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The Region 2 University Transportation Research Center (UTRC) is one of ten original University
Transportation Centers established in 1987 by the U.S. Congress. These Centers were established
with the recognition that transportation plays a key role in the nation's economy and the quality
of life of its citizens. University faculty members provide a critical link in resolving our national
and regional transportation problems while training the professionals who address our transpor-
tation systems and their customers on a daily basis.

The UTRC was established in order to support research, education and the transfer of technology
in the field of transportation. The theme of the Center is "Planning and Managing Regional
Transportation Systems in a Changing World." Presently, under the direction of Dr. Camille Kamga,
the UTRC represents USDOT Region II, including New York, New Jersey, Puerto Rico and the U.S.
Virgin Islands. Functioning as a consortium of twelve major Universities throughout the region,
UTRC is located at the CUNY Institute for Transportation Systems at The City College of New York,
the lead institution of the consortium. The Center, through its consortium, an Agency-Industry
Council and its Director and Staff, supports research, education, and technology transfer under its
theme. UTRC’s three main goals are:

Research

The research program objectives are (1) to develop a theme based transportation research
program that is responsive to the needs of regional transportation organizations and stakehold-
ers, and (2) to conduct that program in cooperation with the partners. The program includes both
studies that are identified with research partners of projects targeted to the theme, and targeted,
short-term projects. The program develops competitive proposals, which are evaluated to insure
the mostresponsive UTRC team conducts the work. The research program is responsive to the
UTRC theme: “Planning and Managing Regional Transportation Systems in a Changing World.” The
complex transportation system of transit and infrastructure, and the rapidly changing environ-
ment impacts the nation’s largest city and metropolitan area. The New York/New Jersey
Metropolitan has over 19 million people, 600,000 businesses and 9 million workers. The Region’s
intermodal and multimodal systems must serve all customers and stakeholders within the region
and globally.Under the current grant, the new research projects and the ongoing research projects
concentrate the program efforts on the categories of Transportation Systems Performance and
Information Infrastructure to provide needed services to the New Jersey Department of Transpor-
tation, New York City Department of Transportation, New York Metropolitan Transportation
Council , New York State Department of Transportation, and the New York State Energy and
Research Development Authorityand others, all while enhancing the center’s theme.

Education and Workforce Development

The modern professional must combine the technical skills of engineering and planning with
knowledge of economics, environmental science, management, finance, and law as well as
negotiation skills, psychology and sociology. And, she/he must be computer literate, wired to the
web, and knowledgeable about advances in information technology. UTRC’s education and
training efforts provide a multidisciplinary program of course work and experiential learning to
train students and provide advanced training or retraining of practitioners to plan and manage
regional transportation systems. UTRC must meet the need to educate the undergraduate and
graduate student with a foundation of transportation fundamentals that allows for solving
complex problems in a world much more dynamic than even a decade ago. Simultaneously, the
demand for continuing education is growing - either because of professional license requirements
or because the workplace demands it — and provides the opportunity to combine State of Practice
education with tailored ways of delivering content.

Technology Transfer

UTRC’s Technology Transfer Program goes beyond what might be considered “traditional”
technology transfer activities. Its main objectives are (1) to increase the awareness and level of
information concerning transportation issues facing Region 2; (2) to improve the knowledge base
and approach to problem solving of the region’s transportation workforce, from those operating
the systems to those at the most senior level of managing the system; and by doing so, to improve
the overall professional capability of the transportation workforce; (3) to stimulate discussion and
debate concerning the integration of new technologies into our culture, our work and our
transportation systems; (4) to provide the more traditional but extremely important job of
disseminating research and project reports, studies, analysis and use of tools to the education,
research and practicing community both nationally and internationally; and (5) to provide
unbiased information and testimony to decision-makers concerning regional transportation
issues consistent with the UTRC theme.
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Executive Summary

Transportation agencies are required to treat roads for dust and ice control to ensure adequate
safety for travelers. This is commonly achieved through application of solid and liquid
chemicals. These materials can be conventional rock salt, brine from rock salt, natural brine, or
oil and gas brine. Due to the high cost of treating roads for the removal of snow and ice, the
potential for using this brine to control dust or ice on roads is currently being explored.

Environmental concerns exist over the use of conventional oil and gas brines due to their
potential high total dissolved solids and metals concentrations*? They can also be elevated in
organic compounds and can contain certain chemical additives®. If conventional or
unconventional oil and gas brine is applied to roadways for dust or ice control, there is the
potential for runoff to impact receiving water or roadside soil. The environmental impact of the
leaching of chemical components from soil impacted with oil and gas brine applied for
transportation purposes is unknown.

The goal of this work was to determine the potential for components found in oil and gas brine to
leach from soil to groundwater. The potential for components found in other alternative brines
(agricultural based and plant based) was also investigated.

Three brines were characterized based on their physical and chemical parameters (properties).
Toxicity characteristic leaching potential (TCLP) tests were conducted to compare the potential
for the release of metals from three brines commonly applied for dust and ice control in New
York. Results show that the plant-based brine has the least potential to leach metals from a
soil/brine mixture, while the oil-based brine has the highest potential to impact the environment
through the leaching of metals. Results from the leaching tests all experimental show that result
in concentrations of certain metals would be found in groundwater that are elevated above the
maximum contaminant levels set forth by the USEPA.



Background

The most common roadway anti-icing or anti-dust chemicals include brine, calcium chloride,
magnesium chloride, potassium acetate, and agricultural products such as beet juice and
molasses. The use of brine as an anti-icing or pre-wetting agent has gained popularity in the
U.S. due to its cost-effectiveness, better road conditions, lower accident rates, and lower costs for
winter road maintenance. An alternative source of salt brine for ice control is brine generated
during oil and gas well drilling. This brine is produced alongside the oil and gas and contains
sodium and calcium chloride, which are effective deicing agents. However, these brines can
contain elevated metal and suspended solids concentrations which may have detrimental effects
on the environment.

In New York State, approximately 30 percent of the oil/gas brine is disposed via road spreading.
From the 2012 New York State Oil, Gas and Mineral Resources report summary provided by the
NYS Department of Environmental Conservation, New York State natural gas production was
26.4 billion cubic feet (bcf) and oil production was 394,507 barrels (bbls). Most production
brine in New York comes either from shallow oil wells or from deep gas wells. The oil wells are
present in the Alleghany and Cattaraugus counties while the gas fields are located in the
Chautauqua County.

According to the NYSDOT, the Village of Fayetteville in Onondaga County has applied
conventional oil and gas brines during the winter months since 2011. A comparative study has
shown brines to be more effective than typical rock salt in reducing the number of roadway
accidents after heavy precipitation. New York State currently has over 9,000 active wells
generating large quantities of well effluent®.

Although effective in its purpose, conventional oil and gas brine contain high quantities of
suspended solids including trace metals and organic matter. The characteristics of the brines
from gas and oil producing areas vary significantly. The differences are primarily in the chloride
and total dissolved solids (TDS) content. The shallow oil production waters allow for dilution,
resulting in lower chloride concentrations in comparison to deep gas wells.

Table 1 shows a comparison of certain components of oil-field brine with a conventional deicer®.
Oil field brine is elevated in calcium, magnesium, potassium, strontium, and manganese. Sulfate
is much lower in oil-field brine than conventional deicer, which is expected as most of the salt in
oil-field brine is chloride and sodium.



Table 1. Comparison of concentration of components of oil-field brine versus conventional
deicer.

Component Oil-field brine | Conventional deicer
Concentration (mg/L)

Chloride 150,000 150,000

Sodium 42,800 107,300

Calcium 36,200 1,400

Magnesium 6,190 19.1

Potassium 1,460 45.2

Strontium 1,070 9.2

Manganese 14 0.41

Sulfate 229 2,300

Table 2 shows the ranges of trace metal concentrations for Ohio production brines®. Barium and
zinc are found in the highest concentrations, with the other metals found at much lower
concentrations.

Table 2. Metal concentrations in Ohio Qil-field brine.

Metal Range
Barium 0.1 — 255 mg/L
Zinc 0.05-4.1 mg/L

Cadmium 0.4 —181 pg/L

Chromium | 0.6 — 644 pg/L

Cobalt 0.4 — 155 pg/L
Copper 0.3 —200 pg/L
Lead 5—1300 pg/L
Mercury 0.915—0.70 pg/L
Nickel 0.7 - 637 pug/L

Vanadium | 0.6 — 30 pg/L

There is a potential for heavy metals to leach from soil to groundwater during applications of
deicing agents. Deicing agents can infiltrate soil either directly through the melting of
snowbanks, salt stockpiles, and salt spray and splash, or indirectly through surface runoff in
ditches. Much of the research conducted on the mobilization of heavy metals has been
conducted on solid rock salts (sodium chloride, magnesium chloride). Salt may mobilize trace
metals in soil and subsequently affect groundwater and terrestrial organisms®. Deicing salts can
affect soils by exchanging sodium cations with the magnesium and calcium cations already in the
soil, affecting structure, pH, and mobilization of trace metals. Research has shown that sodium
chloride from road salt application can migrate through the soil can cause osmotic stress and
mobilization of nutrients and metals”®. Other research has shown that components of brine
including sodium, chloride, magnesium, and calcium may displace heavy metals already bound
to soil particles after which the metals may resorb onto other soil sites, interact with soil organic
material, bioaccumulate, or move with the hydraulic gradient in groundwater with eventual
discharge to surface water. Mobilized metals are more biologically available than soil-bound
metals and pose a greater risk. The potential for mobilization is greater when the soil already
contains high levels of metals®. Other research by Nelson et al 2009 found that immediately



after salt application, metals could have concentrations 50 to 1000 percent greater than normal,
with sodium chloride salt application leading to a larger increase in lead and copper than
magnesium chloride salt application, and magnesium chloride salt leading to a larger increase of
cadmium®. Research by the Transportation Association of Canada in 2013 showed a large part
of the lead, copper, and zinc in roadside soils is vulnerable to leaching when exposed to high
sodium chloride concentrations®. Other research by Backstrom in 2004 found increased heavy
metal concentration during the winter at sites where sodium chloride had been used for deicing®.
Some lab experiments suggest that chloride can displace heavy metals from soil to
groundwater'!*? however field studies have not confirmed results.

With the increasing use of brine as a deicing or pre-wetting agent, there is a need to study the
leaching potential of metals from soil to groundwater during brine applications for winter
roadway maintenance or for dust control. To accomplish this, a toxicity characteristic leaching
potential (TCLP) test for metals was performed on soil samples that were amended with different
volumes of brine. Leaching potential tests were conducted for three different brines (Table 3).
The brines were purchased from Road Solutions Inc., and were selected based on their current
use for deicing roads in New York State. Brine A is an agricultural based product that is derived
from a sugar beet process that is blended with sodium chloride. Brine B is an oil-based brine
that is blended with Brine A. Brine C is a corn-based chloride free deicer that is non-harmful in
natural surroundings.

Table 3. Characteristics of brines in this study.

Brine Description

Brine A | Natural surface treatment that is an agricultural based product. Derived from renewable
resources. Blended with sodium chloride.

Brine B | Derived from oil brine and blended with Brine A for deicing.

Brine C | Plant-based, chloride-free, product of novel biochemical technologies. Contains no
chloride, no sulfate, no nitrite and is proved to be non-toxic and non-harmful in natural
surroundings, where 100% degradation can be achieved in soil.




Objectives

The goal of this work is to determine the potential for components found in oil and gas brine to
leach from soil to groundwater. The potential for components found in other alternative brines
(agricultural based and plant based) were be investigated. Leaching studies were conducted to
compare three brines commonly applied for dust and ice control in New York. The objectives for
this work are:

Objective 1: Conduct a literature review on brine applications for dust and ice control.

Objective 2: Determine the leaching potential of constituents of concern from soil samples
amended with three types of brines commonly applied to roads for dust and ice control in New
York State.



Experimental Section

Physical and chemical characterization of brine and soil

First, the physical and chemical characteristics of the three brines and the soil were determined
following Standard Methods and EPA Methods as outlined in Table 4. Table 4 lists these
characteristics along with the Standard Methods used for the analyses. These analyses were also
performed on the soil sample that were used for the leaching studies. The soil sample was
collected next to exit 12 off 1-87 in the Bronx, NY.

Table 4. Standard methods and constituents for brine and soil analysis.
Class Constituents | Standard Method
Major anions | Chloride EPA Method 300.1%
Sulfate
Bromide
Major metals | Barium Standard Method 3111
Zinc EPA Method 3050B*°
Cadmium
Chromium
Cobalt
Copper
Lead
Mercury
Nickel
Vanadium
Sodium
Calcium
Magnesium
Potassium
Strontium
Manganese
Iron

Solids TS Standard Method 2540 Series'®
TDS
TSS
Other Alkalinity Standard Method 2320%
pH EPA Method 3050b'®
EPA Method 150.1'®

Detailed methods and information on quality control are provided in Appendix A and Appendix
B. For the soil, acid digestion was performed to determine the initial metals concentration
following EPA Method 3050B. The digest was then analyzed for metals using Standard Method
3111.



Toxicity potential leaching tests (TCLP)

To determine the potential of brine to leach from soil to groundwater, EPA Method 1311 for the
toxicity potential leaching test (TCLP) for metals was performed.
TCLP test was used to determine the mobility of metals in soil amended with different volumes
Preliminary evaluations on the soil brine mixture include determination of percent
solids and pH so that the appropriate type and mass of extraction fluid is selection (see Figure 1).
The extraction fluid was then added to the sample and agitated end over end for 18 hours at 30
rpm. The sample was then filtered and the extract is collected and acidified and analyzed for
metals following Standard Method 3111. Figure 1 shows the experimental setup for the TCLP

of brine.
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Figure 1. TCLP experimental setup.

Table 5 shows the experimental conditions for the soil and brine along with the determined
percent solids, pH, and mass of extraction fluid. A total of 18 combinations of soil and brine
were analyzed. Details regarding the determination of percent solids and extraction fluid is found

in Appendix A.

In brief, for this work the



Table 5. Experimental conditions for TCLP.

Sample # | Mass soil (g) | Volume Percent pH Mass of extraction
Brine A (mL) | solids fluid added (g)
1 200 200 60.44 4.99 48.2
2 200 100 73.92 5.18 442
3 200 50 84.15 5.18 41.6
4 200 25 90.86 5.28 40.6
5 200 10 96.05 541 40.4
6 200 1 98.91 5.56 39.8
Sample # | Mass soil (g) | Volume
Brine B (mL)
7 200 200 65.80 5.40 55.3
8 200 100 79.28 5.60 48.8
9 200 50 86.89 5.44 44.0
10 200 25 91.45 5.34 41.7
11 200 10 96.03 5.20 40.5
12 200 1 08.88 5.46 39.8
Sample # | Mass soil (g) | Volume
Brine C (mL)
13 200 200 66.88 6.94 56.3
14 200 100 78.04 6.71 48.4
15 200 50 86.51 6.43 44.6
16 200 25 92.01 6.02 42.1
17 200 10 96.81 5.84 N/A
18 200 1 98.86 5.86 N/A

The TCLP test was selected because the procedure involves the addition of an acid to lower pH
which favors the dissolution of metals. In New York, precipitation has a pH between 4 and 4.5,
which indicates that it will contribute to the potential for metals to leach from the soil/brine
mixture to groundwater®®.



Results and Discussion

Brine characterization

Total solids, total suspended solids, and total dissolved solids are physical characteristics of a
sample. Dissolved solids are organic and inorganic constituents that are dissolved in solution.
Suspended solids are small solid particles that remain in suspension in solution. Figure 2 shows
the concentrations of total solids (TS) and total dissolved solids (TDS) for the three brines. Total
suspended concentrations (TSS) were excluded as the concentrations of TSS were negligible
compared to the TS and TDS concentrations. All raw data can be found in Appendix B. As
shown in Figure 2, Brine B, which is the blended oil brine, has the highest total solids and total
dissolved solids, followed by Brine C (plant-based, chloride free brine) and then Brine A
(agricultural based brine).
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Figure 2. Solids concentration (mg/L) for brines.

Table 6 shows the pH measurements of the brines. pH is a measure of the acidity or basicity of a
sample. Solutions with a pH below 7 are considered acidic while solutions with a pH above 7 are
considered basic. pH was determined using a Thermo Electron Orion 3 Star pH benchtop meter.
The procedure for determining pH is found in Appendix A. Based on these results, the pH of the
three brines varies and Brine C has the highest pH while the Brine A has the lowest pH.

Table 6. pH readings for each brine.

Brine pH

Brine A | 5.50
BrineB | 6.42
BrineC | 8.37




Alkalinity was also determined for the three brines. Alkalinity is a measure of the buffering
capacity of a solution, or its resistance to changes in pH. Alkalinity was determined using a
Hach alkalinity test kit (TNT870). The procedure for determining alkalinity is found in Appendix
A. Based on these results, the alkalinity of the three brines varies and Brine C has the highest
alkalinity while Brines A and B have similar Alkalinity

Table 7. Alkalinity data for brines.

Brine Alkalinity (in mg/L as CaCOs)
Brine A | 184
BrineB | 180
BrineC | 275

To determine the major anions present in the brine, ion chromatography (Dionex DX-120,
Sunnyvale CA) was used. Figure 3 shows the concentration in mg/L of four major anions
(fluoride, chloride, nitrate, and sulfate) present in the brines. Concentrations were determined

from a calibration curve (range 1 mg/L to 100 mg/L). Sample dilutions were performed where
necessary.
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Figure 3. Anion concentrations (mg/L) for brines.

Brine A, which is the agricultural based product blended with sodium chloride, has the highest
concentration of all major anions except for nitrate, which is found at the highest concentration
in Brine C. Brine C is an all-natural product, and should not contain any chloride or sulfate,
however, analysis shows that Brine C does contain some chloride and sulfate, although at a
lower concentration than nitrate. Brine B contains the lowest concentration of nitrate and also
contains a significant concentration of chloride, which is expected, as Brine B is the oil-brine
that is blended with Brine A.



The concentration of several metals was determined for the three brines following Standard
Method 3111 (Metals by flame atomic absorption). These results are shown in Table 8 and
Figure 4. Most metals were not detected in the brine, however, potassium and lead were found
in all three brines. Potassium showed the highest concentrations in all brines, with higher
concentrations in Brines A and B than Brine C. Compared to oil-field brines, brines A-C show
much lower concentration of potassium, but higher concentrations than conventional deicers. All
brines show higher concentrations of lead than found in oil-field brines.

Analytical difficulties were experienced in the determination of metals concentrations in these
brines due to the high total dissolved solids concentrations. It is possible that these
concentrations are being underestimated or are not able to be detected using flame AAS.

Table 8. Metal concentration (mg/L) in brines. ND indicates the metal was not detected
(below instrument detection limit; see Appendix A).

Metal Concentration (mg/L) Brine
Brine A Brine B Brine C
Zinc ND ND 45
Potassium 206 213 46
Lead 8.9 11.7 9.31
Nickel ND ND 11.0
Manganese ND 3.87 ND
Copper ND ND ND
Cobalt ND ND ND
Cadmium ND ND ND
Chromium ND 0.63 0.06
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Figure 4. Metal concentrations (mg/L) in brines.



Soil characterization

After the brines were characterized, the physical and chemical characteristics of the soil used in
the leaching tests were determined. The percent solids of the soil sample was determined
following Standard Methods 2540 and was found to be 98.94%. The pH of the soil was
determined to be 5.66 by using a pH meter and was verified using pH strips.

The concentration of metals were determined in the soil by analysis of an acid digested soil
sample with flame AAS. The metal concentrations are shown in Table 9 and Figure 5. The
concentration of nickel found in the soil is much higher than any of the other metals. Nickel is a
naturally occurring element that can exist in various mineral forms. Nickel generally
accumulates at the surface of soil from deposition by industrial and agricultural activities.
Nickel’s content in soil can range from 3 to 1000 mg/kg?®?! and is primarily a concern in urban
areas, which is where this soil sample was collected. Chromium shows the second highest
concentration in the soil at a concentration of 59.1 mg/kg. In the U.S., chromium concentrations
in soil range from 1 to 2000 mg/kg with a mean of 37.0 mg/kg?.

Table 9. Metal concentrations (mg/L) in soil.

Metal Concentration (mg/kg)
Zinc ND

Potassium 0.323

Lead 6.02

Nickel 309

Manganese | 21.1

Copper 5.49

Cobalt 2.77

Cadmium ND

Chromium | 59.1
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Leachability studies

The potentials for metals to leach from a soil/brine mixture to groundwater were tested following
the experimental conditions in Table 5. No data is shown for the samples that had 1 mL and 10
mL of brine added. This was due to difficulties in extracting the fluid from the mixture.
Additionally, results for the leaching tests for 200 mL of brine added were inconclusive and need
to be repeated to ensure they meet quality control conditions.

These results show that, in general, as the volume of brine added to the soil increases, the
leachability of metals from the soil/brine mixture also increases. Brine B (oil-based brine) shows
the highest concentration of metals in the TCLP extracts regardless of the amount of brine added
to the soil. Manganese showed the highest concentrations in the TCLP extracts, followed by zinc
and lead. This is surprising as manganese, lead, and zinc were found at relatively low
concentrations in all brines and soil.
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Figure 6. Metal concentration (mg/L) in TCLP extracts. a) 25 mL brine addition; b) 50 mL
brine addition; c) 100 mL brine addition.



Tables 10, 11 and12 show a summary of the metal concentrations in the TCLP extracts compared
to the concentrations in each brine and soil. ~ For Brine A (Table 10) the extracts show much
higher concentrations than the brine except for potassium. It is probable that the concentrations
of metals in the brine are underestimated due to the analytical interferences with high total
dissolved solids as previously discussed. The metal concentrations in the extracts are also higher
than those found in the soil, which indicates that their contributions are likely from the brine and
not the soil. Chromium was not detected in any extracts despite showing a relatively high
concentration in soil. Zinc was also present in the TCLP extracts, but with increasing brine
concentration the extracts showed a decrease in zinc concentration, which is surprising. This
likely indicates that Brine A is not contributing to zinc, and that the soil may contain higher zinc,
or that the lower pH used in the TCLP extractions results in a leaching of zinc from minerals in
the soil.

Table 10. Summary table for metals from Brine A leaching tests, Brine A characterization,
and soil characterization.

Metal 25 mL 50 mL 100 mL Brine A Soil
Brine A Brine A Brine A
Manganese | 80.4 162 145 ND 21.1
Lead 12.1 27.0 37.2 8.90 6.02
Zinc 117 91.6 66.5 ND 0.73
Potassium | ND 22.2 46.4 206 0.32
Copper 2.87 5.85 7.81 ND 5.49
Chromium | ND ND ND ND 59.1

Table 11 shows a summary for the leaching tests for Brine B. Manganese showed the highest
concentrations in the extracts, followed by lead. Again, this is surprising because Brine B and
the soil showed low concentrations of both manganese and lead. Brine B shows much higher
concentrations of lead in the TCLP extracts than Brine A.

Table 11. Summary table for metals from Brine B leaching tests, Brine B characterization,
and soil characterization.

Metal 25 mL 50 mL 100 mL Brine B Soil
Brine B Brine B Brine B
Manganese | 165 231 196 3.87 21.1
Lead 91.7 93.6 159.6 11.7 6.02
Zinc 83.6 63.3 42.8 ND 0.73
Potassium | ND 35.6 55.6 213 0.32
Copper 2.63 4.31 6.59 ND 5.49
Chromium | ND ND ND 0.63 59.1

Table 11 shows a summary for the leaching tests for Brine C. Manganese showed the highest
concentrations in the extracts, followed by zinc and lead. Manganese and zinc were not detected
in Brine C likely due to interferences with dissolved solids. Compared to Brines A and B, Brine
C showed the lowest potential for the leaching of metals. Brine C is the plant-based brine and in
general showed the lowest concentrations of all metals, anions, and solids. These results indicate



that Brine C may have the lowest potential to affect metal concentrations in the environment if it
is used for deicing or dust control.

Table 12. Summary table for metals from Brine C leaching tests, Brine C characterization,
and soil characterization.

Metal 25 mL 50 mL 100 mL Brine C Soil
Brine C Brine C Brine C
Manganese | 48.9 109.3 75.5 ND 21.1
Lead 21.1 37.5 26.6 9.31 6.02
Zinc 62.8 58.5 42.8 ND 0.73
Potassium | ND 0.08 2.90 45.6 0.32
Copper 1.87 2.84 2.77 ND 5.49
Chromium | 0.97 1.39 1.59 0.060 59.1

Table 13 shows the drinking water maximum contaminant levels?® for the metals that were found
in the TCLP extracts (and thus likely to be found in groundwater after leaching). Manganese,
zinc, and copper are not primary drinking water contaminants because they do not cause a direct
effect on human health, however, they can contribute to taste and odor impacts in drinking water.

Table 13. Maximum contaminant levels (mg/L) for metals in drinking water.

Contaminant | Concentration (mg/L)

Manganese® | 0.05

Lead 0.015

Zinc? 5.0
Potassium Not regulated
Copper? 1.0

Chromium 0.1

aSecondary drinking water contaminant. Non-enforceable suggested regulated concentration.

Based on the results from the leaching tests all experimental conditions would result in
concentrations in groundwater that are elevated above the maximum contaminant levels set forth
by the USEPA. Of particular concern to human health are the concentrations of lead and
chromium that would be found in groundwater. Lead can bioaccumulate in the body over time
and is harmful to human health even at low exposure levels. Lead exposure has been linked to
physical and behavioral effects (damage to the nervous system, learning disabilities, etc.)?*.
With the results of the leaching tests, the lead concentrations in groundwater are much higher
than the MCL for drinking water.

Although chromium toxicity depends on the oxidation state (Cr(I1) is not toxic, while Cr(V1) is
carcinogenic? the EPA regulates total chromium (Cr(111) plus Cr(V1) in drinking water. Based
on the results of the leaching tests, it is unknown whether the brines ad soil contained the toxic
Cr(VI) or nontoxic Cr(l1l), as the Standard Method is used to determine total chromium. Based
on these results, the concentrations of total chromium in groundwater would exceed the MCL of
0.1 mg/L for total chromium.



Given these results, it is recommended that brines be evaluated for their physical and chemical
properties before they are applied for dust and ice control. Additional tests should be conducted
with smaller volumes of brine addition to find the maximum amount that can be applied so that
the drinking water MCL is not exceeded.

Conclusions

The objective of this work was to determine the potential for metals found in oil and gas brine to
leach from soil to groundwater. The potential for metals found in other alternative brines
(agricultural based and plant based) was also be investigated. Results show that the plant-based
brine has the least potential to leach metals from a soil/brine mixture, while the oil-based brine
has the highest potential to impact the environment through the leaching of metals. In New
York, the pH of precipitation is acidic (pH 4 to 4.5), and as such will increase the potential for
metals to leach from a soil that has been amended with a brine. Future applications of brine for
dust and ice control should consider their potential environmental impacts.



References

1.

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

Hayes, T. Sampling and analysis of water streams associated with the development of Marcellus
Shale gas. (Prepared for Marcellus Shale Coalition, 2009). at
<http://www.bucknell.edu/script/environmentalcenter/marcellus/default.aspx?articleid=14>

Wilson, J. M., Wang, Y. & VanBriesen, J. M. Sources of high total dissolved solids to drinking
water supply in Southwestern Pennsylvania. J. Environ. Eng-ASCE (2013).
doi:10.1061/(ASCE)EE.1943-7870.0000733

Wolford, R. & Dempsey, B. Characterization of organics in the Marcellus Shale flowback and
produced waters. Department of Civil and Environmental Engineering Master of, (The
Pennsylvania State University, 2011).

Jahan, K. & Mehta, Y. Final Report: Potential for natural brine for anti-icing and de-icing.
(2012).

Knapp, N. F. & Stith, D. A. Characterization of trace metals in Ohio Brines: final report. (1989).

Mussato, B. T. (Levelton C. et al. Guidelines for the selection of snow and ice control materials to
mitigate environmental impacts. (2007).

Ramakrishna, D. M. & Viraraghavan, T. Environmental Impact of Chemical Deicers - A Review.
Water. Air. Soil Pollut. 166, 49-63 (2005).

Gunter, C., Hodgins, B. & Plante, T. Salt management guide. (2013).

Nelson, S. S., Yonge, D. R. & Barber, M. E. Effects of Road Salts on Heavy Metal Mobility in
Two Eastern Washington Soils. Journal of Environmental Engineering 135, 505-510 (2009).

Béackstrém, M., Karlsson, S., Backman, L., Folkeson, L. & Lind, B. Mobilisation of heavy metals
by deicing salts in a roadside environment. Water Res. 38, 720-732 (2004).

Amrhein, C. & Strong, J. E. The Effect of Deicing Salts on Trace Metal Mobility in Roadside
Soils. Journal of Environment Quality 19, 765 (1990).

Doner, H. E. Chloride as a Factor in Mobilities of Ni(Il), Cu(ll), and Cd(ll) in Soill. Soil Sci. Soc.
Am. J. 42, 882 (1978).

Pfaff, J. D., Hautman, D. P. & Munch, D. J. Method 300.1 Determination of inorganic anions in
drinking water by ion chromatography. (1997).

Standard Methods for the Examination of Water and Wastewater, Method 3111. (1999).

USEPA. EPA Method 3050B. (1996). at
<http://lwww3.epa.gov/epawaste/hazard/testmethods/sw846/pdfs/3050b.pdf>

Standard Methods for the Examination of Water and Wastewater, Method 2540C. (American
Public Health Association, 1999). at
<http://www.umass.edu/tei/mwwp/acrobat/sm2540Dsuspendedsolids.PDF>

Standard Methods for the Examination of Water and Wastewater, Method 2320. (American Public
Health Association, 1999).

USEPA. EPA Method 150.1. (1982). at
<http://lwww.epa.gov/region6/qa/qadevtools/mod5_sops/field_measurements/29palms_field_ph.pd
>

NYSDEC. Understanding acid rain. (2013). at
<http://lwww.dec.ny.gov/docs/administration_pdf/c4kspring2013acidrain.pdf>

Bencko, V. Nickel: a review of its occupational and environmental toxicology. J. Hyg. Epidemiol.
Microbiol. Immunol. 27, 237-47 (1983).



21.
22.

23.
24.

25.

Von Burg, R. Nickel and some nickel compounds. J. Appl. Toxicol. 17, 425-31 (1997).

Element concentrations in soils and other surficial materials of the conterminous United States. at
<http://pubs.usgs.gov/pp/1270/pdf/PP1270_508.pdf>

USEPA. Drinking water contaminants. 2013, (2009).

US EPA, O. Basic Information about Lead in Drinking Water. (2016). at
<https://www.epa.gov/ground-water-and-drinking-water/basic-information-about-lead-drinking-
water>

Norseth, T. The carcinogenicity of chromium. Environ. Health Perspect. 40, 121-30 (1981).



Appendix A. Experimental Section and Materials and Methods

Al: Solids

Total Solids

Evaporating dishes were clean by rinsing them with deionized water and then heating in a 103-
105°C oven for 1 hour. They were then stored and cooled in desiccator until they reached room
temperature. The weight of the evaporating dishes (in grams) was recorded using a laboratory
calibrated balance. A sample volume of 15mL was measured using an automatic pipettor and
placed in the clean evaporating dishes. These brines were analyzed in duplicate for quality
control, and a blank (deionized water) and standard solution (600 mg/L NaCl) were also
analyzed for quality control.

The samples were then placed in a 103-105°C oven for 1-2 hours or until they were completely
evaporated. The dishes were cooled in desiccator until they reached room temperature and
weighed. The cycle of drying, cooling, desiccating, and weighing was repeated until a constant
weight was obtained, or until the weight change was less than 4%.

Total Dissolved Solids and Total Suspended Solids

Evaporating dishes were clean by rinsing them with deionized water and then heating in a 180 +
2°C oven for 1 hour. They were then stored and cooled in desiccator until they reached room
temperature. The weight of the evaporating dishes (in grams) was recorded using a laboratory
calibrated balance. Filters were rinsed with deionized water and dried on aluminum weighing
dish in a 103-105°C oven for 1 hour. The filter was inserted wrinkled side up into a filtration
apparatus. A vacuum was applied to the apparatus and the filter was washed with three
successive 10-mL of deionized water. Continued suction was applied to remove all traces of
water. The washings were discarded. A sample volume of 15mL was used and placed in the
filtration apparatus with an additional 10-mL washing of deionized water to ensure the sample is
completely rinsed off from the apparatus. Total filtrated (with washings) was then transferred to
an evaporating dish and then placed in a 180 + 2°C oven for 1-2 hours or until they were
completely evaporated. The dishes were cooled in desiccator until they reached room
temperature and weighed. The cycle of drying, cooling, desiccating, and weighing was repeated
until a constant weight was obtained, or until the weight change was less than 4%. The filters
were carefully removed from the filtration apparatus and transferred back to the original
aluminum weighing dishes that they were weighed on. The filters were then placed in a 103-
105°C oven for 1-2 hours or until they were completely dried. The filters were cooled in
desiccator until they reached room temperature and weighed. The cycle of drying, cooling,
desiccating, and weighing was repeated until a constant weight was obtained, or until the weight
change was less than 4%.

A2: pH

A 20 mL sample was collected from each brine. The pH was measured using a Thermo Electron
Corporation Orion 3 Star pH Benchtop meter. The meter was calibrated using three standard pH



solutions (4, 7, and 10, VWR International). The pH of each brine sample was determined using this
meter. The electrode tip was rinsed with deionized water between the pH measurements of each brine.

A3: Alkalinity

The brine samples were filtered through a filter apparatus with 0.45 uM filter paper. The samples were
diluted by adding 2.5 mL of each sample into a 50 mL Erlenmeyer flask with deionized water. The
solutions were mixed by inverting the flasks. 2.0 mL of Solution A was added (Solution A from the
Alkalinity Test kit provided by Hach Company) to the TNTplus™870 vial. 0.5 mL of the sample was
added (Brine A and Brine B) to the test vial. 0.25 mL of Brine C and 0.25 mL of deionized water was
added to another vial. The vials were inverted until completely mixed. The vials were left to complete
the reaction for 5 minutes. After 5 minutes, insert each vial into the cell holder and measure the
alkalinity. Calculate the exact alkalinity after the dilutions.

A4: TCLP experimental procedure

According to the EPA Method EPA Method 1311 (TCLP) the type amount of extraction fluid to be added
to the sample is a function of the sample’s percent solid content. Therefore in order to determine the
amount of extraction fluid required for each test a method similar to a Total Solids (TS) analysis was
conducted. Samples were prepared and heated to 103°C then cooled in a desiccator and weighed. This
process was repeated until the weights were either within 5% or 0.0005 mg (smaller or the two) of the
previous weighing. Once the percent solids for each soil to brine ratio was known, the amount of
extraction fluid per sample was determined using Equation 1:

20* percent solids * weight of sample

1
100 @
The type of extraction fluid was determined based on sample pH and for all analyses extraction fluid #1
was used (EPA Method 1311).

Weight of extraction fluid =

A5: Metals

Metals were analyzed following Standard Method 3111 using flame atomic absorption spectrometry. The
method detection limits determined are shown in Table Al. Sample pH was lowered to pH 2 using HNO:s.

Table Al. Method detection limits for metals.

Metal Detection Limit (mg/L)
Zinc 0.05

Potassium 0.5

Lead 0.5

Nickel 0.5

Manganese | 1.25

Copper 0.1

Cobalt 0.5

Cadmium 0.5

Chromium | 0.05




Appendix B. Data and Quality Control

B1: Solids

According to Standard Methods, duplicate samples must agree within 5% of their average weight. All
samples meet quality control for total solids and total dissolved solids, and results from the total
suspended solids meet quality control for the Brine A brine only. The tests for brines B and C were
repeated three times but still did not meet quality control. The concentrations for all brines is found in
Table B1 and quality control data is found in Table B2.

Table 14. Solids concentration data (in mg/L) for DI water, standard solution, and brines.

Sample Total Solids (mg/L) | Total Dissolved Solids (mg/L) | Total Suspended Solids (mg/L)
Deionized Water 267 67 ND?

Standard Solution 580 600 ND?

Brine A 166,853 139,500 153

Brine A (duplicate) 169,533 145,393 433

Brine B 408,180 315,400 2,320°

Brine B (duplicate) 398,600 314,267 1,973°

Brine C 315,920 193,300 696 °

Brine C (duplicate) 305,973 225,133 360"

aND = data below detection limit. No noticeable solids concentration.
bData did not meet quality control parameters. For brine B, duplicate samples were within 6% of their average
weight. For brine C, duplicate samples with within 32% of their average weight.

Table B2. Quality control for solids analysis.

Total Solids 5% of Meet QC?
Sample (mg/L) Average | average Difference from average | (Y/N)
Brine A 166853 168193 8409.65 -1340 | Y
Brine A (duplicate) 169533 1340 | Y
Brine C 315920 | 310946.5 15547.325 49735 Y
Brine C (dup) 305973 -49735 | Y

Total Dissolved 5% of Meet QC?
Sample Solids (mg/L) Average | average Difference from average | (Y/N)
Brine A 139500 | 142446.5 7122.325 -2946.5 | Y
Brine A (duplicate) 145393 29465 | Y
Brine C 193300 | 209216.5 10460.825 -15916.5 | N
Brine C (dup) 225133 15916.5 | N

Total Suspended 5% of Meet QC?
Sample Solids (mg/L) Average | average Difference from average | (Y/N)
Brine A 153 293 14.65 -140 | N
Brine A (duplicate) 433 140 | N
Brine C 773 596.5 29.825 176.5 | N
Brine C 420 -176.5 | N




B2: Anions

Sample | Fluoride (mg/L) Chloride (mg/L) Nitrate (mg/L) Sulfate (mg/L)
Brine A | 10,082 170,738 570 8,243

BrineB | 4,393 98,721 135 4,786

BrineC | ND*? 922 4,320 100

aND = data below detection limit (1 mg/L)
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