 

Dichlorodifluoromethane (CFC-12), ppmv 112 0.02 0.98 9.54 18.97 12.18 25.01 54 47 21.8 4 

1,2-Dichlorotetrafluoroethane (CFC-114), ppmv 1.57 0.10 0.30 0.54 0.49 0.40 1.26 37 8 0.3 2 

1,1,2-Trichloro-1,2,2-trifluoroethane , ppmv 0.72 0.12 0.42 0.42 0.20 0.18 0.66 48 6 0.08 1 

Trichlorofluoromethane (CFC-11), ppmv 30.17 0.07 0.42 5.95 10.54 8.14 25.54 49 15 7.8 3 

Chloromethane, ppmv 0.35 0.14 0.25 0.25 0.10 0.10 0.33 37 2 0.02 1 

Dichloromethane (Methylene Chloride), ppmv 116 0.03 2.48 10.17 23.89 12.73 18.20 70 41 10.7 4 

Chloroform, ppmv NA NA NA NA NA NA NA 37 0 0 0 

Carbon Tetrachloride, ppmv NA NA NA NA NA NA NA 37 0 0 0 
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Table 1. Chemical Compositions of the Raw Biogas from Landfills (Continued) 

Component Max Min Med Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of  

Samples  

# of  

Hits 
Result Rank 

Chloroethane, ppmv 4.59 0.12 0.43 0.87 0.96 0.64 1.74 47 26 1.0 2 

1,1-Dichloroethane, ppmv 13.81 0.11 0.45 1.59 3.32 1.72 1.95 49 15 0.6 2 

1,2-Dichloroethane, ppmv 0.22 0.14 0.20 0.18 0.03 0.03 0.22 37 5 0.03 1 

1,1,1-Trichloroethane, ppmv 3.02 0.17 0.34 0.79 0.95 0.70 1.81 47 7 0.3 2 

1,1,2-Trichloroethane, ppmv NA NA NA NA NA NA NA 37 0 0 0 

1,1,2,2-Tetrachloroethane, ppmv NA NA NA NA NA NA NA 37 0 0 0 

Chloroethene (Vinyl Chloride), ppmv 31.18 0.01 0.53 3.41 7.48 4.50 5.73 53 41 4.4 3 

1,1-Dichloroethene, ppmv 1.39 0.23 0.46 0.74 0.45 0.43 1.29 46 5 0.1 2 

cis-1,2-Dichloroethene, ppmv 42.05 0.02 0.40 4.32 9.89 6.03 8.87 56 49 7.8 3 

Trichloroethene, ppmv 25.91 0.01 0.31 4.99 8.90 7.21 19.78 43 14 6.4 3 

Tetrachloroethene, ppmv 34.44 0.04 0.23 5.97 11.28 8.71 22.42 42 17 9.1 3 

1,2-Dichloropropane, ppmv NA NA NA NA NA NA NA 37 0 0 0 

3-Chloropropene, ppmv NA NA NA NA NA NA NA 37 0 0 0 

cis-1,3-Dichloropropene, ppmv NA NA NA NA NA NA NA 37 0 0 0 

trans-1,3-Dichloropropene, ppmv NA NA NA NA NA NA NA 37 0 0 0 

Bromomethane, ppmv NA NA NA NA NA NA NA 37 0 0 0 

1,2-Dibromoethane, ppmv NA NA NA NA NA NA NA 37 0 0 0 

Chlorobenzene, ppmv 2.36 0.02 0.16 0.50 0.80 0.60 1.39 45 7 0.2 2 

1,2-Dichlorobenzene, ppmv 0.56 0.02 0.12 0.21 0.21 0.18 0.43 44 4 0.04 1 

1,3-Dichlorobenzene, ppmv 1.17 0.05 0.31 0.46 0.46 0.41 0.99 44 4 0.09 1 

1,4-Dichlorobenzene, ppmv 0.75 0.05 0.19 0.25 0.21 0.16 0.46 44 8 0.08 1 

1,2,4-Trichlorobenzene, ppmv NA NA NA NA NA NA NA 38 0 0 0 

Hexachloro-1,3-butadiene, ppmv NA NA NA NA NA NA NA 37 0 0 0 

Mercury, µg/M
3
 1.70 0.05 0.60 0.72 0.64 0.58 1.50 7.00 5 1.1 3 

Arsenic, µg/M
3
 339 59 222 209 92 75 326 9 9 326 5 
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Table 1. Chemical Compositions of the Raw Biogas from Landfills (Continued) 

Component Max Min Med Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of  

Samples  

# of  

Hits 
Result Rank 

Barium, µg/M
3
 NA NA NA NA NA NA NA 9 0 0 0 

Beryllium, µg/M
3
 NA NA NA NA NA NA NA 9 0 0 0 

Cadmium, µg/M
3
 NA NA NA NA NA NA NA 9 0 0 0 

Cobalt, µg/M
3
 NA NA NA NA NA NA NA 9 0 0 0 

Chromium, µg/M
3
 NA NA NA NA NA NA NA 9 0 0 0 

Copper, µg/M
3
 NA NA NA NA NA NA NA 9 0 0 0 

Manganese, µg/M
3
 NA NA NA NA NA NA NA 9 0 0 0 

Molybdenum, µg/M
3
 NA NA NA NA NA NA NA 9 0 0 0 

Nickel, µg/M
3
 NA NA NA NA NA NA NA 9 0 0 0 

Lead, µg/M
3
 NA NA NA NA NA NA NA 9 0 0 0 

Antimony, µg/M
3
 417 85 277 268 101 83 393 9 9 393 5 

Selenium, µg/M
3
 NA NA NA NA NA NA NA 9 0 0 0 

Strontium, µg/M
3
 NA NA NA NA NA NA NA 9 0 0 0 

Thallium, µg/M
3
 NA NA NA NA NA NA NA 9 0 0 0 

Zinc, µg/M
3
 96 29 54 57 23 19 86 9 7 67.2 4 

1,1,3,3-Tetramethyldisiloxane, ppmv as Si NA NA NA NA NA NA NA 24 0 0 0 

Pentamethyldisiloxane, ppmv as Si NA NA NA NA NA NA NA 24 0 0 0 

Hexamethyldisilane, ppmv as Si 2 0.50 0.81 1.08 0.55 0.44 1.87 24 15 1.2 3 

Hexamethyldisiloxane (L2), ppmv as Si 2 0.03 0.24 0.44 0.51 0.40 1.28 37 13 0.5 2 

Octamethyltrisiloxane (L3), ppmv as Si 0 0.01 0.01 0.03 0.03 0.03 0.07 34 4 0.01 1 

Octamethylcyclotetrasiloxane , ppmv as Si 12 0.37 3.21 3.68 2.42 1.75 6.57 37 35 6.2 3 

Decamethyltetrasiloxane (L4), ppmv as Si 2 2.21 2.21 2.21 0.00 0.00 2.21 33 1 0.07 1 

Decamethylcyclopentasiloxane, ppmv as Si 3 0.12 0.85 1.02 0.79 0.65 2.09 37 30 1.7 3 

Dodecamethylpentasiloxane , ppmv as Si 0 0.00 NA NA NA NA NA 25 0 0 0 

Trimethyl silanol, ppmv as Si 3 0.60 1.23 1.52 0.89 0.79 2.83 13 8 1.7 3 

Hexamathylcyclotrisiloxane , ppmv as Si 0 0.00 0.13 0.12 0.08 0.06 0.25 11 11 0.2 2 

Unidentified Si 4 0.74 0.91 1.43 1.13 0.83 2.63 24 7 0.8 2 
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Table 2. Chemical Compositions of the Processed Biogas from Landfills  

Component Max Min Median Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of Samples 
Analyzed 

# of Samples 
with Hits 

Result Rank 

Helium, mol% NA NA NA NA NA NA NA 35 0 0 0 

Hydrogen, mol% 1.00 0.06 0.65 0.48 0.38 0.36 0.93 35 7 0.2 2 

Carbon Dioxide, mol% 32.32 0.04 0.95 3.74 8.89 5.11 1.68 35 33 1.6 3 

Oxygen/Argon, mol% 22.12 0.47 0.82 2.88 4.84 2.88 4.71 35 19 2.6 3 

Nitrogen, mol% 77.83 0.55 3.68 8.62 13.80 7.96 24.18 35 35 24.2 4 

Carbon Monoxide, mol% NA NA NA NA NA NA NA 35 0 0 0 

Methane, mol% 97.92 38.21 94.07 88.72 16.42 10.36 97.32 35 34 94.5 5 

Ethane, ppmv NA NA NA NA NA NA NA 35 0 0.0 0 

Ethene, ppmv NA NA 15.59 NA NA NA NA 35 1 0.0 0 

Ethyne, ppmv NA NA NA NA NA NA NA 35 0 0 0 

Propane, ppmv 42 15 34 32 7.05 5.5 40 35 30 34.0 4 

Propene, ppmv 20 16 17 18 1.39 1.1 19 35 6 3.3 3 

Propadiene, ppmv NA NA NA NA NA NA NA 35 0 0 0 

Propyne, ppmv NA NA NA NA NA NA NA 35 0 0 0 

i-Butane, ppmv 20 17 18 18 1.06 1.0 20 35 8 4.5 3 

n-Butane, ppmv NA NA NA NA NA NA NA 35 0 0 0 

1-Butene, ppmv NA NA NA NA NA NA NA 35 0 0 0 

i-Butene, ppmv NA NA NA NA NA NA NA 35 0 0 0 

trans-2-Butene, ppmv NA NA NA NA NA NA NA 35 0 0 0 

cis-2-Butene, ppmv NA NA NA NA NA NA NA 35 0 0 0 

1,3-Butadiene, ppmv NA NA NA NA NA NA NA 35 0 0 0 

i-Pentane, ppmv NA NA NA NA NA NA NA 35 0 0 0 

n-Pentane, ppmv NA NA NA NA NA NA NA 35 0 0 0 

neo-Pentane, ppmv NA NA NA NA NA NA NA 35 0 0 0 

Pentenes, ppmv NA NA NA NA NA NA NA 35 0 0 0 

Hexane Plus, ppmv 121 1 16 42 43.97 40 110 35 21 66 4 

Ammonia, ppmv NA NA NA NA NA NA NA 35 0 0 0 
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Table 2. Chemical Compositions of the Processed Biogas from Landfills (Continued) 

Component Max Min Median Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of Samples 
Analyzed 

# of Samples 
with Hits 

Result Rank 

Cyclopentane, ppmv 2 1 1 1 0.50 0.49 2 19 9 0.9 2 

Methylcyclopentane, ppmv 1 1 1 1 0.00 0.00 1 19 4 0.2 2 

Cyclohexane, ppmv 1 1 1 1 0.00 0.00 1 19 7 0.4 2 

Methylcyclohexane, ppmv 1 1 1 1 0.00 0.00 1 19 5 0.3 2 

Benzene, ppmv 1 1 1 1 0.00 0.00 1 19 4 0.2 2 

Toluene, ppmv 7 5 6 6 0.82 0.67 7 19 3 1.1 3 

Ethylbenzene, ppmv 2 2 2 2 0.00 0.00 2 19 3 0.3 2 

m,p-Xylene, ppmv 3 2 3 3 0.47 0.44 3 19 3 0.5 2 

Styrene, ppmv NA NA NA NA NA NA NA 19 0 0 0 

o-Xylene, ppmv 1 1 1 1 0.00 0.00 1 19 3 0.2 2 

C3 Benzenes, ppmv 4 3 4 4 0.47 0.44 4 19 3 0.6 2 

Naphthalene, ppmv NA NA NA NA NA NA NA 19 0 0 0 

C1 Naphthalenes, ppmv NA NA NA NA NA NA NA 19 0 0 0 

C2 Naphthalenes, ppmv NA NA NA NA NA NA NA 19 0 0 0 

hexane, ppmv 15 1 6 7 5.18 4.60 13 19 10 6.9 3 

Heptanes, ppmv 10 1 9 6 4.10 4.00 10 19 5 2.5 3 

2,2,4-Trimethylpentane, ppmv NA NA NA NA NA NA NA 19 0 0 0 

Octanes, ppmv 9 7 8 8 0.82 0.67 9 19 3 1.4 3 

Nonanes, ppmv 9 7 9 8 0.94 0.89 9 19 3 1.4 3 

Decanes, ppmv 30 1 21 16 12.77 12.16 29 19 5 7.7 3 

Undecanes, ppmv 17 13 17 16 1.89 1.78 17 19 3 2.7 3 

Dodecanes, ppmv 1 1 1 1 0.00 0.00 1 19 3 0.2 2 

Tridecanes, ppmv NA NA NA NA NA NA NA 19 0 0 0 

Tetradecanes, ppmv NA NA NA NA NA NA NA 19 0 0 0 

Pentadecanes, ppmv NA NA NA NA NA NA NA 19 0 0 0 

Hexadecanes, ppmv NA NA NA NA NA NA NA 19 0 0 0 

Heptadecanes, ppmv NA NA NA NA NA NA NA 19 0 0 0 
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Table 2. Chemical Compositions of the Processed Biogas from Landfills (Continued) 

Component Max Min Median Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of Samples 
Analyzed 

# of Samples 
with Hits 

Result Rank 

Octadecanes, ppmv NA NA NA NA NA NA NA 19 0 0 0 

Nonadecanes, ppmv NA NA NA NA NA NA NA 19 0 0 0 

Eicosanes +, ppmv NA NA NA NA NA NA NA 19 0 0 0 

Hydrogen Sulfide, ppmv 0.53 0.30 0.48 0.45 0.09 0.08 0.53 16 4 0.1 2 

Sulfur Dioxide, ppmv 0.08 0.06 0.07 0.07 0.01 0.01 0.08 16 3 0.01 1 

Carbonyl Sulfide, ppmv 0.88 0.08 0.18 0.30 0.29 0.23 0.87 16 10 0.5 2 

Carbon Disulfide, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Methyl Mercaptan, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Ethyl Mercaptan, ppmv NA NA NA NA NA NA NA 16 0 0 0 

i-Propyl Mercaptan, ppmv NA NA NA NA NA NA NA 16 0 0 0 

n-Propyl Mercaptan, ppmv NA NA NA NA NA NA NA 16 0 0 0 

t-Butyl Mercaptan, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Dimethyl Sulfide, ppmv 1.88 0.06 1.11 1.03 0.64 0.54 1.78 16 8 0.9 2 

Methyl Ethyl Sulfide, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Diethyl Sulfide, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Di-t-Butyl Sulfide, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Dimethyl Disulfide, ppmv 0.17 0.05 0.09 0.10 0.05 0.05 0.16 16 4 0.04 1 

Methyl Ethyl Disulfide, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Methyl i-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Diethyl Disulfide, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Methyl n-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Methyl t-Butyl Disulfide, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Ethyl i-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Ethyl n-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Ethyl t-Butyl Disulfide, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Di-i-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 16 0 0 0 
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Table 2. Chemical Compositions of the Processed Biogas from Landfills (Continued) 

Component Max Min Med Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of  

Samples  

# of  

Hits 
Result Rank 

i-Propyl n-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Di-n-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 16 0 0 0 

i-Propyl t-Butyl Disulfide, ppmv NA NA NA NA NA NA NA 16 0 0 0 

n-Propyl t-Butyl Disulfide, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Di-t-Butyl Disulfide, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Dimethyl Trisulfide, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Diethyl Trisulfide, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Di-t-Butyl Trisulfide, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Thiophene, ppmv NA NA NA NA NA NA NA 16 0 0 0 

C1-Thiophenes, ppmv NA NA NA NA NA NA NA 16 0 0 0 

C2-Thiophenes, ppmv NA NA NA NA NA NA NA 16 0 0 0 

C3-Thiophenes, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Benzothiophene, ppmv NA NA NA NA NA NA NA 16 0 0 0 

C1-Benzothiophenes, ppmv NA NA NA NA NA NA NA 16 0 0 0 

C2-Benzothiophenes, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Thiophane, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Thiophenol, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Individual Unidentified, ppmv as S NA NA NA NA NA NA NA 16 0 0 0 

Dichlorodifluoromethane, ppmv 3.60 1.35 2.56 2.61 0.69 0.54 3.48 12 12 3.5 3 

1,2-Dichlorotetrafluoroethane, ppmv 0.17 0.11 0.13 0.14 0.02 0.02 0.17 12 6 0.08 1 

1,1,2-Trichloro-1,2,2-trifluoroethane, ppmv NA NA NA NA NA NA NA 12 0 0 0 

Trichlorofluoromethane, ppmv 0.24 0.13 0.16 0.18 0.04 0.04 0.23 12 6 0.1 2 

Chloromethane, ppmv NA NA NA NA NA NA NA 12 0 0 0 

Dichloromethane, ppmv NA NA NA NA NA NA NA 12 0 0 0 

Chloroform, ppmv NA NA NA NA NA NA NA 12 0 0 0 

Carbon Tetrachloride, ppmv NA NA NA NA NA NA NA 12 0 0 0 
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Table 2. Chemical Compositions of the Processed Biogas from Landfills (Continued) 

Component Max Min Med Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of  

Samples  

# of  

Hits 
Result Rank 

Chloroethane, ppmv 0.66 0.41 0.59 0.56 0.09 0.07 0.65 12 8 0.4 2 

1,1-Dichloroethane, ppmv NA NA NA NA NA NA NA 12 0 0 0 

1,2-Dichloroethane, ppmv NA NA NA NA NA NA NA 12 0 0 0 

1,1,1-Trichloroethane, ppmv NA NA NA NA NA NA NA 12 0 0 0 

1,1,2-Trichloroethane, ppmv NA NA NA NA NA NA NA 12 0 0 0 

1,1,2,2-Tetrachloroethane, ppmv NA NA NA NA NA NA NA 12 0 0 0 

Chloroethene (Vinyl Chloride), ppmv 0.33 0.13 0.25 0.24 0.07 0.05 0.33 12 8 0.2 2 

1,1-Dichloroethene, ppmv NA NA NA NA NA NA NA 12 0 0 0 

cis-1,2-Dichloroethene, ppmv NA NA NA NA NA NA NA 12 0 0 0 

Trichloroethene, ppmv NA NA NA NA NA NA NA 12 0 0 0 

Tetrachloroethene, ppmv NA NA NA NA NA NA NA 12 0 0 0 

1,2-Dichloropropane, ppmv NA NA NA NA NA NA NA 12 0 0 0 

3-Chloropropene, ppmv NA NA NA NA NA NA NA 12 0 0 0 

cis-1,3-Dichloropropene, ppmv NA NA NA NA NA NA NA 12 0 0 0 

trans-1,3-Dichloropropene, ppmv NA NA NA NA NA NA NA 12 0 0 0 

Bromomethane, ppmv NA NA NA NA NA NA NA 12 0 0 0 

1,2-Dibromoethane, ppmv NA NA NA NA NA NA NA 12 0 0 0 

Chlorobenzene, ppmv NA NA NA NA NA NA NA 12 0 0 0 

1,2-Dichlorobenzene, ppmv NA NA NA NA NA NA NA 12 0 0 0 

1,3-Dichlorobenzene, ppmv NA NA NA NA NA NA NA 12 0 0 0 

1,4-Dichlorobenzene, ppmv NA NA NA NA NA NA NA 12 0 0 0 

1,2,4-Trichlorobenzene, ppmv NA NA NA NA NA NA NA 12 0 0 0 

Hexachloro-1,3-butadiene, ppmv NA NA NA NA NA NA NA 12 0 0 0 

Mercury, µg/M
3
 0.28 0.14 0.21 0.21 0.07 0.07 0.27 16 2 0.03 1 

Arsenic, µg/M
3
 NA NA NA NA NA NA NA 15 0 0 0 
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Table 2. Chemical Compositions of the Processed Biogas from Landfills (Continued) 

Component Max Min Med Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of  

Samples  

# of  

Hits 
Result Rank 

Barium, µg/M
3
 NA NA NA NA NA NA NA 15 0 0 0 

Beryllium, µg/M
3
 NA NA NA NA NA NA NA 15 0 0 0 

Cadmium, µg/M
3
 NA NA NA NA NA NA NA 15 0 0 0 

Cobalt, µg/M
3
 NA NA NA NA NA NA NA 15 0 0 0 

Chromium, µg/M
3
 NA NA NA NA NA NA NA 15 0 0 0 

Copper, µg/M
3
 250.00 148.00 206.00 201.33 41.77 35.56 241.20 15 3 48.24 4 

Manganese, µg/M
3
 NA NA NA NA NA NA NA 15 0 0 0 

Molybdenum, µg/M
3
 NA NA NA NA NA NA NA 15 0 0 0 

Nickel, µg/M
3
 NA NA NA NA NA NA NA 15 0 0 0 

Lead, µg/M
3
 NA NA NA NA NA NA NA 15 0 0 0 

Antimony, µg/M
3
 NA NA NA NA NA NA NA 15 0 0 0 

Selenium, µg/M
3
 NA NA NA NA NA NA NA 15 0 0 0 

Strontium, µg/M
3
 NA NA NA NA NA NA NA 15 0 0 0 

Thallium, µg/M
3
 NA NA NA NA NA NA NA 15 0 0 0 

Zinc, µg/M
3
 111.00 28.00 54.50 62.00 30.34 24.50 94.80 15 4 25.28 4 

1,1,3,3-Tetramethyldisiloxane, ppmv as Si NA NA NA NA NA NA NA 16 0 0 0 

Pentamethyldisiloxane, ppmv as Si NA NA NA NA NA NA NA 16 0 0 0 

Hexamethyldisilane, ppmv as Si NA NA NA NA NA NA NA 16 0 0 0 

Hexamethyldisiloxane (L2), ppmv as Si NA NA NA NA NA NA NA 16 0 0 0 

Octamethyltrisiloxane (L3), ppmv as Si NA NA NA NA NA NA NA 16 0 0 0 

Octamethylcyclotetrasiloxane , ppmv as Si 4.90 0.30 2.50 2.55 2.16 2.15 4.78 16 4 1.2 3 

Decamethyltetrasiloxane (L4), ppmv as Si NA NA NA NA NA NA NA 16 0 0 0 

Decamethylcyclopentasiloxane, ppmv as Si NA NA NA NA NA NA NA 16 0 0 0 

Dodecamethylpentasiloxane , ppmv as Si NA NA NA NA NA NA NA 16 0 0 0 

Unidentified Si NA NA NA NA NA NA NA 16 0 0 0 
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Table 3. Chemical Compositions of Raw Biogas from Dairy Farms 

Component Max Min Med Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of  

Samples  

# of  

Hits 
Result Rank 

Helium, mol% NA NA NA NA NA NA NA 62 0 0 0 

Hydrogen, mol% NA NA 0.07 NA NA NA NA 62 1 0 0 

Carbon Dioxide, mol% 44.00 15.64 39.31 37.46 5.43 4.12 42.15 68 68 42.1 5 

Oxygen/Argon, mol% 8.45 0.03 0.34 1.51 2.29 1.66 5.06 62 35 2.9 3 

Nitrogen, mol% 200.00 0.06 0.46 6.62 25.57 9.62 12.32 63 63 12.3 4 

Carbon Monoxide, mol% NA NA NA NA NA NA NA 62 0 0 0 

Methane, mol% 70.00 33.50 58.75 58.27 5.93 3.45 63.41 68 68 63.4 5 

Ethane, ppmv NA NA NA NA NA NA NA 62 0 0 0 

Ethene, ppmv NA NA NA NA NA NA NA 62 0 0 0 

Ethyne, ppmv NA NA NA NA NA NA NA 62 0 0 0 

Propane, ppmv NA NA 18 NA NA NA NA 62 1 0 0 

Propene, ppmv NA NA NA NA NA NA NA 62 0 0 0 

Propadiene, ppmv NA NA NA NA NA NA NA 62 0 0 0 

Propyne, ppmv NA NA NA NA NA NA NA 62 0 0 0 

i-Butane, ppmv NA NA NA NA NA NA NA 62 0 0 0 

n-Butane, ppmv NA NA NA NA NA NA NA 62 0 0 0 

1-Butene, ppmv NA NA NA NA NA NA NA 62 0 0 0 

i-Butene, ppmv NA NA NA NA NA NA NA 62 0 0 0 

trans-2-Butene, ppmv NA NA NA NA NA NA NA 62 0 0 0 

cis-2-Butene, ppmv NA NA NA NA NA NA NA 62 0 0 0 

1,3-Butadiene, ppmv NA NA NA NA NA NA NA 62 0 0 0 

i-Pentane, ppmv NA NA NA NA NA NA NA 62 0 0 0 

n-Pentane, ppmv NA NA NA NA NA NA NA 62 0 0 0 

neo-Pentane, ppmv NA NA NA NA NA NA NA 62 0 0 0 

Pentenes, ppmv NA NA NA NA NA NA NA 62 0 0 0 

Hexane Plus, ppmv 118 1 3 23 34 26 73 62 18 21.2 4 

Ammonia, ppmv 450 43 247 247 204 204 409 62 2 13.2 4 
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Table 3. Chemical Compositions of Raw Biogas from Dairy Farms (Continued) 

Component Max Min Med Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of  

Samples  

# of  

Hits 
Result Rank 

Cyclopentane, ppmv 1.00 1.00 1 1.00 0.00 0.00 1 20 2 0.1 2 

Methylcyclopentane, ppmv NA NA NA NA NA NA NA 20 0 0 0 

Cyclohexane, ppmv NA NA NA NA NA NA NA 20 0 0 0 

Methylcyclohexane, ppmv NA NA NA NA NA NA NA 20 0 0 0 

Benzene, ppmv 0.50 0.06 0.10 0.22 0.20 0.19 0.4 23 3 0.05 1 

Toluene, ppmv 8.70 0.01 0.52 2.44 3.64 3.13 6.4 23 4 1.1 3 

Ethylbenzene, ppmv NA NA 5.1 NA NA NA NA 21 1 0 0 

m,p-Xylene, ppmv NA NA 10.3 NA NA NA NA 21 1 0 0 

Styrene, ppmv NA NA 3.2 NA NA NA NA 21 1 0 0 

o-Xylene, ppmv NA NA 3.8 NA NA NA NA 21 1 0 0 

C3 Benzenes, ppmv 1.00 1.00 1.0 NA NA 0.00 1.0 20 2 0.1 2 

Naphthalene, ppmv NA NA NA NA NA NA NA 20 0 0 0 

C1 Naphthalenes, ppmv NA NA NA NA NA NA NA 20 0 0 0 

C2 Naphthalenes, ppmv NA NA NA NA NA NA NA 20 0 0 0 

hexane, ppmv 3.0 1.0 1.0 1.5 0.66 0.58 2.0 20 11 1.1 3 

Heptanes, ppmv NA NA 1.0 NA NA 0.00 1.0 20 3 0.2 2 

2,2,4-Trimethylpentane, ppmv NA NA NA NA NA NA NA 20 0 0 0 

Octanes, ppmv NA NA NA NA NA NA NA 20 0 0 0 

Nonanes, ppmv NA NA NA NA NA NA NA 20 0 0 0 

Decanes, ppmv NA NA NA NA NA NA NA 20 0 0 0 

Undecanes, ppmv NA NA 1.0 NA NA NA NA 20 1 0 0 

Dodecanes, ppmv NA NA NA NA NA NA NA 20 0 0 0 

Tridecanes, ppmv NA NA NA NA NA NA NA 20 0 0 0 

Tetradecanes, ppmv NA NA NA NA NA NA NA 20 0 0 0 

Pentadecanes, ppmv NA NA NA NA NA NA NA 20 0 0 0 

Hexadecanes, ppmv NA NA NA NA NA NA NA 20 0 0 0 

Heptadecanes, ppmv NA NA NA NA NA NA NA 20 0 0 0 
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Table 3. Chemical Compositions of Raw Biogas from Dairy Farms (Continued) 

Component Max Min Med Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of  

Samples  

# of  

Hits 
Result Rank 

Octadecanes, ppmv NA NA NA NA NA NA NA 20 0 0 0 

Nonadecanes, ppmv NA NA NA NA NA NA NA 20 0 0 0 

Eicosanes +, ppmv NA NA NA NA NA NA NA 20 0 0 0 

Hydrogen Sulfide, ppmv 6570 0.05 1755 2008 1731 1470 4090 32 26 3323 5 

Sulfur Dioxide, ppmv 7.73 0.07 0.40 1.09 1.79 1.09 2.19 25 17 1.5 3 

Carbonyl Sulfide, ppmv 26.35 0.09 1.11 2.28 5.02 2.28 3.64 25 25 3.6 3 

Carbon Disulfide, ppmv 0.77 0.03 0.10 0.15 0.19 0.11 0.20 25 12 0.09 1 

Methyl Mercaptan, ppmv 7.88 0.10 0.67 1.66 2.12 1.58 5.29 25 21 4.4 3 

Ethyl Mercaptan, ppmv 0.38 0.05 0.20 0.18 0.09 0.07 0.27 25 19 0.2 2 

i-Propyl Mercaptan, ppmv 2.67 0.08 0.37 0.55 0.60 0.43 1.00 25 20 0.8 2 

n-Propyl Mercaptan, ppmv 0.10 0.06 0.08 0.08 0.01 0.01 0.10 25 5 0.02 1 

t-Butyl Mercaptan, ppmv 0.60 0.05 0.15 0.21 0.19 0.15 0.44 25 6 0.1 2 

Dimethyl Sulfide, ppmv 1.09 0.08 0.21 0.36 0.31 0.25 0.79 25 16 0.5 2 

Methyl Ethyl Sulfide, ppmv NA NA NA NA NA NA NA 25 0 0 0 

Diethyl Sulfide, ppmv NA NA NA NA NA NA NA 25 0 0 0 

Di-t-Butyl Sulfide, ppmv NA NA NA NA NA NA NA 25 0 0 0 

Dimethyl Disulfide, ppmv 0.32 0.13 0.20 0.22 0.08 0.07 0.30 25 3 0.04 1 

Methyl Ethyl Disulfide, ppmv NA NA NA NA NA NA NA 25 0 0 0 

Methyl i-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 25 0 0 0 

Diethyl Disulfide, ppmv NA NA 0.15 NA NA NA NA 25 1 0 0 

Methyl n-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 25 0 0 0 

Methyl t-Butyl Disulfide, ppmv NA NA NA NA NA NA NA 25 0 0 0 

Ethyl i-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 25 0 0 0 

Ethyl n-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 25 0 0 0 

Ethyl t-Butyl Disulfide, ppmv NA NA NA NA NA NA NA 25 0 0 0 

Di-i-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 25 0 0 0 
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Table 3. Chemical Compositions of Raw Biogas from Dairy Farms (Continued) 

Component Max Min Med Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of  

Samples  

# of  

Hits 
Result Rank 

i-Propyl n-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 25 0 0 0 

Di-n-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 25 0 0 0 

i-Propyl t-Butyl Disulfide, ppmv NA NA NA NA NA NA NA 25 0 0 0 

n-Propyl t-Butyl Disulfide, ppmv NA NA NA NA NA NA NA 25 0 0 0 

Di-t-Butyl Disulfide, ppmv NA NA NA NA NA NA NA 25 0 0 0 

Dimethyl Trisulfide, ppmv NA NA NA NA NA NA NA 25 0 0 0 

Diethyl Trisulfide, ppmv NA NA NA NA NA NA NA 25 0 0 0 

Di-t-Butyl Trisulfide, ppmv NA NA NA NA NA NA NA 25 0 0 0 

Thiophene, ppmv 0.26 0.06 0.13 0.15 0.07 0.06 0.25 25 9 0.09 1 

C1-Thiophenes, ppmv NA NA NA NA NA NA NA 25 0 0 0 

C2-Thiophenes, ppmv NA NA 0.05 NA NA NA NA 25 1 0 0 

C3-Thiophenes, ppmv NA NA NA NA NA NA NA 25 0 0 0 

Benzothiophene, ppmv NA NA NA NA NA NA NA 25 0 0 0 

C1-Benzothiophenes, ppmv NA NA NA NA NA NA NA 25 0 0 0 

C2-Benzothiophenes, ppmv NA NA NA NA NA NA NA 25 0 0 0 

Thiophane, ppmv NA NA NA NA NA NA NA 25 0 0 0 

Thiophenol, ppmv NA NA NA NA NA NA NA 25 0 0 0 

Individual Unidentified, ppmv as S 2.04 0.10 1.07 1.07 0.97 0.97 1.85 25 2 0.1 2 

Dichlorodifluoromethane, ppmv NA NA 0.35 NA NA NA NA 21 1 0 0 

1,2-Dichlorotetrafluoroethane, ppmv NA NA NA NA NA NA NA 21 0 0 0 

1,1,2-Trichloro-1,2,2-trifluoroethane, ppmv NA NA NA NA NA NA 21 0 0 0 0 

Trichlorofluoromethane, ppmv NA NA NA NA NA NA NA 21 0 0 0 

Chloromethane, ppmv NA NA NA NA NA NA NA 21 0 0 0 

Dichloromethane, ppmv NA NA NA NA NA NA NA 21 0 0 0 

Chloroform, ppmv NA NA NA NA NA NA NA 21 0 0 0 

Carbon Tetrachloride, ppmv NA NA NA NA NA NA NA 21 0 0 0 
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Table 3. Chemical Compositions of Raw Biogas from Dairy Farms (Continued) 

Component Max Min Med Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of  

Samples  

# of  

Hits 
Result Rank 

Chloroethane, ppmv NA NA NA NA NA NA NA 21 0 0 0 

1,1-Dichloroethane, ppmv NA NA NA NA NA NA NA 21 0 0 0 

1,2-Dichloroethane, ppmv NA NA NA NA NA NA NA 21 0 0 0 

1,1,1-Trichloroethane, ppmv NA NA NA NA NA NA NA 21 0 0 0 

1,1,2-Trichloroethane, ppmv NA NA NA NA NA NA NA 21 0 0 0 

1,1,2,2-Tetrachloroethane, ppmv NA NA NA NA NA NA NA 21 0 0 0 

Chloroethene (Vinyl Chloride), ppmv NA NA 0.38 NA NA NA NA 21 1 0 0 

1,1-Dichloroethene, ppmv NA NA NA NA NA NA NA 21 0 0 0 

cis-1,2-Dichloroethene, ppmv NA NA NA NA NA NA NA 21 0 0 0 

Trichloroethene, ppmv NA NA NA NA NA NA NA 21 0 0 0 

Tetrachloroethene, ppmv NA NA NA NA NA NA NA 21 0 0 0 

1,2-Dichloropropane, ppmv NA NA NA NA NA NA NA 21 0 0 0 

3-Chloropropene, ppmv NA NA NA NA NA NA NA 21 0 0 0 

cis-1,3-Dichloropropene, ppmv NA NA NA NA NA NA NA 21 0 0 0 

trans-1,3-Dichloropropene, ppmv NA NA NA NA NA NA NA 21 0 0 0 

Bromomethane, ppmv NA NA NA NA NA NA NA 21 0 0 0 

1,2-Dibromoethane, ppmv NA NA NA NA NA NA NA 0 0 0 0 

Chlorobenzene, ppmv NA NA NA NA NA NA NA 21 0 0 0 

1,2-Dichlorobenzene, ppmv NA NA NA NA NA NA NA 21 0 0 0 

1,3-Dichlorobenzene, ppmv NA NA NA NA NA NA NA 21 0 0 0 

1,4-Dichlorobenzene, ppmv NA NA 0.17 NA NA NA NA 21 1 0 0 

1,2,4-Trichlorobenzene, ppmv NA NA NA NA NA NA NA 21 0 0 0 

Hexachloro-1,3-butadiene, ppmv NA NA NA NA NA NA NA 21 0 0 0 

Mercury, µg/M
3
 0.06 0.02 0.02 0.03 0.02 0.02 0.02 19 4 0.004 1 

Arsenic, µg/M
3
 NA NA NA NA NA NA NA 9 0 0 0 
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Table 3. Chemical Compositions of Raw Biogas from Dairy Farms (Continued) 

Component Max Min Med Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of  

Samples  

# of  

Hits 
Result Rank 

Cadmium, µg/M
3
 NA NA NA NA NA NA NA 9 0 0 0 

Copper, µg/M
3
 NA NA 60 NA NA NA NA 9 1 0 0 

Lead, µg/M
3
 NA NA NA NA NA NA NA 9 0 0 0 

Molybdenum, µg/M
3
 NA NA 2 NA NA NA NA 9 1 0 0 

Selenium, µg/M
3
 NA NA NA NA NA NA NA 9 0 0 0 

1,1,3,3-Tetramethyldisiloxane, ppmv as Si NA NA NA NA NA NA NA 19 0 0 0 

Pentamethyldisiloxane, ppmv as Si NA NA NA NA NA NA NA 19 0 0 0 

Hexamethyldisilane, ppmv as Si NA NA 0.84 NA NA NA NA 19 1 0 0 

Hexamethyldisiloxane (L2), ppmv as Si NA NA NA NA NA NA NA 19 0 0 0 

Octamethyltrisiloxane (L3), ppmv as Si NA NA NA NA NA NA NA 19 0 0 0 

Octamethylcyclotetrasiloxane , ppmv as Si NA NA 11.57 NA NA NA NA 19 1 0 0 

Decamethyltetrasiloxane, ppmv as Si NA NA NA NA NA NA NA 19 0 0 0 

Decamethylcyclopentasiloxane , ppmv as Si NA NA 4.68 NA NA NA NA 19 1 0 0 

Dodecamethylpentasiloxane , ppmv as Si NA NA NA NA NA NA NA 19 0 0 0 

Trimethyl silanol, ppmv as Si NA NA NA NA NA NA NA 12 0 0 0 

Hexamathylcyclotrisiloxane (D3), ppmv as Si NA NA NA NA NA NA NA 12 0 0 0 

Unidentified organic silicon compound 
 ppmv as Si 

NA 1.30 NA NA NA NA 12 1 0 0 0 

 

  



Task 6: Conduct Literature Search (Gap Analysis) for Material Compatibility Data 

242 
 

Table 4. Chemical Compositions of Processed Biogas from Dairy Farms  

Component Max Min Med Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of  

Samples  

# of  

Hits 
Result Rank 

Helium, mol% NA NA NA NA NA NA NA 23 0 0 0 

Hydrogen, mol% NA NA NA NA NA NA NA 23 0 0 0 

Carbon Dioxide, mol% 0.95 0.06 0.35 0.54 0.34 0.33 0.94 23 23 0.9 2 

Oxygen/Argon, mol% 1.99 0.39 0.85 0.91 0.48 0.39 1.44 23 10 0.6 2 

Nitrogen, mol% 7.81 0.20 0.38 1.80 2.04 1.70 3.96 23 23 4.0 3 

Carbon Monoxide, mol% NA NA NA NA NA NA NA 23 0 0 0 

Methane, mol% 99.63 89.35 99.27 97.26 2.83 2.44 99.61 23 23 99.6 5 

Ethane, ppmv NA NA 1109 NA NA NA NA 23 1 0 0 

Ethene, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Ethyne, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Propane, ppmv NA NA 284 NA NA NA NA 23 1 0 0 

Propene, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Propadiene, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Propyne, ppmv NA NA NA NA NA NA NA 23 0 0 0 

i-Butane, ppmv NA NA 53 NA NA NA NA 23 1 0 0 

n-Butane, ppmv NA NA 53 NA NA NA NA 23 1 0 0 

1-Butene, ppmv NA NA NA NA NA NA NA 23 0 0 0 

i-Butene, ppmv NA NA NA NA NA NA NA 23 0 0 0 

trans-2-Butene, ppmv NA NA NA NA NA NA NA 23 0 0 0 

cis-2-Butene, ppmv NA NA NA NA NA NA NA 23 0 0 0 

1,3-Butadiene, ppmv NA NA NA NA NA NA NA 23 0 0 0 

i-Pentane, ppmv NA NA 17 NA NA NA NA 23 1 0 0 

n-Pentane, ppmv NA NA NA NA NA NA NA 23 0 0 0 

neo-Pentane, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Pentenes, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Hexane Plus, ppmv NA NA 21 NA NA NA NA 23 1 0 0 

Ammonia, ppmv NA NA NA NA NA NA NA 23 0 0 0 
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Table 4. Chemical Compositions of Processed Biogas from Dairy Farms (Continued) 

Component Max Min Med Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of  

Samples  

# of  

Hits 
Result Rank 

Cyclopentane, ppmv NA NA 4 NA NA NA NA 23 1 0 0 

Methylcyclopentane, ppmv NA NA 2 NA NA NA NA 23 1 0 0 

Cyclohexane, ppmv NA NA 3 NA NA NA NA 23 1 0 0 

Methylcyclohexane, ppmv NA NA 2 NA NA NA NA 23 1 0 0 

Benzene, ppmv NA NA 1 NA NA NA NA 23 1 0 0 

Toluene, ppmv NA NA 1 NA NA NA NA 23 1 0 0 

Ethylbenzene, ppmv NA NA NA NA NA NA NA 23 0 0 0 

m,p-Xylene, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Styrene, ppmv NA NA NA NA NA NA NA 23 0 0 0 

o-Xylene, ppmv NA NA NA NA NA NA NA 23 0 0 0 

C3 Benzenes, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Naphthalene, ppmv NA NA NA NA NA NA NA 23 0 0 0 

C1 Naphthalenes, ppmv NA NA NA NA NA NA NA 23 0 0 0 

C2 Naphthalenes, ppmv NA NA NA NA NA NA NA 23 0 0 0 

hexane, ppmv NA NA 6 NA NA NA NA 23 1 0 0 

Heptanes, ppmv NA NA 1 NA NA NA NA 23 1 0 0 

2,2,4-Trimethylpentane, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Octanes, ppmv NA NA 1 NA NA NA NA 23 1 0 0 

Nonanes, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Decanes, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Undecanes, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Dodecanes, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Tridecanes, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Tetradecanes, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Pentadecanes, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Hexadecanes, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Heptadecanes, ppmv NA NA NA NA NA NA NA 23 0 0 0 
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Table 4. Chemical Compositions of Processed Biogas from Dairy Farms (Continued) 

Component Max Min Med Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of  

Samples  

# of  

Hits 
Result Rank 

Octadecanes, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Nonadecanes, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Eicosanes +, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Hydrogen Sulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Sulfur Dioxide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Carbonyl Sulfide, ppmv 5.28 0.05 0.14 0.71 1.36 0.83 1.41 23 20 0 0 

Carbon Disulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Methyl Mercaptan, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Ethyl Mercaptan, ppmv NA NA NA NA NA NA NA 23 0 0 0 

i-Propyl Mercaptan, ppmv NA NA NA NA NA NA NA 23 0 0 0 

n-Propyl Mercaptan, ppmv NA NA NA NA NA NA NA 23 0 0 0 

t-Butyl Mercaptan, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Dimethyl Sulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Methyl Ethyl Sulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Diethyl Sulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Di-t-Butyl Sulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Dimethyl Disulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Methyl Ethyl Disulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Methyl i-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Diethyl Disulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Methyl n-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Methyl t-Butyl Disulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Ethyl i-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Ethyl n-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Ethyl t-Butyl Disulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Di-i-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 
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Table 4. Chemical Compositions of Processed Biogas from Dairy Farms (Continued) 

Component Max Min Med Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of  

Samples  

# of  

Hits 
Result Rank 

i-Propyl n-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Di-n-Propyl Disulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

i-Propyl t-Butyl Disulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

n-Propyl t-Butyl Disulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Di-t-Butyl Disulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Dimethyl Trisulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Diethyl Trisulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Di-t-Butyl Trisulfide, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Thiophene, ppmv NA NA NA NA NA NA NA 23 0 0 0 

C1-Thiophenes, ppmv NA NA NA NA NA NA NA 23 0 0 0 

C2-Thiophenes, ppmv NA NA NA NA NA NA NA 23 0 0 0 

C3-Thiophenes, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Benzothiophene, ppmv NA NA NA NA NA NA NA 23 0 0 0 

C1-Benzothiophenes, ppmv NA NA NA NA NA NA NA 23 0 0 0 

C2-Benzothiophenes, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Thiophane, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Thiophenol, ppmv NA NA NA NA NA NA NA 23 0 0 0 

Individual Unidentified, ppmv as S NA NA NA NA NA NA NA 23 0 0 0 

Dichlorodifluoromethane, ppmv NA NA NA NA NA NA NA 16 0 0 0 

1,2-Dichlorotetrafluoroethane, ppmv NA NA NA NA NA NA NA 16 0 0 0 

1,1,2-Trichloro-1,2,2-trifluoroethane, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Trichlorofluoromethane, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Chloromethane, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Dichloromethane, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Chloroform, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Carbon Tetrachloride, ppmv NA NA NA NA NA NA NA 16 0 0 0 
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Table 4. Chemical Compositions of Processed Biogas from Dairy Farms (Continued) 

Component Max Min Med Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of  

Samples  

# of  

Hits 
Result Rank 

Chloroethane, ppmv NA NA NA NA NA NA NA 16 0 0 0 

1,1-Dichloroethane, ppmv NA NA NA NA NA NA NA 16 0 0 0 

1,2-Dichloroethane, ppmv NA NA NA NA NA NA NA 16 0 0 0 

1,1,1-Trichloroethane, ppmv NA NA NA NA NA NA NA 16 0 0 0 

1,1,2-Trichloroethane, ppmv NA NA NA NA NA NA NA 16 0 0 0 

1,1,2,2-Tetrachloroethane, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Chloroethene (Vinyl Chloride), ppmv NA NA NA NA NA NA NA 16 0 0 0 

1,1-Dichloroethene, ppmv NA NA NA NA NA NA NA 16 0 0 0 

cis-1,2-Dichloroethene, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Trichloroethene, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Tetrachloroethene, ppmv NA NA NA NA NA NA NA 16 0 0 0 

1,2-Dichloropropane, ppmv NA NA NA NA NA NA NA 16 0 0 0 

3-Chloropropene, ppmv NA NA NA NA NA NA NA 16 0 0 0 

cis-1,3-Dichloropropene, ppmv NA NA NA NA NA NA NA 16 0 0 0 

trans-1,3-Dichloropropene, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Bromomethane, ppmv NA NA NA NA NA NA NA 16 0 0 0 

1,2-Dibromoethane, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Chlorobenzene, ppmv NA NA NA NA NA NA NA 16 0 0 0 

1,2-Dichlorobenzene, ppmv NA NA NA NA NA NA NA 16 0 0 0 

1,3-Dichlorobenzene, ppmv NA NA NA NA NA NA NA 16 0 0 0 

1,4-Dichlorobenzene, ppmv NA NA NA NA NA NA NA 16 0 0 0 

1,2,4-Trichlorobenzene, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Hexachloro-1,3-butadiene, ppmv NA NA NA NA NA NA NA 16 0 0 0 

Mercury, µg/M
3
 NA NA NA NA NA NA NA 21 0 0 0 

Arsenic, µg/M
3
 NA NA NA NA NA NA NA 20 0 0 0 
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Table 4. Chemical Compositions of Processed Biogas from Dairy Farms (Continued) 

Component Max Min Med Avg 
Std 

Dev 

Ave 

Dev 

90% 

Mode 

# of  

Samples  

# of  

Hits 
Result Rank 

Cadmium, µg/M
3
 NA NA NA NA NA NA NA 20 0 0 0 

Copper, µg/M
3
 NA NA NA NA NA NA NA 20 0 0 0 

Lead, µg/M
3
 NA NA NA NA NA NA NA 20 0 0 0 

Molybdenum, µg/M
3
 NA NA NA NA NA NA NA 20 0 0 0 

Selenium, µg/M
3
 NA NA NA NA NA NA NA 20 0 0 0 

1,1,3,3-Tetramethyldisiloxane, ppmv as Si NA NA NA NA NA NA NA 18 0 0 0 

Pentamethyldisiloxane, ppmv as Si NA NA NA NA NA NA NA 18 0 0 0 

Hexamethyldisilane, ppmv as Si NA NA NA NA NA NA NA 18 0 0 0 

Hexamethyldisiloxane (L2), ppmv as Si NA NA NA NA NA NA NA 18 0 0 0 

Octamethyltrisiloxane (L3), ppmv as Si NA NA NA NA NA NA NA 18 0 0 0 

Octamethylcyclotetrasiloxane , ppmv as Si NA NA NA NA NA NA NA 18 0 0 0 

Decamethyltetrasiloxane, ppmv as Si NA NA NA NA NA NA NA 18 0 0 0 

Decamethylcyclopentasiloxane , ppmv as Si NA NA NA NA NA NA NA 18 0 0 0 

Dodecamethylpentasiloxane , ppmv as Si NA NA NA NA NA NA NA 18 0 0 0 
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Table 5. Scoring Scheme for Biogas Constituents 

 Low Concentration High Concentration Assigned Rank 

Mol% Level Scoring 

40 100 5 

10 40 4 

1 10 3 

0.1 1 2 

< 0.1 NA 1 

ppm Level Scoring 

> 100 NA 5 

10 100 4 

1 10 3 

0.1 1 2 

< 0.1 NA 1 
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Table 6. CO2 partial pressure, pH and the Compositions of Carbonic Acid Solutions* 

     

(atm) 
pH 

[CO2] 

(mol/L) 
[H2CO3] (mol/L) [    

 ] (mol/L) 
[   

  ] 

 (mol/L) 

10
-8

 7.00 3.36×10
-10

 5.71×10
-13

 1.42×10
-9

 7.90×10
-13

 

10
-6

 6.81 3.36×10
-8

 5.71×10
-11

 9.16×10
-8

 3.30×10
-11

 

10
-4

 5.92 3.36×10
-6

 5.71×10
-9

 1.19×10
-6

 5.57×10
-11

 

3.5×10
-4

 5.65 1.18×10
-5

 2.00×10
-8

 2.23×10
-6

 5.60×10
-11

 

10
-3

 5.42 3.36×10
-5

 5.71×10
-8

 3.78×10
-6

 5.61×10
-11

 

10
-2

 4.92 3.36×10
-4

 5.71×10
-7

 1.19×10
-5

 5.61×10
-11

 

10
-1

 4.42 3.36×10
-3

 5.71×10
-6

 3.78×10
-5

 5.61×10
-11

 

1 3.92 3.36×10
-2

 5.71×10
-5

 1.20×10
-4

 5.61×10
-11

 

2.5 3.72 8.40×10
-2

 1.43×10
-4

 1.89×10
-4

 5.61×10
-11

 

10 3.42 0.336 5.71×10
-4

 3.78×10
-4

 5.61×10
-11

 

 

* Data from Wikipedia: http://en.wikipedia.org/wiki/Carbonic_acid 
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Table 7. General Physical Properties of the Hydrocarbons Present in Biogas* 

Chemical Formula Boiling point (°F) Melting point (°F) Density (g·cm
−3

)  

Methane CH4 -259.60 -297.40 gas 

Ethane C2H6 -128.20 -295.17 gas 

Propane C3H8 -43.60 -306.40 gas 

Butane C4H10 31.10 -211.00 gas 

Pentane C5H12 96.80 -202.00 0.626 

Hexane C6H14 156.20 -139.00 0.659 

Heptane C7H16 208.40 -131.80 0.684 

Octane C8H18 258.80 -70.60 0.703 

Nonane C9H20 303.80 -65.20 0.718 

Decane C10H22 345.20 -22.00 0.73 

Undecane C11H24 384.80 -14.80 0.74 

Dodecane C12H26 420.80 14.00 0.749 

Tridecane C13H28 453.20 23.00 0.756 

Cyclopentane C5H10 120.20 -137.20 0.751 

Cyclohexane C6H12 177.33 43.70 0.779 

Ethylene C2H4 -154.66 -272.56 1.178 

Propylene C3H6 -53.68 -301.36 1.81 

Benzene C6H6 176.18 41.90 0.8765 

Toluene C7H8 231.08 -135.40 0.8669 

Xylene C8H10 281.30 -53.32 0.864 

Ethylbenzene C8H10 276.80 -139.00 0.8665 

Styrene C8H8 293.00 -23.08 0.91 

C3-benzene C9H12 318.20 -146.20 0.862 

 

* Data from: 

1. Wikipedia: http://en.wikipedia.org 

2. National Institute of Standards and Technology (NIST) Chemistry WebBook: 

http://webbook.nist.gov/cgi/cbook.cgi?ID=C74828&Units=SI 

3. International Programme on Chemical Safety (IPCS) webpage: http://www.inchem.org/ 

 

  

http://webbook.nist.gov/cgi/cbook.cgi?ID=C74828&Units=SI
http://www.inchem.org/
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Table 8. General Physical Properties of the Organosulfur Compounds Present in Biogas* 

Chemicals Formula 
Boiling point  

(°F) 
Melting point  

(°F) 
Density  
(g·cm

−3
)  

Carbonyl Sulfide  OCS -58.36 -217.84 Gas 

Carbon Disulfide CS2 115.34 -167.44 1.261 

Methyl Mercaptan CH4S 42.71 -189.40 0.9 

Ethyl Mercaptan C2H6S 95.00 -234.40 0.8617 

i-Propyl Mercaptan C3H8S 130.73 -204.07 0.814 

n-Propyl Mercaptan C3H8S 153.95 -171.67 0.84 

t-Butyl Mercaptan C4H10S 146.93 33.53 0.8 

Dimethyl Sulfide C2H6S 98.60 -144.40 0.84 

Methyl Ethyl Sulfide C3H8S 152.33 -159.07 0.827 

Diethyl Sulfide C4H10S 197.60 -154.84 0.837 

Dimethyl Disulfide C2H6S2 229.73 -120.37 1.06 

Diethyl Disulfide C4H10S2 308.93 -150.07 0.993 

Methyl Ethyl Disulfide C3H8S2 276.80 NA 1.017 

Thiophene C4H4S 183.20 -36.40 1.051 

C1-Thiophenes C5H11S NA NA NA 

Thiophane C4H8S 246.20 -140.80 1 

 
* Data from: 

1. Wikipedia: http://en.wikipedia.org  

2. National Institute of Standards and Technology (NIST) Chemistry WebBook: 

http://webbook.nist.gov/cgi/cbook.cgi?ID=C74828&Units=SI 

3. International Programme on Chemical Safety (IPCS) webpage: http://www.inchem.org/ 

 

  

http://webbook.nist.gov/cgi/cbook.cgi?ID=C74828&Units=SI
http://www.inchem.org/
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Table 9. General Physical Properties of the Halocarbons Present in Biogas* 

Chemicals Formula 
Boiling point 

(°F) 
Melting point 

(°F) 

Density 

(g·cm
−3

) 

Dichlorodifluoromethane CCl2F2 -21.64 -251.86 
1.486  

@ -21.6°F 

1,2-Dichlorotetrafluoroethane C2Cl2F4 38.30 -137.20 1.455 

1,1,2-Trichloro-1,2,2-trifluoroethane C2Cl3F3 117.86 -31.00 1.56 

Trichlorofluoroethane CCl3F 74.79 -166.86 1.494 

Chloromethane CH3Cl -11.56 -143.86 
0.002  

@ 32°F 

Vinylchloride C2H3Cl 8.60 -245.20 0.91 

1,1-Dichloroethane C2H4Cl2 134.96 -142.60 1.2 

1,1-Dichloroethene C2H2Cl2 89.60 -187.60 1.213 

1,4-Dichlorobenzene C6H4Cl2 345.20 128.30 1.25 (solid) 

 
* Data from: 

1. Wikipedia: http://en.wikipedia.org 

2. National Institute of Standards and Technology (NIST) Chemistry WebBook: 

http://webbook.nist.gov/cgi/cbook.cgi?ID=C74828&Units=SI 

3. International Programme on Chemical Safety (IPCS) webpage: http://www.inchem.org/ 

 

  

http://webbook.nist.gov/cgi/cbook.cgi?ID=C74828&Units=SI
http://www.inchem.org/
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Table 10.  General Physical Properties of the Organosilicon Compounds Present in Biogas*  

Chemicals Formula 
Boiling point 

(°F) 
Melting point 

(°F) 
Density 
(g·cm

−3
)  

Hexamethyldisilane C6H18Si2 235.13 57.11 0.715 

Octamethylcyclotetrasiloxane C8H24O4Si4 346.73 62.33 0.956 

Decamethylcyclopentasiloxane C10H30O5Si5 194.00 -459.67 0.958 

Decamethyltetrasiloxane C10H30O3Si4 381.20 -90.40 0.854 

 
* Data from: 

1. Wikipedia: http://en.wikipedia.org 

2. National Institute of Standards and Technology (NIST) Chemistry WebBook: 

http://webbook.nist.gov/cgi/cbook.cgi?ID=C74828&Units=SI 

3. International Programme on Chemical Safety (IPCS) webpage: http://www.inchem.org/ 

 

  

http://webbook.nist.gov/cgi/cbook.cgi?ID=C74828&Units=SI
http://www.inchem.org/
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Table 11. Solubility Parameters of the Compounds Presented in Biogas* 

Group # Gas Constituents (Mpa)
1/2

 H-Bonding Group

3 

Methane 11.0 Poor 

Ethane 12.3 Poor 

Propane 13.1 Poor 

n-Butane 13.9 Poor 

i-Butane 14.5 Poor 

n-Pentane 14.3 Poor 

i-Pentane 13.8 Poor 

2,2,4-Trimethylpentane 14.0 Poor 

n-Hexane 14.9 Poor 

Heptanes 15.1 Poor 

Octanes 15.6 Poor 

Nonanes 15.8 Poor 

Decanes 15.8 Poor 

Undecanes 15.9 Poor 

Dodecanes 16.0 Poor 

Tridecanes 16.2 Poor 

4 

Cyclopentane 16.9 Poor 

Methylcyclopentane 16.1 Poor 

Cyclohexane 16.8 Poor 

Methylcyclohexane 16.1 Poor 

5 

Ethene NA NA 

Propene NA NA 

Pentenes NA NA 

6 

Benzene 18.8 Poor 

Toluene 18.2 Poor 

Ethylbenzene 18.0 Poor 

m,p-Xylene 18.0 Poor 

o-Xylene 17.8 Poor 

Styrene 19.0 Poor 

C3 benzene 17.6 Poor 

7 

Carbonyl Sulfide NA NA 

Carbon Disulfide 20.5 NA 
Methyl Mercaptan NA NA 
Ethyl Mercaptan 18.4 NA 

i-Propyl Mercaptan 17.1 NA 
n-Propyl Mercaptan 18.1 NA 
t-Butyl Mercaptan 15.9 NA 
Dimethyl Sulfide 18.6 NA 

Methyl Ethyl Sulfide 17.9 NA 
Diethyl Sulfide 17.4 NA 

 

* Data from Polymer Handbook (Brandrup 1999) 
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Table 11. Solubility Parameters of the Compounds Presented in Biogas (Continued)* 

Group # Gas Constituents  (Mpa)
1/2

 H-Bonding Group 

  
 7 

Dimethyl Disulfide 20.2 NA 

Diethyl Disulfide NA NA 
Methyl Ethyl Disulfide NA NA 
Methyl n-Propyl Disulfide NA NA 
Methyl t-Butyl Disulfide NA NA 
i-Propyl t-Butyl Disulfide NA NA 
Dimethyl Trisulfide NA NA 

Thiophene 20.1 NA 

C1-Thiophenes NA NA 

C2-Thiophenes NA NA 

Thiophane 20.4 NA 

Thiophneol 20.2 NA 

8 
 

Dichlorodifluoromethane (CFC-12) 12.5 NA 
1,2-Dichlorotetrafluoroethane (CFC-114) 12.9 NA 
1,1,2-Trichloro-1,2,2-trifluoroethane (CFC-113) 14.7 NA 
Trichlorofluoroethane (CFC-11) 15.5 NA 
Chloromethane NA NA 
Dichloromethane (Methylene Chloride) 17.7 NA 
Vinylchloride 16.0 Moderate 
1,1-Chloroethane 18.8 NA 
1,1-Dichloroethane 16.9 NA 
1,2-Dichloroethane 18.2 NA 
1,1,1-Trichloroethane 17.2 NA 
1,1-dichloroethene 17.3 NA 
cis-1,2-dichloroethene NA NA 
Trichloroethene NA NA 
Tetrachloroethene NA NA 
Chlorobenzene 19.4 NA 
1,2-Dichlorobenzene 20.5 NA 
1,3-Dichlorobenzene NA NA 
1,4-Dichlorobenzene NA NA 

9 
 
 

Hexamethyldisilane NA NA 
Hexamethyldisiloxane (L2) NA NA 
Octamethyltrisiloxane NA NA 
Octamethylcyclotetrasiloxane NA NA 
Decamethyltetrasiloxane NA NA 
Decamethylcyclopentasiloxane NA NA 
Trimethyl silanol NA NA 
Hexamethylcyclotrisiloxane NA NA 

 
* Data from Polymer Handbook (Brandrup 1999) 
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Table 12. Solubility Parameters of the Selected Plastics and Elastomers*  

Polymers 
 (Mpa)

1/2


Range Average 

E
la

s
to

m
e
rs

 

SBR  
  
  
  
  
  
  
  
  

BUNA S 94/6 16.6-16.5 

17.3 

BUNA S 90/10 17.1 

BUNA S 87.5/12.5 16.4-17.6 

BUNA S 85/15 17.2-17.5 

BUNA S 75/25 16.5-17.6 

BUNA S 71.5/28.5 16.6-17.5 

BUNA S 70/30 17.4 

BUNA S 60/40 17.5-17.8 

Polysar 5630 18.1 

NBR 
  
  
  
  
  
  
  

BUNA N 82/18 17.9-17.7 

19.5 

BUNA N 82/20 18.4-19.4 

BUNA N 82/18 17.7-17.9 

BUNA N 80/20 18.4-19.4 

BUNA N 75/25 18.2-19.4 

BUNA N 70/30 19.2-20.3 

BUNA N 61/39 20.5-21.4 

Hycar (BFGoodrich) 21.0 

CR   
15.2-19.2 17.7 

SI  
14.9-19.7 16.9 

P
la

s
ti

c
s
 

PE  
16.0-18.4 16.8 

PA11  
19.2 

PA12  
19.0 

 

 * Data from Polymer Handbook (Brandrup 1999) 
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Table 13. Vaporization Heat (Hvap), Molar Volumes (Vm) and the Calculated Solubility 

Parameters ()* 

Gas Constituents Hvap (kJ)  Vm (cm
3
)  (Mpa)

1/2
 

i-Pentane (2-Methyl Butane) 24.85 117.46 13.8 

n-Pentane 26.70 115.26 14.5 

Undecane 56.40 210.81 16.0 

Tridecane 66.43 243.39 16.2 

Methylcyclopentane 31.63 112.38 16.1 

Methylcyclohexane 35.36 127.27 16.1 

o-Xylene (1,2-Dimethylbenzene) 41.00 106.00 19.1 

m-Xylene (1,3-Dimethylbenzene) 41.00 106.00 19.1 

p-Xylene (1,3-Dimethylbenzene) 41.00 106.00 19.1 

Ethyl Mercaptan 27.30 72.11 18.6 

i-Propyl Mercaptan 29.63 93.37 17.1 

n-Propyl Mercaptan 32.00 90.48 18.1 

t-Butyl Mercaptan 30.90 112.50 15.9 

Dimethyl Sulfide 27.90 73.81 18.6 

Methyl Ethyl Sulfide 32.00 91.90 17.9 

Diethyl Sulfide 35.90 107.53 17.6 

Dimethyl Disulfide 38.50 88.68 20.2 

Thiophene 34.70 79.92 20.1 

Thiophane 39.20 88.00 20.4 

Thiophenol 47.56 110.00 20.2 

1,1-dichloroethene 26.48 79.97 17.3 

2,2,4-Trimethylpentane 35.14 165.70 14.0 

Dichloromethane 29.00 85.00 17.7 

1,1-Dichloroethane 30.80 99.00 16.9 

1,2-Dichloroethane 35.20 99.00 18.2 

1,1,1-trichloroethane 32.50 101.06 17.2 

Chlorobenzene 41.00 101.40 19.5 

 
* Data from: 

1. National Institute of Standards and Technology (NIST) Chemistry WebBook: 

http://webbook.nist.gov/cgi/cbook.cgi?ID=C74828&Units=SI 

http://webbook.nist.gov/cgi/cbook.cgi?ID=C74828&Units=SI
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Table 14. PE and PA12 Compatibility with the Organic Constituents in Biogas 

Group # Gas Constituents 
 

(Mpa)
1/2

 

PE () & Impact PA12 ( & Impact  

min max ave Min  Rating =19 Rating 

3 

Methane 11 5 7.4 5.75 5 1 8 1 

Ethane 12.3 3.7 6.1 4.45 3.7 1 6.7 1 

Propane 13.1 2.9 5.3 3.65 2.9 2 5.9 1 

n-Butane 13.9 2.1 4.5 2.85 2.1 2 5.1 1 

i-Butane 14.5 1.5 3.9 2.25 1.5 3 4.5 1 

n-Pentane 14.3 1.7 4.1 2.45 1.7 3 4.7 1 

i-Pentane 13.8 2.2 4.6 2.95 2.2 2 5.2 1 

2,2,4-Trimethylpentane 14.0 2.0 4.4 2.7 2.0 3 5.0 1 

n-Hexane 14.9 1.1 3.5 1.85 1.1 3 4.1 1 

Heptanes 15.1 0.9 3.3 1.65 0.9 4 3.9 1 

Octanes 15.6 0.4 2.8 1.15 0.4 5 3.4 1 

Nonanes 15.8 0.2 2.6 0.95 0.2 5 3.2 1 

Decanes 15.8 0.2 2.6 0.95 0.2 5 3.2 1 

Undecanes 15.9 0.1 2.5 0.85 0.1 5 3.1 1 

Dodecanes 16 0 2.4 0.75 0 5 3 2 

Tridecanes 16.2 0.2 2.2 0.55 0.2 5 2.8 2 

4 

Cyclopentane 16.9 0.9 1.5 0.15 0.15 5 2.1 2 

Methylcyclopentane 16.1 0.1 2.3 0.65 0.1 5 2.9 2 

Cyclohexane 16.8 0.8 1.6 0.05 0.05 5 2.2 2 

Methylcyclohexane 16.1 0.07 2.33 0.68 0.07 5 2.93 2 

5 

Ethene NA NA NA NA NA 5 NA 5 

Propene NA NA NA NA NA 5 NA 5 

Pentenes NA NA NA NA NA 5 NA 5 
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Table 14.  PE and PA12 Compatibility with the Organic Constituents in Biogas (Continued) 

Group # Gas Constituents 
 

(Mpa)
1/2

 

PE () & Impact PA12 ( ) & Impact 

min max ave Min  Rating =19 Rating 

6 

Benzene 18.8 2.8 0.4 2.1 0.4 5 0.2 5 

Toluene 18.2 2.2 0.2 1.5 0.2 5 0.8 4 

Ethylbenzene 18.0 2.0 0.4 1.3 0.4 5 1 4 

m,p-Xylene 18.0 2.0 0.4 1.3 0.4 5 1 4 

o-Xylene 17.8 1.8 0.6 1.1 0.6 4 1.2 3 

Styrene 19.0 3.0 0.6 2.3 0.6 4 0 5 

C3 benzene 17.6 1.6 0.8 0.9 0.8 4 1.4 3 

7 

Carbonyl Sulfide NA NA NA NA NA 5 NA 5 

Carbon Disulfide 20.5 4.5 2.1 3.8 2.1 2 1.5 3 

Methyl Mercaptan NA NA NA NA NA 5 NA 5 

Ethyl Mercaptan 18.4 2.4 0.0 1.7 0.0 5 0.6 4 

i-Propyl Mercaptan 17.1 1.1 1.4 0.3 0.3 5 2.0 3 

n-Propyl Mercaptan 18.1 2.1 0.3 1.3 0.3 5 0.9 4 

t-Butyl Mercaptan 15.9 0.1 2.5 0.9 0.1 5 3.1 1 

Dimethyl Sulfide 18.6 2.6 0.2 1.8 0.2 5 0.44 5 

Methyl Ethyl Sulfide 17.9 1.9 0.5 1.2 0.5 5 1.1 3 

Diethyl Sulfide 17.4 1.4 1.0 0.6 0.6 4 1.6 3 

Dimethyl Disulfide 20.2 4.2 1.8 3.4 1.8 3 1.2 3 

Diethyl Disulfide NA NA NA NA NA 5 NA 5 

Methyl Ethyl Disulfide NA NA NA NA NA 5 NA 5 

Methyl n-Propyl Disulfide NA NA NA NA NA 5 NA 5 

Methyl t-Butyl Disulfide NA NA NA NA NA 5 NA 5 

i-Propyl t-Butyl Disulfide NA NA NA NA NA 5 NA 5 

Dimethyl Trisulfide NA NA NA NA NA 5 NA 5 

Thiophene 20.1 4.1 1.7 3.3 1.7 3 1.1 3 

C1-Thiophenes NA NA NA NA NA 5 NA 5 

C2-Thiophenes NA NA NA NA NA 5 NA 5 

Thiophane 20.4 4.4 2.0 3.7 2.0 2 1.4 3 

Thiophneol 20.2 4.2 1.8 3.5 1.8 3 1.2 3 
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Table 14. PE and PA12 Compatibility with the Organic Constituents in Biogas (Continued) 

Group # Gas Constituents 
 

(Mpa)
1/2

 

PE () & Impact PA12  & Impact 

min max ave Min  Rating =19 Rating 

8 

Dichlorodifluoromethane (CFC-12) 12.5 3.5 5.9 4.3 3.5 1 6.5 1 

1,2-Dichlorotetrafluoroethane (CFC-114) 12.9 3.1 5.5 3.9 3.1 1 6.1 1 

1,1,2-Trichloro-1,2,2-trifluoroethane (CFC-113) 14.7 1.3 3.7 2.1 1.3 3 4.3 1 

Trichlorofluoroethane (CFC-11) 15.5 0.5 2.9 1.3 0.5 5 3.5 1 

Chloromethane NA NA NA NA NA 5 NA 5 

Dichloromethane (Methylene Chloride) 17.7 1.7 0.7 0.9 0.7 4 1.3 3 

Vinylchloride 16.0 0.0 2.4 0.8 0.0 5 3 2 

1,1-Chloroethane 18.8 2.8 0.4 2.1 0.4 5 0.2 5 

1,1-Dichloroethane 16.9 0.9 1.5 0.2 0.2 5 2.1 2 

1,2-Dichloroethane 18.2 2.2 0.2 1.4 0.2 5 0.8 4 

1,1,1-Trichloroethane 17.2 1.2 1.2 0.5 0.5 5 1.8 3 

1,1-dichloroethene 17.3 1.3 1.1 0.6 0.6 4 1.7 3 

cis-1,2-dichloroethene NA NA NA NA NA 5 NA 5 

Trichloroethene NA NA NA NA NA 5 NA 5 

Tetrachloroethene NA NA NA NA NA 5 NA 5 

Chlorobenzene 19.4 3.4 1.0 2.7 1.0 4 0.4 5 

1,2-Dichlorobenzene 20.5 4.5 2.1 3.8 2.1 2 1.5 3 

1,3-Dichlorobenzene NA NA NA NA NA 5 NA 5 

1,4-Dichlorobenzene NA NA NA NA NA 5 NA 5 

9 

Hexamethyldisilane NA NA NA NA NA 5 NA 5 

Hexamethyldisiloxane (L2) NA NA NA NA NA 5 NA 5 

Octamethyltrisiloxane NA NA NA NA NA 5 NA 5 

Octamethylcyclotetrasiloxane NA NA NA NA NA 5 NA 5 

Decamethyltetrasiloxane NA NA NA NA NA 5 NA 5 

Decamethylcyclopentasiloxane NA NA NA NA NA 5 NA 5 

Trimethyl silanol NA NA NA NA NA 5 NA 5 

Hexamethylcyclotrisiloxane NA NA NA NA NA 5 NA 5 
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Table 15. SBR Compatibility with the Organic Constituents in Biogas 

Group # Gas Constituents  (Mpa)
1/2

 
SBR () & Impact 

min max ave Min  Rating 

3 

Methane 11 5.4 7.1 6.3 5.4 1 

Ethane 12.3 4.1 5.8 5.0 4.1 1 

Propane 13.1 3.3 5.0 4.2 3.3 1 

n-Butane 13.9 2.5 4.2 3.4 2.5 2 

i-Butane 14.5 1.9 3.6 2.8 1.9 3 

n-Pentane 14.3 2.1 3.8 3.0 2.1 2 

i-Pentane 13.8 2.6 4.3 3.5 2.6 2 

2,2,4-Trimethylpentane 14.0 2.4 4.1 3.3 2.4 2 

n-Hexane 14.9 1.5 3.2 2.4 1.5 3 

Heptanes 15.1 1.3 3.0 2.2 1.3 3 

Octanes 15.6 0.8 2.5 1.7 0.8 4 

Nonanes 15.8 0.6 2.3 1.5 0.6 4 

Decanes 15.8 0.6 2.3 1.5 0.6 4 

Undecanes 15.9 0.5 2.2 1.4 0.5 5 

Dodecanes 16 0.4 2.1 1.3 0.4 5 

Tridecanes 16.2 0.2 1.9 1.1 0.2 5 

4 

Cyclopentane 16.9 0.5 1.2 0.4 0.4 5 

Methylcyclopentane 16.1 0.3 2.0 1.2 0.3 5 

Cyclohexane 16.8 0.4 1.3 0.5 0.4 5 

Methylcyclohexane 16.1 0.3 2.0 1.2 0.3 5 

5 

Ethene NA NA NA NA NA 5 

Propene NA NA NA NA NA 5 

Pentenes NA NA NA NA NA 5 
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Table 15. SBR Compatibility with the Organic Constituents in Biogas (Continued) 

Group # Gas Constituents  (Mpa)
1/2

 
SBR () & Impact 

min max ave Min  Rating 

6 

Benzene 18.8 2.4 0.7 1.5 0.7 4 

Toluene 18.2 1.8 0.1 0.9 0.1 5 

Ethylbenzene 18.0 1.6 0.1 0.7 0.1 5 

m,p-Xylene 18.0 1.6 0.1 0.7 0.1 5 

o-Xylene 17.8 1.4 0.3 0.6 0.3 5 

Styrene 19.0 2.6 0.9 1.7 0.9 4 

C3 benzene 17.6 1.2 0.5 0.3 0.3 5 

7 

Carbonyl Sulfide NA NA NA NA  NA 5 

Carbon Disulfide 20.5 4.1 2.4 3.2 2.4 2 

Methyl Mercaptan NA NA NA NA  NA 5 

Ethyl Mercaptan 18.4 2.0 0.3 1.1 0.3 5 

i-Propyl Mercaptan 17.1 0.7 1.1 0.2 0.2 5 

n-Propyl Mercaptan 18.1 1.7 0.0 0.8 0.0 5 

t-Butyl Mercaptan 15.9 0.5 2.2 1.4 0.5 4 

Dimethyl Sulfide 18.6 2.2 0.5 1.3 0.5 5 

Methyl Ethyl Sulfide 17.9 1.5 0.2 0.6 0.2 5 

Diethyl Sulfide 17.4 1.0 0.7 0.1 0.1 5 

Dimethyl Disulfide 20.2 3.8 2.1 2.9 2.1 2 

Diethyl Disulfide NA NA NA NA NA 5 

Methyl Ethyl Disulfide NA NA NA NA NA 5 

Methyl n-Propyl Disulfide NA NA NA NA NA 5 

Methyl t-Butyl Disulfide NA NA NA NA NA 5 

i-Propyl t-Butyl Disulfide NA NA NA NA NA 5 

Dimethyl Trisulfide NA NA NA NA NA 5 

Thiophene 20.1 3.7 2.0 2.8 2.0 3 

C1-Thiophenes NA NA NA NA NA 5 

C2-Thiophenes NA NA NA NA NA 5 

Thiophane 20.4 4.0 2.3 3.1 2.3 2 

Thiophneol 20.2 3.8 2.1 3.0 2.1 2 
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Table 15. SBR Compatibility with the Organic Constituents in Biogas (Continued) 

Group # Gas Constituents  (Mpa)
1/2

 
SBR () & Impact 

min max ave Min  Rating 

8 

Dichlorodifluoromethane (CFC-12) 12.5 3.9 5.6 4.8 3.9 1 

1,2-Dichlorotetrafluoroethane (CFC-114) 12.9 3.5 5.2 4.4 3.5 1 

1,1,2-Trichloro-1,2,2-trifluoroethane (CFC-113) 14.7 1.7 3.4 2.6 1.7 3 

Trichlorofluoroethane (CFC-11) 15.5 0.9 2.6 1.8 0.9 4 

Chloromethane NA NA NA NA NA 5 

Dichloromethane (Methylene Chloride) 17.7 1.3 0.4 0.4 0.4 5 

Vinylchloride 16.0 0.4 2.1 1.3 0.4 5 

1,1-Chloroethane 18.8 2.4 0.7 1.5 0.7 4 

1,1-Dichloroethane 16.9 0.5 1.2 0.4 0.4 5 

1,2-Dichloroethane 18.2 1.8 0.1 0.9 0.1 5 

1,1,1-Trichloroethane 17.2 0.8 0.9 0.1 0.1 5 

1,1-dichloroethene 17.3 0.9 0.8 0.0 0.0 5 

cis-1,2-dichloroethene NA NA NA NA NA 5 

Trichloroethene NA NA NA NA NA 5 

Tetrachloroethene NA NA NA NA NA 5 

Chlorobenzene 19.4 3.0 1.3 2.1 1.3 3 

1,2-Dichlorobenzene 20.5 4.1 2.4 3.2 2.4 2 

1,3-Dichlorobenzene NA NA NA NA NA 5 

1,4-Dichlorobenzene NA NA NA NA NA 5 

9 

Hexamethyldisilane NA NA NA NA NA 5 

Hexamethyldisiloxane (L2) NA NA NA NA NA 5 

Octamethyltrisiloxane NA NA NA NA NA 5 

Octamethylcyclotetrasiloxane NA NA NA NA NA 5 

Decamethyltetrasiloxane NA NA NA NA NA 5 

Decamethylcyclopentasiloxane NA NA NA NA NA 5 

Trimethyl silanol NA NA NA NA NA 5 

Hexamethylcyclotrisiloxane NA NA NA NA NA 5 
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Table 16. NBR Compatibility with the Organic Constituents in Biogas 

Group # Gas Constituents  (Mpa)
1/2

 
NBR () & Impact 

min max ave Min  Rating 

3 

Methane 11 6.7 10.0 8.5 6.7 1 

Ethane 12.3 5.4 8.7 7.2 5.4 1 

Propane 13.1 4.6 7.9 6.4 4.6 1 

n-Butane 13.9 3.8 7.1 5.6 3.8 1 

i-Butane 14.5 3.2 6.5 5.0 3.2 1 

n-Pentane 14.3 3.4 6.7 5.2 3.4 1 

i-Pentane 13.8 3.9 7.2 5.7 3.9 1 

2,2,4-Trimethylpentane 14.0 3.7 7.0 5.4 3.7 1 

n-Hexane 14.9 2.8 6.1 4.6 2.8 2 

Heptanes 15.1 2.6 5.9 4.4 2.6 2 

Octanes 15.6 2.1 5.4 3.9 2.1 2 

Nonanes 15.8 1.9 5.2 3.7 1.9 3 

Decanes 15.8 1.9 5.2 3.7 1.9 3 

Undecanes 15.9 1.8 5.1 3.6 1.8 3 

Dodecanes 16 1.7 5.0 3.5 1.7 3 

Tridecanes 16.2 1.5 4.8 3.3 1.5 3 

4 

Cyclopentane 16.9 0.8 4.1 2.6 0.8 4 

Methylcyclopentane 16.1 1.6 4.9 3.4 1.6 3 

Cyclohexane 16.8 0.9 4.2 2.7 0.9 4 

Methylcyclohexane 16.1 1.6 4.9 3.4 1.6 3 

5 

Ethene NA NA NA NA NA 5 

Propene NA NA NA NA NA 5 

Pentenes NA NA NA NA NA 5 
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Table 16. NBR Compatibility with the Organic Constituents in Biogas (Continued) 

Group # Gas Constituents  (Mpa)
1/2

 
NBR () & Impact 

min max ave Min  Rating 

6 

Benzene 18.8 1.1 2.2 0.7 0.7 4 

Toluene 18.2 0.5 2.8 1.3 0.5 5 

Ethylbenzene 18.0 0.3 3.0 1.5 0.3 5 

m,p-Xylene 18.0 0.3 3.0 1.5 0.3 5 

o-Xylene 17.8 0.1 3.2 1.6 0.1 5 

Styrene 19.0 1.3 2.0 0.5 0.5 5 

C3 benzene 17.6 0.1 3.4 1.9 0.1 5 

7 

Carbonyl Sulfide NA NA NA NA NA 5 

Carbon Disulfide 20.5 2.8 0.5 1.0 0.5 5 

Methyl Mercaptan NA NA NA NA NA 5 

Ethyl Mercaptan 18.4 0.7 2.6 1.1 0.7 4 

i-Propyl Mercaptan 17.1 0.6 4.0 2.4 0.6 4 

n-Propyl Mercaptan 18.1 0.4 2.9 1.4 0.4 5 

t-Butyl Mercaptan 15.9 1.8 5.1 3.6 1.8 3 

Dimethyl Sulfide 18.6 0.9 2.4 0.9 0.9 4 

Methyl Ethyl Sulfide 17.9 0.2 3.1 1.5 0.2 5 

Diethyl Sulfide 17.4 0.3 3.6 2.1 0.3 5 

Dimethyl Disulfide 20.2 2.5 0.9 0.7 0.7 4 

Diethyl Disulfide NA NA NA NA NA 5 

Methyl Ethyl Disulfide NA NA NA NA NA 5 

Methyl n-Propyl Disulfide NA NA NA NA NA 5 

Methyl t-Butyl Disulfide NA NA NA NA NA 5 

i-Propyl t-Butyl Disulfide NA NA NA NA NA 5 

Dimethyl Trisulfide NA NA NA NA NA 5 

Thiophene 20.1 2.4 0.9 0.6 0.6 4 

C1-Thiophenes NA NA NA NA NA 5 

C2-Thiophenes NA NA NA NA NA 5 

Thiophane 20.4 2.7 0.6 1.0 0.6 4 

Thiophneol 20.2 2.5 0.8 0.8 0.8 4 
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Table 16. NBR Compatibility with the Organic Constituents in Biogas (Continued) 

Group # Gas Constituents  (Mpa)
1/2

 
NBR () & Impact 

min max ave Min  Rating 

8 

Dichlorodifluoromethane (CFC-12) 12.5 5.2 8.5 7.0 5.2 1 

1,2-Dichlorotetrafluoroethane (CFC-114) 12.9 4.8 8.1 6.6 4.8 1 

1,1,2-Trichloro-1,2,2-trifluoroethane (CFC-113) 14.7 3.0 6.3 4.8 3.0 2 

Trichlorofluoroethane (CFC-11) 15.5 2.2 5.5 4.0 2.2 2 

Chloromethane NA NA NA NA NA 5 

Dichloromethane (Methylene Chloride) 17.7 0.0 3.3 1.8 0.0 5 

Vinylchloride 16.0 1.7 5.0 3.5 1.7 3 

1,1-Chloroethane 18.8 1.1 2.2 0.7 0.7 4 

1,1-Dichloroethane 16.9 0.8 4.1 2.6 0.8 4 

1,2-Dichloroethane 18.2 0.5 2.8 1.3 0.5 5 

1,1,1-Trichloroethane 17.2 0.5 3.8 2.2 0.5 5 

1,1-dichloroethene 17.3 0.4 3.7 2.2 0.4 5 

cis-1,2-dichloroethene NA NA NA NA NA 5 

Trichloroethene NA NA NA NA NA 5 

Tetrachloroethene NA NA NA NA NA 5 

Chlorobenzene 19.4 1.7 1.6 0.1 0.1 5 

1,2-Dichlorobenzene 20.5 2.8 0.5 1.0 0.5 5 

1,3-Dichlorobenzene NA NA NA NA NA 5 

1,4-Dichlorobenzene NA NA NA NA NA 5 

9 

Hexamethyldisilane NA NA NA NA NA 5 

Hexamethyldisiloxane (L2) NA NA NA NA NA 5 

Octamethyltrisiloxane NA NA NA NA NA 5 

Octamethylcyclotetrasiloxane NA NA NA NA NA 5 

Decamethyltetrasiloxane NA NA NA NA NA 5 

Decamethylcyclopentasiloxane NA NA NA NA NA 5 

Trimethyl silanol NA NA NA NA NA 5 

Hexamethylcyclotrisiloxane NA NA NA NA NA 5 
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Table 17. CR Compatibility with the Organic Constituents in Biogas  

Group # Gas Constituents  (Mpa)
1/2

 
CR () & Impact 

min max ave Min  Rating 

3 

Methane 11 4.2 8.2 6.7 4.2 1 

Ethane 12.3 2.9 6.9 5.4 2.9 2 

Propane 13.1 2.1 6.1 4.6 2.1 2 

n-Butane 13.9 1.3 5.3 3.8 1.3 3 

i-Butane 14.5 0.7 4.7 3.2 0.7 4 

n-Pentane 14.3 0.9 4.9 3.4 0.9 4 

i-Pentane 13.8 1.4 5.4 3.9 1.4 3 

2,2,4-Trimethylpentane 14.0 1.2 5.2 3.7 1.2 3 

n-Hexane 14.9 0.3 4.3 2.8 0.3 5 

Heptanes 15.1 0.1 4.1 2.6 0.1 5 

Octanes 15.6 0.4 3.6 2.1 0.4 5 

Nonanes 15.8 0.6 3.4 1.9 0.6 4 

Decanes 15.8 0.6 3.4 1.9 0.6 4 

Undecanes 15.9 0.7 3.3 1.8 0.7 4 

Dodecanes 16 0.8 3.2 1.7 0.8 4 

Tridecanes 16.2 1.0 3.0 1.5 1.0 4 

4 

Cyclopentane 16.9 1.7 2.3 0.8 0.8 4 

Methylcyclopentane 16.1 0.9 3.1 1.6 0.9 4 

Cyclohexane 16.8 1.6 2.4 0.9 0.9 4 

Methylcyclohexane 16.1 0.9 3.1 1.7 0.9 4 

5 

Ethene NA NA NA NA NA 5 

Propene NA NA NA NA NA 5 

Pentenes NA NA NA NA NA 5 
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Table 17. CR Compatibility with the Organic Constituents in Biogas (Continued) 

Group # Gas Constituents  (Mpa)
1/2

 
CR () & Impact 

min max ave Min  Rating 

6 

Benzene 18.8 3.6 0.4 1.1 0.4 5 

Toluene 18.2 3.0 1.0 0.5 0.5 5 

Ethylbenzene 18.0 2.8 1.2 0.3 0.3 5 

m,p-Xylene 18.0 2.8 1.2 0.3 0.3 5 

o-Xylene 17.8 2.6 1.4 0.1 0.1 5 

Styrene 19.0 3.8 0.2 1.3 0.2 5 

C3 benzene 17.6 2.4 1.6 0.1 0.1 5 

7 

Carbonyl Sulfide NA NA NA NA NA 5 

Carbon Disulfide 20.5 5.3 1.3 2.8 1.3 3 

Methyl Mercaptan NA NA NA NA NA 5 

Ethyl Mercaptan 18.4 3.2 0.8 0.7 0.7 4 

i-Propyl Mercaptan 17.1 1.9 2.2 0.7 0.7 4 

n-Propyl Mercaptan 18.1 2.9 1.1 0.3 0.3 5 

t-Butyl Mercaptan 15.9 0.7 3.3 1.8 0.7 4 

Dimethyl Sulfide 18.6 3.4 0.6 0.8 0.6 4 

Methyl Ethyl Sulfide 17.9 2.7 1.3 0.2 0.2 5 

Diethyl Sulfide 17.4 2.2 1.8 0.3 0.3 5 

Dimethyl Disulfide 20.2 5.0 0.9 2.4 0.9 4 

Diethyl Disulfide NA NA NA NA NA 5 

Methyl Ethyl Disulfide NA NA NA NA NA 5 

Methyl n-Propyl Disulfide NA NA NA NA NA 5 

Methyl t-Butyl Disulfide NA NA NA NA NA 5 

i-Propyl t-Butyl Disulfide NA NA NA NA NA 5 

Dimethyl Trisulfide NA NA NA NA NA 5 

Thiophene 20.1 4.9 0.9 2.4 0.9 4 

C1-Thiophenes NA NA NA NA NA 5 

C2-Thiophenes NA NA NA NA NA 5 

Thiophane 20.4 5.2 1.2 2.7 1.2 3 

Thiophneol 20.2 5.0 1.0 2.5 1.0 3 
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Table 17. CR Compatibility with the Organic Constituents in Biogas (Continued) 

Group # Gas Constituents  (Mpa)
1/2

 
CR () & Impact 

min max ave Min  Rating 

8 

Dichlorodifluoromethane (CFC-12) 12.5 2.7 6.7 5.2 2.7 2 

1,2-Dichlorotetrafluoroethane (CFC-114) 12.9 2.3 6.3 4.8 2.3 2 

1,1,2-Trichloro-1,2,2-trifluoroethane (CFC-113) 14.7 0.5 4.5 3.0 0.5 5 

Trichlorofluoroethane (CFC-11) 15.5 0.3 3.7 2.2 0.3 5 

Chloromethane NA NA NA NA NA 5 

Dichloromethane (Methylene Chloride) 17.7 2.5 1.5 0.1 0.1 5 

Vinylchloride 16.0 0.8 3.2 1.7 0.8 4 

1,1-Chloroethane 18.8 3.6 0.4 1.1 0.4 5 

1,1-Dichloroethane 16.9 1.7 2.3 0.8 0.8 4 

1,2-Dichloroethane 18.2 3.0 1.0 0.5 0.5 5 

1,1,1-Trichloroethane 17.2 2.0 2.0 0.5 0.5 5 

1,1-dichloroethene 17.3 2.1 1.9 0.4 0.4 5 

cis-1,2-dichloroethene NA NA NA NA NA 5 

Trichloroethene NA NA NA NA NA 5 

Tetrachloroethene NA NA NA NA NA 5 

Chlorobenzene 19.4 4.2 0.2 1.7 0.2 5 

1,2-Dichlorobenzene 20.5 5.3 1.3 2.8 1.3 3 

1,3-Dichlorobenzene NA NA NA NA NA 5 

1,4-Dichlorobenzene NA NA NA NA NA 5 

9 

Hexamethyldisilane NA NA NA NA NA 5 

Hexamethyldisiloxane (L2) NA NA NA NA NA 5 

Octamethyltrisiloxane NA NA NA NA NA 5 

Octamethylcyclotetrasiloxane NA NA NA NA NA 5 

Decamethyltetrasiloxane NA NA NA NA NA 5 

Decamethylcyclopentasiloxane NA NA NA NA NA 5 

Trimethyl silanol NA NA NA NA NA 5 

Hexamethylcyclotrisiloxane NA NA NA NA NA 5 
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Table 18. Silicon Rubber Compatibility with the Organic Constituents in Biogas 

Group # Gas Constituents  (Mpa)
1/2

 
SI () & Impact 

min max ave Min  Rating 

3 

Methane 11 3.9 8.7 5.9 3.9 1 

Ethane 12.3 2.6 7.4 4.6 2.6 2 

Propane 13.1 1.8 6.6 3.8 1.8 3 

n-Butane 13.9 1.0 5.8 3.0 1.0 4 

i-Butane 14.5 0.4 5.2 2.4 0.4 5 

n-Pentane 14.3 0.6 5.4 2.6 0.6 4 

i-Pentane 13.8 1.1 5.9 3.1 1.1 3 

2,2,4-Trimethylpentane 14.0 0.9 5.7 2.9 0.9 4 

n-Hexane 14.9 0.0 4.8 2.0 0.0 5 

Heptanes 15.1 0.2 4.6 1.8 0.2 5 

Octanes 15.6 0.7 4.1 1.3 0.7 4 

Nonanes 15.8 0.9 3.9 1.1 0.9 4 

Decanes 15.8 0.9 3.9 1.1 0.9 4 

Undecanes 15.9 1.0 3.8 1.0 1.0 4 

Dodecanes 16 1.1 3.7 0.9 0.9 4 

Tridecanes 16.2 1.3 3.5 0.7 0.7 4 

4 

Cyclopentane 16.9 2.0 2.8 0.0 0.0 5 

Methylcyclopentane 16.1 1.2 3.6 0.8 0.8 4 

Cyclohexane 16.8 1.9 2.9 0.1 0.1 5 

Methylcyclohexane 16.1 1.2 3.6 0.9 0.9 4 

5 

Ethene NA NA NA NA NA 5 

Propene NA NA NA NA NA 5 

Pentenes NA NA NA NA NA 5 
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Table 18. Silicon Rubber Compatibility with the Organic Constituents in Biogas (Continued) 

Group # Gas Constituents  (Mpa)
1/2

 
SI () & Impact 

min max ave Min  Rating 

6 

Benzene 18.8 3.9 0.9 1.9 0.9 4 

Toluene 18.2 3.3 1.5 1.3 1.3 3 

Ethylbenzene 18.0 3.1 1.7 1.1 1.1 3 

m,p-Xylene 18.0 3.1 1.7 1.1 1.1 3 

o-Xylene 17.8 2.9 1.9 0.9 0.9 4 

Styrene 19.0 4.1 0.7 2.1 0.7 4 

C3 benzene 17.6 2.7 2.1 0.7 0.7 4 

7 

Carbonyl Sulfide NA NA NA NA NA 5 

Carbon Disulfide 20.5 5.6 0.8 3.6 0.8 4 

Methyl Mercaptan NA NA NA NA NA 5 

Ethyl Mercaptan 18.4 3.5 1.3 1.5 1.3 3 

i-Propyl Mercaptan 17.1 2.2 2.7 0.1 0.1 5 

n-Propyl Mercaptan 18.1 3.2 1.6 1.1 1.1 3 

t-Butyl Mercaptan 15.9 1.0 3.8 1.1 1.0 4 

Dimethyl Sulfide 18.6 3.7 1.1 1.6 1.1 3 

Methyl Ethyl Sulfide 17.9 3.0 1.8 1.0 1.0 4 

Diethyl Sulfide 17.4 2.5 2.3 0.5 0.5 5 

Dimethyl Disulfide 20.2 5.3 0.4 3.2 0.4 5 

Diethyl Disulfide NA NA NA NA NA 5 

Methyl Ethyl Disulfide NA NA NA NA NA 5 

Methyl n-Propyl Disulfide NA NA NA NA NA 5 

Methyl t-Butyl Disulfide NA NA NA NA NA 5 

i-Propyl t-Butyl Disulfide NA NA NA NA NA 5 

Dimethyl Trisulfide NA NA NA NA NA 5 

Thiophene 20.1 5.2 0.4 3.1 0.4 5 

C1-Thiophenes NA NA NA NA NA 5 

C2-Thiophenes NA NA NA NA NA 5 

Thiophane 20.4 5.5 0.7 3.5 0.7 4 

Thiophneol 20.2 5.3 0.5 3.3 0.5 4 
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Table 18. Silicon Rubber Compatibility with the Organic Constituents in Biogas (Continued) 

Group # Gas Constituents  (Mpa)
1/2

 
SI () & Impact 

min max ave Min  Rating 

8 

Dichlorodifluoromethane (CFC-12) 12.5 2.4 7.2 4.4 2.4 2 

1,2-Dichlorotetrafluoroethane (CFC-114) 12.9 2.0 6.8 4.0 2.0 3 

1,1,2-Trichloro-1,2,2-trifluoroethane (CFC-113) 14.7 0.2 5.0 2.2 0.2 5 

Trichlorofluoroethane (CFC-11) 15.5 0.6 4.2 1.4 0.6 4 

Chloromethane NA NA NA NA NA 5 

Dichloromethane (Methylene Chloride) 17.7 2.8 2.0 0.7 0.7 4 

Vinylchloride 16.0 1.1 3.7 0.9 0.9 4 

1,1-Chloroethane 18.8 3.9 0.9 1.9 0.9 4 

1,1-Dichloroethane 16.9 2.0 2.8 0.0 0.0 5 

1,2-Dichloroethane 18.2 3.3 1.5 1.2 1.2 3 

1,1,1-Trichloroethane 17.2 2.3 2.5 0.3 0.3 5 

1,1-dichloroethene 17.3 2.4 2.4 0.4 0.4 5 

cis-1,2-dichloroethene NA NA NA NA NA 5 

Trichloroethene NA NA NA NA NA 5 

Tetrachloroethene NA NA NA NA NA 5 

Chlorobenzene 19.4 4.5 0.3 2.5 0.3 5 

1,2-Dichlorobenzene 20.5 5.6 0.8 3.6 0.8 4 

1,3-Dichlorobenzene NA NA NA NA NA 5 

1,4-Dichlorobenzene NA NA NA NA NA 5 

9 

Hexamethyldisilane NA NA NA NA NA 5 

Hexamethyldisiloxane (L2) NA NA NA NA NA 5 

Octamethyltrisiloxane NA NA NA NA NA 5 

Octamethylcyclotetrasiloxane NA NA NA NA NA 5 

Decamethyltetrasiloxane NA NA NA NA NA 5 

Decamethylcyclopentasiloxane NA NA NA NA NA 5 

Trimethyl silanol NA NA NA NA NA 5 

Hexamethylcyclotrisiloxane NA NA NA NA NA 5 
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Table 19. Compatibility Analysis for PE and PA12 in Raw Landfill Biogas 

Group # 
Landfill Biogas  PE PA12 

Constituent Weight Impact Score Impact Score 

1 

He 1 0 0 0 0 

H2 3 0 0 0 0 

N2 4 0 0 0 0 

2 

CO2 5 0 0 1 5 

O2 3 0 0 1 3 

CO 0 0 0 0 0 

H2S 5 0 0 3 15 

SO2 2 2 4 5 10 

3 

Methane 5 1 5 1 5 

Ethane 3 1 3 1 3 

Propane 4 2 8 1 4 

n-Butane 1 2 2 1 1 

i-Butane 3 3 9 1 3 

n-Pentane 2 3 6 1 2 

i-Pentane 3 2 6 1 3 

2,2,4-Trimethylpentane 2 3 6 1 2 

Hexane 4 3 12 1 4 

Heptanes 4 4 16 1 4 

Octanes 4 5 20 1 4 

Nonanes 4 5 20 1 4 

Decanes 4 5 20 1 4 

Undecanes 4 5 20 1 4 

Dodecanes 3 5 15 2 6 

Tridecanes 2 5 10 2 4 

4 

Cyclopentane 3 5 15 2 6 

Methylcyclopentane 3 5 15 2 6 

Cyclohexane 3 5 15 2 6 

Methylcyclohexane 3 5 15 2 6 

5 

Ethene 2 5 10 5 10 

Propene 3 5 15 5 15 

Pentenes 2 5 10 5 10 

6 
 

Benzene 3 5 15 5 15 

Toluene 4 5 20 4 16 

Ethylbenzene 3 5 15 4 12 

m,p-Xylene 4 5 20 4 16 

o-Xylene 3 4 12 3 9 

Styrene 3 4 12 5 15 

C3 benzene 4 4 16 3 12 
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Table 19. Compatibility Analysis for PE and PA12 in Raw Landfill Biogas (Continued) 

Group  
# 

Landfill Biogas  PE PA12 

Constituent Weight Impact Score Impact Score 

7 
  
  

Carbonyl Sulfide 3 5 15 5 15 

Carbon Disulfide 2 2 4 3 6 

Methyl Mercaptan 3 5 15 5 15 

Ethyl Mercaptan 2 5 10 4 8 

i-Propyl Mercaptan 3 5 15 3 9 

n-Propyl Mercaptan 2 5 10 4 8 

t-Butyl Mercaptan 2 5 10 1 2 

Dimethyl Sulfide 4 5 20 5 20 

Methyl Ethyl Sulfide 2 5 10 3 6 

Diethyl Sulfide 1 4 4 3 3 

Dimethyl Disulfide 2 3 6 3 6 

Diethyl Disulfide 0 5 0 5 0 

Methyl Ethyl Disulfide 1 5 5 5 5 

Methyl n-Propyl Disulfide 1 5 5 5 5 

Methyl t-Butyl Disulfide 0 5 0 5 0 

i-Propyl t-Butyl Disulfide 1 5 5 5 5 

Dimethyl Trisulfide 1 5 5 5 5 

Thiophene 2 3 6 3 6 

C1-Thiophenes 2 5 10 5 10 

C2-Thiophenes 1 5 5 5 5 

Thiophane 2 2 4 3 6 

Thiophenol 1 3 3 3 3 

8 

Dichlorodifluoromethane (CFC-12) 4 1 4 1 4 

1,2-Dichlorotetrafluoroethane (CFC-114) 2 1 2 1 2 

1,1,2-Trichloro-1,2,2-trifluoroethane (CFC-113) 1 3 3 1 1 

Trichlorofluoroethane (CFC-11) 3 5 15 1 3 

Chloromethane 1 5 5 5 5 

Dichloromethane (Methylene Chloride) 4 4 16 3 12 

Vinylchloride 3 5 15 2 6 

Chloroethane 2 5 10 5 10 

1,1-Dichloroethane 2 5 10 2 4 

1,2-Dichloroethane 1 5 5 4 4 

1,1,1-Trichloroethane 2 5 10 3 6 

1,1-Dichloroethene 2 4 8 3 6 

cis-1,2-Dichloroethene 3 5 15 5 15 

Trichloroethene 3 5 15 5 15 

Tetrachloroethene 3 5 15 5 15 

Chlorobenzene 2 4 8 5 10 

1,2-Dichlorobenzene 1 2 2 3 3 

1,3-Dichlorobenzene 1 5 5 5 5 

1,4-Dichlorobenzene 1 5 5 5 5 
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Table 19. Compatibility Analysis for PE and PA12 in Raw Landfill Biogas (Continued) 

Group # 
Landfill Biogas  PE PA12 

Constituent Weight Impact Score Impact Score 

9 

Hexamethyldisilane 3 5 15 5 15 

Hexamethyldisiloxane (L2) 2 5 10 5 10 

Octamethyltrisiloxane (L3) 1 5 5 5 5 

Octamethylcyclotetrasiloxane (D4) 3 5 15 5 15 

Decamethyltetrasiloxane (L4) 1 5 5 5 5 

Decamethylcyclopentasiloxane (D5) 3 5 15 5 15 

Trimethyl Silanol 3 5 15 5 15 

Hexamethylcyclotrisiloxane (D3) 2 5 10 5 10 

10 

Antimony 5 0 0 0 0 

Zinc 4 0 0 0 0 

Arsenic 5 0 0 0 0 

Mercury 3 0 0 0 0 

Total 
   

862 
 

663 
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Table 20. Compatibility Analysis for PE and PA12 in Processed Landfill Biogas 

Group # 
Landfill Biogas  PE PA12 

Constituent Weight Impact Score Impact Score 

1 

He 0  0 0 0 0 

H2 2 0 0 0 0 

N2 4 0 0 0 0 

2 

CO2 3 0 0 1 3 

O2 3 0 0 1 3 

CO  0 0 0 0 0 

H2S 2 0 0 3 6 

SO2 1 2 2 5 5 

3 

Methane 5 1 5 1 5 

Ethane  0 1 0 1 0 

Propane 4 2 8 1 4 

n-Butane  0 2 0 1 0 

i-Butane 3 3 9 1 3 

n-Pentane  0 3 0 1 0 

i-Pentane  0 2 0 1 0 

2,2,4-Trimethylpentane  0 3 0 1 0 

Hexane 3 3 9 1 3 

Heptanes 3 4 12 1 3 

Octanes 3 5 15 1 3 

Nonanes 3 5 15 1 3 

Decanes 3 5 15 1 3 

Undecanes 3 5 15 1 3 

Dodecanes 2 5 10 2 4 

Tridecanes   5 0 2 0 

4 

Cyclopentane 2 5 10 2 4 

Methylcyclopentane 2 5 10 2 4 

Cyclohexane 2 5 10 2 4 

Methylcyclohexane 2 5 10 2 4 

5 

Ethene  0 5 0 5 0 

Propene 3 5 15 5 15 

Pentenes  0 5 0 5 0 

6 
 

Benzene 2 5 10 5 10 

Toluene 3 5 15 4 12 

Ethylbenzene 2 5 10 4 8 

m,p-Xylene 2 5 10 4 8 

o-Xylene 2 4 8 3 6 

Styrene  0 4 0 5 0 

C3 benzene 2 4 8 3 6 
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Table 20. Compatibility Analysis for PE and PA12 in Processed Landfill Biogas (Continued) 

Group  
# 

Landfill Biogas  PE PA12 

Constituent Weight Impact Score Impact Score 

7 
  
  

Carbonyl Sulfide 2 5 10 5 10 

Carbon Disulfide 0 2 0 3 0 

Methyl Mercaptan 0 5 0 5 0 

Ethyl Mercaptan 0 5 0 4 0 

i-Propyl Mercaptan 0 5 0 3 0 

n-Propyl Mercaptan 0 5 0 4 0 

t-Butyl Mercaptan 0 5 0 1 0 

Dimethyl Sulfide 2 5 10 5 10 

Methyl Ethyl Sulfide 0 5 0 3 0 

Diethyl Sulfide 0 4 0 3 0 

Dimethyl Disulfide 1 3 3 3 3 

Diethyl Disulfide 0 5 0 5 0 

Methyl Ethyl Disulfide 0 5 0 5 0 

Methyl n-Propyl Disulfide 0 5 0 5 0 

Methyl t-Butyl Disulfide 0 5 0 5 0 

i-Propyl t-Butyl Disulfide 0 5 0 5 0 

Dimethyl Trisulfide 0 5 0 5 0 

Thiophene 0 3 0 3 0 

C1-Thiophenes 0 5 0 5 0 

C2-Thiophenes 0 5 0 5 0 

Thiophane 0 2 0 3 0 

Thiophenol 0 3 0 3 0 

8 

Dichlorodifluoromethane (CFC-12) 3 1 3 1 3 

1,2-Dichlorotetrafluoroethane (CFC-114) 1 1 1 1 1 

1,1,2-Trichloro-1,2,2-trifluoroethane (CFC-113) 0 3 0 1 0 

Trichlorofluoroethane (CFC-11) 2 5 10 1 2 

Chloromethane 0 5 0 5 0 

Dichloromethane (Methylene Chloride) 0 4 0 3 0 

Vinylchloride 2 5 10 2 4 

Chloroethane 2 5 10 5 10 

1,1-Dichloroethane 0 5 0 2 0 

1,2-Dichloroethane 0 5 0 4 0 

1,1,1-Trichloroethane 0 5 0 3 0 

1,1-Dichloroethene 0 4 0 3 0 

cis-1,2-Dichloroethene 0 5 0 5 0 

Trichloroethene 0 5 0 5 0 

Tetrachloroethene 0 5 0 5 0 

Chlorobenzene 0 4 0 5 0 

1,2-Dichlorobenzene 0 2 0 3 0 

1,3-Dichlorobenzene 0 5 0 5 0 

1,4-Dichlorobenzene 0 5 0 5 0 
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Table 20. Compatibility Analysis for PE and PA12 in Processed Landfill Biogas (Continued) 

Group # 
Landfill Biogas  PE PA12 

Constituent Weight Impact Score Impact Score 

9 

Hexamethyldisilane 0 5 0 5 0 

Hexamethyldisiloxane (L2) 0 5 0 5 0 

Octamethyltrisiloxane (L3) 0 5 0 5 0 

Octamethylcyclotetrasiloxane (D4) 3 5 15 5 15 

Decamethyltetrasiloxane (L4) 0 5 0 5 0 

Decamethylcyclopentasiloxane (D5) 0 5 0 5 0 

Trimethyl Silanol 0 5 0 5 0 

Hexamethylcyclotrisiloxane (D3) 0 5 0 5 0 

10 

Antimony 0 0 0 0 0 

Zinc 4 0 0 0 0 

Arsenic 0 0 0 0 0 

Mercury 1 0 0 0 0 

Total 
 

 
  323   210 
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Table 21. Compatibility Analysis for SBR, NBR, CR and SI in Raw Landfill Biogas 

Group # 
Landfill Biogas SBR NBR CR SI 

Gas Constituents Weight Impact Score Impact Score Impact Score Impact Score 

1 

He 1 0 0 0 0 0 0 0 0 

H2 3 0 0 0 0 0 0 0 0 

N2 4 0 0 0 0 0 0 0 0 

2 

CO2 5 3 15 3 15 0 0 0 0 

O2 3 3 9 3 9 3 9 1 3 

CO 0 0 0 0 0 5 0 0 0 

H2S 5 5 25 5 25 5 25 4 20 

SO2 2 5 10 2 4 3 6 2 4 

3 

Methane 5 1 5 1 5 1 5 1 5 

Ethane 3 1 3 1 3 2 6 2 6 

Propane 4 1 4 1 4 2 8 3 12 

n-Butane 1 2 2 1 1 3 3 4 4 

i-Butane 3 3 9 1 3 4 12 5 15 

n-Pentane 2 2 4 1 2 4 8 4 8 

i-Pentane 3 2 6 1 3 3 9 3 9 

2,2,4-Trimethylpentane 2 2 4 1 2 3 6 4 8 

Hexane 4 3 12 2 8 5 20 5 20 

Heptanes 4 3 12 2 8 5 20 5 20 

Octanes 4 4 16 2 8 5 20 4 16 

Nonanes 4 4 16 3 12 4 16 4 16 

Decanes 4 4 16 3 12 4 16 4 16 

Undecanes 4 5 20 3 12 4 16 4 16 

Dodecanes 3 5 15 3 9 4 12 4 12 

Tridecanes 2 5 10 3 6 4 8 4 8 

4 

Cyclopentane 3 5 15 4 12 4 12 5 15 

Methylcyclopentane 3 5 15 3 9 4 12 4 12 

Cyclohexane 3 5 15 4 12 4 12 5 15 

Methylcyclohexane 3 5 15 3 9 4 12 4 12 

5 

Ethene 2 5 10 5 10 5 10 5 10 

Propene 3 5 15 5 15 5 15 5 15 

Pentenes 2 5 10 5 10 5 10 5 10 
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Table 21.  Compatibility Analysis for SBR, NBR, CR and SI in Raw Landfill Biogas (Continued) 

Group # 
Landfill Biogas SBR NBR CR SI 

Gas Constituents Weight Impact Score Impact Score Impact Score Impact Score 

6 

Benzene 3 4 12 4 12 5 15 4 12 

Toluene 4 5 20 5 20 5 20 3 12 

Ethylbenzene 3 5 15 5 15 5 15 3 9 

m,p-Xylene 4 5 20 5 20 5 20 3 12 

o-Xylene 3 5 15 5 15 5 15 4 12 

Styren 3 4 12 5 15 5 15 4 12 

C3 benzene 4 5 20 5 20 5 20 4 16 

7 

Carbonyl Sulfide 3 5 15 5 15 5 15 5 15 

Carbon Disulfide 2 2 4 5 10 3 6 4 8 

Methyl Mercaptan 3 5 15 5 15 5 15 5 15 

Ethyl Mercaptan 2 5 10 4 8 4 8 3 6 

i-Propyl Mercaptan 3 5 15 4 12 4 12 5 15 

n-Propyl Mercaptan 2 5 10 5 10 5 10 3 6 

t-Butyl Mercaptan 2 4 8 3 6 4 8 4 8 

Dimethyl Sulfide 4 5 20 4 16 4 16 3 12 

Methyl Ethyl Sulfide 2 5 10 5 10 5 10 4 8 

Diethyl Sulfide 1 5 5 5 5 5 5 5 5 

Dimethyl Disulfide 2 2 4 4 8 4 8 5 10 

Diethyl Disulfide 0 5 0 5 0 5 0 5 0 

Methyl Ethyl Disulfide 1 5 5 5 5 5 5 5 5 

Methyl n-Propyl Disulfide 1 5 5 5 5 5 5 5 5 

Methyl t-Butyl Disulfide 0 5 0 5 0 5 0 5 0 

i-Propyl t-Butyl Disulfide 1 5 5 5 5 5 5 5 5 

Dimethyl Trisulfide 1 5 5 5 5 5 5 5 5 

Thiophene 2 3 6 4 8 4 8 5 10 

C1-Thiophenes 2 5 10 5 10 5 10 5 10 

C2-Thiophenes 1 5 5 5 5 5 5 5 5 

Thiophane 2 2 4 4 8 3 6 4 8 

Thiophneol 1 2 2 4 4 3 3 4 4 

8 
Dichlorodifluoromethane (CFC-12) 4 1 4 1 4 2 8 2 8 

1,2-Dichlorotetrafluoroethane (CFC-114) 2 1 2 1 2 2 4 3 6 
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Table 21. Compatibility Analysis for SBR, NBR, CR and SI in Raw Landfill Biogas (Continued) 

Group 
# 

Landfill Biogas SBR NBR CR SI 

Gas Constituents Weight Impact Score Impact Score Impact Score Impact Score 

8 

1,1,2-Trichloro-1,2,2-trifluoroethane (CFC-113) 1 3 3 2 2 5 5 5 5 

Trichlorofluoroethane (CFC-11) 3 4 12 2 6 5 15 4 12 

Chloromethane 1 5 5 5 5 5 5 5 5 

Dichloromethane (Methylene Chloride) 4 5 20 5 20 5 20 4 16 

Vinylchloride 3 5 15 3 9 4 12 4 12 

Chloroethane 2 4 8 4 8 5 10 4 8 

1,1-Dichloroethane 2 5 10 4 8 4 8 5 10 

1,2-Dichloroethane 1 5 5 5 5 5 5 3 3 

1,1,1-Trichloroethane 2 5 10 5 10 5 10 5 10 

1,1-dichloroethene 2 5 10 5 10 5 10 5 10 

cis-1,2-dichloroethene 3 5 15 5 15 5 15 5 15 

Trichloroethene 3 5 15 5 15 5 15 5 15 

Tetrachloroethene 3 5 15 5 15 5 15 5 15 

Chlorobenzene 2 3 6 5 10 5 10 5 10 

1,2-Dichlorobenzene 1 2 2 5 5 3 3 4 4 

1,3-Dichlorobenzene 1 5 5 5 5 5 5 5 5 

1,4-Dichlorobenzene 1 5 5 5 5 5 5 5 5 

9 

Hexamethyldisilane 3 5 15 5 15 5 15 5 15 

Hexamethyldisiloxane (L2) 2 5 10 5 10 5 10 5 10 

Octamethyltrisiloxane 1 5 5 5 5 5 5 5 5 

Octamethylcyclotetrasiloxane 3 5 15 5 15 5 15 5 15 

Decamethyltetrasiloxane 1 5 5 5 5 5 5 5 5 

Decamethylcyclopentasiloxane 3 5 15 5 15 5 15 5 15 

Trimethyl silanol 3 5 15 5 15 5 15 5 15 

Hexamethylcyclotrisiloxane 2 5 10 5 10 5 10 5 10 

10 

Antimony 5 0 0 0 0 0 0 0 0 

Zinc 4 0 0 0 0 0 0 0 0 

Arsenic 5 0 0 0 0 0 0 0 0 

Mercury 3 0 0 0 0 0 0 0 0 

Total 
     892   814   913   871 
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Table 22. Compatibility Analysis for SBR, NBR, CR and SI in Processed Landfill Biogas 

Group # 
Landfill Biogas SBR NBR CR SI 

Gas Constituents Weight Impact Score Impact Score Impact Score Impact Score 

1 

He 0 0 0 0 0 0 0 0 0 

H2 2 0 0 0 0 0 0 0 0 

N2 4 0 0 0 0 0 0 0 0 

2 

CO2 3 3 9 3 9 0 0 0 0 

O2 3 3 9 3 9 3 9 1 3 

CO 0 0 0 0 0 5 0 0 0 

H2S 2 5 10 5 10 5 10 4 8 

SO2 1 5 5 2 2 3 3 2 2 

3 

Methane 5 1 5 1 5 1 5 1 5 

Ethane 0 1 0 1 0 2 0 2 0 

Propane 4 1 4 1 4 2 8 3 12 

n-Butane 0 2 0 1 0 3 0 4 0 

i-Butane 3 3 9 1 3 4 12 5 15 

n-Pentane 0 2 0 1 0 4 0 4 0 

i-Pentane 0 2 0 1 0 3 0 3 0 

2,2,4-Trimethylpentane 0 2 0 1 0 3 0 4 0 

Hexane 3 3 9 2 6 5 15 5 15 

Heptanes 3 3 9 2 6 5 15 5 15 

Octanes 3 4 12 2 6 5 15 4 12 

Nonanes 3 4 12 3 9 4 12 4 12 

Decanes 3 4 12 3 9 4 12 4 12 

Undecanes 3 5 15 3 9 4 12 4 12 

Dodecanes 2 5 10 3 6 4 8 4 8 

Tridecanes 0 5 0 3 0 4 0 4 0 

4 

Cyclopentane 2 5 10 4 8 4 8 5 10 

Methylcyclopentane 2 5 10 3 6 4 8 4 8 

Cyclohexane 2 5 10 4 8 4 8 5 10 

Methylcyclohexane 2 5 10 3 6 4 8 4 8 

5 

Ethene 0 5 0 5 0 5 0 5 0 

Propene 3 5 15 5 15 5 15 5 15 

Pentenes 0 5 0 5 0 5 0 5 0 
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Table 22.  Compatibility Analysis for SBR, NBR, CR and SI in Processed Landfill Biogas (Continued) 

Group # 
Landfill Biogas SBR NBR CR SI 

Gas Constituents Weight Impact Score Impact Score Impact Score Impact Score 

6 

Benzene 2 4 8 4 8 5 10 4 8 

Toluene 3 5 15 5 15 5 15 3 9 

Ethylbenzene 2 5 10 5 10 5 10 3 6 

m,p-Xylene 2 5 10 5 10 5 10 3 6 

o-Xylene 2 5 10 5 10 5 10 4 8 

Styrene 
 

4 0 5 0 5 0 4 0 

C3 benzene 2 5 10 5 10 5 10 4 8 

7 

Carbonyl Sulfide 2 5 10 5 10 5 10 5 10 

Carbon Disulfide 
 

2 0 5 0 3 0 4 0 

Methyl Mercaptan 
 

5 0 5 0 5 0 5 0 

Ethyl Mercaptan 
 

5 0 4 0 4 0 3 0 

i-Propyl Mercaptan 
 

5 0 4 0 4 0 5 0 

n-Propyl Mercaptan 
 

5 0 5 0 5 0 3 0 

t-Butyl Mercaptan 
 

4 0 3 0 4 0 4 0 

Dimethyl Sulfide 2 5 10 4 8 4 8 3 6 

Methyl Ethyl Sulfide 
 

5 0 5 0 5 0 4 0 

Diethyl Sulfide 
 

5 0 5 0 5 0 5 0 

Dimethyl Disulfide 1 2 2 4 4 4 4 5 5 

Diethyl Disulfide 
 

5 0 5 0 5 0 5 0 

Methyl Ethyl Disulfide 
 

5 0 5 0 5 0 5 0 

Methyl n-Propyl Disulfide 
 

5 0 5 0 5 0 5 0 

Methyl t-Butyl Disulfide 
 

5 0 5 0 5 0 5 0 

i-Propyl t-Butyl Disulfide 
 

5 0 5 0 5 0 5 0 

Dimethyl Trisulfide 
 

5 0 5 0 5 0 5 0 

Thiophene 
 

3 0 4 0 4 0 5 0 

C1-Thiophenes 
 

5 0 5 0 5 0 5 0 

C2-Thiophenes 
 

5 0 5 0 5 0 5 0 

Thiophane 
 

2 0 4 0 3 0 4 0 

Thiophneol 
 

2 0 4 0 3 0 4 0 

8 
Dichlorodifluoromethane (CFC-12) 3 1 3 1 3 2 6 2 6 

1,2-Dichlorotetrafluoroethane (CFC-114) 1 1 1 1 1 2 2 3 3 
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Table 22. Compatibility Analysis for SBR, NBR, CR and SI in Processed Landfill Biogas (Continued) 

Group 
# 

Landfill Biogas SBR NBR CR SI 

Gas Constituents Weight Impact Score Impact Score Impact Score Impact Score 

8 

1,1,2-Trichloro-1,2,2-trifluoroethane (CFC-113) 0 3 0 2 0 5 0 5 0 
Trichlorofluoroethane (CFC-11) 2 4 8 2 4 5 10 4 8 
Chloromethane 0 5 0 5 0 5 0 5 0 
Dichloromethane (Methylene Chloride) 0 5 0 5 0 5 0 4 0 
Vinylchloride 0 5 0 3 0 4 0 4 0 
Chloroethane 2 4 8 4 8 5 10 4 8 
1,1-Dichloroethane 0 5 0 4 0 4 0 5 0 
1,2-Dichloroethane 0 5 0 5 0 5 0 3 0 
1,1,1-Trichloroethane 0 5 0 5 0 5 0 5 0 
1,1-dichloroethene 0 5 0 5 0 5 0 5 0 
cis-1,2-dichloroethene 0 5 0 5 0 5 0 5 0 
Trichloroethene 0 5 0 5 0 5 0 5 0 
Tetrachloroethene 0 5 0 5 0 5 0 5 0 
Chlorobenzene 0 3 0 5 0 5 0 5 0 
1,2-Dichlorobenzene 0 2 0 5 0 3 0 4 0 
1,3-Dichlorobenzene 0 5 0 5 0 5 0 5 0 
1,4-Dichlorobenzene 0 5 0 5 0 5 0 5 0 

9 

Hexamethyldisilane 0 5 0 5 0 5 0 5 0 
Hexamethyldisiloxane (L2) 0 5 0 5 0 5 0 5 0 
Octamethyltrisiloxane 0 5 0 5 0 5 0 5 0 
Octamethylcyclotetrasiloxane 3 5 15 5 15 5 15 5 15 
Decamethyltetrasiloxane 0 5 0 5 0 5 0 5 0 
Decamethylcyclopentasiloxane 0 5 0 5 0 5 0 5 0 
Trimethyl silanol 0 5 0 5 0 5 0 5 0 
Hexamethylcyclotrisiloxane 0 5 0 5 0 5 0 5 0 

10 

Antimony 0 0 0 0 0 0 0 0 0 
Zinc 4 0 0 0 0 0 0 0 0 
Arsenic 0 0 0 0 0 0 0 0 0 
Mercury 1 0 0 0 0 0 0 0 0 

Total 
 

0   325   272   333   308 
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Table 23. Compatibility Analysis for PE and PA12 in Raw Dairy Biogas  

Group 
# 

Dairy Farm Biogas PE PA12 

Gas Constituents Weight Impact Score Impact Score 

1 
H2 0 0 0 0 0 

N2 4 0 0 0 0 

2 

CO2 5 0 0 1 5 

O2 3 0 0 1 3 

H2S 5 0 0 3 15 

SO2 3 2 6 5 15 

Ammonia 4 0 0 0 0 

3 
 

Methane 5 1 5 1 5 

Propane 0 2 0 1 0 

Hexane 3 3 9 1 3 

Heptanes 2 4 8 1 2 

Undecanes 0 5 0 1 0 

4 Cyclopentane 2 4 8 3 6 

6 

Benzene 1 5 5 5 5 

Toluene 3 5 15 4 12 

Ethylbenzene 0 5 0 4 0 

m,p-Xylene 0 5 0 4 0 

o-Xylene 0 5 0 4 0 

Styrene 0 4 0 5 0 

C3 benzene 2 4 8 3 6 

7 

Carbonyl Sulfide 3 5 15 5 15 

Carbon Disulfide 1 2 2 3 3 

Methyl Mercaptan 3 5 15 5 15 

Ethyl Mercaptan 2 5 10 5 10 

i-Propyl Mercaptan 2 5 10 3 6 

n-Propyl Mercaptan 1 5 5 4 4 

t-Butyl Mercaptan 2 5 10 1 2 

Dimethyl Sulfide 2 5 10 5 10 

Dimethyl Disulfide 1 3 3 3 3 

Diethyl Disulfide 0 5 0 5 0 

Thiophene 1 3 3 3 3 

8 

Dichlorodifluoromethane 0 1 0 1 0 

Vinylchloride 0 5 0 2 0 

1,4-dichlorobenzene 0 2 0 3 0 

9 

Hexamethyldisilane 0 5 0 5   

Octamethylcyclotetrasiloxane (D4) 0 5 0 5 0 

Decamethylcyclopentasiloxane (D5) 
(D5)(D5) 

0 5 0 5 0 

10 
 

Mercury 1 0 0 0 0 

Copper 0 0 0 0 0 

Molybdenum 0 0 0 0 0 

Total 
     177   178 
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Table 24. Compatibility Analysis for PE and PA12 in Processed Dairy Biogas 

Group 
# 

Dairy Farm Biogas PE PA12 

Gas Constituents Weight Impact Score Impact Score 

1 
H2 0 0 0 0 0 

N2 3 0 0 0 0 

2 

CO2 2 0 0 1 2 

O2 2 0 0 1 2 

H2S 0 0 0 3 0 

SO2 0 2 0 5 0 

Ammonia 0 0 0 0 0 

3 
 

Methane 5 1 5 1 5 

Propane 0 2 0 1 0 

Hexane 0 3 0 1 0 

Heptanes 0 4 0 1 0 

Undecanes 0 5 0 1 0 

4 Cyclopentane 0 4 0 3 0 

6 

Benzene 0 5 0 5 0 

Toluene 0 5 0 4 0 

Ethylbenzene 0 5 0 4 0 

m,p-Xylene 0 5 0 4 0 

o-Xylene 0 5 0 4 0 

Styrene 0 4 0 5 0 

C3 benzene 0 4 0 3 0 

7 

Carbonyl Sulfide 3 5 15 5 15 

Carbon Disulfide 0 2 0 3 0 

Methyl Mercaptan 0 5 0 5 0 

Ethyl Mercaptan 0 5 0 5 0 

i-Propyl Mercaptan 0 5 0 3 0 

n-Propyl Mercaptan 0 5 0 4 0 

t-Butyl Mercaptan 0 5 0 1 0 

Dimethyl Sulfide 0 5 0 5 0 

Dimethyl Disulfide 0 3 0 3 0 

Diethyl Disulfide 0 5 0 5 0 

Thiophene 0 3 0 3 0 

8 

Dichlorodifluoromethane 0 1 0 1 0 

Vinylchloride 0 5 0 2 0 

1,4-dichlorobenzene 0 2 0 3 0 

9 

Hexamethyldisilane 0 5 
 

5 
 

Octamethylcyclotetrasiloxane (D4) 0 5 0 5 0 

Decamethylcyclopentasiloxane (D5) 0 5 0 5 0 

10 
 

Mercury 0 0 0 0 0 

Copper 0 0 0 0 0 

Molybdenum 0 0 0 0 0 

Total 
     20   24 
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Table 25. Compatibility Analysis for SBR, NBR, CR and SI in Raw Dairy Biogas 

Group 
# 

Dairy Farm Biogas SBR NBR CR SI 

Gas Constituents Weight Impact Score Impact Score Impact Score Impact Score 

1 
H2 0 0 0 0 0 0 0 0 0 

N2 4 0 0 0 0 0 0 0 0 

2 

CO2 5 3 15 3 15 0 0 0 0 

O2 3 3 9 3 9 3 9 1 3 

H2S 5 5 25 5 25 5 25 4 20 

SO2 3 5 15 2 6 3 9 2 6 

Ammonia 4 5 20 0 0 0 0 0 0 

3 

Methane 5 1 5 1 5 1 5 1 5 

Propane 0 1 0 1 0 2 0 3 0 

Hexane 3 3 9 2 6 5 15 5 15 

Heptanes 2 3 6 2 4 5 10 5 10 

Undecanes 0 5 0 3 0 4 0 4 0 

4 Cyclopentanes 2 5 10 5 10 5 10 4 8 

6 

Benzene 1 4 4 4 4 5 5 4 4 

Toluene 3 5 15 5 15 5 15 3 9 

Ethylbenzene 0 5 0 5 0 5 0 3 0 

m,p-Xylene 0 5 0 5 0 5 0 3 0 

o-Xylene 0 5 0 5 0 5 0 3 0 

Styrene 0 4 0 5 0 5 0 4 0 

C3 benzene 2 5 10 5 10 5 10 4 8 
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Table 25. Compatibility Analysis for SBR, NBR, CR and SI in Raw Dairy Biogas (Continued) 

Group 
# 

Dairy Farm Biogas SBR NBR CR SI 

Gas Constituents Weight Impact Score Impact Score Impact Score Impact Score 

7 

Carbonyl Sulfide 3 5 15 5 15 5 15 5 15 

Carbon Disulfide 1 2 2 5 5 3 3 4 4 

Methyl Mercaptan 3 5 15 5 15 5 15 5 15 

Ethyl Mercaptan 2 5 10 4 8 4 8 3 6 

i-Propyl Mercaptan 2 5 10 4 8 4 8 5 10 

n-Propyl Mercaptan 1 5 5 5 5 5 5 3 3 

t-Butyl Mercaptan 2 4 8 3 6 4 8 4 8 

Dimethyl Sulfide 2 5 10 4 8 4 8 3 6 

Dimethyl Disulfide 1 2 2 4 4 4 4 5 5 

Diethyl Disulfide 0 5 0 5 0 5 0 5 0 

Thiophene 1 3 3 4 4 4 4 5 5 

8 
  
  

Dichlorodifluoromethane 0 1 0 1 0 2 0 2 0 

Vinylchloride 0 5 0 3 0 4 0 4 0 

1,4-dichlorobenzene 0 2 0 5 0 3 0 4 0 

 

Hexamethydisilane 0 5  0 5 0  5  0 5 0  

 9 Octamethylcyclotetrasiloxane (D4) 0 5 0 5 0 5 0 5 0 

  Decamethylcyclopentasiloxane (D5) 0 5 0 5 0 5 0 5 0 

10 Mercury 1 0 0 0 0 0 0 0 0 

  Copper 0 0 0 0 0 0 0 0 0 

  Molybdenum 0 0 0 0 0 0 0 0 0 

 Total  
 

  253   217   246   195 
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Table 26.  Compatibility Analysis for SBR, NBR, CR and SI in Processed Dairy Biogas 

Group 
# 

Dairy Farm Biogas SBR NBR CR SI 

Gas Constituents Weight Impact Score Impact Score Impact Score Impact Score 

1 
H2 0 0 0 0 0 0 0 0 0 

N2 3 0 0 0 0 0 0 0 0 

2 

CO2 2 3 6 3 6 0 0 0 0 

O2 2 3 6 3 6 3 6 1 2 

H2S 0 4 0 4 0 5 0 4 0 

SO2 0 5 0 2 0 3 0 2 0 

Ammonia 0 5 0 0 0 0 0 0 0 

3 

Methane 5 1 5 1 5 1 5 1 5 

Propane 0 1 0 1 0 2 0 3 0 

Hexane 0 3 0 2 0 5 0 5 0 

Heptanes 0 3 0 2 0 5 0 5 0 

Undecanes 0 5 0 3 0 4 0 4 0 

4 Cyclopentanes 0 5 0 5 0 5 0 4 0 

6 

Benzene 0 4 0 4 0 5 0 4 0 

Toluene 0 5 0 5 0 5 0 3 0 

Ethylbenzene 0 5 0 5 0 5 0 3 0 

m,p-Xylene 0 5 0 5 0 5 0 3 0 

o-Xylene 0 5 0 5 0 5 0 3 0 

Styrene 0 4 0 5 0 5 0 4 0 

C3 benzene 0 5 0 5 0 5 0 4 0 
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Table 26. Compatibility Analysis for SBR, NBR, CR and SI in Processed Dairy Biogas (Continued) 

Group 
# 

Dairy Farm Biogas SBR NBR CR SI 

Gas Constituents Weight Impact Score Impact Score Impact Score Impact Score 

7 

Carbonyl Sulfide 3 5 15 5 15 5 15 5 15 

Carbon Disulfide 0 2 0 5 0 3 0 4 0 

Methyl Mercaptan 0 5 0 5 0 5 0 5 0 

Ethyl Mercaptan 0 5 0 4 0 4 0 3 0 

i-Propyl Mercaptan 0 5 0 4 0 4 0 5 0 

n-Propyl Mercaptan 0 5 0 5 0 5 0 3 0 

t-Butyl Mercaptan 0 4 0 3 0 4 0 4 0 

Dimethyl Sulfide 0 5 0 4 0 4 0 3 0 

Dimethyl Disulfide 0 2 0 4 0 4 0 5 0 

Diethyl Disulfide 0 5 0 5 0 5 0 5 0 

Thiophene 0 3 0 4 0 4 0 5 0 

8 
  
  

Dichlorodifluoromethane 0 1 0 1 0 2 0 2 0 

Vinylchloride 0 5 0 3 0 4 0 4 0 

1,4-dichlorobenzene 0 2 0 5 0 3 0 4 0 

9  
  
  

Hexamethydisilane 0 5  0 5 0  5  0 5 0  

Octamethylcyclotetrasiloxane (D4) 0 5 0 5 0 5 0 5 0 

Decamethylcyclopentasiloxane (D5) 0 5 0 5 0 5 0 5 0 

10 Mercury 0 0 0 0 0 0 0 0 0 

  Copper 0 0 0 0 0 0 0 0 0 

  Molybdenum 0 0 0 0 0 0 0 0 0 

 Total  
 

  32   32   26   22 
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Figure 1. The Compatibility Map for PA, PE12, SBR, NBR, CR and SI in Landfill Gas  
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Figure 1. The Compatibility Map for PA, PE12, SBR, NBR, CR and SI in Landfill Gas (Continued) 
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Figure 1. The Compatibility Map for PA, PE12, SBR, NBR, CR and SI in Landfill Gas (Continued) 
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Figure 1. The Compatibility Map for PA, PE12, SBR, NBR, CR and SI in Landfill Gas (Continued) 
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Figure 1. The Compatibility Map for PA, PE12, SBR, NBR, CR and SI in Landfill Gas (Continued) 
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Figure 2. The Compatibility Map for PA, PE12, SBR, NBR, CR and SI in Dairy Gas (Continued) 
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Figure 2. The Compatibility Map for PA, PE12, SBR, NBR, CR and SI in Dairy Gas (Continued) 
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Figure 3. Total Score of PE, PA12, SBR, NBR, CR and SI in Landfill and Dairy Gases  
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Figure 4. The Risk Score of PE, PA12, SBR, NBR, CR and SI in Raw and Processed Landfill Gas 
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Figure 5. The Risk Score of PE, PA12, SBR, NBR, CR and SI in Raw and Processed Dairy Gas 
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List of Acronyms 

Acronym Description 

BTEX Benzene, Toluene, Ethylbenzene, and Xylene 

CR Chloroprene Rubber 

GTI Gas Technology Institute 

NBR Nitrile Butadiene Rubber 

PA Polyamide 

PE Polyethylene 

SBR Styrene Butadiene Rubber 

SI Silicon Rubber 
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Overview 

The standard and consensus test methods that have been used to study the material properties of 
plastics and elastomers were reviewed to identify the testing protocols for evaluating pipeline materials 
for biogas application. The protocols are separated into the Baseline Testing and Comparative Testing. 
The identified standard test methods for baseline and comparative testing are summarized in Table 1, and 
the test methods are described in the below sections.  

 

Baseline Confirmatory Testing 

These tests are designed to provide baseline assessment of a material’s physical and chemical 
makeup. The specimens will be prepared from the new materials and tested without gas exposure.  

 

Table 2 shows the baseline test matrix.  

Density 

GTI internal test methods PP300 (Helium (True) Density Measurement by Micromeritics AccuPycTM 
1330 Gas Displacement Pycnometer) will be used to measure the density of the test materials.  

A sample’s volume is determined by measuring the pressure change of helium in a previously 
determined, calibrated volume. The sample’s density is then calculated based on the weight of sample 
taken for the volume analysis. 

Three replicates will be tested for each material in this test.  

Glass Transition Temperature (Tg) 

ASTM D 3418 (Standard Test Method for Transition of Polymers by Differential Scanning 
Calorimetry) will be used to measure Tg of the test materials.  

This test method consists of heating or cooling the test material at a controlled rate in a specified 
purge gas at a controlled flow rate and continuously monitoring with a suitable sensing device the 
difference in temperature or the difference in heat input between a reference material and a test material 
due to energy changes in the material. A transition is marked by adsorption or release of energy by the 
specimen resulting in a corresponding endothermic or exothermic peak or baseline shift in the heating or 
cooling curve.  

Three replicates will be tested for each material in this test.  

Chemical Makeup 

ASTM D 3677 (Standard Test Methods for Rubber Identification by Infrared Spectrophotometry) will 
be used to analyze the chemical makeup of plastics and elastomers to be tested. 

This test method provides composition analysis based on infrared examination of pyrolysis products 
(pyrolyzates) and films using specific peaks as outline in the standard. 
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Extractable Content (for elastomers) 

This test procedure is used to identify elastomers. ASTM D 297 (Standard Test Methods for Rubber 
Products-Chemical Analysis) will be used.  

These test methods cover the qualitative and quantitative analyses of the composition of rubber 
products of the “R” family (Reference ASTM D 1418). The methods are further broken out into Part A 
and Part B tests. 

Part A consists of general test methods for use in the determination of some or all of the major 
constituents of a rubber product. 

Part B covers the determination of specific polymers present in a rubber product. 

 

Comparative Testing 

Table 3 shows the comparative testing matrix. The comparative tests will be run on the test 
specimens with and without gas saturation.  These tests will provide the comparative material properties 
of the concerned materials in the selected gas compositions. 

Four gas samples are going to be used for the gas saturation test. The gas samples include one raw 
biogas from a landfill, one raw biogas from a dairy farm, one processed landfill gas and a standard natural 
gas as reference. The raw and processed biogas samples will be collected from the biogas plants. 

The gas saturation test will be conducted in a stainless steel vessel at a pressure of 60 psi. The test 
specimens will be loaded into the test vessel and fully exposed to the sample gas which will be 
continually replenished at a low flow rate. The test vessel will be controlled at 120ºF during the saturation 
test to simulate the worse scenario in the field where the warm biogas coming out from the digester is 
delivered into the gathering pipeline. 

Table 4 shows the specimen dimensions for the comparative tests. In order to have a good control of 
the specimen dimensions, PE plaques will be used to machine the plastic test specimens. The plaques will 
be molded using pipe grade material. The elastomeric test specimens will be machined from selected 
sheet materials (SBR and NBR) which have similar formulations as the materials used to make the seals 
for natural gas pipelines.  

The comparative tests will be run at room temperature except slow crack growth test which will be 
run at 176ºF. 

Compression Test (only for elastomers) 

This test is to determine the compression-deflection characteristic of elastomers. ASTM D 575 
(Standard Test Method for Rubber Properties in Compression) will be used.  

The tests are run at a specified deflection in which the force required for this deflection is measured 
or by applying a specified force and measuring the amount of deflection. 

Six replicates are required for this test. 



Task 7: Identify and Develop Baseline and Comparative Testing Protocols 

308 
 

Dimensional Change 

This test is to measure the dimensional change of the test materials after exposure to the tested gases 
using a thermomechanical analyzer (TMA). A modified ASTM E831 (Standard Test Method for Linear 
Thermal Expansion of Solid Materials by Thermomechanical Analysis) is used as the test procedure. 

The tests will be run with the baseline condition first and then the test specimens will be saturated 
with the selected gas samples. The dimension of the test specimens after saturation will be measured 
again using this test procedure to calculate the dimensional change from baseline.   

Three replicates are required for this test. 

Hardness 

This test is to measure the hardness of elastomers and thermoplastics. ASTM D2240 (Standard Test 
Method for Rubber Property-Durometer Hardness) will be used. 

This test method is based on the penetration of a specific type of indentor when forced into the 
material under specified conditions. The indentation hardness is inversely related to the penetration and is 
dependent on the elastic modulus and viscoelastic behavior of the material.  

Five replicates are required for this test. 

Tensile Strength  

ASTM D638 (Standard Test Method for Tensile Properties of Plastics) is used as the test procedure to 
measure the tensile properties of plastic pipe materials. This test is run with the test specimens in the form 
of standard dumbbell-shaped (Type I) under defined conditions of pretreatment, temperature, humidity, 
and testing machine speed. 

ASTM D412 (Standard Test Method for Vulcanized Rubber and Thermoplastic elastomers-Tension) 
is used as the test procedure to measure the tensile properties of elastomers. This test is run with the test 
specimens in the form of standard dumbbell-shaped (Die C) under defined conditions of pretreatment, 
temperature, humidity, and testing machine speed. 

Six replicates are required for the tensile test. 

Slow Crack Growth Resistance (only for plastic pipe materials) 

This test is to determine the resistance of polyethylene materials to slow crack growth. ASTM F1473 
(Standard Test Method for Notch Tensile Test to Measure the Resistance to Slow Crack Growth of 
Polyethylene Pipes and Resins) will be used.  

The test will be performed at 176ºF and at 348 psi, and three replicates are required for this test. 
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Table 1. Baseline and Comparative Testing Methods 

Test Property Test Method/Procedure 
Material 

Plastics Elastomers 
B

as
el

in
e Density Helium Pycnometer/PP300 X X 

Glass Transition Temperature DSC/ASTM D 3418 X X 

Chemical Makeup FTIR/ASTM D3677 X X 

Extractable Content  ASTM D 297 NA  X 

C
om

pa
ra

tiv
e 

Compression ASTM D 575 NA  X 

Dimensional Change Optical Comparator/Micrometer X X 

Hardness ASTM D2240 X X 

Tensile Strength 
ASTM D638  X NA  

ASTM D412 NA X 

Slow Crack Growth ASTM F1473 X NA 
 
 
 

Table 2. Baseline Testing Matrix 

Baseline Test 
# of Test Specimen 

PE NBR SBR Total # 

Density 3 3 3 9 

Glass Transition Temperature 3 3 3 9 

Chemical Makeup 1 1 1 3 

Extractable Content NA 1 1 2 

Total 7 8 8 23 
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Table 3. Comparative Test Matrix 

Saturation Test 
(Gas Sample) Property Test 

# of Specimens 

PE NBR SBR Total 

N
o 

G
as

 E
xp

os
ur

e Compression 6 6 6 18 

Dimensional Change* 0 0 0 0 

Hardness 5 5 5 15 

Tensile Strength 6 6 6 18 

Slow Crack Growth Resistance 3 NA NA 3 

R
aw

 L
an

df
ill 

 

Compression 6 6 6 18 

Dimensional Change 3 3 3 9 

Hardness 5 5 5 15 

Tensile Strength 6 6 6 18 

Slow Crack Growth Resistance 3 NA NA 3 

SEM Analysis 1 1 1 3 

Pr
oc

es
se

d 
La

nd
fil

l  Compression 6 6 6 18 

Dimensional Change 3 3 3 9 

Hardness 5 5 5 15 

Tensile Strength 6 6 6 18 

Slow Crack Growth Resistance 3 NA NA 3 

SEM Analysis 1 1 1 3 

R
aw

 D
ai

ry
  

Compression 6 6 6 18 

Dimensional Change 3 3 3 9 

Hardness 5 5 5 15 

Tensile Strength 6 6 6 18 

Slow Crack Growth Resistance 3 NA NA 3 

SEM Analysis 1 1 1 3 

St
an

da
rd

 N
at

ur
al

 G
as

 

Compression 6 6 6 18 

Dimensional Change 3 3 3 9 

Hardness 5 5 5 15 

Tensile Strength 6 6 6 18 

Slow Crack Growth Resistance 3 NA NA 3 

SEM Analysis 1 1 1 3 

Total 
 

116 101 101 318 
 

*: Specimen dimension will be measured before and after saturation test on the same specimen. No 
additional specimen is required.
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Table 4. Comparative Test Specimens 

Property Test Test Method 
Dimension (inch) 

Diameter Length Width Thickness 

Compression ASTM D 575 1.129 NA NA 0.51 

Dimensional Change TMA/ASTM E831 
(modified) NA 0.25 0.25 0.25 

Hardness ASTM D2240 NA 2 2 0.25 

Tensile Strength 
ASTM D638 NA 2.25 0.75 0.25 

ASTM D412 NA 4.5 1 0.08 

Slow Crack Growth 
Resistance ASTM F1473 NA 2 1 0.25 
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Introduction 

The objective of Task 8 was to test the selected non-metallic materials in the representative biogas and 
biomethane samples against a standard natural gas using the controlled laboratory experiments. The test 
protocols developed in Task 7 that were specific to integrity testing of the selected non-metallic materials 
were verified in Task 8. 

The impact of biogas/biomethane on the non-metallic pipeline materials was evaluated in this task using 
the sample gases collected from the field and the identified pipeline materials (SBR, NBR and MDPE) 
that may potentially be susceptible to the biogas compositions based on the compatibility analysis in Task 
6.  

A gas collection protocol was developed in this task, and successfully applied at the biogas sites to collect 
gas samples. The sampled gas was compressed into high pressure gas cylinders. The collected biogas 
samples were delivered to GTI and used in the gas saturation tests. 

A gas saturation test system was developed in this task to saturate the test specimens with the gas samples 
at a controlled temperature and pressure. For raw biogases (landfill and dairy), the moisture in the biogas 
was filtered out during gas sampling process to prevent the change of gas composition due to water 
condensation when the gas became compressed. A conditioning vessel was added in the gas saturation 
system when tested with raw biogases. The raw biogases were first conditioned in the conditioning vessel 
(at 60ºC and 120 psi) to have a saturated moisture level similar as that in the raw biogas (approximately 
4% by volume) at ambient temperature, and then were used to fill the main test vessel. 

Total of four batches of gas saturation tests were conducted in Task 8, including: 

1. Natural Gas (baseline) 

2. Processed Landfill Gas 

3. Raw Landfill Gas, and  

4. Raw Dairy Gas 

The test methods that were identified in Task 7 for the test protocol to evaluate the impact from the biogas 
samples include: 

• Hardness (Shore A for elastomers and Shore D for plastic) 

• Dimensional Change 

• Tensile 

• Compression (only for elastomers) 

• Slow Crack Growth Resistance (PENT, only for plastics) 

The results obtained from the above controlled laboratory testing indicate that the developed test 
protocols are practical and effective in that they allow the evaluation of the impact of biogas on the 
material properties. In comparison with the results from the samples exposed to a standard natural gas 
(baseline), the impact from the three selected biogas samples was not severe, but was quantifiable. 
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Collection of Biogas Samples in the Field  

Development of Biogas Collection Protocol 

The biogas samples were collected from biogas plants and compressed into a high pressure cylinder 
(approximately1800 psi) and returned to GTI in order to supply the gas for the saturation tests. The raw 
biogas supplied in the plant is near ambient pressure, and it has to be compressed by a compressor so that 
it can be filled into the high pressure gas cylinder. A portable compressor (FuelMaker FM4) which can be 
brought to the sample collection sites was modified for this use at GTI.  

The raw biogas is generally saturated with moisture and the liquid water will be condensed out of the gas 
when it is compressed. Some compounds in the raw gas may dissolve in the water condensate and result 
in the variation of the gas composition. To avoid this change of gas chemistry during sample collection, 
the raw gas was dehydrated before it was compressed.  

• FuelMaker FM4 Compressor  

FuelMaker FM4 was selected as the compressor, with a power requirement of 220 Volts, 1 phase AC (at 
60 Hz).  It draws 6 Amps of current, resulting in an average electrical consumption between 0.9-1.3 kWh.  
As some of the raw biogas comes out at a very low pressure, <0.25 psig, a primary stage compressor was 
used to bring the pressure to the 2 psig that the FuelMaker FM4 requires. 

• Considerations for Gas Sampling at Biogas Plants 

1) Determine the following site specifications: 

• Electrical power on-site (e.g. 240 Volts) 

• Pipe fittings from site gas outlet 

• Gas pressure from site gas outlet 

• Pipe fittings for processed biomethane (if applicable) 

• Gas pressure for processed biomethane (if applicable) 

2) The sampling schematic was configured as shown in Figure 1.  

3) A HazOp analysis was performed on this process to ensure the safety and quality of our 
process. 

4) Properties to consider when collecting gas are the following: 

• Temperature of gas (50°C-60°C). 

• Density change during compression (for compressibility factor). 

• Impurities that may affect equipment (H2S, siloxanes, etc.). 

• Liquid condensation by dew-point from components (e.g. CO2). 

Biogas Sample Collection 

One landfill site and one dairy farm site were selected for collecting gas samples for raw landfill gas, 
processed landfill and raw dairy gas. Three biogas samples (raw landfill, processed landfill and raw dairy 
farm gases) were collected from the field and delivered to GTI. The water vapor in the raw biogases was 
removed during the sample collection to prevent the gas chemistry change due to water condensing when 
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the gases were compressed into the high pressure cylinders. Water was added during the saturation test to 
recover the moisture level in the raw gases. 
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Gas Saturation Test  

Gas Saturation Test System 

Test System without Water Addition 

A gas saturation test system was designed and constructed in this project, as shown in Figure 2. It 
consisted of a main pressure vessel and a second small pressure vessel. A shut off valve was installed in-
between the main and second pressure vessel. The main pressure vessel was used for housing all the 
comparative test samples. The second pressure vessel was for the head space test samples that were used 
to generate the gas saturation curve. When the head space samples were periodically retrieved for analysis 
(during the saturation test), the shut off valve was closed so that the test samples in the main vessel were 
maintained at the test temperature and pressure without interruption. The vessels were purged with the 
tested gas before the test was started, and once a week during the test.  

The main pressure test vessel was constructed from a three-foot long, four inch diameter stainless steel 
(SS316) pipe. The pipe was heated with heat tape wrapped around its outer surface. The temperature 
inside the pipe was maintained at 45±5ºC by a temperature controlling system. The test samples were 
loaded onto a sample cage made of stainless steel meshes to fully expose them to the gas. The main 
pressure vessel and the sample cage are shown in Figure 3.  

The second vessel was made and modified from a stainless steel pipe end cap and fitting, see Figure 4. A 
three-layer sample cage made of stainless steel mesh was used to hold the test samples. The gas inlet tube 
extends into the bottom of the vessel to ensure the gas flow pass through the test samples before it vents 
out of the top of the vessel. The temperature of the vessel was monitored using a thermal couple located 
in its center. The vessel was heated with heating strip wrapped around the vessel and the temperature 
inside the vessel was maintained at 45±5ºC by a temperature controlling system.    

Test System with Water Addition 

The moisture in the raw gases was filtered out during gas collection process to prevent water 
condensation when the raw gas was compressed into the gas cylinder. Generally, the raw biogas is 
saturated with water at ambient condition. A water addition system was designed in order to recover the 
moisture level in the raw gas during the gas saturation test.  

Figure 5 is a schematic figure of the modified gas saturation test system. An additional stainless steel pipe 
with the same sizes as the pipe used as main vessel was added to the test system as a gas conditioning 
vessel. The gas conditioning vessel was filled with test gas and pressurized to 120 psi. Fifty (50) cubic 
inches of water was added into the vessel which was then heated up and controlled at 60ºC to saturate the 
test gas.  

A dry run with the modified test system was completed prior to a saturation test with raw gas. A gas 
sample was collected at the completion of the dry run and analyzed for water content in the gas phase 
using the Karl Fisher Titration method. The measured water content in the gas phase was 4.4%, which is 
close to the moisture level in a water saturated biogas at standard temperature and pressure. 

The test vessel was purged with the conditioned gas from the conditioning vessel before the test started 
and weekly during the test period. After purging, the valve between the two vessels was closed. The 
conditioning vessel was then refilled with test gas and water, and controlled at 60ºC and 120 psi until the 
next purging. 
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Test Materials 

Sheet Rubber (NBR and SBR) Materials  

In order to minimize data scatter resulting from sample size variation it was decided to use sheet rubber as 
the material source. GTI reviewed the NBR and SBR materials that are typically used in natural gas 
piping systems, and selected the rubber sheet materials that have similar physical and chemical properties 
to the materials used in service.  

Table 1 shows the properties of the rubber sheet materials that were used for preparing the test samples. 
The NBR meets the specification of ASTM D2000 (2BG715), and the SBR meets the specification of 
ASTM D2000 (M1AA604).  The premium grade SBR sheet rubber that meets military specification 
(MIL-PRF-1149 Type II Class 2) was originally obtained as testing material, but the received material 
was out of specification and returned. Due to the required quantities and the lead time for the manufacture 
to make replacement material, GTI decided to use ASTM D2000 (M1AA604). 

Pipe Grade MDPE Resin 

A pipe grade (PE2708) MDPE resin was obtained to make test samples; the properties of the resin are 
shown in Table 2. Plaques molded with this resin were machined into test specimens of the required 
dimension. 

Sample Preparation 

Table 3 summarizes the test specimens (sizes and numbers) in one batch of gas saturation test. The rubber 
samples were cut from the rubber sheet material to size. The plastic test specimens were machined to size 
from molded plaques. The tensile specimens were prepared by die cut (ASTM D638 Type IV). The 
compression test samples were die cut from the 5.7"×2.25"×0.125" plaques after the gas saturation test. 
To perform hardness and compression test for SBR and NBR, the specimens with 0.125" thickness were 
stacked to the required sample thickness (0.25" for hardness and 0.5" for compression) according to 
ASTM D2240 and ASTM D575. The dimensions for the PENT test (ASTM F1473 Standard Test Method 
for Notch Tensile Test to Measure the Resistance to Slow Crack Growth of Polyethylene Pipes and 
Resins) were 1.97"×0.98"×0.25". 

The surface of the test specimens were cleaned with isopropyl alcohol, rinsed with water and dried in air 
after sample preparation.  The specimens were marked by attaching a pin. 

Gas Samples 

Natural Gas Sample 

A “standard” natural gas was obtained for the saturation test as a reference to compare the impact from 
biogas/biomethane on the pipeline materials. Major components of the gas were analyzed by gas 
chromatography using ASTM D1945/D1946.  Trace sulfur was analyzed by using ASTM D6228.  
Results are shown in Table 4. 

Biogas Samples 

The chemical composition of the three gases collected from the field was analyzed by GC. The results are 
shown in Table 5. The concentration of hydrogen sulfide in the raw dairy gas sample was very low and it 
was not detected in the raw landfill gas sample. The lower hydrogen sulfide level in the raw gases might 
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be due to the moisture removal process. It is also known that hydrogen sulfide decomposes over time. The 
other components of the biogas/biomethane gases from these sites are representative to the gases that 
have been analyzed at GTI.  

Gas Saturation Tests 

The test specimens were set on to the test cage and loaded into the pressure vessels; see Figure 3 and 
Figure 4 for the specimens in the main and secondary vessel respectively. The vessels were purged with 
the test gas before the test was started, and once a week during the test to refresh the gas. The test vessels 
were maintained at 45±5ºC and 60 psi during the test period. 

For the raw landfill and dairy farm gases, the test vessel was purged with the conditioned gas from the 
conditioning vessel before the test started and weekly during the test period. After purging, the valve 
between the two vessels was closed. The conditioning vessel was then refilled with test gas and water, 
and controlled at 60ºC and 120 psi until the next purging. 

The head space samples in the secondary vessel were taken periodically to monitor the gas saturation 
progress. One sample of each test material (SBR, NBR, and MDPE) was taken at a time, and the samples 
were then analyzed by gas chromatography (GC) to determine the gas components that have been 
absorbed into the test specimens. The uncertainties are 25%, 23%, and 28% for C4+, cycloalkanes and 
BTEX respectively. These values take into account variability in the analysis, certified value of the 
standard, transducer resolution and accuracy, and are reported as expanded uncertainties with a k factor of 
2.  

Gas Saturation Test with Natural Gas (Baseline)  

The absorption levels of total C4+, cycloalkanes and the total of Benzene, Toluene, Ethylbenzene, and 
Xylene (BTEX) during the natural gas saturation test (up to 1848 hours) are shown in Figure 6. The test 
specimens were saturated or close to asymptotic levels at this time and the gas saturation test was 
terminated on Day 98 (2352 hrs). 

Gas Saturation Test with Processed Landfill Gas 

The saturation test was stopped after the gas components become stabilized in the test samples with total 
of 96 day (2304 hrs) test duration. The test results of total C4+, cycloalkanes and the total of Benzene, 
Toluene, Ethylbenzene, and Xylene (BTEX) during the processed landfill gas saturation test (up to 2,160 
hours) are shown in Figure 7.  

Gas Saturation Test with Raw Landfill Gas 

The saturation test was stopped after the gas component levels stabilized in the test samples with total of 
96 day (2304 hrs) test duration. The test results of total C4+, cycloalkanes and the total of Benzene, 
Toluene, Ethylbenzene, and Xylene (BTEX) during the raw landfill gas saturation test (up to 2,016 hours) 
are shown in Figure 8. 

Gas Saturation Test with Raw Dairy Gas 

The saturation test was stopped after the gas component levels stabilized in the test samples with total of 
98 day (2352 hrs) test duration. The test results of total C4+, cycloalkanes and the total of Benzene, 
Toluene, Ethylbenzene, and Xylene (BTEX) during the raw landfill gas saturation test (up to 2,064 hours) 
are shown in Figure 9. 



 

326 
 

Material Confirmatory Tests 

The following tests were conducted to verify the test materials. The results of density, hardness and 
extractable content are summarized in Table 6. The plots from Differential Scanning Calorimetry (DSC) 
and Fourier Transform Infrared Spectroscopy (FTIR) are shown in Figure 10 through Figure 15. 

 

• Density 

The densities of the materials were analyzed using a helium pycnometer.  This test method is internal 
to GTI (PP 318); see Appendix I for the test procedure. Results from this test are listed in Table 6. 

 
• Hardness 

Hardness testing was performed using a shore hardness testing apparatus.  The test method used was 
ASTM D2240. The results are shown in Table 6. 

 
• Glass Transition/Melting Point 

Glass transition temperature and melting point were determined using DSC for MDPE.  The method 
used was ASTM D3418. The plot is shown in Figure 10. 

 
• Chemical Makeup 

Chemical makeup of the materials is performed using FTIR.  The test methods used were ASTM 
D3677 and ASTM E1252. The spectra are shown in Figure 11 through Figure 13. 

 
• Extractable Content 

Extractable content testing was only performed on the elastomers. The test method was ASTM D297. 
Samples were refluxed in methyl ethyl ketone (MEK) solution, and distilled to concentrate the 
samples. The extracts were then analyzed by FTIR. Mass loss percentages are listed in Table 6, and 
the extract spectra are shown in Figure 14 and Figure 15. 
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Comparative Material Performance Tests 

Test Methods 

Hardness 

Figure 16 shows the Shore® hardness apparatus that was used for hardness measurements. The vertical 
distance from the pressure foot of the durometer to the sample was 1.0 inch. Sample measurements were 
taken 0.5 inch apart on each sample, for a total of five (5) hardness measurements per sample. The 
precision of the hardness tester is “±1”.  

Hardness testing for SBR and NBR was performed using ASTM D2240-05(2010) (Standard Test Method 
for Rubber Property-Durometer Hardness). The Durometer Shore® A scale was used for elastomer 
hardness evaluation.   

Hardness testing for MDPE material was performed in per ASTM D2240-05(2010) using Durometer 
Shore® D scale with a 1.2 kg load.   

Baseline hardness measurements were taken on the specimens before they were loaded into the gas 
saturation vessel, and the measurements were taken again after the specimens were saturated with the test 
gas. The hardness after gas saturation test was measured immediately after the specimens were removed 
from the test vessel, and at intermediate outgas time (18-24 hrs). Final measurements were taken after 
outgassing (>96 hrs) depending on the test gases. 

Dimensional Change 

The baseline measurements were taken on the test specimens for measuring dimensional change before 
they were loaded into the gas saturation vessel. For SBR and NBR, the specimen surface was slightly 
scribed to draw lines along X and Y direction (see Figure 17), and the positions (X, Y) of P1, P2 and P3 
were measured. For MDPE, the specimen edges were carefully polished to obtain a sharp corner so that 
the positions (X, Y) of P1', P2' and P3' were able to be accurately measured. The Nikon V-12 Optical 
Comparator was used to measure the X, Y positions under 50× magnification, see Figure 18. The 
measurements were taken three times on each specimen and the specimen was repositioned each time 
before taking the measurements to obtain the repeatability of the measurements. The distance of P1P2 and 
P2P3 were calculated as the baseline dimensional measurements for X and Y directions respectively.  

Five data points were taken at the center of each specimen using micrometer to obtain the average 
thickness (dimension in Z direction).  

The dimensional measurements were repeated on the test specimens after the gas saturation test to 
calculate the dimensional change. Three specimens were used to measure the dimensional change during 
outgas after the specimens were removed from test vessel at initial (0 hr) and intermediate (18-48 hrs) 
outgas time. The final measures were taken on the all six specimens after sample outgassing was 
complete (> 96 hrs depending on the specimen outgas process).  

Tensile 

Tensile tests were performed using the MTS Alliance tensile and compression machine as shown in 
Figure 19. 

The tensile properties of MDPE were performed using ASTM D638-10 (Standard Test method for Tensile 
Properties of Plastics). The samples were prepared from resin-molded plaques using Type IV die. A one-
inch gauge length was used, and the samples were pulled at a rate of 2.0 inches/minute. The tensile stress 
at yield and the ultimate tensile stress were recorded.   
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The tensile properties of elastomer materials were evaluated using ASTM D412-06ae2 (Standard Test 
Method for Vulcanized Rubber and Thermoplastic Elastomers-Tension). The samples were prepared from 
elastomer sheets using Die C.  A one-inch gauge length was used, and the samples were pulled at a rate of 
20.0 inches/minute. The ultimate tensile stress at break was recorded as   NBR/SBR elastomers do not 
exhibit a yield. 

Compression for SBR and NBR 

Compression tests for the SBR and NBR were performed using ASTM D575-91(2012) (Standard Test 
Method for Rubber Properties in Compression, Test Method B).  Four (4) disk specimens (0.125-inch 
thick and 1.125-inch diameter) were stacked and tested using MTS Alliance compression testing machine.  
The test was performed at 0.5 inch/minute.  The test equipment was the same as the tensile tests (see 
Figure 19), but using compression fixtures. 

Slow Crack Growth (PENT) Test for MDPE 

Figure 20 shows the equipment that was used for measuring the slow crack growth resistance (PENT) of 
MDPE. This test was performed per ASTM F1473-11 (Standard Test Method for Notch Tensile Test to 
Measure the Resistance to Slow Crack Growth of Polyethylene Pipes and Resins). The specimens were 
prepared from resin-molded plaques, and a notch indenter was used to create a standard defect in the 
material. Tests conditions for this test were 80˚C temperature and 2.4 MPa stress.   

Six test specimens were saturated in each test gas at 45±5ºC at 60 psi for approximately 96 days. Then 
they were removed from the test vessel and conditioned at the controlled ambient environment until the 
outgas process reached equilibrium. The notch on the test specimens was made right before the PENT test 
started to prevent any change on the notched edge during saturation test or sample transferring. 

Test Results 

Hardness 

Figure 21shows the hardness results for the three test materials: SBR, NBR and MDPE before (baseline) 
and after the gas saturation tests with: (a) natural gas, (b) processed landfill, (c) raw landfill, and (d) raw 
dairy gas.  

The results showed in Figure 21 are the average of the five measurements on each test specimen and the 
total replicates (six replicates for SBR, eight replicates for NBR and two replicates for MDPE).  

The baseline data were measured on the specimens before they were loaded into the test vessel, so that the 
hardness results for each batch of test gas were able to be compared with the baseline data taken on the 
specimens in this batch. Since outgas effect is not significant on the hardness results based on the first two 
batches of test, see the hardness at initial outgas (0 hr), intermediate (18 to 48 hrs) and final (>96 hrs) 
from natural gas and processed landfill gas, the hardness measurements during outgas were not performed 
on the specimens saturated with raw landfill and raw dairy gas. 

As shown in Figure 21a, the hardness change was “1-2” points from the baseline measurements (taken 
before gas saturation test) after they were exposed to the three test gases. This change is considered 
insignificant because it is almost within the instrument precision (±1). 

For NBR (see Figure 21b), the effect from three test gases on its hardness is considered negligible 
because the “1” point change of hardness is within instrument precision (±1). 

As shown in Figure 21c, none of the three test gases has an impact on the hardness of MDPE. 
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Dimensional Change 

The dimensional change (from the baseline dimension that was measured before the specimens were 
loaded into the vessel) were calculated at: (a) initial outgas (0 hr), (b) intermediate (18-48 hrs), and (c) 
final (>96 hrs) when outgas became stable.  

Figure 22 through Figure 32 shows the outgas process in the three test materials after the gas saturation 
test with: (a) natural gas, (b) processed landfill, (c) raw landfill, and (d) raw dairy gas.  

The percentage of dimensional change of the test specimens were calculated using the final measurements 
after the outgas process became stabilized: 

%∆𝑋 =
𝑋𝑓 − 𝑋𝑏
𝑋𝑏

∗ 100% 

%∆𝑌 =
𝑌𝑓 − 𝑌𝑏
𝑋𝑏

∗ 100% 

%∆𝑍 =
𝑍𝑓 − 𝑍𝑏
𝑍𝑏

∗ 100% 

where Xf, Yf, and Zf are the final measurements, and Xb, Yb and Zb are the baseline measurements of the 
X, Y and Z directions that were taken before the specimens were loaded into the test vessel. 

Figure 34, Figure 35, and Figure 36 are the dimensional changes in the X and Y directions vs. Z direction 
for SBR, NBR and MDPE in the four types of tested gases. It appears the material expansion in the 
thickness (Z) direction was significant for all three types of materials in the processed landfill gas. 15-
20% expansion with 0.4 to 0.6 mm permanent thickness change took place in the SBR and NBR 
specimens after they were saturated in the processed landfill gas in comparison with the up to 9% (~0.3 
mm) thickness shrinkage in the specimens saturated with natural gas. The thickness shrinkage could be 
due to leaching of additives from the test materials or the compression by the test pressure during the test. 
The thickness expansion of MDPE was between 0.5% and 2% (<0.1 mm) in the processed landfill gas. It 
is greater than the dimensional change of MDPE in natural gas, raw landfill and raw dairy gases. 

The dimensional change of the three test materials in the raw landfill and raw dairy gases were less than 
1% change in all directions, which were less than the dimensional change in the natural gas. 

Tensile 

Figure 37 and Figure 38 are the tensile test results of SBR, NBR and MDPE respectively. The results of 
the control were from the test specimens without gas exposure.  

As shown in Figure 37a, the tensile strength of SBR decreased after gas exposure test that was likely due 
to the test temperature (45ºC). In comparison with the tensile strength of SBR after saturation test in 
natural gas, the impact of the three tested gases on tensile strength was not significant. 

For NBR, the tensile strength increased in the test gases in comparison with the control except for raw 
dairy gas, see Figure 37. The tensile strength of NBR in raw dairy was about the same as control but 
lower than the natural gas saturated specimens. The data scatter of tensile strength in raw landfill was 
larger, but overall the tensile strength in raw landfill was not significantly different from that in natural 
gas. 

Figure 38 shows the tensile strength at yield and break for MDPE. It appears that the tensile strength 
(both at yield and break) of MDPE was not significantly affected due to natural gas saturation. However, 
the tensile strength (at yield and break) of MDPE significantly increased in the processed and raw landfill 
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gases. In addition, raw dairy gas only had an impact on MDPE break strength (strength increase) but not 
yield strength. 

Compression 

The “percent deflection” of SBR and NBR was used as the parameter to evaluate the impact of the test 
gases on the ability of the elastomers to be compressed. “Percent deflection” is calculated by the ratio of 
the final compressed distance to the initial material thickness. Figure 39 shows the calculated “percent 
deflection” of SBR and NBR in the test gases. The lower “percent deflection” represents that the material 
is harder to be compressed. 

As shown in Figure 39a, the “percent deflection” of SBR did not change after natural gas saturation test, 
but it decreased in all the three test gases (processed landfill, raw landfill and raw dairy gas), with the 
most significant decrease in raw landfill gas which was 6% decrease from natural gas which was 25% 
deflection.  

For NBR, there was a slight decrease of deflection in natural gas compared to the control, see Figure 39. 
The impact of the three tested biogases on the reduction of material deflection was more significant than 
natural gas, but the impact from each biogas was about the same. 

Slow Crack Growth Resistance (PENT) 

PENT testing was performed on the five groups of test specimens: 

• Control (specimens without gas exposure) 

• Natural gas saturated 

• Processed landfill gas saturated 

• Raw landfill gas saturated 

• Raw dairy gas saturated 

All the test specimens passed the requirement (minimum 500 hrs) for MDPE resin (PE 2708). The total 
test hours for each group of specimens are summarized in Table 7.  The control specimens together with 
the natural gas and processed landfill gas saturated specimens were removed from testing at the test time 
listed in Table 7. The test for raw landfill gas and raw dairy gas saturated specimens are ongoing, and the 
listed times are up to date.   
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Summary 

The impacts of biogas/biomethane on the pipeline material properties were evaluated in Task 8 using the 
sample gases collected from the field and the identified pipeline materials (SBR, NBR and MDPE) that 
are potentially susceptible to the biogas compositions based on the compatibility analysis in Task 6. 
Material confirmatory tests were performed on the incoming materials to verify their properties. These 
tests included density, hardness, differential scanning calorimetry (DSC), Fourier transform infrared 
spectroscopy (FTIR) and extractable content. 

A gas collection protocol was developed in this task, and it was successful when it was applied in the 
biogas sites to collect gas samples from the field and compress the gas into high pressure gas cylinders. 
The collected biogas samples were delivered to GTI and used in the gas saturation tests. 

A gas saturation test system was developed in Task 8 to saturate the test specimens with the gas samples 
at a controlled temperature and pressure. For raw biogases (landfill and dairy), the moisture in the biogas 
was filtered out during gas sampling process to prevent the change of gas composition due to water 
condensation when the gas was compressed. A conditioning vessel was added in the gas saturation system 
when tested with raw biogases for the addition of water. The raw biogases were first conditioned in the 
conditioning vessel (at 60ºC and 120 psi) to have a saturated moisture level similar as that in the raw 
biogas (approximately 1% by volume) at ambient temperature, and then were used to purge the test 
vessel. 

Total of four batches of gas saturation tests were conducted in Task 8, including: 

1. Natural Gas (baseline) 

2. Processed Landfill Gas 

3. Raw Landfill Gas, and  

4. Raw Dairy Gas 

The test methods that were identified in Task 7 for the test protocol to evaluate the impact from the biogas 
samples include: 

• Hardness (Shore A for elastomers and Shore D for plastic) 

• Dimensional Change 

• Tensile 

• Compression (only for elastomers) 

• Slow Crack Growth Resistance (PENT, only for plastics) 

The results indicate that the above tests are practical and discerning. They are suitable for evaluating the 
impact of biogas on the material properties. These test results were compared to those from tests on 
natural gas saturated and the unexposed control samples of each material. Although the impact from the 
three selected biogas samples was not severe, the test results still clearly indicate the effect of the sample 
gases on the material properties. 

The major findings from the comparative material performance tests are summarized as below: 

• Hardness 

a. The hardness of SBR material increased (1-2 points) after being saturated in all three gas 
samples (processed landfill, raw landfill, and raw dairy gas) with the raw landfill having the 
most impact. But this change is considered insignificant because it is almost within the 
instrument precision (±1). 
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b. The effect from three test gases on its hardness is considered negligible because the 
maximum of “1” point change of hardness is within instrument precision (±1). 

c. None of the three test gases has an impact on the hardness of MDPE. 

• Dimensional Change 

a. The processed landfill gas had a greater effect on the material expansion in the thickness 
direction which was more significant on SBR and NBR (up to 20% expansion). Although the 
results were consistent through the test specimens in this batch, it was difficult to explain this 
effect based on the chemistry of this processed landfill gas vs. the natural gas and raw landfill 
gas. In addition, the results were only from one single batch test, more tests are needed to 
confirm this effect.  

b. The dimensional change of the three test materials in the raw landfill and raw dairy gases 
were less than 1% in all directions, which were less than the dimensional change in natural 
gas. 

• Tensile 

a. In comparison with the tensile strength of SBR after saturated in natural gas, the impact of the 
three biogases on SBR tensile strength was not significant. 

b. The tensile strength of NBR in raw dairy was about the same as control but lower than the 
natural gas saturated specimens. 

c. The tensile strength of MDPE at yield and break significantly increased after being saturated 
with the processed and raw landfill gases in comparison with tensile strength of those 
saturated in natural gas. Additional testing needs to be done to determine whether these gases 
have a significant effect on the material properties of MDPE. The increase in yield stress 
could indicate an increase in stiffness of the material that could indicate a significant change 
in the long term properties of the material. These effects must be carefully evaluated to 
determine whether there is a negative impact on the life expectancy of the MDPE. In 
addition, the raw dairy gas only had an impact on MDPE break strength (ultimate tensile 
strength increase), but not yield strength. 

• Compression 

Both SBR and NBR had lower “percent deflection” after being saturated in the three biogas samples, 
indicating that the elastomers are less flexible after exposure to the biogases. The impact from raw 
landfill gas was more significant on SBR with an average of 6% decrease from that saturated with 
natural gas which was 25% deflection. 

• Slow Crack Growth Resistance 

All the test specimens passed the requirement (minimum 500 hrs) for MDPE resin (PE 2708). The 
control, together with the natural gas saturated and processed landfill gas saturated specimens were 
tested longer than 5000 hrs when they were removed from testing. The test for raw landfill gas and 
raw dairy gas saturated specimens are ongoing, and the test hours up to date are 1514 hrs and 1071 
hrs respectively.   
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Tables 

Table 1. The Properties of NBR and SBR Rubber Sheet Materials 

Rubber Sheets 
Hardness 
(Shore A) 

Tensile 
(psi) 

Ultimate 
Elongation 

(%) 
Heat Aging Oil Resistance Temperature 

Range (ºF) 

NBR 70 1500 (min) 
250 

(min) 

(70 hrs @ 100ºC) 
Hardness: ±15 points 
Tensile: ±30% max 

Elongation: -50% max 

(70 hrs @ 100ºC) 
Hardness: -10 to +5 points 

Tensile: -45% max 
Elongation: -45% max 
Volume: 0 to 25% max 

-40 to 200 

SBR 65±5 725 200 

70 h @ 70ºC 
Hardness: -2 
Tensile: -10% 

Elongation: -2% 

NA -13 to 158 
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Table 2. The Properties of the MDPE Resin (PE2708) Selected for the Testing 

Properties Nominal Value Test Method 

Density 0.94 g/cm3 ASTM D792 

Melt Index 
190ºC/2.16 kg: >0.15 g/10 min 

ASTM D1238 
190ºC/21.6 kg: 9.5 g/10 min 

Tensile Strength (Yield) >2,600 psi ASTM D638 

Tensile Elongation (Break) >600% ASTM D638 

Flexural Strength-2% Secant >90,000 psi ASTM D790B 

Hydrostatic Strength 
73ºF: 1250 psi 

ASTM D2837 
140ºF: 1000 psi 

Resistance to Rapid Crack Propagation, 
(Pc) 

Calculated, Full Scale (32ºF): >560 psi ISO 13478 

S-4 (32ºF): >145 psi ISO 13477 

Resistance to Rapid Crack Propagation, 
(Tc) S-4 @ 5 bar: <28ºF ISO 13477 

Slow Crack Growth PENT >15000 hr ASTM F1473 

Brittleness Temperature <-103ºF ASTM D746A 

Thermal Stability >428ºF ASTN D3350 

Melt Temperature Range 290 ºF ASTM D3418 
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Table 3. Summary of the Test Samples for Gas Saturation Tests 
Length × Width 

(inch) 
Thickness 

(inch) 
Test NBR SBR PE2708 

1×1 
0.25 

Dimensional Change 
NA NA 6 

0.125 6 6 NA 

5.75×2.25 
0.25 Hardness NA NA 2 

0.125 Hardness & Compression 4 4 NA 

2×1.625 0.125 Hardness (Out Gas) 6 6 NA 

4.5×0.75 
0.125 

Tensile 
8 8 NA 

0.16 NA NA 7 

1.97×0.98 0.25 Slow Crack Growth NA NA 6 

0.25×0.25 0.25 
Head Space 

NA NA 30 

0.5×0.5 0.125 28 28 NA 

 
 

Table 4. Chemical Compositions of Natural Gas Sample 

Gas Property Natural Gas 

Methane (CH4) 95.7% 

Carbon Dioxide (CO2) 0.98% 

Nitrogen (N2) 1.01% 

Oxygen (O2) 0.03% 

Hydrogen Sulfide (H2S) 0.06 ppmv 
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Table 5. The Chemistry of the Gas Samples Collected from the Field 

Group # Concentration Gas 
Constituents 

Raw 
Landfill Gas 

Processed 
Landfill gas 

Raw 
Dairy Gas 

1 
(mol%) Hydrogen 0.81 1.65 ND 

(mol%) Nitrogen 3.19 3.76 1.44 

2 

(mol%) Carbon dioxide 40.5 2.46 40.0 
(mol%) Oxygen 0.59 0.42 0.12 

(mol%) Hydrogen sulfide ND ND 0.193 
(ppmv) Sulfur dioxide ND ND 0.62 

3 

(mol%) Methane 54.9 91.7 58.2 

(mol%) Propane 0.003 ND ND 

(mol%) n-Hexane 0.0025 BDL 0.0001 

(mol%) n-Heptane 0.0017 BDL BDL 
(mol%) n-Octane 0.0017 BDL 0.0001 

(mol%) Nonane 0.0022 BDL 0.002 

(mol%) n-Decane 0.0025 BDL 0.0005 

(mol%) Undecane 0.0005 BDL 0.0001 

4 

(mol%) Cyclopentane 0.0001 BDL BDL 
(mol%) Methylcyclopentane 0.0001 BDL BDL 
(mol%) Cyclohexane 0.0002 BDL BDL 
(mol%) Methylcycohexane 0.0002 BDL BDL 

5 
(mol%) Ethene 0.002 ND ND 

(mol%) Propene 0.003 ND ND 

6 

(mol%) Benzene 0.0016 BDL 0.0002 

(mol%) Toluene 0.0020 BDL 0.0006 

(mol%) Ethylbenzene 0.0003 BDL 0.0001 
(mol%) m,p-Xylene 0.0004 BDL 0.0001 

(mol%) o-Xylene 0.0001 BDL BDL 

(mol%) Styrene 0.0001 BDL BDL 

(mol%) C3 benzene 0.0004 BDL 0.0001 

 
Note: 
BDL: Below Detection Limit 
ND: Not Detected 
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Table 5. The Chemistry of the Gas Samples Collected from the Field (Continued) 

Group # Gas Constituents 
(ppmv) 

Raw 
Landfill Gas 

Processed 
Landfill Gas 

Raw 
Dairy Gas 

7 

Carbonyl Sulfide 0.13 ND 2.79 

Carbon Disulfide 0.19 ND 0.30 

Methyl Mercaptan ND ND 2.31 

Ethyl Mercaptan ND ND 0.14 
t-Butyl Mercaptan ND ND 0.25 

Dimethyl Sulfide 18.7 0.24 1.29 

Methyl Ethyl Sulfide 0.19 ND ND 
Dimethyl Disulfide 1.29 ND 0.06 

Methyl Ethyl Disulfide 0.04 ND ND 
Dimethyl Trisulfide 0.08 ND ND 

Thiophene 0.48 ND ND 

C1-Thiophenes 0.32 ND 0.07 

8 
 

Dichlorodifluoromethane 1.16 BDL BDL 

1,2-Dichlorotetrafluoroethane 0.15 BDL BDL 

Chloromethane 0.20 BDL BDL 
Dichloromethane 0.33 BDL BDL 

Vinylchloride 0.38 BDL BDL 

Chloroethane 0.40 BDL BDL 

1,2-Dichloroethene 0.45 BDL BDL 
Trichloroethene 0.32 BDL BDL 

Tetrachloroethene 0.55 BDL BDL 

9 
 

1,1,3,3,-Tetramethyldisiloxane <0.10 <0.10 <0.10 
Pentamethyldisiloxane <0.10 <0.10 <0.10 

Hexamethyldisilane <0.10 <0.10 <0.10 
Hexamethyldisiloxane (L2, MM) 0.30 <0.10 <0.10 

Octamethyltrisiloxane (L3, MDM) <0.07 <0.07 <0.07 
Octamethylcyclotetrasiloxane (D4) <0.05 <0.05 <0.05 
Decamthyltetrasiloxane (L4, MD2M) <0.05 <0.05 <0.05 
Decamethylcyclopentasiloxane (D5) <0.04 <0.04 <0.04 

Dodecamthylpentasiloxane (L5, MD3M) <0.04 <0.04 <0.04 
Dodecamethylcyclohexasiloxane <0.03 <0.03 <0.03 

 
Note: 
BDL: Below Detection Limit 

ND: Not Detected 
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Table 6. Material Confirmatory Test Results 

Material Type Density 
(g/cm3) Hardness 

Extractable Mass Loss 

(%) 

NBR 1.179 70 (shore A) 3.8 

SBR 1.356 68 (Shore A) 10.2 

MDPE 0.942 33 (shore D) N/A 

 

 

 

Table 7. Summary of Slow Crack Growth Results for MDPE 

Samples Tested hrs Results/Status 

Control 5315 Not failed and removed from test 

Saturated by Natural Gas 6338.6 Not failed and removed from test 

Saturated by Processed Landfill 5546.4 Not failed and removed from test 

Saturated by Raw Landfill 1514.3 Not failed, ongoing 

Saturated by Raw Dairy Gas 1071.1 Not failed, ongoing 
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Figures 

 
 

 
Figure 1. Biogas Collection Skid
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Figure 2. Gas Saturation Test Setup 
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Figure 3. The Main Pressure Vessel and Test Sample Cage 
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Figure 4. The Pressure Vessel for Head Space Test Samples 
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Figure 5. Gas Conditioning and Saturation Test System 
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Figure 6. Head Space Test Results (C4+, Cycloalkanes, and BTEX) for SBR, NBR and MDPE in Natural Gas Saturation Test* 

* The uncertainty of the measurements is 25%, 28% and 23% for C4+, Cycloalkanes, and BTEX respectively.  
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Figure 7. Head Space Test Results (C4+, Cycloalkanes, and BTEX) for SBR, NBR and MDPE in Processed Landfill Gas Saturation Test 

* The uncertainty of the measurements is 25%, 28% and 23% for C4+, Cycloalkanes, and BTEX respectively. 
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Figure 8. Head Space Test Results (C4+, Cycloalkanes, and BTEX) for SBR, NBR and MDPE in Raw Landfill Gas Saturation Test 

* The uncertainty of the measurements is 25%, 28% and 23% for C4+, Cycloalkanes, and BTEX respectively. 
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Figure 9. Head Space Test Results (C4+, Cycloalkanes, and BTEX) for SBR, NBR and MDPE in Raw Dairy Gas Saturation Test 

* The uncertainty of the measurements is 25%, 28% and 23% for C4+, Cycloalkanes, and BTEX respectively.
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Figure 10. DSC Thermogram of MDPE Material 

 

 
Figure 11. FTIR Thermogram of MDPE Material (by Attenuated Total Reflection Spectroscopy) 
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Figure 12. FTIR Thermogram of SBR Material (by Attenuated Total Reflection Spectroscopy) 

 
 

 
Figure 13. FTIR Thermogram of NBR Material (by Attenuated Total Reflection Spectroscopy) 
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Figure 14. FTIR Thermogram of SBR Extractable Content 

 

 

 
Figure 15. FTIR Thermogram of NBR Extractable Content 
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Figure 16. Shore® Hardness Apparatus 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 17. Dimensional Measurements on X (P1P2, P1'P2') and Y (P2P3) Directions 
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Figure 18. Optical Comparator 

 

 
Figure 19. MTS Alliance RT/30 Tensile and Compression Equipment 
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Figure 20. PENT Testing Equipment 
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Figure 21. Effect of the Tested Gases on the Hardness for SBR, NBR and MDPE 

 
Note:  The precision of the hardness tester is “±1”. 
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Figure 22. The Dimensional Change (X, Y, and Z) for SBR in the Natural Gas (Baseline) 
 
Note: The precision of the measurements of  “X and Y” is ±0.001 mm. The precision of the measurements of “Z” is ±0.0001 inch (±0.00254 mm).
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Figure 23. The Dimensional Change (X, Y, and Z) for NBR in the Natural Gas (Baseline) 
 
Note: The precision of the measurements of  “X and Y” is ±0.001 mm. The precision of the measurements of “Z” is ±0.0001 inch (±0.00254 mm).  
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Figure 24. The Dimensional Change (X, Y, and Z) for MDPE in the Natural Gas (Baseline) 
 
Note: The precision of the measurements of  “X and Y” is ±0.001 mm. The precision of the measurements of “Z” is ±0.0001 inch (±0.00254 mm). 
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Figure 25. The Dimensional Change (X, Y, and Z) for SBR in the Processed Landfill Gas 
 
Note: The precision of the measurements of  “X and Y” is ±0.001 mm. The precision of the measurements of “Z” is ±0.0001 inch (±0.00254 mm).  
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Figure 26. The Dimensional Change (X, Y, and Z) for NBR in the Processed Landfill Gas 
 
Note: The precision of the measurements of  “X and Y” is ±0.001 mm. The precision of the measurements of “Z” is ±0.0001 inch (±0.00254 mm).  
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Figure 27. The Dimensional Change (X, Y, and Z) for MDPE in the Processed Landfill Gas 

 
Note: The precision of the measurements of  “X and Y” is ±0.001 mm. The precision of the measurements of “Z” is ±0.0001 inch (±0.00254 mm).  

-0.25

-0.20

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

0.20

0.25

0 50 100 150 200 250 300 350 400 450

Di
m

en
si

on
al

 C
ha

ng
e 

on
 X

 a
nd

 Y
 D

ire
ct

io
n 

(m
m

)

Outgas Time (hrs)

Dimensional Change (X, Y) of MDPE in the Processed Landfill

Sample #1-X Sample #1-Y
Sample #2-X Sample #2-Y
Sample #3-X Sample #3-Y
Sample #4-X Sample #4-Y
Sample #5-X Sample #5-Y
Sample #6-X Sample #6-Y

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 1000 2000 3000 4000 5000 6000 7000

Di
m

en
si

on
al

 C
ha

ng
e 

on
 Z 

Di
re

ct
io

n 
(m

m
)

Outgas Time (hrs)

Dimensional Change (Z) of MDPE in Processed Landfill

Sample #1-Z Sample #2-Z
Sample #3-Z Sample #4-Z
Sample #5-Z Sample #6-Z

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0 1000 2000 3000 4000 5000 6000 7000

Di
m

en
si

on
al

 C
ha

ng
e 

on
 Z 

Di
re

ct
io

n 
(m

m
)

Outgas Time (hrs)

Dimensional Change (Z) of MDPE in Processed Landfill

Sample #1-Z Sample #2-Z
Sample #3-Z Sample #4-Z
Sample #5-Z Sample #6-Z

(a) X, Y Direction for MDPE 

(b) Z Direction for MDPE  (c) Z Direction for MDPE (in smaller scale) 

  



 

361 
 

   
 
 
 

  
 
 

Figure 28. The Dimensional Change (X, Y, and Z) for SBR in the Raw Landfill Gas 
 
Note: The precision of the measurements of  “X and Y” is ±0.001 mm. The precision of the measurements of “Z” is ±0.0001 inch (±0.00254 mm). 
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Figure 29. Dimensional Change (X, Y, and Z) for NBR in the Raw Landfill Gas 
 
Note: The precision of the measurements of  “X and Y” is ±0.001 mm. The precision of the measurements of “Z” is ±0.0001 inch (±0.00254 mm).  
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Figure 30. Dimensional Change (X, Y, and Z) for MDPE in the Raw Landfill Gas  
 
Note: The precision of the measurements of  “X and Y” is ±0.001 mm. The precision of the measurements of “Z” is ±0.0001 inch (±0.00254 mm).  
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Figure 31.  Dimensional Change (X, Y, and Z) for SBR in the Raw Dairy Gas  

 
Note: The precision of the measurements of  “X and Y” is ±0.001 mm. The precision of the measurements of “Z” is ±0.0001 inch (±0.00254 mm).  
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Figure 32. Dimensional Change (X, Y, and Z) for NBR in the Raw Dairy Gas  

 
Note: The precision of the measurements of  “X and Y” is ±0.001 mm. The precision of the measurements of “Z” is ±0.0001 inch (±0.00254 mm).  
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Figure 33. Dimensional Change (X, Y, and Z) for MDPE in the Raw Dairy Gas  
 
Note: The precision of the measurements of  “X and Y” is ±0.001 mm. The precision of the measurements of “Z” is ±0.0001 inch (±0.00254 mm).  
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Figure 34. The Effect of the Test Gases on Dimensional Change for SBR  

 
Note: The precision of the measurements of  “X and Y” is ±0.001 mm. The precision of the measurements of “Z” is ±0.0001 inch (±0.00254 mm).  

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6

Z 
Di

m
en

sio
na

l C
ha

ng
e 

(m
m

)

X, Y Dimensional Change (mm)

Final Dimensional Change for SBR 

Natural Gas-X Natural Gas-Y
Raw Lanfill-X Raw Lanfill-Y
Processed Lanfill-X Processed Lanfill-Y
Raw Dairy-X Raw Dairy-Y

-20

-15

-10

-5

0

5

10

15

20

-8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8

Z 
Di

m
en

sio
na

l C
ha

ng
e 

(%
)

X, Y Dimensional Change (%)

Final Dimensional Change (%) for SBR 

Natural Gas-X Natural Gas-Y
Raw Lanfill-X Raw Lanfill-Y
Processed Lanfill-X Processed Lanfill-Y
Raw Dairy-X Raw Dairy-Y



 

368 
 

  
Figure 35. The Effect of the Tested Gases on Dimensional Change for NBR  

 
Note: The precision of the measurements of  “X and Y” is ±0.001 mm. The precision of the measurements of “Z” is ±0.0001 inch (±0.00254 mm).  
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Figure 36. The Effect of the Tested Gases on Dimensional Change for MDPE 

 
Note: The precision of the measurements of  “X and Y” is ±0.001 mm. The precision of the measurements of “Z” is ±0.0001 inch (±0.00254 mm).
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Figure 37. The Effect of Tested Gases on Tensile Strength Break for SBR and NBR 

 
Note: The precision of tensile test instrument is ±3 psi. 
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Figure 38. The Effect of the Tested Gases on Tensile Strength at Yield and Break for MDPE 

 
Note: The precision of tensile test instrument is ±3 psi.  
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Figure 39. The Effect of Tested Gases on the Compression Characteristic for SBR, NBR  
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List of Acronyms 

Acronym Description 

GTI Gas Technology Institute 

MDPE Medium Density Polyethylene 

SBR Styrene Butadiene Rubber 

NBR Nitrile Butadiene Rubber 

BTEX Benzene, Toluene, Ethylbenzene, and Xylene 

GC Gas Chromatography 

FTIR Forier Trasnform Infrared Spectorscopy 

DSC Differential Scanning Calorimeter 

MEK Methyl Ethyl Ketone 
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Appendix I: PP-318: Helium (True) Density Measurement by Micromeritics 
AccuPyc™ 1330 Gas Displacement Pycnometer 

Principle 
A sample’s volume is determined by measuring the pressure change of helium in a previously-
determined calibrated volume.  The sample’s density (at the instrument’s reported internal 
temperature) is then calculated based on the weight of sample taken for the volume analysis. 
 
Scope 
Samples to be analyzed must be free of moisture and evolvable gases.  Sample portions taken 
for analysis must be capable of fitting entirely within the standard cylindrical sample holder 
which is 1.8cm in diameter and 4.0cm in length (or the smaller “Multivolume” inserts, if they are 
to be used for increased precision to measure smaller sample volumes).  Porous samples are 
acceptable as long as it is understood that the measured volume will be a “skeletal” volume of 
the solid portion, excluding any pore volume. 
 
Interferences 
 
Care should be taken in preparing specimens to avoid changes in density resulting from 
compressive stresses or frictional heating.  All calibration spheres and sample chambers should 
be kept in their original boxes when not in use and stored in a dessicator.  Calibration spheres 
should not be allowed to come into contact with skin oils, etc., to avoid corrosive effects and 
potential volume changes.  (The sample holder can be used to gently “scoop” the calibration 
spheres from their foam-padded storage box as needed.) 
 
Apparatus and Reagents 
 

1. Micromeritics AccuPyc™ 1330 Gas Pycnometer 
2. Analytical balance capable of weighing to the nearest 0.1 mg. 
3. Sample holder and calibration spheres contained with the AccuPyc™ 1330 Calibration 

Standard (and possibly those in the AccuPyc™ 1330 10cc Multivolume Kit, also) 
4. UHP Helium gas, well-regulated to a delivery pressure of 19.8 – 20.0 psig. 

 
Procedure 
 

1. If necessary to compare the results of this analysis to ASTM D792 Method A procedure, 
condition the test specimens at 23 ± 2°C and 50 ± 5 % relative humidity for not less than 
40 hours prior to testing (but the analyst must be aware that this instrument operates by 
exposing the sample to very dry UHP-grade helium at ambient temperature and reports 
density determinations at the temperature determined inside the measurement cell at the 
time of the analysis, therefore the results cannot be considered to be equivalent to the 
specific gravity/relative density measurements determined using the ASTM D792 
procedure) 

2. The calibration of the instrument should be done at the start of any day on which sample 
analysis will be performed.  Depending on the approximate expected volume of the 
samples to be analyzed, the initial calibration should be done twice consecutively using 
one or both of the ≈3cc calibration spheres.  (If one of the Multivolume Inserts will 
ultimately be used, the initial instrument calibrations must be made using both of the 
≈3cc spheres, then followed with the sphere corresponding to the insert to be used.)  
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Follow the procedures outlined in the AccuPyc™ 1330 Operator’s Manual, Chapter 4, 
page 4-15.  If one of the Multivolume inserts is to be used subsequently, perform an 
additional calibration following the procedures outlined in the Multivolume Inserts Kit for 
the AccuPyc™ 1330, pages 6 through 8. 

3. Normal instrument operating parameters are set as follows (accessed through the  
“Set Up” key (shift-“2”) on the keypad: 

Analysis parameters 
 Number of purges  15 
 Purge fill pressure  19.500 psig 
 Number of runs  10 (for instrument calibration runs) 
     99 (for sample analyses) 
 Run fill pressure  19.500 psig 
 Equilibration rate  0.0050 psig/min 
 Use run precision  No (for instrument calibration runs) 
     Yes (for sample analyses) 
 Percent full scale  0.02% 
Report options 
 Anls display mode  Density 
 Request sample ID  Yes 
 Report Destination  Printer 
 Transmission format  (not currently used) 
Calibration data 
 Chamber insert  None, 1.0 cm3, or 3.5 cm3 (operator choice) 
 Cell volume   (depends on previous calibration run) 
 Expansion volume  (depends on previous calibration run) 
 Temperature offset  0.85 
Data transmission   (not currently used) 
Unit types 
 Pressure units   psig 
 Language type  English 
 Date    (should be current date) 
 Time    (should be current time) 
After any instrument parameters have been changed (when shifting between 
“calibration” and “analysis” modes, the “Save” key must be pressed in order to 
return to the normal menu. 

4. Follow the procedures outlined in the AccuPyc™ 1330 Operator’s Manual, Chapter 3, 
“Performing an Analysis”. 
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Appendix II: Hardness Test Results for Natural Gas Saturated Specimens 

Table 8. Hardness (Shore A) Data for SBR before and after Natural Gas Saturation Test 

Measurement 
Sample 

#1 
Sample 

#2 
Sample 

 #3 
Sample 

 #4 
Sample 

 #5 
Sample 

 #6 

Baseline 

1 71 70 71 71 71 71 

2 69 71 71 71 71 71 

3 71 69 70 70 71 71 

4 70 70 71 70 70 71 

5 70 70 70 70 70 70 

Average 70 70 71 70 71 71 

Stdev* <1 <1 <1 <1 <1 <1 

0 hr 
Outgas 

1 71 70 71 71 71 71 

2 69 71 72 72 70 70 

3 71 71 70 70 72 71 

4 71 70 71 70 70 71 

5 70 70 70 70 72 71 

Average 70 70 71 71 71 71 

Stdev* <1 <1 <1 <1 1 <1 

18 hr 
Outgas 

1 70 71 70 70 71 71 

2 70 71 70 71 70 70 

3 71 70 70 71 71 71 

4 71 71 70 71 70 70 

5 70 70 71 71 71 71 

Average 70 71 70 71 71 71 

Stdev* <1 <1 <1 <1 <1 <1 

792 hr 
Outgas 

1 71 70 71 71 71 71 

2 69 71 72 72 70 70 

3 71 71 70 70 72 71 

4 71 70 71 70 70 71 

5 70 70 70 70 72 71 

Average 70 70 71 71 71 71 

Stdev* <1 <1 <1 <1 1 <1 
 
* The precision of hardness tester is “±1”. The standard deviation is calculated for each test specimen using the results of the five measurements 
on the specimen. The standard deviation is “<1” if the calculated standard deviation is less than the instrument precision “1”. 
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Table 9. Hardness (Shore A) Data for NBR before and after Natural Gas Saturation Test 

Measurement 
Sample 

#1 
Sample 

#2 
Sample 

 #3 
Sample 

 #4 
Sample 

 #5 
Sample 

 #6 

Baseline 

1 70 70 70 70 71 71 

2 70 70 70 70 71 71 

3 70 70 70 70 71 71 

4 70 70 70 70 71 71 

5 70 70 70 70 71 71 

Average 70 70 70 70 71 71 

Stdev* <1 <1 <1 <1 <1 <1 

0 hr 
Outgas 

1 70 70 70 70 71 71 

2 71 70 70 70 71 71 

3 70 70 70 70 71 71 

4 70 70 70 70 71 71 

5 71 70 70 70 71 72 

Average 70 70 70 70 71 71 

Stdev* <1 <1 <1 <1 <1 <1 

18 hr 
Outgas 

1 70 70 70 70 71 71 

2 70 70 70 70 71 71 

3 70 70 70 70 70 71 

4 70 70 70 70 71 71 

5 70 70 70 70 71 71 

Average 70 70 70 70 71 71 

Stdev* <1 <1 <1 <1 <1 <1 

792 hr 
Outgas 

1 70 70 70 70 71 71 

2 71 70 70 70 71 71 

3 70 70 70 70 71 71 

4 70 70 70 70 71 71 

5 71 70 70 70 71 72 

Average 70 70 70 70 71 71 

Stdev* <1 <1 <1 <1 <1 <1 
 
* The precision of hardness tester is “±1”. The standard deviation is calculated for each test specimen using the results of the five measurements 
on the specimen. The standard deviation is “<1” if the calculated standard deviation is less than the instrument precision “1”. 
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Table 10. Hardness (Shore D) Data for MDPE before and after Natural Gas Saturation Test 

Measurement 
Sample 

#1 
Sample 

#2 

Baseline 

1 34 33 

2 32 33 

3 32 34 

4 34 33 

5 33 32 

Average 33 33 

Stdev* 1 <1 

792 hr 
Outgas 

1 33 33 

2 33 33 

3 32 33 

4 33 34 

5 33 32 

Average 33 33 

Stdev* <1 <1 

 
* The precision of hardness tester is “±1”. The standard deviation is calculated for each test specimen using the results of the five measurements 
on the specimen. The standard deviation is “<1” if the calculated standard deviation is less than the instrument precision “1”. 
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Appendix III: Hardness Test Results for Processed Landfill Saturated Specimens 

Table 11. Hardness (Shore A) Data for SBR before and after Processed Landfill Gas Saturation 
Test  

Measurement 
Sample 

#1 
Sample 

#2 
Sample 

 #3 
Sample 

 #4 
Sample 

 #5 
Sample 

 #6 
Sample 

 #7 
Sample 

 #8 

Baseline 

1 69 69 69 69 71 70 69 69 

2 70 70 69 70 69 70 70 70 

3 69 70 69 69 70 70 70 70 

4 70 70 69 69 70 69 69 69 

5 70 69 70 70 70 70 70 70 

Average 70 70 69 69 70 70 70 70 

Stdev* <1 <1 <1 <1 <1 <1 <1 <1 

0 hr 
Outgas 

1 71 70 70 71 71 71 71 70 

2 71 71 70 71 71 72 70 71 

3 71 71 71 71 71 71 71 70 

4 71 71 71 71 71 72 70 71 

5 71 71 71 71 71 72 70 70 

Average 71 71 71 71 71 72 70 70 

Stdev* <1 <1 <1 <1 <1 <1 <1 <1 

24 hr 
Outgas 

1 71 71 71 71 71 71 71 71 

2 71 71 71 71 71 71 70 71 

3 71 70 71 71 71 71 71 70 

4 71 71 71 71 71 72 70 71 

5 71 71 71 71 71 71 71 70 

Average 71 71 71 71 71 71 71 71 

Stdev* <1 <1 <1 <1 <1 <1 <1 <1 

336 hr 
Outgas 

1 71 71 71 71 71 71 71 70 

2 71 71 71 71 71 71 71 70 

3 71 71 71 71 71 71 71 70 

4 71 71 70 71 71 71 70 71 

5 71 71 70 71 71 71 70 71 

Average 71 71 71 71 71 71 71 70 

Stdev* <1 <1 <1 <1 <1 <1 <1 <1 
 
*The precision of hardness tester is “±1”. The standard deviation is calculated for each test specimen using the results of the five measurements 
on the specimen. The standard deviation is “<1” if the calculated standard deviation is less than the instrument precision “1”. 
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Table 12. Hardness (Shore A) Data for NBR before and after Processed Landfill Gas Saturation 
Test 

 Measurement 
Sample 

#1 
Sample 

#2 
Sample 

 #3 
Sample 

 #4 
Sample 

 #5 
Sample 

 #6 
Sample 

 #7 
Sample 

 #8 

Baseline 

1 70 70 70 70 69 70 69 71 

2 70 70 70 69 70 70 69 70 

3 70 70 70 69 70 70 69 69 

4 70 70 70 69 70 70 69 70 

5 70 70 70 70 70 70 69 70 

Average 70 70 70 69 70 70 69 70 

Stdev* <1 <1 <1 <1 <1 <1 <1 <1 

0 hr 
Outgas 

1 70 70 70 70 70 71 70 70 

2 70 70 70 70 70 71 69 70 

3 70 70 70 70 70 71 70 70 

4 70 70 70 70 70 71 69 70 

5 70 70 70 70 70 71 70 70 

Average 70 70 70 70 70 71 70 70 

Stdev* <1 <1 <1 <1 <1 <1 <1 <1 

24 hr 
Outgas 

1 70 70 70 70 70 71 69 70 

2 70 70 70 70 70 71 69 70 

3 70 70 69 70 70 70 70 70 

4 70 70 70 70 70 71 69 70 

5 70 70 69 70 70 71 70 70 

Average 70 70 70 70 70 71 69 70 

Stdev* <1 <1 <1 <1 <1 <1 <1 <1 

336 hr 
Outgas 

1 70 70 70 70 70 71 70 70 

2 70 70 70 69 70 71 70 70 

3 70 70 70 70 70 71 69 70 

4 70 70 70 70 70 70 69 70 

5 70 70 70 69 70 70 70 70 

Average 70 70 70 70 70 71 70 70 

Stdev* <1 <1 <1 <1 <1 <1 <1 <1 

 
* The precision of hardness tester is “±1”. The standard deviation is calculated for each test specimen using the results of the five measurements 
on the specimen. The standard deviation is “<1” if the calculated standard deviation is less than the instrument precision “1”. 
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Table 13. Hardness (Shore D) Data for MDPE before and after Processed Landfill Gas Saturation 
Test  

Measurement 
Sample 

#1 
Sample 

#2 

Baseline 

1 35 33 

2 33 35 

3 34 33 

4 35 35 

5 34 33 

Average 34 34 

Stdev* <1 1 

336 hr 
Outgas 

1 34 34 

2 34 34 

3 34 33 

4 35 34 

5 34 35 

Average 34 34 

Stdev* <1 <1 
 
* The precision of hardness tester is “±1”. The standard deviation is calculated for each test specimen using the results of the five measurements 
on the specimen. The standard deviation is “<1” if the calculated standard deviation is less than the instrument precision “1”. 
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Appendix IV: Hardness Test Results for Raw Landfill Gas Saturated Specimens 

Table 14. Hardness (Shore A) Data for SBR before and after Raw Landfill Gas Saturation Test  

Measurement 
Sample 

#1 

Sample 

#2 

Sample 

 #3 

Sample 

 #4 

Sample 

 #5 

Sample 

 #6 

Sample 

#7 

Sample 

#8 

Be
fo

re
 G

as
 S

at
ur

at
io

n 
Te

st
 

(B
as

el
in

e)
 

1 70 69 70 69 69 70 70 70 

2 70 69 70 69 71 70 70 70 

3 70 69 70 69 69 70 70 70 

4 69 69 70 70 69 71 69 70 

5 69 69 70 69 69 70 70 69 

Average 70 69 70 69 69 70 70 70 

Stdev* <1 <1 <1 <1 <1 <1 <1 <1 

0 
hr

 O
ut

ga
s 

af
te

r 9
8 

D
ay

 
Sa

tu
ra

tio
n 

 

1 72 72 72 71 72 72 71 71 

2 72 72 72 72 72 73 71 71 

3 72 73 73 72 72 73 71 72 

4 72 72 73 71 72 73 70 72 

5 72 73 72 72 72 73 71 72 

Average 72 72 72 72 72 73 71 72 

Stdev* <1 <1 <1 <1 <1 <1 <1 <1 

96
 h

r O
ut

ga
s 

af
te

r 9
8 

D
ay

 
Sa

tu
ra

tio
n 

1 72 72 72 72 72 72 71 72 

2 72 72 72 72 72 73 71 72 

3 73 73 72 72 72 73 72 72 

4 72 72 72 71 72 73 71 72 

5 72 72 73 72 72 72 72 72 

Average 72 72 72 72 72 73 71 72 

Stdev* <1 <1 <1 <1 <1 <1 <1 <1 
 
* The precision of hardness tester is “±1”. The standard deviation is calculated for each test specimen using the results of the five measurements 
on the specimen. The standard deviation is “<1” if the calculated standard deviation is less than the instrument precision “1”. 
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Table 15. Hardness (Shore A) Data for NBR before and after Raw Landfill Gas Saturation Test 

 Measurement 
Sample 

#1 

Sample 

#2 

Sample 

 #3 

Sample 

 #4 

Sample 

 #5 

Sample 

 #6 

Sample 

#7 

Sample 

#8 

Be
fo

re
 G

as
 S

at
ur

at
io

n 
Te

st
 

(B
as

el
in

e)
 

1 69 70 69 68 68 69 68 70 

2 69 69 69 69 69 69 68 70 

3 69 69 69 68 68 69 68 70 

4 69 69 69 68 69 69 69 69 

5 69 69 69 69 69 69 68 70 

Average 69 69 69 68 69 69 68 70 

Stdev* <1 <1 <1 <1 <1 <1 <1 <1 

0 
hr

 O
ut

ga
s 

af
te

r 9
8 

D
ay

 
Sa

tu
ra

tio
n 

 

1 71 70 70 71 70 70 70 71 

2 70 70 70 71 70 70 70 71 

3 70 70 70 71 70 70 70 70 

4 70 70 71 70 70 70 70 71 

5 70 70 70 71 70 70 70 70 

Average 70 70 70 71 70 70 70 71 

Stdev* <1 <1 <1 <1 <1 <1 <1 <1 

96
 h

r O
ut

ga
s 

af
te

r 9
8 

D
ay

 
Sa

tu
ra

tio
n 

1 71 70 70 70 71 70 70 71 

2 71 70 70 70 70 71 70 72 

3 70 70 70 70 71 70 70 71 

4 70 70 70 71 71 70 70 72 

5 70 70 70 70 70 70 70 71 

Average 70 70 70 70 71 70 70 71 

Stdev* <1 <1 <1 <1 <1 <1 <1 <1 
 
* The precision of hardness tester is “±1”. The standard deviation is calculated for each test specimen using the results of the five measurements 
on the specimen. The standard deviation is “<1” if the calculated standard deviation is less than the instrument precision “1”. 
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Table 16. Hardness (Shore D) Data for MDPE before and after Raw Landfill Gas Saturation Test  

Measurement 
Sample 

#1 

Sample 

#2 

Be
fo

re
 G

as
 S

at
ur

at
io

n 
Te

st
 

(B
as

el
in

e)
 

1 31 32 

2 33 34 

3 33 32 

4 32 34 

5 33 34 

Average 32 33 

Stdev* <1 1 

96
 h

r O
ut

ga
s 

af
te

r 9
8 

D
ay

 
Sa

tu
ra

tio
n 

1 32 32 

2 32 33 

3 32 33 

4 33 33 

5 32 33 

Average 32 33 

Stdev* <1 <1 

 
* The precision of hardness tester is “±1”. The standard deviation is calculated for each test specimen using the results of the five measurements 
on the specimen. The standard deviation is “<1” if the calculated standard deviation is less than the instrument precision “1”. 
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Appendix V: Hardness Test Results for Raw Dairy Gas Saturated Specimens 

Table 17. Hardness (Shore A) Data for SBR before and after Raw Dairy Gas Saturation Test  

Measurement 
Sample 

#1 

Sample 

#2 

Sample 

 #3 

Sample 

 #4 

Sample 

 #5 

Sample 

 #6 

Sample 

#7 

Sample 

#8 

Be
fo

re
 G

as
 S

at
ur

at
io

n 
Te

st
 

(B
as

el
in

e)
 

1 69 70 69 68 69 70 69 70 

2 69 69 69 69 69 69 69 69 

3 69 69 69 68 70 69 69 69 

4 69 70 69 68 70 69 69 69 

5 69 69 69 69 70 70 69 69 

Average 69 69 69 68 70 69 69 69 

Stdev* <1 <1 <1 <1 <1 <1 <1 <1 

16
8 

hr
 O

ut
ga

s 
af

te
r 9

8 
D

ay
 

Sa
tu

ra
tio

n 

1 71 70 70 71 70 71 70 71 

2 70 70 70 72 70 71 71 71 

3 70 70 71 70 71 70 71 70 

4 70 70 70 70 70 70 70 70 

5 71 70 70 70 70 70 70 70 

Average 70 70 70 71 70 70 70 70 

Stdev* <1 <1 <1 <1 <1 <1 <1 <1 

 
* The precision of hardness tester is “±1”. The standard deviation is calculated for each test specimen using the results of the five measurements 
on the specimen. The standard deviation is “<1” if the calculated standard deviation is less than the instrument precision “1”.  
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Table 18. Hardness (Shore D) Data for NBR before and after Raw Dairy Gas Saturation Test 

 Measurement 
Sample 

#1 

Sample 

#2 

Sample 

 #3 

Sample 

 #4 

Sample 

 #5 

Sample 

 #6 

Sample 

#7 

Sample 

#8 

Be
fo

re
 G

as
 S

at
ur

at
io

n 
Te

st
 

(B
as

el
in

e)
 

1 71 71 71 70 70 70 70 71 

2 71 71 70 70 70 70 70 71 

3 71 71 71 70 70 70 70 71 

4 71 71 71 70 70 70 69 70 

5 71 71 71 70 70 70 69 71 

Average 71 71 71 70 70 70 70 71 

Stdev* <1 <1 <1 <1 <1 <1 <1 <1 

16
8 

hr
 O

ut
ga

s 
af

te
r 9

8 
D

ay
 

Sa
tu

ra
tio

n 

1 71 72 72 72 71 72 71 72 

2 71 71 72 71 71 72 71 71 

3 72 71 73 71 71 72 71 71 

4 71 71 72 71 72 71 72 71 

5 71 72 72 71 72 71 71 71 

Average 71 71 72 71 71 72 71 71 

Stdev* <1 <1 <1 <1 <1 <1 <1 <1 

 
 
* The precision of hardness tester is “±1”. The standard deviation is calculated for each test specimen using the results of the five measurements 
on the specimen. The standard deviation is “<1” if the calculated standard deviation is less than the instrument precision “1”.
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Table 19. Hardness (Shore A) Data for MDPE before and after Raw Dairy Gas Saturation Test  

Measurement 
Sample 

#1 

Sample 

#2 

Be
fo

re
 G

as
 S

at
ur

at
io

n 
Te

st
 

(B
as

el
in

e)
 

1 33 33 

2 33 35 

3 32 33 

4 33 33 

5 33 34 

Average 33 34 

Stdev* <1 <1 

16
8 

hr
 O

ut
ga

s 
af

te
r 9

8 
D

ay
 

Sa
tu

ra
tio

n 

1 33 34 

2 33 34 

3 33 33 

4 32 33 

5 33 33 

Average 33 33 

Stdev* <1 <1 

 
* The precision of hardness tester is “±1”. The standard deviation is calculated for each test specimen using the results of the five measurements 
on the specimen. The standard deviation is “<1” if the calculated standard deviation is less than the instrument precision “1”. 
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Appendix VI: Dimensional Change Measurements for Natural Gas Saturated Specimens 

Table 20. Dimensional Measurements (X and Y Direction) before Natural Gas Saturation Test (Baseline) 

Materials Specimen # 

Measurements (mm) 

X (P1P2) Y (P2P3) 

1 2 3 AVG STDEV 1 2 3 AVG STDEV 

SBR 

1 13.317 13.332 13.340 13.329 0.012 12.962 12.948 12.964 12.958 0.009 

2 13.097 13.098 13.104 13.099 0.004 13.464 13.473 13.483 13.474 0.009 

3 13.381 13.384 13.371 13.379 0.007 13.162 13.156 13.147 13.155 0.008 

4 12.959 12.941 12.945 12.948 0.009 13.642 13.634 13.636 13.637 0.005 

5 13.277 13.292 13.273 13.281 0.010 13.387 13.386 13.366 13.380 0.012 

6 13.261 13.249 13.256 13.255 0.006 13.037 13.033 13.035 13.035 0.002 

NBR 

1 12.462 12.457 12.462 12.460 0.003 13.211 13.225 13.231 13.223 0.010 

2 13.034 13.044 13.043 13.040 0.005 13.083 13.103 13.110 13.099 0.014 

3 13.071 13.073 13.067 13.070 0.003 13.361 13.377 13.392 13.377 0.016 

4 12.968 12.979 12.986 12.978 0.009 13.370 13.375 13.380 13.375 0.005 

5 13.488 13.480 13.489 13.486 0.005 13.130 13.140 13.154 13.141 0.012 

6 13.188 13.202 13.208 13.199 0.010 13.023 13.040 13.039 13.034 0.010 

MDPE 

1 12.855 12.859 12.853 12.855 0.003 12.614 12.608 12.607 12.610 0.004 

2 12.645 12.633 12.654 12.644 0.011 12.821 12.796 12.826 12.814 0.016 

3 12.469 12.471 12.466 12.469 0.003 12.829 12.833 12.838 12.834 0.004 

4 12.568 12.576 12.566 12.570 0.005 12.795 12.790 12.774 12.787 0.011 

5 12.497 12.493 12.501 12.497 0.004 12.379 12.355 12.347 12.360 0.017 

6 12.657 12.667 12.659 12.661 0.005 12.344 12.339 12.346 12.343 0.004 
 
Note: The precision of the measurements is “±0.001 mm”.  
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Table 21. Dimensional Measurements (X and Y Direction) after Natural Gas Saturation Test (0 hr Outgas) 

Materials Specimen # 

Measurements (mm) 

X (P1P2) Y (P2P3) 

1 2 3 Ave STDEV 1 2 3 Ave STDEV 

SBR 

1 13.341 13.340 13.342 13.341 0.001 12.922 12.918 12.925 12.922 0.004 

2 13.053 13.059 13.056 13.056 0.003 13.461 13.465 13.466 13.464 0.003 

3 13.386 13.392 13.391 13.390 0.003 13.111 13.118 13.111 13.113 0.004 

NBR 

1 12.466 12.458 12.455 12.459 0.006 13.236 13.239 13.234 13.237 0.002 

2 12.994 13.005 13.015 13.005 0.011 13.094 13.109 13.115 13.106 0.011 

3 13.048 13.049 13.056 13.051 0.004 13.389 13.401 13.402 13.397 0.007 

MDPE 

1 12.889 12.896 12.881 12.889 0.007 12.649 12.642 12.633 12.641 0.008 

2 12.666 12.651 12.687 12.668 0.018 12.884 12.861 12.864 12.870 0.013 

3 12.487 12.490 12.497 12.491 0.005 12.863 12.888 12.905 12.885 0.021 

 
Note: The precision of the measurements is “±0.001 mm”.  
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Table 22. Dimensional Measurements (X and Y Direction) after Natural Gas Saturation Test (18 hr Outgas) 

Materials Specimen # 

Measurements (mm) 

X (P1P2) Y (P2P3) 

1 2 3 Ave STDEV 1 2 3 Ave STDEV 

SBR 

1 13.344 13.337 13.336 13.339 0.004 12.920 12.913 12.910 12.914 0.005 

2 13.046 13.057 13.053 13.052 0.006 13.457 13.466 13.462 13.462 0.005 

3 13.370 13.386 13.384 13.380 0.009 13.103 13.100 13.113 13.105 0.007 

NBR 

1 12.447 12.456 12.459 12.454 0.006 13.227 13.226 13.228 13.227 0.001 

2 12.995 13.004 13.008 13.002 0.007 13.097 13.112 13.110 13.107 0.008 

3 13.029 13.047 13.045 13.040 0.010 13.384 13.392 13.394 13.390 0.006 

MDPE 

1 12.899 12.896 12.872 12.889 0.015 12.632 12.634 12.345 12.537 0.166 

2 12.675 12.681 12.663 12.673 0.009 12.870 12.876 12.864 12.870 0.006 

3 12.481 12.472 12.464 12.473 0.009 12.870 12.869 12.861 12.867 0.005 
 
Note: The precision of the measurements is “±0.001 mm”.  
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Table 23.  Dimensional Measurements (X and Y Direction) after Natural Gas Saturation Test (792 hr Outgas) 

Materials Specimen # 

Measurements (mm) 

X (P1P2) Y (P2P3) 

1 2 3 Ave STDEV 1 2 3 Ave STDEV 

SBR 

1 13.335 13.331 13.329 13.332 0.003 12.900 12.902 12.916 12.906 0.009 

2 13.051 13.052 13.052 13.052 0.001 13.460 13.464 13.462 13.462 0.002 

3 13.377 13.386 13.390 13.384 0.007 13.099 13.098 13.105 13.101 0.004 

4 12.930 12.926 12.943 12.933 0.009 13.638 13.661 13.660 13.653 0.013 

5 13.300 13.306 13.305 13.304 0.003 13.305 13.321 13.315 13.313 0.008 

6 13.236 13.233 13.235 13.234 0.002 13.037 13.046 13.047 13.044 0.006 

NBR 

1 12.453 12.446 12.453 12.451 0.004 13.201 13.217 13.213 13.210 0.008 

2 12.991 13.002 13.008 13.000 0.009 13.091 13.096 13.101 13.096 0.005 

3 13.029 13.037 13.043 13.036 0.007 13.385 13.394 13.384 13.387 0.006 

4 12.970 12.970 12.986 12.975 0.009 13.348 13.353 13.344 13.348 0.005 

5 13.469 13.479 13.481 13.476 0.006 13.118 13.135 13.130 13.127 0.009 

6 13.146 13.158 13.153 13.152 0.006 13.027 13.033 13.041 13.033 0.007 

MDPE 

1 12.875 12.876 12.880 12.877 0.003 12.633 12.616 12.622 12.624 0.009 

2 12.648 12.635 12.651 12.644 0.009 12.842 12.841 12.837 12.840 0.003 

3 12.459 12.474 12.455 12.463 0.010 12.868 13.098 12.861 12.942 0.135 

4 12.567 12.577 12.573 12.573 0.005 12.796 12.811 12.797 12.802 0.009 

5 12.481 12.458 12.456 12.465 0.014 12.374 12.343 12.343 12.353 0.018 

6 12.659 12.658 12.664 12.660 0.003 12.366 12.376 12.361 12.367 0.008 
 
Note: The precision of the measurements is “±0.001 mm”. 
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Table 24. Dimensional Measurements (Z Direction) before Natural Gas Saturation Test (Baseline) 

Materials Specimen # 
Measurements (mm) 

1 2 3 4 5 AVG STDEV 

MDPE 

1 6.398 6.388 6.385 6.392 6.388 6.390 0.005 

2 6.399 6.39 6.396 6.4 6.392 6.395 0.004 

3 6.403 6.407 6.396 6.393 6.394 6.399 0.006 

4 6.400 6.388 6.392 6.388 6.381 6.390 0.007 

5 6.399 6.398 6.407 6.408 6.401 6.403 0.005 

6 6.400 6.383 6.384 6.395 6.388 6.390 0.007 

NBR 

1 2.986 3.006 2.994 2.999 2.986 2.994 0.009 

2 3.437 3.428 3.429 3.476 3.444 3.443 0.020 

3 3.102 3.112 3.109 3.104 3.104 3.106 0.004 

4 3.082 3.093 3.09 3.097 3.092 3.091 0.006 

5 3.092 3.095 3.109 3.093 3.093 3.096 0.007 

6 3.435 3.435 3.462 3.437 3.471 3.448 0.017 

SBR 

1 3.370 3.36 3.373 3.375 3.375 3.371 0.006 

2 3.352 3.356 3.376 3.353 3.364 3.360 0.010 

3 3.369 3.368 3.371 3.373 3.36 3.368 0.005 

4 3.386 3.381 3.381 3.372 3.379 3.380 0.005 

5 3.358 3.347 3.365 3.365 3.365 3.360 0.008 

6 3.389 3.391 3.373 3.396 3.39 3.388 0.009 

 
 
Note: The precision of the measurements is “±0.001 mm”. 
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Table 25. Dimensional Measurements (Z Direction) after Natural Gas Saturation Test (0 hr 
Outgas) 

Materials Specimen # 
Measurements (mm) 

1 2 3 AVG STDEV 

MDPE 

1 6.399 6.400 6.401 6.400 0.001 

2 6.401 6.399 6.395 6.398 0.003 

3 6.383 6.400 6.394 6.392 0.009 

NBR 

1 2.798 2.798 2.799 2.798 0.001 

2 3.143 3.203 3.204 3.183 0.035 

3 2.978 2.972 2.977 2.976 0.003 

SBR 

1 3.118 3.204 3.160 3.161 0.043 

2 3.151 3.266 3.216 3.211 0.058 

3 3.146 3.278 3.168 3.197 0.071 

 
Table 26. Dimensional Measurements (Z Direction) after Natural Gas Saturation Test (18 hr 
Outgas) 

Materials Specimen # 
Measurements (mm) 

1 2 3 AVG STDEV 

MDPE 

1 6.402 6.400 6.401 6.401 0.001 

2 6.399 6.399 6.398 6.399 0.001 

3 6.394 6.395 6.395 6.395 0.001 

NBR 

1 2.842 2.969 2.877 2.896 0.066 

2 3.146 3.125 3.187 3.153 0.032 

3 2.943 2.842 2.945 2.910 0.059 

SBR 

1 3.099 3.133 3.195 3.142 0.049 

2 3.144 3.136 3.193 3.158 0.031 

3 3.148 3.183 3.149 3.160 0.020 

 
Note: The precision of the measurements is “±0.001 mm”.  
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Table 27. Dimensional Measurements (Z Direction) after Natural Gas Saturation Test (792 hr 
Outgas) 

Materials Specimen # 
Measurements (mm) 

1 2 3 AVG STDEV 

MDPE 

1 6.401 6.400 6.401 6.401 0.001 

2 6.400 6.399 6.398 6.399 0.001 

3 6.396 6.395 6.395 6.395 0.001 

4 6.399 6.389 6.391 6.393 0.005 

5 6.398 6.398 6.407 6.401 0.005 

6 6.400 6.399 6.387 6.395 0.007 

NBR 

1 2.842 2.969 2.877 2.896 0.066 

2 3.146 3.125 3.187 3.153 0.032 

3 2.943 2.842 2.945 2.910 0.059 

4 3.090 3.097 3.092 3.093 0.004 

5 3.109 3.093 3.093 3.098 0.009 

6 3.462 3.437 3.471 3.457 0.018 

SBR 

1 3.099 3.133 3.195 3.142 0.049 

2 3.144 3.136 3.193 3.158 0.031 

3 3.148 3.183 3.149 3.160 0.020 

4 3.118 3.204 3.160 3.161 0.043 

5 3.151 3.266 3.216 3.211 0.058 

6 3.146 3.278 3.168 3.197 0.071 

 
 
Note: The precision of the measurements is “±0.001 mm”.
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Appendix VII: Dimensional Change Measurements for Processed Landfill Gas Saturated Specimens 

Table 28. Dimensional Measurements (X and Y Direction) before Processed Landfill Gas Saturation Test (Baseline) 

Materials Specimen # 

Measurements (mm) 

X (P1P2) Y (P2P3) 

1 2 3 Ave STDEV 1 2 3 Ave STDEV 

SBR 

1 12.454 12.440 12.442 12.445 0.008 12.271 12.264 12.260 12.265 0.006 

2 12.233 12.236 12.238 12.236 0.003 12.975 12.973 12.971 12.973 0.002 

3 12.666 12.673 12.674 12.671 0.004 12.225 12.223 12.222 12.223 0.002 

4 12.388 12.386 12.394 12.390 0.004 12.776 12.597 12.600 12.658 0.102 

5 12.272 12.282 12.279 12.278 0.005 12.208 12.205 12.211 12.208 0.003 

6 12.497 12.497 12.493 12.496 0.002 12.477 13.470 12.478 12.808 0.573 

NBR 

1 12.305 12.320 12.321 12.315 0.009 12.679 12.686 12.699 12.688 0.010 

2 12.333 12.337 12.325 12.332 0.006 12.233 12.240 12.210 12.228 0.016 

3 11.914 11.922 11.918 11.918 0.004 11.523 11.528 11.536 11.529 0.007 

4 12.600 12.604 12.595 12.599 0.005 12.568 12.564 12.563 12.565 0.003 

5 12.522 12.520 12.525 12.522 0.003 12.664 12.676 12.673 12.671 0.006 

6 12.121 12.121 12.100 12.114 0.012 12.024 12.030 12.016 12.023 0.007 

MDPE 

1 12.479 12.489 12.488 12.485 0.006 12.047 12.044 12.057 12.049 0.007 

2 12.800 12.807 13.035 12.881 0.134 12.275 12.275 12.250 12.267 0.015 

3 12.401 12.409 12.409 12.407 0.005 13.532 12.946 12.944 13.141 0.339 

4 11.858 11.849 11.853 11.853 0.005 12.008 12.020 12.015 12.014 0.006 

5 11.864 11.862 11.856 11.861 0.004 11.725 11.725 11.742 11.731 0.010 

6 11.699 11.691 11.688 11.693 0.006 11.241 11.240 11.241 11.241 0.001 
 
 
Note: The precision of the measurements is “±0.001 mm”.
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Table 29. Dimensional Measurements (X and Y Direction) after Specimens Saturated with Processed Landfill Gas (0 hr Outgas) 

Materials 
Specimen 

# 

Measurements (mm) 

X (P1P2) Y (P2P3) 

1 2 3 Ave STDEV 1 2 3 Ave STDEV 

SBR 

007 12.448 12.439 12.442 12.443 0.004 12.256 12.328 12.259 12.281 0.041 

008 12.220 12.228 12.233 12.227 0.007 12.964 12.959 13.093 13.005 0.076 

009 12.654 12.653 12.663 12.657 0.006 12.210 12.216 12.221 12.216 0.006 

NBR 

007 12.297 12.319 12.310 12.309 0.011 12.638 12.640 12.644 12.641 0.003 

008 12.295 12.291 12.303 12.297 0.006 12.214 12.216 12.218 12.216 0.002 

009 11.864 11.870 11.862 11.865 0.004 11.513 11.515 11.525 11.517 0.006 

MDPE 

007 12.432 12.437 12.439 12.436 0.004 12.053 12.092 12.057 12.068 0.022 

008 12.774 12.767 12.762 12.768 0.006 12.307 12.331 12.321 12.320 0.012 

009 12.452 12.458 12.459 12.457 0.004 12.935 12.959 12.950 12.948 0.012 
 
Note: The precision of the measurements is “±0.001 mm”. 
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Table 30. Dimensional Measurements (X and Y Direction) after Specimens Saturated with Processed Landfill Gas (24hr Outgas) 

Materials Specimen 
# 

Measurements (mm) 

X (P1P2) Y (P2P3) 

1 2 3 Ave STDEV 1 2 3 Ave STDEV 

SBR 

007 12.439 12.438 12.438 12.439 0.001 12.252 12.262 12.258 12.257 0.005 

008 12.241 12.244 12.243 12.243 0.002 12.951 12.956 12.958 12.955 0.004 

009 12.663 12.663 12.664 12.664 0.001 12.075 12.223 12.221 12.173 0.085 

NBR 

007 12.308 12.307 12.309 12.308 0.001 12.648 12.648 12.651 12.649 0.002 

008 12.313 12.309 12.293 12.305 0.011 12.223 12.220 12.207 12.217 0.009 

009 11.873 11.880 11.878 11.877 0.004 11.518 11.526 11.525 11.523 0.004 

MDPE 

007 12.450 12.458 12.457 12.455 0.004 12.087 12.097 12.086 12.090 0.006 

008 12.812 12.816 12.812 12.813 0.002 12.330 12.325 12.325 12.327 0.003 

009 12.463 12.460 12.469 12.464 0.005 12.957 12.941 12.950 12.949 0.008 

 
 
Note: The precision of the measurements is “±0.001 mm”.
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Table 31. Dimensional Measurements (X and Y Direction) after Specimens Saturated with Processed Landfill Gas (384hr Outgas) 

Materials Specimen 
# 

Measurements (mm) 

X (P1P2) Y (P2P3) 

1 2 3 Ave STDEV 1 2 3 Ave STDEV 

SBR 

007 12.426 12.427 12.428 12.427 0.001 12.240 12.245 12.253 12.246 0.007 

008 12.231 12.233 12.230 12.231 0.002 12.948 12.953 12.953 12.951 0.003 

009 12.643 12.648 12.650 12.647 0.004 12.208 12.220 12.226 12.218 0.009 

010 12.383 12.387 12.398 12.389 0.008 12.574 12.577 12.576 12.576 0.002 

011 12.267 12.281 12.286 12.278 0.010 12.167 12.179 12.174 12.173 0.006 

012 12.497 12.499 12.501 12.499 0.002 12.454 12.457 12.453 12.455 0.002 

NBR 

007 12.293 12.292 12.306 12.297 0.008 12.625 12.635 12.638 12.633 0.007 

008 12.297 12.298 12.292 12.296 0.004 12.204 12.207 12.200 12.204 0.003 

009 11.855 11.858 11.859 11.857 0.002 11.508 11.512 11.523 11.514 0.008 

010 12.577 12.585 12.591 12.585 0.007 12.500 12.512 12.508 12.507 0.006 

011 12.470 12.471 12.455 12.466 0.009 12.652 12.656 12.643 12.650 0.007 

012 12.093 12.103 12.104 12.100 0.006 11.964 11.974 11.978 11.972 0.007 

MDPE 

007 12.466 12.470 12.452 12.463 0.009 12.075 12.088 12.065 12.076 0.011 

008 12.763 12.771 12.774 12.769 0.005 12.324 12.325 12.327 12.325 0.001 

009 12.459 12.467 12.457 12.461 0.005 12.925 12.929 12.921 12.925 0.004 

010 11.833 11.811 11.834 11.826 0.013 12.054 12.060 12.067 12.060 0.007 

011 11.915 11.913 11.913 11.914 0.001 11.777 11.775 11.753 11.768 0.013 

012 11.750 11.742 11.744 11.745 0.004 11.193 11.208 11.201 11.201 0.008 

 
 
Note: The precision of the measurements is “±0.001mm”.
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Table 32. Dimensional Measurements (Z Direction) before Processed Landfill Gas Saturation Test 
(Baseline) 

Materials Specimen # 
Measurements (inch) 

1 2 3 AVG STDEV 

MDPE 

1 0.2475 0.2476 0.2475 0.2475 0.0001 

2 0.2490 0.2491 0.2490 0.2490 0.0001 

3 0.2484 0.2485 0.2484 0.2484 0.0001 

4 0.2483 0.2480 0.2482 0.2482 0.0002 

5 0.2483 0.2480 0.2480 0.2481 0.0002 

6 0.2486 0.2485 0.2485 0.2485 0.0001 

NBR 

1 0.1132 0.1139 0.1139 0.1137 0.0004 

2 0.1127 0.1130 0.1130 0.1129 0.0002 

3 0.1126 0.1136 0.1136 0.1133 0.0006 

4 0.1133 0.1131 0.1131 0.1132 0.0001 

5 0.1134 0.1136 0.1136 0.1135 0.0001 

6 0.1136 0.1132 0.1132 0.1133 0.0002 

SBR 

1 0.1131 0.1110 0.1148 0.1130 0.0019 

2 0.1151 0.1132 0.1148 0.1144 0.0010 

3 0.1130 0.1131 0.1131 0.1131 0.0001 

4 0.1125 0.1129 0.1132 0.1129 0.0004 

5 0.1136 0.1137 0.1135 0.1136 0.0001 

6 0.1135 0.1133 0.1138 0.1135 0.0003 

 
 
Note: The precision of the measurements is “±0.0001 inch”.
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Table 33. Dimensional Measurements (Z Direction) after Specimens Saturated with Processed 
Landfill Gas (0 hr Outgas) 

Materials Specimen # 
Measurements (inch) 

1 2 3 AVG STDEV 

MDPE 

1 0.2509 0.2511 0.2503 0.2508 0.0004 

2 0.2515 0.2519 0.2517 0.2517 0.0002 

3 0.2507 0.2514 0.2512 0.2511 0.0004 

4 0.2508 0.2502 0.2504 0.2505 0.0003 

5 0.2506 0.2506 0.2503 0.2505 0.0002 

6 0.2504 0.2502 0.2506 0.2504 0.0002 

NBR 

1 0.1326 0.1327 0.1327 0.1327 0.0001 

2 0.1324 0.1322 0.1323 0.1323 0.0001 

3 0.1322 0.1322 0.1323 0.1322 0.0001 

4 0.1319 0.1319 0.1321 0.1320 0.0001 

5 0.1326 0.1328 0.1329 0.1328 0.0002 

6 0.1313 0.1320 0.1316 0.1316 0.0004 

SBR 

1 0.1357 0.1351 0.1358 0.1355 0.0004 

2 0.1361 0.1354 0.1357 0.1357 0.0004 

3 0.1351 0.1358 0.1353 0.1354 0.0004 

4 0.1357 0.1355 0.1351 0.1354 0.0003 

5 0.1360 0.1355 0.1352 0.1356 0.0004 

6 0.1356 0.1354 0.1358 0.1356 0.0002 

 
Note: The precision of the measurements is “±0.0001 inch”. 
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Table 34. Dimensional Measurements (Z Direction) after Specimens Saturated with Processed 
Landfill Gas (24hr Outgas) 

Materials Specimen # 
Measurements (inch) 

1 2 3 AVG STDEV 

MDPE 

1 0.2509 0.2504 0.2507 0.2507 0.0003 

2 0.2501 0.2508 0.2505 0.2505 0.0004 

3 0.2501 0.2509 0.2508 0.2506 0.0004 

4 0.2507 0.2508 0.2509 0.2508 0.0001 

5 0.2510 0.2503 0.2506 0.2506 0.0004 

6 0.2506 0.2507 0.2509 0.2507 0.0002 

NBR 

1 0.1326 0.1326 0.1325 0.1326 0.0001 

2 0.1315 0.1318 0.1322 0.1318 0.0004 

3 0.1326 0.1320 0.1326 0.1324 0.0003 

4 0.1317 0.1320 0.1318 0.1318 0.0002 

5 0.1328 0.1330 0.1330 0.1329 0.0001 

6 0.1325 0.1322 0.1324 0.1324 0.0002 

SBR 

1 0.1366 0.1367 0.1366 0.1366 0.0001 

2 0.1365 0.1368 0.1361 0.1365 0.0004 

3 0.1364 0.1360 0.1358 0.1361 0.0003 

4 0.1356 0.1360 0.1363 0.1360 0.0004 

5 0.1366 0.1367 0.1365 0.1366 0.0001 

6 0.1365 0.1364 0.1359 0.1363 0.0003 

 
 
Note: The precision of the measurements is “±0.0001 inch”.
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Table 35. Dimensional Measurements (Z Direction) after Specimens Saturated with Processed 
Landfill Gas (384hr Outgas) 

Materials Specimen # 
Measurements (inch) 

1 2 3 AVG STDEV 

MDPE 

1 0.2501 0.2502 0.2502 0.2502 0.0001 

2 0.2536 0.2520 0.2543 0.2533 0.0012 

3 0.2507 0.2507 0.2525 0.2513 0.0010 

4 0.2520 0.2519 0.2521 0.2520 0.0001 

5 0.2495 0.2498 0.2499 0.2497 0.0002 

6 0.2514 0.2510 0.2512 0.2512 0.0002 

NBR 

1 0.1353 0.1357 0.1359 0.1356 0.0003 

2 0.1354 0.1360 0.1360 0.1358 0.0003 

3 0.1360 0.1355 0.1360 0.1358 0.0003 

4 0.1351 0.1354 0.1353 0.1353 0.0002 

5 0.1362 0.1357 0.1351 0.1357 0.0006 

6 0.1363 0.1359 0.1361 0.1361 0.0002 

SBR 

1 0.1325 0.1326 0.1326 0.1326 0.0001 

2 0.1318 0.1323 0.1322 0.1321 0.0003 

3 0.1325 0.1325 0.1326 0.1325 0.0001 

4 0.1319 0.1319 0.1321 0.1320 0.0001 

5 0.1324 0.1329 0.1325 0.1326 0.0003 

6 0.1325 0.1323 0.1319 0.1322 0.0003 

 
Note: The precision of the measurements is “±0.0001 inch”.  
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Table 36. Dimensional Measurements (Z Direction) after Specimens Saturated with Processed 
Landfill Gas (5856 hr Outgas) 
 

Materials Specimen # 
Measurements (inch) 

1 2 3 AVG STDEV 

MDPE 

1 0.2523 0.2525 0.2520 0.2522 0.0003 

2 0.2552 0.2521 0.2520 0.2531 0.0018 

3 0.2522 0.2516 0.2519 0.2519 0.0003 

4 0.2524 0.2519 0.2518 0.2520 0.0003 

5 0.2528 0.2519 0.2520 0.2522 0.0005 

6 0.2521 0.2522 0.2520 0.2521 0.0001 

NBR 

1 0.1187 0.1180 0.1179 0.1182 0.0004 

2 0.1352 0.1367 0.1357 0.1359 0.0007 

3 0.1213 0.1219 0.1220 0.1217 0.0004 

4 0.1221 0.1213 0.1217 0.1217 0.0004 

5 0.1217 0.1215 0.1221 0.1218 0.0003 

6 0.1360 0.1359 0.1359 0.1359 0.0000 

SBR 

1 0.1323 0.1327 0.1329 0.1326 0.0003 

2 0.1321 0.1328 0.1324 0.1324 0.0004 

3 0.1330 0.1326 0.1330 0.1329 0.0002 

4 0.1327 0.1330 0.1336 0.1331 0.0005 

5 0.1319 0.1323 0.1330 0.1324 0.0005 

6 0.1340 0.1339 0.1340 0.1339 0.0001 

 
 
Note: The precision of the measurements is “±0.0001 inch”.
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Appendix VIII: Dimensional Change Measurements for Raw Landfill Gas Saturated Specimens 

Table 37. Dimensional Measurements (X and Y Direction) before Raw Landfill Gas Saturation Test (Baseline) 

Materials Specimen # 

Measurements (mm) 

X (P1P2) Y (P2P3) 

1 2 3 Ave STDEV 1 2 3 Ave STDEV 

NBR 

007 12.273 12.288 12.284 12.282 0.008 12.461 12.308 12.304 12.357 0.090 

008 12.561 12.577 12.577 12.572 0.009 12.281 12.283 12.288 12.284 0.003 

009 12.146 12.149 12.153 12.149 0.004 12.437 12.443 12.433 12.438 0.005 

010 12.678 12.685 12.693 12.685 0.008 12.584 12.581 12.573 12.579 0.005 

011 12.351 12.375 12.372 12.366 0.013 12.437 12.517 12.451 12.469 0.043 

012 12.502 12.509 12.512 12.508 0.005 12.430 12.438 12.437 12.435 0.004 

SBR 

007 12.103 12.098 12.102 12.101 0.003 12.516 12.520 12.515 12.517 0.003 

008 12.390 12.383 12.381 12.385 0.005 12.365 12.365 12.367 12.366 0.001 

009 12.786 12.790 12.792 12.789 0.003 12.199 12.202 12.204 12.202 0.003 

010 12.815 12.824 12.818 12.819 0.005 12.485 12.485 12.279 12.416 0.119 

011 12.385 12.383 12.393 12.387 0.005 12.343 12.343 12.338 12.342 0.003 

012 12.710 12.714 12.721 12.715 0.006 12.542 12.550 12.556 12.549 0.007 

MDPE 

007 25.192 25.193 25.190 25.192 0.002 24.825 24.829 24.826 24.827 0.002 

008 25.078 25.077 25.078 25.078 0.001 24.986 24.988 24.991 24.988 0.003 

009 24.885 24.886 24.884 24.885 0.001 24.808 24.807 24.814 24.810 0.004 

010 25.225 25.230 25.227 25.227 0.003 25.159 25.159 25.147 25.155 0.007 

011 25.105 25.111 25.110 25.109 0.003 25.180 25.188 25.174 25.181 0.007 

012 24.873 24.873 24.886 24.877 0.007 25.102 25.099 25.108 25.103 0.005 

 
Note: The precision of the measurements is “±0.001mm”.
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Table 38. Dimensional Measurements (X and Y Direction) after Specimens Saturated with Raw Landfill Gas (0 hr Outgas) 

Materials Specimen 
# 

Measurements (mm) 

X (P1P2) Y (P2P3) 

1 2 3 Ave STDEV 1 2 3 Ave STDEV 

NBR 

1 12.271 12.337 12.319 12.309 0.034 12.460 11.948 11.953 12.120 0.294 

2 12.559 12.606 12.605 12.590 0.027 12.260 12.187 12.239 12.229 0.038 

3 12.099 12.131 12.117 12.116 0.016 12.399 12.205 12.292 12.299 0.097 

SBR 

1 12.076 12.071 12.076 12.074 0.003 12.470 12.478 12.492 12.480 0.011 

2 12.354 12.372 12.365 12.364 0.009 12.321 12.329 12.329 12.327 0.005 

3 12.758 12.758 12.765 12.760 0.004 12.175 12.152 12.186 12.171 0.017 

MDPE 

1 25.237 25.231 25.229 25.232 0.004 24.858 24.854 24.858 24.857 0.002 

2 25.119 25.115 25.122 25.119 0.004 25.063 25.070 25.070 25.068 0.004 

3 24.892 24.891 24.896 24.893 0.003 24.840 24.835 24.846 24.840 0.005 
 
Note: The precision of the measurements is “±0.001mm”.
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Table 39. Dimensional Measurements (X and Y Direction) after Specimens Saturated with Raw Landfill Gas (24 hr Outgas) 

Materials Specimen 
# 

Measurements (mm) 

X (P1P2) Y (P2P3) 

1 2 3 Ave STDEV 1 2 3 Ave STDEV 

NBR 

1 12.256 12.319 12.337 12.304 0.043 12.427 11.953 11.955 12.112 0.273 

2 12.554 12.604 12.606 12.588 0.030 12.252 12.230 12.230 12.237 0.013 

3 12.083 12.118 12.131 12.110 0.025 12.409 12.301 12.300 12.337 0.063 

SBR 

1 12.083 12.082 12.074 12.080 0.005 12.480 12.483 12.487 12.483 0.004 

2 12.362 12.366 12.366 12.365 0.002 12.334 12.330 12.335 12.333 0.003 

3 12.755 12.763 12.761 12.760 0.004 12.181 12.180 12.183 12.181 0.002 

MDPE 

1 25.214 25.217 25.233 25.221 0.010 24.837 24.833 24.839 24.836 0.003 

2 25.113 25.112 25.114 25.113 0.001 25.043 25.042 25.041 25.042 0.001 

3 24.898 24.903 24.901 24.901 0.003 24.847 24.855 24.845 24.849 0.005 

 
Note: The precision of the measurements is “±0.001mm”.
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Table 40. Dimensional Measurements (X and Y Direction) after Specimens Saturated with Raw Landfill Gas (48 hr Outgas) 

Materials Specimen 
# 

Measurements (mm) 

X (P1P2) Y (P2P3) 

1 2 3 Ave STDEV 1 2 3 Ave STDEV 

NBR 

1 12.260 12.260 12.263 12.261 0.002 12.445 12.444 12.445 12.445 0.000 

2 12.551 12.554 12.553 12.552 0.002 12.255 12.261 12.265 12.260 0.005 

3 12.092 12.094 12.102 12.096 0.005 12.407 12.418 12.420 12.415 0.007 

SBR 

1 12.076 12.072 12.080 12.076 0.004 12.472 12.480 12.479 12.477 0.004 

2 12.358 12.363 12.369 12.363 0.006 12.327 12.328 12.333 12.330 0.003 

3 12.760 12.773 12.768 12.767 0.007 12.184 12.188 12.187 12.186 0.002 

MDPE 

1 25.226 25.227 25.225 25.226 0.001 24.809 24.837 24.830 24.826 0.015 

2 25.117 25.112 25.125 25.118 0.007 25.019 25.024 25.021 25.022 0.003 

3 24.906 24.898 24.898 24.901 0.005 24.834 24.831 24.832 24.832 0.002 

 
Note: The precision of the measurements is “±0.001mm”.
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Table 41. Dimensional Measurements (X and Y Direction) after Specimens Saturated with Raw Landfill Gas (96hr Outgas) 

Materials Specimen 
# 

Measurements (mm) 

X (P1P2) Y (P2P3) 

1 2 3 Ave STDEV 1 2 3 Ave STDEV 

NBR 

1 12.269 12.271 12.267 12.269 0.002 12.420 12.427 12.428 12.425 0.004 

2 12.528 12.546 12.543 12.539 0.010 12.261 12.255 12.252 12.256 0.004 

3 12.074 12.106 12.109 12.096 0.019 12.391 12.188 12.192 12.257 0.116 

4 12.675 12.681 12.676 12.677 0.003 12.551 12.558 12.559 12.556 0.004 

5 12.317 12.320 12.330 12.323 0.007 12.429 12.454 12.453 12.445 0.014 

6 12.448 12.465 12.472 12.462 0.012 12.402 12.408 12.417 12.409 0.008 

SBR 

1 12.068 12.066 12.071 12.068 0.003 12.475 12.473 12.477 12.475 0.002 

2 12.361 12.367 12.360 12.363 0.004 12.330 12.328 12.231 12.296 0.057 

3 12.756 12.763 12.768 12.762 0.006 12.175 12.174 12.188 12.179 0.008 

4 12.782 12.791 12.792 12.788 0.006 12.472 12.470 12.475 12.473 0.003 

5 12.354 12.358 12.357 12.356 0.002 12.309 12.311 12.309 12.310 0.001 

6 12.665 12.667 12.671 12.668 0.003 12.534 12.534 12.532 12.533 0.001 

MDPE 

1 25.205 25.209 25.197 25.204 0.006 24.820 24.815 24.823 24.819 0.004 

2 25.111 25.110 25.102 25.108 0.005 25.012 25.011 25.007 25.010 0.003 

3 24.885 24.892 24.896 24.891 0.006 24.825 24.837 24.830 24.831 0.006 

4 25.231 25.242 25.238 25.237 0.006 25.174 25.169 25.182 25.175 0.007 

5 25.129 25.117 25.131 25.126 0.008 25.187 25.180 25.191 25.186 0.006 

6 24.865 24.879 24.876 24.873 0.007 25.103 25.100 25.111 25.105 0.005 
 
Note: The precision of the measurements is “±0.001mm”.
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Table 42. Dimensional Measurements (Z Direction) before Raw Landfill Gas Saturation Test 
(Baseline) 

Materials Specimen # 
Measurements (inch) 

1 2 3 AVG STDEV 

MDPE 

1 0.2515 0.2509 0.2502 0.2509 0.0007 

2 0.2502 0.2504 0.2500 0.2502 0.0002 

3 0.2514 0.2516 0.2515 0.2515 0.0001 

4 0.2511 0.2508 0.2505 0.2508 0.0003 

5 0.2505 0.2511 0.2511 0.2509 0.0003 

6 0.2504 0.2510 0.2503 0.2506 0.0004 

NBR 

1 0.1349 0.1349 0.1340 0.1346 0.0005 

2 0.1341 0.1350 0.1346 0.1346 0.0005 

3 0.1334 0.1339 0.1340 0.1338 0.0003 

4 0.1351 0.1339 0.1336 0.1342 0.0008 

5 0.1350 0.1352 0.1349 0.1350 0.0002 

6 0.1343 0.1352 0.1351 0.1349 0.0005 

SBR 

1 0.1319 0.1321 0.1327 0.1322 0.0004 

2 0.1324 0.1323 0.1327 0.1325 0.0002 

3 0.1332 0.1324 0.1328 0.1328 0.0004 

4 0.1331 0.1333 0.1329 0.1331 0.0002 

5 0.1327 0.1322 0.1327 0.1325 0.0003 

6 0.1336 0.1334 0.1338 0.1336 0.0002 

 
 
Note: The precision of the measurements is “±0.0001 inch”.
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Table 43. Dimensional Measurements (Z Direction) after Specimens Saturated with Raw Landfill 
Gas (0 hr Outgas) 

Materials Specimen # 
Measurements (inch) 

1 2 3 AVG STDEV 

MDPE 

1 0.2505 0.2500 0.2501 0.2502 0.0003 

2 0.2498 0.2499 0.2500 0.2499 0.0001 

3 0.2509 0.2513 0.2514 0.2512 0.0003 

NBR 

1 0.1350 0.1341 0.1348 0.1346 0.0004 

2 0.1344 0.1347 0.1343 0.1344 0.0002 

3 0.1346 0.1345 0.1345 0.1345 0.0001 

SBR 

1 0.1326 0.1325 0.1318 0.1323 0.0005 

2 0.1332 0.1327 0.1323 0.1327 0.0005 

3 0.1328 0.1326 0.1335 0.1329 0.0005 

 
Table 44. Dimensional Measurements (Z Direction) after Specimens Saturated with Raw Landfill 
Gas (24 hr Outgas) 

Materials Specimen # 
Measurements (inch) 

1 2 3 AVG STDEV 

MDPE 

1 0.2508 0.2507 0.2506 0.2507 0.0001 

2 0.2506 0.2500 0.2501 0.2502 0.0003 

3 0.2513 0.2520 0.2519 0.2517 0.0004 

NBR 

1 0.1358 0.1360 0.1353 0.1357 0.0004 

2 0.1348 0.1349 0.1352 0.1350 0.0002 

3 0.1336 0.1350 0.1345 0.1344 0.0007 

SBR 

1 0.1329 0.1329 0.1327 0.1328 0.0001 

2 0.1331 0.1329 0.1332 0.1331 0.0002 

3 0.1328 0.1329 0.1329 0.1328 0.0001 

 
Note: The precision of the measurements is “±0.0001 inch”.
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Table 45. Dimensional Measurements (Z Direction) after Specimens Saturated with Raw Landfill 
Gas (48 hr Outgas) 

Materials Specimen # 
Measurements (inch) 

1 2 3 AVG STDEV 

MDPE 

1 0.2503 0.2506 0.2508 0.2506 0.0003 

2 0.2501 0.2505 0.2506 0.2504 0.0002 

3 0.2523 0.2516 0.2519 0.2519 0.0003 

NBR 

1 0.1352 0.1346 0.1353 0.1350 0.0004 

2 0.1353 0.1348 0.1356 0.1352 0.0004 

3 0.1345 0.1349 0.1346 0.1346 0.0002 

SBR 

1 0.1328 0.1324 0.1326 0.1326 0.0002 

2 0.1322 0.1323 0.1330 0.1325 0.0004 

3 0.1333 0.1336 0.1329 0.1333 0.0004 

 
Note: The precision of the measurements is “±0.0001 inch”.
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Table 46. Dimensional Measurements (Z Direction) after Specimens Saturated with Raw Landfill 
Gas (96 hr Outgas) 

Materials Specimen # 
Measurements (inch) 

1 2 3 AVG STDEV 

MDPE 

1 0.2499 0.2505 0.2495 0.2499 0.0005 

2 0.2502 0.2502 0.2498 0.2500 0.0002 

3 0.2514 0.2515 0.2510 0.2513 0.0003 

4 0.2514 0.2513 0.2507 0.2511 0.0004 

5 0.2509 0.2504 0.2507 0.2506 0.0002 

6 0.2511 0.2508 0.2504 0.2508 0.0003 

NBR 

1 0.1347 0.1345 0.1353 0.1348 0.0004 

2 0.1349 0.1348 0.1345 0.1347 0.0002 

3 0.1334 0.1347 0.1342 0.1341 0.0006 

4 0.1338 0.1340 0.1348 0.1342 0.0005 

5 0.1342 0.1343 0.1343 0.1343 0.0000 

6 0.1335 0.1338 0.1339 0.1337 0.0002 

SBR 

1 0.1326 0.1322 0.1319 0.1322 0.0003 

2 0.1329 0.1320 0.1329 0.1326 0.0005 

3 0.1327 0.1322 0.1325 0.1325 0.0002 

4 0.1335 0.1329 0.1332 0.1332 0.0003 

5 0.1324 0.1330 0.1320 0.1324 0.0005 

6 0.1334 0.1332 0.1330 0.1332 0.0002 

 
 
Note: The precision of the measurements is “±0.0001 inch”.
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Appendix VIIII: Dimensional Change Measurements for Raw Dairy Gas Saturated Specimens 

Table 47. Dimensional Measurements (X and Y Direction) before Raw Dairy Farm Gas Saturation Test (Baseline) 

Materials Specimen # 

Measurements (mm) 

X (P1P2) Y (P2P3) 

1 2 3 Ave STDEV 1 2 3 Ave STDEV 

NBR 

1 13.123 13.167 13.151 13.147 0.022 12.564 12.564 12.562 12.563 0.001 

2 13.255 13.241 13.235 13.244 0.010 13.179 13.181 13.182 13.181 0.001 

3 13.036 13.020 13.028 13.028 0.008 13.018 13.003 13.006 13.009 0.008 

4 12.607 12.604 12.606 12.606 0.001 13.477 13.484 13.477 13.479 0.004 

5 13.352 13.597 13.592 13.513 0.140 13.139 13.292 13.298 13.243 0.090 

6 12.960 12.958 12.964 12.961 0.003 12.628 12.628 12.626 12.627 0.001 

SBR 

1 13.213 13.213 13.208 13.212 0.003 12.914 12.911 12.916 12.913 0.003 

2 12.932 12.926 12.930 12.929 0.003 12.609 12.615 12.613 12.613 0.003 

3 12.668 12.681 12.683 12.677 0.008 13.438 13.446 13.450 13.445 0.006 

4 13.506 13.507 13.510 13.508 0.002 12.888 12.886 12.889 12.888 0.002 

5 13.570 13.569 13.566 13.568 0.002 13.096 13.101 13.100 13.099 0.003 

6 13.157 13.161 13.161 13.160 0.002 13.298 13.280 13.286 13.288 0.009 

MDPE 

1 24.684 24.681 24.683 24.683 0.002 25.014 25.011 25.019 25.015 0.004 

2 24.635 24.628 24.649 24.638 0.011 24.267 24.266 24.268 24.267 0.001 

3 24.412 24.404 24.402 24.406 0.005 24.677 24.667 24.673 24.672 0.005 

4 24.551 24.553 24.552 24.552 0.001 24.309 24.315 24.311 24.312 0.003 

5 23.722 23.723 23.725 23.723 0.002 24.012 24.008 24.007 24.009 0.003 

6 24.245 24.250 24.247 24.247 0.003 23.826 23.832 23.828 23.829 0.003 
 
Note: The precision of the measurements is “±0.001 mm”. 
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Table 48. Dimensional Measurements (X and Y Direction) after Raw Dairy Farm Gas Saturation Test (0 hr Outgas) 

Materials Specimen # 

Measurements (mm) 

X (P1P2) Y (P2P3) 

1 2 3 Ave STDEV 1 2 3 Ave STDEV 

NBR 

1 13.135 13.135 13.140 13.137 0.003 12.563 12.561 12.560 12.561 0.002 

2 13.244 13.241 13.241 13.242 0.002 13.172 13.183 13.179 13.178 0.006 

3 13.006 13.035 13.020 13.020 0.014 12.291 12.981 12.983 12.752 0.399 

SBR 

1 12.961 12.959 12.956 12.959 0.003 13.223 13.224 13.221 13.223 0.002 

2 12.939 12.949 12.950 12.946 0.006 12.606 12.605 12.603 12.605 0.002 

3 12.655 12.674 12.674 12.668 0.011 13.429 13.431 13.435 13.432 0.003 

MDPE 

1 24.674 24.679 24.688 24.680 0.007 25.013 25.015 25.013 25.014 0.001 

2 24.658 24.667 24.658 24.661 0.005 24.274 24.275 24.267 24.272 0.004 

3 24.398 24.402 24.400 24.400 0.002 24.688 24.693 24.694 24.692 0.003 

 
 
Note: The precision of the measurements is “±0.001 mm”. 
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Table 49. Dimensional Measurements (X and Y Direction) after Raw Dairy Farm Gas Saturation Test (24 hr Outgas) 

Materials Specimen # 

Measurements (mm) 

X (P1P2) Y (P2P3) 

1 2 3 Ave STDEV 1 2 3 Ave STDEV 

NBR 

1 13.133 13.137 13.132 13.134 0.003 12.544 12.539 12.544 12.542 0.003 

2 13.244 13.250 13.242 13.246 0.004 13.164 13.177 13.173 13.171 0.007 

3 13.014 13.026 13.015 13.018 0.007 12.966 12.967 12.982 12.971 0.009 

SBR 

1 12.995 12.964 12.967 12.975 0.017 13.209 13.214 13.222 13.215 0.007 

2 12.961 12.954 12.959 12.958 0.004 12.604 12.604 12.605 12.604 0.001 

3 12.669 12.675 12.668 12.671 0.004 13.420 13.418 13.418 13.419 0.001 

MDPE 

1 24.694 24.696 24.691 24.694 0.003 25.021 25.019 25.018 25.020 0.002 

2 24.651 24.652 24.652 24.652 0.001 24.253 24.260 24.253 24.255 0.004 

3 24.385 24.378 24.378 24.380 0.004 24.656 24.657 24.657 24.657 0.001 

 
Note: The precision of the measurements is “±0.001 mm”. 
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Table 50. Dimensional Measurements (X and Y Direction) after Raw Dairy Farm Gas Saturation Test (48 hr Outgas) 

Materials Specimen # 

Measurements (mm) 

X (P1P2) Y (P2P3) 

1 2 3 Ave STDEV 1 2 3 Ave STDEV 

NBR 

1 13.201 13.114 13.122 13.145 0.048 12.538 12.540 12.535 12.538 0.003 

2 13.217 13.235 12.235 12.896 0.572 13.159 13.158 13.196 13.171 0.022 

3 13.010 13.011 13.018 13.013 0.004 12.965 12.965 12.964 12.965 0.001 

SBR 

1 12.961 12.959 12.967 12.962 0.004 13.209 13.215 13.216 13.214 0.004 

2 12.949 12.948 12.950 12.949 0.001 12.596 12.603 12.610 12.603 0.007 

3 12.663 12.666 12.672 12.667 0.005 13.412 13.428 13.420 13.420 0.008 

MDPE 

1 24.678 24.680 24.683 24.680 0.003 24.980 24.979 24.976 24.978 0.002 

2 24.664 24.647 24.646 24.652 0.010 24.239 24.241 24.244 24.241 0.003 

3 24.401 24.398 24.398 24.399 0.002 24.679 24.673 24.674 24.675 0.003 

 
Note: The precision of the measurements is “±0.001 mm”. 
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Table 51. Dimensional Measurements (X and Y Direction) before Raw Dairy Farm Gas Saturation Test (168 hr Outgas) 

Materials Specimen # 

Measurements (mm) 

X (P1P2) Y (P2P3) 

1 2 3 Ave STDEV 1 2 3 Ave STDEV 

NBR 

1 13.110 13.111 13.126 13.116 0.009 12.533 12.532 12.542 12.536 0.006 

2 13.239 13.244 13.234 13.239 0.005 13.154 13.159 13.169 13.160 0.008 

3 13.003 13.004 13.005 13.004 0.001 12.963 12.970 12.964 12.966 0.004 

4 12.587 12.591 12.593 12.591 0.003 13.440 13.419 13.449 13.436 0.015 

5 12.605 12.600 12.602 12.602 0.002 13.464 13.459 13.459 13.461 0.003 

6 12.920 12.924 12.930 12.924 0.005 12.594 12.604 12.613 12.604 0.009 

SBR 

1 12.976 12.975 12.960 12.971 0.009 13.229 13.225 13.225 13.227 0.002 

2 12.943 12.954 12.959 12.952 0.008 12.595 12.602 12.604 12.600 0.005 

3 12.674 12.679 12.674 12.676 0.003 13.423 13.430 13.426 13.426 0.004 

4 13.498 13.496 13.504 13.499 0.004 12.918 12.909 12.910 12.912 0.005 

5 13.546 13.557 13.556 13.553 0.006 13.107 13.114 13.117 13.113 0.005 

6 13.170 13.176 13.176 13.174 0.003 13.258 13.257 13.258 13.258 0.001 

MDPE 

1 24.687 24.673 24.688 24.683 0.008 25.109 24.992 24.989 25.030 0.068 

2 24.653 24.655 24.658 24.655 0.003 24.234 24.238 24.233 24.235 0.003 

3 24.399 24.398 24.399 24.399 0.001 24.663 24.667 24.664 24.665 0.002 

4 24.578 24.576 24.571 24.575 0.004 24.297 24.296 24.293 24.296 0.002 

5 23.678 23.686 23.687 23.684 0.005 24.036 24.033 24.031 24.033 0.002 

6 24.245 24.235 24.244 24.241 0.006 23.821 23.824 23.819 23.822 0.003 
 
Note: The precision of the measurements is “±0.001 mm”. 
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Table 52. Dimensional Measurements (Z Direction) before Raw Dairy Farm Gas Saturation Test 
(Baseline) 

Materials Specimen # 
Measurements (inch) 

1 2 3 AVG STDEV 

MDPE 

1 0.24895 0.24870 0.24865 0.24877 0.00016 

2 0.24885 0.24865 0.24875 0.24875 0.00010 

3 0.24885 0.24830 0.24890 0.24868 0.00033 

4 0.24905 0.24940 0.24924 0.24923 0.00018 

5 0.24915 0.24895 0.24925 0.24912 0.00015 

6 0.24895 0.24890 0.24920 0.24902 0.00016 

NBR 

1 0.13540 0.13250 0.13475 0.13422 0.00152 

2 0.13455 0.13420 0.13440 0.13438 0.00018 

3 0.13345 0.13465 0.13390 0.13400 0.00061 

4 0.13440 0.13475 0.13405 0.13440 0.00035 

5 0.13500 0.13490 0.13540 0.13510 0.00026 

6 0.13545 0.13480 0.13475 0.13500 0.00039 

SBR 

1 0.13140 0.13235 0.13190 0.13188 0.00048 

2 0.13285 0.13315 0.13285 0.13295 0.00017 

3 0.13285 0.13250 0.13230 0.13255 0.00028 

4 0.13220 0.13185 0.13210 0.13205 0.00018 

5 0.13080 0.13175 0.13135 0.13130 0.00048 

6 0.13270 0.13265 0.13295 0.13277 0.00016 

 
Note: The precision of the measurements is “±0.00001 inch”.
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Table 53. Dimensional Measurements (Z Direction) after Specimens Saturated with Raw Dairy Gas 
(0 hr Outgas) 

Materials Specimen # 
Measurements (inch) 

1 2 3 AVG STDEV 

MDPE 

1 0.24885 0.24880 0.24870 0.24878 0.00008 

2 0.24895 0.24900 0.24880 0.24892 0.00010 

3 0.24885 0.24870 0.24880 0.24878 0.00008 

NBR 

1 0.13344 0.13410 0.13500 0.13418 0.00078 

2 0.13295 0.13340 0.13440 0.13358 0.00074 

3 0.13310 0.13320 0.13380 0.13337 0.00038 

SBR 

1 0.13115 0.13185 0.13205 0.13168 0.00047 

2 0.13235 0.13190 0.13180 0.13202 0.00029 

3 0.13135 0.13210 0.13260 0.13202 0.00063 

 
 
Table 54. Dimensional Measurements (Z Direction) after Specimens Saturated with Raw Dairy Gas 
(24 hr Outgas) 

Materials Specimen # 
Measurements (inch) 

1 2 3 AVG STDEV 

MDPE 

1 0.24885 0.24830 0.24890 0.24868 0.00033 

2 0.24885 0.24830 0.24890 0.24868 0.00033 

3 0.24885 0.24865 0.24875 0.24875 0.00010 

NBR 

1 0.13345 0.13465 0.13200 0.13337 0.00133 

2 0.13540 0.13250 0.13475 0.13422 0.00152 

3 0.13455 0.13420 0.13440 0.13438 0.00018 

SBR 

1 0.13140 0.13235 0.13300 0.13225 0.00080 

2 0.13285 0.13315 0.13285 0.13295 0.00017 

3 0.13285 0.13250 0.13230 0.13255 0.00028 

 
Note: The precision of the measurements is “±0.00001 inch”.
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Table 55. Dimensional Measurements (Z Direction) after Specimens Saturated with Raw Dairy Gas 
(48 hr Outgas) 

Materials Specimen # 
Measurements (inch) 

1 2 3 AVG STDEV 

MDPE 

1 0.24895 0.24870 0.24865 0.24877 0.00016 

2 0.24885 0.24865 0.24875 0.24875 0.00010 

3 0.24885 0.24830 0.24890 0.24868 0.00033 

NBR 

1 0.13540 0.13250 0.13475 0.13422 0.00152 

2 0.13455 0.13420 0.13440 0.13438 0.00018 

3 0.13345 0.13465 0.13390 0.13400 0.00061 

SBR 

1 0.13285 0.13315 0.13285 0.13295 0.00017 

2 0.13285 0.13250 0.13230 0.13255 0.00028 

3 0.13140 0.13235 0.13190 0.13188 0.00048 

 
Note: The precision of the measurements is “±0.00001 inch”.
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Table 56. Dimensional Measurements (Z Direction) after Raw Dairy Farm Gas Saturation Test 
(168 hr Outgas) 

Materials Specimen # 
Measurements (inch) 

1 2 3 AVG STDEV 

MDPE 

1 0.24875 0.24900 0.24850 0.24875 0.00025 

2 0.24895 0.24885 0.24880 0.24887 0.00008 

3 0.24865 0.24885 0.24890 0.24880 0.00013 

4 0.24855 0.24850 0.24855 0.24853 0.00003 

5 0.24915 0.24905 0.24880 0.24900 0.00018 

6 0.24890 0.24880 0.24875 0.24882 0.00008 

NBR 

1 0.13485 0.13510 0.13470 0.13488 0.00020 

2 0.13540 0.13490 0.13490 0.13507 0.00029 

3 0.13380 0.13405 0.13410 0.13398 0.00016 

4 0.13450 0.13440 0.13396 0.13429 0.00029 

5 0.13510 0.13522 0.13520 0.13517 0.00006 

6 0.13565 0.13505 0.13505 0.13525 0.00035 

SBR 

1 0.13250 0.13235 0.13240 0.13242 0.00008 

2 0.13305 0.13305 0.13310 0.13307 0.00003 

3 0.13295 0.13275 0.13280 0.13283 0.00010 

4 0.13205 0.13235 0.13240 0.13227 0.00019 

5 0.13105 0.13130 0.13125 0.13120 0.00013 

6 0.13275 0.13285 0.13300 0.13287 0.00013 

 
 
Note: The precision of the measurements is “±0.00001 inch”.
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Appendix X: Tensile Test Results 

Table 57. Tensile Properties for MDPE 

Condition Sample ID 
Tensile Stress at Yield  

(psi) 
Tensile Stress at Break  

(psi) 

C
on

tr
ol

 

1 3174 5321 
2 3226 4483 
3 3188 4893 
4 3127 4454 
5 3239 4978 

Average 3191 4826 
Standard Deviation 45 364 

N
at

ur
al

 G
as

 

1 3274 4925 
2 3198 5058 
3 3135 4263 
4 3163 4911 

5 3180 4657 
Average 3190 4763 

Standard Deviation 52 315 

Pr
oc

es
se

d 
La

nd
fil

l 1 3537 5678 
2 3532 5638 
3 3447 5559 

4 3411 5038 
5 3415 5375 

Average 3468 5458 
Standard Deviation 62 262 

R
aw

  L
an

df
ill

 

1 3537 5678 
2 3532 5638 

3 3447 5559 
4 3411 5038 
5 3415 5375 

Average 3468 5458 
Standard Deviation 62 262 

R
aw

 D
ai

ry
 

1 3537 5678 

2 3532 5638 
3 3447 5559 
4 3411 5038 
5 3415 5375 

Average 3468 5458 
Standard Deviation 62 262 

Note: The precision of the tensile equipment is “±3 psi”. 
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Table 58. Tensile Properties for NBR 

Condition Sample ID 
Tensile Stress at Yield  

(psi) 

C
on

tr
ol

 

1 2576 
2 2686 
3 2862 

4 2472 
5 2578 

Average 2635 
Standard Deviation 148 

N
at

ur
al

 G
as

 

1 2777 
2 2822 

3 2937 
4 2902 
5 2774 

Average 2842 
Standard Deviation 74 

Pr
oc

es
se

d 
La

nd
fil

l 1 2810 

2 2936 
3 2980 
4 2930 
5 2861 

Average 2903 
Standard Deviation 67 

R
aw

  L
an

df
ill

 

1 3081 
2 2534 
3 2789 
4 3054 
5 2744 

Average 2840 
Standard Deviation 229 

R
aw

 D
ai

ry
 

1 2624 
2 2563 
3 2531 
4 2708 
5 2781 

Average 2641 
Standard Deviation 103 

 

Note: The precision of the tensile equipment is “±3 psi”. 
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Table 59. Tensile Properties for SBR 

Condition Sample ID 
Tensile Stress at Yield  

(psi) 

C
on

tr
ol

 

1 1593 
2 1688 
3 1697 

4 1721 
5 1782 

Average 1696 
Standard Deviation 68 

N
at

ur
al

 G
as

 

1 1612 
2 1540 

3 1523 
4 1598 
5 1620 

Average 1579 
Standard Deviation 44 

Pr
oc

es
se

d 
La

nd
fil

l 1 1570 

2 1570 
3 1644 
4 1584 
5 1585 

Average 1591 
Standard Deviation 31 

R
aw

  L
an

df
ill

 

1 1623 
2 1598 
3 1718 
4 1564 
5 1655 

Average 1632 
Standard Deviation 59 

R
aw

 D
ai

ry
 

1 1581 
2 1649 
3 1624 
4 1558 
5 1556 

Average 1594 
Standard Deviation 41 

 

Note: The precision of the tensile equipment is “±3 psi”. 
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Appendix X: Compression Test Results 

Table 60. Compression Test Results for NBR 

Condition Sample ID 
Initial Thickness 

 (inch) 
Final Compression 

(inch) 
Deflection 

(%) 

C
on

tr
ol

 

1 0.536 0.133 24.8 

2 0.535 0.136 25.4 

3 0.536 0.135 25.2 

4 0.535 0.135 25.2 

Average - - 25.2 

Standard Deviation - - 0.3 

N
at

ur
al

 G
as

 

1 0.485 0.116 23.9 

2 0.502 0.118 23.5 

3 0.500 0.120 24.0 

4 0.542 0.119 22.0 

Average - - 23.3 

Standard Deviation - - 1.0 

Pr
oc

es
se

d 
La

nd
fil

l 1 0.495 0.093 18.8 

2 0.501 0.109 21.8 

3 0.508 0.112 22.0 

4 0.532 0.118 22.2 

Average - - 21.2 

Standard Deviation - - 1.6 

R
aw

 L
an

df
ill

 1 0.527 0.116 22.0 

2 0.501 0.109 21.8 

3 0.507 0.112 22.1 

Average - - 22.0 

Standard Deviation - - 0.2 

R
aw

 D
ai

ry
 

1 0.515 0.112 21.7 

2 0.510 0.108 21.2 

3 0.498 0.109 21.9 

4 0.504 0.111 22.0 

Average - - 21.7 

Standard Deviation - - 0.4 
 
Note: The precision of the tensile equipment is “±0.001 inch”. 
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Table 61. Compression Test Results for SBR 

Condition Sample ID 
Initial Thickness 

 (inch) 
Final Compression 

(inch) 
Deflection 

(%) 

C
on

tr
ol

 
1 0.532 0.135 25.4 

2 0.545 0.134 24.6 

3 0.537 0.124 23.1 

Average - - 24.4 

Standard 
Deviation - - 1.2 

N
at

ur
al

 G
as

 

1 0.535 0.134 25.0 

2 0.531 0.137 25.8 

3 0.536 0.131 24.4 

4 0.532 0.128 24.1 

Average - - 24.8 

Standard 
Deviation - - 0.8 

Pr
oc

es
se

d 
La

nd
fil

l 1 0.485 0.114 23.5 

2 0.502 0.118 23.5 

3 0.500 0.112 22.4 

4 0.542 0.117 21.6 

Average - - 22.7 

Standard 
Deviation - - 0.9 

R
aw

 L
an

df
ill

 

1 0.495 0.094 19.0 

2 0.501 0.102 20.4 

3 0.499 0.099 19.8 

4 0.508 0.097 19.1 

Average - - 19.6 

Standard 
Deviation - - 0.6 

R
aw

 D
ai

ry
 

1 0.508 0.112 22.0 

2 0.501 0.101 20.2 

3 0.489 0.109 22.3 

4 0.502 0.110 21.9 

Average - - 21.6 

Standard 
Deviation - - 1.0 

Note: The precision of the tensile equipment is “±0.001 inch”. 
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Conclusion 

The two important areas have been investigated in this project to understand the key elements related to 
promoting the successful delivery of biomethane into natural gas pipeline networks, i.e.: 

1. The effect of microbial induced corrosion (MIC) on metallic pipes, and  

2. The impacts of biogas/biomethane on a non-metallic gathering network from sustained biogas 
feedstock exposure.   

A comprehensive review of biological and chemical information was conducted in the two focus areas of 
this project. The literature review provides an overview of MIC and the related microorganisms together 
with a compilation of chemical data from biogas and biomethane derived from dairy manure, landfills, 
and wastewater treatment plants (WWTP).   

The major microbial compositions in the raw biogas were determined from ten biogas samples and the 
condensate samples collected from the raw biogas pipeline. The raw biogas mainly contained two types of 
corrosion-causing bacteria, i.e., acid-producing bacteria (APB) and iron reducing bacteria (IOB), while 
the condensate samples mainly contained APB. The bacteria consortium were prepared by mixing 1:1 
ratio of B. licheniformis (ATCC 14580) and the baseline bacteria that were enriched from the field 
condensate sample. The concentration of B. Licheniformis and baseline bacteria in the bacterial 
consortium that were used for corrosion test in Task 3 was 5×105/ml and 5×106/ml respectively. 

Twelve biogas samples from ten dairy farms were analyzed and used for determining the major gas 
composition in the raw biogas. Carbon dioxide, oxygen, nitrogen, ammonia, hydrogen sulfide, carbonyl 
sulfide, and hexane plus were detected as the major components in the biogas. The oxygen level of 0.7 
mol% was used as the oxygen concentration in the cover gas for the corrosion experiments in Task 3. 

The condensate composition was determined by analyzing the condensate collected from a raw biogas 
line. The predominant dissolved species were inorganic carbon and ammonia. A small amount of organic 
carbon was also found. The identified chemical compositions together with 0.3% of nutrient broth (BD 
Cat # 234000) supplement were used to prepare the artificial growth medium for the corrosion test in 
Task 3. The quantity of nutrient broth was determined through experiments on the bacterial growth curves 
under various conditions. 

A dual cell electrochemical test system was designed and developed for the laboratory evaluation of MIC 
corrosion under the simulated field conditions. A total of five test runs have been performed using the 
developed dual cell system. Two of the tests were successful and generated useful data for investigating 
the galvanic effect induced by bacteria under simulated field conditions:  

a. A steady potential difference was developed between the anode and the cathode after the bacteria 
was introduced and multiplied in the anode cell. This potential difference created a corrosion 
current causing localized corrosion on the anode. 

b. When the cathode cell was contaminated by bacteria, the potentials in the two cells were 
equalized and the galvanic effect on the anodes disappeared.  

In addition, it was also found from the corrosion experiments that the growth of bacteria on the anode 
surface changed the local chemical environment near the anode surface resulting in a more aggressive 
corrosion rate. Both the galvanic and localized corrosive environments induced by bacteria, resulted in 
significant corrosion rates up to 1.6 mils per year (mpy) under the investigated conditions. For the same 
environment, but without bacteria, one would have predicted much lower corrosion rates. 

The most significant challenge that was encountered during the experimental work was the difficulty 
associated with contamination control in the cathode cell.  The results from the unsuccessful test runs 
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suggest that if the bacteria sources (e.g., spores) could not be fully destroyed through the sterilization 
process, bacteria can easily grow in an environment that is benign for their growth, such as sufficient 
water and nutrients. This could be the reason that in many cases bacteria is always detected in the pipeline 
system even though a biocide treatment is used. Therefore, it is important to take into account developing 
an effective method and process that can fully destroy bacteria and spores in the crevices and pores to 
prevent MIC within the biogas pipeline system. 

A review of the nonmetallic materials that are currently used for building natural gas distribution systems 
was also conducted in this project. Compatibility analysis was conducted between the typical gas 
compositions and the non-metallic materials used in the natural gas systems using the material chemical 
resistance data and the solubility parameters of the material and the chemicals. Based on the compatibility 
analysis results, a list of candidate gases (raw landfill gas, raw dairy farm gas and processed landfill gas) 
and materials (MDPE 2708, SBR and NBR) were selected as samples to be tested in Task 8. 

The test protocols were developed in Task 7 including the standard and consensus test methods that have 
been used to study the material properties of plastics and elastomers. The developed protocols are 
separated into the baseline confirmatory testing (density, glass transition temperature (Tg), chemical 
makeup, and extractable content) and comparative testing (hardness, dimensional, tensile strength, 
compression and slow crack growth resistance). The baseline confirmatory testing was used to verify the 
material physical properties and the chemical makeup. The comparative testing was used to evaluate the 
impact from the test gases. 

The impact of biogas/biomethane on the non-metallic pipeline materials was evaluated in Task 8 using 
the sample gases collected from the field and the identified pipeline materials (SBR, NBR and MDPE) 
that may potentially be susceptible to the biogas compositions based on the compatibility analysis in Task 
6.  

A gas collection protocol was developed in this task, and successfully applied at the biogas sites to collect 
gas samples. The sampled gas was compressed into high pressure gas cylinders and used in the gas 
saturation tests. 

A gas saturation test system was developed in Task 8 to saturate the test specimens with the gas samples 
at a controlled temperature and pressure.  A total of four batches of gas saturation tests were conducted 
for the three materials (MDPE, SBR and NBR). The test gases include: (a) natural gas as a baseline, (b) 
processed landfill gas, (c) raw landfill gas, and (d) raw dairy gas. 

The results obtained from the above controlled laboratory testing indicate that the developed test 
protocols are practical and discerning. They are suitable for evaluating the impact of biogas on the 
material properties. These test results were compared to those from tests on natural gas saturated and the 
unexposed control samples of each material. Although the impact from the three selected biogas samples 
was not severe, the test results still clearly indicate the effect of the sample gases on the material 
properties. 

In addition, the tensile strength of MDPE at yield and break significantly increased after being saturated 
with the processed and raw landfill gases in comparison with tensile strength of those saturated in natural 
gas. Future research work is necessary to determine whether the gas compositions in biogas/biomethane 
have a significant effect on the material properties of MDPE. The increase in yield stress could indicate 
an increase in stiffness of the material that could indicate a significant change in the long term properties 
of the material. These effects are important to determine whether there is a negative impact on the life 
expectancy of the MDPE. 
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Raw Dairy Biogas
Major Components

071735‐001 081048‐004 081055‐001 081079‐003 081182‐001
GTI GTI GTI GTI GTI

Component Mol % Mol % Mol % Mol %
Helium BDL BDL BDL BDL BDL
Hydrogen BDL BDL BDL BDL BDL
Carbon Dioxide 36.7% 35.4% 38.8% 38.0% 40.4%
Oxygen/Argon 1.35% 2.94% 0.34% 0.49% 0.28%
Nitrogen 4.98% 12.7% 1.05% 1.88% 0.64%
Carbon Monoxide BDL BDL BDL BDL BDL
Methane 56.8% 49.0% 59.5% 59.2% 58.4%
Ethane BDL BDL BDL BDL BDL
Ethene BDL BDL BDL BDL BDL
Ethyne BDL BDL BDL BDL BDL
Propane BDL BDL BDL BDL BDL
Propene BDL BDL BDL BDL BDL
Propadiene BDL BDL BDL BDL BDL
Propyne BDL BDL BDL BDL BDL
i‐Butane BDL BDL BDL BDL BDL
n‐Butane BDL BDL BDL BDL BDL
1‐Butene BDL BDL BDL BDL BDL
i‐Butene BDL BDL BDL BDL BDL
trans‐2‐Butene BDL BDL BDL BDL BDL
cis‐2‐Butene BDL BDL BDL BDL BDL
1,3‐Butadiene BDL BDL BDL BDL BDL
i‐Pentane BDL BDL BDL BDL BDL
n‐Pentane BDL BDL BDL BDL BDL
neo‐Pentane BDL BDL BDL BDL BDL
Pentenes BDL BDL BDL BDL BDL
Hexane Plus 0.0003% BDL BDL 0.0001% 0.0002%
Ammonia BDL BDL BDL BDL BDL
Hydrogen Sulfide 0.184% BDL 0.272% 0.399% 0.335%
Carbonyl Sulfide 0.000409% 0.000034% 0.000111% 0.000141% 0.000135%
Total 100.0% 100.0% 100.0% 100.0% 100.0%

Calculated Real Gas Properties  60°F, 14.73 psia
Compressibility Factor [z]  (Dry) 0.99704 0.99734 0.99682 0.99687 0.99675
Compressibility Factor [z]  (Sat.) 0.99668 0.99700 0.99645 0.99650 0.99638

20916 First Tier Chem Results for Raw Dairy Biogas‐ Major Components Page 1
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Raw Dairy Biogas
Major Components

071735‐001 081048‐004 081055‐001 081079‐003 081182‐001
GTI GTI GTI GTI GTI

Component Mol % Mol % Mol % Mol %
Relative Density (Specific Gravity) (Dry) 0.9397 0.9665 0.9392 0.9369 0.9530
Gross HV (Dry) (Btu/ft3) 578.2 497.7 606.4 603.6 594.8
Gross HV (Sat.) (Btu/ft3) 568.3 489.2 596.1 593.3 584.7
Wobbe Index 596.5 506.3 625.8 623.6 609.3
Net HV (Dry) (Btu/ft3) 520.6 448.1 546.1 543.5 535.6
Net HV (Sat.) (Btu/ft3) 511.8 440.5 536.8 534.3 526.5
Real Gas Density (lbs/ft3) 0.072 0.074 0.072 0.072 0.073

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

20916 First Tier Chem Results for Raw Dairy Biogas‐ Major Components Page 2
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Raw Dairy Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

081188‐002 081189‐001 081227‐001 081242‐001 081288‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
40.3% 34.7% 37.7% 36.2% 28.6%
0.23% 1.54% 0.33% 0.54% 0.31%
0.79% 5.19% 0.88% 0.70% 2.39%
BDL BDL BDL BDL BDL
58.2% 58.3% 60.5% 62.3% 68.6%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.0004% 0.0003% 0.0002% 0.0002% BDL
BDL BDL BDL 0.0043% BDL

0.419% 0.322% 0.657% 0.292% 0.148%
0.000174% 0.000092% 0.000297% 0.000117% 0.000188%
100.0% 100.0% 100.0% 100.0% 100.0%

0.99675 0.99711 0.99683 0.99690 0.99722
0.99638 0.99675 0.99646 0.99654 0.99686

20916 First Tier Chem Results for Raw Dairy Biogas‐ Major Components Page 3
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Raw Dairy Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081188‐002 081189‐001 081227‐001 081242‐001 081288‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9533 0.9233 0.9297 0.9137 0.8444
594.1 593.5 618.4 634.2 697.1
584.0 583.4 607.9 623.4 685.2
608.5 617.7 641.4 663.5 758.6
535.0 534.5 556.9 571.1 627.7
525.9 525.4 547.4 561.4 617.0
0.073 0.071 0.071 0.070 0.065

20916 First Tier Chem Results for Raw Dairy Biogas‐ Major Components Page 4
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Raw Dairy Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

081289‐003 081303‐001 051363‐001 051509‐001 061170‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
29.9% 29.2% 28.3% 39.6% 26.7%
0.22% 0.31% 2.80% BDL 6.54%
1.50% 4.27% 10.9% 0.41% 23.18%
BDL BDL BDL BDL BDL
68.2% 66.0% 58.0% 59.9% 43.4%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.183% 0.183% BDL 0.00812% 0.168%
0.000071% 0.000075% 0.000015% 0.00263% 0.000092%
100.0% 100.0% 100.0% 100.0% 100.0%

0.99714 0.99725 0.99752 0.99678 0.99794
0.99679 0.99690 0.99718 0.99641 0.99762

20916 First Tier Chem Results for Raw Dairy Biogas‐ Major Components Page 5
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Raw Dairy Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081289‐003 081303‐001 051363‐001 051509‐001 061170‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.8532 0.8585 0.8898 0.9410 0.9473
693.7 671.5 588.6 608.9 441.1
681.9 660.0 578.5 598.5 433.6
751.0 724.7 624.0 627.7 453.2
624.6 604.6 530.0 548.3 397.2
614.0 594.3 520.9 538.9 390.4
0.065 0.066 0.068 0.072 0.072

20916 First Tier Chem Results for Raw Dairy Biogas‐ Major Components Page 6
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Raw Dairy Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

061298‐001 061571‐001 061659‐001 071022‐001 071088‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
33.1% 39.0% 40.1% 40.4% 40.1%
2.70% 2.70% BDL BDL BDL
20.51% 0.46% 0.34% 0.34% 0.51%
BDL BDL BDL BDL BDL
43.6% 60.5% 59.4% 59.3% 59.4%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.002% BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.010% BDL 0.0003% BDL BDL
BDL BDL 0.045% BDL BDL

0.0415% BDL 0.126% BDL BDL
0.000063% NA 0.000045% NA NA
100.0% 100.0% 100.0% 100.0% 100.0%

0.99762 0.99681 0.99676 0.99675 0.99677
0.99729 0.99644 0.99639 0.99638 0.99640

20916 First Tier Chem Results for Raw Dairy Biogas‐ Major Components Page 7
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Raw Dairy Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061298‐001 061571‐001 061659‐001 071022‐001 071088‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9760 0.9350 0.9459 0.9481 0.9458
443.6 614.9 604.6 602.0 603.4
436.0 604.5 594.3 591.7 593.1
449.0 636.0 621.6 618.2 620.4
399.4 553.7 544.4 542.0 543.3
392.6 544.2 535.1 532.8 534.0
0.075 0.072 0.072 0.073 0.072
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Raw Dairy Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

071143‐001 071418‐001 071464‐001 071473‐001 071480‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
35.9% 40.2% 40.8% 38.3% 37.3%
0.13% 0.03% 0.03% 0.03% BDL
0.40% 0.42% 0.44% 0.24% 0.11%
BDL BDL BDL BDL BDL
63.3% 59.3% 58.7% 61.4% 62.6%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 0.003%
BDL BDL BDL BDL BDL
0.25% BDL BDL BDL BDL
NA NA NA NA NA

100.0% 100.0% 100.0% 100.0% 100.0%

0.99690 0.99676 0.99674 0.99682 0.99685
0.99653 0.99639 0.99637 0.99646 0.99649
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Raw Dairy Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071143‐001 071418‐001 071464‐001 071473‐001 071480‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9069 0.9469 0.9527 0.9275 0.9170
644.8 602.6 596.5 623.9 636.0
633.8 592.3 586.3 613.3 625.1
677.1 619.2 611.1 647.8 664.1
580.6 542.6 537.1 561.8 572.6
570.7 533.3 527.9 552.2 562.9
0.069 0.072 0.073 0.071 0.070
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Raw Dairy Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

081026‐002 081243‐001 081330‐001 081374‐001 081383‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
41.3% 40.8% 40.0% 41.6% 32.6%
0.03% BDL BDL BDL 1.91%
0.31% 0.28% 0.17% 0.39% 6.15%
BDL BDL BDL BDL BDL
58.4% 58.8% 59.8% 58.0% 59.1%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.006% BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.203% BDL BDL 0.201%
NA NA NA NA NA

100.0% 100.0% 100.0% 100.0% 100.0%

0.99672 0.99673 0.99676 0.99671 0.99722
0.99635 0.99635 0.99639 0.99634 0.99687
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Raw Dairy Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081026‐002 081243‐001 081330‐001 081374‐001 081383‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9569 0.9527 0.9439 0.9597 0.9084
593.2 598.1 607.3 589.5 601.6
583.1 587.9 597.0 579.5 591.4
606.5 612.7 625.1 601.8 631.2
534.2 538.5 546.8 530.8 541.7
525.1 529.4 537.5 521.8 532.5
0.073 0.073 0.072 0.073 0.070
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Raw Dairy Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

081620‐001 081640‐001 081708‐001 081728‐001 081730‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
40.6% 42.0% 43.8% 28.7% 43.5%
BDL BDL 0.05% 8.45% BDL
0.11% 0.22% 1.03% 29.33% 0.17%
BDL BDL BDL BDL BDL
59.3% 57.6% 55.1% 33.5% 56.1%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.012% BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.11% BDL 0.04% 0.20%
NA NA NA N.A. NA

100.0% 100.0% 100.0% 100.0% 100.0%

0.99674 0.99668 0.99665 0.99807 0.99662
0.99637 0.99631 0.99628 0.99776 0.99625
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Raw Dairy Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081620‐001 081640‐001 081708‐001 081728‐001 081730‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9493 0.9645 0.9843 1.0014 0.9792
602.1 586.6 560.0 340.1 571.2
591.8 576.6 550.4 334.3 561.4
618.0 597.3 564.4 339.9 577.2
542.1 528.2 504.2 306.2 514.3
532.9 519.2 495.6 301.0 505.5
0.073 0.074 0.075 0.077 0.075
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Raw Dairy Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

081754‐001 091022‐001 091101‐001 091116‐001 091117‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL 0.1% BDL BDL
42.1% 42.9% 43.5% 41.3% 41.0%
BDL 0.03% BDL BDL BDL
0.15% 0.59% 0.09% 0.16% 0.14%
BDL BDL BDL BDL BDL
57.2% 56.5% 56.1% 58.6% 58.7%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.004% 0.002% BDL
BDL BDL BDL BDL BDL
0.48% BDL 0.25% BDL 0.151%
NA NA NA NA NA

100.0% 100.0% 100.0% 100.0% 100.0%

0.99666 0.99667 0.99662 0.99672 0.99672
0.99628 0.99630 0.99625 0.99634 0.99634
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Raw Dairy Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081754‐001 091022‐001 091101‐001 091116‐001 091117‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9672 0.9732 0.9785 0.9559 0.9539
584.5 574.1 571.9 595.1 597.5
574.5 564.4 562.1 584.9 587.4
594.3 582.0 578.1 608.6 611.8
526.3 517.0 514.9 535.8 538.0
517.4 508.1 506.2 526.7 528.9
0.074 0.074 0.075 0.073 0.073
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Raw Dairy Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

091243‐001 091244‐001 091245‐001 091246‐001 091462‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
39.7% 36.1% 42.4% 42.0% 38.7%
BDL BDL BDL BDL 0.47%
0.08% 0.06% 0.18% 0.13% 3.08%
BDL BDL BDL BDL BDL
60.2% 63.6% 57.4% 57.8% 57.8%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.002% BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.24% BDL BDL 0.00788%
NA NA NA NA NA

100.0% 100.0% 100.0% 100.0% 100.0%

0.99677 0.99688 0.99668 0.99669 0.99691
0.99640 0.99651 0.99630 0.99631 0.99654
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Raw Dairy Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091243‐001 091244‐001 091245‐001 091246‐001 091462‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9400 0.9068 0.9672 0.9633 0.9452
611.9 647.4 583.0 587.4 586.8
601.5 636.4 573.0 577.4 576.8
631.1 679.9 592.8 598.5 603.6
550.9 583.0 524.9 528.9 528.4
541.6 573.1 516.0 519.9 519.4
0.072 0.069 0.074 0.074 0.072
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Raw Dairy Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

091463‐001 091464‐001 091465‐001 091466‐001 091467‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
38.9% 41.1% 40.6% 41.9% 42.0%
0.13% BDL BDL BDL BDL
0.57% 0.27% 0.10% 0.20% 0.16%
BDL BDL BDL BDL BDL
60.0% 58.6% 59.3% 57.7% 57.9%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.38500% BDL BDL 0.193% BDL
NA NA NA NA NA

100.0% 100.0% 100.0% 100.0% 100.0%

0.99679 0.99672 0.99674 0.99668 0.99669
0.99642 0.99635 0.99637 0.99631 0.99632
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Raw Dairy Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091463‐001 091464‐001 091465‐001 091466‐001 091467‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9378 0.9550 0.9493 0.9631 0.9627
611.9 595.2 602.2 587.6 587.7
601.5 585.0 591.9 577.6 577.7
631.9 609.0 618.0 598.8 599.0
551.0 535.9 542.2 529.1 529.2
541.6 526.8 532.9 520.1 520.2
0.072 0.073 0.073 0.074 0.074
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Raw Dairy Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

091656‐001 091657‐001 091658‐001 091659‐001 B1
GTI GTI GTI GTI (Rasi S. , 2009)

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
42.0% 42.2% 40.7% 40.6% NA
BDL BDL BDL BDL NA
0.19% 0.17% 0.18% 0.18% NA
BDL BDL BDL BDL NA
57.8% 57.6% 58.9% 59.3% 54%
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL 0.31% BDL NA
NA NA NA NA NA

100.0% 100.0% 100.0% 100.0%

0.99669 0.99668 0.99672 0.99674 NA
0.99632 0.99631 0.99635 0.99637 NA
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Raw Dairy Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091656‐001 091657‐001 091658‐001 091659‐001 B1
GTI GTI GTI GTI (Rasi S. , 2009)

Mol % Mol % Mol % Mol % Mol %
0.9635 0.9649 0.9520 0.9492 NA
586.8 585.4 599.7 601.8 NA
576.8 575.5 589.5 591.5 NA
597.8 596.0 614.6 617.7 NA
528.3 527.1 540.0 541.8 NA
519.3 518.2 530.8 532.6 NA
0.074 0.074 0.073 0.073 NA
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Raw Dairy Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

B2 B3 B4 B5
(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

Mol % Mol % Mol % Mol %
NA NA NA NA
NA NA NA NA
44% 38‐40% 29% 37‐38%
NA <1% NA NA
NA <1‐2% NA NA
NA NA NA NA
55% 56‐65% 65‐70% 55‐58%
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA
NA NA NA NA
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Raw Dairy Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

B2 B3 B4 B5
(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

Mol % Mol % Mol % Mol %
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw Dairy Biogas (Partially Clean)
Major Components

081079‐001 081082‐001 081102‐002 081165‐001 081181‐001
GTI GTI GTI GTI GTI

Component Mol % Mol % Mol % Mol % Mol %
Helium BDL BDL BDL BDL BDL
Hydrogen BDL BDL BDL BDL BDL
Carbon Dioxide 37.6% 37.5% 15.6% 34.9% 24.6%
Oxygen/Argon 0.34% 0.42% 6.48% 0.28% 7.94%
Nitrogen 3.04% 1.77% 27.4% 2.32% 29.3%
Carbon Monoxide BDL BDL BDL BDL BDL
Methane 59.0% 59.9% 50.5% 62.1% 38.1%
Ethane BDL BDL BDL BDL BDL
Ethene BDL BDL BDL BDL BDL
Ethyne BDL BDL BDL BDL BDL
Propane BDL BDL BDL BDL BDL
Propene BDL BDL BDL BDL BDL
Propadiene BDL BDL BDL BDL BDL
Propyne BDL BDL BDL BDL BDL
i‐Butane BDL BDL BDL BDL BDL
n‐Butane BDL BDL BDL BDL BDL
1‐Butene BDL BDL BDL BDL BDL
i‐Butene BDL BDL BDL BDL BDL
trans‐2‐Butene BDL BDL BDL BDL BDL
cis‐2‐Butene BDL BDL BDL BDL BDL
1,3‐Butadiene BDL BDL BDL BDL BDL
i‐Pentane BDL BDL BDL BDL BDL
n‐Pentane BDL BDL BDL BDL BDL
neo‐Pentane BDL BDL BDL BDL BDL
Pentenes BDL BDL BDL BDL BDL
Hexane Plus BDL 0.0003% BDL 0.0001% BDL
Ammonia BDL BDL NA BDL BDL
Hydrogen Sulfide BDL 0.378% BDL 0.395% 0.000005%
Carbonyl Sulfide 0.000148% 0.000419% 0.000032% 0.000009% 0.000141%
Total 100.0% 100.0% 100.0% 100.0% 100.0%

Calculated Real Gas Properties  60°F, 14.73 psia
Compressibility Factor [z]  (Dry) 0.99695 0.99688 0.99834 0.99699 0.99818
Compressibility Factor [z]  (Sat.) 0.99658 0.99652 0.99805 0.99662 0.99787

20916 First Tier Chem Results for Raw Dairy Biogas (Partial Clean)‐ Major Components Page 1

Page 455



Raw Dairy Biogas (Partially Clean)
Major Components

081079‐001 081082‐001 081102‐002 081165‐001 081181‐001
GTI GTI GTI GTI GTI

Component Mol % Mol % Mol % Mol % Mol %
Relative Density (Specific Gravity) (Dry) 0.9343 0.9307 0.8557 0.9073 0.9588
Gross HV (Dry) (Btu/ft3) 597.5 611.0 512.2 632.9 386.0
Gross HV (Sat.) (Btu/ft3) 587.3 600.6 503.4 622.1 379.4
Wobbe Index 618.2 633.3 553.7 664.4 394.2
Net HV (Dry) (Btu/ft3) 538.0 550.2 461.1 569.9 347.5
Net HV (Sat.) (Btu/ft3) 528.8 540.8 453.2 560.2 341.6
Real Gas Density (lbs/ft3) 0.071 0.065 0.069

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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Raw Dairy Biogas (Partially Clean)
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

081241‐001 081289‐001 081302‐001
GTI GTI GTI

Mol % Mol % Mol %
BDL BDL BDL
BDL BDL BDL
34.4% 29.4% 27.3%
0.57% 0.29% 1.67%
2.46% 1.38% 9.2%
BDL BDL BDL
62.1% 68.9% 61.9%
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

0.0001% BDL BDL
BDL BDL BDL

0.450% 0.00133% 0.0467%
0.000145% 0.000045% 0.000060%
100.0% 100.0% 100.0%

0.99701 0.99717 0.99748
0.99665 0.99682 0.99714
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Raw Dairy Biogas (Partially Clean)
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081241‐001 081289‐001 081302‐001
GTI GTI GTI

Mol % Mol % Mol %
0.9049 0.8474 0.8667
633.4 698.0 626.6
622.6 686.1 615.9
665.8 758.3 673.0
570.4 628.5 564.2
560.6 617.8 554.5
0.069
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Raw Landfill Biogas 
Major Components

081649‐003 081649‐004 081658‐003 081658‐004 081655‐003

GTI GTI GTI GTI GTI

Component Mol % Mol % Mol % Mol % Mol %
Helium BDL BDL BDL BDL BDL
Hydrogen 0.3% 0.3% BDL BDL BDL
Carbon Dioxide 38.4% 36.8% 37.3% 36.1% 37.2%
Oxygen/Argon BDL BDL BDL BDL BDL
Nitrogen BDL BDL 0.35% 0.50% 3.62%
Carbon Monoxide BDL BDL BDL BDL BDL
Methane 61.2% 62.8% 62.3% 63.3% 59.2%
Ethane BDL BDL BDL BDL BDL
Ethene BDL BDL BDL BDL BDL
Ethyne BDL BDL BDL BDL BDL
Propane 0.003% 0.003% 0.002% 0.002% 0.002%
Propene BDL 0.002% BDL BDL BDL
Propadiene BDL BDL BDL BDL BDL
Propyne BDL BDL BDL BDL BDL
i‐Butane 0.002% 0.002% BDL BDL BDL
n‐Butane BDL BDL BDL BDL BDL
1‐Butene BDL BDL BDL BDL BDL
i‐Butene BDL BDL BDL BDL BDL
trans‐2‐Butene BDL BDL BDL BDL BDL
cis‐2‐Butene BDL BDL BDL BDL BDL
1,3‐Butadiene BDL BDL BDL BDL BDL
i‐Pentane 0.002% 0.003% BDL BDL BDL
n‐Pentane BDL BDL BDL BDL BDL
neo‐Pentane BDL BDL BDL BDL BDL
Pentenes BDL BDL BDL BDL BDL
Hexane Plus 0.0185% 0.0167% 0.0115% 0.0108% 0.0078%
Ammonia BDL BDL BDL BDL BDL
Hydrogen Sulfide 0.00279% 0.00291% 0.00791% 0.00776% 0.01440%
Carbonyl Sulfide 0.000019% 0.000017% 0.000019% 0.000018% 0.000054%
Total 100.0% 100.0% 100.0% 100.0% 100.0%
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Raw Landfill Biogas 
Major Components

081649‐003 081649‐004 081658‐003 081658‐004 081655‐003

GTI GTI GTI GTI GTI

Component Mol % Mol % Mol % Mol % Mol %

Calculated Real Gas Properties  60°F, 14.73 psia per ASTM D3
Compressibility Factor [z]  (Dry) 0.99682 0.99687 0.99686 0.99690 0.99696
Compressibility Factor [z]  (Sat.) 0.99645 0.99651 0.99649 0.99654 0.99660
Relative Density (Specific Gravity) (Dry) 0.9262 0.9113 0.9185 0.9079 0.9306
Gross HV (Dry) (Btu/ft3) 624.3 640.3 633.7 643.9 601.6
Gross HV (Sat.) (Btu/ft3) 613.6 629.4 622.9 632.9 591.4
Wobbe Index 648.7 670.7 661.2 675.7 623.6
Net HV (Dry) (Btu/ft3) 562.1 576.5 570.6 579.7 541.7
Net HV (Sat.) (Btu/ft3) 552.5 566.7 560.9 569.9 532.5
Real Gas Density (lbs/ft3) 0.071 0.070 0.070 0.069 0.071

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

081655‐004 081710‐003 081710‐004 081716‐003 081716‐004

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
37.6% 34.0% 33.6% 40.1% 37.2%
BDL BDL BDL BDL BDL
3.69% 1.15% 1.78% BDL 0.06%
BDL BDL BDL BDL BDL
58.7% 64.9% 64.6% 59.9% 62.7%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.002% 0.002% 0.002% 0.003% 0.002%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.0117% 0.0097% 0.0071% 0.0139% 0.0129%
BDL BDL BDL BDL BDL

0.01511% 0.01520% 0.01003% 0.01311% 0.00788%
0.000055% 0.000084% 0.000049% 0.000023% 0.000015%
100.0% 100.0% 100.0% 100.0% 100.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081655‐004 081710‐003 081710‐004 081716‐003 081716‐004

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

3
0.99695 0.99700 0.99703 0.99675 0.99685
0.99658 0.99663 0.99667 0.99637 0.99648
0.9353 0.8894 0.8888 0.9442 0.9163
596.6 659.2 656.0 609.2 637.8
586.4 647.9 644.8 598.8 626.9
616.9 698.9 695.8 626.9 666.3
537.2 593.5 590.6 548.6 574.3
528.0 583.4 580.6 539.2 564.5
0.072 0.068 0.068 0.072 0.070
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

081753‐001 081753‐002 091071‐003 091071‐004 051341‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL 0.1% 0.2% 0.2% 0.7%
40.7% 40.2% 36.3% 36.7% 45.9%
BDL BDL BDL BDL 1.6%
BDL 0.26% BDL BDL 6.7%
BDL BDL BDL BDL BDL
59.3% 59.4% 63.5% 63.0% 44.9%
BDL BDL BDL BDL 0.002%
BDL BDL BDL BDL 0.003%
BDL BDL BDL BDL BDL
BDL 0.002% 0.003% 0.003% BDL
BDL BDL 0.002% BDL 0.004%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.002% BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.002% BDL 0.002% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 0.003%

0.0112% 0.0187% 0.0150% 0.0187% 0.035%
BDL BDL BDL BDL NA

0.00549% 0.00360% 0.00301% 0.00312% BDL
0.000022% 0.000022% 0.000022% 0.000022% 0.000008%
100.0% 100.0% 100.0% 100.0% 100.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081753‐001 081753‐002 091071‐003 091071‐004 051341‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99673 0.99675 0.99689 0.99687 0.99681
0.99636 0.99638 0.99652 0.99651 0.99644
0.9497 0.9463 0.9064 0.9108 1.0346
603.1 604.5 646.0 642.0 460.8
592.8 594.2 635.0 631.0 452.9
618.9 621.4 678.6 672.7 453.0
543.1 544.3 581.7 578.0 414.8
533.8 535.0 571.8 568.2 407.7
0.073 0.072 0.069 0.070 0.079
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

051462‐001 051519‐002 051537‐001 051551‐001 061054‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL 0.1% 0.1% BDL
36.0% 37.1% 38.3% 39.3% 39.8%
1.47% 0.73% 0.63% 0.4% 0.55%
9.73% 13.1% 9.90% 10.0% 2.04%
BDL BDL BDL BDL BDL
52.8% 49.1% 51.0% 50.3% 57.6%
BDL 0.002% BDL BDL 0.003%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.011% 0.008% 0.0016% 0.007% BDL
NA NA NA NA NA
BDL BDL 0.00126% BDL 0.06970%
NA 0.000061% BDL NA BDL

100.0% 100.0% 100.0% 100.0% 100.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

051462‐001 051519‐002 051537‐001 051551‐001 061054‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99721 0.99726 0.99713 0.99710 0.99683
0.99686 0.99691 0.99678 0.99674 0.99647
0.9527 0.9731 0.9703 0.9786 0.9525
536.3 498.5 518.5 510.9 585.3
527.2 490.0 509.7 502.2 575.3
549.4 505.4 526.4 516.5 599.7
482.9 448.9 466.9 460.0 527.0
474.7 441.2 458.9 452.2 518.0
0.073 0.074 0.074 0.075 0.073
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

061071‐001 061110‐001 061111‐001 061124‐002 061124‐006

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL 0.12% BDL 10.3% 0.1%
37.4% 37.8% 34.3% 83.3% 37.6%
BDL 0.39% 0.2% 1.6% 0.9%
0.17% 11.3% 0.95% 3.15% 1.6%
BDL BDL BDL 0.95% BDL
62.4% 50.3% 64.5% 0.411% 59.7%
BDL BDL BDL 0.024% BDL
BDL BDL BDL 0.016% BDL
BDL BDL BDL BDL BDL
BDL 0.002% BDL 0.006% 0.01%
BDL BDL BDL 0.029% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL 0.002% BDL
BDL BDL BDL 0.004% BDL
BDL BDL BDL 0.006% BDL
BDL BDL BDL 0.005% BDL
BDL BDL BDL 0.004% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.008% 0.011% BDL 0.0849% 0.0129%
NA NA NA NA NA
BDL 0.00954% 0.08070% 0.00541% 0.00732%
NA NA NA 0.000012% 0.000026%

100.0% 100.0% 100.0% 100.0% 100.0%

20916 First Tier Chem Results for Raw Landfill Biogas‐ Major Components Page 9

Page 467



Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061071‐001 061110‐001 061111‐001 061124‐002 061124‐006

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99685 0.99718 0.99699 0.99581 0.99691
0.99648 0.99683 0.99662 0.99541 0.99655
0.9188 0.9702 0.8929 1.3428 0.9309
634.0 511.8 655.0 47.2 607.6
623.2 503.1 643.9 46.4 597.3
661.5 519.6 693.2 40.7 629.8
570.9 460.8 589.8 41.1 547.1
561.2 453.0 579.8 40.4 537.8
0.070 0.074 0.068 0.103 0.071
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

061385‐001 061183‐001 061183‐002 061183‐003 061191‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL 0.1% 0.1% BDL
BDL BDL BDL BDL 1.0%
41.7% 26.5% 38.6% 36.7% 42.3%
0.33% 7.4% 1.0% 1.99% 4.20%
2.38% 27.2% 5.1% 8.7% 15.5%
BDL BDL BDL BDL 0.04%
55.6% 38.8% 55.1% 52.5% 37.0%
BDL BDL BDL BDL 0.004%
BDL BDL BDL BDL 0.004%
BDL BDL BDL BDL BDL
BDL 0.003% 0.004% 0.004% 0.002%
BDL BDL BDL BDL 0.006%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.002% 0.002% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.002% 0.003% 0.003% BDL
BDL 0.002% 0.002% 0.002% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.014% 0.023% 0.012% 0.011% 0.0215%
NA NA NA NA NA
BDL BDL BDL BDL 0.01180%

0.000131% NA NA NA 0.000030%
100.0% 100.0% 100.0% 100.0% 100.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061385‐001 061183‐001 061183‐002 061183‐003 061191‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99677 0.99806 0.99698 0.99717 0.99726
0.99640 0.99774 0.99662 0.99681 0.99691
0.9715 0.9667 0.9562 0.9578 1.0490
565.1 394.8 560.8 533.9 379.8
555.4 388.1 551.3 524.8 373.3
573.3 401.6 573.5 545.5 370.8
508.8 355.5 505.0 480.7 341.8
500.1 349.4 496.4 472.5 336.0
0.074 0.074 0.073 0.073 0.080
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

061191‐002 061191‐003 061228‐001 061228‐002 061229‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL 0.1% BDL
0.1% 12.7% BDL BDL BDL
40.2% 82.6% 31.4% 37.3% 32.6%
0.3% 0.9% 3.4% 1.1% 2.5%
0.7% 2.33% 12.7% 7.00% 19.8%
BDL 0.52% BDL BDL BDL
58.6% 0.648% 52.6% 54.5% 45.2%
BDL 0.027% 0.002% BDL BDL
BDL 0.019% BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.010% BDL 0.002% BDL
BDL 0.038% BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.004% BDL BDL BDL
BDL 0.007% BDL BDL BDL
BDL 0.007% BDL BDL BDL
BDL 0.009% BDL BDL BDL
BDL 0.007% BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.005% BDL BDL BDL

0.006% 0.224% BDL 0.002% 0.005%
NA NA NA NA NA

0.00498% 0.02270% 0.02520% 0.02600% 0.00457%
0.000044% 0.000015% 0.000012% 0.000056% BDL
100.0% 100.0% 100.0% 100.0% 100.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061191‐002 061191‐003 061228‐001 061228‐002 061229‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99678 0.99586 0.99748 0.99709 0.99762
0.99641 0.99546 0.99714 0.99673 0.99728
0.9495 1.3185 0.9303 0.9510 0.9663
595.7 63.6 533.6 554.0 458.7
585.5 62.5 524.4 544.5 450.9
611.3 55.4 553.2 568.1 466.7
536.3 55.5 480.4 498.8 413.0
527.2 54.6 472.2 490.3 406.0
0.073 0.101 0.071 0.073 0.074
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

061309‐001 061309‐002 061309‐003 061344‐002 061353‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
41.8% 28.8% 40.7% 39.5% 42.0%
0.22% 6.22% 0.79% 0.22% 0.4%
3.7% 26.5% 5.6% 4.1% 2.8%
BDL BDL BDL BDL BDL
54.3% 38.4% 52.9% 56.1% 54.8%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.002% BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.017% 0.010% 0.015% 0.019% 0.012%
NA NA NA NA NA

0.01320% 0.00001% BDL 0.04730% 0.07250%
0.000430% 0.000024% 0.000518% 0.000071% 0.000052%
100.0% 100.0% 100.0% 100.0% 100.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061309‐001 061309‐002 061309‐003 061344‐002 061353‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99681 0.99796 0.99692 0.99690 0.99677
0.99644 0.99765 0.99655 0.99653 0.99640
0.9769 0.9791 0.9772 0.9568 0.9768
552.6 389.7 538.1 571.0 557.1
543.2 383.0 529.0 561.3 547.6
559.1 393.8 544.4 583.8 563.7
497.6 350.9 484.5 514.2 501.7
489.1 344.9 476.3 505.4 493.1
0.075 0.075 0.075 0.073 0.075
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

061359‐001 061359‐002 061421‐001 061421‐002 061493‐004

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL 0.1% 0.4% 17.7%
13.8% 34.0% 39.7% 37.6% 78.7%
2.39% 2.1% 0.40% 1.5% 0.2%
10.3% 8.8% 8.1% 11.2% 0.59%
BDL BDL BDL BDL 0.38%
73.5% 55.1% 51.7% 49.2% 0.603%
BDL 0.002% BDL BDL 0.032%
BDL BDL BDL BDL 0.018%
BDL BDL BDL BDL BDL
BDL BDL 0.002% 0.003% 0.012%
BDL BDL BDL BDL 0.039%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 0.004%
BDL BDL BDL BDL 0.009%
BDL BDL BDL BDL 0.008%
BDL BDL BDL BDL 0.011%
BDL BDL BDL BDL 0.009%
BDL BDL BDL BDL BDL
BDL BDL BDL 0.002% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 0.003%
BDL 0.010% 0.016% 0.027% 0.45%
NA NA NA NA NA

0.00489% 0.01090% 0.01240% 0.00001% 0.0174%
0.000007% 0.000007% NA NA 0.000017%
100.0% 100.0% 100.0% 100.0% 100.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061359‐001 061359‐002 061421‐001 061421‐002 061493‐004

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99792 0.99726 0.99702 0.99722 0.99619
0.99760 0.99691 0.99666 0.99686 0.99580
0.7444 0.9327 0.9754 0.9731 1.2450
746.0 560.0 525.9 502.4 91.1
733.2 550.4 517.0 493.8 89.5
864.6 579.8 532.5 509.3 81.6
671.7 504.2 473.5 452.3 79.6
660.2 495.6 465.5 444.6 78.2
0.057 0.071 0.075 0.074 0.095
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

061580‐002 061599‐001 061599‐002 071064‐001 071064‐002

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL 0.1% BDL BDL BDL
35.6% 39.3% 35.7% BDL 36.2%
0.79% 1.3% 1.23% BDL 2.73%
13.3% 7.2% 11.4% 0.04% 10.0%
BDL BDL BDL BDL BDL
50.3% 52.0% 51.7% 58.8% 51.1%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.003% BDL BDL 0.002%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.002% BDL BDL BDL
BDL 0.002% BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.004% BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.015% 0.004% 0.003% 0.008% 0.005%
NA NA NA NA NA

0.03520% 0.01020% 0.00165% 0.00235% BDL
0.000065% 0.000029% BDL BDL BDL
100.0% 100.0% 100.0% 100.0% 100.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061580‐002 061599‐001 061599‐002 071064‐001 071064‐002

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99731 0.99703 0.99727 0.99671 0.99724
0.99696 0.99666 0.99692 0.99634 0.99688
0.9594 0.9737 0.9550 0.9542 0.9624
511.8 529.2 524.7 597.8 519.0
503.1 520.2 515.8 587.7 510.1
522.5 536.3 536.9 612.0 529.0
460.9 476.5 472.5 538.3 467.3
453.0 468.4 464.4 529.1 459.3
0.073 0.075 0.073 0.073 0.074
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

071103‐001 071212‐001 071212‐002 071212‐003 071212‐004

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
0.2% BDL BDL BDL BDL
41.3% 0.05% 0.08% 0.10% 0.31%
0.21% BDL BDL BDL BDL
5.02% 74.5% 67.0% 61.5% 1.0%
BDL BDL BDL BDL BDL
53.2% 4.81% 14.4% 21.4% 98.5%
BDL 0.002% 0.006% 0.010% 0.048%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.002% BDL 0.002% 0.003% 0.01%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 0.004%
BDL BDL BDL BDL 0.006%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 0.002%
BDL BDL BDL BDL 0.002%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.006% BDL BDL BDL BDL
NA NA NA NA NA

0.00090% BDL BDL BDL BDL
0.000009% NA NA NA NA
100.0% 100.0% 100.0% 100.0% 100.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071103‐001 071212‐001 071212‐002 071212‐003 071212‐004

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99688 0.99958 0.99947 0.99939 0.99803
0.99651 0.99941 0.99929 0.99919 0.99772
0.9763 0.9785 0.9359 0.9047 0.5633
541.9 48.7 145.9 217.3 1000.7
532.6 47.9 143.4 213.5 983.5
548.4 49.2 150.8 228.4 1333.3
487.9 43.9 131.3 195.6 901.0
479.5 43.1 129.1 192.3 885.6
0.075 0.075 0.072 0.069 0.043
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

071263‐001 071287‐002 071292‐003 071325‐001 071325‐003

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 17.7%
35.4% 37.2% 42.0% 35.6% 79.1%
3.43% 0.2% 0.1% 2.9% BDL
16.2% 11.2% 5.05% 9.9% BDL
BDL BDL BDL BDL 0.376%
45.0% 51.4% 52.6% 51.5% 0.664%
BDL 0.006% 0.006% BDL 0.037%
BDL BDL BDL BDL 0.020%
BDL BDL BDL BDL BDL

0.003% BDL 0.004% BDL 0.014%
BDL BDL BDL BDL 0.043%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.002% BDL BDL
BDL BDL BDL BDL 0.005%
BDL BDL BDL BDL 0.010%
BDL BDL BDL BDL 0.009%
BDL BDL BDL BDL 0.013%
BDL BDL BDL BDL 0.010%
BDL BDL BDL BDL BDL

0.002% BDL 0.002% BDL BDL
BDL BDL BDL BDL 0.002%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 0.062%

0.014% 0.056% 0.034% 0.018% 0.804%
NA NA NA NA NA
BDL 0.00013% 0.183% 0.0133% 0.03320%

0.000474% 0.000105% 0.000449% 0.000019% 0.000014%
100.0% 100.0% 100.0% 100.0% 98.9%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071263‐001 071287‐002 071292‐003 071325‐001 071325‐003

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99745 0.99718 0.99682 0.99725 0.99600
0.99710 0.99683 0.99645 0.99690 0.99560
0.9846 0.9637 0.9858 0.9583 1.2559
457.1 524.8 537.7 523.7 113.6
449.3 515.9 528.5 514.8 111.6
460.7 534.6 541.5 534.9 101.3
411.6 472.6 484.2 471.6 100.6
404.6 464.6 476.0 463.5 98.9
0.075 0.074 0.075 0.073 0.096
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

071325‐005 071325‐007 071325‐009 071382‐001 071382‐003

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
16.1% 10.5% 15.6% 15.2% 15.7%
80.3% 82.2% 80.5% 80.2% 79.3%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
0.35% 0.290% 0.427% 0.433% 0.422%
1.71% 5.88% 2.07% 0.878% 1.42%
0.031% 0.017% 0.016% 0.050% 0.045%
0.019% 0.015% 0.016% 0.024% 0.023%
BDL BDL BDL BDL BDL

0.012% 0.006% 0.006% 0.018% 0.017%
0.038% 0.028% 0.026% 0.052% 0.049%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL 0.002% BDL

0.005% 0.004% 0.003% 0.006% 0.006%
0.008% 0.005% 0.004% 0.012% 0.011%
0.008% 0.006% 0.006% 0.011% 0.010%
0.010% 0.007% 0.005% 0.015% 0.013%
0.008% 0.005% 0.004% 0.011% 0.010%
BDL BDL BDL BDL BDL
BDL BDL BDL 0.002% BDL
BDL BDL BDL 0.002% 0.002%
BDL BDL BDL BDL BDL

0.046% 0.041% 0.058% 0.053% 0.078%
0.422% 0.379% 0.524% 0.775% 0.614%
NA NA NA NA NA

0.03530% 0.02890% 0.02390% 0.03630% 0.02670%
0.000024% 0.000032% 0.000022% 0.000013% 0.000013%

99.1% 99.4% 99.3% 97.8% 97.8%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071325‐005 071325‐007 071325‐009 071382‐001 071382‐003

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99600 0.99560 0.99591 0.99589 0.99600
0.99560 0.99519 0.99551 0.99549 0.99561
1.2660 1.3120 1.2745 1.2727 1.2578
97.7 118.2 104.7 106.5 106.0
96.0 116.2 103.0 104.7 104.2
86.8 103.2 92.8 94.4 94.5
85.9 105.3 92.6 94.7 93.9
84.5 103.5 91.0 93.1 92.3
0.097 0.100 0.098 0.097 0.096
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

071382‐005 071382‐007 071382‐009 071470‐001 071470‐003

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
8.8% 15.7% BDL 12.5% 8.7%
82.0% 80.8% 35.4% 81.9% 84.2%
BDL BDL 0.8% BDL BDL
BDL BDL BDL BDL BDL

0.343% 0.590% 0.98% 0.532% 0.415%
6.95% 0.559% BDL 1.21% 4.62%
0.021% 0.029% 62.79% 0.069% 0.033%
0.017% 0.022% BDL 0.031% 0.022%
BDL BDL BDL BDL BDL

0.007% 0.010% BDL 0.026% 0.012%
0.031% 0.039% BDL 0.071% 0.041%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL 0.003% BDL

0.005% 0.004% BDL 0.008% 0.006%
0.006% 0.006% BDL 0.017% 0.008%
0.007% 0.008% BDL 0.015% 0.009%
0.008% 0.007% BDL 0.021% 0.011%
0.006% 0.006% BDL 0.016% 0.008%
BDL BDL BDL BDL BDL
BDL BDL BDL 0.002% BDL
BDL BDL BDL 0.002% BDL
BDL BDL BDL BDL BDL

0.074% 0.056% BDL 0.069% 0.048%
0.401% 0.520% 0.014% 0.955% 0.785%
NA NA NA NA NA

0.03300% 0.02780% 0.00010% 0.02680% 0.04440%
0.000033% 0.000014% 0.000015% 0.000018% 0.000083%

98.6% 98.4% 100.0% 97.5% 99.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071382‐005 071382‐007 071382‐009 071470‐001 071470‐003

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99554 0.99596 0.99695 0.99558 0.99525
0.99513 0.99556 0.99659 0.99517 0.99483
1.3153 1.2730 0.9073 1.3083 1.3510
126.4 90.6 639.1 113.7 123.2
124.3 89.0 628.2 111.8 121.1
110.2 80.3 671.0 99.4 106.0
113.1 79.8 575.5 102.1 110.9
111.2 78.5 565.7 100.4 109.0
0.101 0.097 0.069 0.100 0.103
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

071470‐005 071470‐007 071542‐001 071542‐003 071542‐005

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
3.2% BDL 8.0% 6.8% 30.4%
80.2% 20.8% 83.2% 81.9% 2.2%
BDL 7.95% BDL BDL BDL
BDL 26.06% BDL BDL 3.803%

0.715% BDL 0.482% 0.470% BDL
14.0% 45.2% 6.1% 9.0% 63.6%
0.043% BDL 0.035% 0.029% BDL
0.033% BDL 0.023% 0.022% BDL
BDL BDL BDL BDL BDL

0.016% BDL 0.014% 0.011% BDL
0.064% BDL 0.044% 0.042% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.002% BDL BDL BDL BDL
0.010% BDL 0.006% 0.006% BDL
0.011% BDL 0.009% 0.007% BDL
0.015% BDL 0.010% 0.010% BDL
0.017% BDL 0.012% 0.011% BDL
0.013% BDL 0.009% 0.008% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.002% BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.058% BDL 0.051% 0.046% BDL
0.640% BDL 0.515% 0.592% 0.038%
NA NA NA NA NA

0.04000% BDL 0.04630% 0.03860% 0.01290%
0.000042% 0.000019% 0.000091% 0.000048% 0.000027%

99.0% 100.0% 98.5% 99.0% 100.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071470‐005 071470‐007 071542‐001 071542‐003 071542‐005

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99514 0.99819 0.99540 0.99532 0.99722
0.99472 0.99789 0.99498 0.99490 0.99687
1.3373 0.9087 1.3345 1.3328 0.8785
196.0 459.0 122.3 151.4 647.7
192.6 451.2 120.2 148.9 636.6
169.5 481.5 105.9 131.2 691.0
177.4 413.3 109.9 136.4 583.2
174.4 406.2 108.0 134.1 573.3
0.102 0.070 0.102 0.102 0.067

20916 First Tier Chem Results for Raw Landfill Biogas‐ Major Components Page 30

Page 488



Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

071575‐001 071575‐002 071575‐003 071618‐001 071618‐003

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL 7.1% 5.8%

37.34% 34.0% 27.5% 82.7% 83.1%
1.3% 3.06% 6.58% BDL BDL
7.65% 13.50% 25.34% BDL BDL
BDL BDL BDL 0.618% 0.549%
53.6% 49.4% 40.5% 7.2% 8.9%
BDL BDL BDL 0.051% 0.033%
BDL BDL BDL 0.030% 0.024%
BDL BDL BDL BDL BDL

0.002% 0.002% BDL 0.019% 0.012%
BDL BDL BDL 0.061% 0.047%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL 0.002% BDL
BDL BDL BDL 0.008% 0.006%
BDL BDL BDL 0.013% 0.008%
BDL BDL BDL 0.013% 0.011%
BDL BDL BDL 0.017% 0.013%
BDL BDL BDL 0.013% 0.009%
BDL BDL BDL BDL BDL
BDL BDL BDL 0.002% BDL
BDL BDL BDL 0.002% 0.002%
BDL BDL BDL BDL BDL
BDL BDL BDL 0.064% 0.050%

0.002% 0.003% 0.004% 0.750% 0.445%
NA NA NA NA NA

0.03770% 0.03410% 0.03740% 0.03440% 0.03390%
0.000059% 0.000060% 0.000074% 0.000063% 0.000045%
100.0% 100.0% 100.0% 98.6% 99.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071575‐001 071575‐002 071575‐003 071618‐001 071618‐003

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99710 0.99741 0.99797 0.99525 0.99526
0.99675 0.99707 0.99766 0.99483 0.99485
0.9565 0.9579 0.9635 1.3429 1.3459
544.8 501.6 411.3 145.0 140.4
535.5 493.0 404.3 142.5 138.0
557.1 512.5 419.0 125.1 121.0
490.5 451.7 370.4 130.9 126.4
482.2 443.9 364.0 128.7 124.3
0.073 0.073 0.074 0.103 0.103
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

071618‐005 071694‐001 071694‐003 071694‐005 071763‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
31.2% 11.0% 9.4% BDL 8.6%
1.5% 83.2% 83.3% 34.1% 69.0%
BDL BDL BDL 1.00% 3.85%
1.41% BDL BDL 1.19% 11.52%
BDL 0.409% 0.410% BDL 0.314%
65.9% 3.3% 5.9% 63.7% 4.8%
BDL 0.036% 0.026% BDL 0.030%
BDL 0.023% 0.019% BDL 0.019%
BDL BDL BDL BDL BDL
BDL 0.013% 0.010% BDL 0.011%
BDL 0.045% 0.038% BDL 0.037%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.006% 0.005% BDL 0.005%
BDL 0.009% 0.007% BDL 0.008%
BDL 0.009% 0.008% BDL 0.008%
BDL 0.012% 0.010% BDL 0.010%
BDL 0.009% 0.007% BDL 0.008%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.002% BDL BDL 0.001%
BDL BDL BDL BDL BDL
BDL 0.056% 0.045% BDL 0.041%

0.010% 0.651% 0.394% 0.031% 0.474%
NA NA NA NA NA

0.02140% 0.03430% 0.01470% 0.00659% 0.04010%
0.000016% 0.000075% 0.000040% 0.000032% 0.000044%
100.0% 98.9% 99.6% 100.0% 98.8%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071618‐005 071694‐001 071694‐003 071694‐005 071763‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99712 0.99550 0.99546 0.99700 0.99648
0.99677 0.99508 0.99505 0.99664 0.99610
0.8717 1.3259 1.3310 0.8970 1.2615
669.9 110.8 117.0 648.3 107.3
658.5 108.9 115.0 637.2 105.5
717.5 96.2 101.4 684.5 95.6
603.2 99.1 104.5 583.8 96.1
592.9 97.4 102.7 573.8 94.4
0.067 0.101 0.102 0.069 0.097
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

071763‐003 071763‐005 071774‐002 071795‐001 071795‐003

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
0.08% BDL BDL 11.3% 9.9%
24.2% 33.22% 35.1% 81.2% 81.6%
16.12% 1.9% 0.71% BDL BDL
57.57% 4.75% 13.37% BDL BDL
0.118% BDL BDL 0.331% 0.353%
1.1% 60.1% 50.8% 4.6% 6.7%

0.009% BDL BDL 0.035% 0.024%
0.005% BDL BDL 0.021% 0.016%
BDL BDL BDL BDL BDL

0.004% BDL BDL 0.014% 0.009%
0.014% BDL BDL 0.042% 0.034%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL 0.002% BDL

0.002% BDL BDL 0.006% 0.004%
0.003% BDL BDL 0.009% 0.006%
0.003% BDL BDL 0.009% 0.007%
0.004% BDL BDL 0.012% 0.009%
0.003% BDL BDL 0.009% 0.007%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL 0.002% BDL
BDL BDL BDL BDL BDL

0.016% 0.002% BDL 0.048% 0.036%
0.339% 0.046% 0.011% 0.678% 0.335%
NA NA NA NA

0.01120% 0.01080% 0.02300% 0.03980% 0.039%
0.000030% 0.000018% 0.000074% 0.000049% 0.00003%

99.6% 100.0% 100.0% 98.4% 99.1%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071763‐003 071763‐005 071774‐002 071795‐001 071795‐003

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99883 0.99715 0.99733 0.99561 0.99563
0.99857 0.99679 0.99698 0.99521 0.99522
1.1248 0.9088 0.9546 1.3025 1.3066
30.4 612.4 516.3 125.5 123.1
29.9 601.9 507.5 123.3 121.0
28.7 642.4 528.5 109.9 107.7
28.0 551.5 464.9 112.3 109.7
27.5 542.1 457.0 110.4 107.9
0.086 0.070 0.073 0.100 0.100
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

071795‐005 081070‐001 081070‐003 081070‐005 081070‐007

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
11.6% 15.2% 12.6% 15.9% BDL
84.2% 80.2% 82.4% 82.1% 31.6%
BDL BDL BDL BDL 4.6%
BDL BDL BDL BDL 16.4%

0.517% 0.252% 0.289% 0.419% BDL
2.2% 2.9% 3.5% 0.3% 47.4%

0.017% 0.032% 0.020% 0.016% BDL
0.018% 0.018% 0.014% 0.013% BDL
BDL BDL BDL BDL BDL

0.007% 0.012% 0.007% 0.006% BDL
0.028% 0.037% 0.030% 0.024% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.004% 0.005% 0.004% 0.002% BDL
0.005% 0.009% 0.006% 0.004% BDL
0.007% 0.008% 0.007% 0.005% BDL
0.006% 0.011% 0.008% 0.004% BDL
0.005% 0.008% 0.006% 0.003% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.062% 0.041% 0.038% 0.071% BDL
0.409% 0.438% 0.395% 0.481% 0.027%
NA NA NA NA NA

0.022% 0.038% 0.040% 0.023% 0.001%
0.00003% 0.00006% 0.00004% 0.00001% 0.00001%
99.1% 99.2% 99.3% 99.3% 100.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071795‐005 081070‐001 081070‐003 081070‐005 081070‐007

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99559 0.99593 0.99571 0.99589 0.99758
0.99518 0.99553 0.99531 0.99549 0.99725
1.3266 1.2706 1.3037 1.2870 0.9556
87.8 107.5 101.3 84.9 482.1
86.3 105.7 99.6 83.5 473.9
76.3 95.4 88.7 74.9 493.2
77.9 94.9 89.7 74.6 434.1
76.6 93.3 88.2 73.3 426.7
0.102 0.097 0.100 0.098 0.073
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

081124‐001 081124‐003 081124‐005 081128‐002 081124‐009

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
15.4% 13.3% 14.2% BDL BDL
79.7% 81.5% 83.0% 33.8% 40.1%
BDL BDL BDL BDL 0.18%
BDL BDL BDL 19.7% 0.49%

0.266% 0.293% 0.408% BDL BDL
2.9% 3.7% 0.3% 46.6% 59.2%

0.035% 0.023% 0.016% BDL BDL
0.019% 0.015% 0.014% BDL BDL
BDL BDL BDL BDL BDL

0.014% 0.008% 0.006% BDL BDL
0.039% 0.032% 0.023% BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.002% BDL BDL BDL BDL
0.005% 0.004% 0.002% BDL BDL
0.009% 0.006% 0.004% BDL BDL
0.009% 0.007% 0.005% BDL BDL
0.012% 0.009% 0.004% BDL BDL
0.009% 0.006% 0.003% BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.041% 0.034% 0.079% BDL BDL
0.662% 0.412% 1.068% BDL 0.013%
NA NA NA NA NA

0.035% 0.034% 0.029% 0.003% 0.012%
0.00007% 0.00004% 0.00001% BDL 0.00002%
99.1% 99.3% 99.1% 100.0% 100.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081124‐001 081124‐003 081124‐005 081128‐002 081124‐009

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99589 0.99578 0.99552 0.99754 0.99676
0.99549 0.99538 0.99511 0.99720 0.99639
1.2696 1.2920 1.3202 0.9635 0.9474
119.5 106.8 110.4 472.5 602.3
117.4 105.0 108.5 464.4 592.1
106.0 94.0 96.1 481.3 618.9
106.0 94.6 98.8 425.4 542.4
104.2 93.0 97.1 418.1 533.1
0.097 0.099 0.101 0.074 0.072
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

081184‐001 081184‐003 081184‐005 081184‐007 081246‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
16.0% 16.3% 13.5% BDL 15.4%
79.7% 81.2% 81.4% 39.7% 78.7%
BDL BDL BDL 1.76% BDL
BDL BDL BDL 6.31% BDL

0.237% 0.435% 0.274% BDL 0.240%
2.3% 0.7% 3.3% 52.2% 2.2%

0.033% 0.014% 0.022% BDL 0.038%
0.017% 0.014% 0.014% BDL 0.019%
BDL BDL BDL BDL BDL

0.012% 0.006% 0.008% BDL 0.015%
0.036% 0.022% 0.030% BDL 0.040%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.005% 0.003% 0.004% BDL 0.006%
0.009% 0.004% 0.006% BDL 0.011%
0.008% 0.005% 0.007% BDL 0.009%
0.012% 0.005% 0.009% BDL 0.013%
0.008% 0.004% 0.006% BDL 0.009%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 0.002%
BDL BDL BDL BDL BDL

0.039% 0.058% 0.037% BDL 0.037%
0.521% 0.419% 0.421% 0.022% 0.780%
NA NA NA NA NA

0.040% 0.029% 0.037% 0.016% 0.034%
0.00005% 0.00004% 0.00004% 0.00002% 0.00006%
98.9% 99.2% 99.2% 100.0% 97.5%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081184‐001 081184‐003 081184‐005 081184‐007 081246‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99598 0.99598 0.99580 0.99698 0.99597
0.99558 0.99558 0.99540 0.99662 0.99557
1.2624 1.2739 1.2893 0.9766 1.2546
107.2 87.5 104.4 531.6 117.7
105.4 86.0 102.7 522.6 115.7
95.5 77.5 92.0 537.9 105.1
94.7 76.7 92.4 478.7 104.6
93.1 75.4 90.8 470.6 102.8
0.097 0.097 0.099 0.075 0.096
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

081246‐003 081246‐005 081246‐007 081312‐001 081312‐003

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
2.5% 12.3% BDL 14.7% 13.4%
73.9% 81.7% 38.1% 79.0% 83.0%
BDL BDL 2.00% BDL BDL
1.68% BDL 6.76% BDL BDL
0.230% 0.273% BDL 0.246% 0.452%
21.1% 3.6% 53.1% 2.3% 0.3%
0.018% 0.024% BDL 0.035% 0.016%
0.010% 0.015% BDL 0.018% 0.014%
BDL BDL BDL BDL BDL

0.006% 0.009% BDL 0.013% 0.006%
0.022% 0.032% BDL 0.039% 0.024%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.003% 0.004% BDL 0.006% 0.003%
0.004% 0.006% BDL 0.010% 0.004%
0.005% 0.007% BDL 0.009% 0.005%
0.006% 0.009% BDL 0.012% 0.004%
0.004% 0.006% BDL 0.009% 0.003%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.009% 0.033% BDL 0.040% 0.072%
0.252% 0.609% 0.025% 0.775% 1.032%
NA NA NA NA NA

0.024% 0.033% 0.017% 0.037% 0.032%
0.00005% 0.00004% 0.00005% 0.00008% 0.00003%
99.8% 98.7% 100.0% 97.2% 98.3%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081246‐003 081246‐005 081246‐007 081312‐001 081312‐003

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99555 0.99567 0.99705 0.99594 0.99554
0.99514 0.99526 0.99669 0.99554 0.99513
1.2760 1.3010 0.9646 1.2592 1.3184
239.2 113.6 540.9 116.7 105.1
235.1 111.7 531.6 114.8 103.3
211.7 99.6 550.7 104.0 91.5
215.5 101.2 487.1 103.9 94.0
211.8 99.5 478.7 102.1 92.4
0.098 0.100 0.074 0.096 0.101

20916 First Tier Chem Results for Raw Landfill Biogas‐ Major Components Page 44

Page 502



Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

081312‐005 081312‐007 081391‐001 081391‐003 081391‐005

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
12.0% BDL 15.3% 17.3% 13.8%
80.6% 41.3% 79.5% 80.3% 80.5%
BDL 1.7% BDL BDL BDL
BDL 6.4% BDL BDL BDL

0.263% BDL 0.234% 0.476% 0.234%
3.7% 50.5% 3.1% 0.4% 3.8%

0.025% BDL 0.035% 0.014% 0.026%
0.015% BDL 0.018% 0.015% 0.015%
BDL BDL BDL BDL BDL

0.009% BDL 0.013% 0.005% 0.010%
0.033% BDL 0.038% 0.023% 0.034%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.004% BDL 0.005% 0.003% 0.005%
0.007% BDL 0.009% 0.004% 0.007%
0.007% BDL 0.009% 0.005% 0.007%
0.009% BDL 0.012% 0.003% 0.009%
0.007% BDL 0.008% 0.002% 0.007%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.036% BDL 0.035% 0.061% 0.030%
0.443% 0.026% 0.727% 0.620% 0.692%
NA NA NA NA NA

0.038% 0.000% 0.035% 0.039% 0.035%
0.00003% 0.00002% 0.00006% 0.00005% 0.00002%
97.2% 100.0% 99.1% 99.2% 99.2%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081312‐005 081312‐007 081391‐001 081391‐003 081391‐005

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99585 0.99693 0.99587 0.99599 0.99575
0.99545 0.99656 0.99547 0.99559 0.99534
1.2783 0.9927 1.2697 1.2665 1.2865
104.4 514.8 124.6 98.4 123.7
102.6 506.0 122.5 96.7 121.6
92.3 516.7 110.6 87.4 109.1
92.7 463.6 110.7 86.6 110.2
91.1 455.7 108.8 85.2 108.3
0.098 0.076 0.097 0.097 0.098
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

081391‐007 081329‐001 081329‐002 081329‐003 081338‐002

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
34.0% 26.1% 33.6% 29.2% 37.7%
4.3% 7.3% 3.2% 5.6% 0.4%
15.4% 26.2% 12.1% 20.1% 5.8%
BDL BDL BDL BDL BDL
46.2% 40.4% 51.1% 45.0% 56.1%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 0.001%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.017% 0.002% 0.004% 0.003% 0.010%
NA NA NA NA NA

0.009% BDL BDL BDL 0.027%
0.000044% BDL 0.000026% 0.000005% 0.00011%
100.0% 100.0% 100.0% 100.0% 100.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081391‐007 081329‐001 081329‐002 081329‐003 081338‐002

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99748 0.99805 0.99739 0.99778 0.99702
0.99714 0.99774 0.99704 0.99745 0.99666
0.9732 0.9566 0.9487 0.9526 0.9467
470.2 410.4 519.1 457.2 570.5
462.2 403.4 510.2 449.4 560.8
476.7 419.6 532.9 468.4 586.3
423.4 369.5 467.4 411.7 513.7
416.2 363.2 459.4 404.6 504.9
0.074 0.073 0.073 0.073 0.072
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

081382‐001 081464‐001 081464‐003 081464‐005 081464‐007

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL 15.6% 18.2% 14.2% 30.7%
35.2% 77.2% 77.6% 78.1% 6.4%
1.5% BDL BDL BDL BDL
10.7% BDL BDL BDL 22.4%
BDL 0.272% 0.490% 0.265% BDL
52.6% 3.3% 0.4% 3.8% 40.4%
BDL 0.035% 0.017% 0.028% BDL
BDL 0.019% 0.016% 0.016% BDL
BDL BDL BDL BDL BDL

0.001% 0.014% 0.006% 0.011% BDL
BDL 0.038% 0.027% 0.036% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.006% 0.003% 0.005% BDL
BDL 0.010% 0.004% 0.008% BDL
BDL 0.009% 0.006% 0.008% BDL
BDL 0.013% 0.005% 0.011% BDL
BDL 0.009% 0.004% 0.008% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.002% BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.038% 0.073% 0.041% 0.003%

0.004% 0.637% 0.534% 0.683% 0.035%
NA NA NA NA NA

0.031% 0.036% 0.045% 0.035% 0.004%
0.00006% 0.00009% 0.00006% 0.00008% 0.00002%
100.0% 97.2% 97.4% 97.3% 100.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081382‐001 081464‐001 081464‐003 081464‐005 081464‐007

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99727 0.99612 0.99627 0.99597 0.99779
0.99692 0.99572 0.99588 0.99557 0.99747
0.9488 1.2328 1.2236 1.2510 0.9823
534.4 122.8 97.5 126.1 412.6
525.2 120.7 95.8 123.9 405.6
548.6 110.6 88.1 112.7 416.3
481.1 108.9 85.6 112.2 371.6
472.9 107.1 84.2 110.3 365.3
0.073 0.094 0.094 0.096 0.075
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

081536‐001 081536‐003 081536‐005 081536‐007 081671‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
15.4% 11.6% 11.3% BDL 15.9%
77.2% 81.5% 81.4% 37.6% 77.2%
BDL BDL BDL 2.9% BDL
BDL BDL BDL 9.3% BDL

0.176% 0.302% 0.238% BDL 0.212%
1.5% 3.6% 4.0% 50.1% 3.1%

0.074% 0.028% 0.032% BDL 0.039%
0.025% 0.018% 0.017% BDL 0.019%
BDL BDL BDL BDL BDL

0.029% 0.011% 0.012% BDL 0.015%
0.063% 0.036% 0.039% BDL 0.039%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.004% BDL 0.000% BDL 0.002%
0.009% 0.005% 0.005% BDL 0.006%
0.020% 0.008% 0.009% BDL 0.010%
0.016% 0.009% 0.009% BDL 0.009%
0.026% 0.011% 0.013% BDL 0.014%
0.019% 0.008% 0.009% BDL 0.010%
BDL BDL BDL BDL BDL

0.002% BDL BDL BDL BDL
0.003% BDL BDL BDL 0.002%
BDL BDL BDL BDL BDL

0.043% 0.046% 0.034% BDL 0.036%
1.191% 0.654% 0.672% 0.047% 0.808%
NA NA NA NA NA

0.037% 0.038% 0.032% 0.022% 0.034%
0.00004% 0.00005% 0.00003% 0.00004% 0.00002%
95.9% 97.8% 97.8% 100.0% 97.6%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081536‐001 081536‐003 081536‐005 081536‐007 081671‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99595 0.99568 0.99565 0.99715 0.99604
0.99555 0.99527 0.99525 0.99679 0.99565
1.2429 1.2983 1.2992 0.9761 1.2385
135.6 113.8 117.2 512.0 131.4
133.3 111.8 115.2 503.3 129.2
121.6 99.9 102.8 518.3 118.1
121.3 101.6 104.7 461.2 116.9
119.3 99.8 102.9 453.3 114.9
0.095 0.099 0.099 0.075 0.095
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

081671‐003 081671‐005 061616‐002 081616‐003 081616‐005

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
13.8% BDL 14.9% 13.5% BDL
79.3% 25.9% 78.9% 80.5% 32.9%
BDL 8.8% BDL BDL 3.8%
BDL 31.0% BDL BDL 12.8%

0.200% BDL 0.230% 0.200% BDL
3.6% 34.4% 3.7% 3.7% 50.4%

0.029% BDL 0.039% 0.030% BDL
0.016% BDL 0.019% 0.017% BDL
BDL BDL BDL BDL BDL

0.012% BDL 0.015% 0.012% BDL
0.036% BDL 0.042% 0.037% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.002% BDL BDL

0.005% BDL 0.007% 0.005% BDL
0.008% BDL 0.010% 0.008% BDL
0.008% BDL 0.010% 0.009% BDL
0.012% BDL 0.014% 0.012% BDL
0.009% BDL 0.010% 0.009% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.002% BDL BDL
BDL BDL BDL BDL BDL

0.030% BDL 0.038% 0.032% BDL
0.734% 0.036% 0.657% 0.691% 0.031%
NA NA NA NA NA

0.030% 0.011% 0.034% 0.031% 0.018%
0.00001% 0.00003% BDL BDL BDL
97.9% 100.0% 98.6% 98.8% 100.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081671‐003 081671‐005 061616‐002 081616‐003 081616‐005

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99585 0.99818 0.99593 0.99575 0.99743
0.99545 0.99787 0.99553 0.99535 0.99709
1.2688 0.9836 1.2310 1.2855 0.9491
124.4 351.0 125.7 122.6 513.6
122.3 345.0 123.6 120.5 504.8
110.5 354.0 112.0 108.1 527.2
110.8 316.1 111.7 109.2 462.5
108.9 310.7 109.8 107.3 454.6
0.097 0.075 0.073

20916 First Tier Chem Results for Raw Landfill Biogas‐ Major Components Page 54

Page 512



Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

081703‐002 081720‐001 081725‐001 081725‐003 081725‐005

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL 17.1% 14.6% BDL
36.2% 31.6% 76.9% 79.3% 22.7%
0.5% 1.0% BDL BDL 10.7%
11.0% 13.7% BDL BDL 38.2%
BDL BDL 0.190% 0.177% BDL
52.2% 53.6% 2.7% 3.3% 28.3%
BDL BDL 0.037% 0.027% BDL
BDL BDL 0.018% 0.014% BDL
BDL BDL BDL BDL BDL
BDL BDL 0.014% 0.011% BDL
BDL BDL 0.037% 0.032% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.002% BDL BDL
BDL BDL 0.006% 0.005% BDL
BDL BDL 0.010% 0.008% BDL
BDL BDL 0.009% 0.008% BDL
BDL BDL 0.013% 0.011% BDL
BDL BDL 0.010% 0.008% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.002% BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.034% 0.026% BDL

0.019% 0.003% 0.760% 0.519% 0.062%
NA NA NA NA NA

0.040% BDL 0.033% 0.029% 0.004%
0.00016% NA BDL BDL BDL
100.0% 100.0% 97.9% 98.1% 100.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081703‐002 081720‐001 081725‐001 081725‐003 081725‐005

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99722 0.99746 0.99612 0.99598 0.99844
0.99687 0.99712 0.99573 0.99558 0.99815
0.9550 0.9239 1.2299 1.2590 0.9946
531.4 544.3 128.1 112.8 290.3
522.3 535.0 125.9 110.9 285.3
543.7 566.3 115.5 100.5 291.1
478.5 490.1 113.6 99.8 261.5
470.3 481.7 111.6 98.1 257.0
0.073 0.071 0.094 0.096 0.076
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

081766‐001 081766‐003 081766‐005 091021‐001 091021‐005

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
12.6% BDL 11.4% 14.5% 13.3%
80.2% 10.9% 81.4% 78.8% 81.9%
BDL 16.5% BDL BDL BDL
BDL 60.0% BDL BDL 0.6%

0.199% BDL 0.207% 0.195% 0.181%
4.1% 12.5% 2.9% 3.0% 3.8%

0.034% BDL 0.049% 0.034% 0.029%
0.018% BDL 0.021% 0.017% 0.014%
BDL BDL BDL BDL BDL

0.013% BDL 0.020% 0.013% 0.011%
0.039% BDL 0.047% 0.036% 0.033%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.002% BDL BDL

0.006% BDL 0.007% 0.006% 0.006%
0.010% BDL 0.014% 0.009% 0.009%
0.010% BDL 0.012% 0.009% 0.008%
0.013% BDL 0.018% 0.012% 0.013%
0.009% BDL 0.013% 0.008% 0.008%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.002% BDL BDL
BDL BDL BDL BDL BDL

0.027% BDL 0.038% 0.031% 0.024%
0.429% BDL 0.604% 0.555% 0.031%
NA NA NA NA NA

0.032% 0.000% 0.024% 0.032% 0.001%
0.000048% 0.000007% 0.000063% 0.000049% BDL

97.7% 100.0% 96.8% 97.3% 99.9%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081766‐001 081766‐003 081766‐005 091021‐001 091021‐005

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99588 0.99918 0.99574 0.99602 0.99590
0.99548 0.99896 0.99534 0.99562 0.99550
1.2736 1.0006 1.2916 1.2515 1.2901
110.0 127.1 104.8 111.5 88.2
108.2 125.0 103.1 109.6 86.7
97.5 127.1 92.3 99.6 77.7
97.6 114.5 93.4 98.7 77.3
95.9 112.5 91.9 97.1 75.9
0.097 0.077 0.099 0.096 0.099
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

091094‐002 091094‐003 091094‐004 091097‐002 091097‐003

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL 6.4% 15.1%
0.1% 1.0% 4.8% 83.1% 78.3%
21.6% 3.0% 10.8% BDL BDL
78.3% 28.7% 39.6% BDL BDL
BDL BDL BDL 0.370% 0.155%
0.0% 67.3% 44.8% 7.3% 3.9%
BDL BDL BDL 0.071% 0.029%
BDL BDL BDL 0.035% 0.014%
BDL BDL BDL BDL BDL
BDL BDL BDL 0.029% 0.011%
BDL BDL BDL 0.075% 0.033%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL 0.003% BDL
BDL BDL BDL 0.012% 0.005%
BDL BDL BDL 0.020% 0.008%
BDL BDL BDL 0.018% 0.008%
BDL BDL BDL 0.026% 0.012%
BDL BDL BDL 0.019% 0.008%
BDL BDL BDL BDL BDL
BDL BDL BDL 0.002% BDL
BDL BDL BDL 0.003% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL 0.060% 0.028%
BDL BDL BDL 0.743% 0.446%
NA NA NA NA NA
BDL BDL BDL 0.042% 0.029%
BDL BDL BDL 0.000208% 0.000033%

100.0% 100.0% 100.0% 98.3% 98.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091094‐002 091094‐003 091094‐004 091097‐002 091097‐003

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99963 0.99867 0.99889 0.99522 0.99607
0.99946 0.99840 0.99864 0.99480 0.99568
0.9997 0.6998 0.8250 1.3468 1.2445
0.2 682.4 454.3 144.1 115.6
0.2 670.7 446.5 141.6 113.7
0.2 815.7 500.2 124.1 103.6
0.2 614.4 409.1 130.0 102.2
0.2 603.9 402.1 127.8 100.4

0.077 0.054 0.063 0.103 0.095
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

091128‐001 091139‐001 091139‐002 091139‐003 091148‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 16.6%
0.3% 0.5% 0.8% 0.5% 78.3%
15.8% 11.3% 8.9% 11.2% BDL
67.9% 41.0% 36.7% 40.8% BDL
BDL BDL BDL BDL 0.182%
16.0% 45.1% 44.6% 45.1% 2.5%
BDL 1.196% 1.255% 1.232% 0.036%
BDL BDL BDL BDL 0.017%
BDL BDL BDL BDL BDL
BDL 0.235% 0.317% 0.244% 0.014%
BDL BDL 0.007% BDL 0.037%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.054% 0.437% 0.078% BDL
BDL 0.153% 4.657% 0.378% 0.005%
BDL BDL 0.015% BDL 0.010%
BDL BDL 0.011% BDL 0.008%
BDL BDL 0.046% 0.003% 0.013%
BDL BDL 0.037% 0.002% 0.009%
BDL BDL BDL BDL BDL
BDL 0.130% 1.200% 0.228% BDL
BDL 0.084% 0.415% 0.143% 0.002%
BDL 0.002% 0.018% 0.003% BDL
BDL BDL 0.079% BDL 0.034%
BDL 0.145% 0.554% 0.155% 0.746%
NA NA NA NA NA
BDL BDL BDL BDL 0.034%
BDL NA NA NA 0.000164%

100.0% 100.0% 100.0% 100.0% 98.6%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091128‐001 091139‐001 091139‐002 091139‐003 091148‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99946 0.99889 0.99790 0.99884 0.99601
0.99927 0.99864 0.99758 0.99858 0.99561
0.9266 0.8119 0.8958 0.8172 1.2492
162.0 506.5 748.3 522.2 123.4
159.2 497.8 735.5 513.2 121.3
168.2 562.1 790.6 577.6 110.4
145.8 457.0 680.4 471.5 109.4
143.3 449.1 668.8 463.4 107.5
0.071 0.062 0.069 0.063 0.096
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

091148‐003 091164‐001 091164‐002 091164‐003 091164‐004

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
14.9% BDL BDL BDL BDL
78.9% 0.4% 0.6% 1.0% 1.5%
BDL 15.3% 9.4% 13.5% 8.0%
BDL 84.3% 89.9% 85.2% 90.0%

0.150% 0.060% 0.091% 0.261% 0.410%
3.9% 0.002% 0.002% 0.003% 0.003%

0.030% BDL BDL BDL BDL
0.015% BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.012% BDL BDL BDL BDL
0.033% BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.005% BDL BDL BDL BDL
0.008% BDL BDL BDL BDL
0.008% BDL BDL BDL BDL
0.012% BDL BDL BDL BDL
0.008% BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.026% BDL BDL BDL BDL
0.583% BDL 0.003% 0.002% 0.004%
NA NA NA NA NA

0.031% BDL BDL BDL BDL
0.000099% NA NA NA NA

98.7% 100.0% 100.0% 100.0% 100.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091148‐003 091164‐001 091164‐002 091164‐003 091164‐004

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99595 0.99965 0.99967 0.99964 0.99965
0.99555 0.99949 0.99951 0.99948 0.99949
1.2589 0.9922 0.9844 0.9932 0.9878
122.7 0.2 0.4 0.9 1.5
120.6 0.2 0.4 0.9 1.5
109.4 0.2 0.4 0.9 1.6
108.8 0.2 0.4 0.9 1.5
107.0 0.2 0.4 0.9 1.5
0.096 0.076 0.075 0.076 0.076
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

091209‐001 091209‐002 091209‐003 091209‐004 091215‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 16.5%
0.3% 0.1% 0.1% 0.0% 78.2%
21.3% 21.7% 21.8% 21.8% BDL
77.8% 78.2% 78.2% 78.2% BDL
BDL BDL BDL BDL 0.165%

0.654% 0.003% 0.015% 0.031% 2.6%
BDL BDL BDL BDL 0.055%
BDL BDL BDL BDL 0.022%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 0.022%
BDL BDL BDL BDL 0.050%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 0.003%
BDL BDL BDL BDL 0.009%
BDL BDL BDL BDL 0.016%
BDL BDL BDL BDL 0.014%
BDL BDL BDL BDL 0.020%
BDL BDL BDL BDL 0.014%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 0.002%
BDL BDL BDL BDL 0.004%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 0.041%
BDL BDL BDL BDL 0.952%
NA NA NA NA NA
BDL BDL BDL BDL 0.026%
BDL BDL BDL BDL 0.000037%

100.0% 100.0% 100.0% 100.0% 98.6%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091209‐001 091209‐002 091209‐003 091209‐004 091215‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99962 0.99963 0.99963 0.99963 0.99591
0.99945 0.99946 0.99946 0.99946 0.99551
0.9977 1.0000 0.9999 0.9998 1.2556
6.6 0.0 0.2 0.3 136.5
6.5 0.0 0.2 0.3 134.2
6.6 0.0 0.2 0.3 121.9
6.0 0.0 0.1 0.3 121.7
5.9 0.0 0.1 0.3 119.6

0.076 0.077 0.077 0.077 0.096
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

091215‐003 091287‐001 091291‐002 091313‐001 091313‐002

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
14.2% BDL BDL BDL BDL
79.8% 6.0% 37.4% 0.1% 1.0%
BDL 4.9% 0.5% 21.8% 19.7%
BDL 25.8% 5.0% 78.2% 77.7%

0.151% BDL BDL BDL BDL
4.1% 63.3% 57.1% BDL 1.6%

0.035% BDL BDL BDL BDL
0.016% BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.014% BDL BDL BDL BDL
0.039% BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.006% BDL BDL BDL BDL
0.010% BDL BDL BDL BDL
0.010% BDL BDL BDL BDL
0.014% BDL BDL BDL BDL
0.010% BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.002% BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.033% BDL BDL BDL BDL
0.638% BDL 0.010% BDL BDL
NA NA NA NA NA

0.027% BDL BDL BDL BDL
0.000025% BDL 0.000200% BDL BDL

99.1% 100.0% 100.0% 100.0% 100.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091215‐003 091287‐001 091291‐002 091313‐001 091313‐002

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99582 0.99852 0.99701 0.99963 0.99960
0.99542 0.99824 0.99665 0.99946 0.99943
1.2755 0.7471 0.9411 1.0001 0.9955
126.0 641.8 580.4 0.0 16.2
123.9 630.8 570.5 0.0 15.9
111.6 742.5 598.3 0.0 16.2
112.0 577.9 522.6 0.0 14.6
110.1 568.0 513.7 0.0 14.3
0.098 0.057 0.072 0.077 0.076
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

091313‐003 091383‐001 091438‐001 091438‐002 091505‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
0.8% 0.3% 2.5% 1.2% 0.9%
8.6% 21.1% 15.7% 13.1% 4.2%
54.3% 77.9% 57.1% 66.8% 54.7%
BDL BDL BDL BDL BDL
36.2% 0.234% 24.7% 18.9% 40.3%
BDL 0.018% BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.433% BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL 0.003% BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
NA NA NA NA NA
BDL BDL BDL BDL 0.000%
BDL N.A. 0.000% 0.000% BDL

100.0% 100.0% 100.0% 100.0% 100.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091313‐003 091383‐001 091438‐001 091438‐002 091505‐001

GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %

0.99920 0.99960 0.99927 0.99941 0.99916
0.99898 0.99943 0.99906 0.99922 0.99893
0.8352 1.0021 0.9027 0.9155 0.8122
367.0 13.7 250.5 191.5 408.0
360.7 13.4 246.2 188.2 401.0
401.6 13.7 263.7 200.1 452.7
330.5 12.5 225.6 172.4 367.4
324.8 12.3 221.7 169.4 361.0
0.064 0.077 0.069 0.070 0.062
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

091610‐001 091557‐001 091651‐001
091651‐
002

W1

GTI GTI GTI GTI (Rasi S. , 2009)

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
0.1% 36.3% 0.7% 1.1% 37‐43%
21.9% 0.3% 20.3% 1.2% <1%
77.6% 0.9% 78.8% 56.9% <1‐17%
BDL BDL BDL BDL NA

0.017% 62.4% 0.260% 40.8% 47‐57%
0.013% BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA

0.406% BDL 0.014% BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA

0.002% BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL 0.002% BDL BDL NA
NA BDL NA NA NA

0.000% 0.008% BDL BDL NA
0.000% 0.000% 0.000% BDL NA
100.0% 100.0% 100.0% 100.0%
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091610‐001 091557‐001 091651‐001
091651‐
002

W1

GTI GTI GTI GTI (Rasi S. , 2009)

Mol % Mol % Mol % Mol % Mol %

0.99961 0.99692 0.99961 0.99916 NA
0.99944 0.99655 0.99945 0.99894 NA
1.0026 0.9130 1.0002 0.8066 NA
10.7 633.9 3.0 413.8 NA
10.5 623.1 2.9 406.7 NA
10.7 663.5 3.0 460.7 NA
9.9 570.8 2.7 372.6 NA
9.7 561.1 2.7 366.2 NA

0.077 0.070 0.077 0.062 NA
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

W2 W3 W4 W5

(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

Mol % Mol % Mol % Mol %
NA NA NA NA
NA NA NA NA

37‐41% 32‐35% 35‐37% 36‐38%
NA NA NA NA
NA NA NA NA
NA NA NA NA

47‐62% 49‐57% 51‐61% 50‐52%
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

W2 W3 W4 W5

(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

Mol % Mol % Mol % Mol %

NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Shin et. al 2002 Allen et. al 1997 Eklund et. al 1998

(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

Mol % Mol % Mol %
NA NA NA
NA NA NA

29.9‐38.6% 24‐29% 37%
NA NA NA
NA NA NA
NA NA NA

59.4‐67.9% 37‐62% 56%
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Shin et. al 2002 Allen et. al 1997 Eklund et. al 1998

(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

Mol % Mol % Mol %

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Jaffrin et. al 2003
Accettola & Haberbauer 

2005

(Rasi S. , 2009) (Rasi S. , 2009)

Mol % Mol %
NA NA
NA NA
40% NA
NA NA
13% NA
NA NA
44% NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Jaffrin et. al 2003
Accettola & Haberbauer 

2005

(Rasi S. , 2009) (Rasi S. , 2009)

Mol % Mol %

NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Schweigkofler & Niesser 2001

(Rasi S. , 2009)

Mol %
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Schweigkofler & Niesser 2001

(Rasi S. , 2009)

Mol %

NA
NA
NA
NA
NA
NA
NA
NA
NA
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Schweigkofler & Niesser 1999 1

(Rasi S. , 2009)

Mol %
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Schweigkofler & Niesser 1999 1

(Rasi S. , 2009)

Mol %

NA
NA
NA
NA
NA
NA
NA
NA
NA
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Schweigkofler & Niesser 1999 2 Urban et al. 2009

(Rasi S. , 2009) (Rasi S. , 2009)

Mol % Mol %
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA

20916 First Tier Chem Results for Raw Landfill Biogas‐ Major Components Page 83

Page 541



Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Schweigkofler & Niesser 1999 2 Urban et al. 2009

(Rasi S. , 2009) (Rasi S. , 2009)

Mol % Mol %

NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA

20916 First Tier Chem Results for Raw Landfill Biogas‐ Major Components Page 84

Page 542



Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

McBean 2008 
1

McBean 2008 
2

McBean 2008 
3

McBean 2008 
4

(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

Mol % Mol % Mol % Mol %
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

McBean 2008 
1

McBean 2008 
2

McBean 2008 
3

McBean 2008 
4

(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

Mol % Mol % Mol % Mol %

NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Landfill 1 Landfill 2 Landfill 3

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

Mol % Mol % Mol %
NA NA NA
NA NA NA

0.01‐1.1% 0.01‐2.2% 32‐35%
NA NA NA
NA NA NA
NA NA NA

1.5‐2.7% 5.7‐8.9% 56‐65%
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Landfill 1 Landfill 2 Landfill 3

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

Mol % Mol % Mol %

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Zou et al. 2003 W Zou et al. 2003 S Chiriac et al. 2007

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

Mol % Mol % Mol %
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Zou et al. 2003 W Zou et al. 2003 S Chiriac et al. 2007

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

Mol % Mol % Mol %

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Streese et al. 2001 Schuetz et al. 2003 Shafi et al. 2006

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

Mol % Mol % Mol %
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Streese et al. 2001 Schuetz et al. 2003 Shafi et al. 2006

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

Mol % Mol % Mol %

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Parker 2002 Emerson 1999 A

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

Mol % Mol % Mol %
NA NA NA
NA NA NA
NA NA 24‐29%
NA NA <1%
NA NA NA
NA NA NA
NA NA 37‐62%
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Parker 2002 Emerson 1999 A

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

 (Pawlowska, 
Czerwinski, & 

Stepniewski, 2008)

Mol % Mol % Mol %

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

B C D

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

Mol % Mol % Mol %
NA NA NA
NA NA NA
37% 32% 30%
<1% <1% <1%
NA NA NA
NA NA NA
55% 65% 59%
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

B C D

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

Mol % Mol % Mol %

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

E F G

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

Mol % Mol % Mol %
NA NA NA
NA NA NA
27% 40% 42%
<1% <1% <1%
NA NA NA
NA NA NA
61% 58% 52%
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

E F G

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

Mol % Mol % Mol %

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Young and 
Heasman

Dent et al. Brookes and Young

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, Braithwaite, 
& Hills, 1997)

Mol % Mol % Mol %
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Young and 
Heasman

Dent et al. Brookes and Young

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, Braithwaite, 
& Hills, 1997)

Mol % Mol % Mol %

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Berlin, Germany
Augsburg, 
Germany

Vienna, Austria

(Allen, 
Braithwaite, & 
Hills, 1997)

(Dewil, Appels, 
& Baeyens, 

2006)

(Dewil, Appels, 
& Baeyens, 

2006)

Mol % Mol % Mol %
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Berlin, Germany
Augsburg, 
Germany

Vienna, Austria

(Allen, 
Braithwaite, & 
Hills, 1997)

(Dewil, Appels, 
& Baeyens, 

2006)

(Dewil, Appels, 
& Baeyens, 

2006)

Mol % Mol % Mol %

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

1 Landfill 2 Landfill
123 landfills, 
Germany

(Dewil, Appels, 
& Baeyens, 

2006)

(Arnold & 
Kajolinna)

(Arnold & 
Kajolinna)

Mol % Mol % Mol %
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

1 Landfill 2 Landfill
123 landfills, 
Germany

(Dewil, Appels, 
& Baeyens, 

2006)

(Arnold & 
Kajolinna)

(Arnold & 
Kajolinna)

Mol % Mol % Mol %

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

50 landfills, US

(Arnold & 
Kajolinna)

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
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Raw Landfill Biogas 
Major Components

Component

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

50 landfills, US

(Arnold & 
Kajolinna)

NA
NA
NA
NA
NA
NA
NA
NA
NA
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Raw WWTP Biogas
Major Components

081677‐003 081677‐004 081682‐003 081682‐004 081752‐002
GTI GTI GTI GTI GTI

Component Mol % Mol % Mol % Mol % Mol %
Helium BDL BDL BDL BDL BDL
Hydrogen BDL BDL BDL BDL BDL
Carbon Dioxide 36.5% 36.9% 36.6% 36.8% 34.6%
Oxygen/Argon BDL BDL BDL BDL BDL
Nitrogen BDL BDL BDL BDL BDL
Carbon Monoxide BDL BDL BDL BDL BDL
Methane 63.5% 63.1% 63.4% 63.2% 65.4%
Ethane BDL BDL BDL BDL BDL
Ethene BDL BDL BDL BDL BDL
Ethyne BDL BDL BDL BDL BDL
Propane BDL BDL BDL BDL BDL
Propene BDL BDL BDL BDL BDL
Propadiene BDL BDL BDL BDL BDL
Propyne BDL BDL BDL BDL BDL
i‐Butane BDL BDL BDL BDL BDL
n‐Butane BDL BDL BDL BDL BDL
1‐Butene BDL BDL BDL BDL BDL
i‐Butene BDL BDL BDL BDL BDL
trans‐2‐Butene BDL BDL BDL BDL BDL
cis‐2‐Butene BDL BDL BDL BDL BDL
1,3‐Butadiene BDL BDL BDL BDL BDL
i‐Pentane BDL BDL BDL BDL BDL
n‐Pentane BDL BDL BDL BDL BDL
neo‐Pentane BDL BDL BDL BDL BDL
Pentenes BDL BDL BDL BDL BDL
Hexane Plus 0.0012% 0.0009% 0.0007% 0.0020% 0.0045%
Ammonia BDL BDL BDL BDL BDL
Hydrogen Sulfide 0.0300% 0.0296% 0.0259% 0.0276% 0.0065%
Carbonyl Sulfide 0.000022% 0.000031% 0.000007% 0.000008% 0.000005%
Total 100.0% 100.0% 100.0% 100.0% 100.0%

Calculated Real Gas Properties  60°F, 14.73 psia
Compressibility Factor [z]  (Dry) 0.99688 0.99686 0.99687 0.99687 0.99694
Compressibility Factor [z]  (Sat.) 0.99651 0.99650 0.99651 0.99650 0.99658
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Raw WWTP Biogas
Major Components

081677‐003 081677‐004 081682‐003 081682‐004 081752‐002
GTI GTI GTI GTI GTI

Component Mol % Mol % Mol % Mol % Mol %
Relative Density (Specific Gravity) (Dry) 0.9092 0.9128 0.9102 0.9121 0.8902
Gross HV (Dry) (Btu/ft3) 644.7 640.9 643.6 641.7 664.7
Gross HV (Sat.) (Btu/ft3) 633.7 630.0 632.7 630.8 653.3
Wobbe Index 676.1 670.8 674.6 672.0 704.4
Net HV (Dry) (Btu/ft3) 580.5 577.1 579.5 577.8 598.5
Net HV (Sat.) (Btu/ft3) 570.6 567.3 569.7 568.0 588.3
Real Gas Density (lbs/ft3) 0.070 0.070 0.070 0.070 0.068

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

051332‐001 051458‐001 051486‐001 051486‐002 051532‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
40.0% 39.5% 24.9% 25.5% 37.0%
0.003% BDL 0.875% 0.863% BDL
0.24% 0.19% 3.82% 3.77% 0.22%
BDL BDL BDL BDL BDL
59.6% 60.1% 70.4% 69.9% 62.7%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.002% 0.002% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.0961% 0.1430% 0.0001% 0.0000% 0.0001%
0.000029% 0.000042% NA NA NA
100.0% 100.0% 100.0% 100.0% 100.0%

0.99676 0.99677 0.99739 0.99737 0.99687
0.99639 0.99640 0.99705 0.99703 0.99650
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

051332‐001 051458‐001 051486‐001 051486‐002 051532‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9448 0.9400 0.8168 0.8226 0.9151
606.2 611.7 714.8 709.1 637.1
595.9 601.2 702.6 697.0 626.3
623.7 630.9 791.0 781.8 666.0
545.9 550.8 643.6 638.5 573.7
536.6 541.4 632.7 627.6 563.9
0.072 0.072 0.063 0.063 0.070
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

061004‐001 061015‐001 061217‐001 061230‐001 061271‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
17.7% 38.0% 38.3% 10.2% 25.1%
0.198% BDL BDL 4.547% 0.897%
0.54% 0.34% 0.26% 16.83% 4.54%
BDL BDL BDL BDL BDL
81.5% 61.5% 61.3% 68.3% 69.4%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 0.002%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.005% BDL BDL
BDL BDL BDL BDL BDL

0.0757% 0.1240% 0.1330% 0.1560% 0.0001%
BDL 0.000033% BDL 0.000100% 0.000015%

100.0% 100.0% 100.0% 100.0% 100.0%

0.99751 0.99683 0.99681 0.99820 0.99741
0.99717 0.99646 0.99645 0.99790 0.99706
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061004‐001 061015‐001 061217‐001 061230‐001 061271‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.7306 0.9258 0.9285 0.7496 0.8221
827.1 625.5 623.5 693.3 704.9
813.0 614.8 612.9 681.4 692.9
967.7 650.0 647.1 800.8 777.5
744.7 563.2 561.4 624.3 634.7
732.0 553.6 551.9 613.6 623.9
0.056 0.071 0.071 0.057 0.063
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

061323‐001 061380‐001 061424‐001 061469‐001 061469‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL 0.1% 0.1%
40.1% 24.1% 36.3% 34.4% 33.5%
BDL 0.135% BDL 0.110% 0.180%
0.19% 0.51% 0.16% 0.54% 0.34%
BDL BDL BDL BDL BDL
59.6% 75.2% 63.6% 64.8% 65.9%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.015% BDL BDL 0.002% BDL
BDL BDL BDL BDL BDL

0.1110% 0.0917% BDL BDL BDL
0.000036% 0.000014% NA NA NA
100.0% 100.0% 100.0% 100.0% 100.0%

0.99675 0.99731 0.99689 0.99697 0.99700
0.99638 0.99696 0.99653 0.99661 0.99664
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061323‐001 061380‐001 061424‐001 061469‐001 061469‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9456 0.7917 0.9071 0.8910 0.8817
606.7 763.8 645.7 658.8 669.2
596.4 750.8 634.7 647.5 657.8
623.9 858.4 678.0 697.9 712.7
546.3 687.7 581.4 593.1 602.5
537.0 676.0 571.5 583.0 592.3
0.072 0.061 0.069 0.068 0.067
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

061505‐001 061640‐001 071015‐001 071112‐001 071165‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL 0.2% BDL
40.1% 18.9% 38.9% 9.8% 8.2%
BDL 1.128% BDL 2.323% 13.2%
0.31% 4.19% 0.31% 49.86% 46.52%
BDL BDL BDL BDL BDL
59.5% 75.7% 60.7% 37.3% 32.0%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL 0.002% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.009% BDL 0.002% BDL BDL
BDL BDL BDL BDL BDL

0.1250% 0.0694% 0.1310% 0.5600% 0.0543%
0.000040% 0.000013% 0.000034% NA 0.000031%
100.0% 100.0% 100.0% 100.0% 100.0%

0.99675 0.99759 0.99680 0.99887 0.99897
0.99638 0.99725 0.99643 0.99862 0.99873
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061505‐001 061640‐001 071015‐001 071112‐001 071165‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9458 0.7625 0.9341 0.8710 0.9009
605.4 768.3 617.2 382.0 324.5
595.1 755.2 606.7 375.4 318.9
622.5 879.9 638.6 409.3 341.9
545.2 691.8 555.7 344.0 292.2
535.9 680.0 546.3 338.1 287.2
0.072 0.058 0.071 0.067 0.069
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

071204‐001 071237‐001 071237‐002 071237‐003 071237‐004
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
39.0% 30.2% 36.1% 29.6% 1.5%
BDL 3.86% 0.330% 4.272% 1.947%
0.35% 13.99% 1.28% 15.46% 8.44%
BDL BDL BDL BDL BDL
60.5% 52.0% 62.3% 50.7% 85.1%
BDL BDL BDL BDL 2.36%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 0.510%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 0.082%
BDL BDL BDL BDL 0.079%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 0.022%
BDL BDL BDL BDL 0.013%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.006% BDL BDL BDL 0.010%
BDL BDL BDL BDL BDL

0.1840% 0.0010% 0.0009% 0.0007% 0.000062%
0.000030% BDL BDL BDL 0.000018%
100.0% 100.0% 100.0% 100.0% 100.0%

0.99679 0.99756 0.99694 0.99762 0.99805
0.99642 0.99722 0.99657 0.99729 0.99774
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071204‐001 071237‐001 071237‐002 071237‐003 071237‐004
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9356 0.9268 0.9121 0.9297 0.6345
615.9 527.4 632.6 514.1 925.0
605.4 518.4 621.8 505.3 909.2
636.7 547.8 662.4 533.1 1161.2
554.5 474.8 569.6 462.9 833.9
545.1 466.7 559.9 455.0 819.6
0.072 0.071 0.070 0.071 0.049
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

071251‐001 071269‐001 071301‐001 071308‐001 071401‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
13.7% 35.3% 26.7% 13.9% 39.5%
0.531% 0.566% 0.477% 2.458% BDL
1.51% 3.56% 2.68% 8.44% 0.35%
BDL BDL BDL BDL BDL
84.1% 60.3% 70.1% 75.2% 59.9%
0.022% BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.004% BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.002% BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 0.004%
BDL BDL BDL BDL BDL

0.1380% 0.2890% 0.0002% 0.0777% 0.1240%
0.000057% 0.000080% NA 0.000017% 0.000034%
100.0% 100.0% 100.0% 100.0% 100.0%

0.99766 0.99702 0.99729 0.99787 0.99678
0.99733 0.99666 0.99694 0.99755 0.99640
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071251‐001 071269‐001 071301‐001 071308‐001 071401‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.6981 0.9164 0.8279 0.7382 0.9411
854.5 614.5 711.7 763.1 609.7
839.9 604.0 699.5 750.1 599.3
1022.7 641.9 782.2 888.2 628.5
769.4 553.3 640.8 687.1 549.0
756.2 543.9 629.9 675.4 539.6
0.053 0.070 0.063 0.056 0.072
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

071408‐001 071449‐002 071465‐001 071465‐002 071619‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
31.3% 38.9% 34.8% 34.8% 10.8%
0.512% 0.035% 0.507% 0.533% 8.629%
1.05% 0.12% 0.83% 0.95% 29.75%
BDL BDL BDL BDL BDL
67.1% 61.0% 63.9% 63.7% 50.7%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.0073% 0.0043% 0.0151% 0.0147% 0.1120%
NA BDL 0.000073% 0.000043% 0.000030%

100.0% 100.0% 100.0% 100.0% 100.0%

0.99710 0.99680 0.99697 0.99697 0.99853
0.99674 0.99643 0.99661 0.99661 0.99825
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071408‐001 071449‐002 071465‐001 071465‐002 071619‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.8661 0.9327 0.8985 0.8996 0.8315
681.1 619.1 648.6 646.7 514.7
669.5 608.6 637.6 635.7 505.8
731.9 641.1 684.3 681.8 564.4
613.3 557.5 584.0 582.3 463.4
602.8 548.0 574.1 572.3 455.5
0.066 0.071 0.069 0.069 0.064
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

071674‐001 071679‐001 071722‐001 071799‐001 081028‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
33.5% 39.7% 25.7% 14.1% 39.5%
0.430% BDL 0.653% 0.342% BDL
0.71% 0.26% 3.04% 1.79% 0.39%
BDL BDL BDL BDL BDL
65.4% 59.9% 70.6% 83.7% 60.0%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.006% BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL 0.004% BDL
BDL 0.011% BDL BDL BDL
BDL BDL BDL BDL BDL

0.0009% 0.1460% 0.0041% 0.1130% 0.1370%
NA 0.000061% NA 0.000024% 0.000049%

100.0% 100.0% 100.0% 100.0% 100.0%

0.99701 0.99676 0.99734 0.99766 0.99678
0.99665 0.99639 0.99699 0.99732 0.99641
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071674‐001 071679‐001 071722‐001 071799‐001 081028‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.8848 0.9425 0.8206 0.7015 0.9405
664.0 609.4 716.5 849.8 610.0
652.7 599.0 704.2 835.3 599.6
705.9 627.7 790.9 1014.7 629.0
597.8 548.7 645.1 765.2 549.3
587.7 539.4 634.1 752.1 539.9
0.068 0.072 0.063 0.054 0.072
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

081149‐001 081179‐001 081180‐001 081259‐001 081259‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
23.2% 10.0% 1.26% 27.7% 27.7%
1.489% 2.962% BDL 0.54% 0.47%
6.28% 10.44% 0.82% 2.58% 2.33%
BDL BDL BDL BDL BDL
69.0% 76.5% 93.9% 69.2% 69.5%
BDL BDL 3.20% BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.497% BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.073% BDL BDL
BDL BDL 0.102% BDL BDL
BDL BDL BDL BDL BDL

0.003% BDL BDL 0.004% 0.003%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.035% BDL BDL
BDL BDL 0.025% BDL BDL
BDL BDL 0.002% BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.051% BDL BDL
BDL BDL BDL BDL BDL

0.0002% 0.0632% 0.000033% 0.000858% 0.00104%
NA 0.000020% BDL NA NA

100.0% 100.0% 100.0% 100.0% 100.0%

0.99752 0.99804 0.99778 0.99726 0.99725
0.99719 0.99773 0.99745 0.99691 0.99690
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081149‐001 081179‐001 081180‐001 081259‐001 081259‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.8141 0.7121 0.5959 0.8371 0.8358
700.5 776.4 1033.0 702.5 705.4
688.6 763.2 1015.4 690.5 693.4
776.4 920.1 1338.2 767.8 771.6
630.8 699.1 931.4 632.5 635.2
620.0 687.2 915.5 621.7 624.3
0.062 0.054 0.046 0.064 0.064
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

081259‐003 081259‐004 081275‐001 081276‐001 081394‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
27.7% 27.4% 40.1% 11.0% 13.3%
0.41% 0.784% BDL 9.337% 0.644%
2.15% 3.57% 0.42% 32.27% 1.04%
BDL BDL BDL BDL BDL
69.7% 68.2% 59.3% 47.3% 85.0%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.002% 0.003% BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.005% BDL BDL
BDL BDL BDL BDL BDL

0.00118% 0.0014% 0.138% 0.0760% 0.0453%
NA NA BDL 0.000044% 0.000011%

100.0% 100.0% 100.0% 100.0% 100.0%

0.99725 0.99730 0.99676 0.99859 0.99767
0.99689 0.99695 0.99638 0.99832 0.99734
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081259‐003 081259‐004 081275‐001 081276‐001 081394‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.8347 0.8402 0.9468 0.8471 0.6917
707.9 692.3 603.6 480.4 862.7
695.8 680.5 593.3 472.2 848.0
774.8 755.2 620.3 522.0 1037.3
637.4 623.3 543.5 432.6 776.8
626.5 612.7 534.2 425.2 763.5
0.064 0.064 0.072 0.065 0.053
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

081400‐001 081401‐001 081344‐001 081360‐001 081360‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
39.8% 31.7% 16.1% 31.3% 33.9%
BDL 2.704% 0.904% 3.085% 2.502%
0.56% 7.47% 2.90% 9.12% 6.92%
BDL BDL BDL BDL BDL
59.6% 58.1% 80.1% 56.4% 56.7%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.0112% 0.0038% 0.0503% 0.0083% 0.00692%
0.000042% NA 0.000024% NA NA
100.0% 100.0% 100.0% 100.0% 100.0%

0.99678 0.99731 0.99764 0.99737 0.99722
0.99641 0.99696 0.99731 0.99703 0.99687
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081400‐001 081401‐001 081344‐001 081360‐001 081360‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9436 0.9085 0.7279 0.9137 0.9264
605.3 589.8 812.9 573.0 575.2
595.0 579.7 799.1 563.2 565.3
623.1 618.8 952.9 599.4 597.5
545.0 531.0 732.0 515.9 517.9
535.7 522.0 719.5 507.1 509.0
0.072 0.070 0.056 0.070 0.071
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

081360‐003 081360‐004 081456‐001 081456‐002 081516‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
32.6% 34.5% 35.3% 0.3% 32.8%
3.12% 2.55% 2.55% 22.227% 3.996%
9.27% 7.39% 8.43% 76.61% 12.30%
BDL BDL BDL BDL BDL
55.0% 55.6% 53.7% 0.8% 50.9%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.0014% 0.0013% 0.0024% 0.0117% 0.0036%
NA NA NA NA NA

100.0% 100.0% 100.0% 100.0% 100.0%

0.99734 0.99722 0.99722 0.99961 0.99743
0.99699 0.99686 0.99687 0.99944 0.99709
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081360‐003 081360‐004 081456‐001 081456‐002 081516‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9269 0.9338 0.9461 0.9989 0.9466
558.1 564.4 545.5 8.4 516.1
548.6 554.8 536.2 8.3 507.3
579.7 584.1 560.8 8.4 530.5
502.5 508.2 491.2 7.6 464.7
494.0 499.6 482.8 7.4 456.8
0.071 0.071 0.072 0.076 0.072
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

081516‐002 081517‐001 081532‐001 081635‐001 081720‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
26.0% 9.9% 16.1% 40.8% 33.2%
6.076% 17.602% 0.466% 0.613%
18.57% 69.27% 0.64% 0.42% 1.31%
BDL BDL BDL BDL BDL
49.4% 3.2% 82.7% 58.7% 64.9%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL 0.003% BDL
BDL BDL BDL BDL BDL

0.0001% 0.0061% 0.0704% 0.0816% BDL
NA NA BDL 0.000065% NA

100.0% 100.0% 100.0% 100.0% 100.0%

0.99784 0.99935 0.99757 0.99674 0.99704
0.99752 0.99914 0.99723 0.99636 0.99668
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081516‐002 081517‐001 081532‐001 081635‐001 081720‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9171 1.0351 0.7170 0.9530 0.8853
501.3 32.8 839.5 596.8 659.1
492.7 32.2 825.2 586.6 647.9
523.4 32.2 991.4 611.3 700.5
451.3 29.5 755.9 537.3 593.5
443.6 29.0 743.0 528.2 583.3
0.070 0.079 0.055 0.073 0.068
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

081757‐001 081767‐001 091047‐001 091047‐002 091053‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL 0.3% BDL BDL
9.3% 33.7% 32.1% 18.3% 39.6%

0.505% 0.251% 2.781% 12.360% BDL
1.09% 0.90% 9.18% 43.11% 0.76%
BDL BDL BDL BDL BDL
88.9% 65.2% 55.6% 26.2% 59.5%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 0.003%
BDL BDL BDL BDL BDL

0.1140% 0.00509% 0.0071% 0.0016% 0.0855%
BDL BDL NA NA 0.000102%

100.0% 100.0% 100.0% 100.0% 100.0%

0.99778 0.99701 0.99736 0.99869 0.99679
0.99746 0.99665 0.99702 0.99842 0.99642
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081757‐001 081767‐001 091047‐001 091047‐002 091053‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.6534 0.8865 0.9176 0.9792 0.9429
903.2 661.9 565.8 266.0 605.3
887.7 650.6 556.2 261.4 595.0
1117.3 702.9 590.7 268.8 623.3
813.2 595.9 509.4 239.5 545.0
799.3 585.8 500.7 235.4 535.7
0.050 0.068 0.070 0.075 0.072
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

091057‐001 091340‐001 091340‐002 091070‐001 091070‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
38.5% 35.4% 34.9% 38.7% 37.7%
0.298% 0.544% 0.461% BDL BDL
0.63% 1.39% 1.07% 0.06% 0.31%
BDL BDL BDL BDL BDL
60.6% 62.7% 63.5% 61.3% 62.0%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL 0.002% BDL
BDL BDL BDL BDL BDL

0.0030% BDL BDL BDL BDL
BDL NA NA NA NA

100.0% 100.0% 100.0% 100.0% 100.0%

0.99683 0.99697 0.99697 0.99680 0.99685
0.99647 0.99661 0.99661 0.99643 0.99648
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091057‐001 091340‐001 091340‐002 091070‐001 091070‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9327 0.9070 0.9007 0.9304 0.9222
615.0 636.3 645.0 622.2 629.2
604.5 625.5 634.1 611.6 618.4
636.7 668.1 679.7 645.0 655.1
553.7 572.9 580.8 560.2 566.5
544.3 563.2 570.9 550.7 556.8
0.071 0.069 0.069 0.071 0.071
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

091072‐001 091123‐001 091192‐001 091266‐001 091267‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
24.2% 13.5% 38.7% 36.1% 36.5%
2.632% 0.364% BDL 0.173% 0.406%
10.31% 1.16% 0.41% 0.43% 1.19%
BDL BDL BDL BDL BDL
62.9% 84.8% 60.8% 63.3% 61.9%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.004% BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.007% BDL BDL
BDL BDL BDL BDL BDL
BDL 0.1380% 0.0365% 0.0007% BDL
NA 0.000016% BDL BDL NA

100.0% 100.0% 100.0% 100.0% 100.0%

0.99762 0.99766 0.99681 0.99691 0.99692
0.99729 0.99732 0.99644 0.99654 0.99656
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091072‐001 091123‐001 091192‐001 091266‐001 091267‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.8465 0.6935 0.9327 0.9081 0.9162
638.3 861.6 618.1 642.4 628.5
627.4 846.8 607.6 631.4 617.8
693.8 1034.5 640.1 674.1 656.7
574.7 775.8 556.6 578.4 565.9
564.9 762.5 547.1 568.5 556.3
0.065 0.053 0.071 0.069 0.070
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

091294‐002 091281‐001 091281‐002 091292‐001 091292‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
36.7% 35.7% 34.9% 8.1% 7.5%
0.245% 0.503% 0.578% 0.767% 12.398%
0.57% 1.02% 1.62% 2.31% 42.15%
BDL BDL BDL BDL BDL
62.5% 62.8% 62.9% 88.8% 37.9%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL 0.00001% 0.0520%
NA NA NA BDL 0.000026%

100.0% 100.0% 100.0% 100.0% 100.0%

0.99689 0.99695 0.99699 0.99701 0.99701
0.99653 0.99658 0.99663 0.99665 0.99665
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091294‐002 091281‐001 091281‐002 091292‐001 091292‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9146 0.9079 0.9033 0.9411 0.9411
634.5 637.7 638.7 580.4 580.4
623.7 626.8 627.8 570.5 570.5
663.5 669.2 672.0 598.3 598.3
571.3 574.2 575.1 522.6 522.6
561.6 564.4 565.3 513.7 513.7
0.070 0.069 0.069 0.072 0.072
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

091294‐001 091294‐002 091310‐001 091310‐002 091321‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
32.8% 35.8% 34.8% 35.0% 34.7%
1.131% 0.592% 0.360% 0.462% 0.372%
2.99% 1.19% 0.82% 1.18% 0.94%
BDL BDL BDL BDL BDL
63.1% 62.4% 64.0% 63.3% 64.0%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.0036% 0.00374% BDL
NA NA BDL BDL NA

100.0% 100.0% 100.0% 100.0% 100.0%

0.99712 0.99695 0.99697 0.99697 0.99698
0.99676 0.99659 0.99661 0.99661 0.99661
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091294‐001 091294‐002 091310‐001 091310‐002 091321‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.8918 0.9103 0.8981 0.9019 0.8972
640.3 633.9 649.8 643.3 649.9
629.4 623.1 638.7 632.3 638.8
678.0 664.4 685.6 677.4 686.1
576.5 570.8 585.0 579.2 585.2
566.7 561.0 575.1 569.3 575.2
0.068 0.070 0.069 0.069 0.069
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

091321‐002 091326‐001 091326‐002 091352‐001 091352‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
35.2% 37.5% 38.0% 35.9% 36.7%
0.370% 0.160% 0.193% 0.422% 0.425%
0.78% 0.68% 0.86% 0.92% 0.92%
BDL BDL BDL BDL BDL
63.6% 61.7% 60.9% 62.8% 62.0%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
NA NA NA NA NA

100.0% 100.0% 100.0% 100.0% 100.0%

0.99695 0.99687 0.99686 0.99694 0.99691
0.99659 0.99650 0.99649 0.99657 0.99654
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091321‐002 091326‐001 091326‐002 091352‐001 091352‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9019 0.9220 0.9284 0.9087 0.9169
646.0 626.5 618.6 637.8 629.3
635.0 615.8 608.1 626.9 618.6
680.3 652.5 642.0 669.1 657.2
581.7 564.1 557.0 574.3 566.6
571.8 554.5 547.5 564.5 557.0
0.069 0.071 0.071 0.070 0.070
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

091406‐001 091406‐002 091369‐001 091369‐002 091373‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
37.5% 37.3% 33.1% 38.0% 40.3%
0.309% 0.310% 2.154% 0.123%
0.94% 0.98% 7.64% 0.28% 0.53%
BDL BDL BDL BDL BDL
61.3% 61.4% 57.1% 61.6% 59.1%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 0.008%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL 0.0326%
NA NA NA NA 0.000033%

100.0% 100.0% 100.0% 100.0% 100.0%

0.99688 0.99689 0.99726 0.99684 0.99676
0.99651 0.99652 0.99691 0.99647 0.99639
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091406‐001 091406‐002 091369‐001 091369‐002 091373‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9241 0.9221 0.9195 0.9252 0.9483
622.1 624.0 579.6 625.7 601.1
611.5 613.4 569.7 615.0 590.8
647.1 649.9 604.4 650.4 617.3
560.1 561.9 521.8 563.3 541.2
550.6 552.3 512.9 553.7 532.0
0.071 0.071 0.070 0.071 0.073

20916 First Tier Chem Results for Raw WWTP Biogas‐ Major Components Page 42

Page 606



Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

091391‐001 091391‐002 091426‐001 091426‐002 091458‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
39.1% 38.8% 38.1% 38.8% 35.1%
0.327% 0.426% 0.343% 0.342% 0.787%
0.98% 1.35% 0.99% 1.02% 1.71%
BDL BDL BDL BDL BDL
59.5% 59.4% 60.5% 59.9% 62.4%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.0075% 0.0055% BDL BDL BDL
0.000009% 0.000007% NA NA NA
100.0% 100.0% 100.0% 100.0% 100.0%

0.99682 0.99685 0.99686 0.99684 0.99699
0.99645 0.99648 0.99649 0.99647 0.99663
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091391‐001 091391‐002 091426‐001 091426‐002 091458‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9404 0.9397 0.9308 0.9372 0.9069
604.8 603.0 614.7 607.8 633.5
594.5 592.7 604.2 597.5 622.7
623.7 622.0 637.2 627.9 665.3
544.6 542.9 553.5 547.3 570.4
535.3 533.7 544.1 538.0 560.7
0.072 0.072 0.071 0.072 0.069
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

091458‐002 091436‐001 091436‐002 091487‐001 091487‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
33.5% 34.1% 33.2% 36.7% 35.9%
0.661% 0.736% 0.806% 0.393% 0.481%
1.24% 1.43% 1.83% 1.29% 1.53%
BDL BDL BDL BDL BDL
64.6% 63.8% 64.2% 61.6% 62.1%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
NA NA NA NA NA

100.0% 100.0% 100.0% 100.0% 100.0%

0.99703 0.99702 0.99706 0.99692 0.99695
0.99667 0.99666 0.99670 0.99655 0.99659
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091458‐002 091436‐001 091436‐002 091487‐001 091487‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.8888 0.8951 0.8888 0.9182 0.9123
655.7 647.6 651.6 625.9 630.2
644.5 636.6 640.5 615.2 619.5
695.5 684.5 691.2 653.2 659.8
590.4 583.1 586.7 563.6 567.4
580.3 573.2 576.7 553.9 557.8
0.068 0.068 0.068 0.070 0.070
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

091532‐001 091532‐002 091504‐001 091504‐002 091514‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
36.3% 1.1% 33.5% 32.8% 35.0%
0.908% 21.656% 0.633% 0.966% 0.505%
2.76% 76.81% 1.41% 2.71% 1.49%
BDL BDL BDL BDL BDL
60.0% 0.5% 64.5% 63.5% 63.0%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
NA NA NA NA NA

100.0% 100.0% 100.0% 100.0% 100.0%

0.99699 0.99960 0.99704 0.99710 0.99699
0.99662 0.99943 0.99668 0.99675 0.99662
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091532‐001 091532‐002 091504‐001 091504‐002 091514‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9238 1.0037 0.8888 0.8899 0.9031
609.2 4.6 654.8 644.5 639.9
598.8 4.5 643.6 633.5 629.0
633.8 4.6 694.5 683.2 673.4
548.5 4.1 589.6 580.3 576.2
539.2 4.1 579.5 570.4 566.4
0.071 0.077 0.068 0.068 0.069
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

091514‐002 091521‐001 091521‐002 091609‐001 091549‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
34.0% 38.4% 37.1% 38.1% 36.4%
0.433% 0.222% 0.315% BDL 0.285%
1.14% 0.71% 1.23% 2.49% 1.09%
BDL BDL BDL BDL BDL
64.5% 60.7% 61.3% 58.9% 62.2%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL 0.002% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL 0.00002% BDL
NA NA NA 0.000053% NA

100.0% 100.0% 100.0% 100.0% 100.0%

0.99701 0.99684 0.99690 0.99691 0.99692
0.99665 0.99647 0.99654 0.99654 0.99656
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091514‐002 091521‐001 091521‐002 091609‐001 091549‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.8913 0.9316 0.9218 0.9376 0.9140
654.6 616.0 622.8 598.5 632.0
643.5 605.5 612.2 588.3 621.2
693.4 638.3 648.7 618.1 661.0
589.4 554.7 560.8 538.9 569.0
579.4 545.2 551.2 529.7 559.3
0.068 0.071 0.071 0.072 0.070
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

091549‐002 091562‐001 091562‐002 091579‐001 091579‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
33.0% 33.7% 34.4% 34.4% 32.9%
2.391% 0.509% 0.280% 0.434% 1.812%
8.44% 1.78% 1.03% 1.12% 5.90%
BDL BDL BDL BDL BDL
56.2% 64.0% 64.3% 64.0% 59.3%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL 0.0360% 0.0353%
NA NA NA 0.000025% 0.000022%

100.0% 100.0% 100.0% 100.0% 100.0%

0.99729 0.99704 0.99699 0.99699 0.99721
0.99694 0.99668 0.99663 0.99663 0.99685
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091549‐002 091562‐001 091562‐002 091579‐001 091579‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.9229 0.8919 0.8938 0.8958 0.9089
570.3 649.9 653.3 650.1 602.4
560.6 638.8 642.2 639.0 592.2
593.7 688.2 691.0 686.9 631.9
513.5 585.2 588.2 585.4 542.4
504.8 575.2 578.2 575.4 533.2
0.071 0.068 0.068 0.069 0.070
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

091585‐001 091593‐001 091593‐002 091607‐001 091607‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
13.3% 37.6% 36.5% 36.2% 36.9%
5.432% 0.181% 0.195% 0.475% 0.483%
18.26% 0.64% 0.63% 0.93% 0.87%
BDL BDL BDL BDL BDL
63.0% 61.6% 62.7% 62.4% 61.7%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.0489% BDL BDL 0.0290% 0.0243%
BDL NA NA BDL BDL

100.0% 100.0% 100.0% 100.0% 100.0%

0.99817 0.99686 0.99690 0.99693 0.99690
0.99787 0.99650 0.99654 0.99656 0.99653
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091585‐001 091593‐001 091593‐002 091607‐001 091607‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.7893 0.9231 0.9123 0.9123 0.9191
639.4 625.5 636.8 633.8 627.1
628.5 614.8 625.9 623.0 616.4
719.7 651.0 666.7 663.6 654.1
575.7 563.2 573.3 570.7 564.6
565.9 553.6 563.6 561.0 555.0
0.060 0.071 0.070 0.070 0.070
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

091621‐001 091632‐001 091632‐002 S1
GTI GTI GTI (Rasi S. , 2009)

Mol % Mol % Mol % Mol %
BDL BDL BDL NA
BDL BDL BDL NA
33.2% 36.0% 35.2% 34‐38%
1.124% 0.245% 0.289% <1
3.14% 0.97% 1.15% <2
BDL BDL BDL NA
62.6% 62.8% 63.3% 60‐65%
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
NA NA NA NA

100.0% 100.0% 100.0%

0.99711 0.99693 0.99696 NA
0.99675 0.99657 0.99660 NA
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091621‐001 091632‐001 091632‐002 S1
GTI GTI GTI (Rasi S. , 2009)

Mol % Mol % Mol % Mol %
0.8956 0.9091 0.9029 NA
635.4 637.8 643.1 NA
624.6 627.0 632.1 NA
671.4 668.9 676.7 NA
572.1 574.3 579.0 NA
562.4 564.5 569.1 NA
0.069 0.070 0.069 NA
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

S2 S3 S4
(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

Mol % Mol % Mol %
NA NA NA
NA NA NA

33‐38% 35‐36% 34‐36%
NA NA NA
NA NA NA
NA NA NA

61‐67% 61‐66% 64‐66%
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
NA NA NA
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

S2 S3 S4
(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

Mol % Mol % Mol %
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

Spiegel & Preston 2003 Stern et al. 1998
(Rasi S. , 2009) (Rasi S. , 2009)

Mol % Mol %
NA NA
NA NA
39% 37%
NA NA
4% NA
NA NA
58% 63%
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA

NA NA
NA NA
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Spiegel & Preston 2003 Stern et al. 1998
(Rasi S. , 2009) (Rasi S. , 2009)

Mol % Mol %
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

Spiegel & Preston 2000 Accettola & Haberbauer 2005
(Rasi S. , 2009) (Rasi S. , 2009)

Mol % Mol %
NA NA
NA NA
34% NA
NA NA
8.1% NA
NA NA
58% NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA

NA NA
NA NA
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Spiegel & Preston 2000 Accettola & Haberbauer 2005
(Rasi S. , 2009) (Rasi S. , 2009)

Mol % Mol %
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

Schweigkofler & Niesser 2001 1
(Rasi S. , 2009)

Mol %
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Schweigkofler & Niesser 2001 1
(Rasi S. , 2009)

Mol %
NA
NA
NA
NA
NA
NA
NA
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

Schweigkofler & Niesser 2001 2
(Rasi S. , 2009)

Mol %
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Schweigkofler & Niesser 2001 2
(Rasi S. , 2009)

Mol %
NA
NA
NA
NA
NA
NA
NA
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

Schweigkofler & Niesser 1999 1
(Rasi S. , 2009)

Mol %
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Schweigkofler & Niesser 1999 1
(Rasi S. , 2009)

Mol %
NA
NA
NA
NA
NA
NA
NA
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

Schweigkofler & Niesser 1999 2
(Rasi S. , 2009)

Mol %
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA

20916 First Tier Chem Results for Raw WWTP Biogas‐ Major Components Page 69

Page 633



Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Schweigkofler & Niesser 1999 2
(Rasi S. , 2009)

Mol %
NA
NA
NA
NA
NA
NA
NA
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

Zurich, Switserland
(Dewil, Appels, & Baeyens, 2006)

Mol %
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Zurich, Switserland
(Dewil, Appels, & Baeyens, 2006)

Mol %
NA
NA
NA
NA
NA
NA
NA
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

Neuburg, Germany
(Dewil, Appels, & Baeyens, 2006)

Mol %
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Neuburg, Germany
(Dewil, Appels, & Baeyens, 2006)

Mol %
NA
NA
NA
NA
NA
NA
NA
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

Sint‐Truiden, Belgium
(Dewil, Appels, & Baeyens, 2006)

Mol %
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sint‐Truiden, Belgium
(Dewil, Appels, & Baeyens, 2006)

Mol %
NA
NA
NA
NA
NA
NA
NA
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

Trecatti, UK
(Dewil, Appels, & Baeyens, 2006)

Mol %
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Trecatti, UK
(Dewil, Appels, & Baeyens, 2006)

Mol %
NA
NA
NA
NA
NA
NA
NA
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

Minworth, UK WWTPa
(Dewil, Appels, & Baeyens, 2006) (Arnold & Kajolinna)

Mol % Mol %
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA

NA NA
NA NA
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Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Minworth, UK WWTPa
(Dewil, Appels, & Baeyens, 2006) (Arnold & Kajolinna)

Mol % Mol %
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
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Raw WWTP Biogas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

WWTPb WWTPc
(Arnold & Kajolinna) (Arnold & Kajolinna)

Mol % Mol %
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA

NA NA
NA NA

20916 First Tier Chem Results for Raw WWTP Biogas‐ Major Components Page 81

Page 645



Raw WWTP Biogas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

WWTPb WWTPc
(Arnold & Kajolinna) (Arnold & Kajolinna)

Mol % Mol %
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
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Raw Diary Biogas
Extended Hydrocarbons

071735‐001 081048‐004 081055‐001 081079‐003 081182‐001
GTI GTI GTI GTI GTI

Component Name ppmv ppmv ppmv ppmv ppmv
Cycloalkanes
Cyclopentane BDL BDL BDL BDL BDL
Methylcyclopentane BDL BDL BDL BDL BDL
Cyclohexane BDL BDL BDL BDL BDL
Methylcyclohexane BDL BDL BDL BDL BDL
Aromatics
Benzene BDL BDL BDL BDL BDL
Toluene BDL BDL BDL BDL BDL
Ethylbenzene BDL BDL BDL BDL BDL
m,p‐Xylene BDL BDL BDL BDL BDL
Styrene BDL BDL BDL BDL BDL
o‐Xylene BDL BDL BDL BDL BDL
C3 Benzenes BDL BDL BDL BDL 0.010
Naphthalene BDL BDL BDL BDL BDL
C1 Naphthalenes BDL BDL BDL BDL BDL
C2 Naphthalenes BDL BDL BDL BDL BDL
Paraffins
Hexanes 0.018 BDL BDL 0.010 0.010
Heptanes 0.010 BDL BDL BDL BDL
2,2,4‐Trimethylpentane #VALUE! #VALUE! #VALUE! #VALUE! #VALUE!
Octanes BDL BDL BDL BDL BDL
Nonanes BDL BDL BDL BDL BDL
Decanes BDL BDL BDL BDL BDL
Undecanes BDL BDL BDL BDL BDLUndecanes BDL BDL BDL BDL BDL
Dodecanes BDL BDL BDL BDL BDL
Tridecanes BDL BDL BDL BDL BDL
Tetradecanes BDL BDL BDL BDL BDL
Pentadecanes BDL BDL BDL BDL BDL
Hexadecanes BDL BDL BDL BDL BDL
Heptadecanes BDL BDL BDL BDL BDL
Octadecanes BDL BDL BDL BDL BDL
Nonadecanes BDL BDL BDL BDL BDL
Eicosanes + BDL BDL BDL BDL BDL

Total from Cyclopentane 0.028 BDL BDL 0.010 0.020
to Eicosanes +

Detection Limit = 0.0001 mol% (1 ppmv)
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken) or Not Available
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Raw Diary Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

081188‐002 081189‐001 081227‐001 081242‐001 081288‐001
GTI GTI GTI GTI GTI
ppmv ppmv ppmv ppmv ppmv

0.010 0.010 BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

BDL BDL BDL BDL BDL
BDL BDL 0.010 BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
0.010 BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.010 0.010 0.010 0.020 BDL
BDL 0.010 BDL BDL BDL

#VALUE! #VALUE! #VALUE! #VALUE! #VALUE!
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
0.010 BDL BDL BDL BDLUndecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

0.010 BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.040 0.030 0.020 0.020 BDL
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Raw Diary Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

081289‐003 081303‐001 051363‐001 051509‐001 061170‐001
GTI GTI GTI GTI GTI
ppmv ppmv ppmv ppmv ppmv

BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA

BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA

BDL BDL NA NA NA
BDL BDL NA NA NA

#VALUE! #VALUE! #VALUE! #VALUE! #VALUE!
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NAUndecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA

BDL BDL NA NA NA
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Raw Diary Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

061298‐001 061571‐001 061659‐001 071022‐001 071088‐001
GTI GTI GTI GTI GTI
ppmv ppmv ppmv ppmv ppmv

NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA

0.50 NA BDL NA NA
8.7 NA BDL NA NA
5.1 NA BDL NA NA
10.3 NA BDL NA NA
3.2 NA BDL NA NA
3.8 NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA

NA NA 0.030 NA NA
NA NA BDL NA NA

#VALUE! #VALUE! #VALUE! #VALUE! #VALUE!
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NAUndecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA

31.6 NA 0.030 NA NA
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Raw Diary Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

071143‐001 071418‐001 071464‐001 071473‐001 071480‐001
GTI GTI GTI GTI GTI
ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA

#VALUE! #VALUE! #VALUE! #VALUE! #VALUE!
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NAUndecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
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Raw Diary Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

081026‐002 081243‐001 081330‐001 081374‐001 081383‐001
GTI GTI GTI GTI GTI
ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA

#VALUE! #VALUE! #VALUE! #VALUE! #VALUE!
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NAUndecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA

20916 First Tier Chem Results for Raw Dairy Biogas‐ Extended Hydrocarbons Page 6

Page 652



Raw Diary Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

081620‐001 081640‐001 081708‐001 081728‐001 081730‐001
GTI GTI GTI GTI GTI
ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA

#VALUE! #VALUE! #VALUE! #VALUE! #VALUE!
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NAUndecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
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Raw Diary Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

081754‐001 091022‐001 091101‐001 091116‐001 091117‐001 091243‐001
GTI GTI GTI GTI GTI GTI
ppmv ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA

NA NA NA NA NA NA
NA NA NA NA NA NA

#VALUE! #VALUE! #VALUE! #VALUE! #VALUE! #VALUE!
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NAUndecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA

NA NA NA NA NA NA
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Raw Diary Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

091244‐001 091245‐001 091246‐001 091462‐001 091463‐001
GTI GTI GTI GTI GTI
ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA

#VALUE! #VALUE! #VALUE! #VALUE! #VALUE!
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NAUndecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
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Raw Diary Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

091464‐001 091465‐001 091466‐001 091467‐001 091656‐001
GTI GTI GTI GTI GTI
ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA

#VALUE! #VALUE! #VALUE! #VALUE! #VALUE!
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NAUndecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
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Raw Diary Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

091657‐001 091658‐001 091659‐001 B1 B2
GTI GTI GTI (Rasi S. , 2009) (Rasi S. , 2009)
ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

#DIV/0! #DIV/0!
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

#DIV/0! #DIV/0!
NA NA NA NA NA
NA NA NA NA NA

#VALUE! #VALUE! #VALUE! #VALUE! #VALUE!
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NAUndecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

#DIV/0! #DIV/0!

NA NA NA NA NA
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Raw Diary Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

B3 B4 B5
(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

ppmv ppmv ppmv

NA NA NA
NA NA NA
NA NA NA
NA NA NA

#DIV/0! #DIV/0! #DIV/0!
NA NA 0.20‐0.36
NA NA 0.05‐0.17
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

#DIV/0! #DIV/0! #DIV/0!
NA NA NA
NA NA NA

#VALUE! #VALUE! #VALUE!
NA NA NA
NA NA NA
NA NA NA
NA NA NAUndecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

#DIV/0! #DIV/0! #DIV/0!

NA NA 0.25‐0.52
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Raw Diary Biogas (Partially Cleaned)
Extended Hydrocarbons

081079‐001 081082‐001 081102‐002 081165‐001 081181‐001
GTI GTI GTI GTI GTI

Component Name ppmv ppmv ppmv ppmv ppmv
Cycloalkanes
Cyclopentane BDL BDL NA BDL BDL
Methylcyclopentane BDL BDL NA BDL BDL
Cyclohexane BDL BDL NA BDL BDL
Methylcyclohexane BDL BDL NA BDL BDL
Aromatics
Benzene BDL BDL NA BDL BDL
Toluene BDL BDL NA BDL BDL
Ethylbenzene BDL BDL NA BDL BDL
m,p‐Xylene BDL BDL NA BDL BDL
Styrene BDL BDL NA BDL BDL
o‐Xylene BDL BDL NA BDL BDL
C3 Benzenes BDL BDL NA BDL BDL
Naphthalene BDL BDL NA BDL BDL
C1 Naphthalenes BDL BDL NA BDL BDL
C2 Naphthalenes BDL BDL NA BDL BDL
Paraffins
Hexanes BDL 0.02 NA 0.01 BDL
Heptanes BDL 0.01 NA BDL BDL
2,2,4‐Trimethylpentane BDL BDL NA BDL BDL
Octanes BDL BDL NA BDL BDL
Nonanes BDL BDL NA BDL BDL
Decanes BDL BDL NA BDL BDL
Undecanes BDL BDL NA BDL BDL
Dodecanes BDL BDL NA BDL BDL
Tridecanes BDL BDL NA BDL BDL
Tetradecanes BDL BDL NA BDL BDL
Pentadecanes BDL BDL NA BDL BDL
Hexadecanes BDL BDL NA BDL BDL
Heptadecanes BDL BDL NA BDL BDL
Octadecanes BDL BDL NA BDL BDL
Nonadecanes BDL BDL NA BDL BDL
Eicosanes + BDL BDL NA BDL BDL

BDL 0.03 NA 0.01 BDL
Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol% (1 ppmv)
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken) or Not Available
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Raw Diary Biogas (Partially Cleaned)
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

081241‐001 081289‐001 081302‐001
GTI GTI GTI
ppmv ppmv ppmv

BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

0.01 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

0.01 BDL BDL

20916 First Tier Chem Results for Raw Dairy Biogas (Partial Clean)‐ Extended Hydrocarbons Page 2

Page 660



Raw Landfill Biogas
Extended Hydrocarbons

081649‐003 081649‐004 081658‐003 081658‐004 081655‐003

GTI GTI GTI GTI GTI

Component Name ppmv ppmv ppmv ppmv ppmv
Cycloalkanes (total)
Cyclopentane 0.030 0.030 0.020 0.020 0.010
Methylcyclopentane 0.020 0.020 0.010 0.010 0.010
Cyclohexane 0.040 0.060 0.010 0.010 0.010
Methylcyclohexane 0.030 0.030 0.020 0.020 0.020

Aromatics (total)
Benzene 0.030 0.030 0.010 0.010 0.010
Toluene 0.230 0.180 0.060 0.080 0.070
Ethylbenzene 0.050 0.030 0.040 0.040 0.020
m,p‐Xylene 0.060 0.040 0.060 0.080 0.020
Styrene BDL BDL BDL BDL BDL
o‐Xylene 0.010 0.010 0.020 0.020 0.010
C3 Benzenes 0.030 0.020 0.050 0.040 0.020
Naphthalene BDL BDL BDL BDL BDL
C1 Naphthalenes BDL BDL BDL BDL BDL
C2 Naphthalenes BDL BDL BDL BDL BDL
Paraffins
Hexanes 0.330 0.350 0.050 0.060 0.130
Heptanes 0.230 0.230 0.060 0.060 0.090
2 2 4‐Trimethylpentane 0 020 0 020 BDL 0 010 0 0102,2,4‐Trimethylpentane 0.020 0.020 BDL 0.010 0.010
Octanes 0.150 0.140 0.070 0.060 0.060
Nonanes 0.160 0.140 0.140 0.130 0.080
Decanes 0.360 0.310 0.350 0.280 0.140
Undecanes 0.060 0.020 0.160 0.140 0.060
Dodecanes 0.010 0.010 0.020 0.010 0.010
Tridecanes BDL BDL BDL BDL BDL
Tetradecanes BDL BDL BDL BDL BDL
Pentadecanes BDL BDL BDL BDL BDL
Hexadecanes BDL BDL BDL BDL BDL
Heptadecanes BDL BDL BDL BDL BDL
Octadecanes BDL BDL BDL BDL BDL
Nonadecanes BDL BDL BDL BDL BDL
Eicosanes + BDL BDL BDL BDL BDL
Trimethylbenzene

Total from Cyclopentane 1.850 1.670 1.150 1.080 0.780
to Eicosanes +
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

081655‐004 081710‐003 081710‐004 081716‐003 081716‐004

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

0.010 0.010 0.010 0.020 0.020
0.010 0.010 0.010 0.010 0.010
0.010 0.010 0.010 0.010 0.010
0.030 0.020 0.020 0.020 0.020

0.010 0.020 0.010 0.010 0.010
0.100 0.090 0.060 0.080 0.080
0.030 0.020 0.020 0.050 0.050
0.040 0.030 0.020 0.090 0.090
BDL BDL BDL 0.010 BDL
0.010 0.010 0.010 0.020 0.020
0.040 0.030 0.020 0.080 0.080
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.150 0.150 0.110 0.050 0.040
0.110 0.110 0.080 0.050 0.040
0 010 0 010 0 010 0 010 #VALUE!2,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

0.010 0.010 0.010 0.010 #VALUE!
0.080 0.080 0.050 0.070 0.060
0.120 0.090 0.070 0.170 0.140
0.250 0.180 0.130 0.430 0.360
0.140 0.090 0.060 0.190 0.230
0.020 0.010 0.010 0.020 0.030
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

1.170 0.970 0.710 1.390 1.290

20916 First Tier Chem Results for Raw Landfill Biogas‐ Extended Hydrocarbons Page 2

Page 662



Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

081753‐001 081753‐002 091071‐003 091071‐004 051341‐001

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

BDL 0.040 0.030 0.040 NA
0.010 0.020 0.020 0.020 NA
0.010 0.020 0.040 0.040 NA
0.020 0.030 0.020 0.030 NA

0.010 0.020 0.020 0.030 NA
0.160 0.330 0.150 0.210 NA
0.060 0.070 0.030 0.040 NA
0.130 0.160 0.030 0.050 NA
BDL BDL BDL BDL NA
0.030 0.030 0.010 0.010 NA
0.050 0.050 0.020 0.030 NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA

0.050 0.230 0.420 0.470 NA
0.040 0.200 0.260 0.310 NA
0 010 0 010 0 020 0 020 NA2,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

0.010 0.010 0.020 0.020 NA
0.060 0.170 0.160 0.200 NA
0.090 0.120 0.110 0.150 NA
0.240 0.240 0.130 0.180 NA
0.150 0.120 0.030 0.040 NA
BDL 0.010 BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA

1.120 1.870 1.500 1.870 NA
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

051462‐001 051519‐002 051537‐001 051551‐001 061054‐001

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA

NA NA BDL NA NA
NA NA 0.040 NA NA
NA NA 0.010 NA NA
NA NA 0.020 NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA

NA NA 0.030 NA NA
NA NA 0.010 NA NA
NA NA BDL NA NA2,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

NA NA BDL NA NA
NA NA 0.020 NA NA
NA NA 0.010 NA NA
NA NA 0.020 NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA
NA NA BDL NA NA

NA NA 0.160 NA NA
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

061071‐001 061110‐001 061111‐001 061124‐002 061124‐006

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA NA 0.013 0.018
NA NA NA 0.010 BDL
NA NA NA 0.040 0.011
NA NA NA BDL 0.012

NA NA NA 0.517 0.063
NA NA NA 0.030 0.129
NA NA NA BDL 0.017
NA NA NA 0.010 0.030
NA NA NA BDL BDL
NA NA NA BDL 0.010
NA NA NA 0.010 0.034
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL

NA NA NA 6.446 0.397
NA NA NA 0.881 0.175
NA NA NA BDL 0 0062,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

NA NA NA BDL 0.006
NA NA NA 0.450 0.102
NA NA NA 0.040 0.090
NA NA NA 0.032 0.148
NA NA NA 0.010 0.045
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL

NA NA NA 8.488 1.287
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

061385‐001 061183‐001 061183‐002 061183‐003 061191‐001

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA NA NA 0.020
NA NA NA NA 0.010
NA NA NA NA BDL
NA NA NA NA BDL

NA NA NA NA 0.362
NA NA NA NA 0.030
NA NA NA NA BDL
NA NA NA NA BDL
NA NA NA NA BDL
NA NA NA NA BDL
NA NA NA NA BDL
NA NA NA NA BDL
NA NA NA NA BDL
NA NA NA NA BDL

NA NA NA NA 1.222
NA NA NA NA 0.336
NA NA NA NA BDL2,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

NA NA NA NA BDL
NA NA NA NA 0.150
NA NA NA NA 0.011
NA NA NA NA 0.011
NA NA NA NA BDL
NA NA NA NA BDL
NA NA NA NA BDL
NA NA NA NA BDL
NA NA NA NA BDL
NA NA NA NA BDL
NA NA NA NA BDL
NA NA NA NA BDL
NA NA NA NA BDL
NA NA NA NA BDL

NA NA NA NA 2.152
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

061191‐002 061191‐003 061228‐001 061228‐002 061229‐001

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

BDL 0.010 NA NA NA
BDL 0.020 NA NA NA
0.010 0.160 NA NA NA
BDL BDL NA NA NA

0.061 1.393 NA NA NA
0.043 0.082 NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL 0.010 NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA

0.322 16.267 NA NA NA
0.116 2.997 NA NA NA
0 010 BDL NA NA NA2,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

0.010 BDL NA NA NA
0.059 1.289 NA NA NA
0.010 0.080 NA NA NA
BDL 0.040 NA NA NA
BDL 0.010 NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA

0.631 22.358 NA NA NA

20916 First Tier Chem Results for Raw Landfill Biogas‐ Extended Hydrocarbons Page 7

Page 667



Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

061309‐001 061309‐002 061309‐003 061344‐002 061353‐001

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA2,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

061359‐001 061359‐002 061421‐001 061421‐002 061493‐004

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA NA NA 0.067
NA NA NA NA 0.040
NA NA NA NA BDL
NA NA NA NA 0.020

NA NA NA NA 4.597
NA NA NA NA 1.749
NA NA NA NA 0.463
NA NA NA NA 0.774
NA NA NA NA 0.140
NA NA NA NA 0.258
NA NA NA NA 0.574
NA NA NA NA BDL
NA NA NA NA BDL
NA NA NA NA BDL

NA NA NA NA 10.638
NA NA NA NA 9.073
NA NA NA NA 0 0292,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

NA NA NA NA 0.029
NA NA NA NA 10.210
NA NA NA NA 3.192
NA NA NA NA 2.187
NA NA NA NA 0.626
NA NA NA NA 0.039
NA NA NA NA BDL
NA NA NA NA BDL
NA NA NA NA BDL
NA NA NA NA BDL
NA NA NA NA BDL
NA NA NA NA BDL
NA NA NA NA BDL
NA NA NA NA BDL

NA NA NA NA 44.677
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

061580‐002 061599‐001 061599‐002 071064‐001 071064‐002

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA2,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

071103‐001 071212‐001 071212‐002 071212‐003 071212‐004

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

0.007 NA NA NA NA
BDL NA NA NA NA
BDL NA NA NA NA
BDL NA NA NA NA

BDL NA NA NA NA
0.030 NA NA NA NA
0.012 NA NA NA NA
0.023 NA NA NA NA
BDL NA NA NA NA
0.011 NA NA NA NA
0.020 NA NA NA NA
BDL NA NA NA NA
BDL NA NA NA NA
BDL NA NA NA NA

0.116 NA NA NA NA
0.060 NA NA NA NA
BDL NA NA NA NA2,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

BDL NA NA NA NA
0.054 NA NA NA NA
0.043 NA NA NA NA
0.146 NA NA NA NA
0.112 NA NA NA NA
BDL NA NA NA NA
BDL NA NA NA NA
BDL NA NA NA NA
BDL NA NA NA NA
BDL NA NA NA NA
BDL NA NA NA NA
BDL NA NA NA NA
BDL NA NA NA NA
BDL NA NA NA NA

0.634 NA NA NA NA
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

071263‐001 071287‐002 071292‐003 071325‐001 071325‐003

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA 0.040 0.020 0.110
NA NA 0.023 BDL 0.070
NA NA 0.034 0.010 0.690
NA NA 0.027 0.011 0.100

NA NA 0.023 0.044 6.860
NA NA 0.402 0.137 1.750
NA NA 0.078 0.050 0.160
NA NA 0.141 0.079 0.200
NA NA 0.026 BDL 0.030
NA NA 0.048 0.030 0.050
NA NA 0.144 0.094 0.320
NA NA 0.011 BDL BDL
NA NA BDL BDL BDL
NA NA BDL BDL BDL

NA NA 0.469 0.121 39.200
NA NA 0.281 0.113 14.700
NA NA 0 032 BDL 0 0502,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

NA NA 0.032 BDL 0.050
NA NA 0.218 0.189 11.700
NA NA 0.271 0.198 3.210
NA NA 0.609 0.397 0.900
NA NA 0.392 0.275 0.310
NA NA 0.088 0.040 0.020
NA NA 0.016 BDL BDL
NA NA BDL BDL BDL
NA NA BDL BDL BDL
NA NA BDL BDL BDL
NA NA BDL BDL BDL
NA NA BDL BDL BDL
NA NA BDL BDL BDL
NA NA BDL BDL BDL

NA NA 3.372 1.809 80.430
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

071325‐005 071325‐007 071325‐009 071382‐001 071382‐003

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

0.070 0.080 0.070 0.130 0.110
0.040 BDL 0.030 0.080 0.070
0.360 0.420 0.510 0.680 0.580
BDL 0.070 0.050 0.070 0.070

3.850 4.970 6.240 4.650 3.750
0.460 0.640 1.030 1.250 0.800
0.060 0.110 0.180 0.180 0.080
0.080 0.150 0.230 0.210 0.100
0.010 0.020 0.020 0.030 0.020
0.020 0.040 0.060 0.050 0.020
0.150 0.220 0.240 0.350 0.180
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

24.900 18.540 22.700 43.700 34.900
6.900 6.640 9.820 12.700 11.000
0 030 0 040 0 020 0 040 0 0402,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

0.030 0.040 0.020 0.040 0.040
3.810 3.580 7.060 9.480 7.050
0.970 1.410 2.530 2.750 1.910
0.330 0.700 1.160 0.890 0.570
0.140 0.290 0.410 0.200 0.110
0.010 0.020 0.030 0.010 BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

42.190 37.940 52.390 77.450 61.360
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

071382‐005 071382‐007 071382‐009 071470‐001 071470‐003

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

0.080 0.150 0.020 0.120 0.130
0.050 0.040 BDL 0.060 0.040
0.390 0.610 0.010 0.880 0.760
0.070 0.040 0.009 0.060 0.050

4.710 3.450 0.092 4.330 6.790
0.650 0.560 0.116 1.670 1.890
0.100 0.080 0.041 0.610 0.660
0.130 0.100 0.060 0.970 1.080
0.020 0.020 0.006 0.040 0.040
0.040 0.030 0.019 0.320 0.350
0.290 0.200 0.091 0.710 0.790
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

20.700 29.900 0.253 45.800 32.200
6.550 9.990 0.211 16.900 14.200
0 040 0 020 0 010 0 050 0 0302,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

0.040 0.020 0.010 0.050 0.030
3.810 4.670 0.186 11.500 8.430
1.480 1.470 0.208 5.160 4.830
0.710 0.540 0.341 4.060 4.010
0.280 0.170 0.160 2.110 2.080
0.010 BDL 0.013 0.170 0.130
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

40.110 52.040 1.847 95.520 78.490
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

071470‐005 071470‐007 071542‐001 071542‐003 071542‐005

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

0.140 0.019 0.110 0.130 0.029
0.040 BDL 0.040 0.050 0.003
0.610 0.010 0.590 0.620 0.009
0.070 0.010 0.040 0.070 0.010

6.490 0.040 4.090 6.210 0.085
2.010 0.142 1.190 1.680 0.268
0.600 0.032 0.340 0.440 0.094
0.980 0.052 0.490 0.640 0.168
0.040 BDL 0.020 0.030 0.008
0.270 0.020 0.150 0.180 0.056
0.680 0.050 0.630 0.720 0.235
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

25.500 0.089 22.100 23.800 0.204
11.100 0.103 9.600 10.600 0.238
0 060 BDL 0 040 0 060 0 0052,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

0.060 BDL 0.040 0.060 0.005
7.290 0.116 6.580 7.120 0.322
3.930 0.137 2.840 3.290 0.434
2.840 0.256 1.790 2.300 0.883
1.210 0.103 0.820 1.140 0.697
0.090 0.010 0.060 0.090 0.067
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

63.950 1.187 51.520 59.170 3.815

20916 First Tier Chem Results for Raw Landfill Biogas‐ Extended Hydrocarbons Page 15

Page 675



Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

071575‐001 071575‐002 071575‐003 071618‐001 071618‐003

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA NA 0.150 0.090
NA NA NA 0.050 0.040
NA NA NA 0.780 0.440
NA NA NA 0.060 0.060

0.000 0.000
NA NA NA 5.230 0.970
NA NA NA 1.630 1.230
NA NA NA 0.510 0.230
NA NA NA 0.730 0.340
NA NA NA 0.030 0.020
NA NA NA 0.230 0.090
NA NA NA 0.650 0.330
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL

NA NA NA 32.300 20.500
NA NA NA 14.500 11.200
NA NA NA 0 050 0 0602,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

NA NA NA 0.050 0.060
NA NA NA 9.260 4.900
NA NA NA 4.420 2.080
NA NA NA 3.010 1.210
NA NA NA 1.280 0.600
NA NA NA 0.100 0.060
NA NA NA 0.010 BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL

NA NA NA 74.980 44.450
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

071618‐005 071694‐001 071694‐003 071694‐005 071763‐001

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

0.011 0.140 0.060 0.020 0.074
BDL 0.040 0.040 BDL 0.044
0.007 0.740 0.320 BDL 0.528
0.011 0.050 0.050 0.007 0.046

0.000 0.000 0.000 0.000
0.008 5.220 4.180 0.071 4.823
0.035 1.360 0.910 0.149 1.722
0.037 0.360 0.170 0.076 0.324
0.036 0.490 0.250 0.121 0.461
BDL 0.020 0.030 0.015 0.022
0.013 0.140 0.070 0.040 0.106
0.071 0.650 0.500 0.186 0.495
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.026 30.200 18.300 0.274 20.000
0.074 12.200 6.280 0.305 8.567
0 008 0 040 0 050 BDL 0 0372,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

0.008 0.040 0.050 BDL 0.037
0.125 8.190 4.660 0.293 6.843
0.142 3.100 1.830 0.409 2.265
0.260 1.550 1.080 0.650 0.811
0.152 0.570 0.570 0.425 0.234
0.020 0.030 0.060 0.043 0.017
BDL BDL 0.010 BDL 0.007
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

1.037 65.090 39.420 3.084 47.430
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

071763‐003 071763‐005 071774‐002 071795‐001 071795‐003

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

0.052 0.023 NA 0.110 0.070
0.035 BDL NA 0.050 0.030
0.267 0.006 NA 0.710 0.310
0.052 0.010 NA 0.050 0.060

4.484 0.065 NA 5.930 4.070
0.775 0.194 NA 2.060 0.670
0.070 0.099 NA 0.490 0.060
0.090 0.172 NA 0.720 0.070
0.026 0.030 NA 0.020 0.010
0.020 0.060 NA 0.190 0.010
0.350 0.230 NA 0.510 0.130
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL

16.800 0.526 NA 31.000 18.400
5.470 0.730 NA 11.700 5.610
0 047 BDL NA 0 040 0 0402,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

0.047 BDL NA 0.040 0.040
4.027 0.520 NA 8.860 2.870
0.952 0.591 NA 3.360 0.820
0.244 0.750 NA 1.480 0.190
0.070 0.500 NA 0.520 0.050
0.010 0.070 NA 0.040 BDL
0.011 BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL

33.851 4.576 NA 67.840 33.470
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

071795‐005 081070‐001 081070‐003 081070‐005 081070‐007

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

0.060 0.080 0.070 0.080 0.010
0.020 0.050 0.040 0.020 BDL
0.360 0.390 0.390 0.560 BDL
0.040 0.050 0.060 0.020 BDL

6.370 4.350 4.480 4.640 0.110
1.050 0.680 0.700 0.600 0.130
0.110 0.050 0.110 0.100 0.060
0.150 0.060 0.150 0.130 0.090
0.010 0.020 0.020 0.020 BDL
0.030 0.010 0.040 0.030 0.030
0.150 0.170 0.180 0.180 0.100
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

19.700 24.200 21.100 26.200 0.400
6.770 7.290 6.550 8.600 0.480
0 020 0 020 0 050 0 010 BDL2,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

0.020 0.020 0.050 0.010 BDL
4.350 5.000 3.700 5.110 0.510
1.290 0.960 1.190 1.140 0.380
0.320 0.250 0.440 0.430 0.290
0.070 0.120 0.160 0.160 0.130
0.010 0.020 0.020 0.020 0.010
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

40.880 43.770 39.450 48.050 2.730
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

081124‐001 081124‐003 081124‐005 081128‐002 081124‐009

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

0.120 0.080 0.200 NA 0.010
0.070 0.050 0.020 NA BDL
0.700 0.400 1.300 NA BDL
0.120 0.050 0.360 NA BDL

6.300 4.110 5.990 NA 0.020
1.130 0.490 0.940 NA 0.110
0.150 0.090 0.390 NA 0.050
0.180 0.120 0.530 NA 0.080
0.030 0.020 0.020 NA BDL
0.050 0.040 0.200 NA 0.020
0.400 0.290 0.750 NA 0.100
BDL BDL BDL NA BDL
BDL BDL BDL NA BDL
BDL BDL BDL NA BDL

33.900 23.600 53.400 NA 0.080
11.300 6.620 23.300 NA 0.090
0 060 0 020 0 010 NA BDL2,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

0.060 0.020 0.010 NA BDL
8.030 3.190 10.600 NA 0.100
2.260 1.090 4.640 NA 0.150
0.910 0.580 2.630 NA 0.310
0.470 0.310 1.380 NA 0.190
0.050 0.030 0.100 NA 0.020
0.010 BDL BDL NA BDL
BDL BDL BDL NA BDL
BDL BDL BDL NA BDL
BDL BDL BDL NA BDL
BDL BDL BDL NA BDL
BDL BDL BDL NA BDL
BDL BDL BDL NA BDL
BDL BDL BDL NA BDL

66.240 41.180 106.760 NA 1.330
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

081184‐001 081184‐003 081184‐005 081184‐007 081246‐001

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

0.090 0.080 0.080 0.030 0.130
0.060 0.020 0.040 BDL 0.090
0.490 0.410 0.370 0.010 0.550
0.050 0.030 0.050 0.010 0.070

4.720 4.700 4.480 0.060 4.670
0.960 0.500 0.580 0.200 1.340
0.130 0.120 0.090 0.060 0.450
0.160 0.170 0.120 0.100 0.640
0.020 0.010 0.020 BDL 0.050
0.040 0.050 0.030 0.030 0.020
0.290 0.280 0.280 0.110 0.750
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

28.700 23.200 23.400 0.170 44.700
8.080 6.610 6.630 0.180 9.500
0 040 0 020 0 040 BDL 0 0602,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

0.040 0.020 0.040 BDL 0.060
5.880 3.410 4.000 0.220 7.400
1.470 1.210 1.110 0.230 3.490
0.560 0.700 0.520 0.400 2.520
0.290 0.360 0.260 0.320 1.380
0.040 0.040 0.030 0.040 0.130
0.010 BDL 0.010 BDL 0.010
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

52.080 41.920 42.140 2.170 77.950
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

081246‐003 081246‐005 081246‐007 081312‐001 081312‐003

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

0.060 0.090 BDL 0.180 0.060
0.030 0.080 BDL 0.110 0.030
0.290 0.090 0.010 0.040 0.010
0.050 0.270 BDL 0.250 0.320

2.900 6.230 0.030 5.820 5.730
0.700 1.520 0.120 1.420 0.790
0.230 0.370 0.050 0.050 0.340
0.340 0.620 0.100 0.420 0.450
0.030 0.060 0.010 0.050 0.030
0.030 0.190 0.040 0.130 0.230
0.400 0.900 0.420 0.820 1.830
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

7.940 27.100 0.140 41.500 60.000
4.180 10.700 0.110 11.660 14.900
0 050 0 040 0 000 0 040 0 0502,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

0.050 0.040 0.000 0.040 0.050
2.930 7.660 0.120 9.690 10.430
1.820 2.790 0.160 3.150 4.320
1.740 1.490 0.530 1.340 2.020
1.300 0.650 0.530 0.740 1.390
0.160 0.080 0.120 0.110 0.210
0.020 0.010 0.010 0.010 0.010
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

25.200 60.940 2.500 77.530 103.150
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

081312‐005 081312‐007 081391‐001 081391‐003 081391‐005

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

0.140 0.010 0.180 0.090 0.170
0.060 BDL 0.120 0.020 0.100
0.040 0.010 0.040 0.010 0.040
0.020 0.010 0.270 0.150 0.250

4.230 0.050 5.710 5.510 6.180
0.520 0.200 1.350 0.520 1.390
0.080 0.060 0.050 0.030 0.040
0.130 0.130 0.360 0.150 0.400
0.020 0.010 0.050 0.020 0.050
0.050 0.040 0.100 0.060 0.120
0.490 0.310 0.700 0.520 0.670
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

25.700 0.130 38.800 33.300 34.000
6.910 0.130 10.890 11.100 11.460
0 080 0 010 0 050 0 020 0 0402,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

0.080 0.010 0.050 0.020 0.040
3.740 0.160 9.520 7.440 9.730
1.100 0.230 2.820 1.720 3.040
0.520 0.530 1.050 0.760 1.010
0.430 0.490 0.540 0.510 0.490
0.060 0.100 0.070 0.080 0.060
BDL 0.010 BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

44.320 2.620 72.670 62.010 69.240
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

081391‐007 081329‐001 081329‐002 081329‐003 081338‐002

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

0.010 BDL BDL BDL NA
BDL BDL BDL 0.010 NA
BDL BDL BDL BDL NA
BDL BDL 0.010 BDL NA

0.030 BDL 0.010 BDL BDL
0.110 BDL 0.010 BDL BDL
0.050 0.010 0.030 0.020 BDL
0.090 0.010 0.020 0.020 BDL
0.010 BDL BDL BDL BDL
0.030 BDL BDL BDL BDL
0.240 0.020 0.040 0.030 BDL
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA

0.090 0.020 0.020 0.030 BDL
0.070 0.010 0.020 0.010 BDL
BDL BDL BDL BDL BDL2,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

BDL BDL BDL BDL BDL
0.120 0.020 0.030 0.020 BDL
0.130 0.030 0.040 0.030 BDL
0.390 0.060 0.100 0.070 BDL
0.300 0.020 0.050 0.030 BDL
0.060 BDL 0.010 BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA
BDL BDL BDL BDL NA

1.730 0.200 0.390 0.270 BDL
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

081382‐001 081464‐001 081464‐003 081464‐005 081464‐007

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA 0.140 0.070 0.150 0.010
NA 0.090 0.030 0.090 0.010
NA 0.030 0.030 0.030 0.010
NA 0.230 0.120 0.280 0.010

BDL 4.890 4.320 5.250 0.060
BDL 1.140 0.470 1.570 0.190
BDL 0.200 0.140 0.440 0.070
BDL 0.300 0.230 0.660 0.150
BDL 0.040 0.020 0.050 0.010
BDL 0.080 0.090 0.210 0.050
BDL 0.490 0.760 1.120 0.500
NA BDL BDL BDL BDL
NA BDL BDL BDL BDL
NA BDL BDL BDL BDL

BDL 34.900 28.200 31.400 0.270
BDL 9.990 9.210 11.250 0.210
BDL 0 040 0 020 0 030 BDL2,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

BDL 0.040 0.020 0.030 BDL
BDL 7.730 6.350 9.600 0.270
BDL 2.030 1.600 3.540 0.310
BDL 0.840 0.970 1.690 0.590
BDL 0.470 0.640 0.800 0.640
BDL 0.080 0.080 0.090 0.130
BDL 0.010 BDL BDL 0.020
NA BDL BDL BDL BDL
NA BDL BDL BDL BDL
NA BDL BDL BDL BDL
NA BDL BDL BDL BDL
NA BDL BDL BDL BDL
NA BDL BDL BDL BDL
NA BDL BDL BDL BDL

BDL 63.720 53.350 68.250 3.510
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

081536‐001 081536‐003 081536‐005 081536‐007 081671‐001

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

0.180 0.080 0.080 0.020 0.090
0.170 0.070 0.130 0.010 0.120
0.030 0.030 0.030 0.010 0.060
0.090 0.080 0.080 0.020 0.100

4.620 5.800 4.630 0.070 5.750
1.530 1.130 1.190 0.200 1.340
0.470 0.180 0.270 0.100 0.270
0.640 0.280 0.440 0.180 0.350
0.050 0.040 0.040 0.020 0.060
0.200 0.080 0.140 0.070 0.080
0.950 0.400 0.840 0.620 0.330
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

70.500 36.400 37.900 0.360 46.600
19.320 9.840 10.160 0.370 13.000
0 140 0 160 0 100 0 010 0 0502,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

0.140 0.160 0.100 0.010 0.050
13.470 7.360 6.540 0.400 7.980
4.110 2.100 2.450 0.550 2.850
1.910 0.860 1.460 0.960 1.330
0.680 0.470 0.670 0.650 0.400
0.070 0.070 0.090 0.090 0.020
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

119.130 65.430 67.240 4.710 80.780
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

081671‐003 081671‐005 061616‐002 081616‐003 081616‐005

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

0.110 0.010 0.900 0.110 0.010
0.120 BDL 0.100 0.120 0.010
0.080 0.020 0.650 0.090 0.020
0.090 0.010 0.070 0.080 0.010

5.400 0.100 4.590 5.020 0.170
1.400 0.160 0.660 1.060 0.140
0.260 0.090 0.070 0.200 0.050
0.320 0.140 0.070 0.240 0.080
0.050 0.020 0.020 0.040 0.010
0.070 0.050 0.010 0.060 0.020
0.260 0.210 0.080 0.220 0.090
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

42.000 0.350 42.400 41.200 0.700
12.600 0.340 10.400 11.800 0.530
0 060 BDL 0 030 0 050 0 0002,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

0.060 BDL 0.030 0.050 0.000
6.890 0.470 4.920 5.900 0.460
2.500 0.530 1.150 2.010 0.300
0.990 0.750 0.330 0.750 0.320
0.210 0.350 0.080 0.180 0.130
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

73.410 3.600 65.700 69.100 3.050
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

081703‐002 081720‐001 081725‐001 081725‐003 081725‐005

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA 0.090 0.060 0.020
NA NA 0.090 0.080 0.010
NA NA 0.060 0.090 0.010
NA NA 0.090 0.070 0.020

NA NA 5.330 3.890 0.310
NA NA 1.430 0.800 0.260
NA NA 0.250 0.160 0.080
NA NA 0.290 0.220 0.110
NA NA 0.050 0.040 0.020
NA NA 0.060 0.060 0.030
NA NA 0.220 0.240 0.170
NA NA BDL BDL BDL
NA NA BDL BDL BDL
NA NA BDL BDL BDL

NA NA 43.330 31.390 1.590
NA NA 12.710 8.070 1.260
NA NA 0 040 0 030 0 0102,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

NA NA 0.040 0.030 0.010
NA NA 8.210 4.220 1.180
NA NA 2.450 1.440 0.600
NA NA 0.950 0.750 0.380
NA NA 0.280 0.290 0.170
NA NA 0.020 0.020 0.010
NA NA BDL BDL BDL
NA NA BDL BDL BDL
NA NA BDL BDL BDL
NA NA BDL BDL BDL
NA NA BDL BDL BDL
NA NA BDL BDL BDL
NA NA BDL BDL BDL
NA NA BDL BDL BDL

NA NA 75.950 51.920 6.240
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

081766‐001 081766‐003 081766‐005 091021‐001 091021‐005

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

0.050 BDL 0.080 0.110 BDL
0.090 BDL 0.090 0.070 0.010
0.050 BDL 0.060 0.030 0.010
0.060 BDL 0.070 0.070 0.010

2.860 BDL 4.360 5.090 0.260
0.130 BDL 0.520 0.860 0.030
0.020 BDL 0.070 0.110 0.010
0.020 BDL 0.090 0.120 0.010
BDL BDL 0.020 0.030 BDL
BDL BDL 0.020 0.030 BDL
0.020 BDL 0.110 0.160 0.020
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

31.770 BDL 39.850 33.470 1.830
5.920 BDL 9.210 8.340 0.500
0 030 BDL 0 040 0 030 BDL2,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

0.030 BDL 0.040 0.030 BDL
1.500 BDL 4.190 4.650 0.250
0.290 BDL 1.090 1.420 0.090
0.080 BDL 0.400 0.600 0.030
0.040 BDL 0.150 0.280 0.020
BDL BDL BDL 0.030 BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

42.930 BDL 60.420 55.500 3.080
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

091094‐002 091094‐003 091094‐004 091097‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv

NA NA NA 0.170
NA NA NA 0.110
NA NA NA 0.040
NA NA NA 0.110

NA NA NA 6.180
NA NA NA 0.740
NA NA NA 0.070
NA NA NA 0.080
NA NA NA 0.020
NA NA NA 0.020
NA NA NA 0.090
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL

NA NA NA 48.250
NA NA NA 11.090
NA NA NA 0 0502,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

NA NA NA 0.050
NA NA NA 5.250
NA NA NA 1.440
NA NA NA 0.400
NA NA NA 0.160
NA NA NA 0.020
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL

NA NA NA 74.290
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

091097‐003 091128‐001 091139‐001 091139‐002 091139‐003

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

0.070 NA NA NA NA
0.080 NA NA NA NA
0.030 NA NA NA NA
0.060 NA NA NA NA

3.830 NA NA NA NA
0.650 NA NA NA NA
0.070 NA NA NA NA
0.080 NA NA NA NA
0.020 NA NA NA NA
0.020 NA NA NA NA
0.070 NA NA NA NA
BDL NA NA NA NA
BDL NA NA NA NA
BDL NA NA NA NA

28.860 NA NA NA NA
6.050 NA NA NA NA
0 030 NA NA NA NA2,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

0.030 NA NA NA NA
3.310 NA NA NA NA
0.990 NA NA NA NA
0.280 NA NA NA NA
0.100 NA NA NA NA
0.020 NA NA NA NA
BDL NA NA NA NA
BDL NA NA NA NA
BDL NA NA NA NA
BDL NA NA NA NA
BDL NA NA NA NA
BDL NA NA NA NA
BDL NA NA NA NA
BDL NA NA NA NA

44.620 NA NA NA NA
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

091148‐001 091148‐003 091164‐001 091164‐002 091164‐003

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

0.180 0.130 NA NA NA
0.090 0.100 NA NA NA
0.020 0.030 NA NA NA
0.090 0.070 NA NA NA

5.810 4.270 NA NA NA
1.350 0.700 NA NA NA
0.210 0.190 NA NA NA
0.240 0.240 NA NA NA
0.050 0.040 NA NA NA
0.050 0.070 NA NA NA
0.230 0.290 NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA

42.750 37.060 NA NA NA
12.170 7.830 NA NA NA
0 050 0 050 NA NA NA2,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

0.050 0.050 NA NA NA
7.570 4.120 NA NA NA
2.490 1.750 NA NA NA
0.960 0.960 NA NA NA
0.280 0.320 NA NA NA
0.040 0.030 NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA

74.630 58.250 NA NA NA
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

091164‐004 091209‐001 091209‐002 091209‐003

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv

NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA
NA NA NA NA
NA NA NA NA2,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

091209‐004 091215‐001 091215‐003 091287‐001 091291‐002

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA 0.200 0.150 NA NA
NA 0.100 0.080 NA NA
NA 0.020 0.020 NA NA
NA 0.080 0.070 NA NA

NA 4.860 4.420 NA NA
NA 1.780 1.130 NA NA
NA 0.630 0.170 NA NA
NA 0.770 0.200 NA NA
NA 0.110 0.040 NA NA
NA 0.210 0.040 NA NA
NA 0.700 0.180 NA NA
NA BDL BDL NA NA
NA BDL BDL NA NA
NA BDL BDL NA NA

NA 51.970 38.280 NA NA
NA 15.470 10.610 NA NA
NA 0 070 0 050 NA NA2,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

NA 0.070 0.050 NA NA
NA 10.630 5.440 NA NA
NA 4.440 1.900 NA NA
NA 2.360 0.770 NA NA
NA 0.770 0.210 NA NA
NA 0.050 0.020 NA NA
NA BDL BDL NA NA
NA BDL BDL NA NA
NA BDL BDL NA NA
NA BDL BDL NA NA
NA BDL BDL NA NA
NA BDL BDL NA NA
NA BDL BDL NA NA
NA BDL BDL NA NA

NA 95.220 63.780 NA NA
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

091313‐001 091313‐002 091313‐003 091383‐001 091438‐001

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA2,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
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Raw Landfill Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes (total)
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane

Aromatics (total)
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2 2 4‐Trimethylpentane

091438‐002 091505‐001 091610‐001 091557‐001 091651‐001

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA NA BDL NA
NA NA NA BDL NA
NA NA NA BDL NA
NA NA NA BDL NA

NA NA NA BDL NA
NA NA NA 0.010 NA
NA NA NA BDL NA
NA NA NA BDL NA
NA NA NA BDL NA
NA NA NA BDL NA
NA NA NA 0.010 NA
NA NA NA BDL NA
NA NA NA BDL NA
NA NA NA BDL NA

NA NA NA BDL NA
NA NA NA BDL NA
NA NA NA BDL NA2,2,4‐Trimethylpentane

Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +
Trimethylbenzene

Total from Cyclopentane
to Eicosanes +

NA NA NA BDL NA
NA NA NA BDL NA
NA NA NA 0.010 NA
NA NA NA 0.050 NA
NA NA NA 0.060 NA
NA NA NA 0.030 NA
NA NA NA 0.010 NA
NA NA NA BDL NA
NA NA NA BDL NA
NA NA NA BDL NA
NA NA NA BDL NA
NA NA NA BDL NA
NA NA NA BDL NA
NA NA NA BDL NA

NA NA NA 0.180 NA

20916 First Tier Chem Results for Raw Landfill Biogas‐ Extended Hydrocarbons Page 36

Page 696



Raw WWTP Biogas
Extended Hydrocarbons

081677‐003 081677‐004 081682‐003 081682‐004 081752‐002

GTI GTI GTI GTI GTI

Component Name ppmv ppmv ppmv ppmv ppmv
Cycloalkanes
Cyclopentane BDL BDL BDL BDL BDL
Methylcyclopentane BDL BDL BDL BDL BDL
Cyclohexane BDL BDL BDL BDL BDL
Methylcyclohexane BDL BDL BDL BDL BDL
Aromatics
Benzene BDL BDL BDL BDL BDL
Toluene BDL BDL BDL BDL 0.26
Ethylbenzene BDL BDL BDL BDL BDL
m,p‐Xylene BDL BDL BDL BDL BDL
Styrene BDL BDL BDL BDL BDL
o‐Xylene BDL BDL BDL BDL BDL
C3 Benzenes 0.01 0.01 0.01 0.02 0.02
Naphthalene BDL BDL BDL BDL BDL
C1 Naphthalenes BDL BDL BDL BDL BDL
C2 Naphthalenes BDL BDL BDL BDL BDL
Paraffins
Hexanes BDL BDL BDL BDL BDL
Heptanes BDL BDL BDL BDL BDL
2,2,4‐Trimethylpentane BDL BDL BDL BDL BDL
Octanes BDL BDL BDL BDL BDL
Nonanes BDL BDL BDL BDL 0.01
Decanes 0.03 0.02 0.02 0.05 0.11
Undecanes 0.06 0.04 0.03 0.10 0.05
Dodecanes 0.02 0.02 0.01 0.03 BDL
Tridecanes BDL BDL BDL BDL BDL
Tetradecanes BDL BDL BDL BDL BDL
Pentadecanes BDL BDL BDL BDL BDL
Hexadecanes BDL BDL BDL BDL BDL
Heptadecanes BDL BDL BDL BDL BDL
Octadecanes BDL BDL BDL BDL BDL
Nonadecanes BDL BDL BDL BDL BDL
Eicosanes + BDL BDL BDL BDL BDL

Total from Cyclopentane 0.12 0.09 0.07 0.20 0.45
to Eicosanes +

Detection Limit = 0.0001 mol% (1 ppmv)
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken) or Not Available
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

051332‐001 051458‐001 051486‐001 051486‐002 051532‐001

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

061004‐001 061015‐001 061217‐001 061230‐001 061271‐001

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

061323‐001 061380‐001 061424‐001 061469‐001 061469‐002

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

061505‐001 061640‐001 071015‐001 071112‐001 071165‐001

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

071204‐001 071237‐001 071237‐002 071237‐003 071237‐004

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

071251‐001 071269‐001 071301‐001 071308‐001 071401‐001

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

071408‐001 071449‐002 071465‐001 071465‐002 071619‐001

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

071674‐001 071679‐001 071722‐001 071799‐001 081028‐001

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

081149‐001 081179‐001 081180‐001 081259‐001 081259‐002

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

081259‐003 081259‐004 081275‐001 081276‐001 081394‐001

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

081400‐001 081401‐001 081344‐001 081360‐001 081360‐002

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

081360‐003 081360‐004 081456‐001 081456‐002 081516‐001 081516‐002

GTI GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA

NA NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

081517‐001 081532‐001 081635‐001 081720‐002 081757‐001 081767‐001 091047‐001

GTI GTI GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

091047‐002 091057‐001 091340‐001 091340‐002 091070‐001 091070‐002 091072‐001

GTI GTI GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

091123‐001 091192‐001 091266‐001 091267‐001 091294‐002 091281‐001 091281‐002

GTI GTI GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

091292‐001 091292‐002 091294‐001 091294‐002 091310‐001 091310‐002 091321‐001

GTI GTI GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

091321‐002 091326‐001 091326‐002 091352‐001 091352‐002 091406‐001 091406‐002

GTI GTI GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

091369‐001 091369‐002 091373‐001 091391‐001 091391‐002 091426‐001 091426‐002

GTI GTI GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

091458‐001 091458‐002 091436‐001 091436‐002 091487‐001 091487‐002 091532‐001

GTI GTI GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

091532‐002 091504‐001 091504‐002 091514‐001 091514‐002 091521‐001 091521‐002

GTI GTI GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

091609‐001 091549‐001 091549‐002 091562‐001 091562‐002 091579‐001 091579‐002

GTI GTI GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

091585‐001 091593‐001 091593‐002 091607‐001 091607‐002 091621‐001 091632‐001

GTI GTI GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

091632‐002 S1 S2 S3 S4
Spiegel & 

Preston 2003
Stern et al. 

1998

GTI
(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

ppmv ppmv ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA 0.03‐0.09 NA NA NA NA NA
NA 0.74‐3.13 NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA

13‐268
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

Spiegel & 
Preston 2000

Accettola & 
Haberbauer 

2005

Schweigkofler 
& Niesser 
2001 1

Schweigkofler 
& Niesser 
2001 2

Schweigkofler 
& Niesser 
1999 1

Schweigkofler 
& Niesser 
1999 2

Zurich, 
Switserland

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Dewil, 
Appels, & 
Baeyens, 
2006)

ppmv ppmv ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
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Raw WWTP Biogas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample 

Neuburg, 
Germany

Sint‐Truiden, 
Belgium

Trecatti, UK Minworth, UK WWTPa WWTPb WWTPc

(Dewil, 
Appels, & 
Baeyens, 
2006)

(Dewil, 
Appels, & 
Baeyens, 
2006)

(Dewil, 
Appels, & 
Baeyens, 
2006)

(Dewil, 
Appels, & 
Baeyens, 
2006)

(Arnold & 
Kajolinna)

(Arnold & 
Kajolinna)

(Arnold & 
Kajolinna)

ppmv ppmv ppmv ppmv ppmv ppmv ppmv

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA

NA NA NA NA NA NA NA
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Raw Dairy Biogas
Sulfurs

071735‐001 081048‐004 081055‐001
GTI GTI GTI

Component Name ppmv ppmv ppmv
Hydrogen Sulfide 1840 BDL 2720
Sulfur Dioxide 7.73 BDL 0.54
Carbonyl Sulfide 4.09 0.34 1.11
Carbon Disulfide BDL BDL BDL
Methyl Mercaptan 5.29 BDL 0.65
Ethyl Mercaptan 0.20 BDL 0.16
i‐Propyl Mercaptan 0.90 BDL 0.38
n‐Propyl Mercaptan 0.06 BDL BDL
t‐Butyl Mercaptan 0.28 BDL 0.13
Dimethyl Sulfide 0.10 BDL 0.16
Methyl Ethyl Sulfide BDL BDL BDL
Diethyl Sulfide BDL BDL BDL
Di‐t‐Butyl Sulfide BDL BDL BDL
Dimethyl Disulfide 0.32 BDL BDL
Methyl Ethyl Disulfide BDL BDL BDL
Methyl i‐Propyl Disulfide BDL BDL BDL
Diethyl Disulfide BDL BDL BDL
Methyl n‐Propyl Disulfide BDL BDL BDL
Methyl t‐Butyl Disulfide BDL BDL BDL
Ethyl i‐Propyl Disulfide BDL BDL BDL
Ethyl n‐Propyl Disulfide BDL BDL BDL
Ethyl t‐Butyl Disulfide BDL BDL BDL
Di‐i‐Propyl Disulfide BDL BDL BDL
i‐Propyl n‐Propyl Disulfide BDL BDL BDL
Di‐n‐Propyl Disulfide BDL BDL BDL
i‐Propyl t‐Butyl Disulfide BDL BDL BDL
n‐Propyl t‐Butyl Disulfide BDL BDL BDL
Di‐t‐Butyl Disulfide BDL BDL BDL
Dimethyl Trisulfide BDL BDL BDL
Diethyl Trisulfide BDL BDL BDL
Di‐t‐Butyl Trisulfide BDL BDL BDL
Thiophene 0.12 BDL 0.10
C1‐Thiophenes BDL BDL BDL
C2‐Thiophenes BDL BDL BDL
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Raw Dairy Biogas
Sulfurs

071735‐001 081048‐004 081055‐001
GTI GTI GTI

Component Name ppmv ppmv ppmv
C3‐Thiophenes BDL BDL BDL
Benzothiophene BDL BDL BDL
C1‐Benzothiophenes BDL BDL BDL
C2‐Benzothiophenes BDL BDL BDL
Thiophane BDL BDL BDL
Thiophenol BDL BDL BDL
Individual Unidentified none none none

Calculated Sulfur Content
Total Sulfur
       As molar PPM S 1,860 0.34 2,720

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)
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Raw Dairy Biogas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

081079‐003 081182‐001 081188‐002
GTI GTI GTI
ppmv ppmv ppmv
3990 3350 4190
1.34 2.29 0.40
1.41 1.35 1.74
BDL BDL BDL
6.12 2.23 0.80
0.30 0.23 0.22
0.78 0.40 0.49
0.07 0.08 BDL
BDL 0.60 0.05
0.48 0.24 0.16
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.15 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.21 BDL 0.13
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081079‐003 081182‐001 081188‐002
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
none none none

4,000 3,360 4,190
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Raw Dairy Biogas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

081189‐001 081227‐001 081242‐001
GTI GTI GTI
ppmv ppmv ppmv
3220 6570 2920
0.32 0.19 0.07
0.92 2.97 1.17
BDL 0.07 BDL
0.54 2.84 0.74
0.23 0.26 0.20
1.35 0.35 0.96
BDL BDL BDL
BDL BDL BDL
0.09 1.09 0.09
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.26 0.06 0.14
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081189‐001 081227‐001 081242‐001
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
none none none

3,220 6,580 2,920
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Raw Dairy Biogas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

081288‐001 081289‐003 081303‐001
GTI GTI GTI
ppmv ppmv ppmv
1480 1830 1830
BDL 0.09 0.13
1.88 0.71 0.75
0.03 BDL 0.17
1.92 0.25 0.59
0.25 0.08 0.07
0.17 0.09 0.22
0.09 BDL BDL
BDL BDL BDL
0.31 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081288‐001 081289‐003 081303‐001
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
none none none

1,480 1,830 1,830
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Raw Dairy Biogas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

051363‐001 051509‐001 061170‐001
GTI GTI GTI
ppmv ppmv ppmv
BDL 81.20 1680
BDL BDL 0.88
0.15 26.35 0.92
0.12 0.06 0.08
BDL 0.67 0.93
BDL 0.14 0.10
BDL 0.15 0.12
BDL BDL BDL
BDL BDL BDL
0.62 BDL 0.12
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.20 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

051363‐001 051509‐001 061170‐001
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.10 none none

1.63 108.6 1680
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Raw Dairy Biogas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

061298‐001 061571‐001 061659‐001
GTI GTI GTI
ppmv ppmv ppmv
415 NA 1260
1.25 NA 0.28
0.63 NA 0.45
0.11 NA BDL
0.34 NA 0.10
0.38 NA 0.11
2.67 NA 0.20
0.10 NA BDL
0.16 NA BDL
0.08 NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA 0.08
BDL NA BDL
BDL NA BDL
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Raw Dairy Biogas
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

061298‐001 061571‐001 061659‐001
GTI GTI GTI
ppmv ppmv ppmv
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
2.04 none none

423 NA 1260
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Raw Dairy Biogas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

071022‐001 071088‐001 071143‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071022‐001 071088‐001 071143‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
none none none

NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

071418‐001 071464‐001 071473‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071418‐001 071464‐001 071473‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
none none none

NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

071480‐001 081026‐002 081243‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071480‐001 081026‐002 081243‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
none none none

NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

081330‐001 081374‐001 081383‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081330‐001 081374‐001 081383‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
none none none

NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

081620‐001 081640‐001 081708‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081620‐001 081640‐001 081708‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
none none none

NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

081728‐001 081730‐001 081754‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

20916 First Tier Chem Results for Raw Dairy Biogas‐ Sulfurs Page 23
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Raw Dairy Biogas
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081728‐001 081730‐001 081754‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
none none none

NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

091022‐001 091101‐001 091116‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091022‐001 091101‐001 091116‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
none none none

NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

091117‐001 091243‐001 091244‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091117‐001 091243‐001 091244‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
none none none

NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

091245‐001 091246‐001 091462‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091245‐001 091246‐001 091462‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
none none none

NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

091463‐001 091464‐001 091465‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091463‐001 091464‐001 091465‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
none none none

NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

091466‐001 091467‐001 091656‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091466‐001 091467‐001 091656‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
none none none

NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

091657‐001 091658‐001 091659‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091657‐001 091658‐001 091659‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
none none none

NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

B1 B2 B3
(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

ppmv ppmv ppmv
300 300 500‐1000
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

B1 B2 B3
(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
none none none

300 300 500‐1000
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Raw Dairy Biogas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

B4 B5
(Rasi S. , 2009) (Rasi S. , 2009)

ppmv ppmv
3‐5 32‐169
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
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Raw Dairy Biogas
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

B4 B5
(Rasi S. , 2009) (Rasi S. , 2009)

ppmv ppmv
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
none none

3‐5 32‐169
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Raw Dairy Biogas (Partially Cleaned)
Sulfurs

081079‐001 081082‐001 081102‐002
GTI GTI GTI

Component Name ppmv ppmv ppmv
Hydrogen Sulfide BDL 3,780 BDL
Sulfur Dioxide BDL 2.13 BDL
Carbonyl Sulfide 1.48 4.19 0.32
Carbon Disulfide 0.07 BDL 0.77
Methyl Mercaptan 0.14 7.88 BDL
Ethyl Mercaptan BDL 0.23 BDL
i‐Propyl Mercaptan 0.12 0.72 BDL
n‐Propyl Mercaptan BDL BDL BDL
t‐Butyl Mercaptan BDL 0.05 BDL
Dimethyl Sulfide 0.42 0.94 BDL
Methyl Ethyl Sulfide BDL BDL BDL
Diethyl Sulfide BDL BDL BDL
Di‐t‐Butyl Sulfide BDL BDL BDL
Dimethyl Disulfide 0.13 BDL BDL
Methyl Ethyl Disulfide BDL BDL BDL
Methyl i‐Propyl Disulfide BDL BDL BDL
Diethyl Disulfide BDL BDL BDL
Methyl n‐Propyl Disulfide BDL BDL BDL
Methyl t‐Butyl Disulfide BDL BDL BDL
Ethyl i‐Propyl Disulfide BDL BDL BDL
Ethyl n‐Propyl Disulfide BDL BDL BDL
Ethyl t‐Butyl Disulfide BDL BDL BDL
Di‐i‐Propyl Disulfide BDL BDL BDL
i‐Propyl n‐Propyl Disulfide BDL BDL BDL
Di‐n‐Propyl Disulfide BDL BDL BDL
i‐Propyl t‐Butyl Disulfide BDL BDL BDL
n‐Propyl t‐Butyl Disulfide BDL BDL BDL
Di‐t‐Butyl Disulfide BDL BDL BDL
Dimethyl Trisulfide BDL BDL BDL
Diethyl Trisulfide BDL BDL BDL
Di‐t‐Butyl Trisulfide BDL BDL BDL
Thiophene BDL 0.25 BDL
C1‐Thiophenes BDL BDL BDL
C2‐Thiophenes 0.05 BDL BDL
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Raw Dairy Biogas (Partially Cleaned)
Sulfurs

081079‐001 081082‐001 081102‐002
GTI GTI GTI

Component Name ppmv ppmv ppmv
C3‐Thiophenes BDL BDL BDL
Benzothiophene BDL BDL BDL
C1‐Benzothiophenes BDL BDL BDL
C2‐Benzothiophenes BDL BDL BDL
Thiophane BDL BDL BDL
Thiophenol BDL BDL BDL
Individual Unidentified none none none

Calculated Sulfur Content
Total Sulfur 2.61 3,800 1.86
       As molar PPM S 0.15 225 0.11

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)
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Raw Dairy Biogas (Partially Cleaned)
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

081165‐001 081181‐001 081241‐001
GTI GTI GTI
ppmv ppmv ppmv
3,950 0.05 4,500
0.12 BDL 0.67
0.09 1.41 1.45
BDL 0.20 0.13
0.10 BDL 1.95
BDL BDL 0.16
BDL BDL 0.76
BDL BDL BDL
BDL BDL BDL
BDL 0.63 0.18
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas (Partially Cleaned)
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081165‐001 081181‐001 081241‐001
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
none none none

3,950 2.49 4,510
234 0.148 267
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Raw Dairy Biogas (Partially Cleaned)
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

081289‐001 081302‐001
GTI GTI
ppmv ppmv
13.3 467
BDL 0.10
0.45 0.60
BDL 0.03
0.15 0.66
0.05 0.06
0.08 0.18
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL

20916 First Tier Chem Results for Raw Dairy Biogas (Partial Clean)‐ Sulfurs Page 5

Page 767



Raw Dairy Biogas (Partially Cleaned)
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081289‐001 081302‐001
GTI GTI
ppmv ppmv
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
none none

14.0 469
0.832 27.8
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Raw Landfill Biogas 
Sulfurs

081649‐003 081649‐004 081658‐003

GTI GTI GTI

Component Name ppmv ppmv ppmv
Hydrogen Sulfide 27.9 29.1 79.1
Sulfur Dioxide BDL BDL BDL
Carbonyl Sulfide 0.19 0.17 0.19
Carbon Disulfide 0.22 0.20 BDL
Methyl Mercaptan 2.78 2.53 0.38
Ethyl Mercaptan 0.12 0.08 0.11
i‐Propyl Mercaptan 0.24 0.21 0.31
n‐Propyl Mercaptan BDL BDL BDL
t‐Butyl Mercaptan 0.18 0.16 0.20
Dimethyl Sulfide 19.6 19.5 0.22
Methyl Ethyl Sulfide 0.05 0.05 BDL
Diethyl Sulfide BDL BDL BDL
Di‐t‐Butyl Sulfide BDL BDL BDL
Dimethyl Disulfide 0.03 0.03 BDL
Methyl Ethyl Disulfide BDL BDL BDL
Methyl i‐Propyl Disulfide BDL BDL BDL
Diethyl Disulfide BDL BDL BDL
Methyl n‐Propyl Disulfide BDL BDL BDL
Methyl t‐Butyl Disulfide BDL BDL BDL
Ethyl i‐Propyl Disulfide BDL BDL BDL
Ethyl n‐Propyl Disulfide BDL BDL BDL
Ethyl t‐Butyl Disulfide BDL BDL BDL
Di‐i‐Propyl Disulfide BDL BDL BDL
i‐Propyl n‐Propyl Disulfide BDL BDL BDL
Di‐n‐Propyl Disulfide BDL BDL BDL
i‐Propyl t‐Butyl Disulfide BDL BDL BDL
n‐Propyl t‐Butyl Disulfide BDL BDL BDL
Di‐t‐Butyl Disulfide BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

081649‐003 081649‐004 081658‐003

GTI GTI GTI

Component Name ppmv ppmv ppmv
Dimethyl Trisulfide BDL BDL BDL
Diethyl Trisulfide BDL BDL BDL
Di‐t‐Butyl Trisulfide BDL BDL BDL
Thiophene 0.08 0.06 0.05
C1‐Thiophenes BDL BDL BDL
C2‐Thiophenes BDL BDL BDL
C3‐Thiophenes BDL BDL BDL
Benzothiophene BDL BDL BDL
C1‐Benzothiophenes BDL BDL BDL
C2‐Benzothiophenes BDL BDL BDL
Thiophane BDL BDL BDL
Thiophenol BDL BDL BDL
Individual Unidentified 0.08 0.05 0.20

Calculated Sulfur Content
Total Sulfur
       As molar PPM S 51.8 52.3 80.8

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

081658‐004 081655‐003 081655‐004

GTI GTI GTI

ppmv ppmv ppmv
77.6 144 151
BDL BDL BDL
0.18 0.54 0.55
BDL 0.07 0.06
0.37 1.89 1.75
0.11 0.15 0.15
0.31 2.19 2.21
BDL 0.07 0.07
0.19 0.15 0.15
0.22 1.45 1.33
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.08 0.04
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081658‐004 081655‐003 081655‐004

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.05 0.14 0.13
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.18 1.94 2.09

79.2 153 160
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

081710‐003 081710‐004 081716‐003

GTI GTI GTI

ppmv ppmv ppmv
152 100 131
BDL BDL 0.21
0.84 0.49 0.23
0.11 0.05 BDL
4.10 2.27 1.00
0.16 0.17 0.15
1.97 2.19 0.44
0.13 0.13 BDL
0.15 0.16 0.31
2.42 1.78 0.36
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.38 0.21 0.06
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081710‐003 081710‐004 081716‐003

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.16 0.21 0.13
0.06 0.07 0.10
0.06 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.08 BDL BDL
BDL BDL BDL
1.44 2.12 0.25

165 110 134
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

081716‐004 081753‐001 081753‐002

GTI GTI GTI

ppmv ppmv ppmv
78.8 54.9 36.0
0.19 BDL BDL
0.15 0.22 0.22
BDL BDL 0.16
0.69 0.43 0.69
0.07 BDL BDL
0.18 0.16 0.18
BDL BDL BDL
0.14 0.13 0.21
0.17 0.23 3.30
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.05 0.30 0.15
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081716‐004 081753‐001 081753‐002

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.05 0.11 0.07
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.07 0.07 0.09

80.7 56.9 41.3
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

091071‐003 091071‐004 051341‐001

GTI GTI GTI

ppmv ppmv ppmv
30.1 31.2 BDL
0.18 0.19 BDL
0.22 0.22 0.08
0.10 0.09 0.04
0.77 0.84 0.08
BDL BDL BDL
BDL BDL 0.19
BDL BDL BDL
0.05 0.06 0.06
14.5 16.0 110
BDL BDL 1.40
BDL BDL 0.05
BDL BDL BDL
0.17 0.20 7.67
BDL BDL 0.15
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091071‐003 091071‐004 051341‐001

GTI GTI GTI

ppmv ppmv ppmv
0.02 0.02 0.29
BDL BDL BDL
BDL BDL BDL
0.06 BDL 1.90
BDL BDL 1.82
BDL BDL 0.19
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.18
BDL BDL BDL
BDL BDL 0.39

46.5 49.3 133.34
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

051462‐001 051519‐002 051537‐001

GTI GTI GTI

ppmv ppmv ppmv
NA BDL 12.6
NA BDL BDL
NA 0.61 BDL
NA 0.54 BDL
NA BDL BDL
NA BDL BDL
NA 0.14 BDL
NA BDL BDL
NA 0.08 BDL
NA 1.22 0.12
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL 0.04
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

051462‐001 051519‐002 051537‐001

GTI GTI GTI

ppmv ppmv ppmv
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA 0.19 BDL
NA 0.39 BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA 0.05 BDL

NA 3.76 12.8
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

051551‐001 061054‐001 061071‐001

GTI GTI GTI

ppmv ppmv ppmv
NA 697 NA
NA 1.13 NA
NA BDL NA
NA BDL NA
NA 0.07 NA
NA 0.14 NA
NA 0.05 NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

051551‐001 061054‐001 061071‐001

GTI GTI GTI

ppmv ppmv ppmv
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA
NA BDL NA

NA 698 NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

061110‐001 061111‐001 061124‐002

GTI GTI GTI

ppmv ppmv ppmv
95.4 807 54.10
BDL BDL BDL
BDL BDL 0.12
BDL BDL BDL
BDL BDL 678
BDL BDL 6.26
BDL BDL 1.73
BDL BDL 0.77
BDL BDL 0.09
BDL BDL 701
BDL BDL 3.49
BDL BDL 0.09
BDL BDL BDL
BDL BDL 2.16
BDL BDL 0.22
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.03
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.03
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

061110‐001 061111‐001 061124‐002

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL 0.14
BDL BDL BDL
BDL BDL BDL
BDL BDL 1.94
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.91

95.4 807 1450
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

061124‐006 061385‐001 061183‐001

GTI GTI GTI

ppmv ppmv ppmv
73.2 BDL NA
0.23 BDL NA
0.26 1.31 NA
BDL 0.80 NA
25.10 BDL NA
0.64 BDL NA
1.10 BDL NA
0.17 BDL NA
0.23 BDL NA
35.0 0.39 NA
0.50 BDL NA
BDL BDL NA
BDL BDL NA
0.08 0.18 NA
BDL 0.42 NA
BDL BDL NA
BDL 0.28 NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL 0.03 NA
BDL BDL NA
BDL BDL NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

061124‐006 061385‐001 061183‐001

GTI GTI GTI

ppmv ppmv ppmv
0.03 0.02 NA
BDL BDL NA
BDL BDL NA
0.63 0.07 NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
1.03 BDL NA

138 5.25 NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

061183‐002 061183‐003 061191‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA 118
NA NA BDL
NA NA 0.30
NA NA BDL
NA NA 67.8
NA NA 1.31
NA NA 0.88
NA NA 0.18
NA NA 0.05
NA NA 131
NA NA 1.75
NA NA BDL
NA NA BDL
NA NA 0.35
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

061183‐002 061183‐003 061191‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA 0.07
NA NA BDL
NA NA BDL
NA NA 1.58
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA 0.64

NA NA 324
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

061191‐002 061191‐003 061228‐001

GTI GTI GTI

ppmv ppmv ppmv
49.8 227 252
BDL 0.39 0.39
0.44 0.15 0.12
BDL BDL BDL
7.92 1110 0.07
0.45 11.50 0.07
0.91 2.82 BDL
0.07 2.09 BDL
0.13 0.05 BDL
13.1 1,330 BDL
0.22 8.46 BDL
BDL 0.54 BDL
BDL BDL BDL
0.03 1.63 BDL
BDL 0.05 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

20916 First Tier Chem Results for Raw Landfill Biogas‐ Sulfurs Page 21

Page 789



Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

061191‐002 061191‐003 061228‐001

GTI GTI GTI

ppmv ppmv ppmv
BDL 0.84 BDL
BDL BDL BDL
BDL BDL BDL
0.36 5.45 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.13 BDL
BDL BDL BDL
0.54 3.17 BDL

74.0 2690 253
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

061228‐002 061229‐001 061309‐001

GTI GTI GTI

ppmv ppmv ppmv
260 45.7 132
0.10 0.32 BDL
0.56 BDL 4.30
0.05 BDL 0.37
2.00 0.10 2.07
0.14 0.10 0.47
1.40 0.08 3.39
BDL BDL 0.15
0.12 0.06 0.37
2.39 0.09 2.29
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.06 BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

061228‐002 061229‐001 061309‐001

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.08 BDL 0.24
BDL BDL 0.43
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.09
BDL BDL BDL
0.78 0.10 2.42

268 46.67 149
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

061309‐002 061309‐003 061344‐002

GTI GTI GTI

ppmv ppmv ppmv
49.80 BDL 473
BDL BDL BDL
0.44 5.18 0.71
BDL 0.57 0.05
7.92 BDL 1.85
0.45 BDL 0.34
0.91 BDL 0.93
0.07 BDL 0.12
0.13 BDL 0.23
13.10 2.17 1.30
0.22 BDL BDL
BDL BDL BDL
BDL BDL BDL
0.03 0.07 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

061309‐002 061309‐003 061344‐002

GTI GTI GTI

ppmv ppmv ppmv
BDL 0.04 BDL
BDL BDL BDL
BDL BDL BDL
0.36 0.24 0.28
BDL 0.27 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.06 0.13
BDL BDL BDL
0.54 0.23 1.61

74.00 9.55 481

20916 First Tier Chem Results for Raw Landfill Biogas‐ Sulfurs Page 26

Page 794



Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

061353‐001 061359‐001 061359‐002

GTI GTI GTI

ppmv ppmv ppmv
725 48.9 109
BDL BDL BDL
0.52 0.07 0.07
0.16 0.09 BDL
0.47 4.13 3.74
0.59 0.31 0.61
3.90 0.15 0.6
0.21 0.46 0.15
0.26 0.09 0.14
0.17 1.03 5.31
BDL 0.15 0.13
BDL 0.06 0.1
BDL BDL BDL
BDL 0.03 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

061353‐001 061359‐001 061359‐002

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.23 BDL 0.34
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.20 0.07 0.09
BDL BDL BDL
3.63 0.17 1.04

736 55.8 121
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

061421‐001 061421‐002 061493‐004

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

061421‐001 061421‐002 061493‐004

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA

20916 First Tier Chem Results for Raw Landfill Biogas‐ Sulfurs Page 30

Page 798



Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

061580‐002 061599‐001 061599‐002

GTI GTI GTI

ppmv ppmv ppmv
352 102 16.5
BDL BDL BDL
0.65 0.29 BDL
0.18 0.17 BDL
1.98 0.52 BDL
0.31 0.12 0.06
0.62 0.30 BDL
0.11 BDL BDL
0.18 0.11 BDL
1.12 1.21 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

20916 First Tier Chem Results for Raw Landfill Biogas‐ Sulfurs Page 31

Page 799



Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

061580‐002 061599‐001 061599‐002

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.26 BDL BDL
0.41 BDL BDL
0.08 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.12 BDL BDL
BDL BDL BDL
0.83 0.21 BDL

359 105 16.6
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

071064‐001 071064‐002 071103‐001

GTI GTI GTI

ppmv ppmv ppmv
23.5 NA 8.95
BDL NA BDL
BDL NA 0.09
BDL NA BDL
BDL NA 0.08
0.11 NA BDL
0.10 NA BDL
BDL NA BDL
0.13 NA BDL
BDL NA 0.47
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA 0.06
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071064‐001 071064‐002 071103‐001

GTI GTI GTI

ppmv ppmv ppmv
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL

23.8 NA 9.71
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

071212‐001 071212‐002 071212‐003

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
BDL BDL BDL
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071212‐001 071212‐002 071212‐003

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

071212‐004 071263‐001 071287‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA 1.34
BDL BDL BDL
NA 4.74 1.05
NA 0.40 5.93
NA NA 11.00
NA NA 0.64
NA NA 0.87
NA NA 0.14
NA NA 0.57
NA 4.95 2.68
NA NA 0.05
NA NA 0.02
NA NA NA
NA 0.10 NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071212‐004 071263‐001 071287‐002

GTI GTI GTI

ppmv ppmv ppmv
NA 0.07 NA
NA NA NA
NA NA NA
NA 0.20 0.58
NA 0.22 1.16
NA NA 0.49
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA 0.48
NA NA NA
NA 0.71 1.85

NA 12.03 34.8
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

071292‐003 071325‐001 071325‐003

GTI GTI GTI

ppmv ppmv ppmv
1830 133 332
BDL BDL BDL
4.49 0.19 0.14
0.34 0.04 0.08
9.94 2.95 4550
0.70 0.37 26.10
11.10 0.97 5.28
0.24 0.14 5.91
0.24 0.11 0.37
5.26 7.88 6470
NA 0.12 42.8
NA NA BDL
NA NA BDL
NA NA BDL
NA NA 0.05
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071292‐003 071325‐001 071325‐003

GTI GTI GTI

ppmv ppmv ppmv
NA NA 0.11
NA NA BDL
NA NA BDL
0.21 0.73 59.1
0.17 0.94 23.0
NA NA 0.81
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA 0.24 4.02
NA NA 0.10
9.91 0.69 16.0

1873 148 11500

20916 First Tier Chem Results for Raw Landfill Biogas‐ Sulfurs Page 40

Page 808



Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

071325‐005 071325‐007 071325‐009

GTI GTI GTI

ppmv ppmv ppmv
353 289 239
BDL BDL BDL
0.24 0.32 0.22
0.08 0.10 0.12
3600 1980 2790
19.60 10.8 13.10
3.78 3.45 3.43
3.07 2.18 3.29
0.24 0.27 0.26
5210 4020 3870
27.8 12.9 15.0
1.49 2.53 2.32
BDL BDL BDL
1.04 0.90 1.38
BDL BDL 0.05
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071325‐005 071325‐007 071325‐009

GTI GTI GTI

ppmv ppmv ppmv
0.07 0.04 0.11
BDL BDL BDL
BDL BDL BDL
29.1 24.0 48.0
5.23 7.58 36.5
0.16 1.06 1.23
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
1.87 1.48 3.2
BDL 0.16 0.13
6.03 7.67 10.4

9260 6370 7040

20916 First Tier Chem Results for Raw Landfill Biogas‐ Sulfurs Page 42

Page 810



Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

071382‐001 071382‐003 071382‐005

GTI GTI GTI

ppmv ppmv ppmv
363 267 330.0
BDL BDL BDL
0.13 0.13 0.33
0.09 0.08 0.08
9770 9340 5060
21.50 18.1 13.90
4.60 3.81 4.43
5.62 4.15 3.31
0.24 0.21 0.24
12200 12300 8340
41.7 28.00 16.60
3.24 2.52 2.61
BDL BDL BDL
5.10 6.44 3.26
0.05 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.03 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

20916 First Tier Chem Results for Raw Landfill Biogas‐ Sulfurs Page 43

Page 811



Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071382‐001 071382‐003 071382‐005

GTI GTI GTI

ppmv ppmv ppmv
0.62 0.26 0.12
BDL BDL BDL
BDL BDL BDL
73.2 39.3 29.7
73.3 16.1 13.7
5.01 0.37 0.88
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
22.8 6.07 3.64
0.11 BDL 0.16
15.6 10.80 10.00

22600 22100 13800
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

071382‐007 071382‐009 071470‐001

GTI GTI GTI

ppmv ppmv ppmv
278 1.00 268.00
BDL BDL BDL
0.14 0.15 0.18
0.05 0.07 0.20
7830 2.78 9270.00
14.5 0.08 13.30
2.98 0.28 4.20
3.35 BDL 4.31
0.13 0.06 0.20
8390 5.13 15500.00
15.0 0.13 27.10
2.30 BDL 1.39
BDL BDL BDL
7.11 0.38 5.51
BDL BDL 0.39
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.16
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.25
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071382‐007 071382‐009 071470‐001

GTI GTI GTI

ppmv ppmv ppmv
0.33 BDL 2.22
BDL BDL BDL
BDL BDL BDL
27.90 0.64 42.80
13.20 0.74 38.80
0.52 BDL 0.64
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
3.24 0.22 8.90
0.07 BDL
7.69 0.19 9.89

16600 12.30 25200
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

071470‐003 071470‐005 071470‐007

GTI GTI GTI

ppmv ppmv ppmv
444 400.00 BDL
BDL BDL BDL
0.83 0.42 0.19
0.94 0.14 0.20
3890 3470.00 0.27
30.2 27.10 BDL
5.72 5.75 BDL
4.77 4.57 BDL
0.31 0.30 BDL
6010 6160.00 2.59
18.3 15.70 0.06
2.92 3.62 BDL
BDL BDL BDL
17.00 6.32 0.19
0.16 0.09 BDL
BDL BDL BDL
0.06 0.03 BDL
0.06 0.03 BDL
0.13 0.08 BDL
BDL BDL BDL
0.04 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.11 0.08 BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071470‐003 071470‐005 071470‐007

GTI GTI GTI

ppmv ppmv ppmv
3.87 4.93 0.05
BDL BDL BDL
BDL BDL BDL
35.70 38.90 0.41
37.90 42.60 0.53
3.00 2.46 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
7.47 7.97 0.13
0.06 0.11 BDL
17.60 16.40 BDL

10600.00 10200 5.11
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

071542‐001 071542‐003 071542‐005

GTI GTI GTI

ppmv ppmv ppmv
463.00 386.00 129.00
BDL BDL BDL
0.91 0.48 0.27
1.14 1.04 0.97

6430.00 3200.00 6.94
20.40 13.00 0.73
8.31 6.81 1.19
6.25 5.77 0.24
0.45 0.34 0.15

8480.00 6330.00 9.84
31.80 23.20 0.28
3.34 4.62 BDL
BDL BDL BDL
5.88 4.06 0.43
0.13 0.05 BDL
BDL BDL BDL
0.06 BDL BDL
BDL BDL BDL
0.16 0.07 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.06 BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071542‐001 071542‐003 071542‐005

GTI GTI GTI

ppmv ppmv ppmv
1.22 0.37 0.05
BDL BDL BDL
BDL BDL BDL
38.80 32.70 0.93
36.70 31.80 1.19
3.45 2.00 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
9.05 11.50 BDL
0.67 0.36 BDL
19 19.20 0.98

15570 10080 155
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

071575‐001 071575‐002 071575‐003

GTI GTI GTI

ppmv ppmv ppmv
377.00 341.00 374.00
BDL BDL BDL
0.59 0.60 0.74
0.08 0.07 0.10
2.05 2.05 2.63
0.19 0.19 0.26
1.61 1.59 2.15
0.08 0.07 0.11
0.18 0.17 0.23
2.45 2.44 4.09
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.04 0.03 0.03
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071575‐001 071575‐002 071575‐003

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.20 0.20 0.26
0.16 0.14 0.20
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
1.15 1.09 1.54

386 350 386
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

071618‐001 071618‐003 071618‐005

GTI GTI GTI

ppmv ppmv ppmv
344.00 339.00 214.00
BDL BDL BDL
0.63 0.45 0.16
0.12 0.08 BDL

5410.00 3500.00 1.84
15.10 12.60 0.28
6.35 5.41 0.27
5.75 4.17 0.11
0.26 0.25 0.11

8360.00 6620.00 4.48
23.30 21.60 0.11
3.18 2.80 BDL
BDL BDL BDL
3.30 5.48 0.28
0.19 0.08 BDL
BDL BDL BDL
0.04 BDL BDL
0.06 BDL BDL
0.11 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.06 BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071618‐001 071618‐003 071618‐005

GTI GTI GTI

ppmv ppmv ppmv
2.51 0.74 0.03
BDL BDL BDL
BDL BDL BDL
26.80 29.80 0.47
23.60 23.70 0.87
2.67 0.88 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
8.58 5.47 0.24
0.14 0.14 BDL
23.70 11.50 0.35

14270 10590 223.94
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

071694‐001 071694‐003 071694‐005

GTI GTI GTI

ppmv ppmv ppmv
343.00 147.00 65.90
0.11 BDL BDL
0.75 0.40 0.32
0.20 0.21 BDL

4780.00 1480.00 4.42
12.90 11.40 0.29
6.26 6.02 1.34
5.86 4.59 0.12
0.30 0.25 0.10

6420.00 2430.00 11.70
17.80 16.40 0.17
4.24 2.79 BDL
BDL BDL BDL
3.21 0.54 0.04
0.07 0.03 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.07 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071694‐001 071694‐003 071694‐005

GTI GTI GTI

ppmv ppmv ppmv
0.46 0.59 BDL
BDL BDL BDL
BDL BDL BDL
26.20 20.50 0.85
26.40 16.60 1.26
2.05 0.91 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
11.20 6.95 0.54
0.33 0.13 0.18
21.60 12.10 1.46

11690 4160 88.73

20916 First Tier Chem Results for Raw Landfill Biogas‐ Sulfurs Page 56

Page 824



Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

071763‐001 071763‐003 071763‐005

GTI GTI GTI

ppmv ppmv ppmv
401.00 112.00 108.00
0.37 0.39 0.14
0.44 0.30 0.18
0.15 0.20 BDL

4110.00 1350.00 1.18
14.00 6.89 0.18
6.05 2.32 0.63
2.93 2.53 0.07
0.25 0.27 0.07

7710.00 2890.00 6.76
8.50 11.00 0.09
2.26 1.61 BDL
BDL BDL BDL
2.95 5.12 0.04
0.19 0.18 BDL
BDL BDL BDL
BDL BDL BDL
0.07 0.06 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.03 0.03 BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071763‐001 071763‐003 071763‐005

GTI GTI GTI

ppmv ppmv ppmv
1.86 0.62 BDL
BDL BDL BDL
BDL BDL BDL
18.40 10.20 0.39
16.00 5.95 0.70
0.66 0.22 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
11.40 1.03 0.28
BDL BDL BDL
13.08 5.81 0.61

12300 4410 119.36
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

071774‐002 071795‐001 071795‐003

GTI GTI GTI

ppmv ppmv ppmv
230.00 398.00 389.00
0.15 0.12 0.15
0.74 0.49 0.29
0.33 0.08 0.14
1.73 5220.00 2880.00
0.22 12.60 8.56
0.66 6.15 5.06
0.07 5.70 3.88
0.23 0.40 0.42
1.26 10500.00 5710.00
BDL 27.10 17.50
BDL 4.58 2.43
BDL BDL BDL
BDL 1.61 6.97
BDL 0.06 0.07
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.05 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071774‐002 071795‐001 071795‐003

GTI GTI GTI

ppmv ppmv ppmv
BDL 0.27 0.37
BDL BDL BDL
BDL BDL BDL
0.25 46.20 29.40
0.29 55.40 12.50
0.08 2.57 0.25
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.05 16.00 1.95
BDL 0.24 BDL
0.58 21.70 8.59

236.97 16300.00 9090.00
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

071795‐005 081070‐001 081070‐003

GTI GTI GTI

ppmv ppmv ppmv
223.00 384.68 396.06
0.27 0.28 0.23
0.25 0.61 0.40
0.10 0.17 0.18

3010.00 2820.00 2200.00
9.78 20.06 17.26
5.64 5.27 4.95
5.29 3.88 3.52
0.82 0.37 0.29

5540.00 4690.00 4340.00
18.90 32.16 29.55
5.24 2.35 2.79
BDL BDL BDL
0.28 2.57 5.95
0.30 0.18 0.05
BDL BDL BDL
BDL BDL BDL
0.12 0.06 BDL
0.07 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.03 BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071795‐005 081070‐001 081070‐003

GTI GTI GTI

ppmv ppmv ppmv
0.93 1.07 0.25
BDL BDL BDL
BDL BDL BDL
40.80 43.74 42.04
30.30 9.13 16.13
0.65 0.22 0.77
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
4.57 2.67 5.71
BDL BDL 0.06
15.00 9.04 10.52

8920.00 8030 7080
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

081070‐005 081070‐007 081124‐001

GTI GTI GTI

ppmv ppmv ppmv
232.98 13.20 353.35
0.17 BDL 0.85
0.12 0.07 0.71
0.11 BDL 0.18

3070.00 2.88 2520.00
20.08 0.24 19.62
4.49 0.24 6.76
4.19 0.09 6.31
0.21 BDL 0.38

3760.00 18.60 6190.00
23.70 0.23 35.54
3.39 0.10 4.62
BDL BDL BDL
3.04 0.18 3.37
0.06 BDL 0.27
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.09
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.03
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081070‐005 081070‐007 081124‐001

GTI GTI GTI

ppmv ppmv ppmv
0.36 BDL 1.28
BDL BDL BDL
BDL BDL BDL
50.81 1.17 59.58
11.12 2.13 28.04
0.42 0.13 0.85
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
2.57 0.43 9.99
BDL BDL 0.11
7.50 0.45 19.54

7200.00 40.32 9270.00

20916 First Tier Chem Results for Raw Landfill Biogas‐ Sulfurs Page 64

Page 832



Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

081124‐003 081124‐005 081128‐002

GTI GTI GTI

ppmv ppmv ppmv
343.27 293.34 27.2
0.73 0.48 BDL
0.42 0.11 BDL
0.13 0.09 0.06

2000.00 4140.00 BDL
15.40 19.83 BDL
5.89 5.48 BDL
4.37 6.90 BDL
0.28 0.23 BDL

4510.00 5080.00 BDL
24.16 23.27 BDL
1.95 7.92 BDL
BDL BDL BDL
0.66 3.88 BDL
0.11 0.12 BDL
BDL BDL BDL
BDL 0.03 BDL
0.03 0.03 BDL
BDL 0.09 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081124‐003 081124‐005 081128‐002

GTI GTI GTI

ppmv ppmv ppmv
0.51 0.43 BDL
BDL BDL BDL
BDL BDL BDL
31.81 68.58 BDL
10.27 68.68 BDL
0.39 3.11 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
1.91 9.39 BDL
0.05 0.12 BDL
7.20 17.46 BDL

6960.00 9750.00 27.32
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

081124‐009 081184‐001 081184‐003

GTI GTI GTI

ppmv ppmv ppmv
117.00 399.23 291.92
BDL 0.27 0.42
0.18 0.50 0.39
0.04 0.18 0.18
0.23 3720.00 3190.00
0.26 18.24 16.11
1.09 6.07 5.32
0.09 5.16 4.59
0.18 0.35 0.30
0.05 6750.00 4570.00
BDL 34.45 19.13
BDL 2.58 2.78
BDL BDL BDL
0.03 7.14 6.31
BDL 0.10 0.10
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

20916 First Tier Chem Results for Raw Landfill Biogas‐ Sulfurs Page 67

Page 835



Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081124‐009 081184‐001 081184‐003

GTI GTI GTI

ppmv ppmv ppmv
BDL 1.16 0.78
BDL BDL BDL
BDL BDL BDL
0.23 45.90 35.73
0.19 22.22 13.22
BDL 0.39 0.45
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 6.45 2.30
BDL BDL 0.07
0.75 12.18 7.43

120.39 11040.00 8180.00
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

081184‐005 081184‐007 081246‐001

GTI GTI GTI

ppmv ppmv ppmv
366.40 158.00 340.00
0.39 0.26 0.28
0.38 0.18 0.63
0.14 0.05 0.23

2490.00 1.82 5890.00
14.96 0.66 24.20
6.30 0.92 6.05
4.97 0.14 5.16
0.25 0.07 0.36

5560.00 10.10 19000.00
22.79 0.09 46.30
2.69 BDL 2.36
BDL BDL BDL
4.52 0.03 6.99
BDL BDL 0.12
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.03
BDL BDL 0.05
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.03
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081184‐005 081184‐007 081246‐001

GTI GTI GTI

ppmv ppmv ppmv
0.29 BDL 1.87
BDL BDL BDL
BDL BDL BDL
26.30 0.71 58.70
10.28 0.58 54.60
0.36 BDL 1.35
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
2.24 0.08 10.50
BDL BDL 0.05
10.09 0.48 13.90

8530.00 174.25 25475.00
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

081246‐003 081246‐005 081246‐007

GTI GTI GTI

ppmv ppmv ppmv
244.00 327.00 170.00
0.20 0.26 BDL
0.45 0.38 0.50
0.32 0.17 0.05

184.00 3680.00 1.65
5.80 13.50 0.45
2.25 4.05 1.78
1.38 3.30 0.13
0.17 0.26 0.10

1310.00 9030.00 4.53
12.60 34.80 0.06
1.21 1.80 BDL
0.00 BDL BDL
76.80 12.30 0.16
0.65 0.06 BDL
BDL BDL BDL
BDL BDL BDL
0.09 BDL BDL
BDL 0.03 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081246‐003 081246‐005 081246‐007

GTI GTI GTI

ppmv ppmv ppmv
1.71 0.83 0.03
BDL BDL BDL
BDL BDL BDL
22.90 50.30 0.43
15.90 43.40 0.56
1.34 1.09 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
2.71 3.65 0.18
0.15 0.20 BDL
5.09 8.45 0.96

1971.00 13230.00 181.84
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

081312‐001 081312‐003 081312‐005

GTI GTI GTI

ppmv ppmv ppmv
365.71 317.86 383.02
0.53 BDL 0.05
0.77 0.25 0.34
1.56 0.39 0.98

8100.00 1440.14 5690.00
18.23 18.72 19.15
8.22 6.96 6.74
7.49 7.73 4.86
0.45 0.35 0.33

19200.00 15000.00 22200.00
55.22 24.69 34.76
5.30 6.66 2.35
BDL BDL BDL
6.65 32.81 6.56
0.39 0.23 0.09
BDL BDL BDL
BDL BDL BDL
0.12 0.07 BDL
0.04 0.07 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.09 BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081312‐001 081312‐003 081312‐005

GTI GTI GTI

ppmv ppmv ppmv
2.47 0.98 0.60
BDL BDL BDL
BDL BDL BDL
62.22 61.41 35.16
43.59 53.46 9.72
1.41 2.19 0.56
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
18.65 6.17 2.50
0.13 0.13 0.10
23.76 16.72 10.34

27900.00 17000.00 28400.00
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

081312‐007 081391‐001 081391‐003

GTI GTI GTI

ppmv ppmv ppmv
0.16 351.30 390.93
BDL 0.14 BDL
0.23 0.58 0.52
0.11 0.32 0.34
2.78 3100.00 3220.00
0.06 33.02 33.34
0.13 5.99 5.12
BDL 4.97 5.91
BDL 2.65 0.84
16.60 5750.00 4110.00
0.39 56.07 34.85
0.07 4.61 5.53
BDL BDL BDL
1.04 7.44 8.66
BDL 2.64 1.18
BDL BDL BDL
BDL BDL BDL
BDL 0.82 0.35
BDL 0.58 0.12
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.16 0.03
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081312‐007 081391‐001 081391‐003

GTI GTI GTI

ppmv ppmv ppmv
0.06 3.27 2.32
BDL BDL BDL
BDL BDL BDL
1.16 59.39 46.97
0.99 42.41 27.56
BDL 1.93 0.63
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.28 20.84 3.00
BDL 0.15 0.08
0.27 21.00 10.67

25.60 9490.00 7920.00
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

081391‐005 081391‐007 081329‐001

GTI GTI GTI

ppmv ppmv ppmv
349.34 85.80 BDL
BDL BDL BDL
0.22 0.44 BDL
0.37 0.14 BDL

2570.00 4.12 BDL
17.16 0.20 BDL
7.64 0.83 BDL
4.61 0.05 BDL
5.65 0.16 BDL

5300.00 4.33 BDL
50.22 0.06 BDL
5.21 BDL BDL
BDL BDL BDL
3.74 1.00 BDL
1.24 BDL BDL
BDL BDL BDL
BDL BDL BDL
0.46 BDL BDL
1.39 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.08 BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081391‐005 081391‐007 081329‐001

GTI GTI GTI

ppmv ppmv ppmv
4.11 0.02 BDL
BDL BDL BDL
BDL BDL BDL
60.20 0.53 BDL
50.86 0.73 BDL
2.91 0.14 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
14.87 0.20 BDL
0.15 BDL BDL
19.81 0.46 BDL

8490.00 100.39 BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

081329‐002 081329‐003 081338‐002

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL 273.00
BDL BDL 0.64
0.26 0.05 1.14
0.55 0.08 0.13
BDL BDL 1.97
BDL BDL 0.25
BDL BDL 0.72
BDL BDL 0.06
BDL BDL 0.51
BDL BDL 1.51
BDL BDL BDL
0.06 BDL BDL
BDL BDL BDL
0.03 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.04 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081329‐002 081329‐003 081338‐002

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.26
BDL BDL 0.40
BDL BDL 0.09
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.46

1.56 0.21 281.27
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

081382‐001 081464‐001 081464‐003

GTI GTI GTI

ppmv ppmv ppmv
313.00 355.56 450.07
BDL 1.56 0.97
0.61 0.85 0.61
0.09 0.53 0.41
2.07 9060.00 10800.00
0.12 20.43 22.25
1.33 6.44 5.14

3.30 5.83
0.13 2.11 0.62
2.87 18900.00 14700.00
BDL 42.91 22.35
BDL 3.05 4.17
BDL BDL BDL
BDL 2.85 1.64
BDL 2.79 0.85
BDL BDL BDL
BDL BDL BDL
BDL 0.62 0.28
BDL 0.41 0.07
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.17 0.05
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081382‐001 081464‐001 081464‐003

GTI GTI GTI

ppmv ppmv ppmv
BDL 6.36 4.43
BDL BDL BDL
BDL BDL BDL
0.22 52.52 40.46
0.13 36.80 18.78
BDL 1.56 0.91
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 18.80 5.06
BDL 0.08 0.21
0.56 17.10 10.80

321.22 28600.00 26100.00
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

081464‐005 081464‐007 081536‐001

GTI GTI GTI

ppmv ppmv ppmv
352.15 44.90 372.00
BDL BDL BDL
0.75 0.17 0.40
0.51 0.11 0.43

7240.00 16.30 10900.00
17.66 0.56 34.50
6.32 0.84 6.91
3.72 0.15 7.94
0.45 0.06 1.20

19800.00 15.20 30200.00
40.49 0.20 68.20
2.94 BDL 2.26
BDL BDL BDL
2.05 1.03 6.29
BDL BDL 1.72
BDL BDL BDL
BDL BDL 0.04
0.27 BDL 0.78
0.06 BDL 0.26
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.03 BDL 0.21
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081464‐005 081464‐007 081536‐001

GTI GTI GTI

ppmv ppmv ppmv
3.80 0.03 5.37
BDL BDL BDL
BDL BDL BDL
54.92 0.95 69.70
52.19 1.71 59.80
1.41 0.35 2.59
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
20.35 0.71 57.80
0.18 BDL 0.08
19.31 0.95 30.07

27600.00 85.42 41800.00
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

081536‐003 081536‐005 081536‐007

GTI GTI GTI

ppmv ppmv ppmv
376.00 323.00 224.00
BDL BDL BDL
0.52 0.31 0.44
0.92 0.85 3.52

8000.00 7300.00 2.17
21.36 17.32 0.31
6.46 5.42 0.72
5.16 3.03 0.10
0.52 0.33 0.07

13600.00 14800.00 14.40
41.59 42.43 0.45
4.44 2.31 BDL
BDL BDL BDL
2.68 1.93 11.30
0.76 1.26 0.09
BDL BDL BDL
BDL BDL BDL
0.24 0.36 0.03
0.04 0.08 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.03 0.10 BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081536‐003 081536‐005 081536‐007

GTI GTI GTI

ppmv ppmv ppmv
3.82 5.53 0.21
BDL BDL BDL
BDL BDL BDL
59.37 53.26 1.30
42.25 39.05 1.70
1.17 1.40 0.37
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
14.82 17.01 0.92
0.08 0.05 0.11
16.13 13.18 1.06

22200.00 22600.00 278.63
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

081671‐001 081671‐003 081671‐005

GTI GTI GTI

ppmv ppmv ppmv
341.00 302.00 107.00
2.72 2.76 0.47
0.19 0.13 0.27
0.69 0.41 0.31

8300.00 6630.00 11.60
24.80 19.20 0.47
7.94 6.47 0.43
9.07 6.48 0.22
1.70 0.87 0.06

15600.00 14200.00 33.70
50.30 42.50 0.39
3.96 3.07 0.05
BDL BDL BDL
2.76 1.33 0.93
1.08 0.53 BDL
BDL BDL BDL
BDL BDL BDL
0.96 0.37 BDL
0.17 0.07 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.15 0.04 BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081671‐001 081671‐003 081671‐005

GTI GTI GTI

ppmv ppmv ppmv
0.52 0.37 0.03
BDL BDL BDL
BDL BDL BDL
56.40 52.10 1.48
40.30 38.90 3.06
1.79 1.30 0.74
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
18.30 15.50 1.22
0.17 0.10 BDL
21.12 16.05 0.48

24492.94 21344.04 164.21
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

061616‐002 081616‐003 081616‐005

GTI GTI GTI

ppmv ppmv ppmv
337.00 307.00 183.00
1.71 1.49 0.54
BDL BDL BDL
0.32 0.21 0.13

5400.00 4430.00 16.30
25.20 16.50 0.51
4.07 3.51 1.04
2.91 4.48 0.20
0.70 0.31 0.09

8250.00 7420.00 89.90
49.30 42.10 1.16
1.62 1.35 0.14
BDL BDL BDL
6.30 2.28 3.91
0.85 0.74 0.06
BDL BDL BDL
BDL BDL BDL
0.24 0.22 0.03
0.09 0.08 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.13 0.07 BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

061616‐002 081616‐003 081616‐005

GTI GTI GTI

ppmv ppmv ppmv
BDL 6.83 0.10
BDL BDL BDL
BDL BDL BDL
59.10 51.80 2.68
45.90 35.70 2.72
0.75 1.33 0.13
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
28.70 16.40 1.59
0.14 0.17 0.05
10.50 9.41 1.85

14200.00 12400.00 310.46
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

081703‐002 081720‐001 081725‐001

GTI GTI GTI

ppmv ppmv ppmv
403.00 NA 330.57
0.49 NA 1.48
1.59 NA BDL
0.21 NA 0.45
1.39 NA 7470.00
0.26 NA 20.72
0.99 NA 5.77
0.08 NA 5.19
1.12 NA 0.82
1.14 NA 13300.00
BDL NA 49.03
BDL NA 3.45
BDL NA BDL
BDL NA 2.95
BDL NA 1.26
BDL NA BDL
BDL NA BDL
BDL NA 0.68
BDL NA 0.11
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA 0.25
BDL NA BDL
BDL NA BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081703‐002 081720‐001 081725‐001

GTI GTI GTI

ppmv ppmv ppmv
BDL NA 0.39
BDL NA BDL
BDL NA BDL
0.27 NA 63.59
0.34 NA 49.77
0.09 NA 2.01
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA 26.69
BDL NA 0.07
0.77 NA 19.32

411.95 NA 21400.00
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

081725‐003 081725‐005 081766‐001 081766‐003

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
285.81 38.40 318.84 0.11
0.53 0.31 1.62 BDL
BDL BDL 0.48 0.07
0.38 0.06 0.44 BDL

6120.00 26.20 6820.00 0.13
17.32 0.35 18.90 BDL
5.98 0.33 6.00 BDL
4.04 0.10 3.64 BDL
0.32 BDL 0.73 BDL

12600.00 140.00 15800.00 1.01
38.91 1.62 27.10 BDL
2.73 0.24 1.49 BDL
BDL BDL BDL BDL
1.82 2.46 0.39 0.37
0.27 0.05 0.84 BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.10 BDL 0.25 BDL
0.05 BDL 0.05 BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL 0.13 BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081725‐003 081725‐005 081766‐001 081766‐003

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
0.29 0.09 BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
49.24 6.69 20.95 BDL
26.16 11.30 2.17 BDL
1.39 0.57 0.35 BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
12.93 2.60 0.41 BDL
0.26 0.05 BDL BDL
15.22 1.49 6.54 BDL

19200.00 235.66 23000.00 2.06
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

081766‐005 091021‐001 091021‐005 091094‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
242.64 316.73 7.17 NA
1.39 2.24 BDL NA
0.63 0.49 BDL NA
0.23 0.68 0.11 NA

9510.00 8040.00 125.03 NA
25.94 21.15 0.78 NA
6.97 7.04 0.32 NA
6.54 3.25 0.14 NA
0.61 2.67 BDL NA

22200.00 18900.00 404.54 NA
35.49 27.62 3.25 NA
2.87 2.69 0.11 NA
BDL BDL BDL NA
0.49 3.47 11.40 NA
0.80 1.95 0.10 NA
BDL BDL BDL NA
BDL BDL BDL NA
0.27 0.60 BDL NA
0.04 0.55 BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
0.06 0.21 BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081766‐005 091021‐001 091021‐005 091094‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
BDL 0.22 0.37 NA
BDL BDL BDL NA
BDL BDL BDL NA
40.01 31.78 3.76 NA
17.38 26.44 0.59 NA
0.68 1.03 BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
7.74 10.39 BDL NA
BDL BDL BDL NA
16.43 15.90 0.25 NA

32100.00 27400.00 570.27 NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

091094‐003 091094‐004 091097‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA 424.46
NA NA 0.94
NA NA 2.08
NA NA 1.45
NA NA 4360.00
NA NA 35.90
NA NA 12.05
NA NA 9.49
NA NA 1.45
NA NA 12400.00
NA NA 64.11
NA NA 4.56
NA NA BDL
NA NA 7.95
NA NA 0.19
NA NA BDL
NA NA BDL
NA NA 0.04
NA NA 0.04
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091094‐003 091094‐004 091097‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA 1.26
NA NA BDL
NA NA BDL
NA NA 60.62
NA NA 19.52
NA NA 0.39
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA 7.18
NA NA BDL
NA NA 24.46

NA NA 17500.00
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

091097‐003 091128‐001 091139‐001 091139‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
294.19 NA NA NA
0.86 NA NA NA
0.33 NA NA NA
0.16 NA NA NA

3560.00 NA NA NA
19.68 NA NA NA
5.72 NA NA NA
4.59 NA NA NA
0.32 NA NA NA

16200.00 NA NA NA
40.09 NA NA NA
2.56 NA NA NA
BDL NA NA NA
3.48 NA NA NA
0.42 NA NA NA
BDL NA NA NA
BDL NA NA NA
0.13 NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
0.04 NA NA NA
BDL NA NA NA
BDL NA NA NA
0.04 NA NA NA
BDL NA NA NA
BDL NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091097‐003 091128‐001 091139‐001 091139‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
5.79 NA NA NA
BDL NA NA NA
BDL NA NA NA
45.58 NA NA NA
19.26 NA NA NA
0.47 NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
8.06 NA NA NA
BDL NA NA NA
13.00 NA NA NA

20200.00 NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

091139‐003 091148‐001 091148‐003 091164‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA 335.00 312.00 NA
NA 1.00 0.80 NA
NA 1.64 0.99 NA
NA 0.21 0.56 NA
NA 4330.00 3600.00 NA
NA 26.60 17.70 NA
NA 8.70 7.73 NA
NA 7.94 6.49 NA
NA 0.45 0.45 NA
NA 9870.00 9510.00 NA
NA 51.90 35.19 NA
NA 2.65 2.95 NA
NA BDL BDL NA
NA 7.37 3.10 NA
NA 0.53 0.06 NA
NA BDL BDL NA
NA BDL BDL NA
NA 0.13 BDL NA
NA 0.05 0.07 NA
NA BDL BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA 0.05 BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA 0.13 BDL NA
NA BDL BDL NA
NA BDL BDL NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091139‐003 091148‐001 091148‐003 091164‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA 2.41 0.70 NA
NA BDL BDL NA
NA BDL BDL NA
NA 59.80 34.20 NA
NA 42.40 14.70 NA
NA 1.10 1.88 NA
NA BDL BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA 22.80 7.52 NA
NA BDL BDL NA
NA 23.54 19.99 NA

NA 14800.00 13600.00 NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

091164‐002
091164‐
003

091164‐
004

091209‐
001

091209‐
002

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv
NA NA NA BDL BDL
NA NA NA 0.43 0.28
NA NA NA BDL BDL
NA NA NA 0.03 BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091164‐002
091164‐
003

091164‐
004

091209‐
001

091209‐
002

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL

NA NA NA 0.49 0.28
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

091209‐
003

091209‐
004

091215‐
001

091215‐
003

091287‐
001

091291‐
002

GTI GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv ppmv
BDL BDL 259.00 270.66 NA BDL
0.15 0.11 0.06 BDL NA BDL
BDL BDL 0.37 0.25 NA 2.00
BDL BDL 0.25 0.14 NA 0.44
BDL BDL 4030.00 2140.00 NA BDL
BDL BDL 13.26 7.60 NA BDL
BDL BDL 8.31 7.38 NA BDL
BDL BDL 8.58 6.54 NA BDL
BDL BDL 0.56 0.39 NA BDL
BDL BDL 9520.00 6950.00 NA 3.24
BDL BDL 41.80 26.95 NA BDL
BDL BDL 4.93 3.98 NA BDL
BDL BDL BDL BDL NA BDL
BDL BDL 16.40 6.23 NA 0.11
BDL BDL 0.28 BDL NA BDL
BDL BDL BDL BDL NA BDL
BDL BDL 0.04 BDL NA BDL
BDL BDL 0.06 BDL NA BDL
BDL BDL 0.34 0.03 NA BDL
BDL BDL BDL BDL NA BDL
BDL BDL BDL BDL NA BDL
BDL BDL BDL BDL NA BDL
BDL BDL BDL BDL NA BDL
BDL BDL BDL BDL NA BDL
BDL BDL BDL BDL NA BDL
BDL BDL BDL BDL NA BDL
BDL BDL BDL BDL NA BDL
BDL BDL BDL BDL NA BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091209‐
003

091209‐
004

091215‐
001

091215‐
003

091287‐
001

091291‐
002

GTI GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv ppmv
BDL BDL 0.90 0.52 NA BDL
BDL BDL BDL BDL NA BDL
BDL BDL BDL BDL NA BDL
BDL BDL 49.60 37.43 NA 0.23
BDL BDL 50.50 19.37 NA 0.29
BDL BDL 7.07 1.26 NA BDL

NA
BDL BDL BDL BDL NA BDL
BDL BDL BDL BDL NA BDL
BDL BDL BDL BDL NA BDL
BDL BDL 39.05 17.82 NA BDL
BDL BDL 0.18 BDL NA BDL
BDL BDL 49.86 22.97 NA BDL

0.15 0.11 14100.00 9530.00 NA 6.86
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

091313‐
001

091313‐
002

091313‐
003

091383‐
001

091438‐
001

091438‐
002

GTI GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv ppmv
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA 0.30 0.09
NA NA NA NA 0.04 BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091313‐
001

091313‐
002

091313‐
003

091383‐
001

091438‐
001

091438‐
002

GTI GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv ppmv
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL
NA NA NA NA BDL BDL

NA NA NA NA 0.38 0.09
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

091505‐
001

091610‐
001

091557‐
001

091651‐
001

091651‐
002

W1

GTI GTI GTI GTI GTI
(Rasi S. , 
2009)

ppmv ppmv ppmv ppmv ppmv ppmv
0.20 0.08 75.60 BDL BDL 36‐230
BDL BDL BDL BDL BDL NA
BDL 0.05 0.15 0.06 BDL NA
BDL BDL 0.06 BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL 0.06 BDL BDL NA
BDL BDL 0.07 BDL BDL NA
BDL BDL 0.06 BDL BDL NA
BDL BDL 0.29 BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091505‐
001

091610‐
001

091557‐
001

091651‐
001

091651‐
002

W1

GTI GTI GTI GTI GTI
(Rasi S. , 
2009)

ppmv ppmv ppmv ppmv ppmv ppmv
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL NA
BDL BDL 0.05 BDL BDL NA
BDL BDL BDL BDL BDL NA

0.20 0.13 76.40 0.06 BDL NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

W2 W3 W4 W5

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

ppmv ppmv ppmv ppmv
27‐32 108‐125 53‐84 300‐500
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

W2 W3 W4 W5

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

Shin et. al 2002
Allen et. al 

1997
Eklund et. al 

1998
Jaffrin et. al 

2003

(Rasi S. , 2009)
(Rasi S. , 
2009)

(Rasi S. , 2009)
(Rasi S. , 
2009)

ppmv ppmv ppmv ppmv
15.1‐427.5 NA NA 250

NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

Shin et. al 2002
Allen et. al 

1997
Eklund et. al 

1998
Jaffrin et. al 

2003

(Rasi S. , 2009)
(Rasi S. , 
2009)

(Rasi S. , 2009)
(Rasi S. , 
2009)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

Accettola & 
Haberbauer 

2005

Schweigkofler 
& Niesser 
2001

Schweigkofler 
& Niesser 
1999 1

Schweigkofler 
& Niesser 
1999 2

(Rasi S. , 2009)
(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

Accettola & 
Haberbauer 

2005

Schweigkofler 
& Niesser 
2001

Schweigkofler 
& Niesser 
1999 1

Schweigkofler 
& Niesser 
1999 2

(Rasi S. , 2009)
(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

Urban et al. 
2009

McBean 2008 
1

McBean 2008 
2

McBean 2008 
3

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

Urban et al. 
2009

McBean 2008 
1

McBean 2008 
2

McBean 2008 
3

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

McBean 2008 
4

Landfill 1 Landfill 2 Landfill 3

(Rasi S. , 
2009)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

McBean 2008 
4

Landfill 1 Landfill 2 Landfill 3

(Rasi S. , 
2009)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

Zou et al. 2003 
W

Zou et al. 2003 
S

Chiriac et al. 
2007

Streese et al. 
2001

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

Zou et al. 2003 
W

Zou et al. 2003 
S

Chiriac et al. 
2007

Streese et al. 
2001

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

Schuetz et al. 
2003

Shafi et al. 
2006

Parker 2002 Emerson 1999

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

Schuetz et al. 
2003

Shafi et al. 
2006

Parker 2002 Emerson 1999

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

A B C D

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

A B C D

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

E F G
Young and 
Heasman

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

E F G
Young and 
Heasman

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

Dent et al.
Brookes and 

Young
Berlin, 

Germany
Augsburg, 
Germany

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

(Dewil, 
Appels, & 
Baeyens, 
2006)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

Dent et al.
Brookes and 

Young
Berlin, 

Germany
Augsburg, 
Germany

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

(Dewil, 
Appels, & 
Baeyens, 
2006)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

Vienna, 
Austria

1 Landfill 2 Landfill
123 landfills, 
Germany

(Dewil, 
Appels, & 
Baeyens, 
2006)

(Dewil, 
Appels, & 
Baeyens, 
2006)

(Arnold & 
Kajolinna)

(Arnold & 
Kajolinna)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

Vienna, 
Austria

1 Landfill 2 Landfill
123 landfills, 
Germany

(Dewil, 
Appels, & 
Baeyens, 
2006)

(Dewil, 
Appels, & 
Baeyens, 
2006)

(Arnold & 
Kajolinna)

(Arnold & 
Kajolinna)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide

50 landfills, US

(Arnold & 
Kajolinna)

ppmv
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
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Raw Landfill Biogas 
Sulfurs

Component Name
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

50 landfills, US

(Arnold & 
Kajolinna)

ppmv
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
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Raw WWTP Biogas 
Sulfurs

081677‐003 081677‐004 081682‐003

GTI GTI GTI

Component Name ppmv ppmv ppmv
Hydrogen Sulfide 300 296 259
Sulfur Dioxide BDL BDL BDL
Carbonyl Sulfide 0.22 0.31 0.07
Carbon Disulfide BDL BDL BDL
Methyl Mercaptan 0.29 0.35 0.23
Ethyl Mercaptan 0.09 0.10 BDL
i‐Propyl Mercaptan BDL BDL BDL
n‐Propyl Mercaptan 0.19 0.18 0.06
t‐Butyl Mercaptan 0.10 0.10 0.06
Dimethyl Sulfide BDL BDL BDL
Methyl Ethyl Sulfide BDL BDL BDL
Diethyl Sulfide BDL BDL BDL
Di‐t‐Butyl Sulfide BDL BDL BDL
Dimethyl Disulfide BDL BDL BDL
Methyl Ethyl Disulfide BDL BDL BDL
Methyl i‐Propyl Disulfide BDL BDL BDL
Diethyl Disulfide BDL BDL BDL
Methyl n‐Propyl Disulfide BDL BDL BDL
Methyl t‐Butyl Disulfide BDL BDL BDL
Ethyl i‐Propyl Disulfide BDL BDL BDL
Ethyl n‐Propyl Disulfide BDL BDL BDL
Ethyl t‐Butyl Disulfide BDL BDL BDL
Di‐i‐Propyl Disulfide BDL BDL BDL
i‐Propyl n‐Propyl Disulfide BDL BDL BDL
Di‐n‐Propyl Disulfide BDL BDL BDL
i‐Propyl t‐Butyl Disulfide BDL BDL BDL
n‐Propyl t‐Butyl Disulfide BDL BDL BDL
Di‐t‐Butyl Disulfide BDL BDL BDL
Dimethyl Trisulfide BDL BDL BDL
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Raw WWTP Biogas 
Sulfurs

081677‐003 081677‐004 081682‐003

GTI GTI GTI

Component Name ppmv ppmv ppmv
Diethyl Trisulfide BDL BDL BDL
Di‐t‐Butyl Trisulfide BDL BDL BDL
Thiophene BDL BDL BDL
C1‐Thiophenes BDL BDL BDL
C2‐Thiophenes BDL BDL BDL
C3‐Thiophenes BDL BDL BDL
Benzothiophene BDL BDL BDL
C1‐Benzothiophenes BDL BDL BDL
C2‐Benzothiophenes BDL BDL BDL
Thiophane BDL BDL BDL
Thiophenol BDL BDL BDL
Individual Unidentified BDL BDL BDL

Calculated Sulfur Content
Total Sulfur
       As molar PPM S 301 297 259

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

081682‐004 081752‐002 051332‐001

GTI GTI GTI

ppmv ppmv ppmv
276 64.6 961
BDL BDL BDL
0.08 0.05 0.29
BDL BDL BDL
0.30 0.27 BDL
0.07 0.09 0.56
BDL 0.07 0.19
0.16 0.32 0.09
0.09 0.10 0.31
BDL BDL 0.09
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.03 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081682‐004 081752‐002 051332‐001

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.06
BDL 0.05 BDL
BDL BDL BDL

277 65.6 962
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

051458‐001 051486‐001 051486‐002

GTI GTI GTI

ppmv ppmv ppmv
1430 NA NA
BDL NA NA
0.42 NA NA
BDL NA NA
0.35 NA NA
0.17 NA NA
0.07 NA NA
0.31 NA NA
0.12 NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

051458‐001 051486‐001 051486‐002

GTI GTI GTI

ppmv ppmv ppmv
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
0.07 NA NA
BDL NA NA
BDL NA NA

1430 NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

051532‐001 061004‐001 061015‐001

GTI GTI GTI

ppmv ppmv ppmv
NA 757 1240
NA BDL BDL
NA BDL 0.33
NA BDL BDL
NA 0.92 1.28
NA 0.70 0.46
NA BDL 0.07
NA BDL 0.30
NA BDL 0.08
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL 0.16
NA BDL BDL
NA BDL BDL
NA BDL 0.13
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

051532‐001 061004‐001 061015‐001

GTI GTI GTI

ppmv ppmv ppmv
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL 0.05
NA BDL BDL
NA BDL 0.07

NA 759 1240
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

061217‐001 061230‐001 061271‐001

GTI GTI GTI

ppmv ppmv ppmv
1330 1560 0.82
2.07 0.93 BDL
BDL 1.00 0.15
BDL 0.32 0.04
0.72 0.80 0.57
0.24 1.06 0.15
0.10 BDL 0.15
0.33 BDL 0.14
0.10 BDL BDL
BDL 1.26 0.65
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.04
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

061217‐001 061230‐001 061271‐001

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.09 BDL BDL
BDL BDL BDL
BDL BDL 0.51

1330 1570 3.30
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

061323‐001 061380‐001 061424‐001

GTI GTI GTI

ppmv ppmv ppmv
1110 917 NA
0.25 BDL NA
0.36 0.14 NA
BDL 0.07 NA
0.17 0.70 NA
0.19 0.34 NA
0.11 BDL NA
0.41 BDL NA
0.25 BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

061323‐001 061380‐001 061424‐001

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
0.17 BDL NA
0.05 BDL NA
BDL BDL NA

1110 918 NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

061469‐001 061469‐002 061505‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA 1250
NA NA 0.06
NA NA 0.40
NA NA 0.06
NA NA 0.96
NA NA 0.20
NA NA 0.09
NA NA 0.44
NA NA 0.22
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

061469‐001 061469‐002 061505‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA 0.09
NA NA 0.07
NA NA BDL

NA NA 1250
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

061640‐001 071015‐001 071112‐001

GTI GTI GTI

ppmv ppmv ppmv
694 1310 NA
0.08 0.12 NA
0.13 0.34 NA
BDL BDL NA
0.26 0.18 NA
0.30 0.18 NA
BDL 0.09 NA
BDL 0.55 NA
BDL 0.17 NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

061640‐001 071015‐001 071112‐001

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL 0.09 NA
BDL 0.06 NA
BDL BDL NA

695 1310 NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

071165‐001 071204‐001 071237‐001

GTI GTI GTI

ppmv ppmv ppmv
543 1840 9.80
BDL BDL BDL
0.31 0.30 BDL
0.26 BDL BDL
0.99 0.09 BDL
0.35 0.18 0.05
BDL 0.12 0.07
0.05 0.62 BDL
BDL 0.19 0.40
0.35 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071165‐001 071204‐001 071237‐001

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.06 BDL
BDL BDL BDL
BDL BDL BDL

546 1840 10.3
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

071237‐002 071237‐003 071237‐004

GTI GTI GTI

ppmv ppmv ppmv
9.43 6.93 0.62
BDL BDL BDL
BDL BDL 0.18
BDL BDL BDL
BDL BDL 0.10
0.05 0.06 BDL
0.06 0.07 BDL
BDL BDL BDL
0.38 0.38 2.01
BDL BDL 1.15
BDL BDL 0.06
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071237‐002 071237‐003 071237‐004

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

9.92 7.44 4.12
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

071251‐001 071269‐001 071301‐001

GTI GTI GTI

ppmv ppmv ppmv
1380 2890 NA
BDL BDL NA
0.57 0.80 NA
0.10 BDL NA
0.69 1.04 NA
0.16 0.07 NA
BDL 0.60 NA
BDL BDL NA
BDL BDL NA
0.05 0.05 NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071251‐001 071269‐001 071301‐001

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA

1380 2890 NA

20916 First Tier Chem Results for Raw WWTP Biogas‐ Sulfurs Page 22

Page 924



Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

071308‐001 071401‐001 071408‐001

GTI GTI GTI

ppmv ppmv ppmv
777 1240 72.87
BDL BDL BDL
0.17 0.34 BDL
0.04 BDL BDL
0.19 0.44 BDL
0.27 0.20 BDL
BDL 0.12 BDL
BDL 0.45 BDL
BDL 0.19 BDL
BDL 0.07 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071308‐001 071401‐001 071408‐001

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.14 BDL
BDL 0.07 BDL
BDL BDL BDL

778 1240 72.87
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

071449‐002 071465‐001 071465‐002

GTI GTI GTI

ppmv ppmv ppmv
43 151 147
BDL BDL BDL
BDL 0.73 0.43
BDL 0.32 0.28
BDL 2.00 1.76
0.12 BDL BDL
0.12 BDL BDL
0.17 0.07 0.07
0.11 0.14 0.14
BDL 0.11 0.08
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

20916 First Tier Chem Results for Raw WWTP Biogas‐ Sulfurs Page 25

Page 927



Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071449‐002 071465‐001 071465‐002

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.10 BDL BDL
0.12 BDL BDL
BDL BDL BDL

43.5 155 150
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

071619‐001 071674‐001 071679‐001

GTI GTI GTI

ppmv ppmv ppmv
1120 8.81 1460
0.09 BDL 0.09
0.30 BDL 0.61
0.04 BDL BDL
0.35 BDL 0.43
0.70 BDL 0.17
BDL BDL 0.10
BDL BDL 0.37
BDL BDL 0.20
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071619‐001 071674‐001 071679‐001

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.06
BDL BDL 0.06
BDL BDL BDL

1120 8.81 1460
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

071722‐001 071799‐001 081028‐001

GTI GTI GTI

ppmv ppmv ppmv
NA 1130 1370
NA 0.38 0.12
NA 0.24 0.49
NA BDL BDL
NA 2.54 0.53
NA 0.42 0.17
NA BDL 0.07
NA 0.05 0.46
NA BDL 0.13
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA 0.08 BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071722‐001 071799‐001 081028‐001

GTI GTI GTI

ppmv ppmv ppmv
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL

NA 1130 1370
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

081149‐001 081179‐001 081180‐001

GTI GTI GTI

ppmv ppmv ppmv
NA 632 0.33
NA 0.46 0.06
NA 0.20 BDL
NA BDL BDL
NA 0.51 0.08
NA 0.37 BDL
NA BDL 0.44
NA BDL BDL
NA 0.05 1.45
NA BDL 0.13
NA BDL 0.09
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081149‐001 081179‐001 081180‐001

GTI GTI GTI

ppmv ppmv ppmv
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL

NA 634 2.58
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

081259‐001 081259‐002 081259‐003

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081259‐001 081259‐002 081259‐003

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

081259‐004 081275‐001 081276‐001

GTI GTI GTI

ppmv ppmv ppmv
NA 1380 760
NA 2.76 BDL
NA BDL 0.44
NA BDL 0.03
NA 0.68 0.49
NA 0.20 0.24
NA 0.13 BDL
NA 0.51 BDL
NA 0.16 BDL
NA BDL 0.22
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081259‐004 081275‐001 081276‐001

GTI GTI GTI

ppmv ppmv ppmv
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL

NA 1380 761
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

081394‐001 081400‐001 081401‐001

GTI GTI GTI

ppmv ppmv ppmv
453 112 38.20
BDL BDL BDL
0.11 0.42 BDL

0.46 0.17 BDL
0.16 0.05 BDL
BDL BDL BDL
BDL 0.07 BDL
0.95 0.37 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081394‐001 081400‐001 081401‐001

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

455 113 38.20
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

081344‐001 081360‐001 081360‐002

GTI GTI GTI

ppmv ppmv ppmv
503 NA NA

NA NA
0.24 NA NA
0.12 NA NA
0.81 NA NA
0.18 NA NA
BDL NA NA
BDL NA NA
BDL NA NA
0.25 NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081344‐001 081360‐001 081360‐002

GTI GTI GTI

ppmv ppmv ppmv
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA

505 NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

081360‐003 081360‐004 081456‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA 24.3
NA NA BDL
NA NA 0.05
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081360‐003 081360‐004 081456‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL

NA NA 24.4
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

081456‐002 081516‐001 081516‐002

GTI GTI GTI

ppmv ppmv ppmv
117 NA NA
BDL NA NA
0.06 NA NA
BDL NA NA
0.10 NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081456‐002 081516‐001 081516‐002

GTI GTI GTI

ppmv ppmv ppmv
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA

117.16 NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

081517‐001 081532‐001 081635‐001

GTI GTI GTI

ppmv ppmv ppmv
NA 704 816
NA 1.69 0.42
NA BDL 0.65
NA BDL BDL
NA 1.89 0.99
NA 0.16 0.11
NA 0.05 0.07
NA BDL 0.12
NA 0.06 0.26
NA BDL 0.08
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA 0.10 BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081517‐001 081532‐001 081635‐001

GTI GTI GTI

ppmv ppmv ppmv
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL

NA 708 819
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

081720‐002 081757‐001 081767‐001

GTI GTI GTI

ppmv ppmv ppmv
NA 1140 51
NA 1.81 0.59
NA BDL BDL
NA 0.04 BDL
NA 5.67 0.14
NA 0.61 BDL
NA 0.35 BDL
NA 0.16 BDL
NA 0.55 BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA 0.22 BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081720‐002 081757‐001 081767‐001

GTI GTI GTI

ppmv ppmv ppmv
NA BDL BDL
NA BDL BDL
NA 0.10 BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL

NA 1150 51.6
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091047‐001 091047‐002 091053‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA 855
NA NA 0.38
NA NA 1.02
NA NA BDL
NA NA 0.78
NA NA 0.06
NA NA 0.08
NA NA 0.09
NA NA 0.96
NA NA 0.09
NA NA BDL
NA NA BDL
NA NA BDL
NA NA 0.04
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091047‐001 091047‐002 091053‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL

NA NA 859
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091057‐001 091340‐001 091340‐002

GTI GTI GTI

ppmv ppmv ppmv
30 NA NA
0.36 NA NA
BDL NA NA
BDL NA NA
0.14 NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
0.04 NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091057‐001 091340‐001 091340‐002

GTI GTI GTI

ppmv ppmv ppmv
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA

30.2 NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091070‐001 091070‐002 091072‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091070‐001 091070‐002 091072‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091123‐001 091192‐001 091266‐001

GTI GTI GTI

ppmv ppmv ppmv
1380 365 7
1.00 1.44 BDL
0.16 BDL BDL
BDL BDL BDL
0.55 0.20 BDL
0.69 0.13 0.05
BDL 0.06 0.10
BDL 0.26 0.11
BDL 0.07 BDL
BDL 0.13 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091123‐001 091192‐001 091266‐001

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

1380 367 7
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091267‐001 091294‐002 091281‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091267‐001 091294‐002 091281‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091281‐002 091292‐001 091292‐002

GTI GTI GTI

ppmv ppmv ppmv
NA 0.13 520
NA BDL 0.18
NA BDL 0.26
NA BDL 0.43
NA BDL 0.44
NA BDL 0.49
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL

20916 First Tier Chem Results for Raw WWTP Biogas‐ Sulfurs Page 59

Page 961



Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091281‐002 091292‐001 091292‐002

GTI GTI GTI

ppmv ppmv ppmv
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL

NA 0.13 522
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091294‐001 091294‐002 091310‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA 36
NA NA 0.12
NA NA BDL
NA NA BDL
NA NA 0.11
NA NA 0.05
NA NA 0.12
NA NA BDL
NA NA 0.12
NA NA 0.10
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091294‐001 091294‐002 091310‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL

NA NA 36.8

20916 First Tier Chem Results for Raw WWTP Biogas‐ Sulfurs Page 62

Page 964



Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091310‐002 091321‐001 091321‐002

GTI GTI GTI

ppmv ppmv ppmv
37 NA NA
0.07 NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
0.06 NA NA
BDL NA NA
0.06 NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091310‐002 091321‐001 091321‐002

GTI GTI GTI

ppmv ppmv ppmv
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA

37.6 NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091326‐001 091326‐002 091352‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091326‐001 091326‐002 091352‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091352‐002 091406‐001 091406‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091352‐002 091406‐001 091406‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091369‐001 091369‐002 091373‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA 326
NA NA BDL
NA NA 0.33
NA NA BDL
NA NA 0.22
NA NA 0.16
NA NA 0.10
NA NA 0.33
NA NA 0.29
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091369‐001 091369‐002 091373‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA 0.05
NA NA 0.05
NA NA BDL

NA NA 328
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091391‐001 091391‐002 091426‐001

GTI GTI GTI

ppmv ppmv ppmv
75 55 NA
BDL BDL NA
0.09 0.07 NA
BDL BDL NA
0.55 0.05 NA
0.12 0.10 NA
0.18 0.17 NA
0.08 0.06 NA
0.12 0.11 NA
0.69 BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091391‐001 091391‐002 091426‐001

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA

77 55 NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091426‐002 091458‐001 091458‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091426‐002 091458‐001 091458‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091436‐001 091436‐002 091487‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091436‐001 091436‐002 091487‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091487‐002 091532‐001 091532‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091487‐002 091532‐001 091532‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091504‐001 091504‐002 091514‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091504‐001 091504‐002 091514‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA

20916 First Tier Chem Results for Raw WWTP Biogas‐ Sulfurs Page 80

Page 982



Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091514‐002 091521‐001 091521‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091514‐002 091521‐001 091521‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091609‐001 091549‐001 091549‐002

GTI GTI GTI

ppmv ppmv ppmv
0.24 NA NA
BDL NA NA
0.53 NA NA
0.11 NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
0.09 NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091609‐001 091549‐001 091549‐002

GTI GTI GTI

ppmv ppmv ppmv
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA

1.08 NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091562‐001 091562‐002 091579‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA 360
NA NA 0.16
NA NA 0.25
NA NA BDL
NA NA 0.11
NA NA 0.20
NA NA 0.21
NA NA 0.15
NA NA 0.19
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091562‐001 091562‐002 091579‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL

NA NA 361
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091579‐002 091585‐001 091593‐001

GTI GTI GTI

ppmv ppmv ppmv
353 489 NA
0.05 1.35 NA
0.22 BDL NA
BDL 0.38 NA
0.11 0.23 NA
0.20 0.81 NA
0.21 BDL NA
0.14 0.06 NA
0.14 0.07 NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091579‐002 091585‐001 091593‐001

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA

354 492 NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091593‐002 091607‐001 091607‐002

GTI GTI GTI

ppmv ppmv ppmv
NA 290 243
NA 0.37 0.24
NA BDL BDL
NA BDL BDL
NA 0.12 0.09
NA 0.17 0.16
NA 0.19 0.16
NA 0.12 0.10
NA 0.37 0.24
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091593‐002 091607‐001 091607‐002

GTI GTI GTI

ppmv ppmv ppmv
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL

NA 291 244

20916 First Tier Chem Results for Raw WWTP Biogas‐ Sulfurs Page 90

Page 992



Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

091621‐001 091632‐001 091632‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091621‐001 091632‐001 091632‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

S1 S2 S3 S4

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

ppmv ppmv ppmv ppmv
<1‐4 1‐2 1‐2 <1‐2
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

S1 S2 S3 S4

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

Spiegel & 
Preston 2003

Stern et al. 
1998

Spiegel & 
Preston 2000

Accettola & 
Haberbauer 2005

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 2009)

ppmv ppmv ppmv ppmv
62.9 NA 24.1 NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

Spiegel & 
Preston 2003

Stern et al. 
1998

Spiegel & 
Preston 2000

Accettola & 
Haberbauer 2005

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 2009)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA

20916 First Tier Chem Results for Raw WWTP Biogas‐ Sulfurs Page 96

Page 998



Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

Schweigkofler & 
Niesser 2001 1

Schweigkofler & 
Niesser 2001 2

Schweigkofler & 
Niesser 1999 1

(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

Schweigkofler & 
Niesser 2001 1

Schweigkofler & 
Niesser 2001 2

Schweigkofler & 
Niesser 1999 1

(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

Schweigkofler & 
Niesser 1999 2

Zurich, 
Switserland

Neuburg, 
Germany

Sint‐Truiden, 
Belgium

(Rasi S. , 2009)

(Dewil, 
Appels, & 
Baeyens, 
2006)

(Dewil, 
Appels, & 
Baeyens, 
2006)

(Dewil, 
Appels, & 
Baeyens, 
2006)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

Schweigkofler & 
Niesser 1999 2

Zurich, 
Switserland

Neuburg, 
Germany

Sint‐Truiden, 
Belgium

(Rasi S. , 2009)

(Dewil, 
Appels, & 
Baeyens, 
2006)

(Dewil, 
Appels, & 
Baeyens, 
2006)

(Dewil, 
Appels, & 
Baeyens, 
2006)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

Trecatti, UK Minworth, UK WWTPa WWTPb

(Dewil, 
Appels, & 
Baeyens, 
2006)

(Dewil, 
Appels, & 
Baeyens, 
2006)

(Arnold & 
Kajolinna)

(Arnold & 
Kajolinna)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

Trecatti, UK Minworth, UK WWTPa WWTPb

(Dewil, 
Appels, & 
Baeyens, 
2006)

(Dewil, 
Appels, & 
Baeyens, 
2006)

(Arnold & 
Kajolinna)

(Arnold & 
Kajolinna)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA

20916 First Tier Chem Results for Raw WWTP Biogas‐ Sulfurs Page 102

Page 1004



Raw WWTP Biogas 
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide

WWTPc

(Arnold & 
Kajolinna)

ppmv
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

20916 First Tier Chem Results for Raw WWTP Biogas‐ Sulfurs Page 103

Page 1005



Raw WWTP Biogas 
Sulfurs

Component Name
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

WWTPc

(Arnold & 
Kajolinna)

ppmv
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
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Raw Dairy Biogas
Halocarbons

071735‐001 081048‐004 081055‐001
GTI GTI GTI

Component Name ppmv ppmv ppmv
Dichlorodifluoromethane (CFC‐12) BDL BDL BDL
1,2‐Dichlorotetrafluoroethane (CFC‐114) BDL BDL BDL
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113) BDL BDL BDL
Trichlorofluoromethane (CFC‐11) BDL BDL BDL
Chloromethane BDL BDL BDL
Dichloromethane (Methylene Chloride) BDL BDL BDL
Chloroform BDL BDL BDL
Carbon Tetrachloride BDL BDL BDL
Chloroethane BDL BDL BDL
1,1‐Dichloroethane BDL BDL BDL
1,2‐Dichloroethane BDL BDL BDL
1,1,1‐Trichloroethane BDL BDL BDL
1,1,2‐Trichloroethane BDL BDL BDL
1,1,2,2‐Tetrachloroethane BDL BDL BDL
Chloroethene (Vinyl Chloride) BDL BDL BDL
1,1‐Dichloroethene BDL BDL BDL
cis‐1,2‐Dichloroethene BDL BDL BDL
Trichloroethene BDL BDL BDL
Tetrachloroethene BDL BDL BDL
1,2‐Dichloropropane BDL BDL BDL
3‐Chloropropene BDL BDL BDL
cis‐1,3‐Dichloropropene BDL BDL BDL
trans‐1,3‐Dichloropropene BDL BDL BDL
Bromomethane BDL BDL BDL
1,2‐Dibromoethane
Chlorobenzene BDL BDL BDL
1,2‐Dichlorobenzene BDL BDL BDL
1,3‐Dichlorobenzene BDL BDL BDL
1,4‐Dichlorobenzene BDL BDL BDL
1,2,4‐Trichlorobenzene BDL BDL BDL
Hexachloro‐1,3‐butadiene BDL BDL BDL
Total TO‐14 Halocarbon Components: BDL BDL BDL

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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Raw Dairy Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081079‐003 081182‐001 081188‐002
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081189‐001 081227‐001 081242‐001
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081288‐001 081289‐003 081303‐001
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

051363‐001 051509‐001 061170‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

20916 First Tier Chem Results for Raw Dairy Biogas‐ Halocarbons  Page 5

Page 1011



Raw Dairy Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061298‐001 061571‐001 061659‐001
GTI GTI GTI
ppmv ppmv ppmv
0.35 NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
0.38 NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL
BDL NA BDL

BDL NA BDL
BDL NA BDL
BDL NA BDL
0.17 NA BDL
BDL NA BDL
BDL NA BDL
0.90 NA BDL
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Raw Dairy Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071022‐001 071088‐001 071143‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071418‐001 071464‐001 071473‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071480‐001 081026‐002 081243‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081330‐001 081374‐001 081383‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081620‐001 081640‐001 081708‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081728‐001 081730‐001 081754‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091022‐001 091101‐001 091116‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091117‐001 091243‐001 091244‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091245‐001 091246‐001 091462‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091463‐001 091464‐001 091465‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091466‐001 091467‐001 091656‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091657‐001 091658‐001 091659‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

B1 B2
(Rasi S. , 2009) (Rasi S. , 2009)

ppmv ppmv
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA

NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
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Raw Dairy Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

B3 B4
(Rasi S. , 2009) (Rasi S. , 2009)

ppmv ppmv
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA

NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
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Raw Dairy Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

B5
(Rasi S. , 2009)

ppmv
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
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Raw Dairy Biogas (Partially Cleaned)
Halocarbons

081079‐001 081082‐001 081102‐002
GTI GTI GTI

Component Name ppmv ppmv ppmv
Dichlorodifluoromethane (CFC‐12) BDL BDL NA
1,2‐Dichlorotetrafluoroethane (CFC‐114) BDL BDL NA
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113) BDL BDL NA
Trichlorofluoromethane (CFC‐11) BDL BDL NA
Chloromethane BDL BDL NA
Dichloromethane (Methylene Chloride) BDL BDL NA
Chloroform BDL BDL NA
Carbon Tetrachloride BDL BDL NA
Chloroethane BDL BDL NA
1,1‐Dichloroethane BDL BDL NA
1,2‐Dichloroethane BDL BDL NA
1,1,1‐Trichloroethane BDL BDL NA
1,1,2‐Trichloroethane BDL BDL NA
1,1,2,2‐Tetrachloroethane BDL BDL NA
Chloroethene (Vinyl Chloride) BDL BDL NA
1,1‐Dichloroethene BDL BDL NA
cis‐1,2‐Dichloroethene BDL BDL NA
Trichloroethene BDL BDL NA
Tetrachloroethene BDL BDL NA
1,2‐Dichloropropane BDL BDL NA
3‐Chloropropene BDL BDL NA
cis‐1,3‐Dichloropropene BDL BDL NA
trans‐1,3‐Dichloropropene BDL BDL NA
Bromomethane BDL BDL NA
1,2‐Dibromoethane BDL BDL NA
Chlorobenzene BDL BDL NA
1,2‐Dichlorobenzene BDL BDL NA
1,3‐Dichlorobenzene BDL BDL NA
1,4‐Dichlorobenzene BDL BDL NA
1,2,4‐Trichlorobenzene BDL BDL NA
Hexachloro‐1,3‐butadiene BDL BDL NA
Total TO‐14 Halocarbon Components: BDL BDL NA

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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Raw Dairy Biogas (Partially Cleaned)
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081165‐001 081181‐001 081241‐001
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas (Partially Cleaned)
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081289‐001 081302‐001
GTI GTI
ppmv ppmv
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
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Raw Landfill Biogas 
Halocarbons

081649‐003 081649‐004 081658‐003 081658‐004

GTI GTI GTI GTI

Component Name ppmv ppmv ppmv ppmv
Dichlorodifluoromethane (CFC‐12) 1.85 2.05 0.78 0.74
1,2‐Dichlorotetrafluoroethane (CFC‐114) BDL BDL BDL BDL
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113) BDL BDL BDL BDL
Trichlorofluoromethane (CFC‐11) 0.42 0.51 BDL BDL
Chloromethane BDL BDL BDL BDL
Dichloromethane (Methylene Chloride) 2.18 2.48 BDL BDL
Chloroform BDL BDL BDL BDL
Carbon Tetrachloride BDL BDL BDL BDL
Chloroethane BDL BDL 0.37 0.37
1,1‐Dichloroethane 0.17 0.20 BDL BDL
1,2‐Dichloroethane 0.22 0.16 BDL BDL
1,1,1‐Trichloroethane BDL BDL BDL BDL
1,1,2‐Trichloroethane BDL BDL BDL BDL
1,1,2,2‐Tetrachloroethane BDL BDL BDL BDL
Chloroethene (Vinyl Chloride) 0.21 0.25 0.42 0.41
1,1‐Dichloroethene BDL BDL BDL BDL
cis‐1,2‐Dichloroethene 0.28 0.32 0.17 0.19
Trichloroethene 0.31 0.30 BDL BDL
Tetrachloroethene 0.20 0.21 BDL BDL
1,2‐Dichloropropane BDL BDL BDL BDL
3‐Chloropropene BDL BDL BDL BDL
cis‐1,3‐Dichloropropene BDL BDL BDL BDL
trans‐1,3‐Dichloropropene BDL BDL BDL BDL
Bromomethane BDL BDL BDL BDL
1,2‐Dibromoethane BDL BDL BDL BDL
Chlorobenzene BDL BDL BDL BDL
1,2‐Dichlorobenzene BDL BDL BDL BDL
1,3‐Dichlorobenzene BDL BDL BDL BDL
1,4‐Dichlorobenzene BDL BDL BDL BDL
1,2,4‐Trichlorobenzene BDL BDL BDL BDL
Hexachloro‐1,3‐butadiene BDL BDL BDL BDL
Total TO‐14 Halocarbon Components: 5.85 6.49 1.74 1.72

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081655‐003 081655‐004 081710‐003 081710‐004

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
1.07 1.07 0.65 0.59
BDL BDL 0.13 BDL
BDL BDL BDL BDL
BDL BDL 0.12 BDL
BDL BDL 0.14 BDL
BDL BDL 0.16 BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.38 0.38 0.46 0.32
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.44 0.43 0.55 0.56
BDL BDL BDL BDL
0.46 0.51 0.53 0.42
BDL BDL BDL BDL
BDL 0.10 0.16 BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
2.35 2.49 2.91 1.89
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081716‐003 081716‐004 081753‐001 081753‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
0.98 0.72 0.31 0.67
BDL BDL BDL 0.52
BDL BDL BDL BDL
BDL BDL BDL 0.59
BDL BDL BDL BDL
BDL BDL BDL 2.08
BDL BDL BDL BDL
BDL BDL BDL BDL
0.42 0.32 0.43 4.59
BDL BDL BDL 0.11
BDL BDL BDL 0.21
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.48 0.37 1.50 2.32
BDL BDL BDL BDL
0.31 0.22 2.32 1.14
BDL BDL 0.23 0.62
BDL BDL 0.39 1.15
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
2.18 1.63 5.18 14.0
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091071‐003 091071‐004 051341‐001 051462‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
1.26 1.90 NA NA
0.25 0.33 NA NA
BDL BDL NA NA
0.20 0.23 NA NA
BDL BDL NA NA
0.93 1.15 NA NA
BDL BDL NA NA
BDL BDL NA NA
0.81 0.88 NA NA
0.13 0.15 NA NA
0.14 0.20 NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
0.53 0.64 NA NA
BDL BDL NA NA
0.36 0.45 NA NA
0.26 0.38 NA NA
0.21 0.28 NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
5.09 6.59 NA NA
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

051519‐002 051537‐001 051551‐001 061054‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061071‐001 061110‐001 061111‐001 061124‐002 061124‐006

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061385‐001 061183‐001 061183‐002 061183‐003

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061191‐001 061191‐002 061191‐003 061228‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
0.12 1.01 BDL NA
0.10 0.27 BDL NA
BDL BDL BDL NA
BDL 0.10 BDL NA
0.35 BDL 14.90 NA
BDL BDL 0.19 NA
BDL BDL BDL NA
BDL BDL BDL NA
0.26 0.29 1.22 NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
0.32 0.24 BDL NA
BDL BDL BDL NA
0.16 0.37 0.18 NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA
BDL BDL BDL NA

NA
BDL BDL BDL NA
1.83 2.52 16.8 NA
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061228‐002 061229‐001 061309‐001 061309‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA 0.18 NA NA
NA BDL NA NA
NA BDL NA NA
NA BDL NA NA
NA BDL NA NA
NA BDL NA NA
NA BDL NA NA
NA BDL NA NA
NA BDL NA NA
NA BDL NA NA
NA BDL NA NA
NA BDL NA NA
NA BDL NA NA
NA BDL NA NA
NA 0.34 NA NA
NA BDL NA NA
NA 0.17 NA NA
NA BDL NA NA
NA BDL NA NA
NA BDL NA NA
NA BDL NA NA
NA BDL NA NA
NA BDL NA NA
NA BDL NA NA
NA BDL NA NA
NA BDL NA NA
NA BDL NA NA
NA BDL NA NA
NA 0.14 NA NA
NA BDL NA NA
NA BDL NA NA
NA 17.1 NA NA
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061309‐003 061344‐002 061353‐001 061359‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA 0.70 NA
NA NA BDL NA
NA NA BDL NA
NA NA BDL NA
NA NA BDL NA
NA NA BDL NA
NA NA BDL NA
NA NA BDL NA
NA NA 0.29 NA
NA NA BDL NA
NA NA BDL NA
NA NA BDL NA
NA NA BDL NA
NA NA BDL NA
NA NA 0.64 NA
NA NA BDL NA
NA NA 0.18 NA
NA NA BDL NA
NA NA BDL NA
NA NA BDL NA
NA NA BDL NA
NA NA BDL NA
NA NA BDL NA
NA NA BDL NA
NA NA BDL NA
NA NA BDL NA
NA NA BDL NA
NA NA BDL NA
NA NA 0.3 NA
NA NA BDL NA
NA NA BDL NA
NA NA 49.9 NA
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061359‐002 061421‐001 061421‐002 061493‐004

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA 0.11
NA NA NA BDL
NA NA NA BDL
NA NA NA 0.50
NA NA NA BDL
NA NA NA 0.23
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA 3.23
NA NA NA BDL
NA NA NA 0.29
NA NA NA 0.12
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA 1.0
NA NA NA 0.3
NA NA NA BDL
NA NA NA 3.3
NA NA NA BDL
NA NA NA BDL
NA NA NA NA
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061580‐002 061599‐001 061599‐002 071064‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA 0.95
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA BDL
NA NA NA 0.18
NA NA NA BDL
NA NA NA BDL
NA NA NA 1.13
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071064‐002 071103‐001 071212‐001 071212‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
0.17 NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
0.42 NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
0.20 NA NA NA
BDL NA NA NA
BDL NA NA NA
0.79 NA NA NA
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071212‐003 071212‐004 071263‐001 071287‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071292‐003 071325‐001 071325‐003 071325‐005

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA BDL BDL BDL
NA BDL BDL BDL
NA BDL BDL BDL
NA BDL BDL BDL
NA BDL 1.18 1.22
NA BDL BDL BDL
NA BDL BDL BDL
NA BDL BDL BDL
NA 0.10 0.28 0.38
NA BDL BDL BDL
NA BDL 0.21 0.15
NA BDL BDL BDL
NA BDL BDL BDL
NA BDL BDL BDL
NA 0.33 BDL BDL
NA BDL BDL BDL
NA 0.18 0.37 0.20
NA BDL 0.20 BDL
NA BDL BDL BDL
NA BDL BDL BDL
NA BDL BDL BDL
NA BDL BDL BDL
NA BDL BDL BDL
NA BDL BDL BDL
NA BDL BDL BDL
NA BDL BDL BDL
NA BDL BDL BDL
NA BDL BDL BDL
NA BDL BDL BDL
NA BDL BDL BDL
NA BDL BDL BDL
NA 0.61 2.24 1.96
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071325‐007 071325‐009 071382‐001 071382‐003

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
BDL 0.19 BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
1.85 3.06 1.89 1.31
0.13 0.14 BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.62 0.79 0.33 0.16
BDL BDL BDL BDL
0.27 0.34 0.11 BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.87 0.55 0.12 0.14
0.27 0.52 BDL BDL
BDL 0.19 BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
4.02 5.78 2.46 1.61
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071382‐005 071382‐007 071382‐009 071470‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
BDL BDL 1.25 BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
2.06 2.18 BDL 0.71
BDL BDL BDL BDL
BDL BDL BDL BDL
0.10 BDL BDL BDL
0.49 0.29 0.20 0.13
BDL BDL BDL BDL
0.16 0.12 BDL 0.18
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL 0.75 BDL
BDL BDL BDL BDL
0.59 0.32 0.29 0.12
0.20 0.22 BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL 0.22
BDL BDL BDL BDL
BDL BDL BDL BDL
3.6 3.12 2.49 1.35
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071470‐003 071470‐005 071470‐007 071542‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
BDL BDL BDL 0.19
BDL 0.11 BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.31 2.64 BDL 10.70
0.15 0.25 BDL 0.26
BDL BDL BDL BDL
0.13 0.31 BDL BDL
0.43 0.87 BDL 2.65
BDL BDL BDL BDL
0.52 1.04 BDL 0.49
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL 0.33 BDL BDL
BDL BDL BDL BDL
0.25 0.93 BDL 0.39
0.18 0.72 BDL 0.46
BDL 0.35 BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
1.97 7.55 <0.10 15.1
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071542‐003 071542‐005 071575‐001 071575‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
BDL BDL 0.83 0.74
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL 0.13 0.12
12.00 BDL BDL BDL
0.27 BDL 0.11 0.10
BDL BDL BDL BDL
BDL BDL BDL BDL
1.84 BDL BDL BDL
BDL BDL BDL BDL
0.47 BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.12 BDL 0.45 0.42
BDL BDL BDL BDL
0.92 0.16 0.46 0.40
0.43 BDL 0.18 0.17
0.20 BDL 0.24 0.23
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
16.3 0.16 2.4 2.18
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071575‐003 071618‐001 071618‐003 071618‐005

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
0.28 0.26 0.28 0.16
BDL BDL 0.12 BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL 8.35 12.20 BDL
0.10 0.17 0.23 BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL 4.55 0.72 0.12
BDL BDL BDL BDL
BDL 0.75 0.62 BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.17 BDL BDL 0.18
BDL BDL BDL BDL
0.16 0.77 1.46 BDL
BDL 0.57 0.62 BDL
0.11 BDL 0.19 BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL 0.16 BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.82 15.6 16.4 0.46
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071694‐001 071694‐003 071694‐005 071763‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
BDL BDL 3.35 0.13
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
1.41 0.10 BDL 17.90
BDL BDL 0.13 0.17
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL 0.64
BDL BDL BDL BDL
BDL BDL BDL 0.19
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL 0.13 BDL
BDL BDL BDL BDL
BDL BDL 0.33 0.75
BDL BDL BDL 0.37
BDL BDL BDL 0.18
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
1.41 0.1 3.94 20.3
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071763‐003 071763‐005 071774‐002 071795‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
BDL 0.78 NA 0.55
BDL 1.57 NA 0.15
BDL BDL NA BDL
BDL BDL NA BDL
35.26 BDL NA 9.54
0.13 BDL NA 0.20
BDL BDL NA BDL
BDL BDL NA BDL
1.61 BDL NA 0.62
BDL BDL NA BDL
0.65 BDL NA 0.22
BDL BDL NA BDL
BDL BDL NA BDL
BDL BDL NA BDL
BDL 0.12 NA BDL
BDL BDL NA BDL
2.68 0.16 NA 0.79
0.65 BDL NA 0.26
BDL BDL NA 0.14
BDL BDL NA BDL
BDL BDL NA BDL
BDL BDL NA BDL
BDL BDL NA BDL
BDL BDL NA BDL
BDL BDL NA BDL
BDL BDL NA 0.16
BDL BDL NA BDL
BDL BDL NA BDL
BDL BDL NA BDL
BDL BDL NA BDL
BDL BDL NA BDL
41.0 2.63 NA 12.6
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071795‐003 071795‐005 081070‐001 081070‐003

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
BDL 0.19 0.11 BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL 0.11 BDL BDL
5.84 7.22 4.91 6.10
BDL 0.13 BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.43 0.53 0.28 0.31
BDL BDL BDL BDL
0.14 0.30 0.10 BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.67 0.46 0.51 0.66
0.15 0.19 0.12 0.19
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
7.23 9.14 6.03 7.26
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081070‐005 081070‐007 081124‐001 081124‐003

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.17 BDL BDL BDL
0.17 BDL 5.49 6.57
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.10 BDL 0.29 0.26
BDL BDL BDL BDL
BDL BDL 0.14 BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.21 0.13 0.58 0.51
0.13 BDL 0.14 0.10
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.78 0.13 6.64 7.45
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081124‐005 081128‐002 081124‐009 081184‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
BDL NA BDL BDL
BDL NA 1.12 BDL
BDL NA BDL BDL
BDL NA BDL BDL
0.46 NA BDL 4.58
BDL NA BDL BDL
BDL NA BDL BDL
BDL NA BDL BDL
0.18 NA 0.12 0.81
BDL NA BDL BDL
BDL NA BDL 0.12
BDL NA BDL BDL
BDL NA BDL BDL
BDL NA BDL BDL
BDL NA 0.10 BDL
BDL NA BDL BDL
0.18 NA 0.22 0.63
0.11 NA BDL 0.17
BDL NA BDL BDL
BDL NA BDL BDL
BDL NA BDL BDL
BDL NA BDL BDL
BDL NA BDL BDL
BDL NA BDL BDL
BDL NA BDL BDL
0.31 NA BDL BDL
BDL NA BDL BDL
BDL NA BDL BDL
0.29 NA BDL BDL
BDL NA BDL BDL
BDL NA BDL BDL
1.54 NA 1.56 6.31
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081184‐003 081184‐005 081184‐007 081246‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
BDL BDL BDL 0.14
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
5.85 4.21 BDL 5.90
0.11 BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
1.23 0.22 BDL 0.27
BDL BDL BDL BDL
0.29 0.10 BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.28 0.53 0.15 0.40
BDL 0.10 BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
7.76 5.16 0.15 6.71
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081246‐003 081246‐005 081246‐007 081312‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
0.41 1.86 BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
1.02 BDL BDL 3.54
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL 0.13 BDL 0.45
BDL BDL BDL BDL
BDL BDL BDL 0.10
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.39 BDL BDL BDL
BDL BDL BDL BDL
0.22 0.58 BDL 0.50
BDL BDL BDL 0.10
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
2.04 2.58 0 4.71
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081312‐003 081312‐005 081312‐007 081391‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
BDL BDL BDL 0.28
BDL BDL BDL BDL
BDL BDL BDL BDL
0.14 BDL BDL BDL
0.35 1.64 BDL 3.71
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.21 0.37 BDL 0.16
BDL 0.10 BDL BDL
0.13 BDL BDL BDL
BDL 0.11 BDL 0.15
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL 0.19 BDL BDL
BDL BDL BDL BDL
0.19 0.40 0.16 0.59
0.21 BDL BDL 0.18
0.23 BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
1.73 2.82 0.16 5.08
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081391‐003 081391‐005 081391‐007 081329‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
0.10 BDL 0.25 0.14
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
8.76 1.36 BDL BDL
0.30 BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
1.44 BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.42 BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.19 0.47 0.11 BDL
0.10 BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
11.32 1.83 0.36 0.14
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081329‐002 081329‐003 081338‐002 081382‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
0.16 0.13 NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
0.04 0.03 NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
0.2 0.16 NA NA
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081464‐001 081464‐003 081464‐005 081464‐007

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
0.42 0.26 BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
3.13 6.98 1.06 BDL
BDL 0.30 BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.37 1.66 0.18 BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.13 0.56 BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.44 0.16 0.38 BDL
0.11 BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL 0.16 BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
4.6 10.08 1.62 BDL
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081536‐001 081536‐003 081536‐005 081536‐007

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
1.26 4.75 BDL 0.21
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL 0.12 BDL BDL
2.67 8.59 1.20 BDL
BDL 0.14 BDL 0.22
BDL BDL BDL BDL
BDL BDL BDL BDL
0.11 1.08 0.11 0.21
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL 0.33 BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL 0.23
BDL 0.11 BDL BDL
BDL 0.55 0.42 0.28
BDL 0.15 BDL BDL
BDL BDL BDL 0.19
BDL BDL BDL BDL
BDL 0.12 BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.12 BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
4.15 15.96 1.73 1.34

20916 First Tier Chem Results for Raw Landfill Biogas‐ Halocarbons   Page 32

Page 1062



Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081671‐001 081671‐003 081671‐005 061616‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
2.06 0.31 BDL 2.56
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.19 BDL BDL 0.21
BDL BDL BDL BDL
BDL BDL BDL BDL
0.17 BDL BDL 0.19
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
0.42 0.34 BDL 0.43
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
2.85 0.65 BDL 3.4
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081616‐003 081616‐005 081703‐002 081720‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
BDL 0.23 NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
0.47 BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
0.38 0.14 NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
BDL BDL NA NA
0.85 0.38 NA NA
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081725‐001 081725‐003 081725‐005 081766‐001 081766‐003

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv
BDL BDL BDL 0.43 BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
2.05 0.39 BDL 0.32 BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
0.33 BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
0.19 BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL 0.13 BDL
BDL BDL BDL BDL BDL
0.39 0.27 BDL 0.19 BDL
BDL BDL BDL BDL BDL
0.10 BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
3.07 0.66 0 1.07 0
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081766‐005 091021‐001 091021‐005 091094‐002 091094‐003

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv
BDL BDL BDL NA NA
BDL BDL BDL NA NA
BDL BDL BDL NA NA
BDL BDL BDL NA NA
1.28 2.94 BDL NA NA
BDL 0.11 BDL NA NA
BDL BDL BDL NA NA
BDL BDL BDL NA NA
0.18 0.61 BDL NA NA
BDL BDL BDL NA NA
BDL BDL BDL NA NA
BDL 0.30 BDL NA NA
BDL BDL BDL NA NA
BDL BDL BDL NA NA
BDL BDL BDL NA NA
BDL BDL BDL NA NA
0.19 0.44 BDL NA NA
BDL BDL BDL NA NA
BDL BDL BDL NA NA
BDL BDL BDL NA NA
BDL BDL BDL NA NA
BDL BDL BDL NA NA
BDL BDL BDL NA NA
BDL BDL BDL NA NA
BDL BDL BDL NA NA
BDL BDL BDL NA NA
BDL BDL BDL NA NA
BDL BDL BDL NA NA
BDL BDL BDL NA NA
BDL BDL BDL NA NA
BDL BDL BDL NA NA
1.65 4.39 0 NA NA
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091094‐004 091097‐002 091097‐003 091128‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA BDL 0.30 NA
NA BDL BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA 3.88 0.81 NA
NA BDL BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA 0.42 BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA 0.25 BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA 0.39 0.25 NA
NA BDL BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA BDL BDL NA
NA 4.94 1.36 NA
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091139‐001 091139‐002 091139‐003 091148‐001 091148‐003

GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA 5.02 0.96
NA NA NA 0.13 BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA 0.84 BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA 0.37 BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA 0.52 0.27
NA NA NA 0.16 BDL
NA NA NA 0.18 BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA BDL BDL
NA NA NA 7.23 1.24
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091164‐001 091164‐002
091164‐
003

091164‐
004

091209‐
001

091209‐
002

091209‐
003

GTI GTI GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv ppmv ppmv
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091209‐
004

091215‐
001

091215‐
003

091287‐
001

091291‐
002

091313‐
001

091313‐
002

091313‐
003

GTI GTI GTI GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv ppmv ppmv ppmv
NA BDL BDL NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA 8.02 0.38 NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA 0.26 BDL NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA 0.19 BDL NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA 0.28 0.23 NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA 0.30 0.21 NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA 0.20 BDL NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA 0.25 BDL NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA BDL BDL NA NA NA NA NA
NA 9.5 0.82 NA NA NA NA NA
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091383‐
001

091438‐
001

091438‐
002

091505‐
001

091610‐
001

091557‐
001

091651‐
001

091651‐
002

GTI GTI GTI GTI GTI GTI GTI GTI

ppmv ppmv ppmv ppmv ppmv ppmv ppmv ppmv
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
NA NA NA NA NA BDL NA NA
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

W1 W2 W3 W4 W5
Shin et. al 

2002
Allen et. 
al 1997

Eklund et. 
al 1998

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3

NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA

0.3‐1.3 NA NA NA NA NA NA NA

20916 First Tier Chem Results for Raw Landfill Biogas‐ Halocarbons   Page 42

Page 1072



Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Jaffrin et. 
al 2003

Accettola 
& 

Haberbau
er 2005

Schweigk
ofler & 
Niesser 
2001

Schweigk
ofler & 
Niesser 
1999 1

Schweigk
ofler & 
Niesser 
1999 2

Urban et 
al. 2009

McBean 
2008 1

McBean 
2008 2

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3

NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

McBean 
2008 3

McBean 
2008 4

Landfill 1 Landfill 2 Landfill 3
Zou et al. 
2003 W

Zou et al. 
2003 S

Chiriac et 
al. 2007

(Rasi S. , 
2009)

(Rasi S. , 
2009)

 
(Pawlows

ka, 
Czerwinsk

i, & 
Stepniew
ski, 2008)

 
(Pawlows

ka, 
Czerwinsk

i, & 
Stepniew
ski, 2008)

 
(Pawlows

ka, 
Czerwinsk

i, & 
Stepniew
ski, 2008)

 
(Pawlows

ka, 
Czerwinsk

i, & 
Stepniew
ski, 2008)

 
(Pawlows

ka, 
Czerwinsk

i, & 
Stepniew
ski, 2008)

 
(Pawlows

ka, 
Czerwinsk

i, & 
Stepniew
ski, 2008)

mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3

NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA BDL ‐ 0.3 11‐12 44‐58 0.2‐23 1.5‐31 NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA BDL BDL BDL 0.1‐0.8 0.8‐3.7 NA
NA NA BDL BDL BDL 0.1‐0.8 0.8‐3.7 NA
NA NA BDL BDL BDL 0.4‐7.7 0.3‐3.7 NA
NA NA BDL BDL BDL 0.4‐2.1 0.3‐4.9 NA
NA NA BDL BDL BDL NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Streese et 
al. 2001

Schuetz 
et al. 
2003

Shafi et 
al. 2006

Parker 
2002

Emerson 
1999

A B C

 
(Pawlows

ka, 
Czerwinsk

i, & 
Stepniew
ski, 2008)

 
(Pawlows

ka, 
Czerwinsk

i, & 
Stepniew
ski, 2008)

 
(Pawlows

ka, 
Czerwinsk

i, & 
Stepniew
ski, 2008)

 
(Pawlows

ka, 
Czerwinsk

i, & 
Stepniew
ski, 2008)

 
(Pawlows

ka, 
Czerwinsk

i, & 
Stepniew
ski, 2008)

 
(Pawlows

ka, 
Czerwinsk

i, & 
Stepniew
ski, 2008)

(Allen, 
Braithwai
te, & 
Hills, 
1997)

(Allen, 
Braithwai
te, & 
Hills, 
1997)

mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3

NA NA NA NA NA 116‐208 67‐72 120‐135
NA NA NA NA NA NA NA NA
NA NA NA NA NA <0.5‐6 <0.5‐1 3‐5
NA NA NA NA NA <0.5‐114 <0.1 <0.1
NA NA NA NA NA NA NA NA
NA 10.3 NA 1.24 6.0‐6.1 4‐85 2‐15 10‐15
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA <0.1‐3 2‐4 4‐6
NA NA NA NA NA <0.1‐8 5‐6 2‐3
NA NA NA NA NA NA NA NA
NA NA NA NA NA <0.1‐2 3‐18 2
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA 4‐10 4‐6 2
NA NA NA NA NA <0.1‐5 <0.1 2
NA NA NA NA NA 6‐27 7‐13 2‐5
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA 11.88 NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

D E F G
Young 
and 

Heasman

Dent et 
al.

Brookes 
and 

Young

Berlin, 
Germany

(Allen, 
Braithwai
te, & 
Hills, 
1997)

(Allen, 
Braithwai
te, & 
Hills, 
1997)

(Allen, 
Braithwai
te, & 
Hills, 
1997)

(Allen, 
Braithwai
te, & 
Hills, 
1997)

(Allen, 
Braithwai
te, & 
Hills, 
1997)

(Allen, 
Braithwai
te, & 
Hills, 
1997)

(Allen, 
Braithwai
te, & 
Hills, 
1997)

(Allen, 
Braithwai
te, & 
Hills, 
1997)

mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3

28‐43 111‐135 221‐231 96‐101 NA 0.1‐602 5 NA
NA NA NA NA NA NA NA NA
<0.5 2‐4 <0.5 <0.5 NA NA NA NA
<0.1 <0.1‐28 <0.5 <0.5 0.4‐185 <0.1‐185 20 NA
NA NA NA NA NA NA NA NA
1‐2 10‐16 65‐69 30‐33 7.7‐490 0.1‐397 140 NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA

<0.1‐3 <0.1‐8 <0.1 <0.1 NA NA NA NA
1‐2 5‐9 61‐61 <0.1 NA NA NA NA
NA NA NA NA NA NA NA NA

<0.1‐1 1‐6 <0.1 <0.1 NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA

<0.1‐4 76‐87 59‐63 <0.1‐13 0.03‐3 0.03‐8.3 16 NA
1‐2 <0.1‐6 <0.1 <0.1 NA NA NA NA
1‐6 128‐182 141‐169 24‐31 0.07‐28 0.07‐28 68 NA

1.2‐116 0.07‐116 10 NA
0.3‐110 <0.1‐110 250 NA

NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA

22‐1342 NA

<0.1‐255
<0.1‐152

264‐1239
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Raw Landfill Biogas 
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Augsburg, 
Germany

Vienna, 
Austria

1 Landfill 2 Landfill
123 

landfills, 
Germany

50 
landfills, 

US

(Dewil, 
Appels, & 
Baeyens, 
2006)

(Dewil, 
Appels, & 
Baeyens, 
2006)

(Dewil, 
Appels, & 
Baeyens, 
2006)

(Arnold & 
Kajolinna)

(Arnold & 
Kajolinna)

(Arnold & 
Kajolinna)

mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw WWTP Biogas
Halocarbons

081677‐003 081677‐004 081682‐003 081682‐004

GTI GTI GTI GTI

Component Name ppmv ppmv ppmv ppmv
Dichlorodifluoromethane (CFC‐12) BDL BDL BDL BDL
1,2‐Dichlorotetrafluoroethane (CFC‐114) BDL BDL BDL BDL
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113) BDL BDL BDL BDL
Trichlorofluoromethane (CFC‐11) BDL BDL BDL BDL
Chloromethane BDL BDL BDL BDL
Dichloromethane (Methylene Chloride) BDL BDL BDL BDL
Chloroform BDL BDL BDL BDL
Carbon Tetrachloride BDL BDL BDL BDL
Chloroethane BDL BDL BDL BDL
1,1‐Dichloroethane BDL BDL BDL BDL
1,2‐Dichloroethane BDL BDL BDL BDL
1,1,1‐Trichloroethane BDL BDL BDL BDL
1,1,2‐Trichloroethane BDL BDL BDL BDL
1,1,2,2‐Tetrachloroethane BDL BDL BDL BDL
Chloroethene (Vinyl Chloride) BDL BDL BDL BDL
1,1‐Dichloroethene BDL BDL BDL BDL
cis‐1,2‐Dichloroethene BDL BDL BDL BDL
Trichloroethene BDL BDL BDL BDL
Tetrachloroethene BDL BDL BDL BDL
1,2‐Dichloropropane BDL BDL BDL BDL
3‐Chloropropene BDL BDL BDL BDL
cis‐1,3‐Dichloropropene BDL BDL BDL BDL
trans‐1,3‐Dichloropropene BDL BDL BDL BDL
Bromomethane BDL BDL BDL BDL
1,2‐Dibromoethane BDL BDL BDL BDL
Chlorobenzene BDL BDL BDL BDL
1,2‐Dichlorobenzene BDL BDL BDL BDL
1,3‐Dichlorobenzene BDL BDL BDL BDL
1,4‐Dichlorobenzene BDL BDL BDL BDL
1,2,4‐Trichlorobenzene BDL BDL BDL BDL
Hexachloro‐1,3‐butadiene BDL BDL BDL BDL
Total TO‐14 Halocarbon Components: BDL BDL BDL BDL

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081752‐002 051332‐001 051458‐001 051486‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

051486‐002 051532‐001 061004‐001 061015‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061217‐001 061230‐001 061271‐001 061323‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061380‐001 061424‐001 061469‐001 061469‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061505‐001 061640‐001 071015‐001 071112‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071165‐001 071204‐001 071237‐001 071237‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071237‐003 071237‐004 071251‐001 071269‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071301‐001 071308‐001 071401‐001 071408‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071449‐002 071465‐001 071465‐002 071619‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071674‐001 071679‐001 071722‐001 071799‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081028‐001 081149‐001 081179‐001 081180‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081259‐001 081259‐002 081259‐003 081259‐004

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081275‐001 081276‐001 081394‐001 081400‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081401‐001 081344‐001 081360‐001 081360‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081360‐003 081360‐004 081456‐001 081456‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081516‐001 081516‐002 081517‐001 081532‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081635‐001 081720‐002 081757‐001 081767‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091047‐001 091047‐002 091053‐001 091057‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091340‐001 091340‐002 091070‐001 091070‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091072‐001 091123‐001 091192‐001 091266‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091267‐001 091294‐002 091281‐001 091281‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091292‐001 091292‐002 091294‐001 091294‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091310‐001 091310‐002 091321‐001 091321‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091326‐001 091326‐002 091352‐001 091352‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091406‐001 091406‐002 091369‐001 091369‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091373‐001 091391‐001 091391‐002 091426‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091426‐002 091458‐001 091458‐002 091436‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091436‐002 091487‐001 091487‐002 091532‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091532‐002 091504‐001 091504‐002 091514‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091514‐002 091521‐001 091521‐002 091609‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091549‐001 091549‐002 091562‐001 091562‐002

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091579‐001 091579‐002 091585‐001 091593‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091593‐002 091607‐001 091607‐002 091621‐001

GTI GTI GTI GTI

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091632‐001 091632‐002 S1 S2

GTI GTI
(Rasi S. , 
2009)

(Rasi S. , 
2009)

ppmv ppmv ppmv ppmv
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
BDL BDL <0.1
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

S3 S4
Spiegel & Preston 

2003
(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 2009)

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Stern et al. 1998
Spiegel & Preston 

2000
Accettola & 

Haberbauer 2005

(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

20916 First Tier Chem Results for Raw WWTP Biogas‐ Halocarbons  Page 37

Page 1114



Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Schweigkofler & 
Niesser 2001 1

Schweigkofler & 
Niesser 2001 2

Schweigkofler & 
Niesser 1999 1

(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Schweigkofler & 
Niesser 1999 2

Zurich, Switserland

(Rasi S. , 2009)
(Dewil, Appels, & 
Baeyens, 2006)

ppmv ppmv
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Neuburg, Germany Sint‐Truiden, Belgium

(Dewil, Appels, & 
Baeyens, 2006)

(Dewil, Appels, & Baeyens, 
2006)

ppmv ppmv
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Trecatti, UK Minworth, UK WWTPa

(Dewil, Appels, & 
Baeyens, 2006)

(Dewil, Appels, & 
Baeyens, 2006)

(Arnold & 
Kajolinna)

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

WWTPb WWTPc

(Arnold & 
Kajolinna)

(Arnold & 
Kajolinna)

ppmv ppmv
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
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Raw Dairy Biogas
Volatile Metals

071735‐001 081048‐004 081055‐001 081079‐003 081182‐001
GTI GTI GTI GTI GTI

Component µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

Mercury BDL BDL BDL BDL 0.02

Component µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

Arsenic NA BDL NA BDL BDL
Cadmium NA BDL NA BDL BDL
Copper NA BDL NA BDL BDL
Lead NA BDL NA BDL BDL
Molybdenum NA BDL NA BDL 2.00
Selenium NA BDL NA BDL BDL
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Raw Dairy Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Cadmium
Copper
Lead
Molybdenum
Selenium

081188‐002 081189‐001 081227‐001 081242‐001 081288‐001
GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

BDL BDL NA BDL BDL

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL 60
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
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Raw Dairy Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Cadmium
Copper
Lead
Molybdenum
Selenium

081289‐003 081303‐001 051363‐001 051509‐001 061170‐001
GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

BDL BDL NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
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Raw Dairy Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Cadmium
Copper
Lead
Molybdenum
Selenium

061298‐001 061571‐001 061659‐001 071022‐001 071088‐001
GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw Dairy Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Cadmium
Copper
Lead
Molybdenum
Selenium

071143‐001 071418‐001 071464‐001 071473‐001 071480‐001
GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw Dairy Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Cadmium
Copper
Lead
Molybdenum
Selenium

081026‐002 081243‐001 081330‐001 081374‐001 081383‐001
GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw Dairy Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Cadmium
Copper
Lead
Molybdenum
Selenium

081620‐001 081640‐001 081708‐001 081728‐001 081730‐001
GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw Dairy Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Cadmium
Copper
Lead
Molybdenum
Selenium

081754‐001 091022‐001 091101‐001 091116‐001 091117‐001
GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

20916 First Tier Chem Results for Raw Dairy Biogas‐ Volatile Metals Page 8

Page 1127



Raw Dairy Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Cadmium
Copper
Lead
Molybdenum
Selenium

091243‐001 091244‐001 091245‐001 091246‐001 091462‐001
GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw Dairy Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Cadmium
Copper
Lead
Molybdenum
Selenium

091463‐001 091464‐001 091465‐001 091466‐001 091467‐001
GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw Dairy Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Cadmium
Copper
Lead
Molybdenum
Selenium

091656‐001 091657‐001 091658‐001 091659‐001 B1
GTI GTI GTI GTI (Rasi S. , 2009)

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw Dairy Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Cadmium
Copper
Lead
Molybdenum
Selenium

B2 B3 B4 B5
(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw Dairy Biogas (Partially Cleaned)
Volatile Metals

081079‐001 081082‐001 081102‐002 081165‐001 081181‐001
GTI GTI GTI GTI GTI

Component µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

Mercury BDL BDL NA 0.02 / 0.06 0.02

Component µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

Arsenic BDL BDL NA BDL BDL
Cadmium BDL BDL NA BDL BDL
Copper BDL BDL NA BDL BDL
Lead BDL BDL NA BDL BDL
Molybdenum BDL BDL NA BDL BDL
Selenium BDL BDL NA BDL BDL
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Raw Dairy Biogas (Partially Cleaned)
Volatile Metals

Component
Mercury

Component
Arsenic
Cadmium
Copper
Lead
Molybdenum
Selenium

081241‐001 081289‐001 081302‐001
GTI GTI GTI

µg/M3 µg/M3 µg/M3

BDL BDL BDL

µg/M3 µg/M3 µg/M3

BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas
Volatile Metals

081649‐003 081649‐004 081658‐003 081658‐004 081655‐003 081655‐004

GTI GTI GTI GTI GTI GTI

Component µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

Mercury NA NA 1.2 not sampled BDL BDL
(estimated)

Component µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

Arsenic 323 NA 227 339 181 222
Barium BDL NA BDL BDL BDL BDL
Beryllium BDL NA BDL BDL BDL BDL
Cadmium BDL NA BDL BDL BDL BDL
Cobalt BDL NA BDL BDL BDL BDL
Chromium BDL NA BDL BDL BDL BDL
Copper BDL NA BDL BDL BDL BDL
Manganese BDL NA BDL BDL BDL BDL
Molybdenum BDL NA BDL BDL BDL BDL
Nickel BDL NA BDL BDL BDL BDL
Lead BDL NA BDL BDL BDL BDL
Antimony 352 NA 280 417 228 277
Selenium BDL NA BDL BDL BDL BDL
Strontium BDL NA BDL BDL BDL BDL
Thallium BDL NA BDL BDL BDL BDL
Zinc 29 NA 96 51 80 29
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

081710‐003 081710‐004 081716‐003 081716‐004 081753‐001 081753‐002

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

0.05 0.07 1.7 NA 0.60 NA
(estimated)

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

78 NA 275 181 59 NA
BDL NA BDL BDL BDL NA
BDL NA BDL BDL BDL NA
BDL NA BDL BDL BDL NA
BDL NA BDL BDL BDL NA
BDL NA BDL BDL BDL NA
BDL NA BDL BDL BDL NA
BDL NA BDL BDL BDL NA
BDL NA BDL BDL BDL NA
BDL NA BDL BDL BDL NA
BDL NA BDL BDL BDL NA
85 NA 387 223 161 NA
BDL NA BDL BDL BDL NA
BDL NA BDL BDL BDL NA
BDL NA BDL BDL BDL NA
BDL NA 54 BDL 62 NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091071‐003 091071‐004 051341‐001 051462‐001 051519‐002 051537‐001

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

051551‐001 061054‐001 061071‐001 061110‐001 061111‐001 061124‐002

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

061124‐006 061385‐001 061183‐001 061183‐002 061183‐003 061191‐001

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

061191‐002 061191‐003 061228‐001 061228‐002 061229‐001 061309‐001

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

061309‐002 061309‐003 061344‐002 061353‐001 061359‐001 061359‐002

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

061421‐001 061421‐002 061493‐004 061580‐002 061599‐001 061599‐002

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

071064‐001 071064‐002 071103‐001 071212‐001 071212‐002 071212‐003

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

071212‐004 071263‐001 071287‐002 071292‐003 071325‐001 071325‐003

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

071325‐005 071325‐007 071325‐009 071382‐001 071382‐003 071382‐005

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

071382‐007 071382‐009 071470‐001 071470‐003 071470‐005 071470‐007

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

071542‐001 071542‐003 071542‐005 071575‐001 071575‐002 071575‐003

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

071618‐001 071618‐003 071618‐005 071694‐001 071694‐003 071694‐005

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

071763‐001 071763‐003 071763‐005 071774‐002 071795‐001 071795‐003

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

071795‐005 081070‐001 081070‐003 081070‐005 081070‐007 081124‐001

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

081124‐003 081124‐005 081128‐002 081124‐009 081184‐001 081184‐003

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

081184‐005 081184‐007 081246‐001 081246‐003 081246‐005 081246‐007

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

081312‐001 081312‐003 081312‐005 081312‐007 081391‐001 081391‐003

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

081391‐005 081391‐007 081329‐001 081329‐002 081329‐003 081338‐002

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

081382‐001 081464‐001 081464‐003 081464‐005 081464‐007 081536‐001

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

081536‐003 081536‐005 081536‐007 081671‐001 081671‐003 081671‐005

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

061616‐002 081616‐003 081616‐005 081703‐002 081720‐001 081725‐001

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

081725‐003 081725‐005 081766‐001 081766‐003 081766‐005 091021‐001

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA

20916 First Tier Chem Results for Raw Landfill Biogas‐ Volatile Metals Page 24

Page 1157



Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091021‐005 091094‐002 091094‐003 091094‐004 091097‐002 091097‐003

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091128‐001 091139‐001 091139‐002 091139‐003 091148‐001 091148‐003

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091164‐001 091164‐002 091164‐003 091164‐004 091209‐001 091209‐002

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091209‐003 091209‐004 091215‐001 091215‐003 091287‐001 091291‐002

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091313‐001 091313‐002 091313‐003 091383‐001 091438‐001 091438‐002

GTI GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091505‐001 091610‐001 091557‐001 091651‐001 091651‐002

W1

GTI GTI GTI GTI GTI
(Rasi S. , 
2009)

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

W2 W3 W4 W5
Shin et. al 

2002
Allen et. al 

1997

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

Eklund et. al 
1998

Jaffrin et. al 
2003

Accettola & 
Haberbauer 

2005

Schweigkofle
r & Niesser 

2001

Schweigkofle
r & Niesser 
1999 1

Schweigkofle
r & Niesser 
1999 2

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

Urban et al. 
2009

McBean 
2008 1

McBean 
2008 2

McBean 
2008 3

McBean 
2008 4

Landfill 1

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

(Rasi S. , 
2009)

 (Pawlowska, 
Czerwinski, 

& 
Stepniewski, 

2008)

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

Landfill 2 Landfill 3
Zou et al. 
2003 W

Zou et al. 
2003 S

Chiriac et al. 
2007

Streese et al. 
2001

 (Pawlowska, 
Czerwinski, 

& 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, 

& 
Stepniewski, 

2008)

(Pawlowska, 
Czerwinski, 

& 
Stepniewski, 

2008)

(Pawlowska, 
Czerwinski, 

& 
Stepniewski, 

2008)

(Pawlowska, 
Czerwinski, 

& 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, 

& 
Stepniewski, 

2008)

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

Schuetz et al. 
2003

Shafi et al. 
2006

Parker 2002
Emerson 
1999

A B

 (Pawlowska, 
Czerwinski, 

& 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, 

& 
Stepniewski, 

2008)

(Pawlowska, 
Czerwinski, 

& 
Stepniewski, 

2008)

(Pawlowska, 
Czerwinski, 

& 
Stepniewski, 

2008)

(Pawlowska, 
Czerwinski, 

& 
Stepniewski, 

2008)

(Allen, 
Braithwaite, 
& Hills, 1997)

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

C D E F G
Young and 
Heasman

(Allen, 
Braithwaite, 
& Hills, 1997)

(Allen, 
Braithwaite, 
& Hills, 1997)

(Allen, 
Braithwaite, 
& Hills, 1997)

(Allen, 
Braithwaite, 
& Hills, 1997)

(Allen, 
Braithwaite, 
& Hills, 1997)

(Allen, 
Braithwaite, 
& Hills, 1997)

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

Dent et al.
Brookes and 

Young
Berlin, 

Germany
Augsburg, 
Germany

Vienna, 
Austria

1 Landfill

(Allen, 
Braithwaite, 
& Hills, 1997)

(Allen, 
Braithwaite, 
& Hills, 1997)

(Allen, 
Braithwaite, 
& Hills, 1997)

(Dewil, 
Appels, & 
Baeyens, 
2006)

(Dewil, 
Appels, & 
Baeyens, 
2006)

(Dewil, 
Appels, & 
Baeyens, 
2006)

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Raw Landfill Biogas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

2 Landfill
123 landfills, 
Germany

50 landfills, 
US

(Arnold & 
Kajolinna)

(Arnold & 
Kajolinna)

(Arnold & 
Kajolinna)

µg/M3 µg/M3 µg/M3

NA NA NA

µg/M3 µg/M3 µg/M3

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas 
Volatile Metals

081677‐003 081677‐004 081682‐003 081682‐004

GTI GTI GTI GTI

Component µg/M3 µg/M3 µg/M3 µg/M3

Mercury 0.14 0.04 0.25 0.27

Component µg/M3 µg/M3 µg/M3 µg/M3

Arsenic BDL BDL BDL BDL
Barium BDL BDL BDL BDL
Beryllium BDL BDL BDL BDL
Cadmium BDL BDL BDL BDL
Cobalt BDL BDL BDL BDL
Chromium BDL BDL BDL BDL
Copper BDL BDL BDL BDL
Manganese BDL BDL BDL BDL
Molybdenum BDL BDL BDL BDL
Nickel BDL BDL BDL BDL
Lead BDL BDL BDL BDL
Antimony BDL BDL BDL BDL
Selenium BDL BDL BDL BDL
Strontium BDL BDL BDL BDL
Thallium BDL BDL BDL BDL
Zinc 67 50 BDL 84
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

081752‐002 051332‐001 051458‐001 051486‐001 051486‐002

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

051532‐001 061004‐001 061015‐001 061217‐001 061230‐001

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

061271‐001 061323‐001 061380‐001 061424‐001 061469‐001

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

061469‐002 061505‐001 061640‐001 071015‐001 071112‐001

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

071165‐001 071204‐001 071237‐001 071237‐002 071237‐003

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

071237‐004 071251‐001 071269‐001 071301‐001 071308‐001

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

071401‐001 071408‐001 071449‐002 071465‐001 071465‐002

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

071619‐001 071674‐001 071679‐001 071722‐001 071799‐001

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

081028‐001 081149‐001 081179‐001 081180‐001 081259‐001

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

081259‐002 081259‐003 081259‐004 081275‐001 081276‐001

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

081394‐001 081400‐001 081401‐001 081344‐001 081360‐001

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

081360‐002 081360‐003 081360‐004 081456‐001 081456‐002

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

081516‐001 081516‐002 081517‐001 081532‐001 081635‐001

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

081720‐002 081757‐001 081767‐001 091047‐001 091047‐002

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091053‐001 091057‐001 091340‐001 091340‐002 091070‐001

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091070‐002 091072‐001 091123‐001 091192‐001 091266‐001

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091267‐001 091294‐002 091281‐001 091281‐002 091292‐001

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091292‐002 091294‐001 091294‐002 091310‐001 091310‐002

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091321‐001 091321‐002 091326‐001 091326‐002 091352‐001

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091352‐002 091406‐001 091406‐002 091369‐001 091369‐002

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091373‐001 091391‐001 091391‐002 091426‐001 091426‐002

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091458‐001 091458‐002 091436‐001 091436‐002 091487‐001

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091487‐002 091532‐001 091532‐002 091504‐001 091504‐002

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091514‐001 091514‐002 091521‐001 091521‐002 091609‐001

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091549‐001 091549‐002 091562‐001 091562‐002 091579‐001

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091579‐002 091585‐001 091593‐001 091593‐002 091607‐001

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091607‐002 091621‐001 091632‐001 091632‐002 S1

GTI GTI GTI GTI (Rasi S. , 2009)

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

S2 S3 S4
Spiegel & 

Preston 2003
Stern et al. 1998

(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

Spiegel & 
Preston 2000

Accettola & 
Haberbauer 2005

Schweigkofler & 
Niesser 2001 1

Schweigkofler & 
Niesser 2001 2

(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

Schweigkofler & 
Niesser 1999 1

Schweigkofler & 
Niesser 1999 2

Zurich, 
Switserland

Neuburg, 
Germany

Sint‐Truiden, 
Belgium

(Rasi S. , 2009) (Rasi S. , 2009)
(Dewil, Appels, 
& Baeyens, 

2006)

(Dewil, Appels, 
& Baeyens, 

2006)

(Dewil, Appels, 
& Baeyens, 

2006)

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw WWTP Biogas 
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

Trecatti, UK Minworth, UK WWTPa WWTPb WWTPc

(Dewil, Appels, 
& Baeyens, 

2006)

(Dewil, Appels, 
& Baeyens, 

2006)

(Arnold & 
Kajolinna)

(Arnold & 
Kajolinna)

(Arnold & 
Kajolinna)

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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Raw Dairy Biogas
Total Organic Silcon

071735‐001 081048‐004 081055‐001
GTI GTI GTI

Component ppmv as Si ppmv as Si ppmv as Si
1,1,3,3‐Tetramethyldisiloxane BDL BDL BDL
Pentamethyldisiloxane BDL BDL BDL
Hexamethyldisilane BDL BDL BDL
Hexamethyldisiloxane (L2, MM) BDL BDL BDL
Octamethyltrisiloxane (L3, MDM) BDL BDL BDL
Octamethylcyclotetrasiloxane (D4) BDL BDL BDL
Decamethyltetrasiloxane (L4, MD2M) BDL BDL BDL
Decamethylcyclopentasiloxane (D5) BDL BDL BDL
Dodecamethylpentasiloxane (L5, MD3M) BDL BDL BDL
Trimethyl silanol BDL BDL BDL
Hexamathylcyclotrisiloxane (D3) BDL BDL BDL
Unidentified organic silicon compound BDL BDL BDL
Organic F BDL BDL BDL
Organic Cl BDL BDL BDL
Organic Si BDL BDL BDL
Ammonia BDL BDL BDL

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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Raw Dairy Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081079‐003 081182‐001 081188‐002
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081189‐001 081227‐001 081242‐001
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081288‐001 081289‐003 081303‐001
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

051363‐001 051509‐001 061170‐001
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061298‐001 061571‐001 061659‐001
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
<0.5 NA NA
<0.5 NA NA
0.8 NA NA
<0.5 NA NA
<0.5 NA NA
11.6 NA NA
<0.5 NA NA
4.7 NA NA
<0.5 NA NA
NA NA NA
NA NA NA
1.3 NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071022‐001 071088‐001 071143‐001
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071418‐001 071464‐001 071473‐001
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071480‐001 081026‐002 081243‐001
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081330‐001 081374‐001 081383‐001
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081620‐001 081640‐001 081708‐001
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081728‐001 081730‐001 081754‐001
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091022‐001 091101‐001 091116‐001
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091117‐001 091243‐001 091244‐001
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091245‐001 091246‐001 091462‐001
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091463‐001 091464‐001 091465‐001
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091466‐001 091467‐001 091656‐001
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091657‐001 091658‐001 091659‐001
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Dairy Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

B1 B2
(Rasi S. , 2009) (Rasi S. , 2009)

% total siloxanes % total siloxanes
NA NA
NA NA
NA NA

NA NA

NA NA

NA NA
NA NA
NA NA

NA NA

0
0
0

24‐44 

0‐11%

56‐59%
29‐44%
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Raw Dairy Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

B3 B4
(Rasi S. , 2009) (Rasi S. , 2009)

% total siloxanes % total siloxanes
NA NA
NA NA
NA NA

NA NA

NA NA

NA NA
NA NA
NA NA

NA NA

1%
0‐1%

22‐23%

ug/m3

57‐70%

7‐13%
0‐6%
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Raw Dairy Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

B5
(Rasi S. , 2009)

mg/m3

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
<0.4
NA
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Raw Biogas (Partially Cleaned)
Total Organic Silcon

081079‐001 081082‐001 081102‐002
GTI GTI GTI

Component ppmv as Si ppmv as Si ppmv as Si
1,1,3,3‐Tetramethyldisiloxane BDL BDL NA
Pentamethyldisiloxane BDL BDL NA
Hexamethyldisilane BDL BDL NA
Hexamethyldisiloxane BDL BDL NA
Octamethyltrisiloxane BDL BDL NA
Octamethylcyclotetrasiloxane BDL BDL NA
Decamethyltetrasiloxane BDL BDL NA
Decamethylcyclopentasiloxane BDL BDL NA
Dodecamethylpentasiloxane BDL BDL NA

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

20916 First Tier Chem Results for Raw Dairy Biogas (Partial Clean)‐ Total Organic Silicon Page 1
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Raw Biogas (Partially Cleaned)
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane
Octamethyltrisiloxane
Octamethylcyclotetrasiloxane
Decamethyltetrasiloxane
Decamethylcyclopentasiloxane
Dodecamethylpentasiloxane

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081165‐001 081181‐001 081241‐001
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Biogas (Partially Cleaned)
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane
Octamethyltrisiloxane
Octamethylcyclotetrasiloxane
Decamethyltetrasiloxane
Decamethylcyclopentasiloxane
Dodecamethylpentasiloxane

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081289‐001 081302‐001
GTI GTI

ppmv as Si ppmv as Si
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
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Raw Landfill Biogas
Total Organic Silcon

081649‐003 081649‐004 081658‐003

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
1,1,3,3‐Tetramethyldisiloxane BDL BDL BDL
Pentamethyldisiloxane BDL BDL BDL
Hexamethyldisilane BDL BDL BDL
Hexamethyldisiloxane (L2, MM) BDL BDL BDL
Octamethyltrisiloxane (L3, MDM) BDL BDL BDL
Octamethylcyclotetrasiloxane (D4) 3.1 3.2 4.9
Decamethyltetrasiloxane (L4, MD2M) BDL BDL BDL
Decamethylcyclopentasiloxane (D5) BDL BDL 0.8
Dodecamethylpentasiloxane (L5, MD3M) BDL BDL BDL
Trimethyl silanol NA NA NA
Hexamathylcyclotrisiloxane (D3) NA NA NA
Unidentified organic silicon compound BDL BDL BDL
Organic F NA NA NA
Organic Cl NA NA NA
Organic Si NA NA NA
Ammonia NA NA NA
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081658‐004 081655‐003 081655‐004

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
BDL BDL BDL
BDL BDL BDL
BDL 0.8 0.8
BDL BDL BDL
BDL BDL BDL
4.6 4.1 5.5
BDL BDL BDL
0.7 0.8 1.6
BDL BDL BDL
NA NA NA
NA NA NA
BDL BDL BDL
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081710‐003 081710‐004 081716‐003

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
BDL BDL BDL
BDL BDL BDL
0.8 0.9 BDL
BDL BDL BDL
BDL BDL BDL
3.1 3.7 5.3
BDL BDL BDL
1.5 1.4 1.0
BDL BDL BDL
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

20916 First Tier Chem Results for Raw Landfill Biogas‐ Total Organic Silicon Page 3
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081716‐004 081753‐001 081753‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.5
BDL BDL BDL
BDL BDL BDL
3.0 2.0 2.8
BDL BDL BDL
0.6 0.5 1.9
BDL BDL BDL
NA NA NA
NA NA NA
NA BDL BDL
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091071‐003 091071‐004 051341‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
BDL BDL NA
BDL BDL NA
1.9 0.6 NA
BDL BDL NA
BDL BDL NA
3.4 1.4 NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
NA NA NA
NA NA NA
0.8 BDL NA
NA NA NA
NA NA NA
NA NA 12.3
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

051462‐001 051519‐002 051537‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA <1.0
NA NA 4.0
NA NA 1.6
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

051551‐001 061054‐001 061071‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061110‐001 061111‐001 061124‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA

>0.50 NA NA
0.99 NA NA
>0.50 NA NA
>0.33 NA NA
4.05 NA NA
NA NA NA
0.68 NA NA
NA NA NA
NA NA NA
NA NA NA
1.17 NA NA
NA NA NA
NA NA NA
24.0 NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061124‐006 061385‐001 061183‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA <0.5 NA
NA <0.5 NA
NA <0.5 NA
NA <0.5 NA
NA <0.5 NA
NA 6.0 NA
NA <0.5 NA
NA 2.5 NA
NA <0.5 NA
NA NA NA
NA NA NA
NA NA NA
NA 10.9 NA
NA 14.4 NA
NA NA NA
NA 37.3 NA
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Page 1236



Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061183‐002 061183‐003 061191‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061191‐002 061191‐003 061228‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061228‐002 061229‐001 061309‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA <1.0 NA
NA <1.0 NA
NA 2.4 NA
NA <1.0 NA
NA <1.0 NA
NA 4.1 NA
NA 2.2 NA
NA <1.0 NA
NA <1.0 NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061309‐002 061309‐003 061344‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061353‐001 061359‐001 061359‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
<0.5 NA NA
<0.5 NA NA
1.0 NA NA
<0.5 NA NA
<0.5 NA NA
12.4 NA NA
<0.5 NA NA
2.1 NA NA
<0.5 NA NA
NA NA NA
NA NA NA
0.8 NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061421‐001 061421‐002 061493‐004

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
<0.5 <0.5 NA
<0.5 <0.5 NA
0.80 1.81 NA
<0.5 <0.5 NA
<0.5 <0.5 NA
7.44 8.38 NA
<0.5 <0.5 NA
0.75 2.06 NA
<0.5 <0.5 NA
NA NA NA
NA NA NA
0.91 1.0 NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061580‐002 061599‐001 061599‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071064‐001 071064‐002 071103‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA <0.5
NA NA <0.5
NA NA 1.2
NA NA <0.5
NA NA <0.5
NA NA <0.5
NA NA <0.5
NA NA <0.5
NA NA <0.5
NA NA NA
NA NA NA
NA NA NA
NA NA 7.5
NA NA 5.7
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071212‐001 071212‐002 071212‐003

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071212‐004 071263‐001 071287‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071292‐003 071325‐001 071325‐003

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071325‐005 071325‐007 071325‐009

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071382‐001 071382‐003 071382‐005

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071382‐007 071382‐009 071470‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071470‐003 071470‐005 071470‐007

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071542‐001 071542‐003 071542‐005

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071575‐001 071575‐002 071575‐003

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA <0.5 <0.5
NA <0.5 <0.5
NA 0.50 1.36
NA <0.5 <0.5
NA <0.5 <0.5
NA 4.0 6.95
NA <0.5 <0.5
NA 3.0 2.11
NA <0.5 <0.5
NA
NA
NA 1.6 4.1
NA
NA
NA
NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071618‐001 071618‐003 071618‐005

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071694‐001 071694‐003 071694‐005

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071763‐001 071763‐003 071763‐005

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Page 1256



Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071774‐002 071795‐001 071795‐003

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071795‐005 081070‐001 081070‐003

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081070‐005 081070‐007 081124‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081124‐003 081124‐005 081128‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081124‐009 081184‐001 081184‐003

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081184‐005 081184‐007 081246‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081246‐003 081246‐005 081246‐007

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081312‐001 081312‐003 081312‐005

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081312‐007 081391‐001 081391‐003

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081391‐005 081391‐007 081329‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081329‐002 081329‐003 081338‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081382‐001 081464‐001 081464‐003

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
<0.5 NA NA
<0.5 NA NA
0.8 NA NA
<0.5 NA NA
<0.5 NA NA
3.8 NA NA
<0.5 NA NA
<0.5 NA NA
<0.5 NA NA

NA NA
NA NA

0.7 NA NA
NA NA
NA NA
NA NA
NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081464‐005 081464‐007 081536‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081536‐003 081536‐005 081536‐007

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081671‐001 081671‐003 081671‐005

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061616‐002 081616‐003 081616‐005

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081703‐002 081720‐001 081725‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081725‐003 081725‐005 081766‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081766‐003 081766‐005 091021‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Page 1275



Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091021‐005 091094‐002 091094‐003

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091094‐004 091097‐002 091097‐003

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091128‐001 091139‐001 091139‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091139‐003 091148‐001 091148‐003

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091164‐001 091164‐002 091164‐003

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091164‐004 091209‐001 091209‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091209‐003 091209‐004 091215‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091215‐003 091287‐001 091291‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

20916 First Tier Chem Results for Raw Landfill Biogas‐ Total Organic Silicon Page 56

Page 1283



Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091313‐001 091313‐002 091313‐003

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091383‐001 091438‐001 091438‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091505‐001 091610‐001 091557‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA <0.4
NA NA <0.4
NA NA <0.4
NA NA <0.4
NA NA <0.4
NA NA <0.4
NA NA <0.4
NA NA 1.33
NA NA <0.4
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091651‐001 091651‐002
W1

GTI GTI (Rasi S. , 2009)

ppmv as Si ppmv as Si mg/m3

NA NA NA
NA NA NA
NA NA NA
NA NA
NA NA NA
NA NA
NA NA NA
NA NA
NA NA NA
NA NA
NA NA
NA NA NA
NA NA
NA NA
NA NA 0.7‐4
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

W2 W3 W4

(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

mg/m3 mg/m3 mg/m3

NA NA NA
NA NA NA
NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA
NA NA NA

0.3‐1.3

28‐40

27‐42

3‐13

9‐30
0
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

W5 Shin et. al 2002 Allen et. al 1997

(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

mg/m3 mg/m3 mg/m3

NA NA NA
NA NA NA
NA NA NA

NA NA
NA NA NA

NA NA
NA NA NA

NA NA
NA NA NA

NA NA
NA NA

NA NA NA
NA 63‐256
NA 118‐735

NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Eklund et. al 1998 Jaffrin et. al 2003
Accettola & 

Haberbauer 2005

(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

mg/m3 mg/m3 mg/m3

NA NA NA
NA NA NA
NA NA NA
NA NA 6.07
NA NA 0.32
NA NA 12.53
NA NA ND
NA NA 4.73
NA NA NA
NA NA ND
NA NA 0.49
NA NA NA
NA 25.9 NA
NA 169 NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Schweigkofler & 
Niesser 2001

Schweigkofler & 
Niesser 1999 1

Schweigkofler & 
Niesser 1999 2

(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

mg/m3 mg/m3 mg/m3

NA NA NA
NA NA NA
NA NA NA

0.7‐0.9 1.04‐1.31 0.38‐0.77
ND 0.03‐0.05 0.04

4.8‐5.1 7.97‐8.84 4.24‐5.03
<0.01 <0.01 <0.1

0.6‐0.65 0.5‐1.09 0.4‐0.53
NA NA NA

2.8‐3.2 6.62‐7.43 2.41‐3.21
0.4‐0.44 0.01 0.31‐0.45

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Urban et al. 2009 McBean 2008 1 McBean 2008 2

(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

mg/m3 mg/m3 mg/m3

NA NA NA
NA NA NA
NA NA NA

3.1‐5.0 0.87 0.14
ND ND ND

10.6‐15 2.06 1.207
ND ND ND

3.0‐3.3 0.473 0.395
NA NA NA

11‐12 ND ND
0.5‐0.84 0.088 0.083

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

*average values *average values
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

McBean 2008 3 McBean 2008 4 Landfill 1

(Rasi S. , 2009) (Rasi S. , 2009)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)
mg/m3 mg/m3 mg/m3

NA NA NA
NA NA NA
NA NA NA
0.12 0.23 NA
ND ND NA
2.0 5.03 NA
ND ND NA
3.33 0.83 NA
NA NA NA
ND ND NA
0.81 NA NA
NA NA ND
NA NA NA
NA NA NA
NA NA NA
NA NA NA

*average values *average values
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Landfill 2 Landfill 3 Zou et al. 2003 W

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)
mg/m3 mg/m3 mg/m3

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA >130 NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Zou et al. 2003 S Chiriac et al. 2007
Streese et al. 

2001

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)
mg/m3 mg/m3 mg/m3

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Schuetz et al. 
2003

Shafi et al. 2006 Parker 2002

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)
mg/m3 mg/m3 mg/m3

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Emerson 1999 A B

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

 (Pawlowska, 
Czerwinski, & 
Stepniewski, 

2008)

(Allen, 
Braithwaite, & 
Hills, 1997)

mg/m3 mg/m3 mg/m3

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA 102‐245 66‐98
NA 203‐386 152‐154
NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

C D E

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

mg/m3 mg/m3 mg/m3

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

76‐104 95‐126 221‐256
164‐188 118‐159 587‐735

NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

F G
Young and 
Heasman

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

mg/m3 mg/m3 mg/m3

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

69‐73 63‐70 NA
675‐699 210‐227 NA

NA NA NA
NA NA NA
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Dent et al.
Brookes and 

Young
Berlin, Germany

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

(Allen, 
Braithwaite, & 
Hills, 1997)

mg/m3 mg/m3 mg/m3 

NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA

36.3
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Augsburg, 
Germany

Vienna, Austria 1 Landfill

(Dewil, Appels, & 
Baeyens, 2006)

(Dewil, Appels, & 
Baeyens, 2006)

(Dewil, Appels, & 
Baeyens, 2006)

mg/m3  mg/m3 mg/m3

<0.1
4.3
2.3
0.6

2 mg/m3 toluene
0.6

3‐4ppm
4.8 9.3
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Raw Landfill Biogas
Total Organic Silcon

1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia
Total Siloxanes

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

2 Landfill
123 landfills, 
Germany

50 landfills, US

(Arnold & 
Kajolinna)

(Arnold & 
Kajolinna)

(Arnold & 
Kajolinna)

mg/m3 mg/m3 Si mg/m3

0.22
0.05
0.93
1.29
1.31

0.60 mg/m3 toluene
2.29

<5ppm
3‐25 38
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Raw WWTP Biogas
Total Organic Silcon

081677‐003 081677‐004 081682‐003

GTI GTI GTI

Component ppmv as Si ppmv as Si ppmv as Si
1,1,3,3‐Tetramethyldisiloxane BDL BDL BDL
Pentamethyldisiloxane BDL BDL BDL
Hexamethyldisilane BDL BDL BDL
Hexamethyldisiloxane (L2, MM) BDL BDL BDL
Octamethyltrisiloxane (L3, MDM) BDL BDL BDL
Octamethylcyclotetrasiloxane (D4) BDL BDL BDL
Decamethyltetrasiloxane (L4, MD2M) BDL BDL BDL
Decamethylcyclopentasiloxane (D5) 1.0 1.4 1.2
Dodecamethylpentasiloxane (L5, MD3M) BDL BDL BDL
Trimethyl silanol NA NA NA
Hexamathylcyclotrisiloxane (D3) NA NA NA
Unidentified organic silicon compound BDL BDL BDL
Organic F NA NA NA
Organic Cl NA NA NA
Organic Si NA NA NA
Ammonia NA NA NA

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081682‐004 081752‐002 051332‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL 13.6 NA
BDL BDL NA
1.2 3.9 NA
BDL BDL NA
NA NA NA
NA NA NA
BDL BDL NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

051458‐001 051486‐001 051486‐002

GTI GTI GTI

ppmv as Si ppmv as Si µg/M3 @ STP
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA 3.9
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

051532‐001 061004‐001 061015‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061217‐001 061230‐001 061271‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061323‐001 061380‐001 061424‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061469‐001 061469‐002 061505‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

061640‐001 071015‐001 071112‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071165‐001 071204‐001 071237‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071237‐002 071237‐003 071237‐004

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071251‐001 071269‐001 071301‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071308‐001 071401‐001 071408‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071449‐002 071465‐001 071465‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.47 BDL BDL
BDL BDL BDL
5.55 0.81 0.89
BDL BDL BDL
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071619‐001 071674‐001 071679‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA <0.2 NA
NA <0.2 NA
NA <0.2 NA
NA <0.2 NA
NA <0.2 NA
NA 0.45 NA
NA 1.09 NA
NA <0.2 NA
NA <0.2 NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071722‐001 071799‐001 081028‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081149‐001 081179‐001 081180‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081259‐001 081259‐002 081259‐003

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081259‐004 081275‐001 081276‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081394‐001 081400‐001 081401‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081344‐001 081360‐001 081360‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081360‐003 081360‐004 081456‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

20916 First Tier Chem Results for Raw WWTP Biogas‐ Total Organic Silicon Page 21

Page 1323



Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081456‐002 081516‐001 081516‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081517‐001 081532‐001 081635‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081720‐002 081757‐001 081767‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA 1.1
NA NA BDL
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091047‐001 091047‐002 091053‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091057‐001 091340‐001 091340‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
<0.5 NA NA
<0.5 NA NA
<0.5 NA NA
<0.5 NA NA
<0.5 NA NA
<0.5 NA NA
<0.5 NA NA
<0.5 NA NA
<0.5 NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091070‐001 091070‐002 091072‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091123‐001 091192‐001 091266‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA <0.4
NA NA <0.4
NA NA <0.4
NA NA <0.4
NA NA <0.4
NA NA 0.7
NA NA <0.4
NA NA 3.8
NA NA <0.4
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091267‐001 091294‐002 091281‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091281‐002 091292‐001 091292‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091294‐001 091294‐002 091310‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091310‐002 091321‐001 091321‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091326‐001 091326‐002 091352‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091352‐002 091406‐001 091406‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091369‐001 091369‐002 091373‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA <0.2
NA NA <0.2
NA NA <0.2
NA NA <0.2
NA NA <0.2
NA NA 0.3
NA NA <0.2
NA NA 2.4
NA NA <0.2
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091391‐001 091391‐002 091426‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091426‐002 091458‐001 091458‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091436‐001 091436‐002 091487‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091487‐002 091532‐001 091532‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091504‐001 091504‐002 091514‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091514‐002 091521‐001 091521‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091609‐001 091549‐001 091549‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
<0.4 NA NA
<0.4 NA NA
<0.4 NA NA
<0.4 NA NA
<0.4 NA NA
<0.4 NA NA
<0.4 NA NA
3.0 NA NA
<0.4 NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091562‐001 091562‐002 091579‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091579‐002 091585‐001 091593‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091593‐002 091607‐001 091607‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091621‐001 091632‐001 091632‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

S1 S2 S3

(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

µg/M3 mg/m3 mg/m3

NA NA NA
NA NA NA
NA NA NA

NA NA NA

NA NA NA

NA NA NA
NA NA NA
NA NA NA

1.5‐10.6 NA NA
NA NA NA

1‐4

0‐1
0‐6

21‐45

48‐76

1‐3
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

S4
Spiegel & Preston 

2003
Stern et al. 1998

(Rasi S. , 2009) (Rasi S. , 2009) (Rasi S. , 2009)

mg/m3 mg/m3 mg/m3

NA NA NA
NA NA NA
NA NA NA

NA NA
NA NA
NA NA

NA NA NA
NA NA

NA NA NA
NA NA
NA NA

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Spiegel & Preston 
2000

Accettola & Haberbauer 
2005

(Rasi S. , 2009) (Rasi S. , 2009)

mg/m3 mg/m3

NA NA
NA NA
NA NA
NA 0.02
NA 0.02
NA 0.93
NA BDL
NA 6.03
NA NA
NA BDL
NA 0.04
NA NA
NA NA
NA NA
NA NA
NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Schweigkofler & Niesser 
2001 1

Schweigkofler & Niesser 
2001 2

(Rasi S. , 2009) (Rasi S. , 2009)

mg/m3 mg/m3

NA NA
NA NA
NA NA

<0.05‐0.08 <0.05
BDL BDL

6.3‐8.2 7.5‐7.7
BDL BDL

9.4‐15.5 11.3‐12.0
NA NA
BDL BDL

0.24‐0.42 0.32‐0.35
NA NA
NA NA
NA NA
NA NA
NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Schweigkofler & Niesser 
1999 1

Schweigkofler & Niesser 
1999 2

(Rasi S. , 2009) (Rasi S. , 2009)

mg/m3 mg/m3

NA NA
NA NA
NA NA
0.05 0.01
0.03 0.02

6.40‐6.98 2.87‐3.02
0.13‐0.15 0.02
8.96‐9.65 2.75‐2.81

NA NA
0.13‐0.15 0.06‐0.08
0.14‐0.17 0.18‐0.2

NA NA
NA NA
NA NA
NA NA
NA NA
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Zurich, 
Switserland

Neuburg, 
Germany

Sint‐Truiden, 
Belgium

(Dewil, Appels, & 
Baeyens, 2006)

(Dewil, Appels, & 
Baeyens, 2006)

(Dewil, Appels, & 
Baeyens, 2006)

mg/m3 mg/m3 mg/m3

25.1 59.8 20.0
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Trecatti, UK Minworth, UK WWTPa

(Dewil, Appels, & 
Baeyens, 2006)

(Dewil, Appels, & 
Baeyens, 2006)

(Arnold & 
Kajolinna)

mg/m3 mg/m3 mg/m3

0
0.03
1.21
1.29
27.05

0.02 mg/m3 toluen
0

<5
up to 400 up to 16
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Raw WWTP Biogas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Trimethyl silanol
Hexamathylcyclotrisiloxane (D3)
Unidentified organic silicon compound
Organic F
Organic Cl
Organic Si
Ammonia

Total Siloxane
Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

WWTPb WWTPc

(Arnold & 
Kajolinna)

(Arnold & 
Kajolinna)

mg/m3 mg/m3

0.04 0.09
<0.1 0.2
0.1 0.13
1.29 0.51
0.9 4.46

ND 0.02 mg/m3 toluen
0.03 0.06

<5 <5
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Dairy Biomethane
Major Components

071592‐001 071635‐001 071659‐001 071693‐001
GTI GTI GTI GTI

Component Mol % Mol % Mol % Mol %
Helium BDL BDL BDL BDL
Hydrogen BDL BDL BDL BDL
Carbon Dioxide 0.17% 0.23% 0.13% 0.30%

Oxygen/Argon BDL BDL BDL BDL
Nitrogen 0.24% 0.33% 0.26% 0.32%

Carbon Monoxide BDL BDL BDL BDL
Methane 99.6% 99.4% 99.61% 99.38%

Ethane BDL BDL BDL BDL
Ethene BDL BDL BDL BDL
Ethyne BDL BDL BDL BDL
Propane BDL BDL BDL BDL
Propene BDL BDL BDL BDL
Propadiene BDL BDL BDL BDL
Propyne BDL BDL BDL BDL
i‐Butane BDL BDL BDL BDL
n‐Butane BDL BDL BDL BDL
1‐Butene BDL BDL BDL BDL
i‐Butene BDL BDL BDL BDL
trans‐2‐Butene BDL BDL BDL BDL
cis‐2‐Butene BDL BDL BDL BDL
1,3‐Butadiene BDL BDL BDL BDL
i‐Pentane BDL BDL BDL BDL
n‐Pentane BDL BDL BDL BDL
neo‐Pentane BDL BDL BDL BDL
Pentenes BDL BDL BDL BDL
Hexane Plus BDL BDL BDL BDL
Ammonia BDL BDL BDL BDL
Hydrogen Sulfide BDL BDL BDL BDL
Carbonyl Sulfide 0.000056% 0.000111% 0.000032% 0.000063%

Total 100.0% 100.0% 100.0% 100.0%

Calculated Real Gas Properties  60°F, 14.73 psia
Compressibility Factor [z]  (Dry) 0.99802 0.99802 0.99803 0.99802

Compressibility Factor [z]  (Sat.) 0.99771 0.99771 0.99771 0.99771
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Dairy Biomethane
Major Components

071592‐001 071635‐001 071659‐001 071693‐001
GTI GTI GTI GTI

Component Mol % Mol % Mol % Mol %
Relative Density (Specific Gravity) (Dry) 0.55749 0.5584 0.5571 0.5590

Gross HV (Dry) (Btu/ft3) 1007.8 1006.3 1008.1 1005.7

Gross HV (Sat.) (Btu/ft3) 990.6 989.1 990.8 988.6

Wobbe Index 1349.7 1346.6 1350.5 1345.2

Net HV (Dry) (Btu/ft3) 907.4 906.1 907.7 905.6

Net HV (Sat.) (Btu/ft3) 891.9 890.6 892.1 890.1

Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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Dairy Biomethane
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

071726‐001 071759‐001 071789‐001 081048‐001
GTI GTI GTI GTI

Mol % Mol % Mol % Mol %
BDL BDL BDL BDL
BDL BDL BDL BDL
0.19% 0.94% 0.35% 0.78%
BDL BDL BDL 0.39%
0.20% 0.38% 0.38% 2.96%
BDL BDL BDL BDL

99.61% 98.68% 99.27% 95.9%
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL

0.000047% 0.000528% 0.000407% BDL
100.0% 100.0% 100.0% 100.0%

0.99802 0.99801 0.99802 0.99807
0.99771 0.99769 0.99771 0.99776
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Dairy Biomethane
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071726‐001 071759‐001 071789‐001 081048‐001
GTI GTI GTI GTI

Mol % Mol % Mol % Mol %
0.5575 0.5655 0.5598 0.5768
1008.1 998.6 1004.6 972.3
990.8 981.6 987.5 955.7
1350.1 1328.0 1342.8 1280.2
907.7 899.2 904.6 875.5
892.1 883.8 889.1 860.5

0.044
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Dairy Biomethane
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

081168‐001 081215‐001 081215‐002
GTI GTI GTI

Mol % Mol % Mol %
BDL BDL BDL
BDL BDL BDL
0.27% 0.94% 0.95%
BDL 0.52% 0.46%
0.31% 2.36% 2.19%
BDL BDL BDL
99.4% 96.2% 96.4%
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

0.000020% 0.000006% 0.000005%
100.0% 100.0% 100.0%

0.99802 0.99806 0.99805
0.99771 0.99775 0.99774
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Dairy Biomethane
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081168‐001 081215‐001 081215‐002
GTI GTI GTI

Mol % Mol % Mol %
0.5587 0.5767 0.5756
1008.5 975.5 977.8
991.3 958.8 961.1
1349.2 1284.6 1288.8
908.0 878.3 880.4
892.5 863.3 865.4
0.043 0.044 0.044
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Dairy Biomethane
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

081215‐003 081215‐004 081215‐005
GTI GTI GTI

Mol % Mol % Mol %
BDL BDL BDL
BDL BDL BDL
0.95% 0.79% 0.89%
0.45% 1.16% 0.93%
2.20% 3.16% 3.52%
BDL BDL BDL
96.4% 94.9% 94.7%
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

0.000005% 0.000005% 0.000005%
100.0% 100.0% 100.0%

0.99805 0.99809 0.99809
0.99774 0.99778 0.99778
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Dairy Biomethane
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081215‐003 081215‐004 081215‐005
GTI GTI GTI

Mol % Mol % Mol %
0.5757 0.5821 0.5832
977.8 962.4 960.1
961.0 945.9 943.7
1288.7 1261.4 1257.3
880.4 866.5 864.5
865.3 851.7 849.7
0.044 0.045 0.045
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Dairy Biomethane
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

081215‐006 081215‐007 081215‐008 081215‐009
GTI GTI GTI GTI

Mol % Mol % Mol % Mol %
BDL BDL BDL BDL
BDL BDL BDL BDL
0.89% 0.85% 0.93% 0.83%
1.05% 1.99% 0.77% 1.38%
4.04% 7.81% 3.64% 5.61%
BDL BDL BDL BDL
94.0% 89.3% 94.7% 92.2%
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL

0.000005% 0.000005% 0.000006% 0.000006%
100.0% 100.0% 100.0% 100.0%

0.99811 0.99821 0.99809 0.99815
0.99780 0.99791 0.99778 0.99785
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Dairy Biomethane
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081215‐006 081215‐007 081215‐008 081215‐009
GTI GTI GTI GTI

Mol % Mol % Mol % Mol %
0.5860 0.6065 0.5832 0.5937
953.6 906.1 960.1 935.0
937.3 890.6 943.7 919.0
1245.6 1163.5 1257.3 1213.5
858.6 815.9 864.5 841.9
843.9 801.9 849.7 827.5
0.045 0.046 0.045 0.045
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Dairy Biomethane
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

081220‐001 081227‐002 081247‐001 081266‐001 081290‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
0.12% 0.06% 0.28% 0.21% 0.32%
BDL BDL BDL BDL BDL
0.30% 0.31% 0.26% 0.24% 0.27%
BDL BDL BDL BDL BDL
99.6% 99.6% 99.5% 99.4% 99.4%
BDL BDL BDL 0.111% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL 0.028% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL 0.005% BDL
BDL BDL BDL 0.005% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL 0.002% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL 0.0021% BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL 0.000053% 0.000007% 0.000045%

100.0% 100.0% 100.0% 100.0% 100.0%

0.99802 0.99802 0.99802 0.99801 0.99802
0.99771 0.99771 0.99770 0.99770 0.99770
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Dairy Biomethane
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081220‐001 081227‐002 081247‐001 081266‐001 081290‐001
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
0.5572 0.5567 0.5586 0.5589 0.5591
1010.1 1010.6 1008.8 1011.4 1008.4
992.9 993.3 991.6 994.1 991.1
1353.3 1354.5 1349.8 1352.8 1348.6
909.5 909.9 908.3 910.7 907.9
894.0 894.4 892.8 895.1 892.4
0.043 0.043 0.043 0.043 0.043
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Landfill Biomethane
Major Components

081649‐001 081649‐002 081658‐001 081658‐002 081655‐001
GTI GTI GTI GTI GTI

Component Mol % Mol % Mol % Mol % Mol %
Helium BDL BDL BDL BDL BDL
Hydrogen 1.0% 0.6% BDL BDL BDL
Carbon Dioxide 1.28% 1.42% 0.51% 0.51% 0.95%
Oxygen/Argon BDL BDL BDL BDL BDL
Nitrogen 1.32% 0.85% 3.27% 3.25% 6.87%
Carbon Monoxide BDL BDL BDL BDL BDL
Methane 96.4% 97.1% 96.2% 96.2% 92.2%
Ethane BDL BDL BDL BDL BDL
Ethene BDL BDL BDL BDL BDL
Ethyne BDL BDL BDL BDL BDL
Propane 0.003% 0.002% 0.003% 0.003% 0.003%
Propene 0.002% 0.002% BDL BDL BDL
Propadiene BDL BDL BDL BDL BDL
Propyne BDL BDL BDL BDL BDL
i‐Butane BDL BDL BDL BDL BDL
n‐Butane BDL BDL BDL BDL BDL
1‐Butene BDL BDL BDL BDL BDL
i‐Butene BDL BDL BDL BDL BDL
trans‐2‐Butene BDL BDL BDL BDL BDL
cis‐2‐Butene BDL BDL BDL BDL BDL
1,3‐Butadiene BDL BDL BDL BDL BDL
i‐Pentane BDL BDL BDL BDL BDL
n‐Pentane BDL BDL BDL BDL BDL
neo‐Pentane BDL BDL BDL BDL BDL
Pentenes BDL BDL BDL BDL BDL
Hexane Plus BDL BDL 0.0002% 0.0003% 0.0012%
Ammonia BDL BDL BDL BDL BDL

Calculated Real Gas Properties
Compressibility Factor [z]  (Dry) 0.99805 0.99802 0.99808 0.99808 0.99816
Compressibility Factor [z]  (Sat.) 0.99774 0.99771 0.99777 0.99777 0.99785
Relative Density (Specific Gravity) (Dry) 0.5678 0.5689 0.5733 0.5732 0.5924
Gross HV (Dry) (Btu/ft3) 981.1 986.9 976.0 976.2 935.0
Gross HV (Sat.) (Btu/ft3) 964.3 970.1 959.3 959.5 919.0
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Landfill Biomethane
Major Components

081649‐001 081649‐002 081658‐001 081658‐002 081655‐001
GTI GTI GTI GTI GTI

Component Mol % Mol % Mol % Mol % Mol %
Wobbe Index 1301.9 1308.5 1289.1 1289.4 1214.8
Net HV (Dry) (Btu/ft3) 883.2 888.5 878.8 879.0 841.9
Net HV (Sat.) (Btu/ft3) 868.1 873.3 863.8 863.9 827.5
Real Gas Density (lbs/ft3) 0.043 0.044 0.044 0.044 0.045

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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Landfill Biomethane
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia

Calculated Real Gas Properties
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)

081655‐002 081710‐001 081710‐002 081716‐001 081716‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
1.00% 0.45% 0.45% 0.91% 0.94%
BDL BDL BDL BDL BDL
7.22% 6.19% 6.41% 1.72% 1.74%
BDL BDL BDL BDL BDL
91.8% 93.4% 93.1% 97.4% 97.3%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.003% 0.003% 0.003% 0.003% 0.004%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.0014% 0.0001% 0.0001% 0.0007% 0.0008%
BDL BDL BDL BDL BDL

0.99816 0.99816 0.99816 0.99803 0.99803
0.99786 0.99785 0.99786 0.99772 0.99772
0.5943 0.5847 0.5856 0.5708 0.5711
931.0 947.0 944.7 987.7 987.3
915.1 930.8 928.5 970.8 970.4
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Landfill Biomethane
Major Components

Component
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081655‐002 081710‐001 081710‐002 081716‐001 081716‐002
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
1207.6 1238.5 1234.5 1307.3 1306.4
838.3 852.7 850.6 889.3 888.9
823.9 838.1 836.1 874.1 873.7
0.045 0.045 0.045 0.044 0.044
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Landfill Biomethane
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia

Calculated Real Gas Properties
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)

091071‐001 091071‐002 091525‐001 091525‐002 091525‐003
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
BDL BDL BDL BDL BDL
0.7% 0.9% BDL BDL BDL
0.86% 0.84% 0.47% 0.61% BDL
BDL BDL BDL BDL BDL
0.55% 0.87% 9.49% 8.82% 2.88%
BDL BDL BDL BDL BDL
97.9% 97.4% 90.0% 90.6% 97.116%
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.003% 0.003% BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.0001% 0.0001% BDL BDL BDL
BDL BDL NA NA NA

0.99803 0.99805 0.99823 0.99821 0.99809
0.99772 0.99774 0.99793 0.99791 0.99778
0.5623 0.5623 0.5986 0.5971 0.5667
995.4 991.0 913.1 918.6 985.0
978.4 974.0 897.5 902.9 968.2

20916 First Tier Chem Results for Clean Landfill Biomethane‐ Major Components Page 5

Page 1374



Landfill Biomethane
Major Components

Component
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091071‐001 091071‐002 091525‐001 091525‐002 091525‐003
GTI GTI GTI GTI GTI

Mol % Mol % Mol % Mol % Mol %
1327.5 1321.5 1180.2 1188.8 1308.5
896.2 892.1 822.2 827.1 886.9
880.9 876.9 808.1 813.0 871.8
0.043 0.043 0.046 0.046 0.043
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Landfill Biomethane
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia

Calculated Real Gas Properties
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)

091525‐004
GTI

Mol %
BDL
BDL
BDL
BDL
2.68%
BDL

97.319%
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
NA

0.99808
0.99777
0.5659
987.1
970.2

20916 First Tier Chem Results for Clean Landfill Biomethane‐ Major Components Page 7

Page 1376



Landfill Biomethane
Major Components

Component
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091525‐004
GTI

Mol %
1312.2
888.8
873.6
0.043
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 WWTP Biomethane
Major Components

081677‐010 081677‐002 081682‐001 081682‐002
GTI GTI GTI GTI

Component µg/M3 Mol % Mol % Mol %
Helium NA BDL BDL BDL
Hydrogen NA BDL BDL BDL
Carbon Dioxide NA 0.49% 0.64% 0.66%
Oxygen/Argon NA BDL BDL BDL
Nitrogen NA BDL BDL BDL
Carbon Monoxide NA BDL BDL BDL
Methane NA 99.5% 99.4% 99.3%
Ethane NA BDL BDL BDL
Ethene NA BDL BDL BDL
Ethyne NA BDL BDL BDL
Propane NA BDL BDL BDL
Propene NA BDL BDL BDL
Propadiene NA BDL BDL BDL
Propyne NA BDL BDL BDL
i‐Butane NA BDL BDL BDL
n‐Butane NA BDL BDL BDL
1‐Butene NA BDL BDL BDL
i‐Butene NA BDL BDL BDL
trans‐2‐Butene NA BDL BDL BDL
cis‐2‐Butene NA BDL BDL BDL
1,3‐Butadiene NA BDL BDL BDL
i‐Pentane NA BDL BDL BDL
n‐Pentane NA BDL BDL BDL
neo‐Pentane NA BDL BDL BDL
Pentenes NA BDL BDL BDL
Hexane Plus NA BDL BDL BDL
Ammonia NA BDL BDL BDL

Calculated Real Gas Properties
Compressibility Factor [z]  (Dry) NA 0.99800 0.99800 0.99800
Compressibility Factor [z]  (Sat.) NA 0.99769 0.99769 0.99769
Relative Density (Specific Gravity) (Dry) NA 0.5595 0.5610 0.5612
Gross HV (Dry) (Btu/ft3) NA 1009.4 1007.9 1007.7
Gross HV (Sat.) (Btu/ft3) NA 992.2 990.6 990.5
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 WWTP Biomethane
Major Components

081677‐010 081677‐002 081682‐001 081682‐002
GTI GTI GTI GTI

Component µg/M3 Mol % Mol % Mol %
Wobbe Index NA 1349.4 1345.6 1345.2
Net HV (Dry) (Btu/ft3) NA 908.9 907.5 907.3
Net HV (Sat.) (Btu/ft3) NA 893.3 892.0 891.8
Real Gas Density (lbs/ft3) NA 0.043 0.043 0.043

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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 WWTP Biomethane
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis‐2‐Butene
1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia

Calculated Real Gas Properties
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)

081752‐001
GTI

Mol %
BDL
BDL
39.4%
BDL
BDL
BDL
60.6%
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL

0.0052%
BDL

0.99677
0.99640
0.9374
615.6
605.1
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 WWTP Biomethane
Major Components

Component
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081752‐001
GTI

Mol %
635.8
554.3
544.9
0.072
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Diary Biomethane
Extended Hydrocarbons

071592‐001 071635‐001 071659‐001 071693‐001 071726‐001
GTI GTI GTI GTI GTI

Component Name ppmv ppmv ppmv ppmv ppmv
Cycloalkanes
Cyclopentane BDL BDL BDL BDL BDL
Methylcyclopentane BDL BDL BDL BDL BDL
Cyclohexane BDL BDL BDL BDL BDL
Methylcyclohexane BDL BDL BDL BDL BDL
Aromatics
Benzene BDL BDL BDL BDL BDL
Toluene BDL BDL BDL BDL BDL
Ethylbenzene BDL BDL BDL BDL BDL
m,p‐Xylene BDL BDL BDL BDL BDL
Styrene BDL BDL BDL BDL BDL
o‐Xylene BDL BDL BDL BDL BDL
C3 Benzenes BDL BDL BDL BDL BDL
Naphthalene BDL BDL BDL BDL BDL
C1 Naphthalenes BDL BDL BDL BDL BDL
C2 Naphthalenes BDL BDL BDL BDL BDL
Paraffins
Hexanes BDL BDL BDL BDL BDL
Heptanes BDL BDL BDL BDL BDL
2,2,4‐Trimethylpentane BDL BDL BDL BDL BDL
Octanes BDL BDL BDL BDL BDL
Nonanes BDL BDL BDL BDL BDL
Decanes BDL BDL BDL BDL BDL
Undecanes BDL BDL BDL BDL BDL
Dodecanes BDL BDL BDL BDL BDL
Tridecanes BDL BDL BDL BDL BDL
Tetradecanes BDL BDL BDL BDL BDL
Pentadecanes BDL BDL BDL BDL BDL
Hexadecanes BDL BDL BDL BDL BDL
Heptadecanes BDL BDL BDL BDL BDL
Octadecanes BDL BDL BDL BDL BDL
Nonadecanes BDL BDL BDL BDL BDL
Eicosanes + BDL BDL BDL BDL BDL

BDL BDL BDL BDL BDL
Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol% (1 ppmv)
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken) or Not Available
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Diary Biomethane
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

071759‐001 071789‐001 081048‐001 081168‐001 081215‐001
GTI GTI GTI GTI GTI
ppmv ppmv ppmv ppmv ppmv

BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

BDL BDL BDL BDL BDL
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Diary Biomethane
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

081215‐002 081215‐003 081215‐004 081215‐005 081215‐006
GTI GTI GTI GTI GTI
ppmv ppmv ppmv ppmv ppmv

BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

BDL BDL BDL BDL BDL
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Diary Biomethane
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

081215‐007 081215‐008 081215‐009 081220‐001 081227‐002
GTI GTI GTI GTI GTI
ppmv ppmv ppmv ppmv ppmv

BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

BDL BDL BDL BDL BDL

20916 First Tier Chem Results for Clean Dairy Biomethane‐ Extended Hydrocarbons Page 4

Page 1385



Diary Biomethane
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

081247‐001 081266‐001 081290‐001
GTI GTI GTI
ppmv ppmv ppmv

BDL 0.040 BDL
BDL 0.020 BDL
BDL 0.030 BDL
BDL 0.020 BDL

BDL 0.010 BDL
BDL 0.010 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

BDL 0.060 BDL
BDL 0.010 BDL
BDL BDL BDL
BDL 0.010 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

BDL 0.210 BDL
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Landfill Biomethane
Extended Hydrocarbons

081649‐001 081649‐002 081658‐001 081658‐002 081655‐001
GTI GTI GTI GTI GTI

Component Name ppmv ppmv ppmv ppmv ppmv
Cycloalkanes
Cyclopentane BDL BDL 0.020 0.020 0.010
Methylcyclopentane BDL BDL BDL BDL 0.010
Cyclohexane BDL BDL BDL BDL 0.010
Methylcyclohexane BDL BDL BDL BDL 0.010
Aromatics
Benzene BDL BDL BDL BDL BDL
Toluene BDL BDL BDL BDL BDL
Ethylbenzene BDL BDL BDL BDL BDL
m,p‐Xylene BDL BDL BDL BDL BDL
Styrene BDL BDL BDL BDL BDL
o‐Xylene BDL BDL BDL BDL BDL
C3 Benzenes BDL BDL BDL BDL BDL
Naphthalene BDL BDL BDL BDL BDL
C1 Naphthalenes BDL BDL BDL BDL BDL
C2 Naphthalenes BDL BDL BDL BDL BDL
Paraffins
Hexanes BDL BDL BDL 0.010 0.070
Heptanes BDL BDL BDL BDL 0.010
2,2,4‐Trimethylpentane BDL BDL BDL BDL BDL
Octanes BDL BDL BDL BDL BDL
Nonanes BDL BDL BDL BDL BDL
Decanes BDL BDL BDL BDL BDL
Undecanes BDL BDL BDL BDL BDL
Dodecanes BDL BDL BDL BDL BDL
Tridecanes BDL BDL BDL BDL BDL
Tetradecanes BDL BDL BDL BDL BDL
Pentadecanes BDL BDL BDL BDL BDL
Hexadecanes BDL BDL BDL BDL BDL
Heptadecanes BDL BDL BDL BDL BDL
Octadecanes BDL BDL BDL BDL BDL
Nonadecanes BDL BDL BDL BDL BDL
Eicosanes + BDL BDL BDL BDL BDL

Total from Cyclopentane BDL BDL 0.020 0.030 0.120
to Eicosanes +

Detection Limit = 0.0001 mol% (1 ppmv)
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken) or Not Available
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Landfill Biomethane
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

081655‐002 081710‐001 081710‐002 081716‐001 081716‐002
GTI GTI GTI GTI GTI
ppmv ppmv ppmv ppmv ppmv

0.010 BDL BDL 0.020 0.020
0.010 BDL BDL 0.010 0.010
0.010 BDL BDL 0.010 0.010
0.010 BDL BDL BDL BDL

0.010 BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.080 0.010 0.010 0.030 0.040
0.010 BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL

0.140 0.010 0.010 0.070 0.080
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Landfill Biomethane
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

091071‐001 091071‐002 091525‐001 091525‐002 091525‐003
GTI GTI GTI GTI GTI
ppmv ppmv ppmv ppmv ppmv

BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA

BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA

BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
0.010 0.010 NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA
BDL BDL NA NA NA

0.010 0.010 NA NA NA
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Landfill Biomethane
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

091525‐004
GTI
ppmv

NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
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WWTP Biomethane
Extended Hydrocarbons

081677‐010 081677‐002 081682‐001 081682‐002 081752‐001
GTI GTI GTI GTI GTI

Component Name µg/M3 ppmv ppmv ppmv ppmv
Cycloalkanes
Cyclopentane NA BDL BDL BDL BDL
Methylcyclopentane NA BDL BDL BDL BDL
Cyclohexane NA BDL BDL BDL BDL
Methylcyclohexane NA BDL BDL BDL BDL
Aromatics
Benzene NA BDL BDL BDL BDL
Toluene NA BDL BDL BDL 0.31
Ethylbenzene NA BDL BDL BDL BDL
m,p‐Xylene NA BDL BDL BDL BDL
Styrene NA BDL BDL BDL BDL
o‐Xylene NA BDL BDL BDL BDL
C3 Benzenes NA BDL BDL BDL 0.03
Naphthalene NA BDL BDL BDL BDL
C1 Naphthalenes NA BDL BDL BDL BDL
C2 Naphthalenes NA BDL BDL BDL BDL
Paraffins
Hexanes NA BDL BDL BDL BDL
Heptanes NA BDL BDL BDL BDL
2,2,4‐Trimethylpentane NA BDL BDL BDL BDL
Octanes NA BDL BDL BDL BDL
Nonanes NA BDL BDL BDL 0.01
Decanes NA BDL BDL BDL 0.09
Undecanes NA BDL BDL BDL 0.06
Dodecanes NA BDL BDL BDL 0.02
Tridecanes NA BDL BDL BDL BDL
Tetradecanes NA BDL BDL BDL BDL
Pentadecanes NA BDL BDL BDL BDL
Hexadecanes NA BDL BDL BDL BDL
Heptadecanes NA BDL BDL BDL BDL
Octadecanes NA BDL BDL BDL BDL
Nonadecanes NA BDL BDL BDL BDL
Eicosanes + NA BDL BDL BDL BDL

Total from Cyclopentane NA BDL BDL BDL 0.52
to Eicosanes +

Detection Limit = 0.0001 mol% (1 ppmv)
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken) or Not Available
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Dairy Biomethane
Sulfurs

071592‐001 071635‐001 071659‐001
GTI GTI GTI

Component Name ppmv ppmv ppmv
Hydrogen Sulfide BDL BDL BDL
Sulfur Dioxide BDL BDL BDL
Carbonyl Sulfide 0.56 1.11 0.32
Carbon Disulfide BDL BDL BDL
Methyl Mercaptan BDL BDL BDL
Ethyl Mercaptan BDL BDL BDL
i‐Propyl Mercaptan BDL BDL BDL
n‐Propyl Mercaptan BDL BDL BDL
t‐Butyl Mercaptan BDL BDL BDL
Dimethyl Sulfide BDL BDL BDL
Methyl Ethyl Sulfide BDL BDL BDL
Diethyl Sulfide BDL BDL BDL
Di‐t‐Butyl Sulfide BDL BDL BDL
Dimethyl Disulfide BDL BDL BDL
Methyl Ethyl Disulfide BDL BDL BDL
Methyl i‐Propyl Disulfide BDL BDL BDL
Diethyl Disulfide BDL BDL BDL
Methyl n‐Propyl Disulfide BDL BDL BDL
Methyl t‐Butyl Disulfide BDL BDL BDL
Ethyl i‐Propyl Disulfide BDL BDL BDL
Ethyl n‐Propyl Disulfide BDL BDL BDL
Ethyl t‐Butyl Disulfide BDL BDL BDL
Di‐i‐Propyl Disulfide BDL BDL BDL
i‐Propyl n‐Propyl Disulfide BDL BDL BDL
Di‐n‐Propyl Disulfide BDL BDL BDL
i‐Propyl t‐Butyl Disulfide BDL BDL BDL
n‐Propyl t‐Butyl Disulfide BDL BDL BDL
Di‐t‐Butyl Disulfide BDL BDL BDL
Dimethyl Trisulfide BDL BDL BDL
Diethyl Trisulfide BDL BDL BDL
Di‐t‐Butyl Trisulfide BDL BDL BDL
Thiophene BDL BDL BDL
C1‐Thiophenes BDL BDL BDL
C2‐Thiophenes BDL BDL BDL
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Dairy Biomethane
Sulfurs

071592‐001 071635‐001 071659‐001
GTI GTI GTI

Component Name ppmv ppmv ppmv
C3‐Thiophenes BDL BDL BDL
Benzothiophene BDL BDL BDL
C1‐Benzothiophenes BDL BDL BDL
C2‐Benzothiophenes BDL BDL BDL
Thiophane BDL BDL BDL
Thiophenol BDL BDL BDL
Individual Unidentified none none none
Sulfur Compounds (all as monosulfides)

Calculated Sulfur Content
Total Sulfur
       As molar PPM S 0.56 1.11 0.32

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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Dairy Biomethane
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

071693‐001 071726‐001 071759‐001
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
0.63 0.47 5.28
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified
Sulfur Compounds (all as monosulfides)

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071693‐001 071726‐001 071759‐001
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
none none none

0.63 0.47 5.28
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Dairy Biomethane
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

071789‐001 081048‐001 081168‐001
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
4.07 BDL 0.20
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified
Sulfur Compounds (all as monosulfides)

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071789‐001 081048‐001 081168‐001
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
none none none

4.07 BDL 0.20

20916 First Tier Chem Results for Clean Dairy Biomethane‐ Sulfurs Page 6

Page 1397



Dairy Biomethane
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

081215‐001 081215‐002 081215‐003
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
0.06 0.05 0.05
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified
Sulfur Compounds (all as monosulfides)

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081215‐001 081215‐002 081215‐003
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
none none none

0.06 0.05 0.05
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Dairy Biomethane
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

081215‐004 081215‐005 081215‐006
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
0.05 0.05 0.05
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

20916 First Tier Chem Results for Clean Dairy Biomethane‐ Sulfurs Page 9

Page 1400



Dairy Biomethane
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified
Sulfur Compounds (all as monosulfides)

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081215‐004 081215‐005 081215‐006
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
none none none

0.05 0.05 0.05
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Dairy Biomethane
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

081215‐007 081215‐008 081215‐009
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
0.05 0.06 0.06
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified
Sulfur Compounds (all as monosulfides)

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081215‐007 081215‐008 081215‐009
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
none none none

0.05 0.06 0.06
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Dairy Biomethane
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

081220‐001 081227‐002 081247‐001
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.53
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified
Sulfur Compounds (all as monosulfides)

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081220‐001 081227‐002 081247‐001
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
none none none

BDL BDL 0.53
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Dairy Biomethane
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

081266‐001 081290‐001
GTI GTI
ppmv ppmv
BDL BDL
BDL BDL
0.07 0.45
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
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Dairy Biomethane
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified
Sulfur Compounds (all as monosulfides)

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081266‐001 081290‐001
GTI GTI
ppmv ppmv
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
none none

0.07 0.45
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Landfill Biomethane
Sulfurs

081649‐001 081649‐002 081658‐001
GTI GTI GTI

Component Name ppmv ppmv ppmv
Hydrogen Sulfide BDL BDL 0.52
Sulfur Dioxide BDL BDL BDL
Carbonyl Sulfide BDL BDL 0.22
Carbon Disulfide BDL BDL BDL
Methyl Mercaptan BDL BDL BDL
Ethyl Mercaptan BDL BDL BDL
i‐Propyl Mercaptan BDL BDL BDL
n‐Propyl Mercaptan BDL BDL BDL
t‐Butyl Mercaptan BDL BDL BDL
Dimethyl Sulfide BDL BDL BDL
Methyl Ethyl Sulfide BDL BDL BDL
Diethyl Sulfide BDL BDL BDL
Di‐t‐Butyl Sulfide BDL BDL BDL
Dimethyl Disulfide BDL BDL BDL
Methyl Ethyl Disulfide BDL BDL BDL
Methyl i‐Propyl Disulfide BDL BDL BDL
Diethyl Disulfide BDL BDL BDL
Methyl n‐Propyl Disulfide BDL BDL BDL
Methyl t‐Butyl Disulfide BDL BDL BDL
Ethyl i‐Propyl Disulfide BDL BDL BDL
Ethyl n‐Propyl Disulfide BDL BDL BDL
Ethyl t‐Butyl Disulfide BDL BDL BDL
Di‐i‐Propyl Disulfide BDL BDL BDL
i‐Propyl n‐Propyl Disulfide BDL BDL BDL
Di‐n‐Propyl Disulfide BDL BDL BDL
i‐Propyl t‐Butyl Disulfide BDL BDL BDL
n‐Propyl t‐Butyl Disulfide BDL BDL BDL
Di‐t‐Butyl Disulfide BDL BDL BDL
Dimethyl Trisulfide BDL BDL BDL
Diethyl Trisulfide BDL BDL BDL
Di‐t‐Butyl Trisulfide BDL BDL BDL
Thiophene BDL BDL BDL
C1‐Thiophenes BDL BDL BDL
C2‐Thiophenes BDL BDL BDL
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Landfill Biomethane
Sulfurs

081649‐001 081649‐002 081658‐001
GTI GTI GTI

Component Name ppmv ppmv ppmv
C3‐Thiophenes BDL BDL BDL
Benzothiophene BDL BDL BDL
C1‐Benzothiophenes BDL BDL BDL
C2‐Benzothiophenes BDL BDL BDL
Thiophane BDL BDL BDL
Thiophenol BDL BDL BDL
Individual Unidentified BDL BDL BDL

Calculated Sulfur Content
Total Sulfur
       As molar PPM S BDL BDL 0.74

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)
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Page 1409



Landfill Biomethane
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

081658‐002 081655‐001 081655‐002
GTI GTI GTI
ppmv ppmv ppmv
0.53 BDL BDL
BDL 0.06 BDL
0.20 0.19 0.17
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.95 0.88
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.05 0.05
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Landfill Biomethane
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081658‐002 081655‐001 081655‐002
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

0.73 1.30 1.15
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Landfill Biomethane
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

081710‐001 081710‐002 081716‐001
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL 0.44
BDL BDL BDL
0.15 0.08 0.88
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
1.88 1.73 0.06
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.12 0.17 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Landfill Biomethane
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081710‐001 081710‐002 081716‐001
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

2.27 2.15 1.38
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Landfill Biomethane
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

081716‐002 091071‐001 091071‐002
GTI GTI GTI
ppmv ppmv ppmv
0.30 BDL BDL
BDL 0.08 0.07
0.87 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.06 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Landfill Biomethane
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081716‐002 091071‐001 091071‐002
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

1.23 0.08 0.07
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Landfill Biomethane
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

091525‐001 091525‐002 091525‐003
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
0.13 0.12 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
1.26 1.38 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Landfill Biomethane
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091525‐001 091525‐002 091525‐003
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

1.39 1.50 BDL
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Landfill Biomethane
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

091525‐004
GTI
ppmv
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
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Landfill Biomethane
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091525‐004
GTI
ppmv
BDL
BDL
BDL
BDL
BDL
BDL
BDL

BDL
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WWTP Biomethane
Sulfurs

081677‐010 081677‐002 081682‐001 081682‐002
GTI GTI GTI GTI

Component Name ppmv ppmv ppmv ppmv
Hydrogen Sulfide NA BDL 0.16 0.06
Sulfur Dioxide NA BDL BDL BDL
Carbonyl Sulfide NA BDL BDL BDL
Carbon Disulfide NA BDL BDL BDL
Methyl Mercaptan NA BDL BDL BDL
Ethyl Mercaptan NA BDL BDL BDL
i‐Propyl Mercaptan NA BDL BDL BDL
n‐Propyl Mercaptan NA BDL BDL BDL
t‐Butyl Mercaptan NA BDL BDL BDL
Dimethyl Sulfide NA BDL BDL BDL
Methyl Ethyl Sulfide NA BDL BDL BDL
Diethyl Sulfide NA BDL BDL BDL
Di‐t‐Butyl Sulfide NA BDL BDL BDL
Dimethyl Disulfide NA BDL BDL BDL
Methyl Ethyl Disulfide NA BDL BDL BDL
Methyl i‐Propyl Disulfide NA BDL BDL BDL
Diethyl Disulfide NA BDL BDL BDL
Methyl n‐Propyl Disulfide NA BDL BDL BDL
Methyl t‐Butyl Disulfide NA BDL BDL BDL
Ethyl i‐Propyl Disulfide NA BDL BDL BDL
Ethyl n‐Propyl Disulfide NA BDL BDL BDL
Ethyl t‐Butyl Disulfide NA BDL BDL BDL
Di‐i‐Propyl Disulfide NA BDL BDL BDL
i‐Propyl n‐Propyl Disulfide NA BDL BDL BDL
Di‐n‐Propyl Disulfide NA BDL BDL BDL
i‐Propyl t‐Butyl Disulfide NA BDL BDL BDL
n‐Propyl t‐Butyl Disulfide NA BDL BDL BDL
Di‐t‐Butyl Disulfide NA BDL BDL BDL
Dimethyl Trisulfide NA BDL BDL BDL
Diethyl Trisulfide NA BDL BDL BDL
Di‐t‐Butyl Trisulfide NA BDL BDL BDL
Thiophene NA BDL BDL BDL
C1‐Thiophenes NA BDL BDL BDL
C2‐Thiophenes NA BDL BDL BDL
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WWTP Biomethane
Sulfurs

081677‐010 081677‐002 081682‐001 081682‐002
GTI GTI GTI GTI

Component Name ppmv ppmv ppmv ppmv
C3‐Thiophenes NA BDL BDL BDL
Benzothiophene NA BDL BDL BDL
C1‐Benzothiophenes NA BDL BDL BDL
C2‐Benzothiophenes NA BDL BDL BDL
Thiophane NA BDL BDL BDL
Thiophenol NA BDL BDL BDL
Individual Unidentified NA BDL BDL BDL
Sulfur Compounds (all as monosulfides)

Calculated Sulfur Content
Total Sulfur
       As molar PPM S NA BDL 0.16 0.06

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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WWTP Biomethane
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n‐Propyl Disulfide
Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene
C1‐Thiophenes
C2‐Thiophenes

081752‐001
GTI
ppmv
187
BDL
BDL
BDL
0.82
BDL
BDL
0.33
BDL
0.16
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
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WWTP Biomethane
Sulfurs

Component Name
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified
Sulfur Compounds (all as monosulfides)

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081752‐001
GTI
ppmv
BDL
BDL
BDL
BDL
BDL
BDL
BDL

188

20916 First Tier Chem Results for Clean WWTP Biomethane‐ Sulfurs Page 4

Page 1423



Dairy Biomethane
Halocarbons

071592‐001 071635‐001 071659‐001
GTI GTI GTI

Component Name ppmv ppmv ppmv
Dichlorodifluoromethane (CFC‐12) NA NA NA
1,2‐Dichlorotetrafluoroethane (CFC‐114) NA NA NA
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113) NA NA NA
Trichlorofluoromethane (CFC‐11) NA NA NA
Chloromethane NA NA NA
Dichloromethane (Methylene Chloride) NA NA NA
Chloroform NA NA NA
Carbon Tetrachloride NA NA NA
Chloroethane NA NA NA
1,1‐Dichloroethane NA NA NA
1,2‐Dichloroethane NA NA NA
1,1,1‐Trichloroethane NA NA NA
1,1,2‐Trichloroethane NA NA NA
1,1,2,2‐Tetrachloroethane NA NA NA
Chloroethene (Vinyl Chloride) NA NA NA
1,1‐Dichloroethene NA NA NA
cis‐1,2‐Dichloroethene NA NA NA
Trichloroethene NA NA NA
Tetrachloroethene NA NA NA
1,2‐Dichloropropane NA NA NA
3‐Chloropropene NA NA NA
cis‐1,3‐Dichloropropene NA NA NA
trans‐1,3‐Dichloropropene NA NA NA
Bromomethane NA NA NA
1,2‐Dibromoethane NA NA NA
Chlorobenzene NA NA NA
1,2‐Dichlorobenzene NA NA NA
1,3‐Dichlorobenzene NA NA NA
1,4‐Dichlorobenzene NA NA NA
1,2,4‐Trichlorobenzene NA NA NA
Hexachloro‐1,3‐butadiene NA NA NA
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv NA NA NA
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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Dairy Biomethane
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071693‐001 071726‐001 071759‐001
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
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Dairy Biomethane
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071789‐001 081048‐001 081168‐001
GTI GTI GTI
ppmv ppmv ppmv
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL

NA BDL BDL
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Dairy Biomethane
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081215‐001 081215‐002 081215‐003
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

BDL BDL BDL
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Dairy Biomethane
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081215‐004 081215‐005 081215‐006
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

BDL BDL BDL
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Dairy Biomethane
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081215‐007 081215‐008 081215‐009
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

BDL BDL BDL
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Dairy Biomethane
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081220‐001 081227‐002 081247‐001
GTI GTI GTI
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

BDL BDL BDL
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Dairy Biomethane
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081266‐001 081290‐001
GTI GTI
ppmv ppmv
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL

BDL BDL
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Landfill Biomethane
Halocarbons

081649‐001 081649‐002 081658‐001
GTI GTI GTI

Component Name ppmv ppmv ppmv
Dichlorodifluoromethane (CFC‐12) 3.24 2.59 2.51
1,2‐Dichlorotetrafluoroethane (CFC‐114) BDL BDL 0.11
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113) BDL BDL BDL
Trichlorofluoromethane (CFC‐11) BDL BDL 0.15
Chloromethane BDL BDL BDL
Dichloromethane (Methylene Chloride) BDL BDL BDL
Chloroform BDL BDL BDL
Carbon Tetrachloride BDL BDL BDL
Chloroethane BDL BDL 0.61
1,1‐Dichloroethane BDL BDL BDL
1,2‐Dichloroethane BDL BDL BDL
1,1,1‐Trichloroethane BDL BDL BDL
1,1,2‐Trichloroethane BDL BDL BDL
1,1,2,2‐Tetrachloroethane BDL BDL BDL
Chloroethene (Vinyl Chloride) BDL BDL 0.33
1,1‐Dichloroethene BDL BDL BDL
cis‐1,2‐Dichloroethene BDL BDL BDL
Trichloroethene BDL BDL BDL
Tetrachloroethene BDL BDL BDL
1,2‐Dichloropropane BDL BDL BDL
3‐Chloropropene BDL BDL BDL
cis‐1,3‐Dichloropropene BDL BDL BDL
trans‐1,3‐Dichloropropene BDL BDL BDL
Bromomethane BDL BDL BDL
1,2‐Dibromoethane BDL BDL BDL
Chlorobenzene BDL BDL BDL
1,2‐Dichlorobenzene BDL BDL BDL
1,3‐Dichlorobenzene BDL BDL BDL
1,4‐Dichlorobenzene BDL BDL BDL
1,2,4‐Trichlorobenzene BDL BDL BDL
Hexachloro‐1,3‐butadiene BDL BDL BDL
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv 3.24 2.59 3.71
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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Landfill Biomethane
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081658‐002 081655‐001 081655‐002
GTI GTI GTI
ppmv ppmv ppmv
2.52 3.51 3.60
0.11 0.13 0.12
BDL BDL BDL
0.16 0.13 0.13
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.62 0.55 0.56
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.33 0.23 0.25
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

3.75 4.56 4.67
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Landfill Biomethane
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081710‐001 081710‐002 081716‐001
GTI GTI GTI
ppmv ppmv ppmv
2.96 2.98 2.37
0.17 0.17 BDL
BDL BDL BDL
0.23 0.24 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.64 0.66 0.42
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.15 0.13 0.25
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

4.14 4.18 3.04

20916 First Tier Chem Results for Clean Landfill Biomethane‐ Halocarbons  Page 3

Page 1434



Landfill Biomethane
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081716‐002 091071‐001 091071‐002
GTI GTI GTI
ppmv ppmv ppmv
2.34 1.35 1.36
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.41 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.25 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

3.00 1.35 1.36
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Landfill Biomethane
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091525‐001 091525‐002 091525‐003
GTI GTI GTI
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
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Landfill Biomethane
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091525‐004
GTI
ppmv
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
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WWTP Biomethane
Halocarbons

081677‐002 081682‐001 081682‐002
GTI GTI GTI

Component Name ppmv ppmv ppmv
Dichlorodifluoromethane (CFC‐12) BDL BDL BDL
1,2‐Dichlorotetrafluoroethane (CFC‐114) BDL BDL BDL
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113) BDL BDL BDL
Trichlorofluoromethane (CFC‐11) BDL BDL BDL
Chloromethane BDL BDL BDL
Dichloromethane (Methylene Chloride) BDL BDL BDL
Chloroform BDL BDL BDL
Carbon Tetrachloride BDL BDL BDL
Chloroethane BDL BDL BDL
1,1‐Dichloroethane BDL BDL BDL
1,2‐Dichloroethane BDL BDL BDL
1,1,1‐Trichloroethane BDL BDL BDL
1,1,2‐Trichloroethane BDL BDL BDL
1,1,2,2‐Tetrachloroethane BDL BDL BDL
Chloroethene (Vinyl Chloride) BDL BDL BDL
1,1‐Dichloroethene BDL BDL BDL
cis‐1,2‐Dichloroethene BDL BDL BDL
Trichloroethene BDL BDL BDL
Tetrachloroethene BDL BDL BDL
1,2‐Dichloropropane BDL BDL BDL
3‐Chloropropene BDL BDL BDL
cis‐1,3‐Dichloropropene BDL BDL BDL
trans‐1,3‐Dichloropropene BDL BDL BDL
Bromomethane BDL BDL BDL
1,2‐Dibromoethane BDL BDL BDL
Chlorobenzene BDL BDL BDL
1,2‐Dichlorobenzene BDL BDL BDL
1,3‐Dichlorobenzene BDL BDL BDL
1,4‐Dichlorobenzene BDL BDL BDL
1,2,4‐Trichlorobenzene BDL BDL BDL
Hexachloro‐1,3‐butadiene BDL BDL BDL
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv BDL BDL BDL
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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WWTP Biomethane
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene
1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081752‐001
GTI
ppmv
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL

BDL
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Dairy Biomethane
Volatile Metals

071592‐001 071635‐001 071659‐001 071693‐001 071726‐001
GTI GTI GTI GTI GTI

Component µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

Mercury BDL BDL BDL BDL BDL

Component µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

Arsenic BDL BDL BDL BDL BDL
Cadmium BDL BDL BDL BDL BDL
Copper BDL BDL BDL BDL BDL
Lead BDL BDL BDL BDL BDL
Molybdenum BDL BDL BDL BDL BDL
Selenium BDL BDL BDL BDL BDL
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Dairy Biomethane
Volatile Metals

Component
Mercury

Component
Arsenic
Cadmium
Copper
Lead
Molybdenum
Selenium

071759‐001 071789‐001 081048‐001 081168‐001 081215‐001
GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

BDL BDL BDL NA BDL

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

BDL BDL BDL NA BDL
BDL BDL BDL NA BDL
BDL BDL BDL NA BDL
BDL BDL BDL NA BDL
BDL BDL BDL NA BDL
BDL BDL BDL NA BDL
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Dairy Biomethane
Volatile Metals

Component
Mercury

Component
Arsenic
Cadmium
Copper
Lead
Molybdenum
Selenium

081215‐002 081215‐003 081215‐004 081215‐005 081215‐006
GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

BDL BDL BDL BDL BDL

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
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Dairy Biomethane
Volatile Metals

Component
Mercury

Component
Arsenic
Cadmium
Copper
Lead
Molybdenum
Selenium

081215‐007 081215‐008 081215‐009 081220‐001 081227‐002
GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

BDL BDL BDL BDL NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
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Dairy Biomethane
Volatile Metals

Component
Mercury

Component
Arsenic
Cadmium
Copper
Lead
Molybdenum
Selenium

081247‐001 081266‐001 081290‐001
GTI GTI GTI

µg/M3 µg/M3 µg/M3

BDL BDL BDL

µg/M3 µg/M3 µg/M3

BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
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Landfill Biomethane
Volatile Metals

081649‐001 081649‐002 081658‐001 081658‐002 081655‐001
GTI GTI GTI GTI GTI

Component µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

Mercury BDL BDL BDL BDL 0.14

Component µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

Arsenic BDL BDL BDL BDL BDL
Barium BDL BDL BDL BDL BDL
Beryllium BDL BDL BDL BDL BDL
Cadmium BDL BDL BDL BDL BDL
Cobalt BDL BDL BDL BDL BDL
Chromium BDL BDL BDL BDL BDL
Copper BDL BDL BDL BDL BDL
Manganese BDL BDL BDL BDL BDL
Molybdenum BDL BDL BDL BDL BDL
Nickel BDL BDL BDL BDL BDL
Lead BDL BDL BDL BDL BDL
Antimony BDL BDL BDL BDL BDL
Selenium BDL BDL BDL BDL BDL
Strontium BDL BDL BDL BDL BDL
Thallium BDL BDL BDL BDL BDL
Zinc 52 28 57 BDL BDL
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Landfill Biomethane
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

081655‐002 081710‐001 081710‐002 081716‐001 081716‐002
GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

0.28 BDL BDL BDL BDL

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
BDL BDL NA BDL BDL
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Landfill Biomethane
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091071‐001 091071‐002 091525‐001 091525‐002 091525‐003
GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

BDL BDL BDL BDL BDL

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
250 BDL 148 BDL 206
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
111 BDL BDL BDL BDL
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Landfill Biomethane
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium
Thallium
Zinc

091525‐004
GTI

µg/M3

BDL

µg/M3

BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
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WWTP Biomethane
Volatile Metals

081677‐010 081677‐002 081682‐001 081682‐002 081752‐001
GTI GTI GTI GTI GTI

Component µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

Mercury BDL BDL BDL BDL BDL

Component µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

Arsenic BDL BDL BDL NA NA
Barium BDL BDL BDL NA NA
Beryllium BDL BDL BDL NA NA
Cadmium BDL BDL BDL NA NA
Cobalt BDL BDL BDL NA NA
Chromium BDL BDL BDL NA NA
Copper BDL BDL BDL NA NA
Manganese BDL BDL BDL NA NA
Molybdenum BDL BDL BDL NA NA
Nickel BDL BDL BDL NA NA
Lead BDL BDL BDL NA NA
Antimony BDL BDL BDL NA NA
Selenium BDL BDL BDL NA NA
Strontium BDL BDL BDL NA NA
Thallium BDL BDL BDL NA NA
Zinc 56 229 45 NA NA
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Dairy Biomethane
Total Organic Silcon

071592‐001 071635‐001 071659‐001
GTI GTI GTI

Component ppmv as Si ppmv as Si ppmv as Si
1,1,3,3‐Tetramethyldisiloxane NA NA NA
Pentamethyldisiloxane NA NA NA
Hexamethyldisilane NA NA NA
Hexamethyldisiloxane NA NA NA
Octamethyltrisiloxane NA NA NA
Octamethylcyclotetrasiloxane NA NA NA
Decamethyltetrasiloxane NA NA NA
Decamethylcyclopentasiloxane NA NA NA
Dodecamethylpentasiloxane NA NA NA

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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Dairy Biomethane
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane
Octamethyltrisiloxane
Octamethylcyclotetrasiloxane
Decamethyltetrasiloxane
Decamethylcyclopentasiloxane
Dodecamethylpentasiloxane

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071693‐001 071726‐001 071759‐001
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
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Dairy Biomethane
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane
Octamethyltrisiloxane
Octamethylcyclotetrasiloxane
Decamethyltetrasiloxane
Decamethylcyclopentasiloxane
Dodecamethylpentasiloxane

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071789‐001 081048‐001 081168‐001
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane
Octamethyltrisiloxane
Octamethylcyclotetrasiloxane
Decamethyltetrasiloxane
Decamethylcyclopentasiloxane
Dodecamethylpentasiloxane

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081215‐001 081215‐002 081215‐003
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane
Octamethyltrisiloxane
Octamethylcyclotetrasiloxane
Decamethyltetrasiloxane
Decamethylcyclopentasiloxane
Dodecamethylpentasiloxane

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081215‐004 081215‐005 081215‐006
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane
Octamethyltrisiloxane
Octamethylcyclotetrasiloxane
Decamethyltetrasiloxane
Decamethylcyclopentasiloxane
Dodecamethylpentasiloxane

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081215‐007 081215‐008 081215‐009
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane
Octamethyltrisiloxane
Octamethylcyclotetrasiloxane
Decamethyltetrasiloxane
Decamethylcyclopentasiloxane
Dodecamethylpentasiloxane

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081220‐001 081227‐002 081247‐001
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane
Octamethyltrisiloxane
Octamethylcyclotetrasiloxane
Decamethyltetrasiloxane
Decamethylcyclopentasiloxane
Dodecamethylpentasiloxane

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081266‐001 081290‐001
GTI GTI

ppmv as Si ppmv as Si
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
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Landfill Biomethane
Total Organic Silcon

081649‐001 081649‐002 081658‐001
GTI GTI GTI

Component ppmv as Si ppmv as Si ppmv as Si
1,1,3,3‐Tetramethyldisiloxane BDL BDL BDL
Pentamethyldisiloxane BDL BDL BDL
Hexamethyldisilane BDL BDL BDL
Hexamethyldisiloxane (L2, MM) BDL BDL BDL
Octamethyltrisiloxane (L3, MDM) BDL BDL BDL
Octamethylcyclotetrasiloxane (D4) 0.5 0.3 BDL
Decamethyltetrasiloxane (L4, MD2M) BDL BDL BDL
Decamethylcyclopentasiloxane (D5) BDL BDL BDL
Dodecamethylpentasiloxane (L5, MD3M) BDL BDL BDL
Unidentified organic silicon compound BDL BDL BDL

0.3 is below std DLs
Detection Limit = 0.5 ppmv Si reported for 
BDL = Below Detection Limit comparison only
NA = Not Analyzed (no sample taken)
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Landfill Biomethane
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081658‐002 081655‐001 081655‐002
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Landfill Biomethane
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081710‐001 081710‐002 081716‐001
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

20916 First Tier Chem Results for Clean Landfill Biomethane‐ Total Organic Silicon Page 3

Page 1460



Landfill Biomethane
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081716‐002 091071‐001 091071‐002
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 4.9 4.5
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Landfill Biomethane
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091525‐001 091525‐002 091525‐003
GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Landfill Biomethane
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091525‐004
GTI

ppmv as Si
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
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WWTP Biomethane
Total Organic Silcon

081677‐010 081677‐002 081682‐001
GTI GTI GTI

Component ppmv as Si ppmv as Si ppmv as Si
1,1,3,3‐Tetramethyldisiloxane NA BDL BDL
Pentamethyldisiloxane NA BDL BDL
Hexamethyldisilane NA BDL BDL
Hexamethyldisiloxane (L2, MM) NA BDL BDL
Octamethyltrisiloxane (L3, MDM) NA BDL BDL
Octamethylcyclotetrasiloxane (D4) NA BDL BDL
Decamethyltetrasiloxane (L4, MD2M) NA BDL BDL
Decamethylcyclopentasiloxane (D5) NA BDL BDL
Dodecamethylpentasiloxane (L5, MD3M) NA BDL BDL
Unidentified organic silicon compound NA BDL BDL

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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WWTP Biomethane
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081682‐002 081752‐001
GTI GTI

ppmv as Si ppmv as Si
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL 13.6
BDL BDL
BDL 3.9
BDL BDL
BDL BDL

20916 First Tier Chem Results for Clean WWTP Biomethane‐ Total Organic Silicon Page 2

Page 1465



     Gas Technology Institute   1700 S. Mount Prospect Rd.    Des Plaines, IL 60018   T: 847 768 0500    F: 847 768 0501     www.gastechnology.org 

 

 

 

 

 

 

 

 

Appendix C‐ First Tier Natural Gas 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Page 1466



Natural Gas
Major Components

081748‐001 081748‐002 081755‐001 081755‐002
GTI GTI GTI GTI

Component Mol % Mol % Mol % Mol %
Helium BDL BDL NA BDL
Hydrogen BDL BDL NA BDL
Carbon Dioxide 0.74% 0.76% NA 0.72%
Oxygen/Argon BDL BDL NA BDL
Nitrogen 0.12% 0.20% NA 0.37%
Carbon Monoxide BDL BDL NA BDL
Methane 96.6% 96.4% NA 96.0%
Ethane 2.22% 2.26% NA 2.49%
Ethene 0.014% 0.013% NA 0.010%
Ethyne BDL BDL NA BDL
Propane 0.223% 0.224% NA 0.238%
Propene 0.006% 0.005% NA 0.004%
Propadiene BDL BDL NA BDL
Propyne BDL BDL NA BDL
i‐Butane 0.030% 0.033% NA 0.033%
n‐Butane 0.034% 0.038% NA 0.078%
1‐Butene BDL BDL NA BDL
i‐Butene BDL BDL NA BDL
trans‐2‐Butene BDL BDL NA BDL
cis 2 Butene BDL BDL NA BDLcis‐2‐Butene BDL BDL NA BDL
1,3‐Butadiene BDL BDL NA BDL
i‐Pentane 0.011% 0.012% NA 0.011%
n‐Pentane 0.007% 0.008% NA 0.007%
neo‐Pentane BDL BDL NA BDL
Pentenes BDL BDL NA BDL
Hexane Plus 0.0161% 0.0179% NA 0.0126%
Ammonia BDL BDL NA BDL
Hydrogen Sulfide 0.000013% 0.000011% NA BDL
Carbonyl Sulfide 0.000012% 0.000014% NA 0.000024%
Total 100% 100% NA 100%

Calculated Real Gas Properties  60°F, 14.73 psia
Compressibility Factor [z]  (Dry) 0.99787 0.99787 NA 0.99786
Compressibility Factor [z]  (Sat.) 0.99755 0.99755 NA 0.99754
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Natural Gas
Major Components

081748‐001 081748‐002 081755‐001 081755‐002
GTI GTI GTI GTI

Component Mol % Mol % Mol % Mol %
Relative Density (Specific Gravity) (Dry) 0.5773 0.5783 NA 0.5802
Gross HV (Dry) (Btu/ft3) 1028.8 1028.4 NA 1029.7
Gross HV (Sat.) (Btu/ft3) 1011.3 1010.9 NA 1012.1
Wobbe Index 1354.0 1352.4 NA 1351.9
Net HV (Dry) (Btu/ft3) 927.1 926.8 NA 928.0
Net HV (Sat.) (Btu/ft3) 911.3 911.0 NA 912.2
Real Gas Density (lbs/ft3) 0.044 0.044 NA 0.044

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

091152‐001 091152‐002 091152‐003 091566‐001
GTI GTI GTI GTI

Mol % Mol % Mol % Mol %
BDL BDL BDL BDL
BDL BDL BDL BDL
0.20% 0.20% 0.20% 1.15%
BDL BDL BDL BDL
0.19% 0.14% 0.09% BDL
BDL BDL BDL BDL
97.4% 97.4% 97.4% 96.4%
1.64% 1.65% 1.65% 1.97%
BDL BDL BDL BDL
BDL BDL BDL BDL

0.397% 0.402% 0.401% 0.276%
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL

0.055% 0.056% 0.056% 0.049%
0.074% 0.075% 0.075% 0.055%
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDLcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

BDL BDL BDL BDL
BDL BDL BDL BDL

0.023% 0.024% 0.024% 0.021%
0.018% 0.018% 0.018% 0.014%
BDL BDL BDL BDL
BDL BDL BDL BDL

0.0416% 0.0428% 0.0427% 0.0407%
BDL BDL BDL BDL

0.000050% 0.000047% 0.000043% 0.000028%
0.000794% 0.000771% 0.000785% 0.000006%

100% 100% 100% 100%

0.99788 0.99788 0.99788 0.99785
0.99756 0.99756 0.99756 0.99753
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091152‐001 091152‐002 091152‐003 091566‐001
GTI GTI GTI GTI

Mol % Mol % Mol % Mol %
0.5732 0.5732 0.5730 0.5815
1034.8 1035.6 1036.1 1027.1
1017.1 1017.9 1018.4 1009.6
1366.7 1367.8 1368.8 1346.9
932.5 933.2 933.7 925.6
916.6 917.3 917.8 909.8
0.044 0.044 0.044 0.045
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

091566‐002 091560‐001 091560‐002 051083‐011
GTI GTI GTI GTI

Mol % Mol % Mol % Mol %
BDL BDL BDL BDL
BDL BDL BDL BDL
1.15% 1.14% 1.14% 0.09%
BDL BDL BDL BDL
BDL 0.28% 0.28% 0.97%
BDL BDL BDL BDL
96.4% 96.3% 96.3% 89.6%
1.98% 1.82% 1.82% 7.70%
BDL BDL BDL BDL
BDL BDL BDL BDL

0.274% 0.284% 0.284% 1.010%
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL

0.049% 0.047% 0.048% 0.144%
0.055% 0.057% 0.058% 0.219%
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDLcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

BDL BDL BDL BDL
BDL BDL BDL BDL

0.021% 0.020% 0.020% 0.084%
0.014% 0.013% 0.014% 0.065%
BDL BDL BDL 0.005%
BDL BDL BDL BDL

0.0408% 0.0448% 0.0440% 0.1160%
BDL NA NA NA

0.000033% 0.000034% 0.000033% BDL
0.000006% 0.000008% 0.000006% BDL

100% 100% 100% 100%

0.99785 0.99786 0.99786 0.99751
0.99753 0.99754 0.99754 0.99717
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091566‐002 091560‐001 091560‐002 051083‐011
GTI GTI GTI GTI

Mol % Mol % Mol % Mol %
0.5815 0.5820 0.5820 0.6183
1027.1 1023.4 1023.5 1095.3
1009.6 1005.9 1006.0 1076.6
1346.9 1341.5 1341.6 1393.0
925.6 922.2 922.3 989.3
909.8 906.5 906.6 972.4
0.045 0.045 0.045
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

051083‐012 071790‐001 071790‐002 071083‐001
GTI GTI GTI GTI

Mol % Mol % Mol % Mol %
BDL BDL BDL 0.095%
BDL BDL 0.26% BDL
0.10% BDL BDL BDL
BDL BDL 3.05% BDL
0.96% 0.91% 15.3% 2.98%
BDL BDL 0.42% BDL
89.6% 99.1% 80.9% 89.1%
7.69% 0.02% 0.03% 4.74%
BDL BDL 0.003% BDL
BDL BDL BDL BDL

1.013% BDL BDL 1.777%
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL

0.144% BDL BDL 0.287%
0.218% BDL BDL 0.523%
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDLcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

BDL BDL BDL BDL
BDL BDL BDL BDL

0.084% BDL BDL 0.164%
0.065% BDL BDL 0.139%
0.005% BDL BDL 0.005%
BDL BDL BDL BDL

0.1149% BDL BDL 0.2213%
NA NA NA NA
BDL BDL BDL BDL
BDL NA NA NA
100% 100% 100% 100%

0.99751 0.99804 0.99843 0.99753
0.99717 0.99773 0.998145808 0.997190679
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

051083‐012 071790‐001 071790‐002 071083‐001
GTI GTI GTI GTI

Mol % Mol % Mol % Mol %
0.6182 0.5587 0.63563 0.63044
1095.3 1005.2 823.5 1082.6
1076.6 988.0 809.4 1064.1
1393.0 1344.8 1033.0 1363.5
989.2 905.1 741.6 978.0
972.3 889.6 728.9 961.3

0.043 0.049 0.048
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

071807‐001 071807‐002 081261‐001 081261‐003
GTI GTI GTI GTI

Mol % Mol % Mol % Mol %
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL 0.69% 0.68%
BDL BDL BDL BDL
7.71% 12.74% 1.63% 1.59%
BDL BDL BDL BDL
92.3% 87.2% 96.3% 96.4%
0.02% 0.01% 1.26% 1.25%
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL 0.066% 0.055%
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL 0.005% 0.003%
BDL BDL 0.004% 0.002%
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDLcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL 0.0014% 0.0006%
NA NA NA NA
BDL BDL BDL BDL
NA NA NA NA
100% 100% 100% 100%

0.99820 0.99832 0.99798 0.99798
0.997900358 0.99802425 0.997664186 0.997665352
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071807‐001 071807‐002 081261‐001 081261‐003
GTI GTI GTI GTI

Mol % Mol % Mol % Mol %
0.58675 0.60743 0.57522 0.57472
936.1 884.9 1001.6 1001.8
920.1 869.7 984.5 984.7
1222.1 1135.4 1320.6 1321.5
842.9 796.7 902.2 902.4
828.4 783.1 886.8 887.0
0.045 0.046 0.044 0.044
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

081261‐005 081261‐006 081505‐001 081505‐002
GTI GTI GTI GTI

Mol % Mol % Mol % Mol %
BDL BDL BDL BDL
BDL BDL 0.1% BDL
0.68% 0.67% BDL BDL
BDL BDL 2.3% BDL
1.56% 1.60% 12.23% 1.07%
BDL BDL 0.13% BDL
96.5% 96.4% 85.2% 98.9%
1.23% 1.22% 0.02% 0.02%
BDL BDL BDL BDL
BDL BDL BDL BDL

0.063% 0.067% BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL

0.005% 0.006% BDL BDL
0.004% 0.005% BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDLcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

BDL BDL BDL BDL
BDL BDL BDL BDL
BDL 0.002% BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL

0.0009% 0.0012% BDL BDL
NA NA NA NA
BDL BDL NA NA
NA NA NA NA
100% 100% 100% 100%

0.99798 0.99798 0.99834 0.99804
0.997664218 0.997665002 0.998050096 0.997731937
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081261‐005 081261‐006 081505‐001 081505‐002
GTI GTI GTI GTI

Mol % Mol % Mol % Mol %
0.57460 0.57478 0.61882 0.55930
1002.2 1002.0 865.1 1003.6
985.1 984.9 850.3 986.5
1322.2 1321.6 1099.7 1342.0
902.8 902.5 778.9 903.7
887.3 887.1 765.6 888.2
0.044 0.044 0.047 0.043

20916 First Tier Chem Results for Natural Gas‐ Major Components Page 12

Page 1478



Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

081505‐003 081557‐001 081558‐001 081558‐002
GTI GTI GTI GTI

Mol % Mol % Mol % Mol %
BDL BDL BDL BDL
BDL BDL BDL 0.18%
BDL 0.93% 0.81% 0.87%
0.62% BDL BDL BDL
4.01% 0.48% 0.45% 0.53%
0.10% BDL BDL BDL
95.2% 96.7% 91.1% 96.1%
0.06% 1.73% 5.46% 2.04%
BDL 0.026% BDL 0.116%
BDL BDL BDL BDL

0.003% 0.056% 1.563% 0.051%
BDL 0.011% BDL 0.045%
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL 0.006% 0.180% 0.005%
BDL 0.007% 0.280% 0.003%
BDL BDL BDL 0.002%
BDL BDL BDL 0.002%
BDL BDL BDL 0.002%
BDL BDL BDL BDLcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

BDL BDL BDL BDL
BDL BDL BDL BDL
BDL 0.003% 0.060% 0.005%
BDL 0.002% 0.054% BDL
BDL BDL BDL BDL
BDL BDL BDL BDL

0.0071% 0.0016% 0.0640% 0.0015%
NA NA NA NA
NA BDL BDL BDL
NA NA NA NA
100% 100% 100% 100%

0.99812 0.99792 0.99754 0.99791
0.997815111 0.997603391 0.99720159 0.99759476
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081505‐003 081557‐001 081558‐001 081558‐002
GTI GTI GTI GTI

Mol % Mol % Mol % Mol %
0.57579 0.57529 0.61695 0.57624
967.3 1015.0 1083.6 1017.1
950.8 997.6 1065.1 999.8
1274.8 1338.2 1379.6 1339.9
871.0 914.4 978.3 916.5
856.2 898.8 961.6 900.8
0.044 0.044 0.047 0.044
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

081565‐001 081565‐002 081565‐003 091372‐001
GTI GTI GTI GTI

Mol % Mol % Mol % Mol %
BDL BDL BDL 0.09%
BDL BDL BDL BDL
BDL BDL BDL 0.83%
0.33% 0.03% 1.19% BDL
3.04% 2.53% 8.36% 3.45%
0.06% BDL 0.07% BDL
96.5% 97.4% 90.4% 91.5%
0.06% 0.01% 0.02% 3.40%
BDL BDL BDL BDL
BDL BDL BDL BDL

0.003% BDL BDL 0.565%
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL 0.045%
BDL BDL BDL 0.058%
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDLcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL 0.014%
BDL BDL BDL 0.011%
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL 0.0031% 0.0265%
NA NA NA NA
BDL BDL BDL 0.000038%
NA NA NA 0.0000140%
100% 100% 100% 100%

0.99810 0.99808 0.99824 0.99787
0.997786725 0.997770322 0.997935129 0.997550003
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081565‐001 081565‐002 081565‐003 091372‐001
GTI GTI GTI GTI

Mol % Mol % Mol % Mol %
0.56980 0.56550 0.59649 0.60154
980.2 988.4 917.0 1008.6
963.5 971.5 901.3 991.4
1298.6 1314.3 1187.3 1300.4
882.6 889.9 825.7 909.4
867.5 874.7 811.5 893.9
0.044 0.043 0.046 0.046
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

091372‐002 091395‐001 091395‐002
GTI GTI GTI

Mol % Mol % Mol %
0.10% BDL BDL
BDL BDL BDL
0.83% 1.28% 1.27%
BDL BDL BDL
3.45% 1.21% 1.22%
BDL BDL BDL
91.5% 95.1% 95.1%
3.41% 2.01% 1.99%
BDL BDL BDL
BDL BDL BDL

0.567% 0.285% 0.285%
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

0.045% 0.039% 0.040%
0.059% 0.044% 0.045%
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDLcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

BDL BDL BDL
BDL BDL BDL

0.014% 0.013% 0.013%
0.011% 0.009% 0.009%
BDL BDL BDL
BDL BDL BDL

0.0259% 0.0200% 0.0204%
NA NA NA

0.000014% 0.000023% 0.000026%
0.0000220% 0.0000120% 0.0000120%

100% 100% 100%

0.99787 0.99788 0.99789
0.997549499 0.997564534 0.99756601
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091372‐002 091395‐001 091395‐002
GTI GTI GTI

Mol % Mol % Mol %
0.60154 0.58708 0.58695
1008.7 1012.1 1011.9
991.5 994.8 994.6
1300.6 1320.9 1320.8
909.5 912.0 911.9
894.0 896.5 896.3
0.046
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

IGT‐011 IGT‐012
(Chao & Attari, 1995) (Chao & Attari, 1995)

Mol % Mol %
0.06% 0.04%
0.06% 0.05%
0.58% 0.54%
NA NA

2.96% 2.55%
NA NA

91.80% 92.70%
3.68% 3.35%
NA NA
NA NA

0.59% 0.52%
NA NA
NA NA
NA NA

0.07% 0.06%
0.09% 0.09%
NA NA
NA NA
NA NA
NA NAcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

NA NA
NA NA

0.03% 0.02%
0.02% 0.02%
BDL BDL
NA NA

0.04% 0.04%
NA NA
NA NA
NA NA
100% 100%

0.9978 0.998
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

IGT‐011 IGT‐012
(Chao & Attari, 1995) (Chao & Attari, 1995)

Mol % Mol %
0.6 0.565
1018 1019
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

IGT‐021 IGT‐022
(Chao & Attari, 1995) (Chao & Attari, 1995)

Mol % Mol %
0.002% 0.02%
BDL 0.02%
0.35% 2.62%
NA NA

0.22% 1.25%
NA NA

97.40% 95.40%
1.94% 0.31%
NA NA
NA NA

0.04% 0.08%
NA NA
NA NA
NA NA
BDL 0.03%
BDL 0.03%
NA NA
NA NA
NA NA
NA NAcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

NA NA
NA NA
BDL 0.02%
BDL 0.02%
BDL 0.00%
NA NA

0.004% 0.20%
NA NA
NA NA
NA NA
100% 100%

0.9978 0.998
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

IGT‐021 IGT‐022
(Chao & Attari, 1995) (Chao & Attari, 1995)

Mol % Mol %
0.596 0.573
1024 988
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

IGT‐023 IGT‐031
(Chao & Attari, 1995) (Chao & Attari, 1995)

Mol % Mol %
0.04% 0.07%
BDL 0.09%
0.15% 0.12%
NA NA

1.16% 1.10%
NA NA

98.50% 88.20%
0.09% 9.69%
NA NA
NA NA

0.01% 0.67%
NA NA
NA NA
NA NA
BDL 0.02%
BDL 0.02%
NA NA
NA NA
NA NA
NA NAcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

NA NA
NA NA
BDL BDL
BDL BDL
BDL BDL
NA NA
BDL BDL
NA NA
NA NA
NA NA
100% 100%

0.9979 0.9979
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

IGT‐023 IGT‐031
(Chao & Attari, 1995) (Chao & Attari, 1995)

Mol % Mol %
0.578 0.588
1001 1083
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

IGT‐041 IGT‐051
(Chao & Attari, 1995) (Chao & Attari, 1995)

Mol % Mol %
0.07% 0.01%
0.12% BDL
0.07% 1.06%
NA NA

1.15% 1.12%
NA NA

81.10% 94.60%
11.80% 2.81%
NA NA
NA NA

3.95% 0.16%
NA NA
NA NA
NA NA

0.37% 0.08%
0.82% 0.03%
NA NA
NA NA
NA NA
NA NAcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

NA NA
NA NA

0.18% 0.03%
0.16% 0.01%
0.00% BDL
NA NA

0.23% 0.13%
NA NA
NA NA
NA NA
100% 100%

0.9978 0.9978
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

IGT‐041 IGT‐051
(Chao & Attari, 1995) (Chao & Attari, 1995)

Mol % Mol %
0.584 0.586
1193 1022
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

IGT‐061 IGT‐062
(Chao & Attari, 1995) (Chao & Attari, 1995)

Mol % Mol %
0.02% 0.08%
0.002% 0.01%
1.36% 0.66%
NA NA

0.30% 1.85%
NA NA

95.80% 93%
2.03% 3.13%
NA NA
NA NA

0.40% 0.80%
NA NA
NA NA
NA NA

0.04% 0.11%
0.04% 0.20%
NA NA
NA NA
NA NA
NA NAcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

NA NA
NA NA

0.01% 0.06%
0.001% 0.06%
BDL 0.004%
NA NA

0.02% 0.10%
NA NA
NA NA
NA NA
100% 100%

0.99792 0.99791
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

IGT‐061 IGT‐062
(Chao & Attari, 1995) (Chao & Attari, 1995)

Mol % Mol %
0.5829 0.583
1022 1039
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

IGT‐063 IGT‐071
(Chao & Attari, 1995) (Chao & Attari, 1995)

Mol % Mol %
0.03% 0.01%
0.01% 0.003%
0.96% 0.30%
NA NA

1.36% 1.24%
NA NA

93.80% 90.20%
2.99% 7.02%
NA NA
NA NA

0.59% 1%
NA NA
NA NA
NA NA

0.06% 0.08%
0.11% 0.06%
NA NA
NA NA
NA NA
NA NAcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

NA NA
NA NA

0.03% 0.02%
0.03% 0.01%
0.001% BDL
NA NA

0.04% 0.02%
NA NA
NA NA
NA NA
100% 100%

0.99788 0.99788
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

IGT‐063 IGT‐071
(Chao & Attari, 1995) (Chao & Attari, 1995)

Mol % Mol %
0.5856 0.5859
1030 1072
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

IGT‐081 IGT‐082
(Chao & Attari, 1995) (Chao & Attari, 1995)

Mol % Mol %
0.002% 0.004%
BDL BDL
0.13% 0.58%
NA NA

1.75% 1.45%
NA NA

97.80% 94%
0.26% 2.86%
NA NA
NA NA

0.01% 0.70%
NA NA
NA NA
NA NA
BDL 0.10%
BDL 0.13%
NA NA
NA NA
NA NA
NA NAcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

NA NA
NA NA

0.001% 0.04%
0.001% 0.03%
0.0001% 0.003%

NA NA
0.004% 0.14%
NA NA
NA NA
NA NA
100% 100%

0.99788 0.99788
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

IGT‐081 IGT‐082
(Chao & Attari, 1995) (Chao & Attari, 1995)

Mol % Mol %
0.5861 0.5862
998 1038

20916 First Tier Chem Results for Natural Gas‐ Major Components Page 32

Page 1498



Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

IGT‐085 IGT‐084
(Chao & Attari, 1995) (Chao & Attari, 1995)

Mol % Mol %
0.04% 0.03%
0.002% 0.002%
0.44% 0.65%
NA NA

1.02% 1.04%
NA NA

96.60% 96.10%
1.78% 1.86%
NA NA
NA NA

0.09% 0.21%
NA NA
NA NA
NA NA

0.01% 0.03%
0.01% 0.03%
NA NA
NA NA
NA NA
NA NAcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

NA NA
NA NA

0.01% 0.01%
0.003% 0.01%
0.0003% 0.001%

NA NA
0.01% 0.02%
NA NA
NA NA
NA NA
100% 100%
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

IGT‐085 IGT‐084
(Chao & Attari, 1995) (Chao & Attari, 1995)

Mol % Mol %
0.5946 0.5933
1015 1017
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

IGT‐091 IGT‐101
(Chao & Attari, 1995) (Chao & Attari, 1995)

Mol % Mol %
0.02% 0.01%
0.002% 0.01%
1.76% 0.87%
NA NA

0.49% 0.42%
NA NA

95.50% 96%
1.74% 2%
NA NA
NA NA

0.35% 0.41%
NA NA
NA NA
NA NA

0.04% 0.09%
0.06% 0.09%
NA NA
NA NA
NA NA
NA NAcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

NA NA
NA NA

0.02% 0.04%
0.02% 0.03%
0.001% 0.002%
NA NA

0.03% 0.07%
NA NA
NA NA
NA NA
100% 100%
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

IGT‐091 IGT‐101
(Chao & Attari, 1995) (Chao & Attari, 1995)

Mol % Mol %
0.5947 0.595
1014 1032
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

IGT111 031171‐013
(Chao & Attari, 1995) (Crippen, Janos, Bora, & Deddo, 2003)

Mol % Mol %
0.01% NA
0.02% NA
0.92% 0.70%
NA NA

0.54% 1.61%
NA NA

95.70% 95.10%
2.12% 2.23%
NA 0.002%
NA NA

0.41% 0.20%
NA NA
NA NA
NA NA

0.08% 0.03%
0.09% 0.07%
NA NA
NA NA
NA NA
NA NAcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

NA NA
NA NA

0.04% 0.01%
0.03% 0.01%
0.002% NA
NA NA

0.07% 0.009%
NA NA
NA NA
NA NA
100% 100%

0.99791
0.997592389
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

IGT111 031171‐013
(Chao & Attari, 1995) (Crippen, Janos, Bora, & Deddo, 2003)

Mol % Mol %
0.58294

1030 1014.0
996.7
1328.1
913.8
898.2
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

031171‐014
(Crippen, Janos, Bora, & Deddo, 2003)

Mol %
NA
NA

0.70%
NA

1.59%
NA

95.10%
2.24%
0.002%
NA

0.20%
NA
NA
NA

0.03%
0.07%
NA
NA
NA
NAcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

NA
NA

0.01%
0.01%
NA
NA

0.008%
NA
NA
NA
100%

0.99791
0.997590787
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

031171‐014
(Crippen, Janos, Bora, & Deddo, 2003)

Mol %
0.58300
1014.4
997.1
1328.6
914.2
898.5
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

031183‐013
(Crippen, Janos, Bora, & Deddo, 2003)

Mol %
NA
NA

0.74%
NA

1.44%
NA

94.60%
2.89%
0.004%
NA

0.19%
NA
NA
NA

0.03%
0.05%
NA
NA
NA
NAcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

NA
NA

0.01%
0.01%
NA
NA

0.011%
NA
NA
NA
100%

0.99788
0.997558617
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

031183‐013
(Crippen, Janos, Bora, & Deddo, 2003)

Mol %
0.58560
1020.1
1002.6
1333.0
919.4
903.7

20916 First Tier Chem Results for Natural Gas‐ Major Components Page 42

Page 1508



Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

031183‐014
(Crippen, Janos, Bora, & Deddo, 2003)

Mol %
NA
NA

0.75%
NA

1.45%
NA

94.60%
2.89%
0.004%
NA

0.19%
NA
NA
NA

0.03%
0.05%
NA
NA
NA
NAcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

NA
NA

0.01%
0.01%
NA
NA

0.012%
NA
NA
NA
100%

0.99788
0.997557421
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

031183‐014
(Crippen, Janos, Bora, & Deddo, 2003)

Mol %
0.58586
1020.1
1002.6
1332.7
919.4
903.7
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

031184‐013
(Crippen, Janos, Bora, & Deddo, 2003)

Mol %
NA
NA

0.72%
NA

1.50%
NA

94.90%
2.32%
NA
NA

0.37%
NA
NA
NA

0.05%
0.08%
NA
NA
NA
NAcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

NA
NA

0.02%
0.02%
NA
NA

0.020%
NA
NA
NA
100%

0.99788
0.997558378
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

031184‐013
(Crippen, Janos, Bora, & Deddo, 2003)

Mol %
0.58607
1020.2
1002.8
1332.7
919.5
903.8
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

031184‐014
(Crippen, Janos, Bora, & Deddo, 2003)

Mol %
NA
NA

0.73%
NA

1.49%
NA

94.90%
2.33%
NA
NA

0.38%
NA
NA
NA

0.05%
0.09%
NA
NA
NA
NAcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

NA
NA

0.02%
0.02%
NA
NA

0.020%
NA
NA
NA
100%

0.99788
0.997556559
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

031184‐014
(Crippen, Janos, Bora, & Deddo, 2003)

Mol %
0.58625
1020.4
1003.0
1332.7
919.7
904.0
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

11/16/1998
(Chao, Crippen, & Janos, 1999)

Mol %
NA
NA

0.77%
0.04%
1.41%
NA

93.40%
3.63%
NA
NA

0.49%
NA
NA
NA

0.06%
0.08%
NA
NA
NA
NAcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

NA
NA

0.03%
0.02%
BDL
NA

0.04%
NA
NA
NA
100%
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

11/16/1998
(Chao, Crippen, & Janos, 1999)

Mol %

1033

20916 First Tier Chem Results for Natural Gas‐ Major Components Page 50

Page 1516



Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

11/18/1998
(Chao, Crippen, & Janos, 1999)

Mol %
NA
NA

0.69%
BDL
1.53%
NA

93.60%
3.52%
NA
NA

0.47%
NA
NA
NA

0.06%
0.08%
NA
NA
NA
NAcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

NA
NA

0.03%
0.02%
0.00%
NA

0.04%
NA
NA
NA
100%
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

11/18/1998
(Chao, Crippen, & Janos, 1999)

Mol %

1031.9
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

11/30/1998
(Chao, Crippen, & Janos, 1999)

Mol %
NA
NA

0.97%
BDL
1.44%
NA

93.80%
3.05%
NA
NA

0.47%
NA
NA
NA

0.08%
0.09%
NA
NA
NA
NAcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

NA
NA

0.04%
0.03%
0.00%
NA

0.05%
NA
NA
NA
100%
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

11/30/1998
(Chao, Crippen, & Janos, 1999)

Mol %

1028.3
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Natural Gas
Major Components

Component
Helium
Hydrogen
Carbon Dioxide
Oxygen/Argon
Nitrogen
Carbon Monoxide
Methane
Ethane
Ethene
Ethyne
Propane
Propene
Propadiene
Propyne
i‐Butane
n‐Butane
1‐Butene
i‐Butene
trans‐2‐Butene
cis 2 Butene

12/3/1998
(Chao, Crippen, & Janos, 1999)

Mol %
NA
NA

1.02%
BDL
1.43%
NA

93.90%
2.82%
NA
NA

0.52%
NA
NA
NA

0.09%
0.11%
NA
NA
NA
NAcis‐2‐Butene

1,3‐Butadiene
i‐Pentane
n‐Pentane
neo‐Pentane
Pentenes
Hexane Plus
Ammonia
Hydrogen Sulfide
Carbonyl Sulfide
Total

Calculated Real Gas Properties  60°F, 14.73 p
Compressibility Factor [z]  (Dry)
Compressibility Factor [z]  (Sat.)

NA
NA

0.05%
0.03%
0.00%
NA

0.06%
NA
NA
NA
100%
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Natural Gas
Major Components

Component
Relative Density (Specific Gravity) (Dry)
Gross HV (Dry) (Btu/ft3)
Gross HV (Sat.) (Btu/ft3)
Wobbe Index
Net HV (Dry) (Btu/ft3)
Net HV (Sat.) (Btu/ft3)
Real Gas Density (lbs/ft3)

BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

12/3/1998
(Chao, Crippen, & Janos, 1999)

Mol %

1028.3
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Natural Gas
Extended Hydrocarbons

081748‐001 081748‐002 081755‐001 081755‐002 091152‐001 091152‐002 091152‐003
GTI GTI GTI GTI GTI GTI GTI

Component Name ppmv ppmv ppmv ppmv ppmv ppmv ppmv
Cycloalkanes
Cyclopentane 0.10 0.11 NA 0.09 0.23 0.24 0.24
Methylcyclopentane 0.08 0.09 NA 0.08 0.17 0.17 0.17
Cyclohexane 0.07 0.08 NA 0.06 0.17 0.18 0.18
Methylcyclohexane 0.07 0.08 NA 0.06 0.24 0.25 0.25
Aromatics
Benzene 0.04 0.05 NA 0.03 0.07 0.07 0.07
Toluene 0.05 0.06 NA 0.03 0.06 0.06 0.06
Ethylbenzene BDL 0.01 NA BDL BDL BDL BDL
m,p‐Xylene 0.02 0.02 NA 0.01 0.02 0.02 0.02
Styrene BDL BDL NA BDL BDL BDL BDL
o‐Xylene 0.01 0.01 NA BDL BDL BDL BDL
C3 Benzenes 0.01 0.01 NA BDL BDL 0.01 BDL
Naphthalene BDL BDL NA BDL BDL BDL BDL
C1 Naphthalenes BDL BDL NA BDL BDL BDL BDL
C2 Naphthalenes BDL BDL NA BDL BDL BDL BDL
Paraffins
Hexanes 0.71 0.77 NA 0.58 1.82 1.85 1.85
Heptanes 0.26 0.28 NA 0.19 0.83 0.86 0.86
2,2,4‐Trimethylpentane 0.01 0.01 NA 0.01 0.04 0.04 0.04
Octanes 0.13 0.14 NA 0.09 0.38 0.40 0.40
Nonanes 0.04 0.06 NA 0.03 0.11 0.11 0.11
Decanes 0.01 0.01 NA BDL 0.02 0.02 0.02
Undecanes BDL BDL NA BDL BDL BDL BDLUndecanes BDL BDL NA BDL BDL BDL BDL
Dodecanes BDL BDL NA BDL BDL BDL BDL
Tridecanes BDL BDL NA BDL BDL BDL BDL
Tetradecanes BDL BDL NA BDL BDL BDL BDL
Pentadecanes BDL BDL NA BDL BDL BDL BDL
Hexadecanes BDL BDL NA BDL BDL BDL BDL
Heptadecanes BDL BDL NA BDL BDL BDL BDL
Octadecanes BDL BDL NA BDL BDL BDL BDL
Nonadecanes BDL BDL NA BDL BDL BDL BDL
Eicosanes + BDL BDL NA BDL BDL BDL BDL

Total from Cyclopentane 1.61 1.79 NA 1.26 4.16 4.28 4.27
to Eicosanes +

Detection Limit = 0.0001 mol% (1 ppmv)
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken) or Not Available
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Natural Gas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

091566‐001 091566‐002 091560‐001 091560‐002 051083‐011 051083‐012 071790‐001
GTI GTI GTI GTI GTI GTI GTI
ppmv ppmv ppmv ppmv ppmv ppmv ppmv

0.23 0.23 0.25 0.25 0.62 0.62 NA
0.18 0.18 0.23 0.23 0.28 0.28 NA
0.20 0.20 0.23 0.23 0.07 0.07 NA
0.22 0.22 0.26 0.26 0.50 0.49 NA

0.29 0.29 0.30 0.29 0.05 0.05 NA
0.11 0.11 0.15 0.14 0.04 0.04 NA
0.01 0.01 0.01 0.01 0.01 0.01 NA
0.03 0.03 0.03 0.03 0.02 0.02 NA
BDL BDL BDL BDL BDL BDL NA
0.01 0.01 0.01 0.01 BDL BDL NA
0.01 0.01 0.01 0.01 0.02 0.02 NA
BDL BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL BDL NA

1.55 1.56 1.60 1.58 5.71 5.64 NA
0.68 0.69 0.77 0.75 2.33 2.31 NA
0.03 0.03 0.04 0.04 0.46 0.46 NA
0.33 0.33 0.40 0.38 1.08 1.10 NA
0.13 0.13 0.14 0.14 0.31 0.33 NA
0.05 0.04 0.04 0.04 0.05 0.05 NA
0.01 0.01 0.01 0.01 BDL BDL NAUndecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

0.01 0.01 0.01 0.01 BDL BDL NA
BDL BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL BDL NA
BDL BDL BDL BDL BDL BDL NA

4.07 4.08 4.48 4.40 11.55 11.49 NA
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Natural Gas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

071790‐002 071083‐001 071807‐001 071807‐002 081261‐001 081261‐003 081261‐005
GTI GTI GTI GTI GTI GTI GTI
ppmv ppmv ppmv ppmv ppmv ppmv ppmv

NA 1.23 NA NA 0.01 0.01 0.01
NA 0.91 NA NA 0.01 0.01 0.01
NA 0.92 NA NA 0.01 BDL BDL
NA 1.35 NA NA 0.01 BDL BDL

NA 0.27 NA NA BDL BDL BDL
NA 0.44 NA NA BDL BDL BDL
NA 0.01 NA NA BDL BDL BDL
NA 0.08 NA NA BDL BDL BDL
NA BDL NA NA BDL BDL BDL
NA 0.01 NA NA BDL BDL BDL
NA BDL NA NA BDL BDL BDL
NA BDL NA NA BDL BDL BDL
NA BDL NA NA BDL BDL BDL
NA BDL NA NA BDL BDL BDL

NA 10.54 NA NA 0.06 0.03 0.05
NA 3.55 NA NA 0.02 0.01 0.01
NA 0.68 NA NA BDL BDL BDL
NA 1.89 NA NA 0.01 BDL 0.01
NA 0.24 NA NA BDL BDL BDL
NA 0.01 NA NA BDL BDL BDL
NA BDL NA NA BDL BDL BDLUndecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

NA BDL NA NA BDL BDL BDL
NA BDL NA NA BDL BDL BDL
NA BDL NA NA 0.00 BDL BDL
NA BDL NA NA BDL BDL BDL
NA BDL NA NA BDL BDL BDL
NA BDL NA NA BDL BDL BDL
NA BDL NA NA BDL BDL BDL
NA BDL NA NA BDL BDL BDL
NA BDL NA NA BDL BDL BDL
NA BDL NA NA BDL BDL BDL

NA 22.13 NA NA 0.14 0.06 0.09
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Natural Gas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

081261‐006 081505‐001 081505‐002 081505‐003 081557‐001 081558‐001 081558‐002
GTI GTI GTI GTI GTI GTI GTI
ppmv ppmv ppmv ppmv ppmv ppmv ppmv

0.03 NA NA NA NA NA 0.01
0.01 NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL

BDL NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL

0.04 NA NA NA NA NA 0.14
0.03 NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL
0.01 NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL
BDL NA NA NA NA NA BDLUndecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

BDL NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL
BDL NA NA NA NA NA BDL

0.12 NA NA NA NA NA 0.15
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Natural Gas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

081565‐001 081565‐002 081565‐003 091372‐001 091372‐002 091395‐001 091395‐002
GTI GTI GTI GTI GTI GTI GTI
ppmv ppmv ppmv ppmv ppmv ppmv ppmv

NA NA NA 0.14 0.13 0.12 0.12
NA NA NA 0.15 0.14 0.14 0.14
NA NA NA 0.15 0.15 0.15 0.15
NA NA NA 0.18 0.18 0.17 0.17

NA NA NA 0.18 0.18 0.05 0.05
NA NA NA 0.14 0.14 0.05 0.05
NA NA NA 0.01 0.01 BDL BDL
NA NA NA 0.03 0.03 0.02 0.02
NA NA NA BDL BDL BDL BDL
NA NA NA 0.01 0.01 BDL BDL
NA NA NA 0.01 0.01 BDL 0.01
NA NA NA BDL BDL BDL BDL
NA NA NA BDL BDL BDL BDL
NA NA NA BDL BDL BDL BDL

NA NA NA 0.92 0.90 0.74 0.76
NA NA NA 0.40 0.39 0.30 0.31
NA NA NA 0.03 0.03 0.02 0.02
NA NA NA 0.20 0.20 0.16 0.16
NA NA NA 0.07 0.06 0.06 0.06
NA NA NA 0.02 0.02 0.02 0.01
NA NA NA 0.01 0.01 BDL 0.01Undecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

NA NA NA 0.01 0.01 BDL 0.01
NA NA NA BDL BDL BDL BDL
NA NA NA BDL BDL BDL BDL
NA NA NA BDL BDL BDL BDL
NA NA NA BDL BDL BDL BDL
NA NA NA BDL BDL BDL BDL
NA NA NA BDL BDL BDL BDL
NA NA NA BDL BDL BDL BDL
NA NA NA BDL BDL BDL BDL
NA NA NA BDL BDL BDL BDL

NA NA NA 2.65 2.59 2.00 2.04
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Natural Gas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

IGT‐011 IGT‐012 IGT‐021 IGT‐022
(Chao & Attari, 1995) (Chao & Attari, 1995) (Chao & Attari, 1995) (Chao & Attari, 1995)

ppmv ppmv ppmv ppmv

ND ND BDL 4
ND ND BDL 18
ND ND BDL 39
ND ND BDL 20

51 36 BDL 471
16 13 BDL 100
3 3 BDL 15
NA NA NA NA
NA NA NA NA

12 (total xylenes) 7 (total xylenes) BDL 11 (total xylenes)
NA NA NA NA
BDL BDL BDL BDL
NA NA NA NA
NA NA NA NA

180 170 BDL 346
112 100 2.5 302
NA NA NA NA
84 61 12 280
12 13 11 280
8 3 12 120
2 1 3 20Undecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

2 1 3 20
1 BDL 0.7 2.1

BDL BDL 0.1 0.6
BDL BDL BDL 0.1
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA

20916 First Tier Chem Results for Natural Gas‐ Extended Hydrocarbons Page 6

Page 1528



Natural Gas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

IGT‐023 IGT‐031 IGT‐041 IGT‐051
(Chao & Attari, 1995) (Chao & Attari, 1995) (Chao & Attari, 1995) (Chao & Attari, 1995)

ppmv ppmv ppmv ppmv

BDL BDL 33 30
BDL BDL 102 115
BDL BDL 109 69
BDL BDL 133 53

BDL BDL 10 BDL
BDL BDL 13 BDL
BDL BDL 9 BDL
NA NA NA NA
NA NA NA NA
BDL BDL 1 (total xylenes) BDL
NA NA NA NA
BDL BDL BDL BDL
NA NA NA NA
NA NA NA NA

BDL BDL 1156 286
BDL 1 433 350
NA NA NA NA
BDL 2 190 248
BDL 4 89 85
BDL 1 17 44
BDL BDL 4 11Undecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

BDL BDL 4 11
BDL BDL BDL 1
BDL BDL BDL BDL
BDL BDL BDL BDL
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA
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Natural Gas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

IGT‐061 IGT‐062 IGT‐063 IGT‐071
(Chao & Attari, 1995) (Chao & Attari, 1995) (Chao & Attari, 1995) (Chao & Attari, 1995)

ppmv ppmv ppmv ppmv

5 23 12 9
14 63 33 22
12 80 36 24
12 76 34 24

4.5 15 10 9
3.7 14 10 13
0.1 1 0.4 BDL
NA NA NA NA
NA NA NA NA

0.6 (total xylenes) 3 (total xylenes) 1.7 (total xylenes) 4 (total xylenes)
NA NA NA NA
BDL BDL BDL BDL
NA NA NA NA
NA NA NA NA

77 453 193 84
28 199 80 33
NA NA NA NA
7.8 74 30 14
1.3 20 7 4
0.3 2 3.8 0.7
0.3 0.9 2.5 0.3Undecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

0.3 0.9 2.5 0.3
0.3 0.4 0.8 BDL
0.1 0.1 BDL BDL
0.1 0.1 BDL BDL
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA
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Natural Gas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

IGT‐081 IGT‐082 IGT‐085 IGT‐084
(Chao & Attari, 1995) (Chao & Attari, 1995) (Chao & Attari, 1995) (Chao & Attari, 1995)

ppmv ppmv ppmv ppmv

1 50 2 7
5 164 2.8 20
0.8 146 4 20
2.2 175 2.8 19

1.2 72 0.8 6
0.4 98 BDL 6
0.3 6 BDL 0.3
NA NA NA NA
NA NA NA NA

0.2 (total xylenes) 33 (total xylenes) BDL 1 (total xylenes)
NA NA NA NA
BDL BDL BDL BDL
NA NA NA NA
NA NA NA NA

7 298 22 76
7 212 14 40
NA NA NA NA
7 134 3.4 17
4 48 0.8 4
1.2 6 0.2 1.8
BDL BDL BDL 1.3Undecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

BDL BDL BDL 1.3
BDL BDL BDL 0.6
BDL BDL BDL 0.1
BDL BDL BDL BDL
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA
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Natural Gas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

IGT‐091 IGT‐101 IGT111
(Chao & Attari, 1995) (Chao & Attari, 1995) (Chao & Attari, 1995)

ppmv ppmv ppmv

6 12 12
19 37 33
26 36 33
27 42 42

7 59 58
6 23 26
0.5 1.8 2
NA NA NA
NA NA NA

1.5 (total xylenes) 7 (total xylenes) 5 (total xylenes)
NA NA NA
BDL BDL BDL
NA NA NA
NA NA NA

142 290 280
59 147 135
NA NA NA
26 59 71
9 22 29
4.9 11 15
0.5 4.1 5.5Undecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

0.5 4.1 5.5
0.4 1.8 2.6
0.3 0.5 0.7
0.2 BDL 0.1
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
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Natural Gas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

031171‐013 031171‐014
 (Crippen, Janos, Bora, & Deddo, 2003)  (Crippen, Janos, Bora, & Deddo, 2003)

ppmv ppmv

5.7 5.2
5.7 5.2
6.9 6.5
4.5 4.1

2.1 2
3.9 3.5
0.5 0.4
NA NA
NA NA

1.8 (total xylenes) 1.4 (total xylenes)
NA NA
NA NA
NA NA
NA NA

37.2 36.3
10.5 9.8
NA NA
4 3.6
2 1.9
NA NA
NA NAUndecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA

NA NA
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Natural Gas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

031183‐013 031183‐014
 (Crippen, Janos, Bora, & Deddo, 2003)  (Crippen, Janos, Bora, & Deddo,  2003)

ppmv ppmv

5.9 6
5.9 6
9.1 9.5
5.3 5.8

3 3.1
6.1 7
0.8 1.1
NA NA
NA NA

2.6 (total xylenes) 3.8 (total xylenes)
NA NA
NA NA
NA NA
NA NA

49.8 50.3
13.7 14.5
NA NA
5 5.7
2.3 3.1
NA 0.5
NA 0.7Undecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

NA 0.7
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA

NA NA
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Natural Gas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

031184‐013 031184‐014
 (Crippen, Janos, Bora, & Deddo, 2003)  (Crippen, Janos, Bora, & Deddo, 2003)

ppmv ppmv

10 10.2
10 10.2
15.7 15.4
8.6 8.5

5 4.8
12.2 12
1.6 1.6
NA NA
NA NA

5.4 (total xylenes) 5.4 (total xylenes)
NA NA
NA NA
NA NA
NA NA

94.2 92.2
25.1 24.6
NA NA
9.5 9.1
5.2 5.2

0.6 0.8Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

0.6 0.8
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA

NA NA
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Natural Gas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

11/16/1998 11/18/1998 11/30/1998
(Chao, Crippen, & Janos, 1999) (Chao, Crippen, & Janos, 1999) (Chao, Crippen, & Janos, 1999)

ppmv ppmv ppmv

11 9 9
28 25 26
33 29 29
37 30 25

8.8 8.5 25.8
10.2 10.1 9.9
0.63 BDL 0.42
NA NA NA
NA NA NA

3.52 (total xylenes) 3.55 (total xylenes) 4.16 (total xylenes)
NA NA NA
NA NA NA
NA NA NA
NA NA NA

169 155 207
66 54 77
NA NA NA
39 32 54
12 10 21
2 3 6
1 1 2Undecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

1 1 2
BDL 1 BDL
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA
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Natural Gas
Extended Hydrocarbons

Component Name
Cycloalkanes
Cyclopentane
Methylcyclopentane
Cyclohexane
Methylcyclohexane
Aromatics
Benzene
Toluene
Ethylbenzene
m,p‐Xylene
Styrene
o‐Xylene
C3 Benzenes
Naphthalene
C1 Naphthalenes
C2 Naphthalenes
Paraffins
Hexanes
Heptanes
2,2,4‐Trimethylpentane
Octanes
Nonanes
Decanes
Undecanes

12/3/1998
(Chao, Crippen, & Janos, 1999)

ppmv

10
28
33
28

27.8
11.2
1.69
NA
NA

4.08 (total xylenes)
NA
NA
NA
NA

265
100
NA
65
26
6
2Undecanes

Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes +

Total from Cyclopentane
to Eicosanes +

Detection Limit = 0.0001 mol%
BDL = Below Detection Limit
NA = Not Analyzed (no sample

2
1
NA
NA
NA
NA
NA
NA
NA
NA

NA
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Natural Gas
Sulfurs

081748‐001 081748‐002 081755‐001

GTI GTI GTI

Component Name ppmv ppmv ppmv
Hydrogen Sulfide 0.13 0.11 NA
Sulfur Dioxide BDL BDL NA
Carbonyl Sulfide 0.12 0.14 NA
Carbon Disulfide BDL BDL NA
Methyl Mercaptan 0.13 0.11 NA
Ethyl Mercaptan BDL BDL NA
i‐Propyl Mercaptan BDL BDL NA
n‐Propyl Mercaptan BDL BDL NA
t‐Butyl Mercaptan BDL BDL NA
Dimethyl Sulfide 0.20 0.13 NA
Methyl Ethyl Sulfide BDL BDL NA
Diethyl Sulfide BDL BDL NA
Di‐t‐Butyl Sulfide BDL BDL NA
Dimethyl Disulfide 0.24 0.23 NA
Methyl Ethyl Disulfide BDL BDL NA
Methyl i‐Propyl Disulfide BDL BDL NA
Diethyl Disulfide BDL BDL NA
Methyl n Propyl Disulfide BDL BDL NAMethyl n‐Propyl Disulfide BDL BDL NA
Methyl t‐Butyl Disulfide BDL BDL NA
Ethyl i‐Propyl Disulfide BDL BDL NA
Ethyl n‐Propyl Disulfide BDL BDL NA
Ethyl t‐Butyl Disulfide BDL BDL NA
Di‐i‐Propyl Disulfide BDL BDL NA
i‐Propyl n‐Propyl Disulfide BDL BDL NA
Di‐n‐Propyl Disulfide BDL BDL NA
i‐Propyl t‐Butyl Disulfide BDL BDL NA
n‐Propyl t‐Butyl Disulfide BDL BDL NA
Di‐t‐Butyl Disulfide BDL BDL NA
Dimethyl Trisulfide BDL BDL NA
Diethyl Trisulfide BDL BDL NA
Di‐t‐Butyl Trisulfide BDL BDL NA
Thiophene BDL BDL NA
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Natural Gas
Sulfurs

081748‐001 081748‐002 081755‐001

GTI GTI GTI

Component Name ppmv ppmv ppmv
C1‐Thiophenes BDL BDL NA
C2‐Thiophenes BDL BDL NA
C3‐Thiophenes BDL BDL NA
Benzothiophene BDL BDL NA
C1‐Benzothiophenes BDL BDL NA
C2‐Benzothiophenes BDL BDL NA
Thiophane BDL BDL NA
Thiophenol BDL BDL NA
Individual Unidentified BDL BDL NA

Calculated Sulfur Content
Total Sulfur
       As molar PPM S 1.06 0.95 NA

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

NA = Not Analyzed (no sample taken)
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Natural Gas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n Propyl Disulfide

081755‐002 091152‐001 091152‐002

GTI GTI GTI

ppmv ppmv ppmv
BDL 0.50 0.47
BDL BDL BDL
0.24 7.94 7.71
BDL BDL BDL
BDL 5.38 5.29
BDL 1.63 1.45
BDL 0.49 0.44
BDL BDL BDL
BDL 1.53 1.42
BDL 0.19 0.17
BDL 1.23 1.13
BDL BDL BDL
BDL BDL BDL
0.03 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDLMethyl n‐Propyl Disulfide

Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene

BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.12 0.10
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Natural Gas
Sulfurs

Component Name
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081755‐002 091152‐001 091152‐002

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

0.30 19.0 18.2

NA = Not Analyzed (no sample taken)
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Natural Gas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n Propyl Disulfide

091152‐003 091566‐001 091566‐002

GTI GTI GTI

ppmv ppmv ppmv
0.43 0.28 0.33
BDL BDL BDL
7.85 0.06 0.06
BDL BDL BDL
5.27 0.05 0.05
1.38 BDL BDL
0.42 0.29 0.32
BDL BDL BDL
1.38 1.32 1.39
0.17 0.06 0.05
1.07 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDLMethyl n‐Propyl Disulfide

Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene

BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.08 BDL BDL
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Natural Gas
Sulfurs

Component Name
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091152‐003 091566‐001 091566‐002

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

18.1 2.1 2.3

NA = Not Analyzed (no sample taken)
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Natural Gas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n Propyl Disulfide

091560‐001 091560‐002 051083‐011

GTI GTI GTI

ppmv ppmv ppmv
0.34 0.33 BDL
BDL BDL BDL
0.08 0.06 BDL
BDL BDL BDL
BDL 0.05 BDL
BDL BDL 0.10
0.21 0.23 0.03
BDL BDL BDL
0.89 0.92 0.37
0.05 0.05 0.23
BDL BDL 0.84
BDL BDL 0.97
BDL BDL BDL
BDL BDL 0.13
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.03
BDL BDL BDLMethyl n‐Propyl Disulfide

Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene

BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.07
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.01
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.29
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Natural Gas
Sulfurs

Component Name
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091560‐001 091560‐002 051083‐011

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL 0.05
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 1.1
BDL BDL BDL
BDL BDL 0.13

1.57 1.64 4.64

NA = Not Analyzed (no sample taken)
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Natural Gas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n Propyl Disulfide

051083‐012 071790‐001 071790‐002

GTI GTI GTI

ppmv ppmv ppmv
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
0.13 NA NA
0.04 NA NA
BDL NA NA
0.40 NA NA
0.23 NA NA
0.82 NA NA
0.97 NA NA
BDL NA NA
0.14 NA NA
0.02 NA NA
BDL NA NA
0.04 NA NA
BDL NA NAMethyl n‐Propyl Disulfide

Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene

BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
0.11 NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
0.02 NA NA
BDL NA NA
BDL NA NA
0.29 NA NA
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Natural Gas
Sulfurs

Component Name
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

051083‐012 071790‐001 071790‐002

GTI GTI GTI

ppmv ppmv ppmv
0.05 NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
1.3 NA NA
BDL NA NA
0.14 NA NA

5.03 NA NA

NA = Not Analyzed (no sample taken)
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Natural Gas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n Propyl Disulfide

071083‐001 071807‐001 071807‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NAMethyl n‐Propyl Disulfide

Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Sulfurs

Component Name
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

071083‐001 071807‐001 071807‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA

NA = Not Analyzed (no sample taken)
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Natural Gas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n Propyl Disulfide

081261‐001 081261‐003 081261‐005

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NAMethyl n‐Propyl Disulfide

Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Sulfurs

Component Name
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081261‐001 081261‐003 081261‐005

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA

NA = Not Analyzed (no sample taken)
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Natural Gas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n Propyl Disulfide

081261‐006 081505‐001 081505‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NAMethyl n‐Propyl Disulfide

Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Sulfurs

Component Name
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081261‐006 081505‐001 081505‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA

NA = Not Analyzed (no sample taken)
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Natural Gas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n Propyl Disulfide

081505‐003 081557‐001 081558‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NAMethyl n‐Propyl Disulfide

Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Sulfurs

Component Name
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081505‐003 081557‐001 081558‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA

NA = Not Analyzed (no sample taken)
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Natural Gas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n Propyl Disulfide

081558‐002 081565‐001 081565‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NAMethyl n‐Propyl Disulfide

Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Sulfurs

Component Name
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081558‐002 081565‐001 081565‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA NA NA

NA = Not Analyzed (no sample taken)
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Natural Gas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n Propyl Disulfide

081565‐003 091372‐001 091372‐002

GTI GTI GTI

ppmv ppmv ppmv
NA 0.38 0.14
NA BDL BDL
NA 0.14 0.22
NA BDL BDL
NA 0.06 BDL
NA BDL BDL
NA 1.12 0.86
NA 0.43 0.22
NA 5.32 4.06
NA 0.26 0.21
NA 0.11 0.08
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDLMethyl n‐Propyl Disulfide

Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene

NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA 0.06 0.05
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Natural Gas
Sulfurs

Component Name
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

081565‐003 091372‐001 091372‐002

GTI GTI GTI

ppmv ppmv ppmv
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL

NA 7.88 5.84

NA = Not Analyzed (no sample taken)
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Natural Gas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n Propyl Disulfide

091395‐001 091395‐002 IGT‐011

GTI GTI
(Chao & Attari, 

1995)

ppmv ppmv ppmv
0.23 0.26 BDL
BDL BDL NA
0.12 0.12 NA
BDL BDL NA
BDL BDL 0.05
BDL BDL 0.04
BDL BDL 0.02
BDL BDL BDL
2.09 1.43 0.08
BDL BDL BDL
0.64 0.73 NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL <0.02
BDL BDL NAMethyl n‐Propyl Disulfide

Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene

BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL 0.4
BDL BDL 0.29
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Natural Gas
Sulfurs

Component Name
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

091395‐001 091395‐002 IGT‐011

GTI GTI
(Chao & Attari, 

1995)

ppmv ppmv ppmv
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA
BDL BDL NA

3.08 2.54 0.88

NA = Not Analyzed (no sample taken)
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Natural Gas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n Propyl Disulfide

IGT‐012 IGT‐021 IGT‐022

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv ppmv ppmv
BDL BDL 6
NA NA NA
NA NA NA
NA NA NA
0.04 BDL BDL
0.04 BDL BDL
0.02 BDL BDL
BDL BDL BDL
0.07 BDL BDL
0.02 BDL BDL
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

<0.02 <0.02 0.08
NA NA NAMethyl n‐Propyl Disulfide

Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
0.02 BDL BDL
0.51 BDL BDL
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Natural Gas
Sulfurs

Component Name
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

IGT‐012 IGT‐021 IGT‐022

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

0.72 NA 0.08

NA = Not Analyzed (no sample taken)
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Natural Gas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n Propyl Disulfide

IGT‐023 IGT‐031 IGT‐041

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv ppmv ppmv
BDL BDL BDL
NA NA NA
NA NA NA
NA NA NA
BDL BDL BDL
BDL 0.05 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.5
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

<0.02 <0.02 0.8
NA NA NAMethyl n‐Propyl Disulfide

Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
BDL BDL BDL
BDL BDL BDL
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Natural Gas
Sulfurs

Component Name
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

IGT‐023 IGT‐031 IGT‐041

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA 0.05 1.30

NA = Not Analyzed (no sample taken)
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Natural Gas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n Propyl Disulfide

IGT‐051 IGT‐061 IGT‐062

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv ppmv ppmv
BDL BDL BDL
NA NA NA
NA BDL BDL
NA BDL BDL
BDL BDL 0.02
BDL 0.07 0.1
0.06 0.41 0.15
BDL 0.02 BDL
0.03 BDL 0.02
BDL BDL 0.02
NA BDL 0.06
NA NA NA
NA NA NA
NA BDL BDL
NA BDL 0.05
NA BDL 0.03

<0.02 BDL 0.06
NA NA NAMethyl n‐Propyl Disulfide

Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene

NA NA NA
NA NA NA
NA 0.02 0.12
NA BDL 0.03
NA BDL 0.03
NA NA NA
NA BDL 0.09
NA 0.02 0.03
NA BDL 0.02
NA NA NA
NA BDL BDL
NA NA NA
NA NA NA
BDL NA NA
BDL BDL BDL
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Natural Gas
Sulfurs

Component Name
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

IGT‐051 IGT‐061 IGT‐062

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

0.09 0.54 0.83

NA = Not Analyzed (no sample taken)
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Natural Gas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n Propyl Disulfide

IGT‐063 IGT‐071 IGT‐081

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv ppmv ppmv
BDL BDL 0.03
NA NA NA
BDL 0.02 BDL
0.02 BDL BDL
0.02 0.15 BDL
0.09 0.16 BDL
0.25 0.06 BDL
BDL BDL BDL
BDL 0.05 BDL
0.03 BDL 0.32
0.04 BDL BDL
NA NA NA
NA NA NA
BDL 0.05 BDL
0.03 BDL BDL
0.04 BDL BDL
0.02 BDL BDL
NA NA NAMethyl n‐Propyl Disulfide

Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene

NA NA NA
NA NA NA
0.04 BDL BDL
BDL BDL BDL
BDL BDL BDL
NA NA NA
0.03 BDL BDL
BDL BDL BDL
BDL BDL BDL
NA NA NA
BDL BDL BDL
NA NA NA
NA NA NA
NA NA NA
BDL BDL BDL
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Natural Gas
Sulfurs

Component Name
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

IGT‐063 IGT‐071 IGT‐081

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

0.61 0.47 0.32

NA = Not Analyzed (no sample taken)
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Natural Gas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n Propyl Disulfide

IGT‐082 IGT‐085 IGT‐084

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv ppmv ppmv
BDL BDL BDL
NA NA NA
BDL 0.24 0.17
BDL BDL BDL
BDL 0.09 0.03
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.97 0.93
0.12 BDL BDL
BDL BDL BDL
NA NA NA
NA NA NA
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
NA NA NAMethyl n‐Propyl Disulfide

Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene

NA NA NA
NA NA NA
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
NA NA NA
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
NA NA NA
BDL BDL BDL
NA NA NA
NA NA NA
NA NA NA
BDL 0.39 0.21
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Natural Gas
Sulfurs

Component Name
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

IGT‐082 IGT‐085 IGT‐084

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

0.12 1.45 1.17

NA = Not Analyzed (no sample taken)
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Natural Gas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n Propyl Disulfide

IGT‐091 IGT‐101 IGT111

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv ppmv ppmv
BDL BDL BDL
NA NA NA
BDL 0.03 0.02
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.02 0.86 BDL
BDL 0.05 BDL
BDL 0.14 BDL
BDL 0.03 0.03
BDL BDL BDL
NA NA NA
NA NA NA
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
NA NA NAMethyl n‐Propyl Disulfide

Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene

NA NA NA
NA NA NA
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
NA NA NA
BDL BDL BDL
BDL 0.02 BDL
BDL BDL BDL
NA NA NA
BDL BDL BDL
NA NA NA
NA NA NA
NA NA NA
0.03 BDL BDL

20916 First Tier Chem Results for Natural Gas‐ Sulfurs Page 35

Page 1572



Natural Gas
Sulfurs

Component Name
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

IGT‐091 IGT‐101 IGT111

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

0.05 1.10 0.03

NA = Not Analyzed (no sample taken)
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Natural Gas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n Propyl Disulfide

031171‐013 031171‐014 031183‐013
 (Crippen, Janos, 
Bora, & Deddo, 

2003)

 (Crippen, Janos, 
Bora, & Deddo, 

2003)

 (Crippen, Janos, 
Bora, & Deddo, 

2003)
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
0.05 0.06 NA
NA NA NA
NA NA NA
NA NA NA
2.67 2.3 NA
0.93 0.83 NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NAMethyl n‐Propyl Disulfide

Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Sulfurs

Component Name
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

031171‐013 031171‐014 031183‐013
 (Crippen, Janos, 
Bora, & Deddo, 

2003)

 (Crippen, Janos, 
Bora, & Deddo, 

2003)

 (Crippen, Janos, 
Bora, & Deddo, 

2003)
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

3.65 3.19 NA

NA = Not Analyzed (no sample taken)
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Natural Gas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n Propyl Disulfide

031183‐014 031184‐013 031184‐014
 (Crippen, Janos, 
Bora, & Deddo, 

2003)

 (Crippen, Janos, 
Bora, & Deddo, 

2003)

 (Crippen, Janos, 
Bora, & Deddo, 

2003)
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA 0.11 0.12
NA 0.04 0.04
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NAMethyl n‐Propyl Disulfide

Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Sulfurs

Component Name
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

031183‐014 031184‐013 031184‐014
 (Crippen, Janos, 
Bora, & Deddo, 

2003)

 (Crippen, Janos, 
Bora, & Deddo, 

2003)

 (Crippen, Janos, 
Bora, & Deddo, 

2003)
ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

NA 0.15 0.16

NA = Not Analyzed (no sample taken)
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Natural Gas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n Propyl Disulfide

11/16/1998 11/18/1998 11/30/1998

(Chao, Crippen, 
& Janos, 1999)

(Chao, Crippen, 
& Janos, 1999)

(Chao, Crippen, 
& Janos, 1999)

ppmv ppmv ppmv
BDL ND BDL
NA NA NA
0.1 ND 0.05
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
BDL ND 0.77
0.86 ND 0.83
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NAMethyl n‐Propyl Disulfide

Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene

NA NA NA
0.03 ND 0.05
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Sulfurs

Component Name
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

11/16/1998 11/18/1998 11/30/1998

(Chao, Crippen, 
& Janos, 1999)

(Chao, Crippen, 
& Janos, 1999)

(Chao, Crippen, 
& Janos, 1999)

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

0.89 NA 1.65

NA = Not Analyzed (no sample taken)
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Natural Gas
Sulfurs

Component Name
Hydrogen Sulfide
Sulfur Dioxide
Carbonyl Sulfide
Carbon Disulfide
Methyl Mercaptan
Ethyl Mercaptan
i‐Propyl Mercaptan
n‐Propyl Mercaptan
t‐Butyl Mercaptan
Dimethyl Sulfide
Methyl Ethyl Sulfide
Diethyl Sulfide
Di‐t‐Butyl Sulfide
Dimethyl Disulfide
Methyl Ethyl Disulfide
Methyl i‐Propyl Disulfide
Diethyl Disulfide
Methyl n Propyl Disulfide

12/3/1998

(Chao, Crippen, 
& Janos, 1999)

ppmv
ND
NA
ND
NA
NA
NA
NA
NA
ND
ND
NA
NA
NA
NA
NA
NA
NA
NAMethyl n‐Propyl Disulfide

Methyl t‐Butyl Disulfide
Ethyl i‐Propyl Disulfide
Ethyl n‐Propyl Disulfide
Ethyl t‐Butyl Disulfide
Di‐i‐Propyl Disulfide
i‐Propyl n‐Propyl Disulfide
Di‐n‐Propyl Disulfide
i‐Propyl t‐Butyl Disulfide
n‐Propyl t‐Butyl Disulfide
Di‐t‐Butyl Disulfide
Dimethyl Trisulfide
Diethyl Trisulfide
Di‐t‐Butyl Trisulfide
Thiophene

NA
ND
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
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Natural Gas
Sulfurs

Component Name
C1‐Thiophenes
C2‐Thiophenes
C3‐Thiophenes
Benzothiophene
C1‐Benzothiophenes
C2‐Benzothiophenes
Thiophane
Thiophenol
Individual Unidentified

Calculated Sulfur Content
Total Sulfur
       As molar PPM S

Detection Limit = 0.05 ppmv S
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

Sulfur Compounds (all as monosulfides)

12/3/1998

(Chao, Crippen, 
& Janos, 1999)

ppmv
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA

NA = Not Analyzed (no sample taken)
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Natural Gas
Halocarbons

081748‐001 081748‐002 081755‐001

GTI GTI GTI

Component Name ppmv ppmv ppmv
Dichlorodifluoromethane (CFC‐12) BDL BDL NA
1,2‐Dichlorotetrafluoroethane (CFC‐114) BDL BDL NA
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113) BDL BDL NA
Trichlorofluoromethane (CFC‐11) BDL BDL NA
Chloromethane BDL BDL NA
Dichloromethane (Methylene Chloride) BDL BDL NA
Chloroform BDL BDL NA
Carbon Tetrachloride BDL BDL NA
Chloroethane BDL BDL NA
1,1‐Dichloroethane BDL BDL NA
1,2‐Dichloroethane BDL BDL NA
1,1,1‐Trichloroethane BDL BDL NA
1,1,2‐Trichloroethane BDL BDL NA
1,1,2,2‐Tetrachloroethane BDL BDL NA
Chloroethene (Vinyl Chloride) BDL BDL NA
1,1‐Dichloroethene BDL BDL NA
cis‐1,2‐Dichloroethene BDL BDL NA
Trichloroethene BDL BDL NA
Tetrachloroethene BDL BDL NA
1,2‐Dichloropropane BDL BDL NA
3‐Chloropropene BDL BDL NA
cis‐1,3‐Dichloropropene BDL BDL NA
trans‐1,3‐Dichloropropene BDL BDL NA
Bromomethane BDL BDL NA
1,2‐Dibromoethane BDL BDL NA
Chlorobenzene BDL BDL NA
1,2‐Dichlorobenzene BDL BDL NA
1,3‐Dichlorobenzene BDL BDL NA
1,4‐Dichlorobenzene BDL BDL NA
1,2,4‐Trichlorobenzene BDL BDL NA
Hexachloro‐1,3‐butadiene BDL BDL NA
Total TO‐14 Halocarbon Components: BDL BDL NA

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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Natural Gas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene

081755‐002 091152‐001 091152‐002

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Natural Gas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene

091152‐003 091566‐001 091566‐002

GTI GTI GTI

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Natural Gas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene

091560‐001 091560‐002 051083‐011

GTI GTI GTI

ppmv ppmv ppmv
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL

1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA BDL
NA NA <0.05
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Natural Gas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene

051083‐012 071790‐001 071790‐002

GTI GTI GTI

ppmv ppmv ppmv
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA

1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
BDL NA NA
<0.05 NA NA
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Natural Gas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene

071083‐001 071807‐001 071807‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene

081261‐001 081261‐003 081261‐005

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

20916 First Tier Chem Results for Natural Gas‐ Halocarbons Page 7

Page 1588



Natural Gas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene

081261‐006 081505‐001 081505‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene

081505‐003 081557‐001 081558‐001

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene

081558‐002 081565‐001 081565‐002

GTI GTI GTI

ppmv ppmv ppmv
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene

081565‐003 091372‐001 091372‐002

GTI GTI GTI

ppmv ppmv ppmv
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL

1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
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Natural Gas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene

091395‐001 091395‐002 IGT‐011

GTI GTI
(Chao & Attari, 

1995)

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Natural Gas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene

IGT‐012 IGT‐021 IGT‐022

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Natural Gas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene

IGT‐023 IGT‐031 IGT‐041

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Natural Gas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene

IGT‐051 IGT‐061 IGT‐062

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Natural Gas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene

IGT‐063 IGT‐071 IGT‐081

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Natural Gas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene

IGT‐082 IGT‐085 IGT‐084

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Natural Gas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene

IGT‐091 IGT‐101 IGT111

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Natural Gas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene

031171‐013 031171‐014 031183‐013
 (Crippen, Janos, 
Bora, & Deddo, 

2003)

 (Crippen, Janos, 
Bora, & Deddo, 

2003)

 (Crippen, Janos, 
Bora, & Deddo, 

2003)
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

20916 First Tier Chem Results for Natural Gas‐ Halocarbons Page 19

Page 1600



Natural Gas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene

031183‐014 031184‐013 031184‐014
 (Crippen, Janos, 
Bora, & Deddo, 

2003)

 (Crippen, Janos, 
Bora, & Deddo, 

2003)

 (Crippen, Janos, 
Bora, & Deddo, 

2003)
ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Natural Gas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene

11/16/1998 11/18/1998 11/30/1998

(Chao, Crippen, 
& Janos, 1999)

(Chao, Crippen, 
& Janos, 1999)

(Chao, Crippen, 
& Janos, 1999)

ppmv ppmv ppmv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Natural Gas
Halocarbons

Component Name
Dichlorodifluoromethane (CFC‐12)
1,2‐Dichlorotetrafluoroethane (CFC‐114)
1,1,2‐Trichloro‐1,2,2‐trifluoroethane (CFC‐113)
Trichlorofluoromethane (CFC‐11)
Chloromethane
Dichloromethane (Methylene Chloride)
Chloroform
Carbon Tetrachloride
Chloroethane
1,1‐Dichloroethane
1,2‐Dichloroethane
1,1,1‐Trichloroethane
1,1,2‐Trichloroethane
1,1,2,2‐Tetrachloroethane
Chloroethene (Vinyl Chloride)
1,1‐Dichloroethene
cis‐1,2‐Dichloroethene
Trichloroethene
Tetrachloroethene

12/3/1998

(Chao, Crippen, 
& Janos, 1999)

ppmv
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL

1,2‐Dichloropropane
3‐Chloropropene
cis‐1,3‐Dichloropropene
trans‐1,3‐Dichloropropene
Bromomethane
1,2‐Dibromoethane
Chlorobenzene
1,2‐Dichlorobenzene
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
1,2,4‐Trichlorobenzene
Hexachloro‐1,3‐butadiene
Total TO‐14 Halocarbon Components:

Detection Limit = 0.1 ppmv
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
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Natural Gas
Volatile Metals

081748‐001 081748‐002 081755‐001 081755‐002 091152‐001

GTI GTI GTI GTI GTI

Component µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

Mercury BDL BDL BDL BDL BDL

Component µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

Arsenic BDL BDL BDL BDL BDL
Barium BDL BDL BDL BDL BDL
Beryllium BDL BDL BDL BDL BDL
Cadmium BDL BDL BDL BDL BDL
Cobalt BDL BDL BDL BDL BDL
Chromium BDL BDL BDL BDL BDL
Copper BDL BDL BDL BDL 67
Manganese BDL BDL BDL BDL BDL
Molybdenum BDL BDL BDL BDL BDL
Nickel BDL BDL BDL BDL BDL
Lead BDL BDL BDL BDL BDL
Antimony BDL BDL BDL BDL BDL
Selenium BDL BDL BDL BDL BDL
Strontium BDL BDL BDL BDL BDL
Thallium BDL BDL BDL BDL BDL
Zinc 104 BDL BDL 50 48
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Natural Gas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium

091152‐002 091152‐003 091566‐001 091566‐002 091560‐001

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

BDL NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

BDL NA NA BDL NA
1.8 NA NA BDL NA
BDL NA NA BDL NA
BDL NA NA BDL NA
BDL NA NA BDL NA
BDL NA NA BDL NA
7.6 NA NA BDL NA
BDL NA NA BDL NA
BDL NA NA BDL NA
BDL NA NA BDL NA
BDL NA NA BDL NA
BDL NA NA BDL NA
BDL NA NA BDL NA
BDL NA NA BDL NA

Thallium
Zinc

BDL NA NA BDL NA
42 NA NA 213 NA
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Natural Gas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium

091560‐002 051083‐011 051083‐012 071790‐001 071790‐002

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

Thallium
Zinc

NA NA NA NA NA
NA NA NA NA NA
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Natural Gas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium

071083‐001 071807‐001 071807‐002 081261‐001 081261‐003

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

Thallium
Zinc

NA NA NA NA NA
NA NA NA NA NA
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Natural Gas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium

081261‐005 081261‐006 081505‐001 081505‐002 081505‐003

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

Thallium
Zinc

NA NA NA NA NA
NA NA NA NA NA
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Natural Gas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium

081557‐001 081558‐001 081558‐002 081565‐001 081565‐002

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

Thallium
Zinc

NA NA NA NA NA
NA NA NA NA NA
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Natural Gas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium

081565‐003 091372‐001 091372‐002 091395‐001 091395‐002

GTI GTI GTI GTI GTI

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

Thallium
Zinc

NA NA NA NA NA
NA NA NA NA NA
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Natural Gas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium

IGT‐011 IGT‐012 IGT‐021 IGT‐022 IGT‐023

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

<0.2 <0.2 <0.2 <0.2 <0.2

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

BDL BDL BDL BDL BDL
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

Thallium
Zinc

NA NA NA NA NA
NA NA NA NA NA
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Natural Gas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium

IGT‐031 IGT‐041 IGT‐051 IGT‐061 IGT‐062

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

<0.2 <0.2 <0.2 <0.2 <0.2

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

BDL BDL BDL BDL BDL
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

Thallium
Zinc

NA NA NA NA NA
NA NA NA NA NA
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Natural Gas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium

IGT‐063 IGT‐071 IGT‐081 IGT‐082 IGT‐085

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

<0.2 <0.2 <0.1 <0.1 <0.1

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

BDL BDL BDL 2 BDL
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

Thallium
Zinc

NA NA NA NA NA
NA NA NA NA NA
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Natural Gas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium

IGT‐084 IGT‐091 IGT‐101 IGT111 031171‐013

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

 (Crippen, Janos, 
Bora, & Deddo, 

2003)

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

<0.02 <0.02 <0.02 <0.02 <0.01

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

BDL 4 BDL BDL BDL
NA NA NA NA 1.0
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA 0.1
NA NA NA NA 0.6
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

Thallium
Zinc

NA NA NA NA NA
NA NA NA NA NA
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Natural Gas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium

031171‐014 031183‐013 031183‐014 031184‐013 031184‐014
 (Crippen, Janos, 
Bora, & Deddo, 

2003)

 (Crippen, Janos, 
Bora, & Deddo, 

2003)

 (Crippen, Janos, 
Bora, & Deddo, 

2003)

 (Crippen, Janos, 
Bora, & Deddo, 

2003)

 (Crippen, Janos, 
Bora, & Deddo, 

2003)

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

<0.01 <0.01 <0.01 <0.01 <0.01

µg/M3 µg/M3 µg/M3 µg/M3 µg/M3

BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
BDL 0.2 BDL BDL BDL
NA NA NA NA NA
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

Thallium
Zinc

NA NA NA NA NA
NA NA NA NA NA
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Natural Gas
Volatile Metals

Component
Mercury

Component
Arsenic
Barium
Beryllium
Cadmium
Cobalt
Chromium
Copper
Manganese
Molybdenum
Nickel
Lead
Antimony
Selenium
Strontium

11/16/1998 11/18/1998 11/30/1998 12/3/1998

(Chao, Crippen, 
& Janos, 1999)

(Chao, Crippen, 
& Janos, 1999)

(Chao, Crippen, 
& Janos, 1999)

(Chao, Crippen, 
& Janos, 1999)

µg/M3 µg/M3 µg/M3 µg/M3

BDL BDL BDL BDL

µg/M3 µg/M3 µg/M3 µg/M3

0.13 0.15 BDL 1.37
BDL BDL BDL BDL
NA NA NA NA
BDL BDL BDL BDL
NA NA NA 0.27
NA NA NA NA
NA NA NA NA
BDL BDL BDL BDL
NA NA NA NA
BDL BDL BDL BDL
BDL BDL BDL BDL
NA NA NA NA
NA NA NA NA
NA NA NA NA

Thallium
Zinc

NA NA NA NA
NA NA NA NA
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Natural Gas
Total Organic Silcon

081748‐001 081748‐002 081755‐001

GTI GTI GTI

Component ppmv as Si ppmv as Si ppmv as Si
1,1,3,3‐Tetramethyldisiloxane BDL BDL NA
Pentamethyldisiloxane BDL BDL NA
Hexamethyldisilane BDL BDL NA
Hexamethyldisiloxane (L2, MM) BDL BDL NA
Octamethyltrisiloxane (L3, MDM) BDL BDL NA
Octamethylcyclotetrasiloxane (D4) BDL BDL NA
Decamethyltetrasiloxane (L4, MD2M) BDL BDL NA
Decamethylcyclopentasiloxane (D5) BDL BDL NA
Dodecamethylpentasiloxane (L5, MD3M) BDL BDL NA
Unidentified organic silicon compound BDL BDL NA

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)
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Natural Gas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081755‐002 091152‐001 091152‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Natural Gas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091152‐003 091566‐001 091566‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
NA BDL BDL
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Natural Gas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091560‐001 091560‐002 051083‐011

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

051083‐012 071790‐001 071790‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

071083‐001 071807‐001 071807‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081261‐001 081261‐003 081261‐005

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081261‐006 081505‐001 081505‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081505‐003 081557‐001 081558‐001

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081558‐002 081565‐001 081565‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

081565‐003 091372‐001 091372‐002

GTI GTI GTI

ppmv as Si ppmv as Si ppmv as Si
NA ND ND
NA ND ND
NA ND ND
NA ND ND
NA ND ND
NA ND ND
NA ND ND
NA ND ND
NA ND ND
NA ND ND
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Natural Gas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

091395‐001 091395‐002 IGT‐011

GTI GTI
(Chao & Attari, 

1995)

ppmv as Si ppmv as Si ppmv as Si
ND ND BDL
ND ND BDL
ND ND BDL
ND ND BDL
ND ND BDL
ND ND BDL
ND ND BDL
ND ND BDL
ND ND BDL
ND ND BDL
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Natural Gas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

IGT‐012 IGT‐021 IGT‐022

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

20916 First Tier Chem Results for Natural Gas‐ Total Organic Silicon Page 13
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Natural Gas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

IGT‐023 IGT‐031 IGT‐041

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

20916 First Tier Chem Results for Natural Gas‐ Total Organic Silicon Page 14
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Natural Gas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

IGT‐051 IGT‐061 IGT‐062

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

IGT‐063 IGT‐071 IGT‐081

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

IGT‐082 IGT‐085 IGT‐084

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

IGT‐091 IGT‐101 IGT111

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

(Chao & Attari, 
1995)

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

031171‐013 031171‐014 031183‐013
 (Crippen, Janos, 
Bora, & Deddo, 

2003)

 (Crippen, Janos, 
Bora, & Deddo, 

2003)

 (Crippen, Janos, 
Bora, & Deddo, 

2003)
ppmv as Si ppmv as Si ppmv as Si

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

031183‐014 031184‐013 031184‐014
 (Crippen, Janos, 
Bora, & Deddo, 

2003)

 (Crippen, Janos, 
Bora, & Deddo, 

2003)

 (Crippen, Janos, 
Bora, & Deddo, 

2003)
ppmv as Si ppmv as Si ppmv as Si

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

20916 First Tier Chem Results for Natural Gas‐ Total Organic Silicon Page 20
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Natural Gas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

11/16/1998 11/18/1998 11/30/1998

(Chao, Crippen, 
& Janos, 1999)

(Chao, Crippen, 
& Janos, 1999)

(Chao, Crippen, 
& Janos, 1999)

ppmv as Si ppmv as Si ppmv as Si
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
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Natural Gas
Total Organic Silcon

Component
1,1,3,3‐Tetramethyldisiloxane
Pentamethyldisiloxane
Hexamethyldisilane
Hexamethyldisiloxane (L2, MM)
Octamethyltrisiloxane (L3, MDM)
Octamethylcyclotetrasiloxane (D4)
Decamethyltetrasiloxane (L4, MD2M)
Decamethylcyclopentasiloxane (D5)
Dodecamethylpentasiloxane (L5, MD3M)
Unidentified organic silicon compound

Detection Limit = 0.5 ppmv Si
BDL = Below Detection Limit
NA = Not Analyzed (no sample taken)

12/3/1998

(Chao, Crippen, 
& Janos, 1999)

ppmv as Si
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

20916 First Tier Chem Results for Natural Gas‐ Total Organic Silicon Page 22
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Raw Dairy Biogas 
PCBs

GT080129‐04
GTI

Component Detection Limit Min Detection Limit Max ppbv
PCB 1 0.00272 0.00804 BDL
PCB 2 0.00272 0.00804 BDL
PCB 3 0.00272 0.00804 BDL
PCB 4 0.00230 0.00680 BDL
PCB 10 0.00230 0.00680 BDL
PCB 7 0.00230 0.00680 BDL
PCB 9 0.00230 0.00680 BDL
PCB 6 0.00230 0.00680 BDL
PCB 8 0.00230 0.00680 BDL
PCB 5 0.00230 0.00680 BDL
PCB 19 0.00200 0.00589 BDL
PCB 12 0.00230 0.00680 BDL
PCB 13 0.00230 0.00680 BDL
PCB 18 0.00200 0.00589 BDL
PCB 17 0.00200 0.00589 BDL
PCB 15 0.00230 0.00680 BDL
PCB 24 0.00200 0.00589 BDL
PCB 27 0.00200 0.00589 BDL
PCB 16 0.00200 0.00589 BDL
PCB 32 0.00200 0.00589 BDL
PCB 34 0.00200 0.00589 BDL
PCB 29 0.00200 0.00589 BDL
PCB 54 0.00176 0.00519 BDL
PCB 26 0.00200 0.00589 BDL
PCB 25 0.00200 0.00589 BDL
PCB 31 0.00200 0.00589 BDL
PCB 50 0.00176 0.00519 BDL
PCB 28 0.00200 0.00589 BDL
PCB 20 0.00200 0.00589 BDL
PCB 33 0.00200 0.00589 BDL
PCB 53 0.00176 0.00519 BDL
PCB 51 0.00176 0.00519 BDL
PCB 22 0.00200 0.00589 BDL
PCB 45 0.00176 0.00519 BDL
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Raw Dairy Biogas 
PCBs

GT080129‐04
GTI

Component Detection Limit Min Detection Limit Max ppbv
PCB 46 0.00176 0.00519 BDL
PCB 69 0.00176 0.00519 BDL
PCB 52 0.00176 0.00519 BDL
PCB 73 0.00176 0.00519 BDL
PCB 49 0.00176 0.00519 BDL
PCB 47 0.00176 0.00519 BDL
PCB 48 0.00176 0.00519 BDL
PCB 75 0.00176 0.00519 BDL
PCB 104 0.00157 0.00465 BDL
PCB 35 0.00200 0.00589 BDL
PCB 44 0.00176 0.00519 BDL
PCB 59 0.00176 0.00519 BDL
PCB 37 0.00200 0.00589 BDL
PCB 42 0.00176 0.00519 BDL
PCB 71 0.00176 0.00519 BDL
PCB 41 0.00176 0.00519 BDL
PCB 64 0.00176 0.00519 BDL
PCB 40 0.00176 0.00519 BDL
PCB 103 0.00157 0.00465 BDL
PCB 67 0.00176 0.00519 BDL
PCB 100 0.00157 0.00465 BDL
PCB 63 0.00176 0.00519 BDL
PCB 74 0.00176 0.00519 BDL
PCB 70 0.00176 0.00519 BDL
PCB 66 0.00176 0.00519 BDL
PCB 93 0.00157 0.00465 BDL
PCB 95 0.00157 0.00465 BDL
PCB 91 0.00157 0.00465 BDL
PCB 56 0.00176 0.00519 BDL
PCB 60 0.00176 0.00519 BDL
PCB 92 0.00157 0.00465 BDL
PCB 84 0.00157 0.00465 BDL
PCB 90 0.00157 0.00465 BDL
PCB 101 0.00157 0.00465 BDL
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Raw Dairy Biogas 
PCBs

GT080129‐04
GTI

Component Detection Limit Min Detection Limit Max ppbv
PCB 99 0.00157 0.00465 BDL
PCB 119 0.00157 0.00465 BDL
PCB 83 0.00157 0.00465 BDL
PCB 97 0.00157 0.00465 BDL
PCB 117 0.00157 0.00465 BDL
PCB 81 0.00176 0.00519 BDL
PCB 87 0.00157 0.00465 BDL
PCB 115 0.00157 0.00465 BDL
PCB 85 0.00157 0.00465 BDL
PCB 136 0.00142 0.00420 BDL
PCB 77 0.00176 0.00519 BDL
PCB 110 0.00157 0.00465 BDL
PCB 154 0.00142 0.00420 BDL
PCB 82 0.00157 0.00465 BDL
PCB 151 0.00142 0.00420 BDL
PCB 135 0.00142 0.00420 BDL
PCB 144 0.00142 0.00420 BDL
PCB 124 0.00157 0.00465 BDL
PCB 147 0.00142 0.00420 BDL
PCB 107 0.00157 0.00465 BDL
PCB 123 0.00157 0.00465 BDL
PCB 149 0.00142 0.00420 BDL
PCB 118 0.00157 0.00465 BDL
PCB 134 0.00142 0.00420 BDL
PCB 114 0.00157 0.00465 BDL
PCB 131 0.00142 0.00420 BDL
PCB 122 0.00157 0.00465 BDL
PCB 165 0.00142 0.00420 BDL
PCB 146 0.00142 0.00420 BDL
PCB 188 0.00130 0.00384 BDL
PCB 153 0.00142 0.00420 BDL
PCB 132 0.00142 0.00420 BDL
PCB 105 0.00157 0.00465 BDL
PCB 141 0.00142 0.00420 BDL
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Raw Dairy Biogas 
PCBs

GT080129‐04
GTI

Component Detection Limit Min Detection Limit Max ppbv
PCB 179 0.00130 0.00384 BDL
PCB 137 0.00142 0.00420 BDL
PCB 176 0.00130 0.00384 BDL
PCB 130 0.00142 0.00420 BDL
PCB 138 0.00142 0.00420 BDL
PCB 163 0.00142 0.00420 BDL
PCB 164 0.00142 0.00420 BDL
PCB 158 0.00142 0.00420 BDL
PCB 129 0.00142 0.00420 BDL
PCB 178 0.00130 0.00384 BDL
PCB 175 0.00130 0.00384 BDL
PCB 187 0.00130 0.00384 BDL
PCB 183 0.00130 0.00384 BDL
PCB 128 0.00142 0.00420 BDL
PCB 167 0.00142 0.00420 BDL
PCB 185 0.00130 0.00384 BDL
PCB 174 0.00130 0.00384 BDL
PCB 177 0.00130 0.00384 BDL
PCB 202 0.00120 0.00353 BDL
PCB 171 0.00130 0.00384 BDL
PCB 156 0.00142 0.00420 BDL
PCB 173 0.00130 0.00384 BDL
PCB 157 0.00142 0.00420 BDL
PCB 201 0.00120 0.00353 BDL
PCB 172 0.00130 0.00384 BDL
PCB 197 0.00120 0.00353 BDL
PCB 180 0.00130 0.00384 BDL
PCB 193 0.00130 0.00384 BDL
PCB 191 0.00130 0.00384 BDL
PCB 200 0.00120 0.00353 BDL
PCB 170 0.00130 0.00384 BDL
PCB 190 0.00130 0.00384 BDL
PCB 199 0.00120 0.00353 BDL
PCB 196 0.00120 0.00353 BDL

20916 Second Tier Chem Results for Raw Dairy Biogas‐ PCBs Page 4

Page 1643



Raw Dairy Biogas 
PCBs

GT080129‐04
GTI

Component Detection Limit Min Detection Limit Max ppbv
PCB 203 0.00120 0.00353 BDL
PCB 189 0.00130 0.00384 BDL
PCB 208 0.00111 0.00327 BDL
PCB 195 0.00120 0.00353 BDL
PCB 207 0.00111 0.00327 BDL
PCB 194 0.00120 0.00353 BDL
PCB 205 0.00120 0.00353 BDL
PCB 206 0.00111 0.00327 BDL
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Raw Dairy Biogas 
PCBs

Component
PCB 1
PCB 2
PCB 3
PCB 4
PCB 10
PCB 7
PCB 9
PCB 6
PCB 8
PCB 5
PCB 19
PCB 12
PCB 13
PCB 18
PCB 17
PCB 15
PCB 24
PCB 27
PCB 16
PCB 32
PCB 34
PCB 29
PCB 54
PCB 26
PCB 25
PCB 31
PCB 50
PCB 28
PCB 20
PCB 33
PCB 53
PCB 51
PCB 22
PCB 45

GT080129‐06 GT080213‐01 GT080402‐04 GT080402‐08
GTI GTI GTI GTI
ppbv ppbv ppbv ppbv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
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Raw Dairy Biogas 
PCBs

Component
PCB 46
PCB 69
PCB 52
PCB 73
PCB 49
PCB 47
PCB 48
PCB 75
PCB 104
PCB 35
PCB 44
PCB 59
PCB 37
PCB 42
PCB 71
PCB 41
PCB 64
PCB 40
PCB 103
PCB 67
PCB 100
PCB 63
PCB 74
PCB 70
PCB 66
PCB 93
PCB 95
PCB 91
PCB 56
PCB 60
PCB 92
PCB 84
PCB 90
PCB 101

GT080129‐06 GT080213‐01 GT080402‐04 GT080402‐08
GTI GTI GTI GTI
ppbv ppbv ppbv ppbv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL

20916 Second Tier Chem Results for Raw Dairy Biogas‐ PCBs Page 7

Page 1646



Raw Dairy Biogas 
PCBs

Component
PCB 99
PCB 119
PCB 83
PCB 97
PCB 117
PCB 81
PCB 87
PCB 115
PCB 85
PCB 136
PCB 77
PCB 110
PCB 154
PCB 82
PCB 151
PCB 135
PCB 144
PCB 124
PCB 147
PCB 107
PCB 123
PCB 149
PCB 118
PCB 134
PCB 114
PCB 131
PCB 122
PCB 165
PCB 146
PCB 188
PCB 153
PCB 132
PCB 105
PCB 141

GT080129‐06 GT080213‐01 GT080402‐04 GT080402‐08
GTI GTI GTI GTI
ppbv ppbv ppbv ppbv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL

20916 Second Tier Chem Results for Raw Dairy Biogas‐ PCBs Page 8

Page 1647



Raw Dairy Biogas 
PCBs

Component
PCB 179
PCB 137
PCB 176
PCB 130
PCB 138
PCB 163
PCB 164
PCB 158
PCB 129
PCB 178
PCB 175
PCB 187
PCB 183
PCB 128
PCB 167
PCB 185
PCB 174
PCB 177
PCB 202
PCB 171
PCB 156
PCB 173
PCB 157
PCB 201
PCB 172
PCB 197
PCB 180
PCB 193
PCB 191
PCB 200
PCB 170
PCB 190
PCB 199
PCB 196

GT080129‐06 GT080213‐01 GT080402‐04 GT080402‐08
GTI GTI GTI GTI
ppbv ppbv ppbv ppbv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
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Raw Dairy Biogas 
PCBs

Component
PCB 203
PCB 189
PCB 208
PCB 195
PCB 207
PCB 194
PCB 205
PCB 206

GT080129‐06 GT080213‐01 GT080402‐04 GT080402‐08
GTI GTI GTI GTI
ppbv ppbv ppbv ppbv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
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Raw Dairy Biogas 
PCBs

Component
PCB 1
PCB 2
PCB 3
PCB 4
PCB 10
PCB 7
PCB 9
PCB 6
PCB 8
PCB 5
PCB 19
PCB 12
PCB 13
PCB 18
PCB 17
PCB 15
PCB 24
PCB 27
PCB 16
PCB 32
PCB 34
PCB 29
PCB 54
PCB 26
PCB 25
PCB 31
PCB 50
PCB 28
PCB 20
PCB 33
PCB 53
PCB 51
PCB 22
PCB 45

GT080402‐06 GT080430‐04a GT080530‐02 GT080530‐06
GTI GTI GTI GTI
ppbv ppbv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
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Raw Dairy Biogas 
PCBs

Component
PCB 46
PCB 69
PCB 52
PCB 73
PCB 49
PCB 47
PCB 48
PCB 75
PCB 104
PCB 35
PCB 44
PCB 59
PCB 37
PCB 42
PCB 71
PCB 41
PCB 64
PCB 40
PCB 103
PCB 67
PCB 100
PCB 63
PCB 74
PCB 70
PCB 66
PCB 93
PCB 95
PCB 91
PCB 56
PCB 60
PCB 92
PCB 84
PCB 90
PCB 101

GT080402‐06 GT080430‐04a GT080530‐02 GT080530‐06
GTI GTI GTI GTI
ppbv ppbv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
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Raw Dairy Biogas 
PCBs

Component
PCB 99
PCB 119
PCB 83
PCB 97
PCB 117
PCB 81
PCB 87
PCB 115
PCB 85
PCB 136
PCB 77
PCB 110
PCB 154
PCB 82
PCB 151
PCB 135
PCB 144
PCB 124
PCB 147
PCB 107
PCB 123
PCB 149
PCB 118
PCB 134
PCB 114
PCB 131
PCB 122
PCB 165
PCB 146
PCB 188
PCB 153
PCB 132
PCB 105
PCB 141

GT080402‐06 GT080430‐04a GT080530‐02 GT080530‐06
GTI GTI GTI GTI
ppbv ppbv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
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Raw Dairy Biogas 
PCBs

Component
PCB 179
PCB 137
PCB 176
PCB 130
PCB 138
PCB 163
PCB 164
PCB 158
PCB 129
PCB 178
PCB 175
PCB 187
PCB 183
PCB 128
PCB 167
PCB 185
PCB 174
PCB 177
PCB 202
PCB 171
PCB 156
PCB 173
PCB 157
PCB 201
PCB 172
PCB 197
PCB 180
PCB 193
PCB 191
PCB 200
PCB 170
PCB 190
PCB 199
PCB 196

GT080402‐06 GT080430‐04a GT080530‐02 GT080530‐06
GTI GTI GTI GTI
ppbv ppbv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
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Raw Dairy Biogas 
PCBs

Component
PCB 203
PCB 189
PCB 208
PCB 195
PCB 207
PCB 194
PCB 205
PCB 206

GT080402‐06 GT080430‐04a GT080530‐02 GT080530‐06
GTI GTI GTI GTI
ppbv ppbv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
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Raw Dairy Biogas 
PCBs

Component
PCB 1
PCB 2
PCB 3
PCB 4
PCB 10
PCB 7
PCB 9
PCB 6
PCB 8
PCB 5
PCB 19
PCB 12
PCB 13
PCB 18
PCB 17
PCB 15
PCB 24
PCB 27
PCB 16
PCB 32
PCB 34
PCB 29
PCB 54
PCB 26
PCB 25
PCB 31
PCB 50
PCB 28
PCB 20
PCB 33
PCB 53
PCB 51
PCB 22
PCB 45

GT080530‐10
GTI

BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
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Raw Dairy Biogas 
PCBs

Component
PCB 46
PCB 69
PCB 52
PCB 73
PCB 49
PCB 47
PCB 48
PCB 75
PCB 104
PCB 35
PCB 44
PCB 59
PCB 37
PCB 42
PCB 71
PCB 41
PCB 64
PCB 40
PCB 103
PCB 67
PCB 100
PCB 63
PCB 74
PCB 70
PCB 66
PCB 93
PCB 95
PCB 91
PCB 56
PCB 60
PCB 92
PCB 84
PCB 90
PCB 101

GT080530‐10
GTI

BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
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Raw Dairy Biogas 
PCBs

Component
PCB 99
PCB 119
PCB 83
PCB 97
PCB 117
PCB 81
PCB 87
PCB 115
PCB 85
PCB 136
PCB 77
PCB 110
PCB 154
PCB 82
PCB 151
PCB 135
PCB 144
PCB 124
PCB 147
PCB 107
PCB 123
PCB 149
PCB 118
PCB 134
PCB 114
PCB 131
PCB 122
PCB 165
PCB 146
PCB 188
PCB 153
PCB 132
PCB 105
PCB 141

GT080530‐10
GTI

BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
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Raw Dairy Biogas 
PCBs

Component
PCB 179
PCB 137
PCB 176
PCB 130
PCB 138
PCB 163
PCB 164
PCB 158
PCB 129
PCB 178
PCB 175
PCB 187
PCB 183
PCB 128
PCB 167
PCB 185
PCB 174
PCB 177
PCB 202
PCB 171
PCB 156
PCB 173
PCB 157
PCB 201
PCB 172
PCB 197
PCB 180
PCB 193
PCB 191
PCB 200
PCB 170
PCB 190
PCB 199
PCB 196

GT080530‐10
GTI

BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
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Raw Dairy Biogas 
PCBs

Component
PCB 203
PCB 189
PCB 208
PCB 195
PCB 207
PCB 194
PCB 205
PCB 206

GT080530‐10
GTI

BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
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Raw Dairy Biogas (Partially Cleaned)
PCBs

GT080213‐02
GTI

Component Detection Limit Min Detection Limit Max ppbv
PCB 1 0.00272 0.00804 BDL
PCB 2 0.00272 0.00804 BDL
PCB 3 0.00272 0.00804 BDL
PCB 4 0.00230 0.00680 BDL
PCB 10 0.00230 0.00680 BDL
PCB 7 0.00230 0.00680 BDL
PCB 9 0.00230 0.00680 BDL
PCB 6 0.00230 0.00680 BDL
PCB 8 0.00230 0.00680 BDL
PCB 5 0.00230 0.00680 BDL
PCB 19 0.00200 0.00589 BDL
PCB 12 0.00230 0.00680 BDL
PCB 13 0.00230 0.00680 BDL
PCB 18 0.00200 0.00589 BDL
PCB 17 0.00200 0.00589 BDL
PCB 15 0.00230 0.00680 BDL
PCB 24 0.00200 0.00589 BDL
PCB 27 0.00200 0.00589 BDL
PCB 16 0.00200 0.00589 BDL
PCB 32 0.00200 0.00589 BDL
PCB 34 0.00200 0.00589 BDL
PCB 29 0.00200 0.00589 BDL
PCB 54 0.00176 0.00519 BDL
PCB 26 0.00200 0.00589 BDL
PCB 25 0.00200 0.00589 BDL
PCB 31 0.00200 0.00589 BDL
PCB 50 0.00176 0.00519 BDL
PCB 28 0.00200 0.00589 BDL
PCB 20 0.00200 0.00589 BDL
PCB 33 0.00200 0.00589 BDL
PCB 53 0.00176 0.00519 BDL
PCB 51 0.00176 0.00519 BDL
PCB 22 0.00200 0.00589 BDL
PCB 45 0.00176 0.00519 BDL
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Raw Dairy Biogas (Partially Cleaned)
PCBs

GT080213‐02
GTI

Component Detection Limit Min Detection Limit Max ppbv
PCB 46 0.00176 0.00519 BDL
PCB 69 0.00176 0.00519 BDL
PCB 52 0.00176 0.00519 BDL
PCB 73 0.00176 0.00519 BDL
PCB 49 0.00176 0.00519 BDL
PCB 47 0.00176 0.00519 BDL
PCB 48 0.00176 0.00519 BDL
PCB 75 0.00176 0.00519 BDL
PCB 104 0.00157 0.00465 BDL
PCB 35 0.00200 0.00589 BDL
PCB 44 0.00176 0.00519 BDL
PCB 59 0.00176 0.00519 BDL
PCB 37 0.00200 0.00589 BDL
PCB 42 0.00176 0.00519 BDL
PCB 71 0.00176 0.00519 BDL
PCB 41 0.00176 0.00519 BDL
PCB 64 0.00176 0.00519 BDL
PCB 40 0.00176 0.00519 BDL
PCB 103 0.00157 0.00465 BDL
PCB 67 0.00176 0.00519 BDL
PCB 100 0.00157 0.00465 BDL
PCB 63 0.00176 0.00519 BDL
PCB 74 0.00176 0.00519 BDL
PCB 70 0.00176 0.00519 BDL
PCB 66 0.00176 0.00519 BDL
PCB 93 0.00157 0.00465 BDL
PCB 95 0.00157 0.00465 BDL
PCB 91 0.00157 0.00465 BDL
PCB 56 0.00176 0.00519 BDL
PCB 60 0.00176 0.00519 BDL
PCB 92 0.00157 0.00465 BDL
PCB 84 0.00157 0.00465 BDL
PCB 90 0.00157 0.00465 BDL
PCB 101 0.00157 0.00465 BDL
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Raw Dairy Biogas (Partially Cleaned)
PCBs

GT080213‐02
GTI

Component Detection Limit Min Detection Limit Max ppbv
PCB 99 0.00157 0.00465 BDL
PCB 119 0.00157 0.00465 BDL
PCB 83 0.00157 0.00465 BDL
PCB 97 0.00157 0.00465 BDL
PCB 117 0.00157 0.00465 BDL
PCB 81 0.00176 0.00519 BDL
PCB 87 0.00157 0.00465 BDL
PCB 115 0.00157 0.00465 BDL
PCB 85 0.00157 0.00465 BDL
PCB 136 0.00142 0.00420 BDL
PCB 77 0.00176 0.00519 BDL
PCB 110 0.00157 0.00465 BDL
PCB 154 0.00142 0.00420 BDL
PCB 82 0.00157 0.00465 BDL
PCB 151 0.00142 0.00420 BDL
PCB 135 0.00142 0.00420 BDL
PCB 144 0.00142 0.00420 BDL
PCB 124 0.00157 0.00465 BDL
PCB 147 0.00142 0.00420 BDL
PCB 107 0.00157 0.00465 BDL
PCB 123 0.00157 0.00465 BDL
PCB 149 0.00142 0.00420 BDL
PCB 118 0.00157 0.00465 BDL
PCB 134 0.00142 0.00420 BDL
PCB 114 0.00157 0.00465 BDL
PCB 131 0.00142 0.00420 BDL
PCB 122 0.00157 0.00465 BDL
PCB 165 0.00142 0.00420 BDL
PCB 146 0.00142 0.00420 BDL
PCB 188 0.00130 0.00384 BDL
PCB 153 0.00142 0.00420 BDL
PCB 132 0.00142 0.00420 BDL
PCB 105 0.00157 0.00465 BDL
PCB 141 0.00142 0.00420 BDL
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Raw Dairy Biogas (Partially Cleaned)
PCBs

GT080213‐02
GTI

Component Detection Limit Min Detection Limit Max ppbv
PCB 179 0.00130 0.00384 BDL
PCB 137 0.00142 0.00420 BDL
PCB 176 0.00130 0.00384 BDL
PCB 130 0.00142 0.00420 BDL
PCB 138 0.00142 0.00420 BDL
PCB 163 0.00142 0.00420 BDL
PCB 164 0.00142 0.00420 BDL
PCB 158 0.00142 0.00420 BDL
PCB 129 0.00142 0.00420 BDL
PCB 178 0.00130 0.00384 BDL
PCB 175 0.00130 0.00384 BDL
PCB 187 0.00130 0.00384 BDL
PCB 183 0.00130 0.00384 BDL
PCB 128 0.00142 0.00420 BDL
PCB 167 0.00142 0.00420 BDL
PCB 185 0.00130 0.00384 BDL
PCB 174 0.00130 0.00384 BDL
PCB 177 0.00130 0.00384 BDL
PCB 202 0.00120 0.00353 BDL
PCB 171 0.00130 0.00384 BDL
PCB 156 0.00142 0.00420 BDL
PCB 173 0.00130 0.00384 BDL
PCB 157 0.00142 0.00420 BDL
PCB 201 0.00120 0.00353 BDL
PCB 172 0.00130 0.00384 BDL
PCB 197 0.00120 0.00353 BDL
PCB 180 0.00130 0.00384 BDL
PCB 193 0.00130 0.00384 BDL
PCB 191 0.00130 0.00384 BDL
PCB 200 0.00120 0.00353 BDL
PCB 170 0.00130 0.00384 BDL
PCB 190 0.00130 0.00384 BDL
PCB 199 0.00120 0.00353 BDL
PCB 196 0.00120 0.00353 BDL
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Raw Dairy Biogas (Partially Cleaned)
PCBs

GT080213‐02
GTI

Component Detection Limit Min Detection Limit Max ppbv
PCB 203 0.00120 0.00353 BDL
PCB 189 0.00130 0.00384 BDL
PCB 208 0.00111 0.00327 BDL
PCB 195 0.00120 0.00353 BDL
PCB 207 0.00111 0.00327 BDL
PCB 194 0.00120 0.00353 BDL
PCB 205 0.00120 0.00353 BDL
PCB 206 0.00111 0.00327 BDL
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Raw Dairy Biogas (Partially Cleaned)
PCBs

Component
PCB 1
PCB 2
PCB 3
PCB 4
PCB 10
PCB 7
PCB 9
PCB 6
PCB 8
PCB 5
PCB 19
PCB 12
PCB 13
PCB 18
PCB 17
PCB 15
PCB 24
PCB 27
PCB 16
PCB 32
PCB 34
PCB 29
PCB 54
PCB 26
PCB 25
PCB 31
PCB 50
PCB 28
PCB 20
PCB 33
PCB 53
PCB 51
PCB 22
PCB 45

GT080402‐04‐C GT080213‐05 GT080402‐02 GT080430‐03a
GTI GTI GTI GTI
ppbv ppbv ppbv ppbv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
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Raw Dairy Biogas (Partially Cleaned)
PCBs

Component
PCB 46
PCB 69
PCB 52
PCB 73
PCB 49
PCB 47
PCB 48
PCB 75
PCB 104
PCB 35
PCB 44
PCB 59
PCB 37
PCB 42
PCB 71
PCB 41
PCB 64
PCB 40
PCB 103
PCB 67
PCB 100
PCB 63
PCB 74
PCB 70
PCB 66
PCB 93
PCB 95
PCB 91
PCB 56
PCB 60
PCB 92
PCB 84
PCB 90
PCB 101

GT080402‐04‐C GT080213‐05 GT080402‐02 GT080430‐03a
GTI GTI GTI GTI
ppbv ppbv ppbv ppbv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
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Raw Dairy Biogas (Partially Cleaned)
PCBs

Component
PCB 99
PCB 119
PCB 83
PCB 97
PCB 117
PCB 81
PCB 87
PCB 115
PCB 85
PCB 136
PCB 77
PCB 110
PCB 154
PCB 82
PCB 151
PCB 135
PCB 144
PCB 124
PCB 147
PCB 107
PCB 123
PCB 149
PCB 118
PCB 134
PCB 114
PCB 131
PCB 122
PCB 165
PCB 146
PCB 188
PCB 153
PCB 132
PCB 105
PCB 141

GT080402‐04‐C GT080213‐05 GT080402‐02 GT080430‐03a
GTI GTI GTI GTI
ppbv ppbv ppbv ppbv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
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Raw Dairy Biogas (Partially Cleaned)
PCBs

Component
PCB 179
PCB 137
PCB 176
PCB 130
PCB 138
PCB 163
PCB 164
PCB 158
PCB 129
PCB 178
PCB 175
PCB 187
PCB 183
PCB 128
PCB 167
PCB 185
PCB 174
PCB 177
PCB 202
PCB 171
PCB 156
PCB 173
PCB 157
PCB 201
PCB 172
PCB 197
PCB 180
PCB 193
PCB 191
PCB 200
PCB 170
PCB 190
PCB 199
PCB 196

GT080402‐04‐C GT080213‐05 GT080402‐02 GT080430‐03a
GTI GTI GTI GTI
ppbv ppbv ppbv ppbv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
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Raw Dairy Biogas (Partially Cleaned)
PCBs

Component
PCB 203
PCB 189
PCB 208
PCB 195
PCB 207
PCB 194
PCB 205
PCB 206

GT080402‐04‐C GT080213‐05 GT080402‐02 GT080430‐03a
GTI GTI GTI GTI
ppbv ppbv ppbv ppbv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
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Raw Dairy Biogas (Partially Cleaned)
PCBs

Component
PCB 1
PCB 2
PCB 3
PCB 4
PCB 10
PCB 7
PCB 9
PCB 6
PCB 8
PCB 5
PCB 19
PCB 12
PCB 13
PCB 18
PCB 17
PCB 15
PCB 24
PCB 27
PCB 16
PCB 32
PCB 34
PCB 29
PCB 54
PCB 26
PCB 25
PCB 31
PCB 50
PCB 28
PCB 20
PCB 33
PCB 53
PCB 51
PCB 22
PCB 45

GT080530‐04 GT080530‐08
GTI GTI
ppbv ppbv
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
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Raw Dairy Biogas (Partially Cleaned)
PCBs

Component
PCB 46
PCB 69
PCB 52
PCB 73
PCB 49
PCB 47
PCB 48
PCB 75
PCB 104
PCB 35
PCB 44
PCB 59
PCB 37
PCB 42
PCB 71
PCB 41
PCB 64
PCB 40
PCB 103
PCB 67
PCB 100
PCB 63
PCB 74
PCB 70
PCB 66
PCB 93
PCB 95
PCB 91
PCB 56
PCB 60
PCB 92
PCB 84
PCB 90
PCB 101

GT080530‐04 GT080530‐08
GTI GTI
ppbv ppbv
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
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Raw Dairy Biogas (Partially Cleaned)
PCBs

Component
PCB 99
PCB 119
PCB 83
PCB 97
PCB 117
PCB 81
PCB 87
PCB 115
PCB 85
PCB 136
PCB 77
PCB 110
PCB 154
PCB 82
PCB 151
PCB 135
PCB 144
PCB 124
PCB 147
PCB 107
PCB 123
PCB 149
PCB 118
PCB 134
PCB 114
PCB 131
PCB 122
PCB 165
PCB 146
PCB 188
PCB 153
PCB 132
PCB 105
PCB 141

GT080530‐04 GT080530‐08
GTI GTI
ppbv ppbv
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
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Raw Dairy Biogas (Partially Cleaned)
PCBs

Component
PCB 179
PCB 137
PCB 176
PCB 130
PCB 138
PCB 163
PCB 164
PCB 158
PCB 129
PCB 178
PCB 175
PCB 187
PCB 183
PCB 128
PCB 167
PCB 185
PCB 174
PCB 177
PCB 202
PCB 171
PCB 156
PCB 173
PCB 157
PCB 201
PCB 172
PCB 197
PCB 180
PCB 193
PCB 191
PCB 200
PCB 170
PCB 190
PCB 199
PCB 196

GT080530‐04 GT080530‐08
GTI GTI
ppbv ppbv
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
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Raw Dairy Biogas (Partially Cleaned)
PCBs

Component
PCB 203
PCB 189
PCB 208
PCB 195
PCB 207
PCB 194
PCB 205
PCB 206

GT080530‐04 GT080530‐08
GTI GTI
ppbv ppbv
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
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Raw Landfill Biogas 
PCBs

LF1BG01XA LF1BG02XA LF2BG01XA
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
PCB 1 U 0.00108 U 0.00147 U 0.00101
PCB 2 U 0.00108 U 0.00147 U 0.00101
PCB 3 U 0.00108 U 0.00147 U 0.00101
PCB 4/10 U 0.00128 U 0.00174 U 0.00120
PCB 7/9 U 0.00128 U 0.00174 U 0.00120
PCB 6 U 0.00128 U 0.00174 U 0.00120
PCB 8 U 0.00128 U 0.00174 U 0.00120
PCB 5 U 0.00128 U 0.00174 U 0.00120
PCB 19 U 0.00148 U 0.00201 U 0.00138
PCB 12/13 U 0.00128 U 0.00174 U 0.00120
PCB 18 U 0.00148 U 0.00201 U 0.00138
PCB 17 U 0.00148 U 0.00201 U 0.00138
PCB 15 U 0.00128 U 0.00174 U 0.00120
PCB 24/27 U 0.00148 U 0.00201 U 0.00138
PCB 16/32 U 0.00148 U 0.00201 U 0.00138
PCB 34 U 0.00148 U 0.00201 U 0.00138
PCB 29 U 0.00148 U 0.00201 U 0.00138
PCB 54 U 0.00167 U 0.00228 U 0.00157
PCB 26 U 0.00148 U 0.00201 U 0.00138
PCB 25 U 0.00148 U 0.00201 U 0.00138
PCB 31 U 0.00148 U 0.00201 U 0.00138
PCB 50 U 0.00167 U 0.00228 U 0.00157
PCB 28 U 0.00148 U 0.00201 U 0.00138
PCB 20/33 U 0.00148 U 0.00201 U 0.00138
PCB 53 U 0.00167 U 0.00228 U 0.00157
PCB 51 U 0.00167 U 0.00228 U 0.00157
PCB 22 U 0.00148 U 0.00201 U 0.00138
PCB 45 U 0.00167 U 0.00228 U 0.00157
PCB 46 U 0.00167 U 0.00228 U 0.00157
PCB 69 U 0.00167 U 0.00228 U 0.00157
PCB 52/73 U 0.00167 U 0.00228 U 0.00157
PCB 49 U 0.00167 U 0.00228 U 0.00157
PCB 47/48/75 U 0.00167 U 0.00228 U 0.00157
PCB 104 U 0.00187 U 0.00255 U 0.00175
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Raw Landfill Biogas 
PCBs

LF1BG01XA LF1BG02XA LF2BG01XA
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
PCB 35 U 0.00148 U 0.00201 U 0.00138
PCB 44 U 0.00167 U 0.00228 U 0.00157
PCB 59 U 0.00167 U 0.00228 U 0.00157
PCB 37 U 0.00148 U 0.00201 U 0.00138
PCB 42 U 0.00167 U 0.00228 U 0.00157
PCB 71 U 0.00167 U 0.00228 U 0.00157
PCB 41/64 U 0.00167 U 0.00228 U 0.00157
PCB 40 U 0.00167 U 0.00228 U 0.00157
PCB 103 U 0.00187 U 0.00255 U 0.00175
PCB 67 U 0.00167 U 0.00228 U 0.00157
PCB 100 U 0.00187 U 0.00255 U 0.00175
PCB 63 U 0.00167 U 0.00228 U 0.00157
PCB 74 U 0.00167 U 0.00228 U 0.00157
PCB 70 U 0.00167 U 0.00228 U 0.00157
PCB 66 U 0.00167 U 0.00228 U 0.00157
PCB 93/95 U 0.00187 U 0.00255 U 0.00175
PCB 91 U 0.00187 U 0.00255 U 0.00175
PCB 56/60 U 0.00167 U 0.00228 U 0.00157
PCB 92 U 0.00187 U 0.00255 U 0.00175
PCB 84 U 0.00187 U 0.00255 U 0.00175
PCB 90/101 U 0.00187 U 0.00255 U 0.00175
PCB 99 U 0.00187 U 0.00255 U 0.00175
PCB 119 U 0.00187 U 0.00255 U 0.00175
PCB 83 U 0.00187 U 0.00255 U 0.00175
PCB 97 U 0.00187 U 0.00255 U 0.00175
PCB 117 U 0.00187 U 0.00255 U 0.00175
PCB 81 U 0.00187 U 0.00255 U 0.00175
PCB 87/115 U 0.00167 U 0.00228 U 0.00157
PCB 85 U 0.00187 U 0.00255 U 0.00175
PCB 136 U 0.00207 U 0.00282 U 0.00193
PCB 77 U 0.00167 U 0.00228 U 0.00157
PCB 110 U 0.00187 U 0.00255 U 0.00175
PCB 154 U 0.00207 U 0.00282 U 0.00193
PCB 82 U 0.00187 U 0.00255 U 0.00175
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Raw Landfill Biogas 
PCBs

LF1BG01XA LF1BG02XA LF2BG01XA
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
PCB 151 U 0.00207 U 0.00282 U 0.00193
PCB 135/144 U 0.00207 U 0.00282 U 0.00193
PCB 124 U 0.00187 U 0.00255 U 0.00175
PCB 147 U 0.00207 U 0.00282 U 0.00193
PCB 107 U 0.00187 U 0.00255 U 0.00175
PCB 123 U 0.00187 U 0.00255 U 0.00175
PCB 149 U 0.00207 U 0.00282 U 0.00193
PCB 118 U 0.00187 U 0.00255 U 0.00175
PCB 134 U 0.00207 U 0.00282 U 0.00193
PCB 114 U 0.00187 U 0.00255 U 0.00175
PCB 131 U 0.00207 U 0.00282 U 0.00193
PCB 122 U 0.00187 U 0.00255 U 0.00175
PCB 165 U 0.00207 U 0.00282 U 0.00193
PCB 146 U 0.00207 U 0.00282 U 0.00193
PCB 188 U 0.00227 U 0.00309 U 0.00212
PCB 153 U 0.00207 U 0.00282 U 0.00193
PCB 132 U 0.00207 U 0.00282 U 0.00193
PCB 105 U 0.00187 U 0.00255 U 0.00175
PCB 141 U 0.00207 U 0.00282 U 0.00193
PCB 179 U 0.00227 U 0.00309 U 0.00212
PCB 137 U 0.00207 U 0.00282 U 0.00193
PCB 176 U 0.00227 U 0.00309 U 0.00212
PCB 130 U 0.00207 U 0.00282 U 0.00193
PCB 138/163/164 U 0.00207 U 0.00282 U 0.00193
PCB 158 U 0.00207 U 0.00282 U 0.00193
PCB 129 U 0.00207 U 0.00282 U 0.00193
PCB 178 U 0.00227 U 0.00309 U 0.00212
PCB 175 U 0.00227 U 0.00309 U 0.00212
PCB 187 U 0.00227 U 0.00309 U 0.00212
PCB 183 U 0.00227 U 0.00309 U 0.00212
PCB 128 U 0.00207 U 0.00282 U 0.00193
PCB 167 U 0.00207 U 0.00282 U 0.00193
PCB 185 U 0.00227 U 0.00309 U 0.00212
PCB 174 U 0.00227 U 0.00309 U 0.00212
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Raw Landfill Biogas 
PCBs

LF1BG01XA LF1BG02XA LF2BG01XA
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
PCB 177 U 0.00227 U 0.00309 U 0.00212
PCB 202 U 0.00246 U 0.00336 U 0.00230
PCB 171 U 0.00227 U 0.00309 U 0.00212
PCB 156 U 0.00207 U 0.00282 U 0.00193
PCB 173 U 0.00227 U 0.00309 U 0.00212
PCB 157 U 0.00207 U 0.00282 U 0.00193
PCB 201 U 0.00246 U 0.00336 U 0.00230
PCB 172 U 0.00227 U 0.00309 U 0.00212
PCB 197 U 0.00246 U 0.00336 U 0.00230
PCB 180 U 0.00227 U 0.00309 U 0.00212
PCB 193 U 0.00227 U 0.00309 U 0.00212
PCB 191 U 0.00227 U 0.00309 U 0.00212
PCB 200 U 0.00246 U 0.00336 U 0.00230
PCB 170 U 0.00227 U 0.00309 U 0.00212
PCB 190 U 0.00227 U 0.00309 U 0.00212
PCB 199 U 0.00246 U 0.00336 U 0.00230
PCB 196/203 U 0.00246 U 0.00336 U 0.00230
PCB 189 U 0.00227 U 0.00309 U 0.00212
PCB 208 U 0.00266 U 0.00363 U 0.00249
PCB 195 U 0.00246 U 0.00336 U 0.00230
PCB 207 U 0.00266 U 0.00363 U 0.00249
PCB 194 U 0.00246 U 0.00336 U 0.00230
PCB 205 U 0.00246 U 0.00336 U 0.00230
PCB 206 U 0.00266 U 0.00363 U 0.00249
PCB 209 U 0.00286 U 0.00390 U 0.00267
NA ‐ Not applicable.
B ‐ Analyte detected in the Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
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Raw Landfill Biogas 
PCBs

Component
PCB 1
PCB 2
PCB 3
PCB 4/10
PCB 7/9
PCB 6
PCB 8
PCB 5
PCB 19
PCB 12/13
PCB 18
PCB 17
PCB 15
PCB 24/27
PCB 16/32
PCB 34
PCB 29
PCB 54
PCB 26
PCB 25
PCB 31
PCB 50
PCB 28
PCB 20/33
PCB 53
PCB 51
PCB 22
PCB 45
PCB 46
PCB 69
PCB 52/73
PCB 49
PCB 47/48/75
PCB 104

LF2BG03XA LF2BG04XA LF3BG01XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.00227 U 0.00229 U 0.00107
U 0.00227 U 0.00229 U 0.00107
U 0.00227 U 0.00229 U 0.00107
U 0.00192 U 0.00193 U 0.00127
U 0.00192 U 0.00193 U 0.00127
U 0.00192 U 0.00193 U 0.00127
U 0.00192 U 0.00193 U 0.00127
U 0.00192 U 0.00193 U 0.00127
U 0.00166 U 0.00168 U 0.00147
U 0.00192 U 0.00193 U 0.00127
U 0.00166 U 0.00168 U 0.00147
U 0.00166 U 0.00168 U 0.00147
U 0.00192 U 0.00193 U 0.00127
U 0.00166 U 0.00168 U 0.00147
U 0.00166 U 0.00168 U 0.00147
U 0.00166 U 0.00168 U 0.00147
U 0.00166 U 0.00168 U 0.00147
U 0.00146 U 0.00148 U 0.00166
U 0.00166 U 0.00168 U 0.00147
U 0.00166 U 0.00168 U 0.00147
U 0.00166 U 0.00168 U 0.00147
U 0.00146 U 0.00148 U 0.00166
U 0.00166 U 0.00168 U 0.00147
U 0.00166 U 0.00168 U 0.00147
U 0.00146 U 0.00148 U 0.00166
U 0.00146 U 0.00148 U 0.00166
U 0.00166 U 0.00168 U 0.00147
U 0.00146 U 0.00148 U 0.00166
U 0.00146 U 0.00148 U 0.00166
U 0.00146 U 0.00148 U 0.00166
U 0.00146 U 0.00148 U 0.00166
U 0.00146 U 0.00148 U 0.00166
U 0.00146 U 0.00148 U 0.00166
U 0.00131 U 0.00132 U 0.00186
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Raw Landfill Biogas 
PCBs

Component
PCB 35
PCB 44
PCB 59
PCB 37
PCB 42
PCB 71
PCB 41/64
PCB 40
PCB 103
PCB 67
PCB 100
PCB 63
PCB 74
PCB 70
PCB 66
PCB 93/95
PCB 91
PCB 56/60
PCB 92
PCB 84
PCB 90/101
PCB 99
PCB 119
PCB 83
PCB 97
PCB 117
PCB 81
PCB 87/115
PCB 85
PCB 136
PCB 77
PCB 110
PCB 154
PCB 82

LF2BG03XA LF2BG04XA LF3BG01XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.00166 U 0.00168 U 0.00147
U 0.00146 U 0.00148 U 0.00166
U 0.00146 U 0.00148 U 0.00166
U 0.00166 U 0.00168 U 0.00147
U 0.00146 U 0.00148 U 0.00166
U 0.00146 U 0.00148 U 0.00166
U 0.00146 U 0.00148 U 0.00166
U 0.00146 U 0.00148 U 0.00166
U 0.00131 U 0.00132 U 0.00186
U 0.00146 U 0.00148 U 0.00166
U 0.00131 U 0.00132 U 0.00186
U 0.00146 U 0.00148 U 0.00166
U 0.00146 U 0.00148 U 0.00166
U 0.00146 U 0.00148 U 0.00166
U 0.00146 U 0.00148 U 0.00166
U 0.00131 U 0.00132 U 0.00186
U 0.00131 U 0.00132 U 0.00186
U 0.00146 U 0.00148 U 0.00166
U 0.00131 U 0.00132 U 0.00186
U 0.00131 U 0.00132 U 0.00186
U 0.00131 U 0.00132 U 0.00186
U 0.00131 U 0.00132 U 0.00186
U 0.00131 U 0.00132 U 0.00186
U 0.00131 U 0.00132 U 0.00186
U 0.00131 U 0.00132 U 0.00186
U 0.00131 U 0.00132 U 0.00186
U 0.00131 U 0.00132 U 0.00186
U 0.00146 U 0.00148 U 0.00166
U 0.00131 U 0.00132 U 0.00186
U 0.00118 U 0.00120 U 0.00205
U 0.00146 U 0.00148 U 0.00166
U 0.00131 U 0.00132 U 0.00186
U 0.00118 U 0.00120 U 0.00205
U 0.00131 U 0.00132 U 0.00186
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Raw Landfill Biogas 
PCBs

Component
PCB 151
PCB 135/144
PCB 124
PCB 147
PCB 107
PCB 123
PCB 149
PCB 118
PCB 134
PCB 114
PCB 131
PCB 122
PCB 165
PCB 146
PCB 188
PCB 153
PCB 132
PCB 105
PCB 141
PCB 179
PCB 137
PCB 176
PCB 130
PCB 138/163/164
PCB 158
PCB 129
PCB 178
PCB 175
PCB 187
PCB 183
PCB 128
PCB 167
PCB 185
PCB 174

LF2BG03XA LF2BG04XA LF3BG01XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.00118 U 0.00120 U 0.00205
U 0.00118 U 0.00120 U 0.00205
U 0.00131 U 0.00132 U 0.00186
U 0.00118 U 0.00120 U 0.00205
U 0.00131 U 0.00132 U 0.00186
U 0.00131 U 0.00132 U 0.00186
U 0.00118 U 0.00120 U 0.00205
U 0.00131 U 0.00132 U 0.00186
U 0.00118 U 0.00120 U 0.00205
U 0.00131 U 0.00132 U 0.00186
U 0.00118 U 0.00120 U 0.00205
U 0.00131 U 0.00132 U 0.00186
U 0.00118 U 0.00120 U 0.00205
U 0.00118 U 0.00120 U 0.00205
U 0.00108 U 0.00109 U 0.00225
U 0.00118 U 0.00120 U 0.00205
U 0.00118 U 0.00120 U 0.00205
U 0.00131 U 0.00132 U 0.00186
U 0.00118 U 0.00120 U 0.00205
U 0.00108 U 0.00109 U 0.00225
U 0.00118 U 0.00120 U 0.00205
U 0.00108 U 0.00109 U 0.00225
U 0.00118 U 0.00120 U 0.00205
U 0.00118 U 0.00120 U 0.00205
U 0.00118 U 0.00120 U 0.00205
U 0.00118 U 0.00120 U 0.00205
U 0.00108 U 0.00109 U 0.00225
U 0.00108 U 0.00109 U 0.00225
U 0.00108 U 0.00109 U 0.00225
U 0.00108 U 0.00109 U 0.00225
U 0.00118 U 0.00120 U 0.00205
U 0.00118 U 0.00120 U 0.00205
U 0.00108 U 0.00109 U 0.00225
U 0.00108 U 0.00109 U 0.00225
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Raw Landfill Biogas 
PCBs

Component
PCB 177
PCB 202
PCB 171
PCB 156
PCB 173
PCB 157
PCB 201
PCB 172
PCB 197
PCB 180
PCB 193
PCB 191
PCB 200
PCB 170
PCB 190
PCB 199
PCB 196/203
PCB 189
PCB 208
PCB 195
PCB 207
PCB 194
PCB 205
PCB 206
PCB 209
NA ‐ Not applicable.
B ‐ Analyte detected in t
J ‐ Estimated value; dete
U ‐ Analyte not detected
D ‐ Analyte reported fro
E ‐ Estimate, result dete
I ‐ Concentration/Peak I
RL ‐ Reporting limit is th
EDL ‐ Estimated detectio

LF2BG03XA LF2BG04XA LF3BG01XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.00108 U 0.00109 U 0.00225
U 0.000994 U 0.00100 U 0.00245
U 0.00108 U 0.00109 U 0.00225
U 0.00118 U 0.00120 U 0.00205
U 0.00108 U 0.00109 U 0.00225
U 0.00118 U 0.00120 U 0.00205
U 0.000994 U 0.00100 U 0.00245
U 0.00108 U 0.00109 U 0.00225
U 0.000994 U 0.00100 U 0.00245
U 0.00108 U 0.00109 U 0.00225
U 0.00108 U 0.00109 U 0.00225
U 0.00108 U 0.00109 U 0.00225
U 0.000994 U 0.00100 U 0.00245
U 0.00108 U 0.00109 U 0.00225
U 0.00108 U 0.00109 U 0.00225
U 0.000994 U 0.00100 U 0.00245
U 0.000994 U 0.00100 U 0.00245
U 0.00108 U 0.00109 U 0.00225
U 0.000921 U 0.000929 U 0.00264
U 0.000994 U 0.00100 U 0.00245
U 0.000921 U 0.000929 U 0.00264
U 0.000994 U 0.00100 U 0.00245
U 0.000994 U 0.00100 U 0.00245
U 0.000921 U 0.000929 U 0.00264
U 0.000857 U 0.000865 U 0.00284
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Raw Landfill Biogas 
PCBs

Component
PCB 1
PCB 2
PCB 3
PCB 4/10
PCB 7/9
PCB 6
PCB 8
PCB 5
PCB 19
PCB 12/13
PCB 18
PCB 17
PCB 15
PCB 24/27
PCB 16/32
PCB 34
PCB 29
PCB 54
PCB 26
PCB 25
PCB 31
PCB 50
PCB 28
PCB 20/33
PCB 53
PCB 51
PCB 22
PCB 45
PCB 46
PCB 69
PCB 52/73
PCB 49
PCB 47/48/75
PCB 104

LF3BG02XA LF3BG03XA LF3BG04XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.00118 U 0.00239 U 0.00241
U 0.00118 U 0.00239 U 0.00241
U 0.00118 U 0.00239 U 0.00241
U 0.00140 U 0.00202 U 0.00203
U 0.00140 U 0.00202 U 0.00203
U 0.00140 U 0.00202 U 0.00203
U 0.00140 U 0.00202 U 0.00203
U 0.00140 U 0.00202 U 0.00203
U 0.00161 U 0.00175 U 0.00176
U 0.00140 U 0.00202 U 0.00203
U 0.00161 U 0.00175 U 0.00176
U 0.00161 U 0.00175 U 0.00176
U 0.00140 U 0.00202 U 0.00203
U 0.00161 U 0.00175 U 0.00176
U 0.00161 U 0.00175 U 0.00176
U 0.00161 U 0.00175 U 0.00176
U 0.00161 U 0.00175 U 0.00176
U 0.00183 U 0.00154 U 0.00155
U 0.00161 U 0.00175 U 0.00176
U 0.00161 U 0.00175 U 0.00176
U 0.00161 U 0.00175 U 0.00176
U 0.00183 U 0.00154 U 0.00155
U 0.00161 U 0.00175 U 0.00176
U 0.00161 U 0.00175 U 0.00176
U 0.00183 U 0.00154 U 0.00155
U 0.00183 U 0.00154 U 0.00155
U 0.00161 U 0.00175 U 0.00176
U 0.00183 U 0.00154 U 0.00155
U 0.00183 U 0.00154 U 0.00155
U 0.00183 U 0.00154 U 0.00155
U 0.00183 U 0.00154 U 0.00155
U 0.00183 U 0.00154 U 0.00155
U 0.00183 U 0.00154 U 0.00155
U 0.00204 U 0.00138 U 0.00139
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Raw Landfill Biogas 
PCBs

Component
PCB 35
PCB 44
PCB 59
PCB 37
PCB 42
PCB 71
PCB 41/64
PCB 40
PCB 103
PCB 67
PCB 100
PCB 63
PCB 74
PCB 70
PCB 66
PCB 93/95
PCB 91
PCB 56/60
PCB 92
PCB 84
PCB 90/101
PCB 99
PCB 119
PCB 83
PCB 97
PCB 117
PCB 81
PCB 87/115
PCB 85
PCB 136
PCB 77
PCB 110
PCB 154
PCB 82

LF3BG02XA LF3BG03XA LF3BG04XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.00161 U 0.00175 U 0.00176
U 0.00183 U 0.00154 U 0.00155
U 0.00183 U 0.00154 U 0.00155
U 0.00161 U 0.00175 U 0.00176
U 0.00183 U 0.00154 U 0.00155
U 0.00183 U 0.00154 U 0.00155
U 0.00183 U 0.00154 U 0.00155
U 0.00183 U 0.00154 U 0.00155
U 0.00204 U 0.00138 U 0.00139
U 0.00183 U 0.00154 U 0.00155
U 0.00204 U 0.00138 U 0.00139
U 0.00183 U 0.00154 U 0.00155
U 0.00183 U 0.00154 U 0.00155
U 0.00183 U 0.00154 U 0.00155
U 0.00183 U 0.00154 U 0.00155
U 0.00204 U 0.00138 U 0.00139
U 0.00204 U 0.00138 U 0.00139
U 0.00183 U 0.00154 U 0.00155
U 0.00204 U 0.00138 U 0.00139
U 0.00204 U 0.00138 U 0.00139
U 0.00204 U 0.00138 U 0.00139
U 0.00204 U 0.00138 U 0.00139
U 0.00204 U 0.00138 U 0.00139
U 0.00204 U 0.00138 U 0.00139
U 0.00204 U 0.00138 U 0.00139
U 0.00204 U 0.00138 U 0.00139
U 0.00204 U 0.00138 U 0.00139
U 0.00183 U 0.00154 U 0.00155
U 0.00204 U 0.00138 U 0.00139
U 0.00226 U 0.00125 U 0.00126
U 0.00183 U 0.00154 U 0.00155
U 0.00204 U 0.00138 U 0.00139
U 0.00226 U 0.00125 U 0.00126
U 0.00204 U 0.00138 U 0.00139
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Raw Landfill Biogas 
PCBs

Component
PCB 151
PCB 135/144
PCB 124
PCB 147
PCB 107
PCB 123
PCB 149
PCB 118
PCB 134
PCB 114
PCB 131
PCB 122
PCB 165
PCB 146
PCB 188
PCB 153
PCB 132
PCB 105
PCB 141
PCB 179
PCB 137
PCB 176
PCB 130
PCB 138/163/164
PCB 158
PCB 129
PCB 178
PCB 175
PCB 187
PCB 183
PCB 128
PCB 167
PCB 185
PCB 174

LF3BG02XA LF3BG03XA LF3BG04XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.00226 U 0.00125 U 0.00126
U 0.00226 U 0.00125 U 0.00126
U 0.00204 U 0.00138 U 0.00139
U 0.00226 U 0.00125 U 0.00126
U 0.00204 U 0.00138 U 0.00139
U 0.00204 U 0.00138 U 0.00139
U 0.00226 U 0.00125 U 0.00126
U 0.00204 U 0.00138 U 0.00139
U 0.00226 U 0.00125 U 0.00126
U 0.00204 U 0.00138 U 0.00139
U 0.00226 U 0.00125 U 0.00126
U 0.00204 U 0.00138 U 0.00139
U 0.00226 U 0.00125 U 0.00126
U 0.00226 U 0.00125 U 0.00126
U 0.00248 U 0.00114 U 0.00115
U 0.00226 U 0.00125 U 0.00126
U 0.00226 U 0.00125 U 0.00126
U 0.00204 U 0.00138 U 0.00139
U 0.00226 U 0.00125 U 0.00126
U 0.00248 U 0.00114 U 0.00115
U 0.00226 U 0.00125 U 0.00126
U 0.00248 U 0.00114 U 0.00115
U 0.00226 U 0.00125 U 0.00126
U 0.00226 U 0.00125 U 0.00126
U 0.00226 U 0.00125 U 0.00126
U 0.00226 U 0.00125 U 0.00126
U 0.00248 U 0.00114 U 0.00115
U 0.00248 U 0.00114 U 0.00115
U 0.00248 U 0.00114 U 0.00115
U 0.00248 U 0.00114 U 0.00115
U 0.00226 U 0.00125 U 0.00126
U 0.00226 U 0.00125 U 0.00126
U 0.00248 U 0.00114 U 0.00115
U 0.00248 U 0.00114 U 0.00115

20916 Second Tier Chem Results for Raw Landfill Biogas‐ PCBs Page 11

Page 1685



Raw Landfill Biogas 
PCBs

Component
PCB 177
PCB 202
PCB 171
PCB 156
PCB 173
PCB 157
PCB 201
PCB 172
PCB 197
PCB 180
PCB 193
PCB 191
PCB 200
PCB 170
PCB 190
PCB 199
PCB 196/203
PCB 189
PCB 208
PCB 195
PCB 207
PCB 194
PCB 205
PCB 206
PCB 209
NA ‐ Not applicable.
B ‐ Analyte detected in t
J ‐ Estimated value; dete
U ‐ Analyte not detected
D ‐ Analyte reported fro
E ‐ Estimate, result dete
I ‐ Concentration/Peak I
RL ‐ Reporting limit is th
EDL ‐ Estimated detectio

LF3BG02XA LF3BG03XA LF3BG04XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.00248 U 0.00114 U 0.00115
U 0.00269 U 0.00105 U 0.00106
U 0.00248 U 0.00114 U 0.00115
U 0.00226 U 0.00125 U 0.00126
U 0.00248 U 0.00114 U 0.00115
U 0.00226 U 0.00125 U 0.00126
U 0.00269 U 0.00105 U 0.00106
U 0.00248 U 0.00114 U 0.00115
U 0.00269 U 0.00105 U 0.00106
U 0.00248 U 0.00114 U 0.00115
U 0.00248 U 0.00114 U 0.00115
U 0.00248 U 0.00114 U 0.00115
U 0.00269 U 0.00105 U 0.00106
U 0.00248 U 0.00114 U 0.00115
U 0.00248 U 0.00114 U 0.00115
U 0.00269 U 0.00105 U 0.00106
U 0.00269 U 0.00105 U 0.00106
U 0.00248 U 0.00114 U 0.00115
U 0.00291 U 0.000971 U 0.00098
U 0.00269 U 0.00105 U 0.00106
U 0.00291 U 0.00097 U 0.000977
U 0.00269 U 0.00105 U 0.00106
U 0.00269 U 0.00105 U 0.00106
U 0.00291 U 0.000971 U 0.000977
U 0.00312 U 0.000904 U 0.000910
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Raw Landfill Biogas 
PCBs

Component
PCB 1
PCB 2
PCB 3
PCB 4/10
PCB 7/9
PCB 6
PCB 8
PCB 5
PCB 19
PCB 12/13
PCB 18
PCB 17
PCB 15
PCB 24/27
PCB 16/32
PCB 34
PCB 29
PCB 54
PCB 26
PCB 25
PCB 31
PCB 50
PCB 28
PCB 20/33
PCB 53
PCB 51
PCB 22
PCB 45
PCB 46
PCB 69
PCB 52/73
PCB 49
PCB 47/48/75
PCB 104

LF4BG01XA
GTI
ppbv Q EDL

U 0.00252
U 0.00252
U 0.00252
U 0.00213
U 0.00213
U 0.00213
U 0.00213
U 0.00213
U 0.00184
U 0.00213
U 0.00184
U 0.00184
U 0.00213
U 0.00184
U 0.00184
U 0.00184
U 0.00184
U 0.00162
U 0.00184
U 0.00184
U 0.00184
U 0.00162
U 0.00184
U 0.00184
U 0.00162
U 0.00162
U 0.00184
U 0.00162
U 0.00162
U 0.00162
U 0.00162
U 0.00162
U 0.00162
U 0.00145
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Raw Landfill Biogas 
PCBs

Component
PCB 35
PCB 44
PCB 59
PCB 37
PCB 42
PCB 71
PCB 41/64
PCB 40
PCB 103
PCB 67
PCB 100
PCB 63
PCB 74
PCB 70
PCB 66
PCB 93/95
PCB 91
PCB 56/60
PCB 92
PCB 84
PCB 90/101
PCB 99
PCB 119
PCB 83
PCB 97
PCB 117
PCB 81
PCB 87/115
PCB 85
PCB 136
PCB 77
PCB 110
PCB 154
PCB 82

LF4BG01XA
GTI
ppbv Q EDL

U 0.00184
U 0.00162
U 0.00162
U 0.00184
U 0.00162
U 0.00162
U 0.00162
U 0.00162
U 0.00145
U 0.00162
U 0.00145
U 0.00162
U 0.00162
U 0.00162
U 0.00162
U 0.00145
U 0.00145
U 0.00162
U 0.00145
U 0.00145
U 0.00145
U 0.00145
U 0.00145
U 0.00145
U 0.00145
U 0.00145
U 0.00145
U 0.00162
U 0.00145
U 0.00131
U 0.00162
U 0.00145
U 0.00131
U 0.00145
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Raw Landfill Biogas 
PCBs

Component
PCB 151
PCB 135/144
PCB 124
PCB 147
PCB 107
PCB 123
PCB 149
PCB 118
PCB 134
PCB 114
PCB 131
PCB 122
PCB 165
PCB 146
PCB 188
PCB 153
PCB 132
PCB 105
PCB 141
PCB 179
PCB 137
PCB 176
PCB 130
PCB 138/163/164
PCB 158
PCB 129
PCB 178
PCB 175
PCB 187
PCB 183
PCB 128
PCB 167
PCB 185
PCB 174

LF4BG01XA
GTI
ppbv Q EDL

U 0.00131
U 0.00131
U 0.00145
U 0.00131
U 0.00145
U 0.00145
U 0.00131
U 0.00145
U 0.00131
U 0.00145
U 0.00131
U 0.00145
U 0.00131
U 0.00131
U 0.00120
U 0.00131
U 0.00131
U 0.00145
U 0.00131
U 0.00120
U 0.00131
U 0.00120
U 0.00131
U 0.00131
U 0.00131
U 0.00131
U 0.00120
U 0.00120
U 0.00120
U 0.00120
U 0.00131
U 0.00131
U 0.00120
U 0.00120
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Raw Landfill Biogas 
PCBs

Component
PCB 177
PCB 202
PCB 171
PCB 156
PCB 173
PCB 157
PCB 201
PCB 172
PCB 197
PCB 180
PCB 193
PCB 191
PCB 200
PCB 170
PCB 190
PCB 199
PCB 196/203
PCB 189
PCB 208
PCB 195
PCB 207
PCB 194
PCB 205
PCB 206
PCB 209
NA ‐ Not applicable.
B ‐ Analyte detected in t
J ‐ Estimated value; dete
U ‐ Analyte not detected
D ‐ Analyte reported fro
E ‐ Estimate, result dete
I ‐ Concentration/Peak I
RL ‐ Reporting limit is th
EDL ‐ Estimated detectio

LF4BG01XA
GTI
ppbv Q EDL

U 0.00120
U 0.00110
U 0.00120
U 0.00131
U 0.00120
U 0.00131
U 0.00110
U 0.00120
U 0.00110
U 0.00120
U 0.00120
U 0.00120
U 0.00110
U 0.00120
U 0.00120
U 0.00110
U 0.00110
U 0.00120
U 0.00102
U 0.00110
U 0.00102
U 0.00110
U 0.00110
U 0.00102
U 0.000951
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Raw WWTP Biogas 
PCBs

WWTP1BG01XA WWTP1BG02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
PCB 1 U 0.00313 U 0.00352
PCB 2 U 0.00313 U 0.00352
PCB 3 U 0.00313 U 0.00352
PCB 4/10 U 0.00265 U 0.00298
PCB 7/9 U 0.00265 U 0.00298
PCB 6 U 0.00265 U 0.00298
PCB 8 U 0.00265 U 0.00298
PCB 5 U 0.00265 U 0.00298
PCB 19 U 0.00229 U 0.00258
PCB 12/13 U 0.00265 U 0.00298
PCB 18 U 0.00229 U 0.00258
PCB 17 U 0.00229 U 0.00258
PCB 15 U 0.00265 U 0.00298
PCB 24/27 U 0.00229 U 0.00258
PCB 16/32 U 0.00229 U 0.00258
PCB 34 U 0.00229 U 0.00258
PCB 29 U 0.00229 U 0.00258
PCB 54 U 0.00202 U 0.00227
PCB 26 U 0.00229 U 0.00258
PCB 25 U 0.00229 U 0.00258
PCB 31 U 0.00229 U 0.00258
PCB 50 U 0.00202 U 0.00227
PCB 28 U 0.00229 U 0.00258
PCB 20/33 U 0.00229 U 0.00258
PCB 53 U 0.00202 U 0.00227
PCB 51 U 0.00202 U 0.00227
PCB 22 U 0.00229 U 0.00258
PCB 45 U 0.00202 U 0.00227
PCB 46 U 0.00202 U 0.00227
PCB 69 U 0.00202 U 0.00227
PCB 52/73 U 0.00202 U 0.00227
PCB 49 U 0.00202 U 0.00227
PCB 47/48/75 U 0.00202 U 0.00227
PCB 104 U 0.00181 U 0.00203
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Raw WWTP Biogas 
PCBs

WWTP1BG01XA WWTP1BG02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
PCB 35 U 0.00229 U 0.00258
PCB 44 U 0.00202 U 0.00227
PCB 59 U 0.00202 U 0.00227
PCB 37 U 0.00229 U 0.00258
PCB 42 U 0.00202 U 0.00227
PCB 71 U 0.00202 U 0.00227
PCB 41/64 U 0.00202 U 0.00227
PCB 40 U 0.00202 U 0.00227
PCB 103 U 0.00181 U 0.00203
PCB 67 U 0.00202 U 0.00227
PCB 100 U 0.00181 U 0.00203
PCB 63 U 0.00202 U 0.00227
PCB 74 U 0.00202 U 0.00227
PCB 70 U 0.00202 U 0.00227
PCB 66 U 0.00202 U 0.00227
PCB 93/95 U 0.00181 U 0.00203
PCB 91 U 0.00181 U 0.00203
PCB 56/60 U 0.00202 U 0.00227
PCB 92 U 0.00181 U 0.00203
PCB 84 U 0.00181 U 0.00203
PCB 90/101 U 0.00181 U 0.00203
PCB 99 U 0.00181 U 0.00203
PCB 119 U 0.00181 U 0.00203
PCB 83 U 0.00181 U 0.00203
PCB 97 U 0.00181 U 0.00203
PCB 117 U 0.00181 U 0.00203
PCB 81 U 0.00181 U 0.00203
PCB 87/115 U 0.00202 U 0.00227
PCB 85 U 0.00181 U 0.00203
PCB 136 U 0.00164 U 0.00184
PCB 77 U 0.00202 U 0.00227
PCB 110 U 0.00181 U 0.00203
PCB 154 U 0.00164 U 0.00184
PCB 82 U 0.00181 U 0.00203
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Raw WWTP Biogas 
PCBs

WWTP1BG01XA WWTP1BG02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
PCB 151 U 0.00164 U 0.00184
PCB 135/144 U 0.00164 U 0.00184
PCB 124 U 0.00181 U 0.00203
PCB 147 U 0.00164 U 0.00184
PCB 107 U 0.00181 U 0.00203
PCB 123 U 0.00181 U 0.00203
PCB 149 U 0.00164 U 0.00184
PCB 118 U 0.00181 U 0.00203
PCB 134 U 0.00164 U 0.00184
PCB 114 U 0.00181 U 0.00203
PCB 131 U 0.00164 U 0.00184
PCB 122 U 0.00181 U 0.00203
PCB 165 U 0.00164 U 0.00184
PCB 146 U 0.00164 U 0.00184
PCB 188 U 0.00149 U 0.00168
PCB 153 U 0.00164 U 0.00184
PCB 132 U 0.00164 U 0.00184
PCB 105 U 0.00181 U 0.00203
PCB 141 U 0.00164 U 0.00184
PCB 179 U 0.00149 U 0.00168
PCB 137 U 0.00164 U 0.00184
PCB 176 U 0.00149 U 0.00168
PCB 130 U 0.00164 U 0.00184
PCB 138/163/164 U 0.00164 U 0.00184
PCB 158 U 0.00164 U 0.00184
PCB 129 U 0.00164 U 0.00184
PCB 178 U 0.00149 U 0.00168
PCB 175 U 0.00149 U 0.00168
PCB 187 U 0.00149 U 0.00168
PCB 183 U 0.00149 U 0.00168
PCB 128 U 0.00164 U 0.00184
PCB 167 U 0.00164 U 0.00184
PCB 185 U 0.00149 U 0.00168
PCB 174 U 0.00149 U 0.00168
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Raw WWTP Biogas 
PCBs

WWTP1BG01XA WWTP1BG02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
PCB 177 U 0.00149 U 0.00168
PCB 202 U 0.00137 U 0.00155
PCB 171 U 0.00149 U 0.00168
PCB 156 U 0.00164 U 0.00184
PCB 173 U 0.00149 U 0.00168
PCB 157 U 0.00164 U 0.00184
PCB 201 U 0.00137 U 0.00155
PCB 172 U 0.00149 U 0.00168
PCB 197 U 0.00137 U 0.00155
PCB 180 U 0.00149 U 0.00168
PCB 193 U 0.00149 U 0.00168
PCB 191 U 0.00149 U 0.00168
PCB 200 U 0.00137 U 0.00155
PCB 170 U 0.00149 U 0.00168
PCB 190 U 0.00149 U 0.00168
PCB 199 U 0.00137 U 0.00155
PCB 196/203 U 0.00137 U 0.00155
PCB 189 U 0.00149 U 0.00168
PCB 208 U 0.00127 U 0.00143
PCB 195 U 0.00137 U 0.00155
PCB 207 U 0.00127 U 0.00143
PCB 194 U 0.00137 U 0.00155
PCB 205 U 0.00137 U 0.00155
PCB 206 U 0.00127 U 0.00143
PCB 209 U 0.00118 U 0.00133
NA ‐ Not applicable.
B ‐ Analyte detected in the Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentra
EDL ‐ Estimated detection limit is 50% of RL.
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Raw WWTP Biogas 
PCBs

Component
PCB 1
PCB 2
PCB 3
PCB 4/10
PCB 7/9
PCB 6
PCB 8
PCB 5
PCB 19
PCB 12/13
PCB 18
PCB 17
PCB 15
PCB 24/27
PCB 16/32
PCB 34
PCB 29
PCB 54
PCB 26
PCB 25
PCB 31
PCB 50
PCB 28
PCB 20/33
PCB 53
PCB 51
PCB 22
PCB 45
PCB 46
PCB 69
PCB 52/73
PCB 49
PCB 47/48/75
PCB 104

WWTP1BG03XA WWTP1BG04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.00353 U 0.00390
U 0.00353 U 0.00390
U 0.00353 U 0.00390
U 0.00298 U 0.00330
U 0.00298 U 0.00330
U 0.00298 U 0.00330
U 0.00298 U 0.00330
U 0.00298 U 0.00330
U 0.00258 U 0.00286
U 0.00298 U 0.00330
U 0.00258 U 0.00286
U 0.00258 U 0.00286
U 0.00298 U 0.00330
U 0.00258 U 0.00286
U 0.00258 U 0.00286
U 0.00258 U 0.00286
U 0.00258 U 0.00286
U 0.00228 U 0.00252
U 0.00258 U 0.00286
U 0.00258 U 0.00286
U 0.00258 U 0.00286
U 0.00228 U 0.00252
U 0.00258 U 0.00286
U 0.00258 U 0.00286
U 0.00228 U 0.00252
U 0.00228 U 0.00252
U 0.00258 U 0.00286
U 0.00228 U 0.00252
U 0.00228 U 0.00252
U 0.00228 U 0.00252
U 0.00228 U 0.00252
U 0.00228 U 0.00252
U 0.00228 U 0.00252
U 0.00204 U 0.00226
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Raw WWTP Biogas 
PCBs

Component
PCB 35
PCB 44
PCB 59
PCB 37
PCB 42
PCB 71
PCB 41/64
PCB 40
PCB 103
PCB 67
PCB 100
PCB 63
PCB 74
PCB 70
PCB 66
PCB 93/95
PCB 91
PCB 56/60
PCB 92
PCB 84
PCB 90/101
PCB 99
PCB 119
PCB 83
PCB 97
PCB 117
PCB 81
PCB 87/115
PCB 85
PCB 136
PCB 77
PCB 110
PCB 154
PCB 82

WWTP1BG03XA WWTP1BG04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.00258 U 0.00286
U 0.00228 U 0.00252
U 0.00228 U 0.00252
U 0.00258 U 0.00286
U 0.00228 U 0.00252
U 0.00228 U 0.00252
U 0.00228 U 0.00252
U 0.00228 U 0.00252
U 0.00204 U 0.00226
U 0.00228 U 0.00252
U 0.00204 U 0.00226
U 0.00228 U 0.00252
U 0.00228 U 0.00252
U 0.00228 U 0.00252
U 0.00228 U 0.00252
U 0.00204 U 0.00226
U 0.00204 U 0.00226
U 0.00228 U 0.00252
U 0.00204 U 0.00226
U 0.00204 U 0.00226
U 0.00204 U 0.00226
U 0.00204 U 0.00226
U 0.00204 U 0.00226
U 0.00204 U 0.00226
U 0.00204 U 0.00226
U 0.00204 U 0.00226
U 0.00204 U 0.00226
U 0.00228 U 0.00252
U 0.00204 U 0.00226
U 0.00184 U 0.00204
U 0.00228 U 0.00252
U 0.00204 U 0.00226
U 0.00184 U 0.00204
U 0.00204 U 0.00226
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Raw WWTP Biogas 
PCBs

Component
PCB 151
PCB 135/144
PCB 124
PCB 147
PCB 107
PCB 123
PCB 149
PCB 118
PCB 134
PCB 114
PCB 131
PCB 122
PCB 165
PCB 146
PCB 188
PCB 153
PCB 132
PCB 105
PCB 141
PCB 179
PCB 137
PCB 176
PCB 130
PCB 138/163/164
PCB 158
PCB 129
PCB 178
PCB 175
PCB 187
PCB 183
PCB 128
PCB 167
PCB 185
PCB 174

WWTP1BG03XA WWTP1BG04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.00184 U 0.00204
U 0.00184 U 0.00204
U 0.00204 U 0.00226
U 0.00184 U 0.00204
U 0.00204 U 0.00226
U 0.00204 U 0.00226
U 0.00184 U 0.00204
U 0.00204 U 0.00226
U 0.00184 U 0.00204
U 0.00204 U 0.00226
U 0.00184 U 0.00204
U 0.00204 U 0.00226
U 0.00184 U 0.00204
U 0.00184 U 0.00204
U 0.00168 U 0.00186
U 0.00184 U 0.00204
U 0.00184 U 0.00204
U 0.00204 U 0.00226
U 0.00184 U 0.00204
U 0.00168 U 0.00186
U 0.00184 U 0.00204
U 0.00168 U 0.00186
U 0.00184 U 0.00204
U 0.00184 U 0.00204
U 0.00184 U 0.00204
U 0.00184 U 0.00204
U 0.00168 U 0.00186
U 0.00168 U 0.00186
U 0.00168 U 0.00186
U 0.00168 U 0.00186
U 0.00184 U 0.00204
U 0.00184 U 0.00204
U 0.00168 U 0.00186
U 0.00168 U 0.00186

20916 Second Tier Chem Results for Raw WWTP Biogas‐ PCBs Page 7

Page 1697



Raw WWTP Biogas 
PCBs

Component
PCB 177
PCB 202
PCB 171
PCB 156
PCB 173
PCB 157
PCB 201
PCB 172
PCB 197
PCB 180
PCB 193
PCB 191
PCB 200
PCB 170
PCB 190
PCB 199
PCB 196/203
PCB 189
PCB 208
PCB 195
PCB 207
PCB 194
PCB 205
PCB 206
PCB 209
NA ‐ Not applicable
B ‐ Analyte detecte
J ‐ Estimated value;
U ‐ Analyte not dete
D ‐ Analyte reporte
E ‐ Estimate, result 
I ‐ Concentration/P
RL ‐ Reporting limit
EDL ‐ Estimated det

WWTP1BG03XA WWTP1BG04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.00168 U 0.00186
U 0.00155 U 0.00171
U 0.00168 U 0.00186
U 0.00184 U 0.00204
U 0.00168 U 0.00186
U 0.00184 U 0.00204
U 0.00155 U 0.00171
U 0.00168 U 0.00186
U 0.00155 U 0.00171
U 0.00168 U 0.00186
U 0.00168 U 0.00186
U 0.00168 U 0.00186
U 0.00155 U 0.00171
U 0.00168 U 0.00186
U 0.00168 U 0.00186
U 0.00155 U 0.00171
U 0.00155 U 0.00171
U 0.00168 U 0.00186
U 0.00143 U 0.00159
U 0.00155 U 0.00171
U 0.00143 U 0.00159
U 0.00155 U 0.00171
U 0.00155 U 0.00171
U 0.00143 U 0.00159
U 0.00133 U 0.00148

ation.

20916 Second Tier Chem Results for Raw WWTP Biogas‐ PCBs Page 8

Page 1698



Raw Dairy Biogas
Pesticides

GT080129‐04
GTI

Component Detection Limit Min Detection Limit Max ppbv
a‐BHC 0.000168 0.000757 BDL
b‐BHC 0.000168 0.000757 BDL
g‐BHC 0.000168 0.000757 BDL
d‐BHC 0.000168 0.000757 BDL
Heptachlor 0.000131 0.000590 BDL
Aldrin 0.000134 0.000603 BDL
Heptachlor epoxide 0.000126 0.000566 BDL
g‐Chlordane 0.000119 0.000537 BDL
Endosulfan I 0.000120 0.000541 BDL
a‐Chlordane 0.000119 0.000537 BDL
Dieldrin 0.000128 0.000578 BDL
4,4'‐DDE 0.000154 0.000692 BDL
Endrin 0.000128 0.000578 BDL
Endosulfan II 0.000120 0.000541 BDL
4,4'‐DDD 0.000153 0.000688 BDL
Endrin aldehyde 0.000128 0.000578 BDL
Endosulfan sulfate 0.000116 0.000521 BDL
4,4'‐DDT 0.000138 0.000621 BDL
Endrin ketone 0.000128 0.000578 BDL
Methoxychlor 0.000142 0.000637 0.00849
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Raw Dairy Biogas
Pesticides

Component
a‐BHC
b‐BHC
g‐BHC
d‐BHC
Heptachlor
Aldrin
Heptachlor epoxide
g‐Chlordane
Endosulfan I
a‐Chlordane
Dieldrin
4,4'‐DDE
Endrin
Endosulfan II
4,4'‐DDD
Endrin aldehyde
Endosulfan sulfate
4,4'‐DDT
Endrin ketone
Methoxychlor

GT080129‐06 GT080213‐01 GT080402‐04
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.0133 BDL
BDL BDL BDL
BDL 0.0133 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.0471 0.00381

20916 Second Tier Chem Results for Raw Dairy Biogas‐ Pesticides Page 2

Page 1700



Raw Dairy Biogas
Pesticides

Component
a‐BHC
b‐BHC
g‐BHC
d‐BHC
Heptachlor
Aldrin
Heptachlor epoxide
g‐Chlordane
Endosulfan I
a‐Chlordane
Dieldrin
4,4'‐DDE
Endrin
Endosulfan II
4,4'‐DDD
Endrin aldehyde
Endosulfan sulfate
4,4'‐DDT
Endrin ketone
Methoxychlor

GT080402‐08 GT080402‐06 GT080430‐04a
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

0.00152 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.00142 BDL

0.00587 0.00238 BDL
BDL BDL BDL

0.0158 0.0100 BDL
BDL BDL BDL
BDL BDL BDL

20916 Second Tier Chem Results for Raw Dairy Biogas‐ Pesticides Page 3

Page 1701



Raw Dairy Biogas
Pesticides

Component
a‐BHC
b‐BHC
g‐BHC
d‐BHC
Heptachlor
Aldrin
Heptachlor epoxide
g‐Chlordane
Endosulfan I
a‐Chlordane
Dieldrin
4,4'‐DDE
Endrin
Endosulfan II
4,4'‐DDD
Endrin aldehyde
Endosulfan sulfate
4,4'‐DDT
Endrin ketone
Methoxychlor

GT080530‐02 GT080530‐06 GT080530‐10
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas (Partially Cleaned)
Pesticides

GT080213‐02
GTI

Component Detection Limit Min Detection Limit Max ppbv
a‐BHC 0.000168 0.000757 BDL
b‐BHC 0.000168 0.000757 BDL
g‐BHC 0.000168 0.000757 BDL
d‐BHC 0.000168 0.000757 BDL
Heptachlor 0.000131 0.000590 BDL
Aldrin 0.000134 0.000603 BDL
Heptachlor epoxide 0.000126 0.000566 0.0341
g‐Chlordane 0.000119 0.000537 BDL
Endosulfan I 0.000120 0.000541 BDL
a‐Chlordane 0.000119 0.000537 BDL
Dieldrin 0.000128 0.000578 BDL
4,4'‐DDE 0.000154 0.000692 BDL
Endrin 0.000128 0.000578 BDL
Endosulfan II 0.000120 0.000541 0.00750
4,4'‐DDD 0.000153 0.000688 0.0252
Endrin aldehyde 0.000128 0.000578 0.0208
Endosulfan sulfate 0.000116 0.000521 0.0104
4,4'‐DDT 0.000138 0.000621 0.00857
Endrin ketone 0.000128 0.000578 BDL
Methoxychlor 0.000142 0.000637 0.189
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Raw Dairy Biogas (Partially Cleaned)
Pesticides

Component
a‐BHC
b‐BHC
g‐BHC
d‐BHC
Heptachlor
Aldrin
Heptachlor epoxide
g‐Chlordane
Endosulfan I
a‐Chlordane
Dieldrin
4,4'‐DDE
Endrin
Endosulfan II
4,4'‐DDD
Endrin aldehyde
Endosulfan sulfate
4,4'‐DDT
Endrin ketone
Methoxychlor

GT080402‐04‐C GT080213‐05 GT080402‐02
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.0133 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.00797 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.0124 BDL
BDL 0.0112 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.0142
BDL BDL BDL

0.00357 0.0384 BDL
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Raw Dairy Biogas (Partially Cleaned)
Pesticides

Component
a‐BHC
b‐BHC
g‐BHC
d‐BHC
Heptachlor
Aldrin
Heptachlor epoxide
g‐Chlordane
Endosulfan I
a‐Chlordane
Dieldrin
4,4'‐DDE
Endrin
Endosulfan II
4,4'‐DDD
Endrin aldehyde
Endosulfan sulfate
4,4'‐DDT
Endrin ketone
Methoxychlor

GT080430‐03a GT080530‐04 GT080530‐08
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Pesticides

LF1BG01XA LF1BG02XA LF2BG01XA
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
a-BHC U 0.000360 U 0.000453 U 0.000309
b-BHC U 0.000360 U 0.000453 U 0.000309
g-BHC U 0.000360 U 0.000453 U 0.000309
d-BHC U 0.000360 U 0.000453 U 0.000309
Heptachlor U 0.000280 U 0.000582 U 0.000240
Aldrin U 0.000287 U 0.000568 U 0.000246
Heptachlor epoxide U 0.000269 U 0.000607 U 0.000230
g-Chlordane U 0.000255 U 0.000638 U 0.000219
Endosulfan I U 0.000257 U 0.000634 U 0.000220
a-Chlordane U 0.000255 U 0.000638 U 0.000219
Dieldrin U 0.000275 U 0.000593 U 0.000236
4,4'-DDE U 0.000329 U 0.000495 U 0.000282
Endrin U 0.000275 U 0.000593 U 0.000236
Endosulfan II U 0.000257 U 0.000634 U 0.000220
4,4'-DDD U 0.000327 U 0.000499 U 0.000280
Endrin aldehyde U 0.000275 U 0.000593 U 0.000236
Endosulfan sulfate U 0.000247 U 0.000659 U 0.000212
4,4'-DDT U 0.000295 U 0.000552 U 0.000253
Endrin ketone U 0.000275 U 0.000593 U 0.000236
Methoxychlor U 0.000303 U 0.000539 U 0.000260
Toxaphene U 0.000253 U 0.000645 U 0.000217
Technical Chlordane U 0.000255 U 0.000638 U 0.000219

NA ‐ Not applicable.
B ‐ Analyte detected in the Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
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Raw Landfill Biogas 
Pesticides

Component
a-BHC
b-BHC
g-BHC
d-BHC
Heptachlor
Aldrin
Heptachlor epoxide
g-Chlordane
Endosulfan I
a-Chlordane
Dieldrin
4,4'-DDE
Endrin
Endosulfan II
4,4'-DDD
Endrin aldehyde
Endosulfan sulfate
4,4'-DDT
Endrin ketone
Methoxychlor
Toxaphene
Technical Chlordane

NA ‐ Not applicable.
B ‐ Analyte detected in the 
J ‐ Estimated value; detecte
U ‐ Analyte not detected ab
D ‐ Analyte reported from a
E ‐ Estimate, result detecte
I ‐ Concentration/Peak ID u
RL ‐ Reporting limit is the sa
EDL ‐ Estimated detection l

LF2BG03XA LF2BG04XA LF3BG01XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.000294 U 0.000297 U 0.000320
U 0.000294 U 0.000297 U 0.000320
U 0.000294 U 0.000297 U 0.000320
U 0.000294 U 0.000297 U 0.000320
U 0.000229 U 0.000231 U 0.000250
U 0.000234 U 0.000236 U 0.000255
U 0.000220 U 0.000222 U 0.000239
U 0.000209 U 0.000211 U 0.000227
U 0.000210 U 0.000212 U 0.000229
U 0.000209 U 0.000211 U 0.000227
U 0.000224 U 0.000227 U 0.000245
U 0.000269 U 0.000271 U 0.000293
U 0.000224 U 0.000227 U 0.000245
U 0.000210 U 0.000212 U 0.000229
U 0.000267 U 0.000270 U 0.000291
U 0.000224 U 0.000227 U 0.000245
U 0.000202 U 0.000204 U 0.000220
U 0.000241 U 0.000243 U 0.000263
U 0.000224 U 0.000227 U 0.000245
U 0.000247 U 0.000250 U 0.000270
U 0.000207 U 0.000209 U 0.000225
U 0.000209 U 0.000211 U 0.000227

NA ‐ Not applicable.
B ‐ Analyte detected in the Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
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Raw Landfill Biogas 
Pesticides

Component
a-BHC
b-BHC
g-BHC
d-BHC
Heptachlor
Aldrin
Heptachlor epoxide
g-Chlordane
Endosulfan I
a-Chlordane
Dieldrin
4,4'-DDE
Endrin
Endosulfan II
4,4'-DDD
Endrin aldehyde
Endosulfan sulfate
4,4'-DDT
Endrin ketone
Methoxychlor
Toxaphene
Technical Chlordane

NA ‐ Not applicable.
B ‐ Analyte detected in the 
J ‐ Estimated value; detecte
U ‐ Analyte not detected ab
D ‐ Analyte reported from a
E ‐ Estimate, result detecte
I ‐ Concentration/Peak ID u
RL ‐ Reporting limit is the sa
EDL ‐ Estimated detection l

LF3BG02XA LF3BG03XA LF3BG04XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.000364 U 0.000311 U 0.000311
U 0.000364 U 0.000311 U 0.000311
U 0.000364 U 0.000311 U 0.000311
U 0.000364 U 0.000311 U 0.000311
U 0.000284 U 0.000242 U 0.000242
U 0.000290 U 0.000248 U 0.000248
U 0.000272 U 0.000232 U 0.000232
U 0.000259 U 0.000221 U 0.000221
U 0.000260 U 0.000222 U 0.000222
U 0.000259 U 0.000221 U 0.000221
U 0.000278 U 0.000237 U 0.000238
U 0.000333 U 0.000284 U 0.000285
U 0.000278 U 0.000237 U 0.000238
U 0.000260 U 0.000222 U 0.000222
U 0.000331 U 0.000282 U 0.000283
U 0.000278 U 0.000237 U 0.000238
U 0.000251 U 0.000214 U 0.000214
U 0.000299 U 0.000255 U 0.000255
U 0.000278 U 0.000237 U 0.000238
U 0.000307 U 0.000262 U 0.000262
U 0.000256 U 0.000218 U 0.000219
U 0.000259 U 0.000221 U 0.000221

NA ‐ Not applicable.
B ‐ Analyte detected in the Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
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Raw Landfill Biogas 
Pesticides

Component
a-BHC
b-BHC
g-BHC
d-BHC
Heptachlor
Aldrin
Heptachlor epoxide
g-Chlordane
Endosulfan I
a-Chlordane
Dieldrin
4,4'-DDE
Endrin
Endosulfan II
4,4'-DDD
Endrin aldehyde
Endosulfan sulfate
4,4'-DDT
Endrin ketone
Methoxychlor
Toxaphene
Technical Chlordane

NA ‐ Not applicable.
B ‐ Analyte detected in the 
J ‐ Estimated value; detecte
U ‐ Analyte not detected ab
D ‐ Analyte reported from a
E ‐ Estimate, result detecte
I ‐ Concentration/Peak ID u
RL ‐ Reporting limit is the sa
EDL ‐ Estimated detection l

LF4BG01XA
GTI
ppbv Q EDL

U 0.000327
U 0.000327
U 0.000327
U 0.000327
U 0.000255
U 0.000261
U 0.000244
U 0.000232
U 0.000234
U 0.000232
U 0.000250
U 0.000299
U 0.000250
U 0.000234
U 0.000297
U 0.000250
U 0.000225
U 0.000268
U 0.000250
U 0.000275
U 0.000230
U 0.000232

NA ‐ Not applicable.
B ‐ Analyte detected in the Blank.
J ‐ Estimated value; detected betw
U ‐ Analyte not detected above DL
D ‐ Analyte reported from a dilute
E ‐ Estimate, result detected abov
I ‐ Concentration/Peak ID uncerta
RL ‐ Reporting limit is the sample e
EDL ‐ Estimated detection limit is 
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Raw WWTP Biogas 
Pesticides

WWTP1BG01XA WWTP1BG02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
a-BHC U 0.000406 U 0.000455
b-BHC U 0.000406 U 0.000455
g-BHC U 0.000406 U 0.000455
d-BHC U 0.000406 U 0.000455
Heptachlor U 0.000317 U 0.000355
Aldrin U 0.000324 U 0.000363
Heptachlor epoxide U 0.000304 U 0.000340
g-Chlordane U 0.000288 U 0.000323
Endosulfan I U 0.000290 U 0.000325
a-Chlordane U 0.000288 U 0.000323
Dieldrin U 0.000310 U 0.000347
4,4'-DDE U 0.000372 U 0.000416
Endrin U 0.000310 U 0.000347
Endosulfan II U 0.000290 U 0.000325
4,4'-DDD U 0.000369 U 0.000414
Endrin aldehyde U 0.000310 U 0.000347
Endosulfan sulfate U 0.000279 U 0.000313
4,4'-DDT 0.00535 0.000333 0.00860 0.000373
Endrin ketone U 0.000310 U 0.000347
Methoxychlor U 0.000342 U 0.000383
Toxaphene U 0.000286 U 0.000320
Technical Chlordane U 0.000288 U 0.000323

Extraction Surrogate R 68 64
Tetrachloro-m-xylene 92 108
Decachlorobiphenyl

NA - Not applicable.
B - Analyte detected in the Blank.
J - Estimated value; detected between the RL and DL.
U - Analyte not detected above DL.
D - Analyte reported from a diluted extract.
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Raw WWTP Biogas 
Pesticides

Component
a-BHC
b-BHC
g-BHC
d-BHC
Heptachlor
Aldrin
Heptachlor epoxide
g-Chlordane
Endosulfan I
a-Chlordane
Dieldrin
4,4'-DDE
Endrin
Endosulfan II
4,4'-DDD
Endrin aldehyde
Endosulfan sulfate
4,4'-DDT
Endrin ketone
Methoxychlor
Toxaphene
Technical Chlordane

Extraction Surrogate R
Tetrachloro-m-xylene
Decachlorobiphenyl

NA - Not applicable.
B - Analyte detected in
J - Estimated value; de
U - Analyte not detecte
D - Analyte reported fro

WWTP1BG03XA WWTP1BG04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.000458 U 0.000505
U 0.000458 U 0.000505
U 0.000458 U 0.000505
U 0.000458 U 0.000505
U 0.000357 U 0.000393
U 0.000365 U 0.000402
U 0.000342 U 0.000377
U 0.000325 U 0.000358
U 0.000327 U 0.000361
U 0.000325 U 0.000358
U 0.000350 U 0.000385
U 0.000419 U 0.000461
U 0.000350 U 0.000385
U 0.000327 U 0.000361
U 0.000416 U 0.000458
U 0.000350 U 0.000385
U 0.000315 U 0.000347

0.00372 0.000376 U 0.000414
U 0.000350 U 0.000385
U 0.000386 U 0.000424
U 0.000322 U 0.000355
U 0.000325 U 0.000358

60 80
92 112
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Raw Dairy Biogas
Pharmaceuticals

GT080129‐04
GTI

Component Detection Limit Min Detection Limit Max ppbv
Ampicillin Trihydrate 6.06E‐04 4.66E‐02 BDL
Amoxicillin Trihydrate 5.83E‐04 4.49E‐02 BDL
Oxytocin 2.43E‐04 3.74E‐02 BDL
Florfenicol 6.83E‐04 1.31E‐02 BDL
Tripelennamine hydrochloride 4.36E‐03 4.63E‐02 BDL
Ceftiofur 2.43E‐03 2.58E‐02 BDL
Tilmicosin 1.46E‐03 3.10E+00 BDL
Furosemide 8.88E‐04 1.42E‐02 BDL
Flunixin meglumine 5.97E‐04 9.56E‐03 BDL
Fenbendazol 9.81E‐04 1.57E‐02 BDL
Doramectin 2.83E‐03 2.09E‐02 BDL
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Raw Dairy Biogas
Pharmaceuticals

Component
Ampicillin Trihydrate
Amoxicillin Trihydrate
Oxytocin
Florfenicol
Tripelennamine hydrochloride
Ceftiofur
Tilmicosin
Furosemide
Flunixin meglumine
Fenbendazol
Doramectin

GT080129‐06 GT080213‐01 GT080402‐04
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

20916 Second Tier Chem Results for Raw Dairy Biogas‐ Phamaceuticals Page 2

Page 1713



Raw Dairy Biogas
Pharmaceuticals

Component
Ampicillin Trihydrate
Amoxicillin Trihydrate
Oxytocin
Florfenicol
Tripelennamine hydrochloride
Ceftiofur
Tilmicosin
Furosemide
Flunixin meglumine
Fenbendazol
Doramectin

GT080402‐08 GT080402‐06 GT080430‐04a
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas
Pharmaceuticals

Component
Ampicillin Trihydrate
Amoxicillin Trihydrate
Oxytocin
Florfenicol
Tripelennamine hydrochloride
Ceftiofur
Tilmicosin
Furosemide
Flunixin meglumine
Fenbendazol
Doramectin

GT080530‐02 GT080530‐06 GT080530‐10
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas
Pharmaceuticals

GT080213‐02
GTI

Component Detection Limit Min Detection Limit Max ppbv
Ampicillin Trihydrate 0.000606 0.0466 BDL
Amoxicillin Trihydrate 0.000583 0.0449 BDL
Oxytocin 0.000243 0.0374 BDL
Florfenicol 0.000683 0.0131 BDL
Tripelennamine hydrochloride 0.00436 0.0463 BDL
Ceftiofur 0.00243 0.0258 BDL
Tilmicosin 0.00146 3.10 BDL
Furosemide 0.000888 0.0142 BDL
Flunixin meglumine 0.000597 0.00956 BDL
Fenbendazol 0.000981 0.0157 BDL
Doramectin 0.00283 0.0209 BDL
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Raw Dairy Biogas
Pharmaceuticals

Component
Ampicillin Trihydrate
Amoxicillin Trihydrate
Oxytocin
Florfenicol
Tripelennamine hydrochloride
Ceftiofur
Tilmicosin
Furosemide
Flunixin meglumine
Fenbendazol
Doramectin

GT080402‐04‐C GT080213‐05 GT080402‐02
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas
Pharmaceuticals

Component
Ampicillin Trihydrate
Amoxicillin Trihydrate
Oxytocin
Florfenicol
Tripelennamine hydrochloride
Ceftiofur
Tilmicosin
Furosemide
Flunixin meglumine
Fenbendazol
Doramectin

GT080430‐03a GT080530‐04 GT080530‐08
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Landfill Biogas 
Aldehydes and Ketones

LF1BG01XA LF1BG02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
Formaldehyde 3.16 0.202 2.13 0.214
Acetaldehyde 33.2 0.0945 59.73 B 0.100
Acetone 31.6 B 0.0890 151 EB 0.0941
Acrolein U 0.0898 #VALUE! BU 0.0949
Propionaldehyde 13.1 0.0890 15.77 0.0941
Crotonaldehyde U 0.0848 18.43 0.0896
2‐Butanone 45.0 E 0.0841 125 E 0.0889
Methacrolein U 0.0848 109 E 0.0896
Butanal 37.1 E 0.0841 24.69 0.0889
Benzaldehyde 10.2 0.0741 #VALUE! U 0.0784
Pentanal 5.04 0.0797 #VALUE! U 0.0843
p‐Tolualdehyde 1.71 0.0707 #VALUE! U 0.0747
Hexanal 6.43 0.0757 0.439 B 0.0800

NA ‐ Not applicable.
B ‐ Analyte detected in the Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
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Raw Landfill Biogas 
Aldehydes and Ketones

Component
Formaldehyde
Acetaldehyde
Acetone
Acrolein
Propionaldehyde
Crotonaldehyde
2‐Butanone
Methacrolein
Butanal
Benzaldehyde
Pentanal
p‐Tolualdehyde
Hexanal

NA ‐ Not applicable.
B ‐ Analyte detected in
J ‐ Estimated value; de
U ‐ Analyte not detect
D ‐ Analyte reported fr
E ‐ Estimate, result det
I ‐ Concentration/Peak
RL ‐ Reporting limit is t
EDL ‐ Estimated detect

LF2BG01XA LF2BG03XA
GTI GTI
ppbv Q EDL ppbv Q EDL

0.363 0.113 0.901 0.164
0.762 0.0530 12.5 0.0768
46.6 EB 0.0499 124 B 0.0723

U 0.0503 U 0.0729
0.223 0.0499 4.79 0.0723

U 0.0475 U 0.0688
81.6 E 0.0471 165 E 0.0683

U 0.0475 U 0.0688
0.479 0.0471 5.66 0.0683
9.79 0.0415 10.8 0.0602

U 0.0447 U 0.0647
U 0.0396 U 0.0574
U 0.0424 0.730 0.0615
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Raw Landfill Biogas 
Aldehydes and Ketones

Component
Formaldehyde
Acetaldehyde
Acetone
Acrolein
Propionaldehyde
Crotonaldehyde
2‐Butanone
Methacrolein
Butanal
Benzaldehyde
Pentanal
p‐Tolualdehyde
Hexanal

NA ‐ Not applicable.
B ‐ Analyte detected in
J ‐ Estimated value; de
U ‐ Analyte not detect
D ‐ Analyte reported fr
E ‐ Estimate, result det
I ‐ Concentration/Peak
RL ‐ Reporting limit is t
EDL ‐ Estimated detect

LF2BG04XA LF3BG01XA LF3BG02XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

0.678 0.189 0.213 J 0.115 0.238 J 0.205
7.33 0.0883 8.35 0.0540 3.41 0.0960
207 EB 0.0831 44.8 EB 0.0508 235 EB 0.0904

U 0.0838 U 0.0513 U 0.0912
2.34 0.0831 4.97 0.0508 1.38 0.0904

U 0.0791 U 0.0484 U 0.0861
169 E 0.0785 86.9 E 0.0480 115 E 0.0854

U 0.0791 1.45 0.0484 U 0.0861
4.74 0.0785 3.77 0.0480 1.28 0.0854

U 0.0692 U 0.0423 U 0.0753
17.4 0.0744 0.289 0.0455 U 0.0809
57.0 E 0.0659 0.775 0.0403 U 0.0717

U 0.0707 0.621 0.0432 U 0.0769
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Raw Landfill Biogas 
Aldehydes and Ketones

Component
Formaldehyde
Acetaldehyde
Acetone
Acrolein
Propionaldehyde
Crotonaldehyde
2‐Butanone
Methacrolein
Butanal
Benzaldehyde
Pentanal
p‐Tolualdehyde
Hexanal

NA ‐ Not applicable.
B ‐ Analyte detected in
J ‐ Estimated value; de
U ‐ Analyte not detect
D ‐ Analyte reported fr
E ‐ Estimate, result det
I ‐ Concentration/Peak
RL ‐ Reporting limit is t
EDL ‐ Estimated detect

LF3BG03XA LF3BG04XA LF4BG01XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

1.04 0.195 0.657 0.200 0.737 0.230
35.3 0.0910 33.9 0.0934 7.4 0.108
159 EB 0.0857 243 EB 0.0879 368 EB 0.101

U 0.0864 U 0.0887 U 0.102
15.1 0.0857 10.5 0.0879 2.67 0.101

U 0.0816 U 0.0837 6.93 0.0966
304 E 0.0809 400 E 0.0831 345 E 0.0959

U 0.0816 U 0.0837 U 0.0966
11.7 0.0809 7.37 0.0831 3.95 0.0959

U 0.0713 19.6 0.0732 U 0.0845
0.540 0.0767 U 0.0787 U 0.0909
2.20 0.0680 U 0.0698 0.138 J 0.0805

U 0.0728 0.546 0.0748 U 0.0863
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Raw WWTP Biogas 
Aldehydes and Ketones

WWTP1BG01XA WWTP1BG02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
Formaldehyde 0.727 J 0.191 U 0.200
Acetaldehyde 4.730 0.0893 0.262 0.0939
Acetone 0.704 B 0.0841 0.157 JB 0.0885
Acrolein U 0.0848 U 0.0892
Propionaldehyde U 0.0841 U 0.0885
Crotonaldehyde U 0.0801 U 0.0842
2‐Butanone 0.298 0.0795 U 0.0836
Methacrolein U 0.0801 U 0.0842
Butanal U 0.0795 U 0.0836
Benzaldehyde 3.932 0.0700 U 0.0736
Pentanal U 0.0753 U 0.0792
p‐Tolualdehyde U 0.0667 0.411 0.0702
Hexanal 2.718 0.0715 U 0.0752

NA ‐ Not applicable.
B ‐ Analyte detected in the Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
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Raw WWTP Biogas 
Aldehydes and Ketones

Component
Formaldehyde
Acetaldehyde
Acetone
Acrolein
Propionaldehyde
Crotonaldehyde
2‐Butanone
Methacrolein
Butanal
Benzaldehyde
Pentanal
p‐Tolualdehyde
Hexanal

NA ‐ Not applicable.
B ‐ Analyte detected in
J ‐ Estimated value; de
U ‐ Analyte not detect
D ‐ Analyte reported fr
E ‐ Estimate, result det
I ‐ Concentration/Peak
RL ‐ Reporting limit is t
EDL ‐ Estimated detect

WWTP1BG03XA WWTP1BG04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.205 U 0.192
2.67 0.0962 U 0.0898

0.340 B 0.0906 1.24 B 0.0846
U 0.0914 U 0.0854
U 0.0906 U 0.0846
U 0.0863 U 0.0806
U 0.0856 U 0.0799
U 0.0863 U 0.0806
U 0.0856 U 0.0799

2.94 0.0754 U 0.0704
U 0.0811 U 0.0757
U 0.0719 U 0.0671
U 0.0770 U 0.0719
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Raw Dairy Biogas
SVOCs

Component Detection Limit Min Detection Limit Max
1,1,1‐Trichloroethane 0.33 2.31
1,2‐Dichloroethane 0.45 3.12
1,1‐Dichloropropene 0.40 2.78
Benzene 0.57 3.95
Carbon Tetrachloride 0.29 2.00
1,2‐Dichloropropane 0.39 2.73
Trichloroethene 0.34 2.35
Dibromomethane 0.25 1.77
Bromodichloromethane 0.27 1.88
Pyridine 0.56 3.90
cis‐1,3‐Dichloropropene 0.40 2.78
N‐nitrosodimethylamine 0.60 4.16
Toluene 0.48 3.35
trans‐1,3‐Dichloropropene 0.40 2.78
1,1,2‐Trichloroethane 0.33 2.31
1,3‐Dichloropropane 0.39 2.73
Dibromochloromethane 0.21 1.48
1,2‐Dibromoethane 0.24 1.64
Tetrachloroethene 0.27 1.86
Chlorobenzene 0.39 2.74
1,1,1,2‐Tetrachloroethane 0.26 1.84
Ethylbenzene 0.42 2.90
m/p‐Xylenes 0.42 2.90
Bromoform 0.18 1.22
Styrene 0.43 2.96
o‐Xylene 0.42 2.90
1,1,2,2‐Tetrachloroethane 0.26 1.84
1,2,3‐Trichloropropane 0.30 2.09
Isopropylbenzene 0.37 2.56
Bromobenzene 0.28 1.96
2‐Chlorotoluene 0.35 2.44
n‐Propylbenzene 0.37 2.56
4‐Chlorotoluene 0.35 2.44
1,3,5‐Trimethylbenzene 0.37 2.56
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Raw Dairy Biogas
SVOCs

Component Detection Limit Min Detection Limit Max
tert‐Butylbenzene 0.33 2.30
1,2,4‐Trimethylbenzene 0.37 2.56
sec‐Butylbenzene 0.33 2.30
Phenol 0.47 3.28
bis(2‐Chloroethyl)ether 0.31 2.16
Aniline 0.48 3.31
2‐Chlorophenol 0.34 2.40
1,3‐Dichlorobenzene 0.30 2.10
1,4‐Dichlorobenzene 0.30 2.10
p‐Isopropyltoluene 0.33 2.30
Benzyl Alcohol 0.41 2.85
2‐Methylphenol (m‐cresol) 0.41 2.85
1,2‐Dichlorobenzene 0.30 2.10
3,4‐Methylphenol (o,p‐cresol) 0.41 2.85
bis(2‐chloroisopropyl)ether 0.26 1.80
n‐Butylbenzene 0.33 2.30
N‐nitroso‐di‐n‐propylamine 0.34 2.37
Hexachloroethane 0.19 1.30
1,2‐Dibromo‐3‐Chloropropane 0.19 1.30
Nitrobenzene 0.36 2.50
Isophorone 0.32 2.23
2‐Nitrophenol 0.32 2.22
2,4‐Dimethylphenol 0.36 2.52
bis(2‐Chloroethoxy)methane 0.26 1.78
1,2,4‐Trichlorobenzene 0.24 1.70
Naphthalene 0.35 2.41
2,4‐Dichlorophenol 0.27 1.89
4‐Chloroaniline 0.35 2.42
Hexachlorobutadiene 0.17 1.18
1,2,3‐Trichlorobenzene 0.24 1.70
4‐Chloro‐3‐methylphenol 0.31 2.16
2‐Methylnaphthalene 0.31 2.17
1‐Methylnaphthalene 0.31 2.17
Hexachlorocyclopentadiene 0.16 1.13
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Raw Dairy Biogas
SVOCs

Component Detection Limit Min Detection Limit Max
2,4,6‐Trichlorophenol 0.22 1.56
2,4,5‐Trichlorophenol 0.22 1.56
Diphenylamine 0.26 1.82
Azobenzene 0.24 1.69
2‐Chloronaphthalene 0.27 1.90
2‐Nitroaniline 0.32 2.23
1,4‐Dinitrobenzene 0.26 1.83
Dimethylphthalate 0.23 1.59
1,3‐Dinitrobenzene 0.26 1.83
Acenaphthylene 0.29 2.03
2,6‐dinitrotoluene 0.24 1.69
1,2‐Dinitrobenzene 0.26 1.83
3‐Nitroaniline 0.32 2.23
Acenaphthene 0.29 2.00
2,4‐Dinitrophenol 0.24 1.67
4‐Nitrophenol 0.32 2.22
Dibenzofuran 0.26 1.83
2,4‐dinitrotoluene 0.24 1.69
2,3,4,6‐Tetrachlorophenol 0.19 1.33
2,3,5,6‐Tetrachlorophenol 0.19 1.33
Diethylphthalate 0.20 1.39
4‐Chlorophenyl‐phenylether 0.22 1.51
Fluorene 0.27 1.85
4‐Nitroaniline 0.32 2.23
4,6‐Dinitro‐2‐methylphenol 0.22 1.56
n‐Nitrosodiphenylamine 0.22 1.56
4‐Bromophenyl phenyl ether 0.18 1.24
Hexachlorobenzene 0.16 1.08
Pentachlorophenol 0.17 1.16
Phenanthrene 0.25 1.73
Anthracene 0.25 1.73
Carbazole 0.26 1.84
Di‐n‐butylphthalate 0.16 1.11
Bis(2‐ethylhexyl) adipate 0.12 0.83
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Raw Dairy Biogas
SVOCs

Component Detection Limit Min Detection Limit Max
Fluoranthene 0.22 1.52
Pyrene 0.22 1.52
Butylbenzylphthalate 0.14 0.99
Benz[a]anthracene 0.19 1.35
Chrysene 0.19 1.35
bis(2‐Ethylhexyl)phthalate 0.11 0.79
Di‐n‐octylphthalate 0.11 0.79
Benzo[b]fluoranthene 0.18 1.22
Benzo[k]fluoranthene 0.18 1.22
Benzo[a]pyrene 0.18 1.22
Indeno[1,2,3‐cd]pyrene 0.16 1.12
Dibenz[a,h]anthracene 0.16 1.11
Benzo[g,h,i]perylene 0.16 1.12
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Raw Dairy Biogas
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

GT080129‐04 GT080129‐06 GT080213‐01
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
4.74 4.60 13.7
BDL BDL 1.93
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
98.2 16.7 41.9
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
1.44 BDL BDL
BDL BDL BDL
BDL BDL BDL
33.8 BDL 17.8
44.7 BDL 3.85
BDL BDL BDL
BDL BDL BDL
34.2 BDL 3.72
BDL BDL BDL
BDL BDL BDL
2.66 BDL BDL
BDL BDL BDL
BDL BDL BDL
9.54 BDL 0.992
BDL BDL BDL
13.6 BDL 1.36
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Raw Dairy Biogas
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐cresol)
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropane
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

GT080129‐04 GT080129‐06 GT080213‐01
GTI GTI GTI
ppbv ppbv ppbv
4.20 BDL BDL
38.7 BDL 4.39
2.35 BDL 3.55
2.00 BDL 28.1
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
2.59 BDL 3.29
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 82.1
BDL BDL BDL
3.02 BDL 2.25
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
1.09 BDL 1.30
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.904 BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylether
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

GT080129‐04 GT080129‐06 GT080213‐01
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.844 BDL BDL
BDL BDL BDL
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Raw Dairy Biogas
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

GT080129‐04 GT080129‐06 GT080213‐01
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.417 0.652 0.607
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

GT080402‐04 GT080402‐08 GT080402‐06
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
9.18 2.64 2.25
1.13 1.61 1.52
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
23.1 30.8 11.6
BDL BDL BDL
52.8 20.2 30.2
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
7.35 2.15 10.14
1.01 1.06 8.97
BDL BDL BDL
BDL BDL 0.45
0.912 0.646 5.90
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.681
BDL BDL BDL
BDL BDL BDL
BDL BDL 1.41
BDL BDL BDL
BDL BDL 2.40
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Raw Dairy Biogas
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐cresol)
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropane
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

GT080402‐04 GT080402‐08 GT080402‐06
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL 0.935
0.992 0.672 7.25
0.369 1.55 1.77
3.60 8.92 12.8
BDL BDL BDL
26.2 BDL BDL
BDL BDL 0.53
BDL BDL BDL
BDL BDL BDL
1.26 4.62 2.41
BDL BDL 0.458
BDL BDL BDL
BDL BDL BDL
BDL 0.538 1.56
3.35 BDL BDL
0.634 BDL 0.883
0.676 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.571 0.534
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
1.45 BDL 1.02
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.427
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylether
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

GT080402‐04 GT080402‐08 GT080402‐06
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 0.208
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.416 0.646 0.807
BDL BDL BDL
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Raw Dairy Biogas
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

GT080402‐04 GT080402‐08 GT080402‐06
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.320 0.395 0.336
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

GT080430‐04a GT080530‐02 GT080530‐06
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
1.30 1.07 1.46
1.09 0.97 0.87
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
12.9 147.3 36.2
BDL BDL BDL
23.3 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
1.09 BDL BDL
BDL BDL BDL
BDL BDL BDL
17.51 4.81 2.12
16.55 1.26 1.06
BDL BDL BDL
BDL BDL BDL
15.4 1.16 0.899
BDL BDL BDL
BDL BDL BDL
7.35 BDL BDL
BDL BDL BDL
BDL BDL BDL
11.0 BDL BDL
BDL BDL BDL
11.1 2.11 1.36
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Raw Dairy Biogas
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐cresol)
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropane
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

GT080430‐04a GT080530‐02 GT080530‐06
GTI GTI GTI
ppbv ppbv ppbv
4.65 BDL BDL
41.5 1.73 0.83
13.4 BDL BDL
2.63 BDL BDL
BDL BDL BDL
16.50 BDL BDL
1.17 BDL BDL
BDL BDL BDL
BDL BDL BDL
8.17 5.77 0.540
13.8 BDL BDL
BDL BDL BDL
BDL BDL BDL
38.2 0.621 0.926
BDL BDL BDL
11.0 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
3.47 BDL 1.36
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
5.28 BDL BDL
3.08 BDL BDL
BDL BDL BDL
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Raw Dairy Biogas
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylether
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

GT080430‐04a GT080530‐02 GT080530‐06
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
1.09 BDL BDL
BDL BDL BDL
BDL BDL BDL
1.06 0.406 1.05
BDL BDL BDL
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Raw Dairy Biogas
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

GT080430‐04a GT080530‐02 GT080530‐06
GTI GTI GTI
ppbv ppbv ppbv
0.426 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.386 0.211 0.253
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

GT080530‐10
GTI
ppbv
BDL
BDL
BDL
1.09
1.26
BDL
BDL
BDL
BDL
BDL
BDL
BDL
14.1
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
2.76
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
1.15
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Raw Dairy Biogas
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐cresol)
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropane
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

GT080530‐10
GTI
ppbv
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
0.723
1.02
BDL
BDL
1.82
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
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Raw Dairy Biogas
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylether
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

GT080530‐10
GTI
ppbv
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
0.790
BDL
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Raw Dairy Biogas
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

GT080530‐10
GTI
ppbv
BDL
BDL
BDL
BDL
BDL
0.286
BDL
BDL
BDL
BDL
BDL
BDL
BDL
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Raw Dairy Biogas (Partially Cleaned)
SVOCs

Component Detection Limit Min Detection Limit Max
1,1,1‐Trichloroethane 0.33 2.31
1,2‐Dichloroethane 0.45 3.12
1,1‐Dichloropropene 0.40 2.78
Benzene 0.57 3.95
Carbon Tetrachloride 0.29 2.00
1,2‐Dichloropropane 0.39 2.73
Trichloroethene 0.34 2.35
Dibromomethane 0.25 1.77
Bromodichloromethane 0.27 1.88
Pyridine 0.56 3.90
cis‐1,3‐Dichloropropene 0.40 2.78
N‐nitrosodimethylamine 0.60 4.16
Toluene 0.48 3.35
trans‐1,3‐Dichloropropene 0.40 2.78
1,1,2‐Trichloroethane 0.33 2.31
1,3‐Dichloropropane 0.39 2.73
Dibromochloromethane 0.21 1.48
1,2‐Dibromoethane 0.24 1.64
Tetrachloroethene 0.27 1.86
Chlorobenzene 0.39 2.74
1,1,1,2‐Tetrachloroethane 0.26 1.84
Ethylbenzene 0.42 2.90
m/p‐Xylenes 0.42 2.90
Bromoform 0.18 1.22
Styrene 0.43 2.96
o‐Xylene 0.42 2.90
1,1,2,2‐Tetrachloroethane 0.26 1.84
1,2,3‐Trichloropropane 0.30 2.09
Isopropylbenzene 0.37 2.56
Bromobenzene 0.28 1.96
2‐Chlorotoluene 0.35 2.44
n‐Propylbenzene 0.37 2.56
4‐Chlorotoluene 0.35 2.44
1,3,5‐Trimethylbenzene 0.37 2.56
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Raw Dairy Biogas (Partially Cleaned)
SVOCs

Component Detection Limit Min Detection Limit Max
tert‐Butylbenzene 0.33 2.30
1,2,4‐Trimethylbenzene 0.37 2.56
sec‐Butylbenzene 0.33 2.30
Phenol 0.47 3.28
bis(2‐Chloroethyl)ether 0.31 2.16
Aniline 0.48 3.31
2‐Chlorophenol 0.34 2.40
1,3‐Dichlorobenzene 0.30 2.10
1,4‐Dichlorobenzene 0.30 2.10
p‐Isopropyltoluene 0.33 2.30
Benzyl Alcohol 0.41 2.85
2‐Methylphenol (m‐cresol) 0.41 2.85
1,2‐Dichlorobenzene 0.30 2.10
3,4‐Methylphenol (o,p‐cresol) 0.41 2.85
bis(2‐chloroisopropyl)ether 0.26 1.80
n‐Butylbenzene 0.33 2.30
N‐nitroso‐di‐n‐propylamine 0.34 2.37
Hexachloroethane 0.19 1.30
1,2‐Dibromo‐3‐Chloropropane 0.19 1.30
Nitrobenzene 0.36 2.50
Isophorone 0.32 2.23
2‐Nitrophenol 0.32 2.22
2,4‐Dimethylphenol 0.36 2.52
bis(2‐Chloroethoxy)methane 0.26 1.78
1,2,4‐Trichlorobenzene 0.24 1.70
Naphthalene 0.35 2.41
2,4‐Dichlorophenol 0.27 1.89
4‐Chloroaniline 0.35 2.42
Hexachlorobutadiene 0.17 1.18
1,2,3‐Trichlorobenzene 0.24 1.70
4‐Chloro‐3‐methylphenol 0.31 2.16
2‐Methylnaphthalene 0.31 2.17
1‐Methylnaphthalene 0.31 2.17
Hexachlorocyclopentadiene 0.16 1.13
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Raw Dairy Biogas (Partially Cleaned)
SVOCs

Component Detection Limit Min Detection Limit Max
2,4,6‐Trichlorophenol 0.22 1.56
2,4,5‐Trichlorophenol 0.22 1.56
Diphenylamine 0.26 1.82
Azobenzene 0.24 1.69
2‐Chloronaphthalene 0.27 1.90
2‐Nitroaniline 0.32 2.23
1,4‐Dinitrobenzene 0.26 1.83
Dimethylphthalate 0.23 1.59
1,3‐Dinitrobenzene 0.26 1.83
Acenaphthylene 0.29 2.03
2,6‐dinitrotoluene 0.24 1.69
1,2‐Dinitrobenzene 0.26 1.83
3‐Nitroaniline 0.32 2.23
Acenaphthene 0.29 2.00
2,4‐Dinitrophenol 0.24 1.67
4‐Nitrophenol 0.32 2.22
Dibenzofuran 0.26 1.83
2,4‐dinitrotoluene 0.24 1.69
2,3,4,6‐Tetrachlorophenol 0.19 1.33
2,3,5,6‐Tetrachlorophenol 0.19 1.33
Diethylphthalate 0.20 1.39
4‐Chlorophenyl‐phenylether 0.22 1.51
Fluorene 0.27 1.85
4‐Nitroaniline 0.32 2.23
4,6‐Dinitro‐2‐methylphenol 0.22 1.56
n‐Nitrosodiphenylamine 0.22 1.56
4‐Bromophenyl phenyl ether 0.18 1.24
Hexachlorobenzene 0.16 1.08
Pentachlorophenol 0.17 1.16
Phenanthrene 0.25 1.73
Anthracene 0.25 1.73
Carbazole 0.26 1.84
Di‐n‐butylphthalate 0.16 1.11
Bis(2‐ethylhexyl) adipate 0.12 0.83
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Raw Dairy Biogas (Partially Cleaned)
SVOCs

Component Detection Limit Min Detection Limit Max
Fluoranthene 0.22 1.52
Pyrene 0.22 1.52
Butylbenzylphthalate 0.14 0.99
Benz[a]anthracene 0.19 1.35
Chrysene 0.19 1.35
bis(2‐Ethylhexyl)phthalate 0.11 0.79
Di‐n‐octylphthalate 0.11 0.79
Benzo[b]fluoranthene 0.18 1.22
Benzo[k]fluoranthene 0.18 1.22
Benzo[a]pyrene 0.18 1.22
Indeno[1,2,3‐cd]pyrene 0.16 1.12
Dibenz[a,h]anthracene 0.16 1.11
Benzo[g,h,i]perylene 0.16 1.12
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Raw Dairy Biogas (Partially Cleaned)
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

GT080213‐02 GT080402‐04‐C GT080213‐05
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
10.8 8.62 12.7
2.02 1.06 2.12
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
40.3 21.7 36.2
BDL BDL BDL
BDL 49.6 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 1.48
BDL BDL BDL
22.8 6.90 22.3
5.54 0.951 5.30
BDL BDL BDL
1.09 BDL 1.63
5.10 0.857 3.10
0.681 BDL BDL
BDL BDL BDL
1.11 BDL BDL
BDL BDL BDL
BDL BDL BDL
1.69 BDL 1.14
BDL BDL BDL
1.90 BDL 2.18
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Raw Dairy Biogas (Partially Cleaned)
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐cresol)
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropane
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

GT080213‐02 GT080402‐04‐C GT080213‐05
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL 1.02
6.11 0.932 7.79
BDL 0.346 1.58
29.4 3.38 5.9
BDL BDL BDL
BDL 24.6 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
8.43 1.18 109
BDL BDL 179
BDL BDL BDL
BDL BDL BDL
BDL BDL 2.60
BDL 3.15 BDL
BDL 0.596 2.13
BDL 0.635 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.90 1.36 0.933
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas (Partially Cleaned)
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylether
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

GT080213‐02 GT080402‐04‐C GT080213‐05
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.391 BDL
BDL BDL BDL
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Raw Dairy Biogas (Partially Cleaned)
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

GT080213‐02 GT080402‐04‐C GT080213‐05
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
3.80 0.301 0.636
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas (Partially Cleaned)
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

GT080402‐02 GT080430‐03a GT080530‐04
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

0.843 1.18 0.924
1.34 0.918 0.700
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
11.6 16.5 22.4
BDL BDL BDL
6.78 16.2 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 1.61 BDL
BDL BDL BDL
BDL BDL BDL
4.58 7.88 1.67
2.97 2.28 0.855
BDL BDL BDL
BDL 1.12 BDL
1.84 1.82 0.743
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 1.01
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Raw Dairy Biogas (Partially Cleaned)
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐cresol)
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropane
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

GT080402‐02 GT080430‐03a GT080530‐04
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
0.854 2.10 0.708
BDL BDL BDL
1.46 12.6 BDL
BDL BDL BDL
1.14 BDL BDL
BDL 1.05 BDL
BDL BDL BDL
BDL BDL BDL
0.552 1.32 BDL
1.24 BDL 3.61
BDL BDL BDL
BDL BDL BDL
18.6 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.500 0.804 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas (Partially Cleaned)
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylether
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

GT080402‐02 GT080430‐03a GT080530‐04
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

0.231 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.900 0.853 0.381
BDL BDL BDL
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Raw Dairy Biogas (Partially Cleaned)
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

GT080402‐02 GT080430‐03a GT080530‐04
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.355 0.318 0.161
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Raw Dairy Biogas (Partially Cleaned)
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

GT080530‐08
GTI
ppbv
BDL
BDL
BDL
BDL
1.31
BDL
BDL
BDL
BDL
BDL
BDL
BDL
7.03
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
2.20
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
1.34
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Raw Dairy Biogas (Partially Cleaned)
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐cresol)
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropane
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

GT080530‐08
GTI
ppbv
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
0.778
1.12
BDL
BDL
1.12
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
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Raw Dairy Biogas (Partially Cleaned)
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylether
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

GT080530‐08
GTI
ppbv
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
1.19
BDL
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Raw Dairy Biogas (Partially Cleaned)
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

GT080530‐08
GTI
ppbv
BDL
BDL
BDL
BDL
BDL
0.271
BDL
BDL
BDL
BDL
BDL
BDL
BDL
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Raw Landfill Biogas 
SVOCs

LF1BG01XA LF1BG02XA LF2BG01XA
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
1,1,1‐Trichloroethane U 0.392 U 0.104 U 0.235
1,2‐Dichloroethane U 0.528 0.146 J 0.0774 U 0.266
1,1‐Dichloropropene U 0.471 U 0.0868 U 0.392
Benzene 1.85 B 0.670 0.510 B 0.0611 0.957 JB 0.263
Carbon Tetrachloride 0.475 JB 0.340 U 0.120 0.727 B 0.416
1,2‐Dichloropropane U 0.463 U 0.0883 U 0.416
Trichloroethene U 0.398 0.315 0.103 U 0.175
Dibromomethane U 0.301 U 0.136 U 0.424
Bromodichloromethane U 0.319 U 0.128 U 0.416
Pyridine U 0.661 U 0.0618 U 0.263
cis‐1,3‐Dichloropropene U 0.471 U 0.0868 U 0.299
N‐nitrosodimethylamine U 0.706 U 0.0579 U 0.367
Toluene 101 0.568 39.3 D 0.0720 20.2 0.281
trans‐1,3‐Dichloropropene U 0.471 U 0.0868 U 0.349
1,1,2‐Trichloroethane U 0.392 U 0.104 U 0.367
1,3‐Dichloropropane U 0.463 U 0.0883 U 0.349
Dibromochloromethane U 0.163 U 0.367
1,2‐Dibromoethane U 0.278 U 0.147 U 0.329
Tetrachloroethene 2.60 0.315 3.99 0.130 0.404 J 0.367
Chlorobenzene 1.57 0.465 1.33 0.0880 0.882 0.329
1,1,1,2‐Tetrachloroethane U 0.312 U 0.131 U 0.469
Ethylbenzene 67 0.493 59.9 D 0.0830 59.8 0.309
m/p‐Xylenes 95.9 0.493 55.2 D 0.0830 71.7 0.474
Bromoform U 0.207 U 0.198 U 0.343
Styrene 12.5 0.502 13.7 0.0814 5.11 0.300
o‐Xylene 65.2 0.493 35.3 D 0.0830 51.7 0.300
1,1,2,2‐Tetrachloroethane U 0.312 U 0.131 U 0.329
1,2,3‐Trichloropropane U 0.355 U 0.115 U 0.408
Isopropylbenzene 11.2 0.435 9.15 0.0940 10.5 0.408
Bromobenzene U 0.333 U 0.123 U 0.300
2‐Chlorotoluene 1.91 0.413 U 0.0990 2.34 0.408
n‐Propylbenzene 16.5 0.435 7.21 0.0940 16.3 0.258
4‐Chlorotoluene U 0.413 U 0.0990 U 0.329
1,3,5‐Trimethylbenzene 40.3 0.435 11.9 0.0940 47.0 0.339
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Raw Landfill Biogas 
SVOCs

LF1BG01XA LF1BG02XA LF2BG01XA
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
tert‐Butylbenzene 11.5 0.390 3.92 0.105 12.9 0.186
1,2,4‐Trimethylbenzene 106 D 0.435 26.1 D 0.0940 144 DU 0.187
sec‐Butylbenzene 8.87 0.390 2.51 0.105 8.30 0.358
Phenol U 0.556 1.42 0.0736 U 0.319
bis(2‐Chloroethyl)ether U 0.366 U 0.112 0.838 0.317
Aniline U 0.562 U 0.073 U 0.361
2‐Chlorophenol U 0.407 U 0.101 U 0.255
1,3‐Dichlorobenzene U 0.356 0.232 0.115 0.367 J 0.243
1,4‐Dichlorobenzene 34.2 0.356 8.04 0.115 54.3 0.344
p‐Isopropyltoluene 44.8 0.390 10.4 0.105 158 DU 0.271
Benzyl Alcohol 126 DU 0.484 U 0.0846 148.3 DU 0.346
2‐Methylphenol (m‐cresol) U 0.484 U 0.0846 U 0.169
1,2‐Dichlorobenzene 2.23 0.356 0.387 0.115 1.76 0.243
3,4‐Methylphenol (o,p‐creso 0.90 0.484 U 0.0846 U 0.309
bis(2‐chloroisopropyl)ether U 0.306 U 0.134 U 0.310
n‐Butylbenzene 5.27388 0.390 1.12 0.105 9.5 0.310
N‐nitroso‐di‐n‐propylamine 11.74393 0.402 U 0.102 6.06 0.162
Hexachloroethane U 0.221 U 0.185 U 0.223
1,2‐Dibromo‐3‐Chloropropane U 0.221 U 0.185 U 0.223
Nitrobenzene U 0.425 U 0.0963 U 0.261
Isophorone U 0.378 U 0.108 U 0.242
2‐Nitrophenol U 0.376 U 0.109 U 0.271
2,4‐Dimethylphenol U 0.428 U 0.0955 U 0.319
bis(2‐Chloroethoxy)methane U 0.302 U 0.135 U 0.262
1,2,4‐Trichlorobenzene 4.53 0.288 0.215 J 0.142 2.57 0.227
Naphthalene 23.1 0.408 1.11 0.100 154 D 0.262
2,4‐Dichlorophenol U 0.321 U 0.127 U 0.290
4‐Chloroaniline U 0.410 U 0.100 U 0.242
Hexachlorobutadiene U 0.201 U 0.204 U 0.262
1,2,3‐Trichlorobenzene 0.520 0.288 U 0.142 0.560 0.319
4‐Chloro‐3‐methylphenol U 0.367 U 0.111 U 0.286
2‐Methylnaphthalene 2.78 0.368 U 0.111 31.2 0.240
1‐Methylnaphthalene 1.58 0.368 U 0.111 15.9 0.317
Hexachlorocyclopentadiene U 0.192 U 0.213 U 0.262
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Raw Landfill Biogas 
SVOCs

LF1BG01XA LF1BG02XA LF2BG01XA
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
2,4,6‐Trichlorophenol U 0.265 U 0.154 U 0.242
2,4,5‐Trichlorophenol U 0.265 U 0.154 U 0.190
Diphenylamine U 0.309 U 0.132 U 0.190
Azobenzene U 0.287 U 0.142 U 0.199
2‐Chloronaphthalene U 0.322 U 0.127 U 0.216
2‐Nitroaniline U 0.379 U 0.108 U 0.265
1,4‐Dinitrobenzene U 0.311 U 0.131 U 0.319
Dimethylphthalate U 0.269 U 0.152 U 0.223
1,3‐Dinitrobenzene U 0.311 U 0.131 U 0.223
Acenaphthylene U 0.344 U 0.119 U 0.177
2,6‐dinitrotoluene U 0.287 U 0.142 U 0.155
1,2‐Dinitrobenzene U 0.311 U 0.131 U 0.166
3‐Nitroaniline U 0.379 U 0.108 U 0.248
Acenaphthene U 0.339 U 0.121 4.94 0.248
2,4‐Dinitrophenol U 0.284 U 0.144 U 0.264
4‐Nitrophenol 1.74 0.376 U 0.109 1.95 0.159
Dibenzofuran U 0.311 U 0.132 1.97 0.119
2,4‐dinitrotoluene U 0.287 U 0.142 U 0.218
2,3,4,6‐Tetrachlorophenol U 0.226 U 0.181 U 0.218
2,3,5,6‐Tetrachlorophenol U 0.226 U 0.181 U 0.141
Diethylphthalate U 0.235 U 0.174 0.390 JB 0.193
4‐Chlorophenyl‐phenylether U 0.256 U 0.160 U 0.193
Fluorene U 0.315 U 0.130 1.70 0.113
4‐Nitroaniline U 0.379 U 0.108 U 0.113
4,6‐Dinitro‐2‐methylphenol U 0.264 U 0.155 U 0.175
n‐Nitrosodiphenylamine U 0.264 U 0.155 U 0.175
4‐Bromophenyl phenyl ether U 0.210 U 0.195 U 0.175
Hexachlorobenzene U 0.184 U 0.223 U 0.160
Pentachlorophenol U 0.196 U 0.208 U 0.159
Phenanthrene U 0.293 U 0.139 0.869 0.160
Anthracene U 0.293 U 0.139 U 0.248
Carbazole U 0.313 U 0.131 U 0.264
Di‐n‐butylphthalate U 0.188 U 0.218 0.923 B 0.159
Bis(2‐ethylhexyl) adipate U 0.141 U 0.290 U 0.119
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Raw Landfill Biogas 
SVOCs

LF1BG01XA LF1BG02XA LF2BG01XA
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
Fluoranthene U 0.259 U 0.158 U 0.218
Pyrene U 0.259 U 0.158 U 0.218
Butylbenzylphthalate U 0.167 U 0.244 U 0.141
Benz[a]anthracene U 0.229 U 0.179 U 0.193
Chrysene U 0.229 U 0.179 U 0.193
bis(2‐Ethylhexyl)phthalate U 0.134 U 0.305 BU 0.113
Di‐n‐octylphthalate U 0.134 U 0.305 U 0.113
Benzo[b]fluoranthene U 0.207 U 0.197 U 0.175
Benzo[k]fluoranthene U 0.207 U 0.197 U 0.175
Benzo[a]pyrene U 0.207 U 0.197 U 0.175
Indeno[1,2,3‐cd]pyrene U 0.189 U 0.216 U 0.160
Dibenz[a,h]anthracene U 0.188 U 0.218 U 0.159
Benzo[g,h,i]perylene U 0.189 U 0.216 U 0.160

Extraction Surrogate Recoveries (%)
Toluene‐d8 74 76 67
4‐Bromofluorobenzene 91 95 86
2‐Fluorophenol 93 92 91
Phenol‐d5 83 73 83
Nitrobenzene‐d5 95 73 96
2‐Fluorobiphenyl 104 86 90
2,4,6‐Tribromophenol 69 87 79
p‐Terphenyl‐d14 101 88 91

NA ‐ Not applicable.
B ‐ Analyte detected in the Method Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
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Raw Landfill Biogas 
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

LF2BG03XA LF2BG04XA LF3BG01XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.310 U 0.331 U 0.350
U 0.418 U 0.446 U 0.472
U 0.373 U 0.397 U 0.421

1.07 B 0.530 1.117 JB 0.565 0.814 JB 0.598
0.286 J 0.269 0.293 J 0.287 0.442 JB 0.304

U 0.366 U 0.390 U 0.413
U 0.315 U 0.336 U 0.355
U 0.238 U 0.254 U 0.269
U 0.252 U 0.269 U 0.590
U 0.523 U 0.557 U 0.421
U 0.373 U 0.397 U 0.630
U 0.558 U 0.595 U 0.507

31.4 0.449 46.6 0.479 21.566 0.421
0.391 J 0.373 0.543 J 0.397 U 0.350

U 0.310 U 0.331 U 0.413
U 0.366 U 0.390 U 0.224
U 0.199 U 0.212 NA NA
U 0.220 U 0.235 U 0.249

0.494 J 0.249 0.722 0.266 1.165 0.282
1.33 0.367 1.83 0.392 1.555 0.415

U 0.246 U 0.263 U 0.278
96.1 0.390 U 0.415 48.6 0.440

U 0.390 U 0.415 57.7 0.440
U 0.164 U 0.174 U 0.185

7.77 0.397 9.56 0.423 9.55 0.448
83.57 0.390 U 0.415 43.8 0.440
0.313 J 0.246 U 0.263 0.486 J 0.278

U 0.281 U 0.299 U 0.317
15.1 0.344 21.6 0.367 10.6 0.388

U 0.263 U 0.281 U 0.297
2.28 0.327 2.94 0.348 5.45 0.369
19.6 0.344 24.8 0.367 14.2 0.388

U 0.327 U 0.348 U 0.369
72.5 0.344 124 D 0.367 46.7 0.388
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Raw Landfill Biogas 
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐creso
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropa
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

LF2BG03XA LF2BG04XA LF3BG01XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.308 U 0.329 12.1 0.348
248 D 0.344 323 D 0.367 133 DU 0.388
12.1 0.308 15.9 0.329 9.6 0.348

U 0.440 U 0.469 U 0.496
U 0.289 U 0.308 U 0.326
U 0.444 U 0.473 U 0.501
U 0.322 U 0.343 U 0.363
U 0.281 0.370 J 0.300 U 0.318

102 D 0.281 125 D 0.300 91.8 D 0.318
249 D 0.308 318 D 0.329 U 0.348

U 0.382 U 0.408 243.0 DU 0.432
U 0.382 U 0.408 U 0.432

2.45 0.281 2.88 0.300 1.55 0.318
U 0.382 U 0.408 U 0.432
U 0.242 U 0.258 U 0.273

11.4 0.308 15.3 0.329 8.39 0.348
U 0.318 U 0.339 U 0.359
U 0.175 U 0.186 U 0.197
U 0.175 U 0.187 U 0.198
U 0.336 U 0.358 U 0.379
U 0.299 U 0.319 U 0.338
U 0.297 U 0.317 U 0.336
U 0.339 1.27 0.361 U 0.382
U 0.239 U 0.255 U 0.270

1.75 0.228 1.64 0.243 0.521 0.257
161 D 0.323 139 D 0.344 69.2 0.364

U 0.254 U 0.271 U 0.286
U 0.324 U 0.346 U 0.366
U 0.159 U 0.169 U 0.179

0.346 J 0.228 0.326 J 0.243 U 0.257
U 0.290 U 0.309 U 0.327

15.1 0.291 10.5 0.310 14.1 0.328
7.35 0.291 5.595 0.310 7.61 0.328

U 0.152 U 0.162 U 0.171
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Raw Landfill Biogas 
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylethe
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ethe
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

LF2BG03XA LF2BG04XA LF3BG01XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.209 U 0.223 U 0.236
U 0.209 U 0.223 U 0.236
U 0.244 U 0.261 U 0.276
U 0.227 U 0.242 U 0.256
U 0.254 U 0.271 U 0.287
U 0.299 U 0.319 U 0.338
U 0.246 U 0.262 U 0.278
U 0.213 U 0.227 U 0.240
U 0.246 U 0.262 U 0.278
U 0.272 U 0.290 U 0.307
U 0.227 U 0.242 U 0.256
U 0.246 U 0.262 U 0.278
U 0.299 U 0.319 U 0.338

1.99 0.268 1.16 0.286 1.63 0.303
U 0.225 U 0.240 U 0.254

1.82 0.297 1.93 0.317 2.06 0.336
0.703 0.246 0.458 J 0.262 0.912 0.278

U 0.227 U 0.242 U 0.256
U 0.178 U 0.190 U 0.201
U 0.178 U 0.190 U 0.201
U 0.186 U 0.198 BU 0.210
U 0.202 U 0.215 U 0.228

0.508 0.249 U 0.265 0.503 J 0.281
U 0.299 U 0.319 U 0.338
U 0.209 U 0.223 U 0.236
U 0.209 U 0.222 U 0.236
U 0.166 U 0.177 U 0.187
U 0.145 U 0.155 U 0.164
U 0.155 U 0.166 U 0.175
U 0.232 U 0.247 U 0.262
U 0.232 U 0.247 U 0.262
U 0.247 U 0.264 U 0.279

BU 0.149 0.572 B 0.158 0.453 B 0.168
U 0.112 U 0.119 U 0.126
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Raw Landfill Biogas 
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

Extraction Surrogate Recove
Toluene‐d8
4‐Bromofluorobenzene
2‐Fluorophenol
Phenol‐d5
Nitrobenzene‐d5
2‐Fluorobiphenyl
2,4,6‐Tribromophenol
p‐Terphenyl‐d14

NA ‐ Not applicable.
B ‐ Analyte detected in the Metho
J ‐ Estimated value; detected betw
U ‐ Analyte not detected above DL
D ‐ Analyte reported from a dilute
E ‐ Estimate, result detected above
I ‐ Concentration/Peak ID uncertai
RL ‐ Reporting limit is the sample e
EDL ‐ Estimated detection limit is 5

LF2BG03XA LF2BG04XA LF3BG01XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.205 U 0.218 U 0.231
U 0.205 U 0.218 U 0.231
U 0.132 U 0.141 U 0.149
U 0.181 U 0.193 U 0.205
U 0.181 U 0.193 U 0.205
U 0.106 U 0.113 BU 0.120
U 0.106 U 0.113 U 0.120
U 0.164 U 0.175 U 0.185
U 0.164 U 0.175 U 0.185
U 0.164 U 0.175 U 0.185
U 0.150 U 0.160 U 0.169
U 0.149 U 0.158 U 0.168
U 0.150 U 0.160 U 0.169

71 65
82 90
77 66 53
57 57 72
75 81 82
87 85 72
96 91 92
88 89 93

69
100
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Raw Landfill Biogas 
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

LF3BG02XA LF3BG03XA LF3BG04XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.390 U 0.338 U 0.343
U 0.525 U 0.456 U 0.462
U 0.468 U 0.407 U 0.412

1.217 JB 0.666 1.26 B 0.578 BU 0.585
0.679 B 0.338 U 0.293 0.325 J 0.297

U 0.460 U 0.400 U 0.404
U 0.396 U 0.344 U 0.348
U 0.299 U 0.260 U 0.263
U 0.657 U 0.276 U 0.279
U 0.468 U 0.571 U 0.578
U 0.702 U 0.407 U 0.412
U 0.564 U 0.609 U 0.617

26.4 0.468 64.4 0.490 28.0 0.496
U 0.390 U 0.407 U 0.412
U 0.460 U 0.338 U 0.343
U 0.250 U 0.400 U 0.404

NA NA U 0.217 U 0.219
U 0.277 U 0.240 U 0.243

1.511 0.314 3.84 0.272 2.121 0.276
1.693 0.462 2.37 0.401 1.44 0.406

U 0.310 U 0.269 U 0.272
46.5 0.490 77.9 0.425 53.4 0.430
56.7 0.490 100 0.425 71.3 0.430

U 0.206 U 0.179 U 0.181
9.62 0.499 13.5 0.433 11.5 0.439
41.5 0.490 62.6 0.425 45.6 0.430

0.338 J 0.310 0.641 0.269 0.427 J 0.272
U 0.353 U 0.306 U 0.310

9.94 0.432 13.6 0.376 10.2 0.380
U 0.331 U 0.288 U 0.291

4.68 0.411 5.50 0.357 3.77 0.361
12.3 0.433 16.8 0.376 12.4 0.380

U 0.411 U 0.357 3.770 0.361
39.4 0.433 56.6 0.376 43.8 0.380
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Raw Landfill Biogas 
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐creso
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropa
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

LF3BG02XA LF3BG03XA LF3BG04XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

10.49 0.387 U 0.336 U 0.340
124 D 0.433 U 0.376 U 0.380

U 0.387 11.6 0.336 10.4 0.340
U 0.552 1.67 0.480 1.25 0.486
U 0.364 0.986 0.316 0.742 0.320
U 0.558 U 0.485 U 0.491
U 0.404 U 0.351 U 0.355
U 0.354 U 0.307 U 0.311

79.5 0.354 147 D 0.307 128 D 0.311
518 DU 0.387 760 D 0.336 704 D 0.340
215 DU 0.481 U 0.417 U 0.423

U 0.481 U 0.417 U 0.423
1.47 0.354 1.97 0.307 1.38 0.311

1.228 0.481 U 0.417 U 0.423
U 0.304 U 0.264 U 0.267

8.18 0.387 11.7 0.336 10.0 0.340
U 0.399 U 0.347 U 0.351
U 0.220 U 0.191 U 0.193
U 0.220 U 0.191 U 0.193
U 0.422 U 0.367 U 0.371
U 0.376 U 0.327 U 0.331
U 0.374 U 0.325 U 0.329
U 0.426 U 0.370 U 0.374
U 0.300 U 0.261 U 0.264

0.807 0.286 0.756 0.249 0.486 J 0.252
101.4 D 0.406 217 D 0.352 196 D 0.357

U 0.319 U 0.277 U 0.280
3.38 0.408 U 0.354 U 0.358

U 0.199 U 0.173 U 0.175
0.428 J 0.286 U 0.249 U 0.252

U 0.365 U 0.317 U 0.321
33.4 0.366 33.3 0.317 22.1 0.321
15.8 0.366 14.6 0.317 10.4 0.321

U 0.191 U 0.165 U 0.168
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Raw Landfill Biogas 
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylethe
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ethe
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

LF3BG02XA LF3BG03XA LF3BG04XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.263 U 0.229 U 0.231
U 0.263 U 0.229 U 0.231
U 0.307 U 0.267 U 0.270
U 0.285 U 0.248 U 0.251
U 0.320 U 0.278 U 0.281
U 0.376 U 0.327 U 0.331
U 0.309 U 0.269 U 0.272
U 0.268 U 0.232 U 0.235
U 0.309 U 0.269 U 0.272
U 0.342 U 0.297 U 0.300
U 0.285 U 0.248 U 0.251
U 0.309 U 0.269 U 0.272
U 0.376 U 0.327 U 0.331

4.191 0.337 1.73 0.293 0.869 0.296
U 0.282 U 0.245 U 0.248

2.289 0.374 1.98 0.325 2.00 0.329
2.186 0.309 0.452 J 0.268 U 0.272

U 0.285 U 0.248 U 0.251
U 0.224 U 0.195 U 0.197
U 0.224 U 0.195 U 0.197

0.962 B 0.234 U 0.203 U 0.206
U 0.254 U 0.221 U 0.223

1.175 0.313 U 0.272 U 0.275
U 0.376 U 0.327 U 0.331
U 0.262 U 0.228 U 0.231
U 0.262 U 0.228 U 0.231
U 0.209 U 0.181 U 0.183
U 0.183 U 0.159 U 0.160
U 0.195 U 0.169 U 0.172
U 0.292 U 0.253 U 0.256
U 0.292 U 0.253 U 0.256
U 0.311 U 0.270 U 0.273

1.85 B 0.187 0.542 B 0.162 0.517 B 0.164
U 0.140 U 0.122 U 0.123
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Raw Landfill Biogas 
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

Extraction Surrogate Recove
Toluene‐d8
4‐Bromofluorobenzene
2‐Fluorophenol
Phenol‐d5
Nitrobenzene‐d5
2‐Fluorobiphenyl
2,4,6‐Tribromophenol
p‐Terphenyl‐d14

NA ‐ Not applicable.
B ‐ Analyte detected in the Metho
J ‐ Estimated value; detected betw
U ‐ Analyte not detected above DL
D ‐ Analyte reported from a dilute
E ‐ Estimate, result detected above
I ‐ Concentration/Peak ID uncertai
RL ‐ Reporting limit is the sample e
EDL ‐ Estimated detection limit is 5

LF3BG02XA LF3BG03XA LF3BG04XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.257 U 0.223 U 0.226
U 0.257 U 0.223 U 0.226
U 0.166 U 0.145 U 0.146
U 0.228 U 0.198 U 0.200
U 0.228 U 0.198 U 0.200

BU 0.133 U 0.116 U 0.117
U 0.133 U 0.116 U 0.117
U 0.206 U 0.179 U 0.181
U 0.206 U 0.179 U 0.181
U 0.206 U 0.179 U 0.181
U 0.188 U 0.163 U 0.165
U 0.187 U 0.162 U 0.164
U 0.188 U 0.163 U 0.165

47 62 64
70 82 69
81 79 68
77 70 61
92 88 84
90 88 88
76 81 82

101 89 86
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Raw Landfill Biogas 
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

LF4BG01XA
GTI
ppbv Q EDL

U 0.356
U 0.479
U 0.428

0.876 JB 0.607
0.411 JB 0.308

U 0.420
U 0.361
U 0.273
U 0.290
U 0.600
U 0.428
U 0.641

6.31 0.515
U 0.428
U 0.356
U 0.420

1.28 B 0.228
U 0.253

0.630 0.286
0.555 J 0.422

U 0.283
61.5 0.447
98.2 0.447

U 0.188
9.53 0.456
69.4 0.447

U 0.283
U 0.322

14.3 0.395
U 0.302
U 0.375

23.9 0.395
U 0.375

77.4 0.395
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Raw Landfill Biogas 
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐creso
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropa
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

LF4BG01XA
GTI
ppbv Q EDL

U 0.354
271 D 0.395
15.7 0.354

U 0.504
U 0.332
U 0.509
U 0.369
U 0.323
U 0.323

768 D 0.354
U 0.439
U 0.439

2.11 0.323
U 0.439
U 0.277
U 0.354
U 0.364
U 0.200
U 0.201
U 0.385
U 0.343
U 0.341
U 0.388
U 0.274

1.29 0.261
101 0.370

U 0.291
U 0.372
U 0.182

0.317 J 0.261
U 0.333

13.8 0.334
7.27 0.334

U 0.174
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Raw Landfill Biogas 
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylethe
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ethe
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

LF4BG01XA
GTI
ppbv Q EDL

U 0.240
U 0.240
U 0.280
U 0.260
U 0.292
U 0.344
U 0.282
U 0.244
U 0.282
U 0.312
U 0.261
U 0.282
U 0.344

1.47 0.308
U 0.258
U 0.341

0.582 0.282
U 0.261
U 0.205
U 0.205
U 0.214
U 0.232

0.438 J 0.285
U 0.344
U 0.239
U 0.239
U 0.190
U 0.167
U 0.178
U 0.266
U 0.266
U 0.284
U 0.170
U 0.128
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Raw Landfill Biogas 
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

Extraction Surrogate Recove
Toluene‐d8
4‐Bromofluorobenzene
2‐Fluorophenol
Phenol‐d5
Nitrobenzene‐d5
2‐Fluorobiphenyl
2,4,6‐Tribromophenol
p‐Terphenyl‐d14

NA ‐ Not applicable.
B ‐ Analyte detected in the Metho
J ‐ Estimated value; detected betw
U ‐ Analyte not detected above DL
D ‐ Analyte reported from a dilute
E ‐ Estimate, result detected above
I ‐ Concentration/Peak ID uncertai
RL ‐ Reporting limit is the sample e
EDL ‐ Estimated detection limit is 5

LF4BG01XA
GTI
ppbv Q EDL

U 0.235
U 0.235
U 0.152
U 0.208
U 0.208
U 0.121
U 0.121
U 0.188
U 0.188
U 0.188
U 0.172
U 0.170
U 0.172

81
100
59
81
98
94
29
97
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Raw WWTP Biogas 
SVOCs

WWTP1BG01XA WWTP1BG02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
1,1,1‐Trichloroethane U 0.443 U 0.498
1,2‐Dichloroethane U 0.597 U 0.671
1,1‐Dichloropropene U 0.532 U 0.598
Benzene 1.14 JB 0.756 0.992 JB 0.850
Carbon Tetrachloride 0.410 J 0.384 0.462 J 0.432
1,2‐Dichloropropane U 0.523 U 0.588
Trichloroethene U 0.450 U 0.505
Dibromomethane U 0.340 U 0.382
Bromodichloromethane U 0.361 U 0.405
Pyridine U 0.747 U 0.840
cis‐1,3‐Dichloropropene U 0.532 U 0.598
N‐nitrosodimethylamine U 0.798 U 0.896
Toluene 2.94 0.641 3.59 0.721
trans‐1,3‐Dichloropropene U 0.532 U 0.598
1,1,2‐Trichloroethane U 0.443 U 0.498
1,3‐Dichloropropane U 0.523 U 0.588
Dibromochloromethane U 0.284 U 0.319
1,2‐Dibromoethane U 0.314 U 0.353
Tetrachloroethene U 0.356 0.733 J 0.401
Chlorobenzene U 0.525 U 0.590
1,1,1,2‐Tetrachloroethane U 0.352 U 0.396
Ethylbenzene 1.44 0.556 1.51 0.625
m/p‐Xylenes 1.37 0.556 2.00 0.625
Bromoform U 0.234 U 0.263
Styrene U 0.567 U 0.638
o‐Xylene 0.918 J 0.556 1.45 0.625
1,1,2,2‐Tetrachloroethane U 0.352 U 0.396
1,2,3‐Trichloropropane U 0.401 U 0.450
Isopropylbenzene U 0.492 0.871 J 0.552
Bromobenzene U 0.376 U 0.423
2‐Chlorotoluene U 0.467 U 0.525
n‐Propylbenzene 0.756 J 0.492 1.61 0.553
4‐Chlorotoluene U 0.467 U 0.525
1,3,5‐Trimethylbenzene 2.97 0.492 4.74 0.553
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Raw WWTP Biogas 
SVOCs

WWTP1BG01XA WWTP1BG02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
tert‐Butylbenzene U 0.440 U 0.495
1,2,4‐Trimethylbenzene 0.492 12.9 0.553
sec‐Butylbenzene 0.457 J 0.440 0.819 J 0.495
Phenol U 0.628 U 0.706
bis(2‐Chloroethyl)ether U 0.413 U 0.464
Aniline U 0.634 U 0.713
2‐Chlorophenol U 0.460 U 0.517
1,3‐Dichlorobenzene U 0.402 U 0.452
1,4‐Dichlorobenzene 92.9 0.402 38.4 D 0.452
p‐Isopropyltoluene 28.4 D 0.440 97.0 D 0.495
Benzyl Alcohol U 0.546 U 0.614
2‐Methylphenol (m‐cresol) U 0.546 U 0.614
1,2‐Dichlorobenzene U 0.402 U 0.452
3,4‐Methylphenol (o,p‐cresol) U 0.546 U 0.614
bis(2‐chloroisopropyl)ether U 0.345 U 0.388
n‐Butylbenzene 1.15 0.440 U 0.495
N‐nitroso‐di‐n‐propylamine U 0.454 U 0.510
Hexachloroethane U 0.250 U 0.281
1,2‐Dibromo‐3‐Chloropropane U 0.250 U 0.281
Nitrobenzene U 0.480 U 0.539
Isophorone U 0.427 U 0.480
2‐Nitrophenol U 0.425 U 0.477
2,4‐Dimethylphenol U 0.484 U 0.544
bis(2‐Chloroethoxy)methane U 0.341 U 0.384
1,2,4‐Trichlorobenzene U 0.326 U 0.366
Naphthalene 2.34 0.461 3.48 0.518
2,4‐Dichlorophenol U 0.362 U 0.407
4‐Chloroaniline U 0.463 U 0.521
Hexachlorobutadiene U 0.227 U 0.255
1,2,3‐Trichlorobenzene U 0.326 U 0.366
4‐Chloro‐3‐methylphenol U 0.414 U 0.466
2‐Methylnaphthalene 2.56 0.415 2.91 0.467
1‐Methylnaphthalene 1.25 0.415 1.58 0.467
Hexachlorocyclopentadiene U 0.217 U 0.243
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Raw WWTP Biogas 
SVOCs

WWTP1BG01XA WWTP1BG02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
2,4,6‐Trichlorophenol U 0.299 U 0.336
2,4,5‐Trichlorophenol U 0.299 U 0.336
Diphenylamine U 0.349 U 0.392
Azobenzene U 0.324 U 0.364
2‐Chloronaphthalene U 0.363 U 0.408
2‐Nitroaniline U 0.428 U 0.481
1,4‐Dinitrobenzene U 0.351 U 0.395
Dimethylphthalate U 0.304 U 0.342
1,3‐Dinitrobenzene U 0.351 U 0.395
Acenaphthylene U 0.388 U 0.436
2,6‐dinitrotoluene U 0.324 U 0.365
1,2‐Dinitrobenzene U 0.351 U 0.395
3‐Nitroaniline U 0.428 U 0.481
Acenaphthene U 0.383 U 0.431
2,4‐Dinitrophenol U 0.321 U 0.361
4‐Nitrophenol 2.60 0.425 2.92 0.477
Dibenzofuran U 0.351 U 0.395
2,4‐dinitrotoluene U 0.324 U 0.365
2,3,4,6‐Tetrachlorophenol U 0.255 U 0.286
2,3,5,6‐Tetrachlorophenol U 0.255 U 0.286
Diethylphthalate U 0.266 U 0.299
4‐Chlorophenyl‐phenylether U 0.289 U 0.324
Fluorene U 0.355 U 0.400
4‐Nitroaniline U 0.428 U 0.481
4,6‐Dinitro‐2‐methylphenol U 0.298 U 0.335
n‐Nitrosodiphenylamine U 0.298 U 0.335
4‐Bromophenyl phenyl ether U 0.237 U 0.267
Hexachlorobenzene U 0.207 U 0.233
Pentachlorophenol U 0.222 U 0.249
Phenanthrene U 0.331 U 0.373
Anthracene U 0.331 U 0.373
Carbazole U 0.353 U 0.397
Di‐n‐butylphthalate U 0.212 U 0.239
Bis(2‐ethylhexyl) adipate U 0.159 0.183 J 0.179
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Raw WWTP Biogas 
SVOCs

WWTP1BG01XA WWTP1BG02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
Fluoranthene U 0.292 U 0.328
Pyrene U 0.292 U 0.328
Butylbenzylphthalate U 0.189 U 0.213
Benz[a]anthracene U 0.259 U 0.291
Chrysene U 0.259 U 0.291
bis(2‐Ethylhexyl)phthalate 3.02 0.151 1.33 0.170
Di‐n‐octylphthalate U 0.151 U 0.170
Benzo[b]fluoranthene U 0.234 U 0.263
Benzo[k]fluoranthene U 0.234 U 0.263
Benzo[a]pyrene U 0.234 U 0.263
Indeno[1,2,3‐cd]pyrene U 0.214 U 0.240
Dibenz[a,h]anthracene U 0.212 U 0.239
Benzo[g,h,i]perylene U 0.214 U 0.240

Extraction Surrogate Recoveries (%)
Toluene‐d8 63 67
4‐Bromofluorobenzene 54 81
2‐Fluorophenol 83 86
Phenol‐d5 91 91
Nitrobenzene‐d5 74 81
2‐Fluorobiphenyl 67 86
2,4,6‐Tribromophenol 49 74
p‐Terphenyl‐d14 62 87

NA ‐ Not applicable.
B ‐ Analyte detected in the Method Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentratio
EDL ‐ Estimated detection limit is 50% of RL.
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Raw WWTP Biogas 
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

WWTP1BG03XA WWTP1BG04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.499 U 0.507
U 0.672 U 0.684
U 0.599 U 0.610

1.05 JB 0.852 0.944 JB 0.866
U 0.432 U 0.440
U 0.589 U 0.599
U 0.506 U 0.515
U 0.383 U 0.389
U 0.406 U 0.413
U 0.841 U 0.856
U 0.599 U 0.610
U 0.898 U 0.914

2.54 0.722 1.43 J 0.734
U 0.599 U 0.610
U 0.499 U 0.507
U 0.589 U 0.599
U 0.319 U 0.325
U 0.354 U 0.360
U 0.401 0.464 J 0.408
U 0.591 U 0.601
U 0.396 U 0.403

0.933 J 0.626 1.29 0.637
0.986 J 0.626 1.76 0.637

U 0.263 U 0.268
U 0.639 U 0.650

0.732 J 0.626 1.39 0.637
U 0.396 0.480 J 0.403
U 0.451 U 0.459
U 0.553 0.930 J 0.563
U 0.424 U 0.431
U 0.525 U 0.535

0.802 J 0.553 1.65 0.563
U 0.525 U 0.535

2.77 0.553 5.11 0.563
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Raw WWTP Biogas 
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐creso
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropa
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

WWTP1BG03XA WWTP1BG04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.496 U 0.504
0.553 13.5 0.563

0.568 J 0.496 0.970 J 0.504
U 0.707 U 0.719
U 0.465 U 0.473
U 0.714 U 0.727
U 0.517 U 0.526
U 0.452 U 0.460

99.0 0.452 217 D 0.460
286 D 0.496 549 D 0.504

U 0.615 U 0.626
U 0.615 U 0.626
U 0.452 U 0.460
U 0.615 U 0.626
U 0.389 U 0.396

1.28 0.496 1.81 0.504
U 0.511 U 0.520
U 0.281 U 0.286
U 0.281 U 0.286
U 0.540 U 0.550
U 0.481 U 0.490
U 0.478 U 0.486
U 0.544 U 0.554
U 0.384 U 0.391
U 0.367 U 0.373

2.90 0.519 2.46 0.528
U 0.408 U 0.415
U 0.521 U 0.530
U 0.255 U 0.260
U 0.367 U 0.373
U 0.466 U 0.475

2.84 0.468 1.52 0.476
1.45 0.468 0.79 J 0.476

U 0.244 U 0.248
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Raw WWTP Biogas 
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylethe
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ethe
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

WWTP1BG03XA WWTP1BG04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.337 U 0.343
U 0.337 U 0.343
U 0.393 U 0.400
U 0.365 U 0.371
U 0.409 U 0.416
U 0.482 U 0.490
U 0.396 U 0.403
U 0.343 U 0.349
U 0.396 U 0.403
U 0.437 U 0.445
U 0.365 U 0.372
U 0.396 U 0.403
U 0.482 U 0.490
U 0.431 U 0.439
U 0.361 U 0.368

2.92 0.478 2.97 0.486
U 0.395 U 0.402
U 0.365 U 0.372
U 0.287 U 0.292
U 0.287 U 0.292
U 0.299 U 0.305
U 0.325 U 0.331
U 0.400 U 0.407
U 0.482 U 0.490
U 0.336 U 0.342
U 0.336 U 0.341
U 0.267 U 0.272
U 0.234 U 0.238
U 0.250 U 0.254
U 0.373 U 0.380
U 0.373 U 0.380
U 0.398 U 0.405

BU 0.239 0.816 B 0.243
U 0.179 U 0.183
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Raw WWTP Biogas 
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

Extraction Surrogate Recove
Toluene‐d8
4‐Bromofluorobenzene
2‐Fluorophenol
Phenol‐d5
Nitrobenzene‐d5
2‐Fluorobiphenyl
2,4,6‐Tribromophenol
p‐Terphenyl‐d14

NA ‐ Not applicable.
B ‐ Analyte detected in the M
J ‐ Estimated value; detected
U ‐ Analyte not detected abo
D ‐ Analyte reported from a 
E ‐ Estimate, result detected
I ‐ Concentration/Peak ID un
RL ‐ Reporting limit is the sa
EDL ‐ Estimated detection lim

WWTP1BG03XA WWTP1BG04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.329 U 0.335
U 0.329 U 0.335
U 0.213 U 0.217
U 0.291 U 0.296
U 0.291 U 0.296

0.783 0.170 2.04 0.173
U 0.170 U 0.173
U 0.264 U 0.268
U 0.264 U 0.268
U 0.264 U 0.268
U 0.241 U 0.245
U 0.239 U 0.243
U 0.241 U 0.245

67 66
76 78
89 80
98 85
85 76
88 81
93 74
94 88

on.
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Dairy Biomethane
PCBs

GT080129‐03 GT080416‐04 GT80416‐06
GTI GTI GTI

Component Detection Limit Min Detection Limit Max ppbv ppbv ppbv
PCB 1 0.00272 0.00804 BDL BDL BDL
PCB 2 0.00272 0.00804 BDL BDL BDL
PCB 3 0.00272 0.00804 BDL BDL BDL
PCB 4 0.00230 0.00680 BDL BDL BDL
PCB 10 0.00230 0.00680 BDL BDL BDL
PCB 7 0.00230 0.00680 BDL BDL BDL
PCB 9 0.00230 0.00680 BDL BDL BDL
PCB 6 0.00230 0.00680 BDL BDL BDL
PCB 8 0.00230 0.00680 BDL BDL BDL
PCB 5 0.00230 0.00680 BDL BDL BDL
PCB 19 0.00200 0.00589 BDL BDL BDL
PCB 12 0.00230 0.00680 BDL BDL BDL
PCB 13 0.00230 0.00680 BDL BDL BDL
PCB 18 0.00200 0.00589 BDL BDL BDL
PCB 17 0.00200 0.00589 BDL BDL BDL
PCB 15 0.00230 0.00680 BDL BDL BDL
PCB 24 0.00200 0.00589 BDL BDL BDL
PCB 27 0.00200 0.00589 BDL BDL BDL
PCB 16 0.00200 0.00589 BDL BDL BDL
PCB 32 0.00200 0.00589 BDL BDL BDL
PCB 34 0.00200 0.00589 BDL BDL BDL
PCB 29 0.00200 0.00589 BDL BDL BDL
PCB 54 0.00176 0.00519 BDL BDL BDL
PCB 26 0.00200 0.00589 BDL BDL BDL
PCB 25 0.00200 0.00589 BDL BDL BDL
PCB 31 0.00200 0.00589 BDL BDL BDL
PCB 50 0.00176 0.00519 BDL BDL BDL
PCB 28 0.00200 0.00589 BDL BDL BDL
PCB 20 0.00200 0.00589 BDL BDL BDL
PCB 33 0.00200 0.00589 BDL BDL BDL
PCB 53 0.00176 0.00519 BDL BDL BDL
PCB 51 0.00176 0.00519 BDL BDL BDL
PCB 22 0.00200 0.00589 BDL BDL BDL
PCB 45 0.00176 0.00519 BDL BDL BDL
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Dairy Biomethane
PCBs

GT080129‐03 GT080416‐04 GT80416‐06
GTI GTI GTI

Component Detection Limit Min Detection Limit Max ppbv ppbv ppbv
PCB 46 0.00176 0.00519 BDL BDL BDL
PCB 69 0.00176 0.00519 BDL BDL BDL
PCB 52 0.00176 0.00519 BDL BDL BDL
PCB 73 0.00176 0.00519 BDL BDL BDL
PCB 49 0.00176 0.00519 BDL BDL BDL
PCB 47 0.00176 0.00519 BDL BDL BDL
PCB 48 0.00176 0.00519 BDL BDL BDL
PCB 75 0.00176 0.00519 BDL BDL BDL
PCB 104 0.00157 0.00465 BDL BDL BDL
PCB 35 0.00200 0.00589 BDL BDL BDL
PCB 44 0.00176 0.00519 BDL BDL BDL
PCB 59 0.00176 0.00519 BDL BDL BDL
PCB 37 0.00200 0.00589 BDL BDL BDL
PCB 42 0.00176 0.00519 BDL BDL BDL
PCB 71 0.00176 0.00519 BDL BDL BDL
PCB 41 0.00176 0.00519 BDL BDL BDL
PCB 64 0.00176 0.00519 BDL BDL BDL
PCB 40 0.00176 0.00519 BDL BDL BDL
PCB 103 0.00157 0.00465 BDL BDL BDL
PCB 67 0.00176 0.00519 BDL BDL BDL
PCB 100 0.00157 0.00465 BDL BDL BDL
PCB 63 0.00176 0.00519 BDL BDL BDL
PCB 74 0.00176 0.00519 BDL BDL BDL
PCB 70 0.00176 0.00519 BDL BDL BDL
PCB 66 0.00176 0.00519 BDL BDL BDL
PCB 93 0.00157 0.00465 BDL BDL BDL
PCB 95 0.00157 0.00465 BDL BDL BDL
PCB 91 0.00157 0.00465 BDL BDL BDL
PCB 56 0.00176 0.00519 BDL BDL BDL
PCB 60 0.00176 0.00519 BDL BDL BDL
PCB 92 0.00157 0.00465 BDL BDL BDL
PCB 84 0.00157 0.00465 BDL BDL BDL
PCB 90 0.00157 0.00465 BDL BDL BDL
PCB 101 0.00157 0.00465 BDL BDL BDL
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Dairy Biomethane
PCBs

GT080129‐03 GT080416‐04 GT80416‐06
GTI GTI GTI

Component Detection Limit Min Detection Limit Max ppbv ppbv ppbv
PCB 99 0.00157 0.00465 BDL BDL BDL
PCB 119 0.00157 0.00465 BDL BDL BDL
PCB 83 0.00157 0.00465 BDL BDL BDL
PCB 97 0.00157 0.00465 BDL BDL BDL
PCB 117 0.00157 0.00465 BDL BDL BDL
PCB 81 0.00176 0.00519 BDL BDL BDL
PCB 87 0.00157 0.00465 BDL BDL BDL
PCB 115 0.00157 0.00465 BDL BDL BDL
PCB 85 0.00157 0.00465 BDL BDL BDL
PCB 136 0.00142 0.00420 BDL BDL BDL
PCB 77 0.00176 0.00519 BDL BDL BDL
PCB 110 0.00157 0.00465 BDL BDL BDL
PCB 154 0.00142 0.00420 BDL BDL BDL
PCB 82 0.00157 0.00465 BDL BDL BDL
PCB 151 0.00142 0.00420 BDL BDL BDL
PCB 135 0.00142 0.00420 BDL BDL BDL
PCB 144 0.00142 0.00420 BDL BDL BDL
PCB 124 0.00157 0.00465 BDL BDL BDL
PCB 147 0.00142 0.00420 BDL BDL BDL
PCB 107 0.00157 0.00465 BDL BDL BDL
PCB 123 0.00157 0.00465 BDL BDL BDL
PCB 149 0.00142 0.00420 BDL BDL BDL
PCB 118 0.00157 0.00465 BDL BDL BDL
PCB 134 0.00142 0.00420 BDL BDL BDL
PCB 114 0.00157 0.00465 BDL BDL BDL
PCB 131 0.00142 0.00420 BDL BDL BDL
PCB 122 0.00157 0.00465 BDL BDL BDL
PCB 165 0.00142 0.00420 BDL BDL BDL
PCB 146 0.00142 0.00420 BDL BDL BDL
PCB 188 0.00130 0.00384 BDL BDL BDL
PCB 153 0.00142 0.00420 BDL BDL BDL
PCB 132 0.00142 0.00420 BDL BDL BDL
PCB 105 0.00157 0.00465 BDL BDL BDL
PCB 141 0.00142 0.00420 BDL BDL BDL
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Dairy Biomethane
PCBs

GT080129‐03 GT080416‐04 GT80416‐06
GTI GTI GTI

Component Detection Limit Min Detection Limit Max ppbv ppbv ppbv
PCB 179 0.00130 0.00384 BDL BDL BDL
PCB 137 0.00142 0.00420 BDL BDL BDL
PCB 176 0.00130 0.00384 BDL BDL BDL
PCB 130 0.00142 0.00420 BDL BDL BDL
PCB 138 0.00142 0.00420 BDL BDL BDL
PCB 163 0.00142 0.00420 BDL BDL BDL
PCB 164 0.00142 0.00420 BDL BDL BDL
PCB 158 0.00142 0.00420 BDL BDL BDL
PCB 129 0.00142 0.00420 BDL BDL BDL
PCB 178 0.00130 0.00384 BDL BDL BDL
PCB 175 0.00130 0.00384 BDL BDL BDL
PCB 187 0.00130 0.00384 BDL BDL BDL
PCB 183 0.00130 0.00384 BDL BDL BDL
PCB 128 0.00142 0.00420 BDL BDL BDL
PCB 167 0.00142 0.00420 BDL BDL BDL
PCB 185 0.00130 0.00384 BDL BDL BDL
PCB 174 0.00130 0.00384 BDL BDL BDL
PCB 177 0.00130 0.00384 BDL BDL BDL
PCB 202 0.00120 0.00353 BDL BDL BDL
PCB 171 0.00130 0.00384 BDL BDL BDL
PCB 156 0.00142 0.00420 BDL BDL BDL
PCB 173 0.00130 0.00384 BDL BDL BDL
PCB 157 0.00142 0.00420 BDL BDL BDL
PCB 201 0.00120 0.00353 BDL BDL BDL
PCB 172 0.00130 0.00384 BDL BDL BDL
PCB 197 0.00120 0.00353 BDL BDL BDL
PCB 180 0.00130 0.00384 BDL BDL BDL
PCB 193 0.00130 0.00384 BDL BDL BDL
PCB 191 0.00130 0.00384 BDL BDL BDL
PCB 200 0.00120 0.00353 BDL BDL BDL
PCB 170 0.00130 0.00384 BDL BDL BDL
PCB 190 0.00130 0.00384 BDL BDL BDL
PCB 199 0.00120 0.00353 BDL BDL BDL
PCB 196 0.00120 0.00353 BDL BDL BDL
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Dairy Biomethane
PCBs

GT080129‐03 GT080416‐04 GT80416‐06
GTI GTI GTI

Component Detection Limit Min Detection Limit Max ppbv ppbv ppbv
PCB 203 0.00120 0.00353 BDL BDL BDL
PCB 189 0.00130 0.00384 BDL BDL BDL
PCB 208 0.00111 0.00327 BDL BDL BDL
PCB 195 0.00120 0.00353 BDL BDL BDL
PCB 207 0.00111 0.00327 BDL BDL BDL
PCB 194 0.00120 0.00353 BDL BDL BDL
PCB 205 0.00120 0.00353 BDL BDL BDL
PCB 206 0.00111 0.00327 BDL BDL BDL
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Dairy Biomethane
PCBs

Component
PCB 1
PCB 2
PCB 3
PCB 4
PCB 10
PCB 7
PCB 9
PCB 6
PCB 8
PCB 5
PCB 19
PCB 12
PCB 13
PCB 18
PCB 17
PCB 15
PCB 24
PCB 27
PCB 16
PCB 32
PCB 34
PCB 29
PCB 54
PCB 26
PCB 25
PCB 31
PCB 50
PCB 28
PCB 20
PCB 33
PCB 53
PCB 51
PCB 22
PCB 45

GT080416‐8 GT080416‐10 GT80416‐12 GT80416‐14 GT80416‐16 GT080416‐02
GTI GTI GTI GTI GTI GTI
ppbv ppbv ppbv ppbv ppbv ppbv
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
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Dairy Biomethane
PCBs

Component
PCB 46
PCB 69
PCB 52
PCB 73
PCB 49
PCB 47
PCB 48
PCB 75
PCB 104
PCB 35
PCB 44
PCB 59
PCB 37
PCB 42
PCB 71
PCB 41
PCB 64
PCB 40
PCB 103
PCB 67
PCB 100
PCB 63
PCB 74
PCB 70
PCB 66
PCB 93
PCB 95
PCB 91
PCB 56
PCB 60
PCB 92
PCB 84
PCB 90
PCB 101

GT080416‐8 GT080416‐10 GT80416‐12 GT80416‐14 GT80416‐16 GT080416‐02
GTI GTI GTI GTI GTI GTI
ppbv ppbv ppbv ppbv ppbv ppbv
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
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Dairy Biomethane
PCBs

Component
PCB 99
PCB 119
PCB 83
PCB 97
PCB 117
PCB 81
PCB 87
PCB 115
PCB 85
PCB 136
PCB 77
PCB 110
PCB 154
PCB 82
PCB 151
PCB 135
PCB 144
PCB 124
PCB 147
PCB 107
PCB 123
PCB 149
PCB 118
PCB 134
PCB 114
PCB 131
PCB 122
PCB 165
PCB 146
PCB 188
PCB 153
PCB 132
PCB 105
PCB 141

GT080416‐8 GT080416‐10 GT80416‐12 GT80416‐14 GT80416‐16 GT080416‐02
GTI GTI GTI GTI GTI GTI
ppbv ppbv ppbv ppbv ppbv ppbv
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
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Dairy Biomethane
PCBs

Component
PCB 179
PCB 137
PCB 176
PCB 130
PCB 138
PCB 163
PCB 164
PCB 158
PCB 129
PCB 178
PCB 175
PCB 187
PCB 183
PCB 128
PCB 167
PCB 185
PCB 174
PCB 177
PCB 202
PCB 171
PCB 156
PCB 173
PCB 157
PCB 201
PCB 172
PCB 197
PCB 180
PCB 193
PCB 191
PCB 200
PCB 170
PCB 190
PCB 199
PCB 196

GT080416‐8 GT080416‐10 GT80416‐12 GT80416‐14 GT80416‐16 GT080416‐02
GTI GTI GTI GTI GTI GTI
ppbv ppbv ppbv ppbv ppbv ppbv
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
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Dairy Biomethane
PCBs

Component
PCB 203
PCB 189
PCB 208
PCB 195
PCB 207
PCB 194
PCB 205
PCB 206

GT080416‐8 GT080416‐10 GT80416‐12 GT80416‐14 GT80416‐16 GT080416‐02
GTI GTI GTI GTI GTI GTI
ppbv ppbv ppbv ppbv ppbv ppbv
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL
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Dairy Biomethane
PCBs

Component
PCB 1
PCB 2
PCB 3
PCB 4
PCB 10
PCB 7
PCB 9
PCB 6
PCB 8
PCB 5
PCB 19
PCB 12
PCB 13
PCB 18
PCB 17
PCB 15
PCB 24
PCB 27
PCB 16
PCB 32
PCB 34
PCB 29
PCB 54
PCB 26
PCB 25
PCB 31
PCB 50
PCB 28
PCB 20
PCB 33
PCB 53
PCB 51
PCB 22
PCB 45

GT080430‐01a GT080430‐02a GT080530‐12 GT080530‐14
GTI GTI GTI GTI
ppbv ppbv ppbv ppbv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
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Dairy Biomethane
PCBs

Component
PCB 46
PCB 69
PCB 52
PCB 73
PCB 49
PCB 47
PCB 48
PCB 75
PCB 104
PCB 35
PCB 44
PCB 59
PCB 37
PCB 42
PCB 71
PCB 41
PCB 64
PCB 40
PCB 103
PCB 67
PCB 100
PCB 63
PCB 74
PCB 70
PCB 66
PCB 93
PCB 95
PCB 91
PCB 56
PCB 60
PCB 92
PCB 84
PCB 90
PCB 101

GT080430‐01a GT080430‐02a GT080530‐12 GT080530‐14
GTI GTI GTI GTI
ppbv ppbv ppbv ppbv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
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Dairy Biomethane
PCBs

Component
PCB 99
PCB 119
PCB 83
PCB 97
PCB 117
PCB 81
PCB 87
PCB 115
PCB 85
PCB 136
PCB 77
PCB 110
PCB 154
PCB 82
PCB 151
PCB 135
PCB 144
PCB 124
PCB 147
PCB 107
PCB 123
PCB 149
PCB 118
PCB 134
PCB 114
PCB 131
PCB 122
PCB 165
PCB 146
PCB 188
PCB 153
PCB 132
PCB 105
PCB 141

GT080430‐01a GT080430‐02a GT080530‐12 GT080530‐14
GTI GTI GTI GTI
ppbv ppbv ppbv ppbv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
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Dairy Biomethane
PCBs

Component
PCB 179
PCB 137
PCB 176
PCB 130
PCB 138
PCB 163
PCB 164
PCB 158
PCB 129
PCB 178
PCB 175
PCB 187
PCB 183
PCB 128
PCB 167
PCB 185
PCB 174
PCB 177
PCB 202
PCB 171
PCB 156
PCB 173
PCB 157
PCB 201
PCB 172
PCB 197
PCB 180
PCB 193
PCB 191
PCB 200
PCB 170
PCB 190
PCB 199
PCB 196

GT080430‐01a GT080430‐02a GT080530‐12 GT080530‐14
GTI GTI GTI GTI
ppbv ppbv ppbv ppbv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
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Dairy Biomethane
PCBs

Component
PCB 203
PCB 189
PCB 208
PCB 195
PCB 207
PCB 194
PCB 205
PCB 206

GT080430‐01a GT080430‐02a GT080530‐12 GT080530‐14
GTI GTI GTI GTI
ppbv ppbv ppbv ppbv
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL BDL BDL
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Landfill Biomethane 
PCBs

LF1BM01XA LF1BM02XA LF1BM03XA
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
PCB 1 #VALUE! U 0.00100 #VALUE! U 0.00110 U 0.00109
PCB 2 #VALUE! U 0.00100 #VALUE! U 0.00110 U 0.00109
PCB 3 #VALUE! U 0.00100 #VALUE! U 0.00110 U 0.00109
PCB 4/10 #VALUE! U 0.00118 #VALUE! U 0.00130 U 0.00128
PCB 7/9 #VALUE! U 0.00118 #VALUE! U 0.00130 U 0.00128
PCB 6 #VALUE! U 0.00118 #VALUE! U 0.00130 U 0.00128
PCB 8 #VALUE! U 0.00118 #VALUE! U 0.00130 U 0.00128
PCB 5 #VALUE! U 0.00118 #VALUE! U 0.00130 U 0.00128
PCB 19 #VALUE! U 0.00136 #VALUE! U 0.00150 U 0.00148
PCB 12/13 #VALUE! U 0.00118 #VALUE! U 0.00130 U 0.00128
PCB 18 #VALUE! U 0.00136 #VALUE! U 0.00150 U 0.00148
PCB 17 #VALUE! U 0.00136 #VALUE! U 0.00150 U 0.00148
PCB 15 #VALUE! U 0.00118 #VALUE! U 0.00130 U 0.00128
PCB 24/27 #VALUE! U 0.00136 #VALUE! U 0.00150 U 0.00148
PCB 16/32 #VALUE! U 0.00136 #VALUE! U 0.00150 U 0.00148
PCB 34 #VALUE! U 0.00136 #VALUE! U 0.00150 U 0.00148
PCB 29 #VALUE! U 0.00136 #VALUE! U 0.00150 U 0.00148
PCB 54 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 26 #VALUE! U 0.00136 #VALUE! U 0.00150 U 0.00148
PCB 25 #VALUE! U 0.00136 #VALUE! U 0.00150 U 0.00148
PCB 31 #VALUE! U 0.00136 #VALUE! U 0.00150 U 0.00148
PCB 50 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 28 #VALUE! U 0.00136 #VALUE! U 0.00150 U 0.00148
PCB 20/33 #VALUE! U 0.00136 #VALUE! U 0.00150 U 0.00148
PCB 53 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 51 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 22 #VALUE! U 0.00136 #VALUE! U 0.00150 U 0.00148
PCB 45 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 46 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 69 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 52/73 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 49 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 47/48/75 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 104 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
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Landfill Biomethane 
PCBs

LF1BM01XA LF1BM02XA LF1BM03XA
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
PCB 35 #VALUE! U 0.00136 #VALUE! U 0.00150 U 0.00148
PCB 44 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 59 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 37 #VALUE! U 0.00136 #VALUE! U 0.00150 U 0.00148
PCB 42 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 71 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 41/64 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 40 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 103 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 67 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 100 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 63 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 74 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 70 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 66 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 93/95 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 91 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 56/60 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 92 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 84 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 90/101 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 99 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 119 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 83 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 97 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 117 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 81 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 87/115 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 85 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 136 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 77 #VALUE! U 0.00155 #VALUE! U 0.00170 U 0.00168
PCB 110 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 154 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 82 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
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Landfill Biomethane 
PCBs

LF1BM01XA LF1BM02XA LF1BM03XA
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
PCB 151 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 135/144 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 124 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 147 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 107 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 123 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 149 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 118 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 134 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 114 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 131 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 122 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 165 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 146 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 188 #VALUE! U 0.00209 #VALUE! U 0.00230 U 0.00228
PCB 153 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 132 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 105 #VALUE! U 0.00173 #VALUE! U 0.00190 U 0.00188
PCB 141 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 179 #VALUE! U 0.00209 #VALUE! U 0.00230 U 0.00228
PCB 137 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 176 #VALUE! U 0.00209 #VALUE! U 0.00230 U 0.00228
PCB 130 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 138/163/164 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 158 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 129 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 178 #VALUE! U 0.00209 #VALUE! U 0.00230 U 0.00228
PCB 175 #VALUE! U 0.00209 #VALUE! U 0.00230 U 0.00228
PCB 187 #VALUE! U 0.00209 #VALUE! U 0.00230 U 0.00228
PCB 183 #VALUE! U 0.00209 #VALUE! U 0.00230 U 0.00228
PCB 128 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 167 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 185 #VALUE! U 0.00209 #VALUE! U 0.00230 U 0.00228
PCB 174 #VALUE! U 0.00209 #VALUE! U 0.00230 U 0.00228

20916 Second Tier Chem Results for Clean Landfill Biomethane‐ PCBs Page 3

Page 1803



Landfill Biomethane 
PCBs

LF1BM01XA LF1BM02XA LF1BM03XA
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
PCB 177 #VALUE! U 0.00209 #VALUE! U 0.00230 U 0.00228
PCB 202 #VALUE! U 0.00228 #VALUE! U 0.00250 U 0.00247
PCB 171 #VALUE! U 0.00209 #VALUE! U 0.00230 U 0.00228
PCB 156 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 173 #VALUE! U 0.00209 #VALUE! U 0.00230 U 0.00228
PCB 157 #VALUE! U 0.00191 #VALUE! U 0.00210 U 0.00208
PCB 201 #VALUE! U 0.00228 #VALUE! U 0.00250 U 0.00247
PCB 172 #VALUE! U 0.00209 #VALUE! U 0.00230 U 0.00228
PCB 197 #VALUE! U 0.00228 #VALUE! U 0.00250 U 0.00247
PCB 180 #VALUE! U 0.00209 #VALUE! U 0.00230 U 0.00228
PCB 193 #VALUE! U 0.00209 #VALUE! U 0.00230 U 0.00228
PCB 191 #VALUE! U 0.00209 #VALUE! U 0.00230 U 0.00228
PCB 200 #VALUE! U 0.00228 #VALUE! U 0.00250 U 0.00247
PCB 170 #VALUE! U 0.00209 #VALUE! U 0.00230 U 0.00228
PCB 190 #VALUE! U 0.00209 #VALUE! U 0.00230 U 0.00228
PCB 199 #VALUE! U 0.00228 #VALUE! U 0.00250 U 0.00247
PCB 196/203 #VALUE! U 0.00228 #VALUE! U 0.00250 U 0.00247
PCB 189 #VALUE! U 0.00209 #VALUE! U 0.00230 U 0.00228
PCB 208 #VALUE! U 0.00246 #VALUE! U 0.00270 U 0.00267
PCB 195 #VALUE! U 0.00228 #VALUE! U 0.00250 U 0.00247
PCB 207 #VALUE! U 0.00246 #VALUE! U 0.00270 U 0.00267
PCB 194 #VALUE! U 0.00228 #VALUE! U 0.00250 U 0.00247
PCB 205 #VALUE! U 0.00228 #VALUE! U 0.00250 U 0.00247
PCB 206 #VALUE! U 0.00246 #VALUE! U 0.00270 U 0.00267
PCB 209 #VALUE! U 0.00264 #VALUE! U 0.00290 U 0.00287
NA ‐ Not applicable.
B ‐ Analyte detected in the Blank.
J ‐ Estimated value; 56 32 76
U ‐ Analyte not det 132 44 99
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
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Landfill Biomethane 
PCBs

Component
PCB 1
PCB 2
PCB 3
PCB 4/10
PCB 7/9
PCB 6
PCB 8
PCB 5
PCB 19
PCB 12/13
PCB 18
PCB 17
PCB 15
PCB 24/27
PCB 16/32
PCB 34
PCB 29
PCB 54
PCB 26
PCB 25
PCB 31
PCB 50
PCB 28
PCB 20/33
PCB 53
PCB 51
PCB 22
PCB 45
PCB 46
PCB 69
PCB 52/73
PCB 49
PCB 47/48/75
PCB 104

LF1BM04XA LF2BM01XA LF2BM02XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.00119 #VALUE! U 0.00112 U 0.00103
U 0.00119 #VALUE! U 0.00112 U 0.00103
U 0.00119 #VALUE! U 0.00112 U 0.00103
U 0.00141 #VALUE! U 0.00133 U 0.00122
U 0.00141 #VALUE! U 0.00133 U 0.00122
U 0.00141 #VALUE! U 0.00133 U 0.00122
U 0.00141 #VALUE! U 0.00133 U 0.00122
U 0.00141 #VALUE! U 0.00133 U 0.00122
U 0.00163 #VALUE! U 0.00153 U 0.00141
U 0.00141 #VALUE! U 0.00133 U 0.00122
U 0.00163 #VALUE! U 0.00153 U 0.00141
U 0.00163 #VALUE! U 0.00153 U 0.00141
U 0.00141 #VALUE! U 0.00133 U 0.00122
U 0.00163 #VALUE! U 0.00153 U 0.00141
U 0.00163 #VALUE! U 0.00153 U 0.00141
U 0.00163 #VALUE! U 0.00153 U 0.00141
U 0.00163 #VALUE! U 0.00153 U 0.00141
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00163 #VALUE! U 0.00153 U 0.00141
U 0.00163 #VALUE! U 0.00153 U 0.00141
U 0.00163 #VALUE! U 0.00153 U 0.00141
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00163 #VALUE! U 0.00153 U 0.00141
U 0.00163 #VALUE! U 0.00153 U 0.00141
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00163 #VALUE! U 0.00153 U 0.00141
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00206 #VALUE! U 0.00194 U 0.00178
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Landfill Biomethane 
PCBs

Component
PCB 35
PCB 44
PCB 59
PCB 37
PCB 42
PCB 71
PCB 41/64
PCB 40
PCB 103
PCB 67
PCB 100
PCB 63
PCB 74
PCB 70
PCB 66
PCB 93/95
PCB 91
PCB 56/60
PCB 92
PCB 84
PCB 90/101
PCB 99
PCB 119
PCB 83
PCB 97
PCB 117
PCB 81
PCB 87/115
PCB 85
PCB 136
PCB 77
PCB 110
PCB 154
PCB 82

LF1BM04XA LF2BM01XA LF2BM02XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.00163 #VALUE! U 0.00153 U 0.00141
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00163 #VALUE! U 0.00153 U 0.00141
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00184 #VALUE! U 0.00173 U 0.00159
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00206 #VALUE! U 0.00194 U 0.00178
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Landfill Biomethane 
PCBs

Component
PCB 151
PCB 135/144
PCB 124
PCB 147
PCB 107
PCB 123
PCB 149
PCB 118
PCB 134
PCB 114
PCB 131
PCB 122
PCB 165
PCB 146
PCB 188
PCB 153
PCB 132
PCB 105
PCB 141
PCB 179
PCB 137
PCB 176
PCB 130
PCB 138/163/164
PCB 158
PCB 129
PCB 178
PCB 175
PCB 187
PCB 183
PCB 128
PCB 167
PCB 185
PCB 174

LF1BM04XA LF2BM01XA LF2BM02XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00250 #VALUE! U 0.00235 U 0.00216
U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00206 #VALUE! U 0.00194 U 0.00178
U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00250 #VALUE! U 0.00235 U 0.00216
U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00250 #VALUE! U 0.00235 U 0.00216
U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00250 #VALUE! U 0.00235 U 0.00216
U 0.00250 #VALUE! U 0.00235 U 0.00216
U 0.00250 #VALUE! U 0.00235 U 0.00216
U 0.00250 #VALUE! U 0.00235 U 0.00216
U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00250 #VALUE! U 0.00235 U 0.00216
U 0.00250 #VALUE! U 0.00235 U 0.00216
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Landfill Biomethane 
PCBs

Component
PCB 177
PCB 202
PCB 171
PCB 156
PCB 173
PCB 157
PCB 201
PCB 172
PCB 197
PCB 180
PCB 193
PCB 191
PCB 200
PCB 170
PCB 190
PCB 199
PCB 196/203
PCB 189
PCB 208
PCB 195
PCB 207
PCB 194
PCB 205
PCB 206
PCB 209
NA ‐ Not applicable
B ‐ Analyte detecte
J ‐ Estimated value;
U ‐ Analyte not det
D ‐ Analyte reporte
E ‐ Estimate, result 
I ‐ Concentration/P
RL ‐ Reporting limit
EDL ‐ Estimated det

LF1BM04XA LF2BM01XA LF2BM02XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.00250 #VALUE! U 0.00235 U 0.00216
U 0.00272 #VALUE! U 0.00255 U 0.00235
U 0.00250 #VALUE! U 0.00235 U 0.00216
U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00250 #VALUE! U 0.00235 U 0.00216
U 0.00228 #VALUE! U 0.00214 U 0.00197
U 0.00272 #VALUE! U 0.00255 U 0.00235
U 0.00250 #VALUE! U 0.00235 U 0.00216
U 0.00272 #VALUE! U 0.00255 U 0.00235
U 0.00250 #VALUE! U 0.00235 U 0.00216
U 0.00250 #VALUE! U 0.00235 U 0.00216
U 0.00250 #VALUE! U 0.00235 U 0.00216
U 0.00272 #VALUE! U 0.00255 U 0.00235
U 0.00250 #VALUE! U 0.00235 U 0.00216
U 0.00250 #VALUE! U 0.00235 U 0.00216
U 0.00272 #VALUE! U 0.00255 U 0.00235
U 0.00272 #VALUE! U 0.00255 U 0.00235
U 0.00250 #VALUE! U 0.00235 U 0.00216
U 0.00293 #VALUE! U 0.00276 U 0.00253
U 0.00272 #VALUE! U 0.00255 U 0.00235
U 0.00293 #VALUE! U 0.00276 U 0.00253
U 0.00272 #VALUE! U 0.00255 U 0.00235
U 0.00272 #VALUE! U 0.00255 U 0.00235
U 0.00293 #VALUE! U 0.00276 U 0.00253
U 0.00315 U 0.00296 U 0.00272

66 68 76
81 108 180
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Landfill Biomethane 
PCBs

Component
PCB 1
PCB 2
PCB 3
PCB 4/10
PCB 7/9
PCB 6
PCB 8
PCB 5
PCB 19
PCB 12/13
PCB 18
PCB 17
PCB 15
PCB 24/27
PCB 16/32
PCB 34
PCB 29
PCB 54
PCB 26
PCB 25
PCB 31
PCB 50
PCB 28
PCB 20/33
PCB 53
PCB 51
PCB 22
PCB 45
PCB 46
PCB 69
PCB 52/73
PCB 49
PCB 47/48/75
PCB 104

LF2BM03XA LF2BM04XA LF3BM01XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.00205 U 0.00234 U 0.00107
U 0.00205 U 0.00234 U 0.00107
U 0.00205 U 0.00234 U 0.00107
U 0.00173 U 0.00198 U 0.00126
U 0.00173 U 0.00198 U 0.00126
U 0.00173 U 0.00198 U 0.00126
U 0.00173 U 0.00198 U 0.00126
U 0.00173 U 0.00198 U 0.00126
U 0.00150 U 0.00171 U 0.00146
U 0.00173 U 0.00198 U 0.00126
U 0.00150 U 0.00171 U 0.00146
U 0.00150 U 0.00171 U 0.00146
U 0.00173 U 0.00198 U 0.00126
U 0.00150 U 0.00171 U 0.00146
U 0.00150 U 0.00171 U 0.00146
U 0.00150 U 0.00171 U 0.00146
U 0.00150 U 0.00171 U 0.00146
U 0.00132 U 0.00151 U 0.00165
U 0.00150 U 0.00171 U 0.00146
U 0.00150 U 0.00171 U 0.00146
U 0.00150 U 0.00171 U 0.00146
U 0.00132 U 0.00151 U 0.00165
U 0.00150 U 0.00171 U 0.00146
U 0.00150 U 0.00171 U 0.00146
U 0.00132 U 0.00151 U 0.00165
U 0.00132 U 0.00151 U 0.00165
U 0.00150 U 0.00171 U 0.00146
U 0.00132 U 0.00151 U 0.00165
U 0.00132 U 0.00151 U 0.00165
U 0.00132 U 0.00151 U 0.00165
U 0.00132 U 0.00151 U 0.00165
U 0.00132 U 0.00151 U 0.00165
U 0.00132 U 0.00151 U 0.00165
U 0.00118 U 0.00135 U 0.00185
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Landfill Biomethane 
PCBs

Component
PCB 35
PCB 44
PCB 59
PCB 37
PCB 42
PCB 71
PCB 41/64
PCB 40
PCB 103
PCB 67
PCB 100
PCB 63
PCB 74
PCB 70
PCB 66
PCB 93/95
PCB 91
PCB 56/60
PCB 92
PCB 84
PCB 90/101
PCB 99
PCB 119
PCB 83
PCB 97
PCB 117
PCB 81
PCB 87/115
PCB 85
PCB 136
PCB 77
PCB 110
PCB 154
PCB 82

LF2BM03XA LF2BM04XA LF3BM01XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.00150 U 0.00171 U 0.00146
U 0.00132 U 0.00151 U 0.00165
U 0.00132 U 0.00151 U 0.00165
U 0.00150 U 0.00171 U 0.00146
U 0.00132 U 0.00151 U 0.00165
U 0.00132 U 0.00151 U 0.00165
U 0.00132 U 0.00151 U 0.00165
U 0.00132 U 0.00151 U 0.00165
U 0.00118 U 0.00135 U 0.00185
U 0.00132 U 0.00151 U 0.00165
U 0.00118 U 0.00135 U 0.00185
U 0.00132 U 0.00151 U 0.00165
U 0.00132 U 0.00151 U 0.00165
U 0.00132 U 0.00151 U 0.00165
U 0.00132 U 0.00151 U 0.00165
U 0.00118 U 0.00135 U 0.00185
U 0.00118 U 0.00135 U 0.00185
U 0.00132 U 0.00151 U 0.00165
U 0.00118 U 0.00135 U 0.00185
U 0.00118 U 0.00135 U 0.00185
U 0.00118 U 0.00135 U 0.00185
U 0.00118 U 0.00135 U 0.00185
U 0.00118 U 0.00135 U 0.00185
U 0.00118 U 0.00135 U 0.00185
U 0.00118 U 0.00135 U 0.00185
U 0.00118 U 0.00135 U 0.00185
U 0.00118 U 0.00135 U 0.00185
U 0.00132 U 0.00151 U 0.00165
U 0.00118 U 0.00135 U 0.00185
U 0.00107 U 0.00122 U 0.00204
U 0.00132 U 0.00151 U 0.00165
U 0.00118 U 0.00135 U 0.00185
U 0.00107 U 0.00122 U 0.00204
U 0.00118 U 0.00135 U 0.00185
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Landfill Biomethane 
PCBs

Component
PCB 151
PCB 135/144
PCB 124
PCB 147
PCB 107
PCB 123
PCB 149
PCB 118
PCB 134
PCB 114
PCB 131
PCB 122
PCB 165
PCB 146
PCB 188
PCB 153
PCB 132
PCB 105
PCB 141
PCB 179
PCB 137
PCB 176
PCB 130
PCB 138/163/164
PCB 158
PCB 129
PCB 178
PCB 175
PCB 187
PCB 183
PCB 128
PCB 167
PCB 185
PCB 174

LF2BM03XA LF2BM04XA LF3BM01XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.00107 U 0.00122 U 0.00204
U 0.00107 U 0.00122 U 0.00204
U 0.00118 U 0.00135 U 0.00185
U 0.00107 U 0.00122 U 0.00204
U 0.00118 U 0.00135 U 0.00185
U 0.00118 U 0.00135 U 0.00185
U 0.00107 U 0.00122 U 0.00204
U 0.00118 U 0.00135 U 0.00185
U 0.00107 U 0.00122 U 0.00204
U 0.00118 U 0.00135 U 0.00185
U 0.00107 U 0.00122 U 0.00204
U 0.00118 U 0.00135 U 0.00185
U 0.00107 U 0.00122 U 0.00204
U 0.00107 U 0.00122 U 0.00204
U 0.00098 U 0.00112 U 0.00223
U 0.00107 U 0.00122 U 0.00204
U 0.00107 U 0.00122 U 0.00204
U 0.00118 U 0.00135 U 0.00185
U 0.00107 U 0.00122 U 0.00204
U 0.00098 U 0.00112 U 0.00223
U 0.00107 U 0.00122 U 0.00204
U 0.00098 U 0.00112 U 0.00223
U 0.00107 U 0.00122 U 0.00204
U 0.00107 U 0.00122 U 0.00204
U 0.00107 U 0.00122 U 0.00204
U 0.00107 U 0.00122 U 0.00204
U 0.00098 U 0.00112 U 0.00223
U 0.00098 U 0.00112 U 0.00223
U 0.00098 U 0.00112 U 0.00223
U 0.00098 U 0.00112 U 0.00223
U 0.00107 U 0.00122 U 0.00204
U 0.00107 U 0.00122 U 0.00204
U 0.00098 U 0.00112 U 0.00223
U 0.00098 U 0.00112 U 0.00223
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Landfill Biomethane 
PCBs

Component
PCB 177
PCB 202
PCB 171
PCB 156
PCB 173
PCB 157
PCB 201
PCB 172
PCB 197
PCB 180
PCB 193
PCB 191
PCB 200
PCB 170
PCB 190
PCB 199
PCB 196/203
PCB 189
PCB 208
PCB 195
PCB 207
PCB 194
PCB 205
PCB 206
PCB 209
NA ‐ Not applicable
B ‐ Analyte detecte
J ‐ Estimated value;
U ‐ Analyte not det
D ‐ Analyte reporte
E ‐ Estimate, result 
I ‐ Concentration/P
RL ‐ Reporting limit
EDL ‐ Estimated det

LF2BM03XA LF2BM04XA LF3BM01XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.00098 U 0.00112 U 0.00223
U 0.00090 U 0.00103 U 0.00243
U 0.00098 U 0.00112 U 0.00223
U 0.00107 U 0.00122 U 0.00204
U 0.00098 U 0.00112 U 0.00223
U 0.00107 U 0.00122 U 0.00204
U 0.00090 U 0.00103 U 0.00243
U 0.00098 U 0.00112 U 0.00223
U 0.00090 U 0.00103 U 0.00243
U 0.00098 U 0.00112 U 0.00223
U 0.00098 U 0.00112 U 0.00223
U 0.00098 U 0.00112 U 0.00223
U 0.00090 U 0.00103 U 0.00243
U 0.00098 U 0.00112 U 0.00223
U 0.00098 U 0.00112 U 0.00223
U 0.00090 U 0.00103 U 0.00243
U 0.00090 U 0.00103 U 0.00243
U 0.00098 U 0.00112 U 0.00223
U 0.00083 U 0.000950 U 0.00262
U 0.00090 U 0.00103 U 0.00243
U 0.00083 U 0.000950 U 0.00262
U 0.00090 U 0.00103 U 0.00243
U 0.00090 U 0.00103 U 0.00243
U 0.00083 U 0.000950 U 0.00262
U 0.00077 U 0.000884 U 0.00282

92 72 76
148 104 216
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Landfill Biomethane 
PCBs

Component
PCB 1
PCB 2
PCB 3
PCB 4/10
PCB 7/9
PCB 6
PCB 8
PCB 5
PCB 19
PCB 12/13
PCB 18
PCB 17
PCB 15
PCB 24/27
PCB 16/32
PCB 34
PCB 29
PCB 54
PCB 26
PCB 25
PCB 31
PCB 50
PCB 28
PCB 20/33
PCB 53
PCB 51
PCB 22
PCB 45
PCB 46
PCB 69
PCB 52/73
PCB 49
PCB 47/48/75
PCB 104

LF3BM02XA LF3BM03XA LF3BM04XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.00104 U 0.00244 U 0.00239
U 0.00104 U 0.00244 U 0.00239
U 0.00104 U 0.00244 U 0.00239
U 0.00123 U 0.00207 U 0.00202
U 0.00123 U 0.00207 U 0.00202
U 0.00123 U 0.00207 U 0.00202
U 0.00123 U 0.00207 U 0.00202
U 0.00123 U 0.00207 U 0.00202
U 0.00142 U 0.00179 U 0.00175
U 0.00123 U 0.00207 U 0.00202
U 0.00142 U 0.00179 U 0.00175
U 0.00142 U 0.00179 U 0.00175
U 0.00123 U 0.00207 U 0.00202
U 0.00142 U 0.00179 U 0.00175
U 0.00142 U 0.00179 U 0.00175
U 0.00142 U 0.00179 U 0.00175
U 0.00142 U 0.00179 U 0.00175
U 0.00161 U 0.00158 U 0.00154
U 0.00142 U 0.00179 U 0.00175
U 0.00142 U 0.00179 U 0.00175
U 0.00142 U 0.00179 U 0.00175
U 0.00161 U 0.00158 U 0.00154
U 0.00142 U 0.00179 U 0.00175
U 0.00142 U 0.00179 U 0.00175
U 0.00161 U 0.00158 U 0.00154
U 0.00161 U 0.00158 U 0.00154
U 0.00142 U 0.00179 U 0.00175
U 0.00161 U 0.00158 U 0.00154
U 0.00161 U 0.00158 U 0.00154
U 0.00161 U 0.00158 U 0.00154
U 0.00161 U 0.00158 U 0.00154
U 0.00161 U 0.00158 U 0.00154
U 0.00161 U 0.00158 U 0.00154
U 0.00180 U 0.00141 U 0.00138
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Landfill Biomethane 
PCBs

Component
PCB 35
PCB 44
PCB 59
PCB 37
PCB 42
PCB 71
PCB 41/64
PCB 40
PCB 103
PCB 67
PCB 100
PCB 63
PCB 74
PCB 70
PCB 66
PCB 93/95
PCB 91
PCB 56/60
PCB 92
PCB 84
PCB 90/101
PCB 99
PCB 119
PCB 83
PCB 97
PCB 117
PCB 81
PCB 87/115
PCB 85
PCB 136
PCB 77
PCB 110
PCB 154
PCB 82

LF3BM02XA LF3BM03XA LF3BM04XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.00142 U 0.00179 U 0.00175
U 0.00161 U 0.00158 U 0.00154
U 0.00161 U 0.00158 U 0.00154
U 0.00142 U 0.00179 U 0.00175
U 0.00161 U 0.00158 U 0.00154
U 0.00161 U 0.00158 U 0.00154
U 0.00161 U 0.00158 U 0.00154
U 0.00161 U 0.00158 U 0.00154
U 0.00180 U 0.00141 U 0.00138
U 0.00161 U 0.00158 U 0.00154
U 0.00180 U 0.00141 U 0.00138
U 0.00161 U 0.00158 U 0.00154
U 0.00161 U 0.00158 U 0.00154
U 0.00161 U 0.00158 U 0.00154
U 0.00161 U 0.00158 U 0.00154
U 0.00180 U 0.00141 U 0.00138
U 0.00180 U 0.00141 U 0.00138
U 0.00161 U 0.00158 U 0.00154
U 0.00180 U 0.00141 U 0.00138
U 0.00180 U 0.00141 U 0.00138
U 0.00180 U 0.00141 U 0.00138
U 0.00180 U 0.00141 U 0.00138
U 0.00180 U 0.00141 U 0.00138
U 0.00180 U 0.00141 U 0.00138
U 0.00180 U 0.00141 U 0.00138
U 0.00180 U 0.00141 U 0.00138
U 0.00180 U 0.00141 U 0.00138
U 0.00161 U 0.00158 U 0.00154
U 0.00180 U 0.00141 U 0.00138
U 0.00199 U 0.00128 U 0.00125
U 0.00161 U 0.00158 U 0.00154
U 0.00180 U 0.00141 U 0.00138
U 0.00199 U 0.00128 U 0.00125
U 0.00180 U 0.00141 U 0.00138
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Landfill Biomethane 
PCBs

Component
PCB 151
PCB 135/144
PCB 124
PCB 147
PCB 107
PCB 123
PCB 149
PCB 118
PCB 134
PCB 114
PCB 131
PCB 122
PCB 165
PCB 146
PCB 188
PCB 153
PCB 132
PCB 105
PCB 141
PCB 179
PCB 137
PCB 176
PCB 130
PCB 138/163/164
PCB 158
PCB 129
PCB 178
PCB 175
PCB 187
PCB 183
PCB 128
PCB 167
PCB 185
PCB 174

LF3BM02XA LF3BM03XA LF3BM04XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.00199 U 0.00128 U 0.00125
U 0.00199 U 0.00128 U 0.00125
U 0.00180 U 0.00141 U 0.00138
U 0.00199 U 0.00128 U 0.00125
U 0.00180 U 0.00141 U 0.00138
U 0.00180 U 0.00141 U 0.00138
U 0.00199 U 0.00128 U 0.00125
U 0.00180 U 0.00141 U 0.00138
U 0.00199 U 0.00128 U 0.00125
U 0.00180 U 0.00141 U 0.00138
U 0.00199 U 0.00128 U 0.00125
U 0.00180 U 0.00141 U 0.00138
U 0.00199 U 0.00128 U 0.00125
U 0.00199 U 0.00128 U 0.00125
U 0.00218 U 0.00117 U 0.00114
U 0.00199 U 0.00128 U 0.00125
U 0.00199 U 0.00128 U 0.00125
U 0.00180 U 0.00141 U 0.00138
U 0.00199 U 0.00128 U 0.00125
U 0.00218 U 0.00117 U 0.00114
U 0.00199 U 0.00128 U 0.00125
U 0.00218 U 0.00117 U 0.00114
U 0.00199 U 0.00128 U 0.00125
U 0.00199 U 0.00128 U 0.00125
U 0.00199 U 0.00128 U 0.00125
U 0.00199 U 0.00128 U 0.00125
U 0.00218 U 0.00117 U 0.00114
U 0.00218 U 0.00117 U 0.00114
U 0.00218 U 0.00117 U 0.00114
U 0.00218 U 0.00117 U 0.00114
U 0.00199 U 0.00128 U 0.00125
U 0.00199 U 0.00128 U 0.00125
U 0.00218 U 0.00117 U 0.00114
U 0.00218 U 0.00117 U 0.00114
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Landfill Biomethane 
PCBs

Component
PCB 177
PCB 202
PCB 171
PCB 156
PCB 173
PCB 157
PCB 201
PCB 172
PCB 197
PCB 180
PCB 193
PCB 191
PCB 200
PCB 170
PCB 190
PCB 199
PCB 196/203
PCB 189
PCB 208
PCB 195
PCB 207
PCB 194
PCB 205
PCB 206
PCB 209
NA ‐ Not applicable
B ‐ Analyte detecte
J ‐ Estimated value;
U ‐ Analyte not det
D ‐ Analyte reporte
E ‐ Estimate, result 
I ‐ Concentration/P
RL ‐ Reporting limit
EDL ‐ Estimated det

LF3BM02XA LF3BM03XA LF3BM04XA
GTI GTI GTI
ppbv Q EDL ppbv Q EDL ppbv Q EDL

U 0.00218 U 0.00117 U 0.00114
U 0.00237 U 0.00107 U 0.00105
U 0.00218 U 0.00117 U 0.00114
U 0.00199 U 0.00128 U 0.00125
U 0.00218 U 0.00117 U 0.00114
U 0.00199 U 0.00128 U 0.00125
U 0.00237 U 0.00107 U 0.00105
U 0.00218 U 0.00117 U 0.00114
U 0.00237 U 0.00107 U 0.00105
U 0.00218 U 0.00117 U 0.00114
U 0.00218 U 0.00117 U 0.00114
U 0.00218 U 0.00117 U 0.00114
U 0.00237 U 0.00107 U 0.00105
U 0.00218 U 0.00117 U 0.00114
U 0.00218 U 0.00117 U 0.00114
U 0.00237 U 0.00107 U 0.00105
U 0.00237 U 0.00107 U 0.00105
U 0.00218 U 0.00117 U 0.00114
U 0.00256 U 0.000993 U 0.000971
U 0.00237 U 0.00107 U 0.00105
U 0.00256 U 0.000993 U 0.000971
U 0.00237 U 0.00107 U 0.00105
U 0.00237 U 0.00107 U 0.00105
U 0.00256 U 0.000993 U 0.000971
U 0.00275 U 0.000924 U 0.000904

76 56 64
228 88 108
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WWTP Biomethane 
PCBs

WWTP1BM01XA WWTP1BM02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
PCB 1 U 0.00211 U 0.00248
PCB 2 U 0.00211 U 0.00248
PCB 3 U 0.00211 U 0.00248
PCB 4/10 U 0.00179 U 0.00210
PCB 7/9 U 0.00179 U 0.00210
PCB 6 U 0.00179 U 0.00210
PCB 8 U 0.00179 U 0.00210
PCB 5 U 0.00179 U 0.00210
PCB 19 U 0.00155 U 0.00182
PCB 12/13 U 0.00179 U 0.00210
PCB 18 U 0.00155 U 0.00182
PCB 17 U 0.00155 U 0.00182
PCB 15 U 0.00179 U 0.00210
PCB 24/27 U 0.00155 U 0.00182
PCB 16/32 U 0.00155 U 0.00182
PCB 34 U 0.00155 U 0.00182
PCB 29 U 0.00155 U 0.00182
PCB 54 U 0.00137 U 0.00160
PCB 26 U 0.00155 U 0.00182
PCB 25 U 0.00155 U 0.00182
PCB 31 U 0.00155 U 0.00182
PCB 50 U 0.00137 U 0.00160
PCB 28 U 0.00155 U 0.00182
PCB 20/33 U 0.00155 U 0.00182
PCB 53 U 0.00137 U 0.00160
PCB 51 U 0.00137 U 0.00160
PCB 22 U 0.00155 U 0.00182
PCB 45 U 0.00137 U 0.00160
PCB 46 U 0.00137 U 0.00160
PCB 69 U 0.00137 U 0.00160
PCB 52/73 U 0.00137 U 0.00160
PCB 49 U 0.00137 U 0.00160
PCB 47/48/75 U 0.00137 U 0.00160
PCB 104 U 0.00122 U 0.00143
PCB 35 U 0.00155 U 0.00182
PCB 44 U 0.00137 U 0.00160
PCB 59 U 0.00137 U 0.00160
PCB 37 U 0.00155 U 0.00182
PCB 42 U 0.00137 U 0.00160
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WWTP Biomethane 
PCBs

WWTP1BM01XA WWTP1BM02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
PCB 71 U 0.00137 U 0.00160
PCB 41/64 U 0.00137 U 0.00160
PCB 40 U 0.00137 U 0.00160
PCB 103 U 0.00122 U 0.00143
PCB 67 U 0.00137 U 0.00160
PCB 100 U 0.00122 U 0.00143
PCB 63 U 0.00137 U 0.00160
PCB 74 U 0.00137 U 0.00160
PCB 70 U 0.00137 U 0.00160
PCB 66 U 0.00137 U 0.00160
PCB 93/95 U 0.00122 U 0.00143
PCB 91 U 0.00122 U 0.00143
PCB 56/60 U 0.00137 U 0.00160
PCB 92 U 0.00122 U 0.00143
PCB 84 U 0.00122 U 0.00143
PCB 90/101 U 0.00122 U 0.00143
PCB 99 U 0.00122 U 0.00143
PCB 119 U 0.00122 U 0.00143
PCB 83 U 0.00122 U 0.00143
PCB 97 U 0.00122 U 0.00143
PCB 117 U 0.00122 U 0.00143
PCB 81 U 0.00122 U 0.00143
PCB 87/115 U 0.00137 U 0.00160
PCB 85 U 0.00122 U 0.00143
PCB 136 U 0.00111 U 0.00130
PCB 77 U 0.00137 U 0.00160
PCB 110 U 0.00122 U 0.00143
PCB 154 U 0.00111 U 0.00130
PCB 82 U 0.00122 U 0.00143
PCB 151 U 0.00111 U 0.00130
PCB 135/144 U 0.00111 U 0.00130
PCB 124 U 0.00122 U 0.00143
PCB 147 U 0.00111 U 0.00130
PCB 107 U 0.00122 U 0.00143
PCB 123 U 0.00122 U 0.00143
PCB 149 U 0.00111 U 0.00130
PCB 118 U 0.00122 U 0.00143
PCB 134 U 0.00111 U 0.00130
PCB 114 U 0.00122 U 0.00143
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WWTP Biomethane 
PCBs

WWTP1BM01XA WWTP1BM02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
PCB 131 U 0.00111 U 0.00130
PCB 122 U 0.00122 U 0.00143
PCB 165 U 0.00111 U 0.00130
PCB 146 U 0.00111 U 0.00130
PCB 188 U 0.00101 U 0.00118
PCB 153 U 0.00111 U 0.00130
PCB 132 U 0.00111 U 0.00130
PCB 105 U 0.00122 U 0.00143
PCB 141 U 0.00111 U 0.00130
PCB 179 U 0.00101 U 0.00118
PCB 137 U 0.00111 U 0.00130
PCB 176 U 0.00101 U 0.00118
PCB 130 U 0.00111 U 0.00130
PCB 138/163/164 U 0.00111 U 0.00130
PCB 158 U 0.00111 U 0.00130
PCB 129 U 0.00111 U 0.00130
PCB 178 U 0.00101 U 0.00118
PCB 175 U 0.00101 U 0.00118
PCB 187 U 0.00101 U 0.00118
PCB 183 U 0.00101 U 0.00118
PCB 128 U 0.00111 U 0.00130
PCB 167 U 0.00111 U 0.00130
PCB 185 U 0.00101 U 0.00118
PCB 174 U 0.00101 U 0.00118

20916 Second Tier Chem Results for Clean WWTP Biomethane‐ PCBs Page 3

Page 1819



WWTP Biomethane 
PCBs

WWTP1BM01XA WWTP1BM02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
PCB 177 U 0.00101 U 0.00118
PCB 202 U 0.000928 U 0.00109
PCB 171 U 0.00101 U 0.00118
PCB 156 U 0.00111 U 0.00130
PCB 173 U 0.00101 U 0.00118
PCB 157 U 0.00111 U 0.00130
PCB 201 U 0.000928 U 0.00109
PCB 172 U 0.00101 U 0.00118
PCB 197 U 0.000928 U 0.00109
PCB 180 U 0.00101 U 0.00118
PCB 193 U 0.00101 U 0.00118
PCB 191 U 0.00101 U 0.00118
PCB 200 U 0.000928 U 0.00109
PCB 170 U 0.00101 U 0.00118
PCB 190 U 0.00101 U 0.00118
PCB 199 U 0.000928 U 0.00109
PCB 196/203 U 0.000928 U 0.00109
PCB 189 U 0.00101 U 0.00118
PCB 208 U 0.000859 U 0.00101
PCB 195 U 0.000928 U 0.00109
PCB 207 U 0.000859 U 0.00101
PCB 194 U 0.000928 U 0.00109
PCB 205 U 0.000928 U 0.00109
PCB 206 U 0.000859 U 0.00101
PCB 209 U 0.000800 U 0.000938

Extraction Surrogate Recoveries (%)
Tetrachloro‐m‐xyle 72 68
Decachlorobipheny 108 112

NA ‐ Not applicable.

B ‐ Analyte detected in the Blank.

J ‐ Estimated value; detected between the RL and DL.

U ‐ Analyte not detected above DL.

D ‐ Analyte reported from a diluted extract.

E ‐ Estimate, result detected above calibration range.

I ‐ Concentration/Peak ID uncertain due to potential interference.

RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.

EDL ‐ Estimated detection limit is 50% of RL.
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WWTP Biomethane 
PCBs

Component
PCB 1
PCB 2
PCB 3
PCB 4/10
PCB 7/9
PCB 6
PCB 8
PCB 5
PCB 19
PCB 12/13
PCB 18
PCB 17
PCB 15
PCB 24/27
PCB 16/32
PCB 34
PCB 29
PCB 54
PCB 26
PCB 25
PCB 31
PCB 50
PCB 28
PCB 20/33
PCB 53
PCB 51
PCB 22
PCB 45
PCB 46
PCB 69
PCB 52/73
PCB 49
PCB 47/48/75
PCB 104
PCB 35
PCB 44
PCB 59
PCB 37
PCB 42

WWTP1BM03XA
GTI
ppbv Q EDL

U 0.00248
U 0.00248
U 0.00248
U 0.00210
U 0.00210
U 0.00210
U 0.00210
U 0.00210
U 0.00182
U 0.00210
U 0.00182
U 0.00182
U 0.00210
U 0.00182
U 0.00182
U 0.00182
U 0.00182
U 0.00160
U 0.00182
U 0.00182
U 0.00182
U 0.00160
U 0.00182
U 0.00182
U 0.00160
U 0.00160
U 0.00182
U 0.00160
U 0.00160
U 0.00160
U 0.00160
U 0.00160
U 0.00160
U 0.00143
U 0.00182
U 0.00160
U 0.00160
U 0.00182
U 0.00160
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WWTP Biomethane 
PCBs

Component
PCB 71
PCB 41/64
PCB 40
PCB 103
PCB 67
PCB 100
PCB 63
PCB 74
PCB 70
PCB 66
PCB 93/95
PCB 91
PCB 56/60
PCB 92
PCB 84
PCB 90/101
PCB 99
PCB 119
PCB 83
PCB 97
PCB 117
PCB 81
PCB 87/115
PCB 85
PCB 136
PCB 77
PCB 110
PCB 154
PCB 82
PCB 151
PCB 135/144
PCB 124
PCB 147
PCB 107
PCB 123
PCB 149
PCB 118
PCB 134
PCB 114

WWTP1BM03XA
GTI
ppbv Q EDL

U 0.00160
U 0.00160
U 0.00160
U 0.00143
U 0.00160
U 0.00143
U 0.00160
U 0.00160
U 0.00160
U 0.00160
U 0.00143
U 0.00143
U 0.00160
U 0.00143
U 0.00143
U 0.00143
U 0.00143
U 0.00143
U 0.00143
U 0.00143
U 0.00143
U 0.00143
U 0.00160
U 0.00143
U 0.00130
U 0.00160
U 0.00143
U 0.00130
U 0.00143
U 0.00130
U 0.00130
U 0.00143
U 0.00130
U 0.00143
U 0.00143
U 0.00130
U 0.00143
U 0.00130
U 0.00143
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WWTP Biomethane 
PCBs

Component
PCB 131
PCB 122
PCB 165
PCB 146
PCB 188
PCB 153
PCB 132
PCB 105
PCB 141
PCB 179
PCB 137
PCB 176
PCB 130
PCB 138/163/164
PCB 158
PCB 129
PCB 178
PCB 175
PCB 187
PCB 183
PCB 128
PCB 167
PCB 185
PCB 174

WWTP1BM03XA
GTI
ppbv Q EDL

U 0.00130
U 0.00143
U 0.00130
U 0.00130
U 0.00118
U 0.00130
U 0.00130
U 0.00143
U 0.00130
U 0.00118
U 0.00130
U 0.00118
U 0.00130
U 0.00130
U 0.00130
U 0.00130
U 0.00118
U 0.00118
U 0.00118
U 0.00118
U 0.00130
U 0.00130
U 0.00118
U 0.00118
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WWTP Biomethane 
PCBs

Component
PCB 177
PCB 202
PCB 171
PCB 156
PCB 173
PCB 157
PCB 201
PCB 172
PCB 197
PCB 180
PCB 193
PCB 191
PCB 200
PCB 170
PCB 190
PCB 199
PCB 196/203
PCB 189
PCB 208
PCB 195
PCB 207
PCB 194
PCB 205
PCB 206
PCB 209

Extraction Surrogat
Tetrachloro‐m‐xyle
Decachlorobipheny

NA ‐ Not applicable.

B ‐ Analyte detected in 

J ‐ Estimated value; det

U ‐ Analyte not detecte

D ‐ Analyte reported fro

E ‐ Estimate, result dete

I ‐ Concentration/Peak 

RL ‐ Reporting limit is th

EDL ‐ Estimated detecti

WWTP1BM03XA
GTI
ppbv Q EDL

U 0.00118
U 0.00109
U 0.00118
U 0.00130
U 0.00118
U 0.00130
U 0.00109
U 0.00118
U 0.00109
U 0.00118
U 0.00118
U 0.00118
U 0.00109
U 0.00118
U 0.00118
U 0.00109
U 0.00109
U 0.00118
U 0.00101
U 0.00109
U 0.00101
U 0.00109
U 0.00109
U 0.00101
U 0.000938

64
100
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Dairy Biomethane
Pesticides

GT080129‐03 GT080416‐04
GTI GTI

Component Detection Limit Min Detection Limit Max ppbv ppbv
a‐BHC 0.000168 0.000757 BDL BDL
b‐BHC 0.000168 0.000757 BDL BDL
g‐BHC 0.000168 0.000757 BDL BDL
d‐BHC 0.000168 0.000757 BDL BDL
Heptachlor 0.000131 0.000590 BDL BDL
Aldrin 0.000134 0.000603 BDL BDL
Heptachlor epoxide 0.000126 0.000566 BDL BDL
g‐Chlordane 0.000119 0.000537 BDL BDL
Endosulfan I 0.000120 0.000541 BDL BDL
a‐Chlordane 0.000119 0.000537 BDL BDL
Dieldrin 0.000128 0.000578 BDL BDL
4,4'‐DDE 0.000154 0.000692 BDL BDL
Endrin 0.000128 0.000578 BDL BDL
Endosulfan II 0.000120 0.000541 BDL BDL
4,4'‐DDD 0.000153 0.000688 BDL BDL
Endrin aldehyde 0.000128 0.000578 BDL BDL
Endosulfan sulfate 0.000116 0.000521 BDL BDL
4,4'‐DDT 0.000138 0.000621 BDL BDL
Endrin ketone 0.000128 0.000578 BDL BDL
Methoxychlor 0.000142 0.000637 BDL BDL
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Dairy Biomethane
Pesticides

Component
a‐BHC
b‐BHC
g‐BHC
d‐BHC
Heptachlor
Aldrin
Heptachlor epoxide
g‐Chlordane
Endosulfan I
a‐Chlordane
Dieldrin
4,4'‐DDE
Endrin
Endosulfan II
4,4'‐DDD
Endrin aldehyde
Endosulfan sulfate
4,4'‐DDT
Endrin ketone
Methoxychlor

GT80416‐06 GT080416‐8 GT080416‐10 GT80416‐12 GT80416‐14
GTI GTI GTI GTI GTI
ppbv ppbv ppbv ppbv ppbv
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
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Dairy Biomethane
Pesticides

Component
a‐BHC
b‐BHC
g‐BHC
d‐BHC
Heptachlor
Aldrin
Heptachlor epoxide
g‐Chlordane
Endosulfan I
a‐Chlordane
Dieldrin
4,4'‐DDE
Endrin
Endosulfan II
4,4'‐DDD
Endrin aldehyde
Endosulfan sulfate
4,4'‐DDT
Endrin ketone
Methoxychlor

GT80416‐16 GT080416‐02 GT080430‐01a GT080430‐02a GT080530‐12
GTI GTI GTI GTI GTI
ppbv ppbv ppbv ppbv ppbv
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
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Dairy Biomethane
Pesticides

Component
a‐BHC
b‐BHC
g‐BHC
d‐BHC
Heptachlor
Aldrin
Heptachlor epoxide
g‐Chlordane
Endosulfan I
a‐Chlordane
Dieldrin
4,4'‐DDE
Endrin
Endosulfan II
4,4'‐DDD
Endrin aldehyde
Endosulfan sulfate
4,4'‐DDT
Endrin ketone
Methoxychlor

GT080530‐14
GTI
ppbv
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
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Landfill Biomethane 
Pesticides

LF1BM01XA LF1BM02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
a‐BHC U 0.000316 U 0.000357
b‐BHC U 0.000316 U 0.000357
g‐BHC U 0.000316 U 0.000357
d‐BHC U 0.000316 U 0.000357
Heptachlor U 0.000246 U 0.000278
Aldrin U 0.000252 U 0.000284
Heptachlor epoxide U 0.000236 U 0.000266
g‐Chlordane U 0.000225 U 0.000253
Endosulfan I U 0.000226 U 0.000255
a‐Chlordane U 0.000225 U 0.000253
Dieldrin U 0.000242 U 0.000272
4,4'‐DDE U 0.000289 U 0.000326
Endrin U 0.000242 U 0.000272
Endosulfan II U 0.000226 U 0.000255
4,4'‐DDD U 0.000287 U 0.000324
Endrin aldehyde U 0.000242 U 0.000272
Endosulfan sulfate U 0.000218 U 0.000245
4,4'‐DDT U 0.000260 U 0.000292
Endrin ketone U 0.000242 U 0.000272
Methoxychlor U 0.000266 U 0.000300
Toxaphene U 0.000222 U 0.000251
Technical Chlordane U 0.000225 U 0.000253

NA ‐ Not applicable.
B ‐ Analyte detected in 56 32
J ‐ Estimated value; de 132 44
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
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Landfill Biomethane 
Pesticides

Component
a‐BHC
b‐BHC
g‐BHC
d‐BHC
Heptachlor
Aldrin
Heptachlor epoxide
g‐Chlordane
Endosulfan I
a‐Chlordane
Dieldrin
4,4'‐DDE
Endrin
Endosulfan II
4,4'‐DDD
Endrin aldehyde
Endosulfan sulfate
4,4'‐DDT
Endrin ketone
Methoxychlor
Toxaphene
Technical Chlordane

NA ‐ Not applicable.
B ‐ Analyte detected in
J ‐ Estimated value; de
U ‐ Analyte not detect
D ‐ Analyte reported fr
E ‐ Estimate, result det
I ‐ Concentration/Peak
RL ‐ Reporting limit is t
EDL ‐ Estimated detect

LF1BM03XA LF1BM04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.000335 U 0.000367
U 0.000335 U 0.000367
U 0.000335 U 0.000367
U 0.000335 U 0.000367
U 0.000430 U 0.000472
U 0.000420 U 0.000461
U 0.000448 U 0.000492
U 0.000472 U 0.000518
U 0.000469 U 0.000514
U 0.000472 U 0.000518
U 0.000439 U 0.000481
U 0.000366 U 0.000402
U 0.000439 U 0.000481
U 0.000469 U 0.000514
U 0.000369 U 0.000404
U 0.000439 U 0.000481
U 0.000487 U 0.000534
U 0.000408 U 0.000448
U 0.000439 U 0.000481
U 0.000398 U 0.000437
U 0.000477 U 0.000523
U 0.000472 U 0.000518

76 66
99 81
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Landfill Biomethane 
Pesticides

Component
a‐BHC
b‐BHC
g‐BHC
d‐BHC
Heptachlor
Aldrin
Heptachlor epoxide
g‐Chlordane
Endosulfan I
a‐Chlordane
Dieldrin
4,4'‐DDE
Endrin
Endosulfan II
4,4'‐DDD
Endrin aldehyde
Endosulfan sulfate
4,4'‐DDT
Endrin ketone
Methoxychlor
Toxaphene
Technical Chlordane

NA ‐ Not applicable.
B ‐ Analyte detected in
J ‐ Estimated value; de
U ‐ Analyte not detect
D ‐ Analyte reported fr
E ‐ Estimate, result det
I ‐ Concentration/Peak
RL ‐ Reporting limit is t
EDL ‐ Estimated detect

LF2BM01XA LF2BM02XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.000331 U 0.000333
U 0.000331 U 0.000333
U 0.000331 U 0.000333
U 0.000331 U 0.000333
U 0.000258 U 0.000259
U 0.000264 U 0.000265
U 0.000247 U 0.000248
U 0.000235 U 0.000236
U 0.000236 U 0.000238
U 0.000235 U 0.000236
U 0.000253 U 0.000254
U 0.000302 U 0.000304
U 0.000253 U 0.000254
U 0.000236 U 0.000238
U 0.000301 U 0.000302
U 0.000253 U 0.000254
U 0.000227 U 0.000229
U 0.000271 U 0.000273
U 0.000253 U 0.000254
U 0.000278 U 0.000280
U 0.000232 U 0.000234
U 0.000235 U 0.000236

68 76
108 180
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Landfill Biomethane 
Pesticides

Component
a‐BHC
b‐BHC
g‐BHC
d‐BHC
Heptachlor
Aldrin
Heptachlor epoxide
g‐Chlordane
Endosulfan I
a‐Chlordane
Dieldrin
4,4'‐DDE
Endrin
Endosulfan II
4,4'‐DDD
Endrin aldehyde
Endosulfan sulfate
4,4'‐DDT
Endrin ketone
Methoxychlor
Toxaphene
Technical Chlordane

NA ‐ Not applicable.
B ‐ Analyte detected in
J ‐ Estimated value; de
U ‐ Analyte not detect
D ‐ Analyte reported fr
E ‐ Estimate, result det
I ‐ Concentration/Peak
RL ‐ Reporting limit is t
EDL ‐ Estimated detect

LF2BM03XA LF2BM04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.000267 U 0.000302
U 0.000267 U 0.000302
U 0.000267 U 0.000302
U 0.000267 U 0.000302
U 0.000208 U 0.000236
U 0.000212 U 0.000241
U 0.000199 U 0.000226
U 0.000189 U 0.000215
U 0.000190 U 0.000216
U 0.000189 U 0.000215
U 0.000203 U 0.000231
U 0.000244 U 0.000277
U 0.000203 U 0.000231
U 0.000190 U 0.000216
U 0.000242 U 0.000275
U 0.000203 U 0.000231
U 0.000183 U 0.000208
U 0.000219 U 0.000248
U 0.000203 U 0.000231
U 0.000224 U 0.000254
U 0.000187 U 0.000213
U 0.000189 U 0.000215

460 360
740 520
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Landfill Biomethane 
Pesticides

Component
a‐BHC
b‐BHC
g‐BHC
d‐BHC
Heptachlor
Aldrin
Heptachlor epoxide
g‐Chlordane
Endosulfan I
a‐Chlordane
Dieldrin
4,4'‐DDE
Endrin
Endosulfan II
4,4'‐DDD
Endrin aldehyde
Endosulfan sulfate
4,4'‐DDT
Endrin ketone
Methoxychlor
Toxaphene
Technical Chlordane

NA ‐ Not applicable.
B ‐ Analyte detected in
J ‐ Estimated value; de
U ‐ Analyte not detect
D ‐ Analyte reported fr
E ‐ Estimate, result det
I ‐ Concentration/Peak
RL ‐ Reporting limit is t
EDL ‐ Estimated detect

LF3BM01XA LF3BM02XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.000318 U 0.000329
U 0.000318 U 0.000329
U 0.000318 U 0.000329
U 0.000318 U 0.000329
U 0.000248 U 0.000256
U 0.000253 U 0.000262
U 0.000237 U 0.000246
U 0.000226 U 0.000233
U 0.000227 U 0.000235
U 0.000226 U 0.000233
U 0.000243 U 0.000251
U 0.000291 U 0.000301
U 0.000243 U 0.000251
U 0.000227 U 0.000235
U 0.000289 U 0.000299
U 0.000243 U 0.000251
U 0.000219 U 0.000226
U 0.000261 U 0.000270
U 0.000243 U 0.000251
U 0.000267 U 0.000277
U 0.000223 U 0.000231
U 0.000226 U 0.000233

76 76
216 228
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Landfill Biomethane 
Pesticides

Component
a‐BHC
b‐BHC
g‐BHC
d‐BHC
Heptachlor
Aldrin
Heptachlor epoxide
g‐Chlordane
Endosulfan I
a‐Chlordane
Dieldrin
4,4'‐DDE
Endrin
Endosulfan II
4,4'‐DDD
Endrin aldehyde
Endosulfan sulfate
4,4'‐DDT
Endrin ketone
Methoxychlor
Toxaphene
Technical Chlordane

NA ‐ Not applicable.
B ‐ Analyte detected in
J ‐ Estimated value; de
U ‐ Analyte not detect
D ‐ Analyte reported fr
E ‐ Estimate, result det
I ‐ Concentration/Peak
RL ‐ Reporting limit is t
EDL ‐ Estimated detect

LF3BM03XA LF3BM04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.000317 U 0.000310
U 0.000317 U 0.000310
U 0.000317 U 0.000310
U 0.000317 U 0.000310
U 0.000247 U 0.000242
U 0.000253 U 0.000247
U 0.000237 U 0.000232
U 0.000225 U 0.000220
U 0.000227 U 0.000222
U 0.000225 U 0.000220
U 0.000242 U 0.000237
U 0.000290 U 0.000284
U 0.000242 U 0.000237
U 0.000227 U 0.000222
U 0.000288 U 0.000282
U 0.000242 U 0.000237
U 0.000218 U 0.000213
U 0.000260 0.00252 0.000254
U 0.000242 U 0.000237
U 0.000267 U 0.000261
U 0.000223 U 0.000218
U 0.000225 U 0.000220

280 320
440 540
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Landfill Biomethane 
Pesticides

Component
a‐BHC
b‐BHC
g‐BHC
d‐BHC
Heptachlor
Aldrin
Heptachlor epoxide
g‐Chlordane
Endosulfan I
a‐Chlordane
Dieldrin
4,4'‐DDE
Endrin
Endosulfan II
4,4'‐DDD
Endrin aldehyde
Endosulfan sulfate
4,4'‐DDT
Endrin ketone
Methoxychlor
Toxaphene
Technical Chlordane

NA ‐ Not applicable.
B ‐ Analyte detected in
J ‐ Estimated value; de
U ‐ Analyte not detect
D ‐ Analyte reported fr
E ‐ Estimate, result det
I ‐ Concentration/Peak
RL ‐ Reporting limit is t
EDL ‐ Estimated detect

LF3BM05XA LF3BM06XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.000343 U 0.000340
U 0.000343 U 0.000340
U 0.000343 U 0.000340
U 0.000343 U 0.000340
U 0.000267 U 0.000265
U 0.000274 U 0.000271
U 0.000256 U 0.000254
U 0.000244 U 0.000241
U 0.000245 U 0.000243
U 0.000244 U 0.000241
U 0.000262 U 0.000260
U 0.000314 U 0.000311
U 0.000262 U 0.000260
U 0.000245 U 0.000243
U 0.000312 U 0.000309
U 0.000262 U 0.000260
U 0.000236 U 0.000234
U 0.000282 U 0.000279
U 0.000262 U 0.000260
U 0.000289 U 0.000286
U 0.000241 U 0.000239
U 0.000244 U 0.000241

82 86
94 119
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Landfill Biomethane 
Pesticides

Component
a‐BHC
b‐BHC
g‐BHC
d‐BHC
Heptachlor
Aldrin
Heptachlor epoxide
g‐Chlordane
Endosulfan I
a‐Chlordane
Dieldrin
4,4'‐DDE
Endrin
Endosulfan II
4,4'‐DDD
Endrin aldehyde
Endosulfan sulfate
4,4'‐DDT
Endrin ketone
Methoxychlor
Toxaphene
Technical Chlordane

NA ‐ Not applicable.
B ‐ Analyte detected in
J ‐ Estimated value; de
U ‐ Analyte not detect
D ‐ Analyte reported fr
E ‐ Estimate, result det
I ‐ Concentration/Peak
RL ‐ Reporting limit is t
EDL ‐ Estimated detect

LF3BM07XA LF3BM08XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.000348 U 0.000351
U 0.000348 U 0.000351
U 0.000348 U 0.000351
U 0.000348 U 0.000351
U 0.000271 U 0.000273
U 0.000277 U 0.000280
U 0.000260 U 0.000262
U 0.000247 U 0.000249
U 0.000248 U 0.000251
U 0.000247 U 0.000249
U 0.000265 U 0.000268
U 0.000318 U 0.000321
U 0.000265 U 0.000268
U 0.000248 U 0.000251
U 0.000316 U 0.000319
U 0.000265 U 0.000268
U 0.000239 U 0.000241
U 0.000285 U 0.000288
U 0.000265 U 0.000268
U 0.000292 U 0.000295
U 0.000244 U 0.000247
U 0.000247 U 0.000249

80 72
112 106
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WWTP Biomethane 
Pesticides

WWTP1BM01XA WWTP1BM02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
a‐BHC U 0.000274 U 0.000321
b‐BHC U 0.000274 U 0.000321
g‐BHC U 0.000274 U 0.000321
d‐BHC U 0.000274 U 0.000321
Heptachlor U 0.000214 U 0.000250
Aldrin U 0.000219 U 0.000256
Heptachlor epoxide U 0.000205 U 0.000240
g‐Chlordane U 0.000195 U 0.000228
Endosulfan I U 0.000196 U 0.000229
a‐Chlordane U 0.000195 U 0.000228
Dieldrin U 0.000209 U 0.000245
4,4'‐DDE U 0.000251 U 0.000294
Endrin U 0.000209 U 0.000245
Endosulfan II U 0.000196 U 0.000229
4,4'‐DDD U 0.000249 U 0.000292
Endrin aldehyde U 0.000209 U 0.000245
Endosulfan sulfate U 0.000189 U 0.000221
4,4'‐DDT 0.00632 0.000225 0.00340 0.000263
Endrin ketone U 0.000209 U 0.000245
Methoxychlor U 0.000231 U 0.000270
Toxaphene U 0.000193 U 0.000226
Technical Chlordane U 0.000195 U 0.000228

Extraction Surrogate Recoveries (%)
Tetrachloro‐m‐xylene 72 68
Decachlorobiphenyl 108 112

NA ‐ Not applicable.
B ‐ Analyte detected in the Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
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WWTP Biomethane 
Pesticides

Component
a‐BHC
b‐BHC
g‐BHC
d‐BHC
Heptachlor
Aldrin
Heptachlor epoxide
g‐Chlordane
Endosulfan I
a‐Chlordane
Dieldrin
4,4'‐DDE
Endrin
Endosulfan II
4,4'‐DDD
Endrin aldehyde
Endosulfan sulfate
4,4'‐DDT
Endrin ketone
Methoxychlor
Toxaphene
Technical Chlordane

Extraction Surrogate R
Tetrachloro‐m‐xylene
Decachlorobiphenyl

NA ‐ Not applicable.
B ‐ Analyte detected in
J ‐ Estimated value; de
U ‐ Analyte not detect
D ‐ Analyte reported fr
E ‐ Estimate, result det
I ‐ Concentration/Peak
RL ‐ Reporting limit is t
EDL ‐ Estimated detect

WWTP1BM03XA
GTI
ppbv Q EDL

U 0.000322
U 0.000322
U 0.000322
U 0.000322
U 0.000251
U 0.000256
U 0.000240
U 0.000228
U 0.000230
U 0.000228
U 0.000246
U 0.000294
U 0.000246
U 0.000230
U 0.000292
U 0.000246
U 0.000221
U 0.000264
U 0.000246
U 0.000271
U 0.000226
U 0.000228

64
100
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Dairy Biomethane
Pharmaceuticals

GT080129‐03
GTI

Component Detection Limit Min Detection Limit Max ppbv
Ampicillin Trihydrate 0.000606 0.0466 BDL
Amoxicillin Trihydrate 0.000583 0.0449 BDL
Oxytocin 0.000243 0.0374 BDL
Florfenicol 0.000683 0.0131 BDL
Tripelennamine hydrochloride 0.004360 0.0463 BDL
Ceftiofur 0.002430 0.0258 BDL
Tilmicosin 0.001464 3.0964 BDL
Furosemide 0.000888 0.0142 BDL
Flunixin meglumine 0.000597 0.0096 BDL
Fenbendazol 0.000981 0.0157 BDL
Doramectin 0.00283 0.0209 BDL
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Dairy Biomethane
Pharmaceuticals

Component
Ampicillin Trihydrate
Amoxicillin Trihydrate
Oxytocin
Florfenicol
Tripelennamine hydrochloride
Ceftiofur
Tilmicosin
Furosemide
Flunixin meglumine
Fenbendazol
Doramectin

GT080416‐04 GT80416‐06 GT080416‐8
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
Pharmaceuticals

Component
Ampicillin Trihydrate
Amoxicillin Trihydrate
Oxytocin
Florfenicol
Tripelennamine hydrochloride
Ceftiofur
Tilmicosin
Furosemide
Flunixin meglumine
Fenbendazol
Doramectin

GT080416‐10 GT80416‐12 GT80416‐14
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
Pharmaceuticals

Component
Ampicillin Trihydrate
Amoxicillin Trihydrate
Oxytocin
Florfenicol
Tripelennamine hydrochloride
Ceftiofur
Tilmicosin
Furosemide
Flunixin meglumine
Fenbendazol
Doramectin

GT80416‐16 GT080416‐02 GT080430‐01a
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
Pharmaceuticals

Component
Ampicillin Trihydrate
Amoxicillin Trihydrate
Oxytocin
Florfenicol
Tripelennamine hydrochloride
Ceftiofur
Tilmicosin
Furosemide
Flunixin meglumine
Fenbendazol
Doramectin

GT080430‐02a GT080530‐12 GT080530‐14
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Landfill Biomethane 
Aldehydes and Ketones

LF1BM01XA LF1BM02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
Formaldehyde 1.38 0.418 0.843 0.236
Acetaldehyde 1.23 0.196 0.725 0.110
Acetone 0.802 B 0.184 0.228 B 0.104
Acrolein U 0.186 U 0.105
Propionaldehyde U 0.184 U 0.104
Crotonaldehyde U 0.175 U 0.0990
2‐Butanone U 0.174 U 0.0983
Methacrolein U 0.175 U 0.0990
Butanal U 0.174 U 0.0983
Benzaldehyde U 0.153 U 0.0866
Pentanal U 0.165 U 0.0931
p‐Tolualdehyde U 0.146 U 0.0825
Hexanal U 0.157 U 0.0884

NA ‐ Not applicable.
B ‐ Analyte detected in the Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
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Landfill Biomethane 
Aldehydes and Ketones

Component
Formaldehyde
Acetaldehyde
Acetone
Acrolein
Propionaldehyde
Crotonaldehyde
2‐Butanone
Methacrolein
Butanal
Benzaldehyde
Pentanal
p‐Tolualdehyde
Hexanal

NA ‐ Not applicable.
B ‐ Analyte detected in
J ‐ Estimated value; de
U ‐ Analyte not detect
D ‐ Analyte reported fr
E ‐ Estimate, result det
I ‐ Concentration/Peak
RL ‐ Reporting limit is t
EDL ‐ Estimated detect

LF1BM03XA LF1BM04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

#VALUE! U 0.205 0.171 J 0.160
1.96 B 0.0963 2.60 B 0.0751
1.16 B 0.0907 2.90 B 0.0707

0.245 B 0.0915 0.755 B 0.0713
#VALUE! U 0.0907 #VALUE! U 0.0707
#VALUE! U 0.0863 #VALUE! U 0.0673
#VALUE! U 0.0857 #VALUE! U 0.0668
#VALUE! U 0.0863 #VALUE! U 0.0673
#VALUE! U 0.0857 #VALUE! U 0.0668
#VALUE! U 0.0755 #VALUE! U 0.0589
#VALUE! U 0.0812 #VALUE! U 0.0633
#VALUE! U 0.0719 #VALUE! U 0.0561
#VALUE! BU 0.0771 #VALUE! BU 0.0601
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Landfill Biomethane 
Aldehydes and Ketones

Component
Formaldehyde
Acetaldehyde
Acetone
Acrolein
Propionaldehyde
Crotonaldehyde
2‐Butanone
Methacrolein
Butanal
Benzaldehyde
Pentanal
p‐Tolualdehyde
Hexanal

NA ‐ Not applicable.
B ‐ Analyte detected in
J ‐ Estimated value; de
U ‐ Analyte not detect
D ‐ Analyte reported fr
E ‐ Estimate, result det
I ‐ Concentration/Peak
RL ‐ Reporting limit is t
EDL ‐ Estimated detect

LF2BM01XA LF2BM02XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.202 U 0.207
0.602 0.0948 0.671 0.0969
7.56 B 0.0893 109 EB 0.0912

U 0.0901 U 0.0920
0.217 0.0893 1.12 0.0912
0.117 J 0.0850 0.633 0.0869

U 0.0844 U 0.0862
0.224 0.0850 4.11 0.0869
0.459 0.0844 1.63 0.0862

U 0.0743 U 0.0760
U 0.0799 U 0.0817
U 0.0708 U 0.0724
U 0.0759 U 0.0776
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Landfill Biomethane 
Aldehydes and Ketones

Component
Formaldehyde
Acetaldehyde
Acetone
Acrolein
Propionaldehyde
Crotonaldehyde
2‐Butanone
Methacrolein
Butanal
Benzaldehyde
Pentanal
p‐Tolualdehyde
Hexanal

NA ‐ Not applicable.
B ‐ Analyte detected in
J ‐ Estimated value; de
U ‐ Analyte not detect
D ‐ Analyte reported fr
E ‐ Estimate, result det
I ‐ Concentration/Peak
RL ‐ Reporting limit is t
EDL ‐ Estimated detect

LF2BM03XA LF2BM04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

0.356 0.152 2.02 0.177
2.55 0.0712 1.42 0.0826
5.05 B 0.0670 45.8 EB 0.0778

U 0.0676 U 0.0785
U 0.0670 0.23 0.0778
U 0.0638 U 0.0741

1.40 0.0633 18.7 0.0735
U 0.0638 U 0.0741
U 0.0633 0.51 0.0735

0.40 0.0558 2.19 0.0648
U 0.0600 U 0.0697
U 0.0532 U 0.0618
U 0.0570 U 0.0662
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Landfill Biomethane 
Aldehydes and Ketones

Component
Formaldehyde
Acetaldehyde
Acetone
Acrolein
Propionaldehyde
Crotonaldehyde
2‐Butanone
Methacrolein
Butanal
Benzaldehyde
Pentanal
p‐Tolualdehyde
Hexanal

NA ‐ Not applicable.
B ‐ Analyte detected in
J ‐ Estimated value; de
U ‐ Analyte not detect
D ‐ Analyte reported fr
E ‐ Estimate, result det
I ‐ Concentration/Peak
RL ‐ Reporting limit is t
EDL ‐ Estimated detect

LF3BM01XA LF3BM02XA
GTI GTI
ppbv Q EDL ppbv Q EDL

2.38 0.208 2.33 0.181
3.56 0.0971 4.26 0.0847
155 EB 0.0915 133 EB 0.0798

U 0.0923 U 0.0805
6.14 0.0915 6.45 0.0798

U 0.0871 U 0.0760
198 E 0.0864 167 E 0.0754

U 0.0871 U 0.0760
9.34 0.0864 6.46 0.0754

U 0.0762 U 0.0664
U 0.0819 U 0.0714
U 0.0726 U 0.0633
U 0.0778 U 0.0678
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Landfill Biomethane 
Aldehydes and Ketones

Component
Formaldehyde
Acetaldehyde
Acetone
Acrolein
Propionaldehyde
Crotonaldehyde
2‐Butanone
Methacrolein
Butanal
Benzaldehyde
Pentanal
p‐Tolualdehyde
Hexanal

NA ‐ Not applicable.
B ‐ Analyte detected in
J ‐ Estimated value; de
U ‐ Analyte not detect
D ‐ Analyte reported fr
E ‐ Estimate, result det
I ‐ Concentration/Peak
RL ‐ Reporting limit is t
EDL ‐ Estimated detect

LF3BM03XA LF3BM04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

0.385 0.177 0.566 0.173
12.0 0.0826 17.4 0.0809
314 EB 0.0778 281 EB 0.0762

U 0.0785 U 0.0768
7.03 0.0778 9.02 0.0762

U 0.0741 U 0.0725
U 0.0735 U 0.0720
U 0.0741 U 0.0725

0.398 0.0735 0.509 0.0720
U 0.0648 U 0.0634
U 0.0697 U 0.0682
U 0.0618 U 0.0604
U 0.0662 U 0.0647
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WWTP Biomethane 
Aldehydes and Ketones

WWTP1BM01XA WWTP1BM02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
Formaldehyde U 0.204 U 0.205
Acetaldehyde U 0.0953 0.279 0.0958
Acetone 0.715 B 0.0897 0.697 B 0.0902
Acrolein U 0.0905 U 0.0910
Propionaldehyde U 0.0897 U 0.0902
Crotonaldehyde U 0.0854 U 0.0859
2‐Butanone U 0.0848 U 0.0852
Methacrolein U 0.0854 U 0.0859
Butanal U 0.0848 U 0.0852
Benzaldehyde U 0.0747 U 0.0751
Pentanal U 0.0803 U 0.0808
p‐Tolualdehyde U 0.0712 U 0.0716
Hexanal U 0.0763 U 0.0767

NA ‐ Not applicable.
B ‐ Analyte detected in the Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
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WWTP Biomethane 
Aldehydes and Ketones

Component
Formaldehyde
Acetaldehyde
Acetone
Acrolein
Propionaldehyde
Crotonaldehyde
2‐Butanone
Methacrolein
Butanal
Benzaldehyde
Pentanal
p‐Tolualdehyde
Hexanal

NA ‐ Not applicable.
B ‐ Analyte detected in
J ‐ Estimated value; de
U ‐ Analyte not detect
D ‐ Analyte reported fr
E ‐ Estimate, result det
I ‐ Concentration/Peak
RL ‐ Reporting limit is t
EDL ‐ Estimated detect

WWTP1BM03XA
GTI
ppbv Q EDL

U 0.199
U 0.0930

0.523 B 0.0875
U 0.0883
U 0.0875
U 0.0834
U 0.0827
U 0.0834
U 0.0827
U 0.0729
U 0.0784
U 0.0695
U 0.0744
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Dairy Biomethane
SVOCs

Component Detection Limit Min Detection Limit Max
1,1,1‐Trichloroethane 0.33 2.31
1,2‐Dichloroethane 0.45 3.12
1,1‐Dichloropropene 0.40 2.78
Benzene 0.57 3.95
Carbon Tetrachloride 0.29 2.00
1,2‐Dichloropropane 0.39 2.73
Trichloroethene 0.34 2.35
Dibromomethane 0.25 1.77
Bromodichloromethane 0.27 1.88
Pyridine 0.56 3.90
cis‐1,3‐Dichloropropene 0.40 2.78
N‐nitrosodimethylamine 0.60 4.16
Toluene 0.48 3.35
trans‐1,3‐Dichloropropene 0.40 2.78
1,1,2‐Trichloroethane 0.33 2.31
1,3‐Dichloropropane 0.39 2.73
Dibromochloromethane 0.21 1.48
1,2‐Dibromoethane 0.24 1.64
Tetrachloroethene 0.27 1.86
Chlorobenzene 0.39 2.74
1,1,1,2‐Tetrachloroethane 0.26 1.84
Ethylbenzene 0.42 2.90
m/p‐Xylenes 0.42 2.90
Bromoform 0.18 1.22
Styrene 0.43 2.96
o‐Xylene 0.42 2.90
1,1,2,2‐Tetrachloroethane 0.26 1.84
1,2,3‐Trichloropropane 0.30 2.09
Isopropylbenzene 0.37 2.56
Bromobenzene 0.28 1.96
2‐Chlorotoluene 0.35 2.44
n‐Propylbenzene 0.37 2.56
4‐Chlorotoluene 0.35 2.44
1,3,5‐Trimethylbenzene 0.37 2.56
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Dairy Biomethane
SVOCs

Component Detection Limit Min Detection Limit Max
tert‐Butylbenzene 0.33 2.30
1,2,4‐Trimethylbenzene 0.37 2.56
sec‐Butylbenzene 0.33 2.30
Phenol 0.47 3.28
bis(2‐Chloroethyl)ether 0.31 2.16
Aniline 0.48 3.31
2‐Chlorophenol 0.34 2.40
1,3‐Dichlorobenzene 0.30 2.10
1,4‐Dichlorobenzene 0.30 2.10
p‐Isopropyltoluene 0.33 2.30
Benzyl Alcohol 0.41 2.85
2‐Methylphenol (m‐cresol) 0.41 2.85
1,2‐Dichlorobenzene 0.30 2.10
3,4‐Methylphenol (o,p‐cresol) 0.41 2.85
bis(2‐chloroisopropyl)ether 0.26 1.80
n‐Butylbenzene 0.33 2.30
N‐nitroso‐di‐n‐propylamine 0.34 2.37
Hexachloroethane 0.19 1.30
1,2‐Dibromo‐3‐Chloropropane 0.19 1.30
Nitrobenzene 0.36 2.50
Isophorone 0.32 2.23
2‐Nitrophenol 0.32 2.22
2,4‐Dimethylphenol 0.36 2.52
bis(2‐Chloroethoxy)methane 0.26 1.78
1,2,4‐Trichlorobenzene 0.24 1.70
Naphthalene 0.35 2.41
2,4‐Dichlorophenol 0.27 1.89
4‐Chloroaniline 0.35 2.42
Hexachlorobutadiene 0.17 1.18
1,2,3‐Trichlorobenzene 0.24 1.70
4‐Chloro‐3‐methylphenol 0.31 2.16
2‐Methylnaphthalene 0.31 2.17
1‐Methylnaphthalene 0.31 2.17
Hexachlorocyclopentadiene 0.16 1.13
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Dairy Biomethane
SVOCs

Component Detection Limit Min Detection Limit Max
2,4,6‐Trichlorophenol 0.22 1.56
2,4,5‐Trichlorophenol 0.22 1.56
Diphenylamine 0.26 1.82
Azobenzene 0.24 1.69
2‐Chloronaphthalene 0.27 1.90
2‐Nitroaniline 0.32 2.23
1,4‐Dinitrobenzene 0.26 1.83
Dimethylphthalate 0.23 1.59
1,3‐Dinitrobenzene 0.26 1.83
Acenaphthylene 0.29 2.03
2,6‐dinitrotoluene 0.24 1.69
1,2‐Dinitrobenzene 0.26 1.83
3‐Nitroaniline 0.32 2.23
Acenaphthene 0.29 2.00
2,4‐Dinitrophenol 0.24 1.67
4‐Nitrophenol 0.32 2.22
Dibenzofuran 0.26 1.83
2,4‐dinitrotoluene 0.24 1.69
2,3,4,6‐Tetrachlorophenol 0.19 1.33
2,3,5,6‐Tetrachlorophenol 0.19 1.33
Diethylphthalate 0.20 1.39
4‐Chlorophenyl‐phenylether 0.22 1.51
Fluorene 0.27 1.85
4‐Nitroaniline 0.32 2.23
4,6‐Dinitro‐2‐methylphenol 0.22 1.56
n‐Nitrosodiphenylamine 0.22 1.56
4‐Bromophenyl phenyl ether 0.18 1.24
Hexachlorobenzene 0.16 1.08
Pentachlorophenol 0.17 1.16
Phenanthrene 0.25 1.73
Anthracene 0.25 1.73
Carbazole 0.26 1.84
Di‐n‐butylphthalate 0.16 1.11
Bis(2‐ethylhexyl) adipate 0.12 0.83
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Dairy Biomethane
SVOCs

Component Detection Limit Min Detection Limit Max
Fluoranthene 0.22 1.52
Pyrene 0.22 1.52
Butylbenzylphthalate 0.14 0.99
Benz[a]anthracene 0.19 1.35
Chrysene 0.19 1.35
bis(2‐Ethylhexyl)phthalate 0.11 0.79
Di‐n‐octylphthalate 0.11 0.79
Benzo[b]fluoranthene 0.18 1.22
Benzo[k]fluoranthene 0.18 1.22
Benzo[a]pyrene 0.18 1.22
Indeno[1,2,3‐cd]pyrene 0.16 1.12
Dibenz[a,h]anthracene 0.16 1.11
Benzo[g,h,i]perylene 0.16 1.12
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Dairy Biomethane
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

GT080129‐03 GT080416‐04 GT80416‐06
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 1.18 2.01
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
2.52 1.67 2.09
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
1.62 1.17 1.31
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐cresol)
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropane
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

GT080129‐03 GT080416‐04 GT80416‐06
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 3.42 3.49
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 0.91 2.06
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylether
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

GT080129‐03 GT080416‐04 GT80416‐06
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 1.91 0.52
BDL BDL BDL
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Dairy Biomethane
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

GT080129‐03 GT080416‐04 GT80416‐06
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.50 0.40 0.60
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

GT080416‐8 GT080416‐10 GT80416‐12
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
1.05 1.55 1.88
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
1.77 2.11 2.57
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL 1.29 1.56
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐cresol)
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropane
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

GT080416‐8 GT080416‐10 GT80416‐12
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
2.53 2.99 3.60
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
1.38 BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylether
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

GT080416‐8 GT080416‐10 GT80416‐12
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
1.16 1.89 2.29
BDL BDL BDL
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Dairy Biomethane
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

GT080416‐8 GT080416‐10 GT80416‐12
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.61 0.67 0.81
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

GT80416‐14 GT80416‐16 GT080416‐02
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
1.65 1.69 0.67
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
1.88 7.65 5.60
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL 2.37
1.23 1.35 6.01
BDL BDL BDL
BDL BDL BDL
BDL BDL 3.36
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐cresol)
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropane
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

GT80416‐14 GT80416‐16 GT080416‐02
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
2.98 1.45 BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylether
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

GT80416‐14 GT80416‐16 GT080416‐02
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.44 0.48 0.60
BDL BDL BDL
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Dairy Biomethane
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

GT80416‐14 GT80416‐16 GT080416‐02
GTI GTI GTI
ppbv ppbv ppbv
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
0.41 0.44 0.30
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
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Dairy Biomethane
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

GT080430‐01a GT080430‐02a
GTI GTI
ppbv ppbv
BDL BDL
BDL BDL
BDL BDL
BDL BDL
0.82 0.66
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
5.44 3.43
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
0.53 BDL
1.34 1.25
BDL BDL
BDL BDL
0.55 0.48
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL

20916 Second Tier Chem Results for Clean Dairy Biomethane‐ SVOCs Page 17

Page 1868



Dairy Biomethane
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐cresol)
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropane
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

GT080430‐01a GT080430‐02a
GTI GTI
ppbv ppbv
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
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Dairy Biomethane
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylether
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

GT080430‐01a GT080430‐02a
GTI GTI
ppbv ppbv
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
0.22 0.48
BDL BDL
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Dairy Biomethane
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

GT080430‐01a GT080430‐02a
GTI GTI
ppbv ppbv
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
0.22 0.21
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
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Dairy Biomethane
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

GT080530‐12 GT080530‐14
GTI GTI
ppbv ppbv
BDL BDL
BDL BDL
BDL BDL
27.09 BDL
0.69 1.01
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL

107.54 18.56
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
3.04 1.39
11.25 1.85
BDL BDL
BDL BDL
2.47 0.85
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL 0.69
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Dairy Biomethane
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐cresol)
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropane
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

GT080530‐12 GT080530‐14
GTI GTI
ppbv ppbv
BDL BDL
BDL 0.71
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL 2.10
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
0.41 BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
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Dairy Biomethane
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylether
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

GT080530‐12 GT080530‐14
GTI GTI
ppbv ppbv
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
0.67 0.89
BDL BDL
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Dairy Biomethane
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

GT080530‐12 GT080530‐14
GTI GTI
ppbv ppbv
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
0.20 0.34
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
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Landfill Biomethane 
SVOCs

LF1BM01XA LF1BM02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
1,1,1‐Trichloroethane U 0.355 U 0.392
1,2‐Dichloroethane U 0.478 U 0.528
1,1‐Dichloropropene U 0.427 U 0.471
Benzene 0.737 JB 0.606 0.730 JB 0.670
Carbon Tetrachloride 0.496 JB 0.308 0.372 JB 0.340
1,2‐Dichloropropane 19.7 0.419 U 0.463
Trichloroethene U 0.360 U 0.398
Dibromomethane U 0.272 U 0.301
Bromodichloromethane U 0.289 U 0.319
Pyridine U 0.598 U 0.661
cis‐1,3‐Dichloropropene U 0.427 U 0.471
N‐nitrosodimethylamine U 0.639 U 0.706
Toluene 0.537 J 0.514 U 0.568
trans‐1,3‐Dichloropropene U 0.427 U 0.471
1,1,2‐Trichloroethane U 0.355 U 0.392
1,3‐Dichloropropane U 0.419 U 0.463
Dibromochloromethane
1,2‐Dibromoethane U 0.252 U 0.278
Tetrachloroethene U 0.286 U 0.315
Chlorobenzene U 0.421 U 0.465
1,1,1,2‐Tetrachloroethane U 0.282 U 0.312
Ethylbenzene 0.348 J 0.446 U 0.493
m/p‐Xylenes 0.609 J 0.446 U 0.493
Bromoform U 0.187 U 0.207
Styrene U 0.455 U 0.502
o‐Xylene U 0.446 U 0.493
1,1,2,2‐Tetrachloroethane U 0.282 U 0.312
1,2,3‐Trichloropropane U 0.321 U 0.355
Isopropylbenzene U 0.394 U 0.435
Bromobenzene U 0.301 U 0.333
2‐Chlorotoluene U 0.374 U 0.413
n‐Propylbenzene U 0.394 U 0.435
4‐Chlorotoluene U 0.374 U 0.413
1,3,5‐Trimethylbenzene U 0.394 U 0.435
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Landfill Biomethane 
SVOCs

LF1BM01XA LF1BM02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
tert‐Butylbenzene U 0.353 U 0.390
1,2,4‐Trimethylbenzene U 0.394 U 0.435
sec‐Butylbenzene U 0.353 U 0.390
Phenol U 0.503 U 0.556
bis(2‐Chloroethyl)ether U 0.331 U 0.366
Aniline U 0.508 U 0.562
2‐Chlorophenol U 0.368 U 0.407
1,3‐Dichlorobenzene U 0.322 U 0.356
1,4‐Dichlorobenzene U 0.322 U 0.356
p‐Isopropyltoluene U 0.353 U 0.390
Benzyl Alcohol U 0.438 U 0.484
2‐Methylphenol (m‐cresol) U 0.438 U 0.484
1,2‐Dichlorobenzene U 0.322 U 0.356
3,4‐Methylphenol (o,p‐cresol) U 0.438 U 0.484
bis(2‐chloroisopropyl)ether U 0.277 U 0.306
n‐Butylbenzene U 0.353 U 0.390
N‐nitroso‐di‐n‐propylamine U 0.364 U 0.402
Hexachloroethane U 0.200 U 0.221
1,2‐Dibromo‐3‐Chloropropane U 0.200 U 0.221
Nitrobenzene U 0.385 U 0.425
Isophorone U 0.343 U 0.378
2‐Nitrophenol U 0.340 U 0.376
2,4‐Dimethylphenol U 0.388 U 0.428
bis(2‐Chloroethoxy)methane U 0.274 U 0.302
1,2,4‐Trichlorobenzene U 0.261 U 0.288
Naphthalene U 0.369 U 0.408
2,4‐Dichlorophenol U 0.290 U 0.321
4‐Chloroaniline U 0.371 U 0.410
Hexachlorobutadiene U 0.182 U 0.201
1,2,3‐Trichlorobenzene U 0.261 U 0.288
4‐Chloro‐3‐methylphenol U 0.332 U 0.367
2‐Methylnaphthalene U 0.333 U 0.368
1‐Methylnaphthalene U 0.333 U 0.368
Hexachlorocyclopentadiene U 0.174 U 0.192

20916 Second Tier Chem Results for Clean Landfill Biomethane‐ SVOCs Page 2

Page 1877



Landfill Biomethane 
SVOCs

LF1BM01XA LF1BM02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
2,4,6‐Trichlorophenol U 0.240 U 0.265
2,4,5‐Trichlorophenol U 0.240 U 0.265
Diphenylamine U 0.280 U 0.309
Azobenzene U 0.260 U 0.287
2‐Chloronaphthalene U 0.291 U 0.322
2‐Nitroaniline U 0.343 U 0.379
1,4‐Dinitrobenzene U 0.282 U 0.311
Dimethylphthalate U 0.244 U 0.269
1,3‐Dinitrobenzene U 0.282 U 0.311
Acenaphthylene U 0.311 U 0.344
2,6‐dinitrotoluene U 0.260 U 0.287
1,2‐Dinitrobenzene U 0.282 U 0.311
3‐Nitroaniline U 0.343 U 0.379
Acenaphthene U 0.307 U 0.339
2,4‐Dinitrophenol U 0.257 U 0.284
4‐Nitrophenol U 0.340 U 0.376
Dibenzofuran U 0.281 U 0.311
2,4‐dinitrotoluene U 0.260 U 0.287
2,3,4,6‐Tetrachlorophenol U 0.204 U 0.226
2,3,5,6‐Tetrachlorophenol U 0.204 U 0.226
Diethylphthalate U 0.213 U 0.235
4‐Chlorophenyl‐phenylether U 0.231 U 0.256
Fluorene U 0.285 U 0.315
4‐Nitroaniline U 0.343 U 0.379
4,6‐Dinitro‐2‐methylphenol U 0.239 U 0.264
n‐Nitrosodiphenylamine U 0.239 U 0.264
4‐Bromophenyl phenyl ether U 0.190 U 0.210
Hexachlorobenzene U 0.166 U 0.184
Pentachlorophenol U 0.178 U 0.196
Phenanthrene U 0.266 U 0.293
Anthracene U 0.266 U 0.293
Carbazole U 0.283 U 0.313
Di‐n‐butylphthalate U 0.170 U 0.188
Bis(2‐ethylhexyl) adipate U 0.128 U 0.141
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Landfill Biomethane 
SVOCs

LF1BM01XA LF1BM02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
Fluoranthene U 0.234 U 0.259
Pyrene U 0.234 U 0.259
Butylbenzylphthalate U 0.152 U 0.167
Benz[a]anthracene U 0.207 U 0.229
Chrysene U 0.207 U 0.229
bis(2‐Ethylhexyl)phthalate U 0.121 U 0.134
Di‐n‐octylphthalate U 0.121 U 0.134
Benzo[b]fluoranthene U 0.188 U 0.207
Benzo[k]fluoranthene U 0.188 U 0.207
Benzo[a]pyrene U 0.188 U 0.207
Indeno[1,2,3‐cd]pyrene U 0.171 U 0.189
Dibenz[a,h]anthracene U 0.170 U 0.188
Benzo[g,h,i]perylene U 0.171 U 0.189

Extraction Surrogate Recoveries (%)
Toluene‐d8 59 40
4‐Bromofluorobenzene 78 47
2‐Fluorophenol 96 48
Phenol‐d5 108 51
Nitrobenzene‐d5 83 41
2‐Fluorobiphenyl 102 55
2,4,6‐Tribromophenol 83 38
p‐Terphenyl‐d14 95 55

NA ‐ Not applicable.
B ‐ Analyte detected in the Method Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
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Landfill Biomethane 
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

LF1BM03XA LF1BM04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.0768 U 0.0843
U 0.0570 U 0.0625
U 0.0639 U 0.0701

0.046 JB 0.0450 BU 0.0493
U 0.0886 U 0.0972
U 0.0651 U 0.0714
U 0.0757 U 0.0830
U 0.100 U 0.110
U 0.0943 U 0.104
U 0.0455 U 0.0500
U 0.0639 U 0.0701
U 0.0427 U 0.0468
U 0.0531 U 0.0582
U 0.0639 U 0.0701
U 0.0768 U 0.0843
U 0.0651 U 0.0714
U 0.120 U 0.132
U 0.108 U 0.119
U 0.0955 U 0.105
U 0.0648 U 0.0711
U 0.0967 U 0.106
U 0.0611 U 0.0671
U 0.0611 U 0.0671
U 0.146 U 0.160
U 0.0600 U 0.0658
U 0.0611 U 0.0671
U 0.0967 U 0.106
U 0.0849 U 0.0931
U 0.0692 U 0.0759
U 0.0904 U 0.0992
U 0.0729 U 0.0800
U 0.0692 U 0.0759
U 0.0729 U 0.0800
U 0.0692 U 0.0759
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Landfill Biomethane 
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐creso
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropa
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

LF1BM03XA LF1BM04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.0773 U 0.0848
0.800 0.0692 0.606 0.0759

U 0.0773 U 0.0848
U 0.0542 U 0.0595
U 0.0824 U 0.0904
U 0.0536 U 0.0588
U 0.0740 U 0.0812
U 0.0846 U 0.0929
U 0.0846 U 0.0929
U 0.0773 U 0.0848
U 0.0623 U 0.0683
U 0.0623 U 0.0683
U 0.0846 U 0.0929
U 0.0623 U 0.0683
U 0.0985 U 0.108
U 0.0773 U 0.0848
U 0.0750 U 0.0823
U 0.136 U 0.150
U 0.136 U 0.149
U 0.0709 U 0.0778
U 0.0796 U 0.0873
U 0.0801 U 0.0879
U 0.0703 U 0.0772
U 0.100 U 0.109
U 0.104 U 0.115
U 0.0738 U 0.0810
U 0.0939 U 0.103
U 0.0735 U 0.0806
U 0.150 U 0.165
U 0.104 U 0.115
U 0.0821 U 0.0901
U 0.0819 U 0.0898
U 0.0819 U 0.0898
U 0.157 U 0.172
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Landfill Biomethane 
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylethe
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ethe
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

LF1BM03XA LF1BM04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.114 U 0.125
U 0.114 U 0.125
U 0.0974 U 0.107
U 0.105 U 0.115
U 0.0936 U 0.103
U 0.0795 U 0.0873
U 0.0968 U 0.106
U 0.112 U 0.123
U 0.0968 U 0.106
U 0.0876 U 0.0962
U 0.105 U 0.115
U 0.0968 U 0.106
U 0.0795 U 0.0873
U 0.089 U 0.0974
U 0.106 U 0.116
U 0.0801 U 0.0879
U 0.0968 U 0.106
U 0.105 U 0.115
U 0.134 U 0.147
U 0.134 U 0.147
U 0.128 U 0.140
U 0.118 U 0.129
U 0.0957 U 0.105
U 0.0795 U 0.0873
U 0.114 U 0.125
U 0.114 U 0.125
U 0.143 U 0.157
U 0.164 U 0.180
U 0.153 U 0.168
U 0.103 U 0.113
U 0.103 U 0.113
U 0.096 U 0.106
U 0.160 U 0.176
U 0.213 U 0.234
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Landfill Biomethane 
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

Extraction Surrogate Recove
Toluene‐d8
4‐Bromofluorobenzene
2‐Fluorophenol
Phenol‐d5
Nitrobenzene‐d5
2‐Fluorobiphenyl
2,4,6‐Tribromophenol
p‐Terphenyl‐d14

NA ‐ Not applicable.
B ‐ Analyte detected in the M
J ‐ Estimated value; detected
U ‐ Analyte not detected abo
D ‐ Analyte reported from a 
E ‐ Estimate, result detected
I ‐ Concentration/Peak ID un
RL ‐ Reporting limit is the sa
EDL ‐ Estimated detection lim

LF1BM03XA LF1BM04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.116 U 0.128
U 0.116 U 0.128
U 0.180 U 0.197
U 0.131 U 0.144
U 0.131 U 0.144
U 0.225 U 0.247
U 0.225 U 0.247
U 0.145 U 0.159
U 0.145 U 0.159
U 0.145 U 0.159
U 0.159 U 0.175
U 0.160 U 0.176
U 0.159 U 0.175

80 55
95 72
91 87

105 100
80 77
92 88
85 81
96 91
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Landfill Biomethane 
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

LF2BM01XA LF2BM02XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.383 U 0.366
U 0.516 U 0.493
U 0.460 U 0.440

0.686 JB 0.654 0.783 JB 0.625
0.791 B 0.332 0.801 B 0.317

U 0.452 U 0.432
U 0.389 U 0.371
U 0.294 U 0.281
U 0.312 U 0.617
U 0.645 U 0.440
U 0.460 U 0.659
U 0.689 U 0.530

1.088 0.554 U 0.440
U 0.460 U 0.366
U 0.383 U 0.432
U 0.452 U 0.234
NA NA NA NA
U 0.272 U 0.260
U 0.308 U 0.294
U 0.454 U 0.434
U 0.304 U 0.291
U 0.481 U 0.460
U 0.481 U 0.460
U 0.202 U 0.193
U 0.490 U 0.469
U 0.481 U 0.460
U 0.304 U 0.291
U 0.346 U 0.331
U 0.425 U 0.406
U 0.325 U 0.311
U 0.403 U 0.386
U 0.425 U 0.406
U 0.403 U 0.386
U 0.425 U 0.406
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Landfill Biomethane 
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐creso
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropa
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

LF2BM01XA LF2BM02XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.380 U 0.364
U 0.425 U 0.406
U 0.380 U 0.364
U 0.543 U 0.519
U 0.357 U 0.341
U 0.548 U 0.524
U 0.397 U 0.380
U 0.347 U 0.332
U 0.347 U 0.332
U 0.380 U 0.364
U 0.472 U 0.451
U 0.472 U 0.451
U 0.347 U 0.332
U 0.472 U 0.451
U 0.298 U 0.285
U 0.380 U 0.364
U 0.392 U 0.375
U 0.216 U 0.206
U 0.216 U 0.207
U 0.415 U 0.396
U 0.369 U 0.353
U 0.367 U 0.351
U 0.418 U 0.399
U 0.295 U 0.282
U 0.281 U 0.269
U 0.398 U 0.381
U 0.313 U 0.299
U 0.400 U 0.383
U 0.196 U 0.187
U 0.281 U 0.269
U 0.358 U 0.342
U 0.359 U 0.343
U 0.359 U 0.343
U 0.187 U 0.179
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Landfill Biomethane 
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylethe
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ethe
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

LF2BM01XA LF2BM02XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.259 U 0.247
U 0.259 U 0.247
U 0.302 U 0.288
U 0.280 U 0.268
U 0.314 U 0.300
U 0.370 U 0.353
U 0.304 U 0.290
U 0.263 U 0.251
U 0.304 U 0.290
U 0.335 U 0.321
U 0.280 U 0.268
U 0.304 U 0.290
U 0.370 U 0.353
U 0.331 U 0.316
U 0.277 U 0.265
U 0.367 U 0.351
U 0.304 U 0.290
U 0.280 U 0.268
U 0.220 U 0.210
U 0.220 U 0.210
U 0.230 0.500 B 0.220
U 0.249 U 0.238
U 0.307 U 0.294
U 0.370 U 0.353
U 0.258 U 0.246
U 0.258 U 0.246
U 0.205 U 0.196
U 0.179 U 0.171
U 0.192 U 0.183
U 0.286 U 0.274
U 0.286 U 0.274
U 0.305 U 0.292
U 0.183 1.116 B 0.175
U 0.138 U 0.132
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Landfill Biomethane 
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

Extraction Surrogate Recove
Toluene‐d8
4‐Bromofluorobenzene
2‐Fluorophenol
Phenol‐d5
Nitrobenzene‐d5
2‐Fluorobiphenyl
2,4,6‐Tribromophenol
p‐Terphenyl‐d14

NA ‐ Not applicable.
B ‐ Analyte detected in the M
J ‐ Estimated value; detected
U ‐ Analyte not detected abo
D ‐ Analyte reported from a 
E ‐ Estimate, result detected
I ‐ Concentration/Peak ID un
RL ‐ Reporting limit is the sa
EDL ‐ Estimated detection lim

LF2BM01XA LF2BM02XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.252 U 0.241
U 0.252 U 0.241
U 0.163 U 0.156
U 0.224 U 0.214
U 0.224 U 0.214
U 0.131 BU 0.125
U 0.131 U 0.125
U 0.202 U 0.193
U 0.202 U 0.193
U 0.202 U 0.193
U 0.185 U 0.177
U 0.183 U 0.175
U 0.185 U 0.177

87 101
99 105
91 101

106 117
86 89
98 103
85 97
97 90
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Landfill Biomethane 
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

LF2BM03XA LF2BM04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.291 U 0.332
U 0.393 U 0.448
U 0.350 U 0.400

1.27 B 0.498 6.24 B 0.568
U 0.253 U 0.288
U 0.344 0.514 J 0.392
U 0.296 0.602 J 0.337
U 0.224 U 0.255
U 0.237 U 0.271
U 0.491 U 0.561
U 0.350 U 0.400
U 0.525 U 0.599

0.488 J 0.422 3.64 0.481
U 0.350 U 0.400
U 0.291 U 0.332
U 0.344 U 0.392
U 0.187 U 0.213
U 0.207 U 0.236
U 0.234 U 0.267
U 0.345 U 0.394
U 0.232 U 0.264

1.15 0.366 U 0.418
1.42 0.366 U 0.418

U 0.154 U 0.175
U 0.373 U 0.426

1.186 0.366 U 0.418
U 0.232 U 0.264
U 0.264 U 0.301

0.412 J 0.323 U 0.369
U 0.248 U 0.282
U 0.307 U 0.350

0.486 J 0.323 U 0.369
U 0.307 U 0.350

1.31 0.323 U 0.369
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Landfill Biomethane 
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐creso
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropa
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

LF2BM03XA LF2BM04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.290 U 0.330
4.29 0.323 0.954 0.369

0.467 J 0.290 U 0.330
U 0.413 U 0.471
U 0.272 U 0.310
U 0.417 U 0.476
U 0.302 U 0.345
U 0.264 U 0.302

1.98 0.264 0.406 J 0.302
20.5 0.290 6.659 0.330

U 0.359 U 0.410
U 0.359 U 0.410
U 0.264 U 0.302
U 0.359 U 0.410
U 0.227 U 0.259

0.447 J 0.290 U 0.330
U 0.299 U 0.341
U 0.164 U 0.187
U 0.164 U 0.188
U 0.316 U 0.360
U 0.281 U 0.321
U 0.279 U 0.319
U 0.318 U 0.363
U 0.225 U 0.256
U 0.214 U 0.244

7.00 0.303 3.69 0.346
U 0.238 U 0.272
U 0.305 U 0.348
U 0.149 U 0.170
U 0.214 U 0.244
U 0.273 U 0.311

0.911 0.273 0.640 0.312
0.408 J 0.273 U 0.312

U 0.142 U 0.163
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Landfill Biomethane 
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylethe
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ethe
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

LF2BM03XA LF2BM04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.197 U 0.225
U 0.197 U 0.225
U 0.230 U 0.262
U 0.213 U 0.243
U 0.239 U 0.273
U 0.281 U 0.321
U 0.231 U 0.264
U 0.200 U 0.228
U 0.231 U 0.264
U 0.255 U 0.291
U 0.213 U 0.243
U 0.231 U 0.264
U 0.281 U 0.321
U 0.252 U 0.288
U 0.211 U 0.241
U 0.279 U 0.319
U 0.231 U 0.264
U 0.213 U 0.243
U 0.168 U 0.191
U 0.168 U 0.191
U 0.175 U 0.200
U 0.190 U 0.217
U 0.234 U 0.267
U 0.281 U 0.321
U 0.196 U 0.224
U 0.196 U 0.224
U 0.156 U 0.178
U 0.136 U 0.156
U 0.146 U 0.166
U 0.218 U 0.249
U 0.218 U 0.249
U 0.232 U 0.265

0.483 B 0.140 0.589 B 0.159
U 0.105 U 0.120
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Landfill Biomethane 
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

Extraction Surrogate Recove
Toluene‐d8
4‐Bromofluorobenzene
2‐Fluorophenol
Phenol‐d5
Nitrobenzene‐d5
2‐Fluorobiphenyl
2,4,6‐Tribromophenol
p‐Terphenyl‐d14

NA ‐ Not applicable.
B ‐ Analyte detected in the M
J ‐ Estimated value; detected
U ‐ Analyte not detected abo
D ‐ Analyte reported from a 
E ‐ Estimate, result detected
I ‐ Concentration/Peak ID un
RL ‐ Reporting limit is the sa
EDL ‐ Estimated detection lim

LF2BM03XA LF2BM04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.192 U 0.219
U 0.192 U 0.219
U 0.124 U 0.142
U 0.170 U 0.194
U 0.170 U 0.194
U 0.100 U 0.114
U 0.100 U 0.114
U 0.154 U 0.176
U 0.154 U 0.176
U 0.154 U 0.176
U 0.141 U 0.160
U 0.140 U 0.159
U 0.141 U 0.160

74 67
90 87
75 82
86 96
81 84
90 88
80 88
87 87
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Landfill Biomethane 
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

LF3BM01XA LF3BM02XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.246 U 0.346
U 0.279 U 0.466
U 0.411 U 0.416

12.29 B 0.275 14.300 B 0.591
0.535 JB 0.435 0.642 B 0.300
0.76 J 0.435 0.792 J 0.408
1.26 0.183 1.479 0.351

U 0.444 U 0.265
U 0.435 U 0.583
U 0.275 U 0.416
U 0.314 U 0.623
U 0.385 U 0.501
U 0.294 0.509 J 0.416
U 0.365 U 0.346
U 0.385 U 0.408
U 0.365 U 0.221

NA NA NA NA
U 0.344 U 0.246
U 0.385 U 0.278
U 0.344 U 0.410
U 0.491 U 0.275
U 0.323 U 0.435
U 0.496 U 0.435
U 0.360 U 0.183
U 0.314 U 0.443
U 0.314 U 0.435
U 0.344 U 0.275
U 0.427 U 0.313
U 0.427 U 0.384
U 0.314 U 0.294
U 0.427 U 0.364
U 0.270 U 0.384
U 0.344 U 0.364
U 0.355 U 0.384
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Landfill Biomethane 
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐creso
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropa
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

LF3BM01XA LF3BM02XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.195 U 0.344
U 0.196 U 0.384
U 0.375 U 0.344
U 0.334 U 0.490
U 0.332 U 0.323
U 0.378 U 0.495
U 0.267 U 0.359
U 0.255 U 0.314
U 0.361 U 0.314
U 0.284 0.447 J 0.344
U 0.362 U 0.427
U 0.177 U 0.427
U 0.255 U 0.314
U 0.324 U 0.427
U 0.325 U 0.270
U 0.325 U 0.344
U 0.169 U 0.354
U 0.234 U 0.195
U 0.234 U 0.195
U 0.273 U 0.375
U 0.254 U 0.334
U 0.284 U 0.332
U 0.335 U 0.378
U 0.275 U 0.267
U 0.238 U 0.254
U 0.275 U 0.360
U 0.304 U 0.283
U 0.254 U 0.362
U 0.275 U 0.177
U 0.335 U 0.254
U 0.300 U 0.324
U 0.251 U 0.324
U 0.332 U 0.324
U 0.275 U 0.169
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Landfill Biomethane 
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylethe
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ethe
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

LF3BM01XA LF3BM02XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.254 U 0.234
U 0.199 U 0.234
U 0.199 U 0.273
U 0.208 U 0.253
U 0.226 U 0.284
U 0.278 U 0.334
U 0.335 U 0.274
U 0.233 U 0.238
U 0.233 U 0.274
U 0.186 U 0.303
U 0.162 U 0.253
U 0.174 U 0.274
U 0.259 U 0.334
U 0.259 U 0.299
U 0.276 U 0.251
U 0.166 U 0.332
U 0.125 U 0.274
U 0.229 U 0.253
U 0.229 U 0.199
U 0.148 U 0.199

0.546 B 0.202 BU 0.208
U 0.202 U 0.225
U 0.118 U 0.278
U 0.118 U 0.334
U 0.183 U 0.233
U 0.183 U 0.233
U 0.183 U 0.185
U 0.167 U 0.162
U 0.166 U 0.173
U 0.167 U 0.259
U 0.259 U 0.259
U 0.276 U 0.276

1.81 B 0.166 0.374 B 0.166
U 0.125 U 0.124
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Landfill Biomethane 
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

Extraction Surrogate Recove
Toluene‐d8
4‐Bromofluorobenzene
2‐Fluorophenol
Phenol‐d5
Nitrobenzene‐d5
2‐Fluorobiphenyl
2,4,6‐Tribromophenol
p‐Terphenyl‐d14

NA ‐ Not applicable.
B ‐ Analyte detected in the M
J ‐ Estimated value; detected
U ‐ Analyte not detected abo
D ‐ Analyte reported from a 
E ‐ Estimate, result detected
I ‐ Concentration/Peak ID un
RL ‐ Reporting limit is the sa
EDL ‐ Estimated detection lim

LF3BM01XA LF3BM02XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.229 U 0.228
U 0.229 U 0.228
U 0.148 U 0.148
U 0.202 U 0.202
U 0.202 U 0.202

BU 0.118 BU 0.118
U 0.118 U 0.118
U 0.183 U 0.183
U 0.183 U 0.183
U 0.183 U 0.183
U 0.167 U 0.167
U 0.166 U 0.166
U 0.167 U 0.167

78 68
91 94
87 95

103 113
86 93
97 103
84 88
98 103
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Landfill Biomethane 
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

LF3BM03XA LF3BM04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.343 U 0.338
U 0.462 U 0.456
U 0.412 U 0.406

0.643 JB 0.586 0.603 JB 0.577
U 0.297 0.293 J 0.293
U 0.405 U 0.399
U 0.348 U 0.343
U 0.263 U 0.259
U 0.279 U 0.275
U 0.578 U 0.570
U 0.412 U 0.406
U 0.618 U 0.609

16.2 0.497 16.6 0.489
U 0.412 U 0.406
U 0.343 U 0.338
U 0.405 U 0.399
U 0.220 U 0.216
U 0.244 U 0.240

0.5 J 0.276 0.473 J 0.272
U 0.406 U 0.401
U 0.273 U 0.269
U 0.431 U 0.425
U 0.431 U 0.425
U 0.181 U 0.178
U 0.439 U 0.433
U 0.431 U 0.425
U 0.273 U 0.269
U 0.310 U 0.306
U 0.381 U 0.375
U 0.291 U 0.287
U 0.361 U 0.356
U 0.381 U 0.375
U 0.361 U 0.356
U 0.381 U 0.375
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Landfill Biomethane 
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐creso
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropa
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

LF3BM03XA LF3BM04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.341 U 0.336
U 0.381 U 0.375
U 0.341 U 0.336
U 0.486 U 0.479
U 0.320 U 0.315
U 0.491 U 0.484
U 0.356 U 0.351
U 0.311 U 0.307
U 0.311 U 0.307
U 0.341 U 0.336
U 0.423 U 0.417
U 0.423 U 0.417
U 0.311 U 0.307
U 0.423 U 0.417
U 0.267 U 0.264
U 0.341 U 0.336
U 0.351 U 0.346
U 0.193 U 0.190
U 0.194 U 0.191
U 0.372 U 0.366
U 0.331 U 0.326
U 0.329 U 0.324
U 0.375 U 0.369
U 0.264 U 0.260
U 0.252 U 0.248
U 0.357 U 0.352
U 0.281 U 0.277
U 0.359 U 0.353
U 0.175 U 0.173
U 0.252 U 0.248
U 0.321 U 0.316
U 0.322 U 0.317
U 0.322 U 0.317
U 0.168 U 0.165
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Landfill Biomethane 
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylethe
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ethe
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

LF3BM03XA LF3BM04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.232 U 0.228
U 0.232 U 0.228
U 0.270 U 0.266
U 0.251 U 0.247
U 0.281 U 0.277
U 0.331 U 0.326
U 0.272 U 0.268
U 0.236 U 0.232
U 0.272 U 0.268
U 0.301 U 0.296
U 0.251 U 0.248
U 0.272 U 0.268
U 0.331 U 0.326
U 0.297 U 0.292
U 0.249 U 0.245
U 0.329 U 0.324
U 0.272 U 0.268
U 0.251 U 0.248
U 0.197 U 0.194
U 0.197 U 0.194
U 0.206 U 0.203
U 0.224 U 0.220
U 0.275 U 0.271
U 0.331 U 0.326
U 0.231 U 0.228
U 0.231 U 0.227
U 0.184 U 0.181
U 0.161 U 0.158
U 0.172 U 0.169
U 0.257 U 0.253
U 0.257 U 0.253
U 0.274 U 0.270

0.364 B 0.164 0.487 B 0.162
U 0.123 U 0.122
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Landfill Biomethane 
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

Extraction Surrogate Recove
Toluene‐d8
4‐Bromofluorobenzene
2‐Fluorophenol
Phenol‐d5
Nitrobenzene‐d5
2‐Fluorobiphenyl
2,4,6‐Tribromophenol
p‐Terphenyl‐d14

NA ‐ Not applicable.
B ‐ Analyte detected in the M
J ‐ Estimated value; detected
U ‐ Analyte not detected abo
D ‐ Analyte reported from a 
E ‐ Estimate, result detected
I ‐ Concentration/Peak ID un
RL ‐ Reporting limit is the sa
EDL ‐ Estimated detection lim

LF3BM03XA LF3BM04XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.226 U 0.223
U 0.226 U 0.223
U 0.146 U 0.144
U 0.200 U 0.197
U 0.200 U 0.197
U 0.117 U 0.115
U 0.117 U 0.115
U 0.181 U 0.179
U 0.181 U 0.179
U 0.181 U 0.179
U 0.166 U 0.163
U 0.164 U 0.162
U 0.166 U 0.163

45 72
59 93
58 80
70 101
56 85
65 94
62 88
66 88
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Landfill Biomethane 
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

LF3BM05XA LF3BM06XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.0747 U 0.0740
U 0.0554 U 0.0549
U 0.0621 U 0.0615
U 0.0437 U 0.0433
U 0.0861 U 0.0853
U 0.0633 U 0.0626
U 0.0736 U 0.0728
U 0.0973 U 0.0964
U 0.0917 U 0.0908
U 0.0443 U 0.0439
U 0.0621 U 0.0615
U 0.0415 U 0.0411

0.064 J 0.0516 0.0703 J 0.0511
U 0.0621 U 0.0615
U 0.0747 U 0.0740
U 0.0633 U 0.0626

0.285 B 0.117 0.431 B 0.115
U 0.105 U 0.104
U 0.0928 U 0.0919
U 0.0630 U 0.0624
U 0.0940 U 0.0930
U 0.0594 U 0.0589
U 0.0594 U 0.0589
U 0.141 U 0.140
U 0.0583 U 0.0577
U 0.0594 U 0.0589
U 0.0940 U 0.0930
U 0.0825 U 0.0817
U 0.0673 U 0.0666
U 0.0879 U 0.0870
U 0.0709 U 0.0702
U 0.0673 U 0.0666
U 0.0709 U 0.0702
U 0.0673 U 0.0666
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Landfill Biomethane 
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐creso
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropa
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

LF3BM05XA LF3BM06XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.0751 U 0.0744
U 0.0673 U 0.0666
U 0.0751 U 0.0744
U 0.0527 U 0.0522
U 0.0801 U 0.0793
U 0.0521 U 0.0516
U 0.0720 U 0.0713
U 0.0823 U 0.0815
U 0.0823 U 0.0815
U 0.0751 U 0.0744
U 0.0605 U 0.0599
U 0.0605 U 0.0599
U 0.0823 U 0.0815
U 0.0605 U 0.0599
U 0.0958 U 0.0948
U 0.0751 U 0.0744
U 0.0729 U 0.0722
U 0.133 U 0.131
U 0.132 U 0.131
U 0.0689 U 0.0682
U 0.0774 U 0.0766
U 0.0779 U 0.0771
U 0.0684 U 0.0677
U 0.0969 U 0.0959
U 0.102 U 0.101
U 0.0718 U 0.0711
U 0.0913 U 0.0904
U 0.0714 U 0.0707
U 0.146 U 0.145
U 0.102 U 0.101
U 0.0798 U 0.0790

0.212 0.0796 0.1370 J 0.0788
0.137 J 0.0796 0.0905 J 0.0788

U 0.153 U 0.151
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Landfill Biomethane 
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylethe
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ethe
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

LF3BM05XA LF3BM06XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.111 U 0.109
U 0.111 U 0.109
U 0.0947 U 0.0938
U 0.102 U 0.101
U 0.0910 U 0.0902
U 0.0773 U 0.0766
U 0.0941 U 0.0932
U 0.109 U 0.108
U 0.0941 U 0.0932
U 0.0852 U 0.0844
U 0.102 U 0.101
U 0.0941 U 0.0932
U 0.0773 U 0.0766
U 0.0863 U 0.0855
U 0.103 U 0.102
U 0.0779 U 0.0771
U 0.0942 U 0.0932
U 0.102 U 0.101
U 0.130 U 0.129
U 0.130 U 0.129
U 0.124 U 0.123
U 0.115 U 0.113
U 0.0931 U 0.0921
U 0.0773 U 0.0766
U 0.111 U 0.110
U 0.111 U 0.110
U 0.139 U 0.138
U 0.159 U 0.158
U 0.149 U 0.148
U 0.0998 U 0.0988
U 0.0998 U 0.0988
U 0.0936 U 0.0927
U 0.156 U 0.154
U 0.207 U 0.205
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Landfill Biomethane 
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

Extraction Surrogate Recove
Toluene‐d8
4‐Bromofluorobenzene
2‐Fluorophenol
Phenol‐d5
Nitrobenzene‐d5
2‐Fluorobiphenyl
2,4,6‐Tribromophenol
p‐Terphenyl‐d14

NA ‐ Not applicable.
B ‐ Analyte detected in the M
J ‐ Estimated value; detected
U ‐ Analyte not detected abo
D ‐ Analyte reported from a 
E ‐ Estimate, result detected
I ‐ Concentration/Peak ID un
RL ‐ Reporting limit is the sa
EDL ‐ Estimated detection lim

LF3BM05XA LF3BM06XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.113 U 0.112
U 0.113 U 0.112
U 0.175 U 0.173
U 0.128 U 0.127
U 0.128 U 0.127
U 0.219 U 0.217
U 0.219 U 0.217
U 0.141 U 0.140
U 0.141 U 0.140
U 0.141 U 0.140
U 0.155 U 0.153
U 0.156 U 0.154
U 0.155 U 0.153

54 67
73 92
81 93
88 97
75 91
85 97
84 102
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Landfill Biomethane 
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

LF3BM07XA LF3BM08XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.0754 U 0.0761
U 0.0559 U 0.0565
U 0.0627 U 0.0633
U 0.0442 U 0.0446
U 0.0870 U 0.0878
U 0.0639 U 0.0645
U 0.0743 U 0.0750
U 0.0983 U 0.0992
U 0.0926 U 0.0935
U 0.0447 U 0.0452
U 0.0627 U 0.0633
U 0.0419 U 0.0423
U 0.0521 U 0.0526
U 0.0627 U 0.0633
U 0.0754 U 0.0761
U 0.0639 U 0.0645

0.513 B 0.118 0.488 B 0.119
U 0.106 U 0.107
U 0.0937 U 0.0946
U 0.0636 U 0.0643
U 0.0949 U 0.0958
U 0.0600 U 0.0606
U 0.0600 U 0.0606
U 0.143 U 0.144
U 0.0589 U 0.0595
U 0.0600 U 0.0606
U 0.0949 U 0.0958
U 0.0833 U 0.0842
U 0.0680 U 0.0686
U 0.0888 U 0.0896
U 0.0716 U 0.0723
U 0.0679 U 0.0686
U 0.0716 U 0.0723
U 0.0679 U 0.0686
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Landfill Biomethane 
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐creso
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropa
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

LF3BM07XA LF3BM08XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.0759 U 0.0766
U 0.0679 U 0.0686
U 0.0759 U 0.0766
U 0.0532 U 0.0537
U 0.0808 U 0.0816
U 0.0527 U 0.0532
U 0.0727 U 0.0734
U 0.0831 U 0.0839
U 0.0831 U 0.0839
U 0.0759 U 0.0766
U 0.0611 U 0.0617
U 0.0611 U 0.0617
U 0.0831 U 0.0839
U 0.0611 U 0.0617
U 0.0967 U 0.0976
U 0.0759 U 0.0766
U 0.0736 U 0.0743
U 0.134 U 0.135
U 0.134 U 0.135
U 0.0696 U 0.0703
U 0.0781 U 0.0789
U 0.0786 U 0.0794
U 0.0691 U 0.0697
U 0.0978 U 0.0988
U 0.103 U 0.104
U 0.0725 U 0.0732
U 0.0922 U 0.0930
U 0.0721 U 0.0728
U 0.147 U 0.149
U 0.103 U 0.104
U 0.0806 U 0.0814
U 0.0804 U 0.0812
U 0.0804 U 0.0812
U 0.154 U 0.156
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Landfill Biomethane 
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylethe
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ethe
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

LF3BM07XA LF3BM08XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.112 U 0.113
U 0.112 U 0.113
U 0.0957 U 0.0966
U 0.103 U 0.104
U 0.0919 U 0.0928
U 0.0781 U 0.0788
U 0.0950 U 0.0960
U 0.110 U 0.111
U 0.0950 U 0.0960
U 0.0860 U 0.0869
U 0.103 U 0.104
U 0.0950 U 0.0960
U 0.0781 U 0.0788
U 0.0872 U 0.0880
U 0.104 U 0.105
U 0.0786 U 0.0794
U 0.0951 U 0.0960
U 0.103 U 0.104
U 0.131 U 0.132
U 0.131 U 0.132
U 0.126 U 0.127
U 0.116 U 0.117
U 0.0940 U 0.0949
U 0.0781 U 0.0788
U 0.112 U 0.113
U 0.112 U 0.113
U 0.141 U 0.142
U 0.161 U 0.163
U 0.151 U 0.152
U 0.1008 U 0.1017
U 0.1008 U 0.1017
U 0.0945 U 0.0954
U 0.157 U 0.159
U 0.209 U 0.212
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Landfill Biomethane 
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

Extraction Surrogate Recove
Toluene‐d8
4‐Bromofluorobenzene
2‐Fluorophenol
Phenol‐d5
Nitrobenzene‐d5
2‐Fluorobiphenyl
2,4,6‐Tribromophenol
p‐Terphenyl‐d14

NA ‐ Not applicable.
B ‐ Analyte detected in the M
J ‐ Estimated value; detected
U ‐ Analyte not detected abo
D ‐ Analyte reported from a 
E ‐ Estimate, result detected
I ‐ Concentration/Peak ID un
RL ‐ Reporting limit is the sa
EDL ‐ Estimated detection lim

LF3BM07XA LF3BM08XA
GTI GTI
ppbv Q EDL ppbv Q EDL

U 0.114 U 0.115
U 0.114 U 0.115
U 0.177 U 0.178
U 0.129 U 0.130
U 0.129 U 0.130
U 0.221 U 0.223
U 0.221 U 0.223
U 0.143 U 0.144
U 0.143 U 0.144
U 0.143 U 0.144
U 0.156 U 0.158
U 0.157 U 0.159
U 0.156 U 0.158

68 69
90 94
85 89
95 100
91 95
95 102
77 91
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WWTP Biomethane 
SVOCs

WWTP1BM01XA WWTP1BM02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
1,1,1‐Trichloroethane U 0.299 U 0.351
1,2‐Dichloroethane U 0.403 U 0.473
1,1‐Dichloropropene U 0.359 U 0.422
Benzene 0.611 JB 0.511 0.829 JB 0.599
Carbon Tetrachloride U 0.259 0.309 J 0.304
1,2‐Dichloropropane U 0.353 U 0.414
Trichloroethene U 0.304 U 0.356
Dibromomethane U 0.229 U 0.269
Bromodichloromethane U 0.243 U 0.286
Pyridine U 0.504 U 0.592
cis‐1,3‐Dichloropropene U 0.359 U 0.422
N‐nitrosodimethylamine U 0.538 U 0.632
Toluene U 0.433 U 0.508
trans‐1,3‐Dichloropropene U 0.359 U 0.422
1,1,2‐Trichloroethane U 0.299 U 0.351
1,3‐Dichloropropane U 0.353 U 0.414
Dibromochloromethane U 0.191 U 0.225
1,2‐Dibromoethane U 0.212 U 0.249
Tetrachloroethene U 0.241 U 0.282
Chlorobenzene U 0.354 U 0.416
1,1,1,2‐Tetrachloroethane U 0.238 U 0.279
Ethylbenzene U 0.376 U 0.441
m/p‐Xylenes U 0.376 U 0.441
Bromoform U 0.158 U 0.185
Styrene U 0.383 U 0.449
o‐Xylene U 0.376 U 0.441
1,1,2,2‐Tetrachloroethane U 0.238 0.421 J 0.279
1,2,3‐Trichloropropane U 0.270 U 0.317
Isopropylbenzene U 0.332 U 0.389
Bromobenzene U 0.254 U 0.298
2‐Chlorotoluene U 0.315 U 0.370
n‐Propylbenzene U 0.332 U 0.389
4‐Chlorotoluene U 0.315 U 0.370
1,3,5‐Trimethylbenzene U 0.332 U 0.389
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WWTP Biomethane 
SVOCs

WWTP1BM01XA WWTP1BM02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
tert‐Butylbenzene U 0.297 U 0.349
1,2,4‐Trimethylbenzene U 0.332 U 0.389
sec‐Butylbenzene U 0.297 U 0.349
Phenol U 0.424 U 0.497
bis(2‐Chloroethyl)ether U 0.279 U 0.327
Aniline U 0.428 U 0.502
2‐Chlorophenol U 0.310 U 0.364
1,3‐Dichlorobenzene U 0.271 U 0.318
1,4‐Dichlorobenzene U 0.271 U 0.318
p‐Isopropyltoluene U 0.297 0.403 J 0.349
Benzyl Alcohol U 0.369 U 0.433
2‐Methylphenol (m‐cresol) U 0.369 U 0.433
1,2‐Dichlorobenzene U 0.271 U 0.318
3,4‐Methylphenol (o,p‐cresol) U 0.369 U 0.433
bis(2‐chloroisopropyl)ether U 0.233 U 0.274
n‐Butylbenzene U 0.297 U 0.349
N‐nitroso‐di‐n‐propylamine U 0.306 U 0.359
Hexachloroethane U 0.168 U 0.198
1,2‐Dibromo‐3‐Chloropropane U 0.169 U 0.198
Nitrobenzene U 0.324 U 0.380
Isophorone U 0.289 U 0.339
2‐Nitrophenol U 0.287 U 0.336
2,4‐Dimethylphenol U 0.326 U 0.383
bis(2‐Chloroethoxy)methane U 0.230 U 0.270
1,2,4‐Trichlorobenzene U 0.220 U 0.258
Naphthalene U 0.311 U 0.365
2,4‐Dichlorophenol U 0.245 U 0.287
4‐Chloroaniline U 0.313 U 0.367
Hexachlorobutadiene U 0.153 U 0.179
1,2,3‐Trichlorobenzene U 0.220 U 0.258
4‐Chloro‐3‐methylphenol U 0.280 U 0.328
2‐Methylnaphthalene U 0.280 U 0.329
1‐Methylnaphthalene U 0.280 U 0.329
Hexachlorocyclopentadiene U 0.146 U 0.172
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WWTP Biomethane 
SVOCs

WWTP1BM01XA WWTP1BM02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
2,4,6‐Trichlorophenol U 0.202 U 0.237
2,4,5‐Trichlorophenol U 0.202 U 0.237
Diphenylamine U 0.236 U 0.277
Azobenzene U 0.219 U 0.257
2‐Chloronaphthalene U 0.245 U 0.288
2‐Nitroaniline U 0.289 U 0.339
1,4‐Dinitrobenzene U 0.237 U 0.278
Dimethylphthalate U 0.205 U 0.241
1,3‐Dinitrobenzene U 0.237 U 0.278
Acenaphthylene U 0.262 U 0.307
2,6‐dinitrotoluene U 0.219 U 0.257
1,2‐Dinitrobenzene U 0.237 U 0.278
3‐Nitroaniline U 0.289 U 0.339
Acenaphthene U 0.259 U 0.303
2,4‐Dinitrophenol U 0.217 U 0.254
4‐Nitrophenol U 0.287 U 0.336
Dibenzofuran U 0.237 U 0.278
2,4‐dinitrotoluene U 0.219 U 0.257
2,3,4,6‐Tetrachlorophenol U 0.172 U 0.202
2,3,5,6‐Tetrachlorophenol U 0.172 U 0.202
Diethylphthalate U 0.179 U 0.211
4‐Chlorophenyl‐phenylether U 0.195 U 0.229
Fluorene U 0.240 U 0.282
4‐Nitroaniline U 0.289 U 0.339
4,6‐Dinitro‐2‐methylphenol U 0.201 U 0.236
n‐Nitrosodiphenylamine U 0.201 U 0.236
4‐Bromophenyl phenyl ether U 0.160 U 0.188
Hexachlorobenzene U 0.140 U 0.164
Pentachlorophenol U 0.150 U 0.176
Phenanthrene U 0.224 U 0.263
Anthracene U 0.224 U 0.263
Carbazole U 0.238 U 0.280
Di‐n‐butylphthalate U 0.143 U 0.168
Bis(2‐ethylhexyl) adipate U 0.108 U 0.126
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WWTP Biomethane 
SVOCs

WWTP1BM01XA WWTP1BM02XA
GTI GTI

Component ppbv Q EDL ppbv Q EDL
Fluoranthene U 0.197 U 0.231
Pyrene U 0.197 U 0.231
Butylbenzylphthalate U 0.128 U 0.150
Benz[a]anthracene U 0.175 U 0.205
Chrysene U 0.175 U 0.205
bis(2‐Ethylhexyl)phthalate U 0.102 U 0.120
Di‐n‐octylphthalate U 0.102 U 0.120
Benzo[b]fluoranthene U 0.158 U 0.185
Benzo[k]fluoranthene U 0.158 U 0.185
Benzo[a]pyrene U 0.158 U 0.185
Indeno[1,2,3‐cd]pyrene U 0.144 U 0.169
Dibenz[a,h]anthracene U 0.143 U 0.168
Benzo[g,h,i]perylene U 0.144 U 0.169

Extraction Surrogate Recoveries (%)
Toluene‐d8 84 81
4‐Bromofluorobenzene 93 93
2‐Fluorophenol 85 82
Phenol‐d5 96 94
Nitrobenzene‐d5 79 80
2‐Fluorobiphenyl 88 89
2,4,6‐Tribromophenol 70 76
p‐Terphenyl‐d14 88 89

NA ‐ Not applicable.
B ‐ Analyte detected in the Method Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
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WWTP Biomethane 
SVOCs

Component
1,1,1‐Trichloroethane
1,2‐Dichloroethane
1,1‐Dichloropropene
Benzene
Carbon Tetrachloride
1,2‐Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
Pyridine
cis‐1,3‐Dichloropropene
N‐nitrosodimethylamine
Toluene
trans‐1,3‐Dichloropropene
1,1,2‐Trichloroethane
1,3‐Dichloropropane
Dibromochloromethane
1,2‐Dibromoethane
Tetrachloroethene
Chlorobenzene
1,1,1,2‐Tetrachloroethane
Ethylbenzene
m/p‐Xylenes
Bromoform
Styrene
o‐Xylene
1,1,2,2‐Tetrachloroethane
1,2,3‐Trichloropropane
Isopropylbenzene
Bromobenzene
2‐Chlorotoluene
n‐Propylbenzene
4‐Chlorotoluene
1,3,5‐Trimethylbenzene

WWTP1BM03XA
GTI
ppbv Q EDL

U 0.363
U 0.489
U 0.436

0.670 JB 0.620
U 0.315
U 0.429
U 0.368
U 0.279
U 0.296
U 0.612
U 0.436
U 0.654
U 0.525
U 0.436
U 0.363
U 0.429
U 0.232
U 0.258
U 0.292
U 0.430
U 0.288
U 0.456
U 0.456
U 0.192
U 0.465
U 0.456

0.466 J 0.288
U 0.328
U 0.403
U 0.308
U 0.382
U 0.403
U 0.382
U 0.403
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WWTP Biomethane 
SVOCs

Component
tert‐Butylbenzene
1,2,4‐Trimethylbenzene
sec‐Butylbenzene
Phenol
bis(2‐Chloroethyl)ether
Aniline
2‐Chlorophenol
1,3‐Dichlorobenzene
1,4‐Dichlorobenzene
p‐Isopropyltoluene
Benzyl Alcohol
2‐Methylphenol (m‐cresol)
1,2‐Dichlorobenzene
3,4‐Methylphenol (o,p‐creso
bis(2‐chloroisopropyl)ether
n‐Butylbenzene
N‐nitroso‐di‐n‐propylamine
Hexachloroethane
1,2‐Dibromo‐3‐Chloropropa
Nitrobenzene
Isophorone
2‐Nitrophenol
2,4‐Dimethylphenol
bis(2‐Chloroethoxy)methane
1,2,4‐Trichlorobenzene
Naphthalene
2,4‐Dichlorophenol
4‐Chloroaniline
Hexachlorobutadiene
1,2,3‐Trichlorobenzene
4‐Chloro‐3‐methylphenol
2‐Methylnaphthalene
1‐Methylnaphthalene
Hexachlorocyclopentadiene

WWTP1BM03XA
GTI
ppbv Q EDL

U 0.361
U 0.403
U 0.361
U 0.514
U 0.339
U 0.520
U 0.377
U 0.329
U 0.329

0.403 J 0.361
U 0.448
U 0.448
U 0.329
U 0.448
U 0.283
U 0.361
U 0.372
U 0.205
U 0.205
U 0.393
U 0.350
U 0.348
U 0.396
U 0.280
U 0.267
U 0.378
U 0.297
U 0.380
U 0.186
U 0.267
U 0.340
U 0.340
U 0.340
U 0.178
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WWTP Biomethane 
SVOCs

Component
2,4,6‐Trichlorophenol
2,4,5‐Trichlorophenol
Diphenylamine
Azobenzene
2‐Chloronaphthalene
2‐Nitroaniline
1,4‐Dinitrobenzene
Dimethylphthalate
1,3‐Dinitrobenzene
Acenaphthylene
2,6‐dinitrotoluene
1,2‐Dinitrobenzene
3‐Nitroaniline
Acenaphthene
2,4‐Dinitrophenol
4‐Nitrophenol
Dibenzofuran
2,4‐dinitrotoluene
2,3,4,6‐Tetrachlorophenol
2,3,5,6‐Tetrachlorophenol
Diethylphthalate
4‐Chlorophenyl‐phenylethe
Fluorene
4‐Nitroaniline
4,6‐Dinitro‐2‐methylphenol
n‐Nitrosodiphenylamine
4‐Bromophenyl phenyl ethe
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Carbazole
Di‐n‐butylphthalate
Bis(2‐ethylhexyl) adipate

WWTP1BM03XA
GTI
ppbv Q EDL

U 0.245
U 0.245
U 0.286
U 0.266
U 0.298
U 0.351
U 0.288
U 0.249
U 0.288
U 0.318
U 0.266
U 0.288
U 0.351
U 0.314
U 0.263
U 0.348
U 0.288
U 0.266
U 0.209
U 0.209
U 0.218
U 0.237
U 0.291
U 0.351
U 0.244
U 0.244
U 0.194
U 0.170
U 0.182
U 0.272
U 0.272
U 0.290

0.539 B 0.174
U 0.131
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WWTP Biomethane 
SVOCs

Component
Fluoranthene
Pyrene
Butylbenzylphthalate
Benz[a]anthracene
Chrysene
bis(2‐Ethylhexyl)phthalate
Di‐n‐octylphthalate
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3‐cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

Extraction Surrogate Recove
Toluene‐d8
4‐Bromofluorobenzene
2‐Fluorophenol
Phenol‐d5
Nitrobenzene‐d5
2‐Fluorobiphenyl
2,4,6‐Tribromophenol
p‐Terphenyl‐d14

NA ‐ Not applicable.
B ‐ Analyte detected in the M
J ‐ Estimated value; detected
U ‐ Analyte not detected abo
D ‐ Analyte reported from a 
E ‐ Estimate, result detected
I ‐ Concentration/Peak ID un
RL ‐ Reporting limit is the sa
EDL ‐ Estimated detection lim

WWTP1BM03XA
GTI
ppbv Q EDL

U 0.239
U 0.239
U 0.155
U 0.212
U 0.212

6.10 0.124
U 0.124
U 0.192
U 0.192
U 0.192
U 0.175
U 0.174
U 0.175

68
81
68
83
74
85
85
79
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Natural Gas
PCBs

1NG01 1NG02 2NG01
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
PCB 1 U 0.00339 U 0.00260 U 0.00300
PCB 2 U 0.00339 U 0.00260 U 0.00300
PCB 3 U 0.00339 U 0.00260 U 0.00300
PCB 4/10 U 0.00286 U 0.00220 U 0.00253
PCB 7/9 U 0.00286 U 0.00220 U 0.00253
PCB 6 U 0.00286 U 0.00220 U 0.00253
PCB 8 U 0.00286 U 0.00220 U 0.00253
PCB 5 U 0.00286 U 0.00220 U 0.00253
PCB 19 U 0.00248 U 0.00190 U 0.00220
PCB 12/13 U 0.00286 U 0.00220 U 0.00253
PCB 18 U 0.00248 U 0.00190 U 0.00220
PCB 17 U 0.00248 U 0.00190 U 0.00220
PCB 15 U 0.00286 U 0.00220 U 0.00253
PCB 24/27 U 0.00248 U 0.00190 U 0.00220
PCB 16/32 U 0.00248 U 0.00190 U 0.00220
PCB 34 U 0.00248 U 0.00190 U 0.00220
PCB 29 U 0.00248 U 0.00190 U 0.00220
PCB 54 U 0.00219 U 0.00168 U 0.00194
PCB 26 U 0.00248 U 0.00190 U 0.00220
PCB 25 U 0.00248 U 0.00190 U 0.00220
PCB 31 U 0.00248 U 0.00190 U 0.00220
PCB 50 U 0.00219 U 0.00168 U 0.00194
PCB 28 U 0.00248 U 0.00190 U 0.00220
PCB 20/33 U 0.00248 U 0.00190 U 0.00220
PCB 53 U 0.00219 U 0.00168 U 0.00194
PCB 51 U 0.00219 U 0.00168 U 0.00194
PCB 22 U 0.00248 U 0.00190 U 0.00220
PCB 45 U 0.00219 U 0.00168 U 0.00194
PCB 46 U 0.00219 U 0.00168 U 0.00194
PCB 69 U 0.00219 U 0.00168 U 0.00194
PCB 52/73 U 0.00219 U 0.00168 U 0.00194
PCB 49 U 0.00219 U 0.00168 U 0.00194
PCB 47/48/75 U 0.00219 U 0.00168 U 0.00194
PCB 104 U 0.00196 U 0.00150 U 0.00173
PCB 35 U 0.00248 U 0.00190 U 0.00220
PCB 44 U 0.00219 U 0.00168 U 0.00194
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Natural Gas
PCBs

1NG01 1NG02 2NG01
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
PCB 59 U 0.00219 U 0.00168 U 0.00194
PCB 37 U 0.00248 U 0.00190 U 0.00220
PCB 42 U 0.00219 U 0.00168 U 0.00194
PCB 71 U 0.00219 U 0.00168 U 0.00194
PCB 41/64 U 0.00219 U 0.00168 U 0.00194
PCB 40 U 0.00219 U 0.00168 U 0.00194
PCB 103 U 0.00196 U 0.00150 U 0.00173
PCB 67 U 0.00219 U 0.00168 U 0.00194
PCB 100 U 0.00196 U 0.00150 U 0.00173
PCB 63 U 0.00219 U 0.00168 U 0.00194
PCB 74 U 0.00219 U 0.00168 U 0.00194
PCB 70 U 0.00219 U 0.00168 U 0.00194
PCB 66 U 0.00219 U 0.00168 U 0.00194
PCB 93/95 U 0.00196 U 0.00150 U 0.00173
PCB 91 U 0.00196 U 0.00150 U 0.00173
PCB 56/60 U 0.00219 U 0.00168 U 0.00194
PCB 92 U 0.00196 U 0.00150 U 0.00173
PCB 84 U 0.00196 U 0.00150 U 0.00173
PCB 90/101 U 0.00196 U 0.00150 U 0.00173
PCB 99 U 0.00196 U 0.00150 U 0.00173
PCB 119 U 0.00196 U 0.00150 U 0.00173
PCB 83 U 0.00196 U 0.00150 U 0.00173
PCB 97 U 0.00196 U 0.00150 U 0.00173
PCB 117 U 0.00196 U 0.00150 U 0.00173
PCB 81 U 0.00196 U 0.00150 U 0.00173
PCB 87/115 U 0.00219 U 0.00168 U 0.00194
PCB 85 U 0.00196 U 0.00150 U 0.00173
PCB 136 U 0.00177 U 0.00136 U 0.00157
PCB 77 U 0.00219 U 0.00168 U 0.00194
PCB 110 U 0.00196 U 0.00150 U 0.00173
PCB 154 U 0.00177 U 0.00136 U 0.00157
PCB 82 U 0.00196 U 0.00150 U 0.00173
PCB 151 U 0.00177 U 0.00136 U 0.00157
PCB 135/144 U 0.00177 U 0.00136 U 0.00157
PCB 124 U 0.00196 U 0.00150 U 0.00173
PCB 147 U 0.00177 U 0.00136 U 0.00157
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Natural Gas
PCBs

1NG01 1NG02 2NG01
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
PCB 107 U 0.00196 U 0.00150 U 0.00173
PCB 123 U 0.00196 U 0.00150 U 0.00173
PCB 149 U 0.00177 U 0.00136 U 0.00157
PCB 118 U 0.00196 U 0.00150 U 0.00173
PCB 134 U 0.00177 U 0.00136 U 0.00157
PCB 114 U 0.00196 U 0.00150 U 0.00173
PCB 131 U 0.00177 U 0.00136 U 0.00157
PCB 122 U 0.00196 U 0.00150 U 0.00173
PCB 165 U 0.00177 U 0.00136 U 0.00157
PCB 146 U 0.00177 U 0.00136 U 0.00157
PCB 188 U 0.00162 U 0.00124 U 0.00143
PCB 153 U 0.00177 U 0.00136 U 0.00157
PCB 132 U 0.00177 U 0.00136 U 0.00157
PCB 105 U 0.00196 U 0.00150 U 0.00173
PCB 141 U 0.00177 U 0.00136 U 0.00157
PCB 179 U 0.00162 U 0.00124 U 0.00143
PCB 137 U 0.00177 U 0.00136 U 0.00157
PCB 176 U 0.00162 U 0.00124 U 0.00143
PCB 130 U 0.00177 U 0.00136 U 0.00157
PCB 138/163/164 U 0.00177 U 0.00136 U 0.00157
PCB 158 U 0.00177 U 0.00136 U 0.00157
PCB 129 U 0.00177 U 0.00136 U 0.00157
PCB 178 U 0.00162 U 0.00124 U 0.00143
PCB 175 U 0.00162 U 0.00124 U 0.00143
PCB 187 U 0.00162 U 0.00124 U 0.00143
PCB 183 U 0.00162 U 0.00124 U 0.00143
PCB 128 U 0.00177 U 0.00136 U 0.00157
PCB 167 U 0.00177 U 0.00136 U 0.00157
PCB 185 U 0.00162 U 0.00124 U 0.00143
PCB 174 U 0.00162 U 0.00124 U 0.00143
PCB 177 U 0.00162 U 0.00124 U 0.00143
PCB 202 U 0.00149 U 0.00114 U 0.00132
PCB 171 U 0.00162 U 0.00124 U 0.00143
PCB 156 U 0.00177 U 0.00136 U 0.00157
PCB 173 U 0.00162 U 0.00124 U 0.00143
PCB 157 U 0.00177 U 0.00136 U 0.00157
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Natural Gas
PCBs

1NG01 1NG02 2NG01
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
PCB 201 U 0.00149 U 0.00114 U 0.00132
PCB 172 U 0.00162 U 0.00124 U 0.00143
PCB 197 U 0.00149 U 0.00114 U 0.00132
PCB 180 U 0.00162 U 0.00124 U 0.00143
PCB 193 U 0.00162 U 0.00124 U 0.00143
PCB 191 U 0.00162 U 0.00124 U 0.00143
PCB 200 U 0.00149 U 0.00114 U 0.00132
PCB 170 U 0.00162 U 0.00124 U 0.00143
PCB 190 U 0.00162 U 0.00124 U 0.00143
PCB 199 U 0.00149 U 0.00114 U 0.00132
PCB 196/203 U 0.00149 U 0.00114 U 0.00132
PCB 189 U 0.00162 U 0.00124 U 0.00143
PCB 208 U 0.00138 U 0.00106 U 0.00122
PCB 195 U 0.00149 U 0.00114 U 0.00132
PCB 207 U 0.00138 U 0.00106 U 0.00122
PCB 194 U 0.00149 U 0.00114 U 0.00132
PCB 205 U 0.00149 U 0.00114 U 0.00132
PCB 206 U 0.00138 U 0.00106 U 0.00122
PCB 209 U 0.00128 U 0.00098 U 0.00113

Extraction Surrogate Recoveries (%)
Tetrachloro‐m‐xylene 68 68 60
Decachlorobiphenyl 120 124 120

NA ‐ Not applicable.
B ‐ Analyte detected in the Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
* ‐ Triphenylene is known to coelute with this compound.

20916 Second Tier Chem Results for Natural Gas ‐ PCBs Page 4

Page 1920



Natural Gas
PCBs

2NG02 3NG01 3NG02
GTI GTI GTI

Component ppbv ppbv Q EDL ppbv Q EDL
PCB 1 U 0.00235 U 0.00109 U 0.00111
PCB 2 U 0.00235 U 0.00109 U 0.00111
PCB 3 U 0.00235 U 0.00109 U 0.00111
PCB 4/10 U 0.00198 U 0.00129 U 0.00131
PCB 7/9 U 0.00198 U 0.00129 U 0.00131
PCB 6 U 0.00198 U 0.00129 U 0.00131
PCB 8 U 0.00198 U 0.00129 U 0.00131
PCB 5 U 0.00198 U 0.00129 U 0.00131
PCB 19 U 0.00172 U 0.00149 U 0.00151
PCB 12/13 U 0.00198 U 0.00129 U 0.00131
PCB 18 U 0.00172 U 0.00149 U 0.00151
PCB 17 U 0.00172 U 0.00149 U 0.00151
PCB 15 U 0.00198 U 0.00129 U 0.00131
PCB 24/27 U 0.00172 U 0.00149 U 0.00151
PCB 16/32 U 0.00172 U 0.00149 U 0.00151
PCB 34 U 0.00172 U 0.00149 U 0.00151
PCB 29 U 0.00172 U 0.00149 U 0.00151
PCB 54 U 0.00152 U 0.00169 U 0.00172
PCB 26 U 0.00172 U 0.00149 U 0.00151
PCB 25 U 0.00172 U 0.00149 U 0.00151
PCB 31 U 0.00172 U 0.00149 U 0.00151
PCB 50 U 0.00152 U 0.00169 U 0.00172
PCB 28 U 0.00172 U 0.00149 U 0.00151
PCB 20/33 U 0.00172 U 0.00149 U 0.00151
PCB 53 U 0.00152 U 0.00169 U 0.00172
PCB 51 U 0.00152 U 0.00169 U 0.00172
PCB 22 U 0.00172 U 0.00149 U 0.00151
PCB 45 U 0.00152 U 0.00169 U 0.00172
PCB 46 U 0.00152 U 0.00169 U 0.00172
PCB 69 U 0.00152 U 0.00169 U 0.00172
PCB 52/73 U 0.00152 U 0.00169 U 0.00172
PCB 49 U 0.00152 U 0.00169 U 0.00172
PCB 47/48/75 U 0.00152 U 0.00169 U 0.00172
PCB 104 U 0.00136 U 0.00189 U 0.00192
PCB 35 U 0.00172 U 0.00149 U 0.00151
PCB 44 U 0.00152 U 0.00169 U 0.00172
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Natural Gas
PCBs

2NG02 3NG01 3NG02
GTI GTI GTI

Component ppbv ppbv Q EDL ppbv Q EDL
PCB 59 U 0.00152 U 0.00169 U 0.00172
PCB 37 U 0.00172 U 0.00149 U 0.00151
PCB 42 U 0.00152 U 0.00169 U 0.00172
PCB 71 U 0.00152 U 0.00169 U 0.00172
PCB 41/64 U 0.00152 U 0.00169 U 0.00172
PCB 40 U 0.00152 U 0.00169 U 0.00172
PCB 103 U 0.00136 U 0.00189 U 0.00192
PCB 67 U 0.00152 U 0.00169 U 0.00172
PCB 100 U 0.00136 U 0.00189 U 0.00192
PCB 63 U 0.00152 U 0.00169 U 0.00172
PCB 74 U 0.00152 U 0.00169 U 0.00172
PCB 70 U 0.00152 U 0.00169 U 0.00172
PCB 66 U 0.00152 U 0.00169 U 0.00172
PCB 93/95 U 0.00136 U 0.00189 U 0.00192
PCB 91 U 0.00136 U 0.00189 U 0.00192
PCB 56/60 U 0.00152 U 0.00169 U 0.00172
PCB 92 U 0.00136 U 0.00189 U 0.00192
PCB 84 U 0.00136 U 0.00189 U 0.00192
PCB 90/101 U 0.00136 U 0.00189 U 0.00192
PCB 99 U 0.00136 U 0.00189 U 0.00192
PCB 119 U 0.00136 U 0.00189 U 0.00192
PCB 83 U 0.00136 U 0.00189 U 0.00192
PCB 97 U 0.00136 U 0.00189 U 0.00192
PCB 117 U 0.00136 U 0.00189 U 0.00192
PCB 81 U 0.00136 U 0.00189 U 0.00192
PCB 87/115 U 0.00152 U 0.00169 U 0.00172
PCB 85 U 0.00136 U 0.00189 U 0.00192
PCB 136 U 0.00123 U 0.00209 U 0.00212
PCB 77 U 0.00152 U 0.00169 U 0.00172
PCB 110 U 0.00136 U 0.00189 U 0.00192
PCB 154 U 0.00123 U 0.00209 U 0.00212
PCB 82 U 0.00136 U 0.00189 U 0.00192
PCB 151 U 0.00123 U 0.00209 U 0.00212
PCB 135/144 U 0.00123 U 0.00209 U 0.00212
PCB 124 U 0.00136 U 0.00189 U 0.00192
PCB 147 U 0.00123 U 0.00209 U 0.00212
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Natural Gas
PCBs

2NG02 3NG01 3NG02
GTI GTI GTI

Component ppbv ppbv Q EDL ppbv Q EDL
PCB 107 U 0.00136 U 0.00189 U 0.00192
PCB 123 U 0.00136 U 0.00189 U 0.00192
PCB 149 U 0.00123 U 0.00209 U 0.00212
PCB 118 U 0.00136 U 0.00189 U 0.00192
PCB 134 U 0.00123 U 0.00209 U 0.00212
PCB 114 U 0.00136 U 0.00189 U 0.00192
PCB 131 U 0.00123 U 0.00209 U 0.00212
PCB 122 U 0.00136 U 0.00189 U 0.00192
PCB 165 U 0.00123 U 0.00209 U 0.00212
PCB 146 U 0.00123 U 0.00209 U 0.00212
PCB 188 U 0.00112 U 0.00229 U 0.00232
PCB 153 U 0.00123 U 0.00209 U 0.00212
PCB 132 U 0.00123 U 0.00209 U 0.00212
PCB 105 U 0.00136 U 0.00189 U 0.00192
PCB 141 U 0.00123 U 0.00209 U 0.00212
PCB 179 U 0.00112 U 0.00229 U 0.00232
PCB 137 U 0.00123 U 0.00209 U 0.00212
PCB 176 U 0.00112 U 0.00229 U 0.00232
PCB 130 U 0.00123 U 0.00209 U 0.00212
PCB 138/163/164 U 0.00123 U 0.00209 U 0.00212
PCB 158 U 0.00123 U 0.00209 U 0.00212
PCB 129 U 0.00123 U 0.00209 U 0.00212
PCB 178 U 0.00112 U 0.00229 U 0.00232
PCB 175 U 0.00112 U 0.00229 U 0.00232
PCB 187 U 0.00112 U 0.00229 U 0.00232
PCB 183 U 0.00112 U 0.00229 U 0.00232
PCB 128 U 0.00123 U 0.00209 U 0.00212
PCB 167 U 0.00123 U 0.00209 U 0.00212
PCB 185 U 0.00112 U 0.00229 U 0.00232
PCB 174 U 0.00112 U 0.00229 U 0.00232
PCB 177 U 0.00112 U 0.00229 U 0.00232
PCB 202 U 0.00103 U 0.00249 U 0.00252
PCB 171 U 0.00112 U 0.00229 U 0.00232
PCB 156 U 0.00123 U 0.00209 U 0.00212
PCB 173 U 0.00112 U 0.00229 U 0.00232
PCB 157 U 0.00123 U 0.00209 U 0.00212

20916 Second Tier Chem Results for Natural Gas ‐ PCBs Page 7

Page 1923



Natural Gas
PCBs

2NG02 3NG01 3NG02
GTI GTI GTI

Component ppbv ppbv Q EDL ppbv Q EDL
PCB 201 U 0.00103 U 0.00249 U 0.00252
PCB 172 U 0.00112 U 0.00229 U 0.00232
PCB 197 U 0.00103 U 0.00249 U 0.00252
PCB 180 U 0.00112 U 0.00229 U 0.00232
PCB 193 U 0.00112 U 0.00229 U 0.00232
PCB 191 U 0.00112 U 0.00229 U 0.00232
PCB 200 U 0.00103 U 0.00249 U 0.00252
PCB 170 U 0.00112 U 0.00229 U 0.00232
PCB 190 U 0.00112 U 0.00229 U 0.00232
PCB 199 U 0.00103 U 0.00249 U 0.00252
PCB 196/203 U 0.00103 U 0.00249 U 0.00252
PCB 189 U 0.00112 U 0.00229 U 0.00232
PCB 208 U 0.000953 U 0.00268 U 0.00273
PCB 195 U 0.00103 U 0.00249 U 0.00252
PCB 207 U 0.000953 U 0.00268 U 0.00273
PCB 194 U 0.00103 U 0.00249 U 0.00252
PCB 205 U 0.00103 U 0.00249 U 0.00252
PCB 206 U 0.000953 U 0.00268 U 0.00273
PCB 209 U 0.000887 U 0.00288 U 0.00293

Extraction Surrogate Recoveries (%)
Tetrachloro‐m‐xylene 68 68 59
Decachlorobiphenyl 140 75 57

NA ‐ Not applicable.
B ‐ Analyte detected in the Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
* ‐ Triphenylene is known to coelute with this compound.
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Natural Gas
Pesticides

1NG01 1NG02
GTI GTI

Component ppbv Q EDL ppbv Q EDL
a‐BHC U 0.000439 U 0.000337
b‐BHC U 0.000439 U 0.000337
g‐BHC U 0.000439 U 0.000337
d‐BHC U 0.000439 U 0.000337
Heptachlor U 0.000342 U 0.000263
Aldrin U 0.000349 U 0.000269
Heptachlor epoxide U 0.000328 U 0.000252
g‐Chlordane U 0.000311 U 0.000239
Endosulfan I U 0.000313 U 0.000241
a‐Chlordane U 0.000311 U 0.000239
Dieldrin U 0.000335 U 0.000257
4,4'‐DDE U 0.000401 U 0.000308
Endrin U 0.000335 U 0.000257
Endosulfan II U 0.000313 U 0.000241
4,4'‐DDD U 0.000398 U 0.000306
Endrin aldehyde U 0.000335 U 0.000257
Endosulfan sulfate U 0.000302 U 0.000232
4,4'‐DDT U 0.000360 U 0.000276
Endrin ketone U 0.000335 U 0.000257
Methoxychlor U 0.000369 U 0.000284
Toxaphene U 0.000308 U 0.000237
Technical Chlordane U 0.000311 U 0.000239

Extraction Surrogate Recoveries (%)
Tetrachloro‐m‐xylene 68 68
Decachlorobiphenyl 120 124

NA ‐ Not applicable.
B ‐ Analyte detected in the Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
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Natural Gas
Pesticides

2NG01 2NG02
GTI GTI

Component ppbv Q EDL ppbv Q EDL
a‐BHC U 0.000390 U 0.000305
b‐BHC U 0.000390 U 0.000305
g‐BHC U 0.000390 U 0.000305
d‐BHC U 0.000390 U 0.000305
Heptachlor U 0.000304 U 0.000238
Aldrin U 0.000311 U 0.000243
Heptachlor epoxide U 0.000292 U 0.000228
g‐Chlordane U 0.000277 U 0.000217
Endosulfan I U 0.000279 U 0.000218
a‐Chlordane U 0.000277 U 0.000217
Dieldrin U 0.000298 U 0.000233
4,4'‐DDE U 0.000357 U 0.000279
Endrin U 0.000298 U 0.000233
Endosulfan II U 0.000279 U 0.000218
4,4'‐DDD U 0.000355 U 0.000277
Endrin aldehyde U 0.000298 U 0.000233
Endosulfan sulfate U 0.000268 U 0.000210
4,4'‐DDT U 0.000320 U 0.000250
Endrin ketone U 0.000298 U 0.000233
Methoxychlor U 0.000328 U 0.000257
Toxaphene U 0.000274 U 0.000214
Technical Chlordane U 0.000277 U 0.000217

Extraction Surrogate Recoveries (%)
Tetrachloro‐m‐xylene 60 68
Decachlorobiphenyl 120 140

NA ‐ Not applicable.
B ‐ Analyte detected in the Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
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Natural Gas
Pesticides

3NG01 3NG02
GTI GTI

Component ppbv Q EDL ppbv Q EDL
a‐BHC U 0.000337 U 0.000342
b‐BHC U 0.000337 U 0.000342
g‐BHC U 0.000337 U 0.000342
d‐BHC U 0.000337 U 0.000342
Heptachlor U 0.000433 U 0.000439
Aldrin U 0.000423 U 0.000429
Heptachlor epoxide U 0.000451 U 0.000457
g‐Chlordane U 0.000475 U 0.000481
Endosulfan I U 0.000472 U 0.000478
a‐Chlordane U 0.000475 U 0.000481
Dieldrin U 0.000442 U 0.000447
4,4'‐DDE U 0.000369 U 0.000374
Endrin U 0.000442 U 0.000447
Endosulfan II U 0.000472 U 0.000478
4,4'‐DDD U 0.000371 U 0.000376
Endrin aldehyde U 0.000442 U 0.000447
Endosulfan sulfate U 0.000490 U 0.000497
4,4'‐DDT U 0.000411 U 0.000416
Endrin ketone U 0.000442 U 0.000447
Methoxychlor U 0.000401 U 0.000406
Toxaphene U 0.000480 U 0.000486
Technical Chlordane U 0.000475 U 0.000481

Extraction Surrogate Recoveries (%)
Tetrachloro‐m‐xylene 68 59
Decachlorobiphenyl 75 57

NA ‐ Not applicable.
B ‐ Analyte detected in the Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
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Natural Gas
Aldehydes and Ketones

1NG01 1NG02 2NG01
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
Formaldehyde 0.750 0.212 U 0.215 U 0.199
Acetaldehyde 25.63 0.0992 28.22 0.100 U 0.0931
Acetone 28.79 B 0.0934 33.01 B 0.0946 BU 0.0877
Acrolein U 0.0943 U 0.0955 U 0.0884
Propionaldehyde 1.08 0.0934 1.32 0.0946 U 0.0877
Crotonaldehyde U 0.0890 U 0.0901 U 0.0835
2‐Butanone 5.61 0.0883 7.05 0.0894 U 0.0828
Methacrolein U 0.0890 U 0.0901 U 0.0835
Butanal 0.870 0.0883 1.01 0.0894 U 0.0828
Benzaldehyde U 0.0778 U 0.0788 U 0.0730
Pentanal U 0.0836 U 0.0847 U 0.0785
p‐Tolualdehyde U 0.0741 U 0.0751 U 0.0696
Hexanal U 0.0794 U 0.0805 U 0.0745

NA ‐ Not applicable.
B ‐ Analyte detected in the Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
* ‐ Triphenylene is known to coelute with this compound.
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Natural Gas
Aldehydes and Ketones

2NG02 3NG01 3NG02
GTI GTI GTI

Component ppbv ppbv Q EDL ppbv Q EDL
Formaldehyde 6.41 0.178 0.00536 0.00239 U 0.00230
Acetaldehyde 6.21 0.0837 0.285 B 0.00241 0.256 B 0.00233
Acetone 1.26 B 0.0788 0.214 B 0.00394 0.199 B 0.00380
Acrolein U 0.0795 0.0409 B 0.00370 0.0409 B 0.00357
Propionaldehyde 1.29 0.0788 0.0903 0.00394 0.0808 0.00380
Crotonaldehyde U 0.0750 0.0798 B 0.00546 0.100 B 0.00527
2‐Butanone U 0.0745 0.121 B 0.00574 0.0679 B 0.00553
Methacrolein 0.566 0.0750 U 0.00546 U 0.00527
Butanal 0.684 0.0745 0.0552 B 0.00574 0.0398 B 0.00553
Benzaldehyde 1.72 0.0656 BU 0.0109 BU 0.0106
Pentanal 0.496 0.0705 BU 0.00775 BU 0.00747
p‐Tolualdehyde U 0.0625 U 0.0134 U 0.0129
Hexanal U 0.0670 U 0.00996 U 0.00960

NA ‐ Not applicable.
B ‐ Analyte detected in the Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
* ‐ Triphenylene is known to coelute with this compound.

20916 Second Tier Chem Results for Natural Gas‐ Aldehydes and Ketones Page 2

Page 1929



Natural Gas
SVOCs

1NG01 1NG02 2NG01
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
1,1,1‐Trichloroethane U 0.481 U 0.367 U 0.424
1,2‐Dichloroethane U 0.648 U 0.495 U 0.571
1,1‐Dichloropropene U 0.578 U 0.442 U 0.509
Benzene 12.2 B 0.821 8.68 B 0.627 5.42 B 0.724
Carbon Tetrachloride 0.937 B 0.417 0.497 JB 0.319 0.492 JB 0.368
1,2‐Dichloropropane U 0.567 U 0.434 U 0.500
Trichloroethene U 0.488 U 0.373 U 0.430
Dibromomethane U 0.369 U 0.282 U 0.325
Bromodichloromethane U 0.391 U 0.299 U 0.345
Pyridine U 0.810 U 0.619 U 0.715
cis‐1,3‐Dichloropropene U 0.578 U 0.442 U 0.509
N‐nitrosodimethylamine U 0.865 U 0.661 U 0.763
Toluene 94.5 0.696 69.3 0.532 95.5 0.614
trans‐1,3‐Dichloropropene U 0.578 U 0.442 U 0.509
1,1,2‐Trichloroethane U 0.481 U 0.367 U 0.424
1,3‐Dichloropropane U 0.567 U 0.434 U 0.500
Dibromochloromethane 2.06 B 0.308 1.63 B 0.235 1.58 B 0.271
1,2‐Dibromoethane U 0.341 U 0.261 U 0.301
Tetrachloroethene U 0.387 U 0.296 U 0.341
Chlorobenzene U 0.569 U 0.435 U 0.502
1,1,1,2‐Tetrachloroethane U 0.382 U 0.292 U 0.337
Ethylbenzene 43.1 0.604 30.6 0.462 62.3 0.532
m/p‐Xylenes 106 0.604 76.6 0.462 194 D 0.532
Bromoform U 0.254 U 0.194 U 0.224
Styrene U 0.615 U 0.470 U 0.543
o‐Xylene 88.9 0.604 61.5 0.462 156 0.532
1,1,2,2‐Tetrachloroethane U 0.382 U 0.292 U 0.337
1,2,3‐Trichloropropane U 0.435 U 0.332 U 0.383
Isopropylbenzene 11.4 0.533 8.37 0.408 19.1 0.470
Bromobenzene U 0.408 U 0.312 U 0.360
2‐Chlorotoluene U 0.506 U 0.387 U 0.447
n‐Propylbenzene 25.8 0.533 17.4 0.408 36.3 0.470
4‐Chlorotoluene U 0.506 U 0.387 U 0.447
1,3,5‐Trimethylbenzene 95.6 0.533 61.4 0.408 158 D 0.470
tert‐Butylbenzene U 0.478 U 0.365 U 0.421
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Natural Gas
SVOCs

1NG01 1NG02 2NG01
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
1,2,4‐Trimethylbenzene 359 D 0.533 263 D 0.408 474 D 0.470
sec‐Butylbenzene 10.8 0.478 7.09 0.365 12.6 0.421
Phenol U 0.681 U 0.521 U 0.601
bis(2‐Chloroethyl)ether U 0.448 U 0.343 U 0.395
Aniline U 0.688 U 0.526 U 0.607
2‐Chlorophenol U 0.499 U 0.381 U 0.440
1,3‐Dichlorobenzene U 0.436 U 0.333 U 0.385
1,4‐Dichlorobenzene U 0.436 U 0.333 U 0.385
p‐Isopropyltoluene 17.1 0.478 11.2 0.365 18.2 0.421
Benzyl Alcohol 0.680 J 0.593 U 0.453 U 0.523
2‐Methylphenol (m‐cresol) U 0.593 U 0.453 U 0.523
1,2‐Dichlorobenzene U 0.436 U 0.333 U 0.385
3,4‐Methylphenol (o,p‐cresol) U 0.593 U 0.453 U 0.523
bis(2‐chloroisopropyl)ether U 0.375 U 0.286 U 0.330
n‐Butylbenzene 18.3 0.478 12.8 0.365 U 0.421
N‐nitroso‐di‐n‐propylamine U 0.492 U 0.376 U 0.434
Hexachloroethane U 0.271 U 0.207 U 0.239
1,2‐Dibromo‐3‐Chloropropane U 0.271 U 0.207 U 0.239
Nitrobenzene U 0.521 U 0.398 8.63 0.459
Isophorone U 0.464 U 0.355 U 0.409
2‐Nitrophenol U 0.461 U 0.352 U 0.406
2,4‐Dimethylphenol U 0.525 U 0.401 U 0.463
bis(2‐Chloroethoxy)methane U 0.370 U 0.283 U 0.327
1,2,4‐Trichlorobenzene U 0.353 U 0.270 U 0.312
Naphthalene 8.03 0.500 7.9 0.382 4.53 0.441
2,4‐Dichlorophenol U 0.393 U 0.301 U 0.347
4‐Chloroaniline U 0.502 U 0.384 U 0.443
Hexachlorobutadiene U 0.246 U 0.188 U 0.217
1,2,3‐Trichlorobenzene U 0.353 U 0.270 U 0.312
4‐Chloro‐3‐methylphenol U 0.450 U 0.344 U 0.396
2‐Methylnaphthalene 3.96 0.451 5.16 0.345 1.33 0.398
1‐Methylnaphthalene 2.46 0.451 3.38 0.345 0.766 J 0.398
Hexachlorocyclopentadiene U 0.235 U 0.180 U 0.207
2,4,6‐Trichlorophenol U 0.325 U 0.248 U 0.286
2,4,5‐Trichlorophenol U 0.325 U 0.248 U 0.286
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Natural Gas
SVOCs

1NG01 1NG02 2NG01
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
Diphenylamine U 0.379 U 0.290 U 0.334
Azobenzene U 0.352 U 0.269 U 0.310
2‐Chloronaphthalene U 0.394 U 0.301 U 0.348
2‐Nitroaniline U 0.464 U 0.355 U 0.409
1,4‐Dinitrobenzene U 0.381 U 0.291 U 0.336
Dimethylphthalate U 0.330 U 0.252 U 0.291
1,3‐Dinitrobenzene U 0.381 U 0.291 U 0.336
Acenaphthylene U 0.421 U 0.322 U 0.371
2,6‐dinitrotoluene U 0.352 U 0.269 U 0.310
1,2‐Dinitrobenzene U 0.381 U 0.291 U 0.336
3‐Nitroaniline U 0.464 U 0.355 U 0.409
Acenaphthene U 0.416 U 0.318 U 0.367
2,4‐Dinitrophenol U 0.348 U 0.266 U 0.307
4‐Nitrophenol U 0.461 U 0.352 U 0.406
Dibenzofuran U 0.381 U 0.291 U 0.336
2,4‐dinitrotoluene U 0.352 U 0.269 U 0.310
2,3,4,6‐Tetrachlorophenol U 0.276 U 0.211 U 0.244
2,3,5,6‐Tetrachlorophenol U 0.276 U 0.211 U 0.244
Diethylphthalate U 0.288 U 0.220 U 0.254
4‐Chlorophenyl‐phenylether U 0.313 U 0.239 U 0.276
Fluorene U 0.386 U 0.295 U 0.340
4‐Nitroaniline U 0.464 U 0.355 U 0.409
4,6‐Dinitro‐2‐methylphenol U 0.324 U 0.247 U 0.285
n‐Nitrosodiphenylamine U 0.323 U 0.247 U 0.285
4‐Bromophenyl phenyl ether U 0.257 U 0.197 U 0.227
Hexachlorobenzene U 0.225 U 0.172 U 0.199
Pentachlorophenol U 0.241 U 0.184 U 0.212
Phenanthrene U 0.360 U 0.275 U 0.317
Anthracene U 0.360 U 0.275 U 0.317
Carbazole U 0.383 U 0.293 U 0.338
Di‐n‐butylphthalate U 0.230 U 0.176 1.0 B 0.203
Bis(2‐ethylhexyl) adipate U 0.173 U 0.132 U 0.153
Fluoranthene U 0.317 U 0.242 U 0.280
Pyrene U 0.317 U 0.242 U 0.280
Butylbenzylphthalate U 0.205 U 0.157 U 0.181
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Natural Gas
SVOCs

1NG01 1NG02 2NG01
GTI GTI GTI

Component ppbv Q EDL ppbv Q EDL ppbv Q EDL
Benz[a]anthracene U 0.281 U 0.215 U 0.248
Chrysene U 0.281 U 0.215 U 0.248
bis(2‐Ethylhexyl)phthalate U 0.164 U 0.125 U 0.145
Di‐n‐octylphthalate U 0.164 U 0.125 U 0.145
Benzo[b]fluoranthene U 0.254 U 0.194 U 0.224
Benzo[k]fluoranthene U 0.254 U 0.194 U 0.224
Benzo[a]pyrene U 0.254 U 0.194 U 0.224
Indeno[1,2,3‐cd]pyrene U 0.232 U 0.177 U 0.205
Dibenz[a,h]anthracene U 0.230 U 0.176 U 0.203
Benzo[g,h,i]perylene U 0.232 U 0.177 U 0.205

Extraction Surrogate Recoveries (%)
Toluene‐d8 78 83 65
4‐Bromofluorobenzene 98 104 103
2‐Fluorophenol 99 99 72
Phenol‐d5 117 120 94
Nitrobenzene‐d5 97 97 92
2‐Fluorobiphenyl 94 88 94
2,4,6‐Tribromophenol 86 81 86
p‐Terphenyl‐d14 96 96 87

NA ‐ Not applicable.
B ‐ Analyte detected in the Method Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
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Natural Gas
SVOCs

2NG02 3NG01 3NG02
GTI GTI GTI

Component ppbv ppbv Q EDL ppbv Q EDL
1,1,1‐Trichloroethane U 0.332 U 0.0771 U 0.0775
1,2‐Dichloroethane U 0.447 U 0.0572 U 0.0575
1,1‐Dichloropropene U 0.399 U 0.0642 U 0.0645
Benzene 13.6 B 0.567 1.15 0.0452 1.00 0.0454
Carbon Tetrachloride 0.452 JB 0.288 U 0.0889 U 0.0894
1,2‐Dichloropropane U 0.392 U 0.0653 U 0.0657
Trichloroethene U 0.337 U 0.0760 U 0.0764
Dibromomethane U 0.255 U 0.101 U 0.101
Bromodichloromethane U 0.270 U 0.0947 U 0.0952
Pyridine U 0.560 U 0.0457 U 0.0460
cis‐1,3‐Dichloropropene U 0.399 U 0.0642 U 0.0645
N‐nitrosodimethylamine U 0.597 U 0.0428 U 0.0430
Toluene 110 0.480 12.1 0.0533 11.8 0.0535
trans‐1,3‐Dichloropropene U 0.399 U 0.0642 0.268 0.0645
1,1,2‐Trichloroethane U 0.332 U 0.0771 U 0.0775
1,3‐Dichloropropane U 0.392 U 0.0653 U 0.0657
Dibromochloromethane 1.47 B 0.212 U 0.120 U 0.121
1,2‐Dibromoethane U 0.236 U 0.109 U 0.109
Tetrachloroethene U 0.267 U 0.0959 U 0.0963
Chlorobenzene U 0.393 U 0.0651 U 0.0654
1,1,1,2‐Tetrachloroethane U 0.264 U 0.0970 U 0.0975
Ethylbenzene 57.2 0.417 1.77 0.0614 1.84 0.0617
m/p‐Xylenes 170 D 0.417 10.8 0.0614 11.5 0.0617
Bromoform U 0.175 U 0.146 U 0.147
Styrene U 0.425 0.137 0.0602 0.135 0.0605
o‐Xylene 182 0.417 4.0 0.0614 4.34 0.0617
1,1,2,2‐Tetrachloroethane U 0.264 U 0.0970 U 0.0975
1,2,3‐Trichloropropane U 0.300 U 0.0852 U 0.0857
Isopropylbenzene 17.0 0.368 0.453 0.0695 0.495 0.0698
Bromobenzene U 0.282 U 0.0908 U 0.0912
2‐Chlorotoluene U 0.350 U 0.0732 U 0.0736
n‐Propylbenzene 31.4 0.368 1.20 0.0695 1.31 0.0698
4‐Chlorotoluene U 0.350 U 0.0732 U 0.0736
1,3,5‐Trimethylbenzene 131 D 0.368 5.69 0.0695 6.42 0.0698
tert‐Butylbenzene U 0.330 1.46 0.0776 1.67 0.0780
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Natural Gas
SVOCs

2NG02 3NG01 3NG02
GTI GTI GTI

Component ppbv ppbv Q EDL ppbv Q EDL
1,2,4‐Trimethylbenzene 379 D 0.368 10.1 0.0695 12.1 0.0698
sec‐Butylbenzene 10.8 0.330 0.319 0.0776 0.400 0.0780
Phenol U 0.470 U 0.0544 U 0.0547
bis(2‐Chloroethyl)ether U 0.309 U 0.0827 U 0.0831
Aniline U 0.475 U 0.0538 U 0.0541
2‐Chlorophenol U 0.344 U 0.0743 U 0.0747
1,3‐Dichlorobenzene U 0.301 U 0.0850 U 0.0854
1,4‐Dichlorobenzene U 0.301 U 0.0850 U 0.0854
p‐Isopropyltoluene 13.6 0.330 0.478 0.0776 0.611 0.0780
Benzyl Alcohol U 0.409 U 0.0625 0.274 0.0628
2‐Methylphenol (m‐cresol) U 0.409 U 0.0625 U 0.0628
1,2‐Dichlorobenzene U 0.301 U 0.0850 U 0.0854
3,4‐Methylphenol (o,p‐cresol) U 0.409 U 0.0625 U 0.0628
bis(2‐chloroisopropyl)ether U 0.259 U 0.0989 0.318 0.0994
n‐Butylbenzene 11.9 0.330 0.678 0.0776 0.737 0.0780
N‐nitroso‐di‐n‐propylamine U 0.340 U 0.0753 U 0.0757
Hexachloroethane U 0.187 U 0.137 U 0.138
1,2‐Dibromo‐3‐Chloropropane U 0.187 U 0.137 U 0.137
Nitrobenzene U 0.359 U 0.0712 U 0.0715
Isophorone U 0.320 U 0.0799 U 0.0803
2‐Nitrophenol U 0.318 U 0.0804 U 0.0808
2,4‐Dimethylphenol U 0.362 U 0.0706 U 0.071
bis(2‐Chloroethoxy)methane U 0.256 U 0.100 U 0.101
1,2,4‐Trichlorobenzene U 0.244 U 0.105 U 0.105
Naphthalene 3.13 0.345 0.509 0.0741 0.528 0.0745
2,4‐Dichlorophenol U 0.272 U 0.0942 U 0.0947
4‐Chloroaniline U 0.347 U 0.0738 U 0.0741
Hexachlorobutadiene U 0.170 U 0.151 U 0.152
1,2,3‐Trichlorobenzene U 0.244 U 0.105 U 0.105
4‐Chloro‐3‐methylphenol U 0.310 U 0.0824 U 0.0829
2‐Methylnaphthalene 0.958 0.311 0.208 0.0822 0.180 0.0826
1‐Methylnaphthalene 0.521 J 0.311 0.084 J 0.0822 U 0.0826
Hexachlorocyclopentadiene U 0.162 U 0.158 U 0.159
2,4,6‐Trichlorophenol U 0.224 U 0.114 U 0.115
2,4,5‐Trichlorophenol U 0.224 U 0.114 U 0.115
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Natural Gas
SVOCs

2NG02 3NG01 3NG02
GTI GTI GTI

Component ppbv ppbv Q EDL ppbv Q EDL
Diphenylamine U 0.262 U 0.0978 U 0.0983
Azobenzene U 0.243 U 0.105 U 0.106
2‐Chloronaphthalene U 0.272 U 0.0940 U 0.0945
2‐Nitroaniline U 0.320 U 0.0799 U 0.0803
1,4‐Dinitrobenzene U 0.263 U 0.0972 U 0.0977
Dimethylphthalate U 0.228 U 0.112 U 0.113
1,3‐Dinitrobenzene U 0.263 U 0.0972 U 0.0977
Acenaphthylene U 0.291 U 0.0880 U 0.0884
2,6‐dinitrotoluene U 0.243 U 0.105 U 0.106
1,2‐Dinitrobenzene U 0.263 U 0.0972 U 0.0977
3‐Nitroaniline U 0.320 U 0.0799 U 0.0803
Acenaphthene U 0.287 U 0.0892 U 0.0896
2,4‐Dinitrophenol U 0.240 U 0.106 U 0.107
4‐Nitrophenol U 0.318 U 0.0804 U 0.0808
Dibenzofuran U 0.263 U 0.0972 U 0.0977
2,4‐dinitrotoluene U 0.243 U 0.105 U 0.106
2,3,4,6‐Tetrachlorophenol U 0.191 U 0.134 U 0.135
2,3,5,6‐Tetrachlorophenol U 0.191 U 0.134 U 0.135
Diethylphthalate U 0.199 U 0.128 U 0.129
4‐Chlorophenyl‐phenylether U 0.216 U 0.118 U 0.119
Fluorene U 0.266 U 0.0961 U 0.0966
4‐Nitroaniline U 0.320 U 0.0799 U 0.0803
4,6‐Dinitro‐2‐methylphenol U 0.223 U 0.115 U 0.115
n‐Nitrosodiphenylamine U 0.223 U 0.115 U 0.115
4‐Bromophenyl phenyl ether U 0.178 U 0.144 U 0.145
Hexachlorobenzene U 0.155 U 0.165 U 0.165
Pentachlorophenol U 0.166 U 0.154 U 0.155
Phenanthrene U 0.248 U 0.103 U 0.104
Anthracene U 0.248 U 0.103 U 0.104
Carbazole U 0.265 U 0.097 U 0.097
Di‐n‐butylphthalate 0.913 B 0.159 U 0.161 U 0.162
Bis(2‐ethylhexyl) adipate U 0.119 U 0.214 U 0.215
Fluoranthene U 0.219 U 0.117 U 0.118
Pyrene U 0.219 U 0.117 U 0.118
Butylbenzylphthalate U 0.142 U 0.181 U 0.182
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Natural Gas
SVOCs

2NG02 3NG01 3NG02
GTI GTI GTI

Component ppbv ppbv Q EDL ppbv Q EDL
Benz[a]anthracene U 0.194 U 0.132 U 0.133
Chrysene U 0.194 U 0.132 U 0.133
bis(2‐Ethylhexyl)phthalate U 0.113 BU 0.226 BU 0.227
Di‐n‐octylphthalate U 0.113 U 0.226 U 0.227
Benzo[b]fluoranthene U 0.175 U 0.146 U 0.147
Benzo[k]fluoranthene U 0.175 U 0.146 U 0.147
Benzo[a]pyrene U 0.175 U 0.146 U 0.147
Indeno[1,2,3‐cd]pyrene U 0.160 U 0.160 U 0.161
Dibenz[a,h]anthracene U 0.159 U 0.161 U 0.162
Benzo[g,h,i]perylene U 0.160 U 0.160 U 0.161

Extraction Surrogate Recoveries (%)
Toluene‐d8 70 69 68
4‐Bromofluorobenzene 111 89 95
2‐Fluorophenol 71 86 99
Phenol‐d5 85 91 99
Nitrobenzene‐d5 92 94 87
2‐Fluorobiphenyl 93 85 86
2,4,6‐Tribromophenol 78 79 92
p‐Terphenyl‐d14 90 85 88

NA ‐ Not applicable.
B ‐ Analyte detected in the Method Blank.
J ‐ Estimated value; detected between the RL and DL.
U ‐ Analyte not detected above DL.
D ‐ Analyte reported from a diluted extract.
E ‐ Estimate, result detected above calibration range.
I ‐ Concentration/Peak ID uncertain due to potential interference.
RL ‐ Reporting limit is the sample equivalent of the lowest linear calibration concentration.
EDL ‐ Estimated detection limit is 50% of RL.
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