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Characterization of Stormwater at Selected  
South Carolina Department of Transportation Maintenance 
Yard and Section Shed Facilities in Ballentine, Conway, 
and North Charleston, South Carolina, 2010–2012

By Celeste A. Journey and Kevin J. Conlon

Abstract 
The South Carolina Department of Transportation 

operates section shed and maintenance yard facilities through-
out the State. The U.S. Geological Survey conducted a 
cooperative investigation with the South Carolina Department 
of Transportation to characterize water-quality constituents 
that are transported in stormwater from representative main-
tenance yard and section shed facilities in South Carolina. At 
a section shed in Ballentine, S.C., stormwater discharges to 
a retention pond outfall (Ballentine). At the Conway mainte-
nance yard, stormwater in the southernmost section discharges 
to a pipe outfall (Conway1), and stormwater in the remaining 
area discharges to a grass-lined ditch (Conway2). At the North 
Charleston maintenance yard, stormwater discharges from the 
yard to Turkey Creek through a combination of pipes, ditches, 
and overland flow; therefore, samples were collected from the 
main channel of Turkey Creek at the upstream (North Charles-
ton1) and downstream (North Charleston2) limits of the North 
Charleston maintenance yard facility. 

The storms sampled during this study had a wide range 
of rainfall amounts, durations, and intensities at each of the 
facilities and, therefore, were considered to be reasonably 
representative of the potential for contaminant transport. At all 
facilities, stormwater discharge was significantly correlated to 
rainfall amount and intensity. Event-mean unit-area storm-
water discharge increased with increasing impervious surface 
at the Conway and North Charleston maintenance yards. The 
Ballentine facility with 79 percent impervious surface had a 
mean unit-area discharge similar to that of the North Charles-
ton maintenance yard (62 percent impervious surface). That 
similarity may be attributed, in part, to the effects of the reten-
tion pond on the stormwater runoff at the Ballentine facility 
and to the greater rainfall intensities and amounts at the North 
Charleston facility.

Stormwater samples from the facilities were analyzed for 
multiple constituents and characteristics. Concentrations of 
sediment and concentrations of nutrients and fecal indicator 
bacteria, which are commonly transported with the sediment 
in stormwater, were measured. Total and dissolved concen-
trations of six trace metals were determined in the samples. 
Stormwater samples also were analyzed for organic com-
pounds including 10 herbicides, 18 organochlorine pesticides, 
7 Aroclor or polychlorinated biphenyl congeners, 44 volatile 
organic compounds, and 16 polycyclic aromatic hydrocarbons. 

Stormwater often transports large quantities of sediment 
and sediment-bound contaminants, including nutrients and 
fecal indicator bacteria. Median event-mean concentrations of 
suspended sediment in stormwater at these facilities ranged 
from 54 milligrams per liter in Turkey Creek at North Charles-
ton2 to 147 milligrams per liter in stormwater discharging 
from the Ballentine retention pond outfall. In general, event-
mean concentrations of total nitrogen consisted mainly of total 
Kjeldahl nitrogen (organic nitrogen plus ammonia) rather than 
nitrate plus nitrite in stormwater, and the median event-mean 
concentrations of total nitrogen ranged from 1.59 milligrams 
per liter at the Conway1 pipe outfall to 2.00 milligrams per 
liter at the Ballentine retention pond outfall. Median event-
mean concentrations of total phosphorus in stormwater 
ranged from 0.15 milligram per liter at the Conway1 outfall to 
0.42 milligram per liter in Turkey Creek at North Charleston1. 

Escherichia coli and enterococcus concentrations often 
varied by 3 to 4 orders of magnitude in grab samples col-
lected during the “first flush” of stormwater discharging to the 
sampled outfalls of Turkey Creek. Additionally, enterococcus 
concentrations consistently were greater than the correspond-
ing Escherichia coli concentrations in stormwater. Specifi-
cally, median “first-flush” Escherichia coli concentrations 
ranged from 30 colonies per 100 milliliters at the Conway1 
outfall to 4,359 colonies per 100 milliliters in Turkey Creek 
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at North Charleston2, whereas enterococcus concentrations 
ranged from 512 colonies per 100 milliliters at the Conway1 
outfall to 6,329 colonies per 100 milliliters in Turkey Creek 
at North Charleston2. In comparison to the proposed South 
Carolina Department of Health and Environmental Control 
primary and secondary body contact criterion of 349 colonies 
per 100 milliliter, stormwater had Escherichia coli concentra-
tions that were greater than the criterion in 4 of the 9 storms 
at Ballentine retention pond outfall, 1 of the 8 storms at the 
Conway1 pipe outfall, 5 of the 7 storms at the Conway2 grass-
lined ditch outfall, 2 of the 8 storms at North Charleston1 on 
Turkey Creek, and 8 of the 8 storms at North Charleston2 on 
Turkey Creek.

Of the six trace metals measured in stormwater, only 
copper and zinc had event-mean concentrations greater than 
the hardness-dependent South Carolina Department of Health 
and Environmental Control aquatic life criteria maximum 
concentrations. Measured dissolved copper event-mean con-
centrations in stormwater were greater than the criterion in 5 
of the samples at the Ballentine facility, 1 of the samples at 
Conway1, 2 of the samples at Conway2, and 1 of the samples 
at North Charleston2. Measured dissolved zinc event-mean 
concentrations in stormwater were greater than the criterion in 
3 of the samples at the Ballentine facility, 1 of the samples at 
Conway1, 2 of the samples at Conway2, and 0 of the samples 
at North Charleston2. At North Charleston1 upstream from the 
North Charleston maintenance yard, the measured dissolved 
trace-metal concentrations were all less than the criterion 
maximum concentrations.

Among the three facilities, Conway1 outfall had the 
greatest range in event-mean yields in stormwater for total 
phosphorus, total nitrogen, total suspended solids, and sus-
pended sediment, and both Conway outfalls tended to have 
median event-mean yields greater than those of the Ballentine 
and North Charleston yard facilities. “First-flush” yields of 
Escherichia coli in stormwater were not statistically different 
among the three facilities. 

 Median event-mean yields of suspended sediment, total 
nitrogen, total phosphorus, total copper, and total zinc in 
stormwater demonstrated a strong linear relation to impervious 
surface at the three facilities. However, median ”first-flush” 
fecal indicator bacterial yields did not have a linear relation to 
impervious surface.

Introduction
Increased impervious surfaces (driveways, parking lots, 

and buildings) and human activities (residential, industrial, 
and commercial) have been linked to significant changes in 
both the quality and quantity of stormwater on a watershed 
scale (Brabec and others, 2002; Pitt and Maestre, 2005). 
Smaller-scale storage and equipment repair facilities increase 
impervious surface that prevent infiltration of stormwater 
and accommodate activities that can introduce trace metals, 

organic compounds, and other contaminants to the facility’s 
grounds. So, ultimately, these smaller facilities may contribute 
pollutants to the environment during storm events (U.S. Envi-
ronmental Protection Agency, 1992). 

The South Carolina Department of Transportation 
(SCDOT) operates section shed and maintenance yard 
facilities throughout the State. Prior to this investigation, the 
SCDOT had no data to define the quality of stormwater leav-
ing these facilities. To provide these data, the U.S. Geological 
Survey (USGS), in cooperation with SCDOT, conducted an 
investigation to identify and quantify constituents that are 
transported in stormwater from two maintenance yards and 
a section shed in three different areas of South Carolina. The 
two maintenance yards, in North Charleston and Conway, 
S.C., were selected because they represent facilities where 
equipment and road maintenance materials are stored and 
complete equipment repair operations are conducted (fig. 1; 
table 1). The section shed, in Ballentine, S.C., was selected 
because it is a facility that stores equipment and road main-
tenance material, including road salt and gravel, in enclosed 
buildings (fig. 1; table 1). Characterization of the constituents 
that were transported in stormwater from these representative 
SCDOT maintenance facilities may be used by the SCDOT in 
the development of stormwater management plans for similar 
section shed and maintenance yard facilities throughout the 
State to improve stormwater quality. 

Purpose and Scope

The purpose of this report is to characterize the 
concentration, load, and yield of selected water-quality con-
stituents transported by stormwater from SCDOT section shed 
and maintenance yard facilities. From March 2010 to Janu-
ary 2012, storm samples were collected at five locations that 
received stormwater discharge from the Ballentine (1 outfall), 
North Charleston (2 locations on Turkey Creek), and Conway 
(2 outfalls) facilities and analyzed for nutrients, fecal indicator 
bacteria, trace metals, suspended sediment, and synthetic and 
semivolatile organic compounds. The water-quality data are 
presented in tables and figures. 

Description of the Study Area

The section shed in Ballentine is in the Piedmont 
Physiographic Province in Richland County, South Carolina 
(fig. 1). The Piedmont Province is characterized by relatively 
low, rolling hills cut by or bounded by valleys of steeper 
slope and greater depth. The Ballentine section shed is a 
facility that stores equipment and road maintenance material. 
The drainage area of the study site is 12,133 square meters 
(m2; 0.0047 square mile (mi2)) and 79 percent of the area is 
composed of impervious surface (table 1; fig. 2). Stormwa-
ter drainage from the study area is surficial sheet flow that is 
diverted by a curb-and-gutter system to a retention basin or 
pond that is dry except during storms. Stormwater enters the 
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retention pond through drainage pipes. Stormwater accumu-
lates in the retention pond until there is enough water depth 
and flow to exit the retention pond through the main outfall 
that then directs the stormwater off the facility to a roadside 
ditch. If an adequate quantity of stormwater was produced 
during the storm, stormwater leaving the section shed in the 
roadside ditch may eventually empty to Metz Branch, which 
flows into Hollinshead Creek, a tributary to the Broad River. 
The closest impaired water body to the Ballentine section 
shed is 30.9 kilometers (km; 19.2 miles (mi)) downstream at 
the Broad River at U.S. 176 (Broad River Road) in Columbia, 
S.C. The South Carolina Department of Health and Environ-
mental Control (SCDHEC) is required by Section 303(d) of 
the Clean Water Act to develop a list of water bodies that do 

not meet water-quality standards and submit that list to U.S. 
Environmental Protection Agency (EPA) every 2 years. The 
Broad River at this location is on the SCDHEC 303(d) list 
for copper concentrations elevated above background levels 
(South Carolina Department of Health and Environmental 
Control, 2010).

The Conway and North Charleston maintenance yards are 
in the lower Coastal Plain Physiographic Province in Horry 
and Charleston Counties, respectively, near the Atlantic Coast 
of South Carolina. The Coastal Plain Province is characterized 
by gently sloping topography drained by low-gradient streams 
that are often tidally influenced near the coast (fig. 1). Storm-
water in this part of the study area flows to non-tidal and tidal, 
freshwater to brackish water systems. 

Table 1. Description of South Carolina Department of Transportation maintenance yard and section shed facilities in  
North Charleston, Conway, and Ballentine, South Carolina.

[m2, square meters; mi2, square miles; ft3/s, cubic feet per second; ND, not determined; NS, not sampled; SCDOT, South Carolina Department of Transportation; 
S.C., South Carolina; NWIS, National Water Information System database of the U.S. Geological Survey; ID, identification] 

NWIS  
station  

identification  
number

NWIS  
station name

Site ID
Drainage area Impervious 

surface,  
in percent

Number  
of  

samples  
collected

Mean 
event-mean 
stormwater 
discharge 

(ft3/s)

Mean 
event-mean 

unit-area 
stormwater 
discharge 
(ft3/s-mi2)m2 mi2

340801081142000 SCDOT  
maintenance  

yard outfall near  
Ballentine, S.C. 

Ballentine 12,133 0.005 79 9 0.33 70.2

335444079024500 Outfall 1  
from SCDOT  

maintenance yard,  
Conway, S.C.

Conway1 1,200 0.000 100 9 0.16 348 

335448079024500 Outfall 2  
from SCDOT  

maintenance yard,  
Conway, S.C. 

Conway2 9,912 0.004 100 8 0.67 176

ND Conway  
maintenance  

yard

41,207 0.016 70 NS NS NS

021720646 Turkey Creek  
at SCDOT  

maintenance yard,  
North Charleston,  

S.C. 

North  
Charleston1

3,909,680 1.510 ND 8 3.06 2.0

325427080014600 Turkey Creek  
below SCDOT  

maintenance yard,  
North Charleston,  

S.C.

North  
Charleston2

3,995,679 1.543 ND 8 5.39 3.5

ND North  
Charleston  

maintenance  
yard

85,999 0.033 62 NS 2.35 71.2
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The Conway maintenance yard is a facility where 
equipment and road maintenance materials are stored and 
complete (vehicular and small engine) equipment repair 
operations are conducted. The Conway maintenance yard 
has a drainage area of 41,207 m2 (0.01590 mi2) with a curb-
and-gutter system to capture stormwater as it runs off the 
facility (fig. 3). The total impervious surface of the facility 
is 70 percent. Water drainage from the study area is surficial 
sheet flow that discharges to two outfalls within the study 
site. The Conway1 outfall, near the fuel island at the south-
ern end of the property, was modified by installing a 6-inch 
polyvinyl chloride (PVC) pipe to sample the stormwater 
discharge (fig. 3). This outfall has a drainage area of 1,329 m2 
(0.00051 mi2), and the area is almost entirely (88 percent) 
composed of impervious surface (table 1). The Conway2 
outfall is at the beginning of a grass-lined ditch that drains the 
northern part of the site (fig. 3). Stormwater was captured and 
directed to this outfall by a curb-and-gutter system. The drain-
age area is 9,659 m2 (0.0037 mi2) with 78 percent impervious 
surface (table 1). Both outfalls discharge stormwater from the 
facility to an unnamed creek that flows into Grier Swamp. 
The Conway maintenance yard facility is 10.7 km (6.65 mi) 
upstream from an impaired water body, Kingston Lake near 
Pump Station on Lakeside Drive, Conway, S.C.; it is on the 
SCDHEC 303(d) list for low dissolved oxygen levels and 
elevated fecal coliform concentrations (South Carolina Depart-
ment of Health and Environmental Control, 2010).

Stormwater discharges from the North Charleston 
maintenance yard to Turkey Creek, a perennial stream, 
through a combination of pipes, ditches, and overland flow. 
To completely sample all stormwater from the yard, samples 
were collected from the main channel of Turkey Creek at 
the upstream (North Charleston1) and downstream (North 
Charleston2) limits of the North Charleston maintenance 
yard facility (fig. 4). Drainage area of the maintenance yard 
is 85,999 m2 (0.033 mi2), and the total impervious surface 
is 62 percent (table 1). Stormwater constituents in the water 
samples at the upstream site (North Charleston1) represent 
stormwater contributions from the headwater drainage area 
above the North Charleston property. Turkey Creek is 6.15 km 
(3.82 mi) upstream from Goose Creek at S-08-136 Bridge, 
Hanahan, S.C., an impaired water body which is on the 
SCDHEC 303(d) list for elevated fecal coliform concentra-
tions (South Carolina Department of Health and Environmen-
tal Control, 2010).

The climate of the study areas is characterized by 
hot, humid summers and moderate winters. The monthly 
mean temperature ranges from about 10 degrees Celsius 
(oC) (50 degrees Fahrenheit (oF)) in January to about 
28 oC (83 oF) in July (National Oceanic and Atmo-
spheric Administration, National Climatic Data Center, 
http://www.noaa.gov/climate.html, accessed December 13, 
2012). Precipitation in the study area averages about 132 cen-
timeters per year (cm/yr) (52 inches per year (in/yr)) (National 
Oceanic and Atmospheric Administration, National 

Climatic Data Center, http://www.ncdc.noaa.gov/oa/climate/
climateinventories.html, accessed December 13, 2012). In 
2010 and 2011, annual precipitation ranged from 90.2 centi-
meters (cm) (35.5 inches (in.)) to 93.0 cm (36.6 in.), respec-
tively, in Columbia, S.C.; from 106.4 cm (41.9 in.) to 85.1 cm 
(33.5 in.), respectively, in North Myrtle Beach, S.C.; and 
from 146.3 cm (57.6 in.) to 94.0 cm (37.0 in.), respectively, 
in North Charleston, S.C. (National Oceanic and Atmospheric 
Administration, National Climatic Data Center, http://www.
ncdc.noaa.gov/oa/climate/climateinventories.html, accessed 
December 13, 2013).

Approach and Methods

This investigation included an initial data-collection 
period followed by the final data compilation and analysis. 
From January 2010 through January 2012, the USGS operated 
data-collection stations at the five sites (table 1). The data-
collection effort included monitoring the quantity of rainfall 
and the collection of stormwater-quality samples. Established 
guidelines and protocols were used to ensure the data were of 
the highest quality. Additional details of analytical methods 
are provided in subsequent sections.

Drainage-area delineation at each site was accomplished 
by the standard delineation process, using automated tools 
within a geographic information system (GIS) (Djokic and 
others, 1997; Esri, 1997). A 10-meter Digital Terrain Model 
(DEM) from the National Elevation Dataset (NED) (Gesch, 
2007) and available Light Detection and Ranging (lidar) data 
were used (http://www.dnr.sc.gov/GIS/lidar.html) for the North 
Charleston, Ballentine, and Conway SCDOT drainage areas. 
Further editing and accuracy were provided by ground truthing 
and visual verification at each maintenance yard.

Rainfall and Stormwater-Flow Data Collection

The surface-water data consist of stage or stormflow 
measurements (appendix 1A). Flow measurements were made 
with appropriate current meter, using the methods described 
in Rantz and others (1982) or using indirect methods. At the 
North Charleston facility, a continuous-record water-level 
gage was established on Turkey Creek at the upstream site 
(North Charleston1) and a stage-flow relation (rating curve) 
was established for the upstream and downstream sites (station 
021720646; table 1; fig. 4). At the Ballentine section shed 
facility, stormwater enters a retention pond before leaving 
the facility. The retention pond is dry, and there is no flow in 
the outfall pipe except during storms. During storms, flow 
measurements were made with a current meter in the outfall 
pipe that drains the retention pond (fig. 2). At the Conway 
facility, flow measurements were made with a current meter in 
the grass-lined ditch where stormwater leaves the paved area 
of the Conway maintenance yard facility (Conway2 outfall) 

http://www.ncdc.noaa.gov/oa/climate/climateinventories.html
http://www.ncdc.noaa.gov/oa/climate/climateinventories.html
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(fig. 3). At the Conway1 outfall, stormwater flow discharging 
from the pipe outfall was estimated by indirect methods by 
using the Culvert Analysis Program (CAP) (Fulford, 1998).

Mean and peak stormwater discharges for each storm 
(event-mean discharge or EMQ) were computed and used in 
the data analysis (appendix 1A). Rainfall data were collected 
with a tipping bucket raingage at each site (appendix 1A). 
Data were collected at 5-minute intervals and stored in a data 
logger on site. Satellite telemetry was used to transmit data 
every 4 hours to the USGS South Carolina Water Science 
Center (SCWSC) office in Columbia, S.C. Procedures outlined 
in the USGS SCWSC Surface Water Quality-Assurance Plan 
(Cooney, 2001) were used to ensure that proper data handling, 
review, and approval procedures were followed. Surface-
water data are stored in the USGS National Water Information 

System (NWIS) database, and approved surface-water data are 
available for retrieval on the internet at http://waterdata.usgs.
gov/sc/nwis/sw.

Water-Quality Data Collection

Stormwater runoff samples were collected during 8 to 9 
selected storms over a 23-month period (from March 2010 to 
January 2012) that represent a range of seasons and rainfall 
intensities. The National Pollution Discharge Elimination 
System (NPDES) permit requirements established by EPA and 
adopted by SCDHEC for target storms stipulate that rainfall 
is greater than (>) 0.10 in. and less than (<) 0.10 in. in the 
72 hours prior to the sampled storm (South Carolina Depart-
ment of Health and Environmental Control, 2001). Of the 
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Figure 2.  Aerial photograph of drainage area delineation of the South Carolina Department of Transportation (DOT) 
section shed and outfalls, Ballentine, South Carolina.
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9 sampled storms at all facilities, 2 storms at the Ballentine 
(March 2 and 10, 2010) and Conway facilities had <0.10 in. 
of rainfall (appendix 1A). All sampled storms met the 72-hour 
prior rainfall criterion, except for a storm on September 27, 
2011, at the Ballentine facility (appendix 1A) . 

Over the 23-month data collection period, sample 
collection consisted of 1 sample per season (winter, spring, 
summer, and fall) at each site as a flow-weighted composite 
until a total of 8 to 9 samples were collected at each loca-
tion (appendix 1B–F). For this investigation, seasons were 
based on the summer and winter solstice and vernal and 
autumnal equinoxes. Sample collection methods are described 
in the USGS and EPA protocols (U.S. Environmental Pro-
tection Agency, 1992; U.S. Geological Survey, variously 
dated; 2006). Nine samples were collected at Ballentine and 

Conway1 outfalls, and 8 samples were collected at North 
Charleston1, North Charleston2, and Conway2 outfalls 
(table 1; appendix 1B–F). 

Two types of samples (grab and flow composite) were 
collected for water-quality analysis using point sampling 
methods at each site (U.S. Environmental Protection Agency, 
1992; U.S. Geological Survey, 2006). Sampling equipment 
was cleaned prior to use according to appropriate inorganic 
and organic constituent procedures described in Wilde 
(2004). Samples for compositing were collected automati-
cally throughout time of the stormwater hydrograph by using 
a programmed sampler with pre-cleaned tubing and sample 
bottles at the North Charleston and Ballentine sites. At the 
Conway maintenance yard, samples for compositing were col-
lected manually throughout the stormwater hydrograph at each 
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Figure 3.  Aerial photograph of drainage area delineation of the South Carolina Department of Transportation (DOT) 
maintenance yard and outfalls, Conway, South Carolina.
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outfall by on-site personnel using pre-cleaned sample bottles. 
In addition to flow-composited samples, grab samples were 
collected in dedicated bottles during the first 15 to 30 minutes 
of a storm that represented the initial “first-flush” of storm-
water and that was considered to contain maximum accumula-
tions of the constituents discussed below. Two grab samples 
were collected in sterilized 300-milliliter (mL) glass bottles 
for analysis of 5-day biochemical oxygen demand (BOD5), 
Escherichia coli (E. coli), enterococci, fecal coliform, and 
total coliform (table 2; U.S. Geological Survey, 2006; Myers 
and others, 2007). A third grab sample was collected in three 
40-mL pre-baked amber glass bottles for the analysis of vola-
tile organic compound concentrations (table 2; U.S. Geologi-
cal Survey, 2006). 

Flow-weighted volumes of each fixed-time-interval 
sample were computed and placed in a compositing device to 
produce a flow-weighted composite sample. The individual 
samples were processed in the USGS SCWSC water-quality 
laboratory within 12 hours of collection. Sample process-
ing consists of the measures taken to prepare (for example, 
compositing and filtering) and preserve (for example, acidi-
fication) the final flow-composite sample (Wilde and others, 
2004). Procedures followed are specific to the constituent 
being analyzed and are described in Wilde and others (2004). 

Pre-cleaned, acid-rinsed 8-liter (L) plastic churns were used 
as the compositing devices. For analysis of dissolved constitu-
ents (nutrients, major ions, and trace elements), samples were 
filtered using 0.45-micron capsule filters that were conditioned 
with 1 L of deionized water. These samples were analyzed for 
suspended sediment, total suspended solids, turbidity, trace 
metals, biochemical oxygen demand, nutrients, organochlorine 
insecticides, polychlorinated biphenyls (PCBs), herbicides, 
and semivolatile compounds, including polycyclic aromatic 
hydrocarbons (PAHs) (table 2). The concentration measured 
in the composite sample represented the mean constituent 
concentration during a runoff event, called the event-mean 
concentration (EMC; Waschbusch, 1999). 

All water-quality samples, except for sub-samples for 
suspended sediment and bacterial analyses, were analyzed by 
a National Environmental Laboratory Accreditation Program 
(NELAP) certified TestAmerica laboratory. Total organic 
nitrogen and ammonia (total Kjeldahl nitrogen (TKN)) and 
total phosphorus (TP) concentrations were determined accord-
ing to EPA methods 351.2 and 365.4, respectively. Dissolved 
and total trace-metal concentrations were determined by 
inductively coupled plasma-optical emission spectrometry 
and inductively coupled plasma-mass spectrometry (Fishman 
and Friedman, 1989; Faires, 1993). Pesticide and herbicide 
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maintenance yard and outfalls, North 
Charleston, South Carolina.
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concentrations were determined according to EPA method 
608 (U.S. Environmental Protection Agency, 1999). Con-
centrations of volatile organic compounds were determined 
according to EPA method 624 (U.S. Environmental Protection 
Agency, 1999). Semivolatile organic compound concentra-
tions were determined according to EPA method 610 (U.S. 
Environmental Protection Agency, 1999). The EPA method 
405.1 (Standard Methods 5210B; Clesceri and others, 1998) 
for whole-water samples was used to determine BOD5 for 
the study. Whole-water samples were analyzed for turbidity 
according to EPA method 180.1 (U.S. Environmental Protec-
tion Agency, 1999). 

Whole-water samples were analyzed for suspended-
sediment (SS) concentrations and sand-fine fraction at the 
USGS Kentucky Sediment Laboratory in Louisville, Ken-
tucky, according to American Society for Testing and Materi-
als (ASTM) method D3977-97 (American Society for Testing 
and Materials, 2002). Methods for analyzing SS concentra-
tions at the USGS Sediment Laboratory are described in 
Knott and others (1993) and Shreve and Downs (2005). Total 
suspended solids (TSS) were analyzed at TestAmerica using 
Standard Method 2540D (Clesceri and others, 1998). Analyti-
cal methods to determine SS and TSS were used to quantify 
concentrations of suspended organic and inorganic particles in 
surface waters. Concentrations of SS and TSS were obtained 
from two different laboratory analytical methods used to 

quantify concentrations of suspended organic and inorganic 
particles in surface waters (Gray and others, 2000). The SS 
analytical method is considered to produce more reliable 
results; however, the TSS method is often the method adopted 
for regulatory monitoring. Therefore, both methods were 
considered in this investigation. Generally, a bias in rela-
tion to SS and TSS is observed when sand-sized material is 
greater than 25 percent of the sediment dry weight, such that 
the SS values tend to exceed their paired TSS values (Gray 
and others, 2000). On the basis of past research by Gray and 
others (2000), this bias indicates TSS was a poor measure of 
suspended particles in stormwater when the dominant frac-
tion was sand size or coarser. High SS and TSS concentrations 
can adversely affect surface waters by reducing visibility and 
absorbing light, which can increase stream temperatures and 
cause limited aquatic plant growth. 

Whole-water samples were analyzed by USGS SCWSC 
personnel for fecal indicator bacteria using the Colilert-18 
and Enterolert defined substrate technology (DST) methods 
within 6 hours of collection (Edberg and Edberg, 1988). The 
Colilert-18 method has been approved by the EPA for drink-
ing water and ambient water and is proposed for use by the 
NPDES. The DST microbiological methods are described in 
Standard Methods for Examination of Water and Wastewater, 
20th edition, (Clesceri and others, 1998) and USGS National 
Field Manual (Myers and others, 2007). 

Table 2.  Types of constituents and analytical methods for sampled stormwater collected from selected outfalls at the South Carolina 
Department of Transportation section shed or maintenance yard facilities in North Charleston, Conway, and Ballentine, South Carolina.

[EPA, U.S. Environmental Protection Agency; SM, Standard Methods; ASTM, American Society for Testing and Materials] 

Constituents Type of sample EPA or other method

pH In situ 150.2
Specific conductance In situ 120.1
Dissolved oxygen In situ SM 4500-G
Turbidity Flow-composited 180.1
Total suspended solids Flow-composited SM 2540D
Biochemical oxygen demand Grab 405.1 (SM 5210B)
Nutrients (total and dissolved  

phosphorous, nitrate, total Kjeldahl  
nitrogen, and nitrate+nitrite)

Flow-composited 365.4, 365.1, 352.3, 351.2, 350.1, 

Total and dissolved calcium, magnesium, 
lead, zinc, copper, nickel, and cadmium

Flow-composited 200.7 Rev. 4.4, 200.8

Suspended sediment Flow-composited USGS 
Base/neutral extractable organic compounds 

(including polycyclic aromatic  
hydrocarbons)

Flow-composited 610

Volatile organic compounds Grab 624
Pesticides Flow-composited 608
Fecal coliform, enterococci bacterial  

analysis, and Escherichia coli
Grab SM 9223B, ASTM D6503-99



10  Characterization of Stormwater at DOT Facilities Near Charleston, South Carolina, 2010–2012

Data Analysis

For each outfall, water-quality data were compiled 
(appendixes 1B–F) and summarized statistically in tables 
further on in the report (tables 8–12). Corresponding param-
eter codes for selected water-quality data are provided in the 
appendixes and tables to simplify retrieval of data from the 
publicly accessible NWIS Web interface (http://waterdata.
usgs.gov/sc/nwis/qw). Selected constituent EMCs were com-
pared to existing NPDES criteria or other screening levels and 
to reported median values from National Stormwater Quality 
Database (Pitt and Maestre, 2005; South Carolina Depart-
ment of Health and Environmental Control, 2012). The EMCs 
are appropriate for comparing constituent concentrations in 
stormwater runoff with established water-quality criteria and 
standards (Shipp and Cordy, 2001). The EMCs for the con-
stituents in the flow-weighted composite samples were used 
to calculate storm loads by multiplying the EMC by the mean 
runoff flow for the storm, then applying a correction factor to 
convert the units to kilograms per event or grams per event. 
Constituent loads in stormwater runoff can be an important 
tool in assessing the effect on the water-quality impairment of 
a particular surface-water body. Event load is the quantity of 
material transported by a stream or pipe during a storm. This 
quantity represents the amount of a particular material con-
tributed to the stream or pipe from the surrounding drainage 
area in stormwater runoff. The event load is a function of the 
constituent concentration and the flow for the storm (Rasmus-
sen, 1998). For the sampled outfalls at the SCDOT facilities, 
the event-mean load (Li) in kilograms per event resulting from 
stormwater runoff for an individual storm was calculated by 
multiplying the event-mean concentration (EMCi) in milli-
grams per liter (for major ions, BOD5, sediment, nutrients) or 
micrograms per liter (for trace elements) by the mean storm-
water discharge (Qi) in cubic feet per second of water passing 
the sampling site during the storm (i) by the event duration 
(EDi) in minutes per event: 

 Li = a EMCi QiEDi,  (1)

where 
  a = 1.669, the unit conversion factor. 

Units of measurement for loads varied by constituent. 
For constituents with concentrations in milligrams per liter the 
constituent loads were expressed in kilograms per event. For 
trace-metal constituents with concentrations in micrograms per 
liter, loads were expressed in grams per event. For enterococci 
and E. coli, concentrations and loads were expressed in colo-
nies per 100 mL and million colonies per event, respectively. 

For the purpose of this study, the ranges of constituent 
EMCs and loads were evaluated. EMCs were compared to 
established freshwater criteria for screening purposes, where 
available, and EMCs were evaluated for correlation to other 
water-quality constituents and six hydrologic characteristics 
(rainfall amount, duration, and intensity; days since last 

rainfall; and peak and mean stormwater discharges) Water-
quality data were censored below the laboratory reporting 
level (LRL) for several constituents, including trace metals 
and orthophosphate. For data with censored values, descriptive 
statistics, including mean and median values, were computed 
by the robust Regression on Order Statistics (ROS) method 
using the USGS plug-in program incorporated into the Tibco 
Spotfire S+® 8.1 software (Childress and others, 1999; Helsel, 
2005). Exceptions to this approach were E. coli and enterococ-
cus concentrations that were above the maximum quantifica-
tion level of the methods used. For most samples, a 1:100 
dilution was used that translates to a laboratory reporting limit 
(LRL) of 24,196 colonies per 100 mL (col/100mL), and the 
results would be censored as greater than 24,196 col/100 mL. 
For data analysis, the censored value of 24,196 col/100 mL 
was taken as the actual value, producing a negative bias to the 
data analysis, such that reported median and mean concentra-
tions potentially are skewed lower than the reported concentra-
tions. Median values were used for comparison because they 
dampen the effects of outliers on the data (Helsel and Hirsch, 
1992). For plotting and event-load computation purposes, cen-
sored values (less than the LRL) were replaced with one-half 
the detection limit (Childress and others, 1999). An exception 
was made in the substitution method for censored PAH con-
centrations, which were replaced with zero for computation of 
acute potency ratios (method described later in this section).

Kendall tau-b correlation analysis was applied to 
water-quality and hydrologic data from the different SCDOT 
sites to evaluate the strength of the association among selected 
water-quality and hydrologic constituents (appendixes 3A–E; 
Helsel and Hirsch, 1992). Kendall tau is a nonparametric 
statistical analysis of ranked data that measures the observed 
co-variation and the strength of the monotonic relation 
between two variables; its large sample approximation pro-
duces p-values very near exact values, even for small sample 
sizes (Helsel and Hirsch, 1992). Prior to analysis, censored 
values were given the same rank and ranked below estimated 
and quantitative values (detections above the LRL) (Childress 
and others, 1999; Helsel, 2005). Estimated values are semi-
quantitative detections and were ranked above censored values 
but below detected values (Childress and others, 1999; Helsel, 
2005). The coefficient for this analysis is called tau (τ). A τ 
ranges from 0 to 1; the closer the τ is to 1, the stronger the cor-
relation. A probability value (or p-value) is computed during 
the analysis. A correlation resulting in a p-value less than the 
alpha level of 0.05 (p-value <0.05) is considered significant in 
this report. Caution is needed in interpreting correlation analy-
sis results, as a significant correlation proves only co-variation, 
not cause-and-effect.

Comparison tests were applied to the stormwater 
constituent concentration data for the 2 outfalls at Conway and 
the 2 locations on Turkey Creek in North Charleston. An alpha 
level of 0.05 (translates to a 95-percent confidence that the 
statistical finding was correct) was used to determine statisti-
cally significant differences. Because most of the datasets 
were not normally distributed, the test was performed on ranks 
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of the data. The Wilcoxon Two-Sample (Rank-Sum) test was 
applied to the Conway1 and Conway2 outfall data to deter-
mine whether the medians of the stormwater-quality data were 
statistically different from each other (appendix 3F; Helsel 
and Hirsch, 1992). This comparison method was selected 
instead of the signed-rank for comparing stormwater at the 
two Conway outfalls because the drainage characteristics of 
the outfalls did not fit an inflow-outflow design. The Wilcoxon 
Rank-Sum test produces a W-statistic that was used to com-
pute the p-value when no ties in the data existed, and Z-scores 
were used to compute the p-value when ties existed in the 
data. The Wilcoxon Signed-Rank test also was applied to the 
stormwater data collected at the North Charleston1 and North 
Charleston2 locations on Turkey Creek to determine whether 
stormwater contributions from the maintenance yard to Turkey 
Creek produced a statistically significant downstream change 
in the EMCs of selected constituents (table 13; Helsel and 
Hirsch, 1992). The Wilcoxon Signed-Rank test evaluated 
whether the difference between the EMCs at the upstream 
(inflow) and downstream (outflow) locations for each storm 
was equal to zero (that is, no significant difference in EMCs) 
(Helsel and Hirsch, 1992). The exact distribution of the test 
statistic V was used to compute the p-value when no ties in the 
data existed. However, if ties existed, a Z-score was used to 
compute the p-value.

 For comparison of yields among outfalls at the three 
facilities, the multiple comparison analysis was used (appen-
dix 3G; Helsel and Hirsch, 1992). Specifically, the analysis 
was performed in two steps (Helsel and Hirsch, 1992). First, 
an Analysis of Variance (ANOVA) on ranked data (also called 
the Kruskal-Wallis test) was applied to determine whether a 
statistical difference existed for at least one of the medians of 
the groups of data. A significant difference was determined 
at an alpha level of 0.05, which means that if the probability 
value (p-value) of the ANOVA test was <0.05, a significant 
difference existed among the analyzed data group with a 
95-percent confidence that the statistical finding was cor-
rect. The Kruskal-Wallis test is a robust test that determines 
only whether a difference exists among the outfalls; it does 
not identify which outfalls were different from the others. 
Therefore, a second test was conducted to identify the actual 
differences. If the more robust Kruskal-Wallis test indicated 
a difference existed, then a multiple comparison test called 
the Tukey’s Honestly Significantly Different (HSD) test (for 
similar sample sizes) was applied to the groups of data only to 
identify which group or groups were different than the others. 
However, the Tukey’s test is not as robust as the Kruskal-
Wallis test and may not be able to determine differences 
among groups for datasets with high variability and small 
sample sizes (results were labeled as “not determined” when 
this occurred; appendix 3G). A significant difference was 
determined at an alpha level of 0.05, which means that if the 
p-value of the ANOVA test is <0.05, a significant difference 
exists among the analyzed data group with 95-percent confi-
dence that the statistical finding is correct. 

Nutrients
The amount of biologically available nutrients, mainly 

nitrogen and phosphorus compounds, in stormwater that enters 
nearby water bodies can accelerate the process of eutrophica-
tion. Eutrophication from nutrient enrichment related to long-
term contributions to water bodies during storms can result in 
high biochemical oxygen demand, depletion of dissolved oxy-
gen, and nuisance or even harmful algal blooms in the receiv-
ing water bodies. Although the SCDHEC has not established 
narrative or numeric nutrient criteria for rivers and streams, 
the EPA has established recommended nutrient criteria for riv-
ers and streams (U.S. Environmental Protection Agency, 2000; 
South Carolina Department of Health and Environmental 
Control, 2012). The sites in this study are in the Southeastern 
Plains aggregated nutrient ecoregion, and the EPA has recom-
mended criteria whereby concentrations of total phosphorus 
in rivers and streams are not to exceed 0.04 milligram per liter 
(mg/L) and concentrations of total nitrogen are not to exceed 
0.9 mg/L (U.S. Environmental Protection Agency, 2000). The 
SCDHEC has established numeric nutrient criteria for lakes 
in the southeastern Coastal Plain and Piedmont Physiographic 
Provinces in South Carolina; total phosphorus concentrations 
are not to exceed 0.06 mg/L, and total nitrogen concentrations 
are not to exceed 1.50 mg/L (South Carolina Department of 
Health and Environmental Control, 2012).

For this study, nutrients were evaluated on the basis of 
the dominant form of nitrogen (total organic nitrogen plus 
ammonia (total Kjeldahl nitrogen or TKN) versus nitrate 
plus nitrite), comparison of the total nitrogen (TN) and total 
phosphorus (TP) concentrations in stormwater runoff relative 
to criteria, and correlation between nutrient concentrations and 
other measured constituents (for example, rainfall amount and 
intensity, suspended sediment, and other nutrients). The TKN 
form of nitrogen represents the particulate and dissolved forms 
of organically bound nitrogen and ammonia. Nitrate plus 
nitrite represents the dissolved inorganic form of nitrogen. The 
total amount of all forms of nitrogen is accounted for in TN 
concentrations. The TP form of phosphorus is the total amount 
of phosphate in water, which also includes the particulate and 
dissolved forms. Additionally, temporal change in the associ-
ated nutrient enrichment characteristic, BOD5, was evaluated. 
The BOD5 represents the amount of oxygen that is consumed 
by biological organisms that are actively degrading organi-
cally bound nitrogen in a body of water. However, BOD5 does 
not include the oxidation of ammonia in the TKN to nitrate or 
nitrite, a process that also consumes oxygen. In this investiga-
tion, grab samples of stormwater discharging from the outfall 
were collected during the “first flush” period of a storm for 
analysis of BOD5.

Bacteria
Fecal indicator bacteria are types of bacteria not nor-

mally found in high numbers in oceans, rivers, or creeks but 
always found in guts of warm-blooded animals, including 
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humans. The presence of fecal indicator bacteria signifies that 
other disease-causing or pathogenic organisms also may be 
present. Prior to 1986, the EPA recommended that criteria be 
based on fecal coliforms to protect human health. In 1986, the 
EPA recommended the use of criteria based on E. coli levels 
for freshwater systems and enterococci levels for freshwater 
and marine water systems rather than fecal coliform (U.S. 
Environmental Protection Agency, 1986). The EPA recom-
mended this change in the use of bacteria indicator organisms 
because the EPA studies demonstrated that E. coli and entero-
cocci are better predictors of the presence of gastrointestinal-
illness-causing pathogens than fecal and total coliforms and 
hence provide a better means of protecting human health 
(Dufour, 1984; U.S. Environmental Protection Agency, 1986). 
The SCDHEC uses enterococci as saltwater indicator bac-
teria with a single-sample maximum criterion (SSM) of 
104 colonies per 100 milliliters (col/100 mL) for primary and 
secondary contact in recreational coastal waters; however, the 
EPA recommends a criterion of 151 col/100 mL for freshwater 
where infrequent full-body contact takes place. Therefore, we 
compared the stormwater “first-flush” enterococcus concentra-
tions to the EPA infrequent full-body contact criterion for this 
study (U.S. Environmental Protection Agency, 1986; South 
Carolina Department of Health and Environmental Control, 
2012). The recommended criterion for waters with infrequent 
body contact established by the EPA for E. coli is a SSM of 
575 col/100 mL. However, the SCDHEC has established a 
slightly more stringent SSM of 349 most probable number 
(MPN) of colonies per 100 mL for primary and secondary 
contact in freshwater and for NPDES permit effluent limita-
tions (South Carolina Department of Health and Environmen-
tal Control, 2012). 

In this report, only enterococci and E. coli concentrations 
are discussed and, for screening purposes, compared to the 
EPA enterococci SSM for infrequent body contact and to the 
SCDHEC E. coli SSM for secondary and primary contact 
in freshwater. In this study, the “first flush” fecal indicator 
bacteria concentrations collected at the facilities during storms 
represent potentially the greatest concentrations in the storm-
water during a single storm and, therefore, overcompensate 
for impacts to receiving waters. Additionally, research has 
indicated that E. coli and enterococci can survive for several 
days in aquatic sediment in situ, indicating that fecal indica-
tor bacteria in water may not always represent recent fecal 
contamination of that water but rather re-suspension of viable 
sediment-bound bacteria (LaLiberte and Grimes, 1982; Byap-
panahalli and others, 2003; Francy and others, 2003; Ferguson 
and others, 2004; Cinotto, 2005). One study reported that fecal 
indicator bacteria can survive in bed sediments of streams and 
lakes for up 6 weeks and that re-suspension occurred primarily 
during the “first flush” or rising limb of the storm (Jamieson 
and others, 2005). A USGS study identified impervious sur-
faces as affecting bacterial contamination, primarily in sedi-
ments at or near storm-sewer outfalls (Cinotto, 2005).

Total and Dissolved Metals
For this study, storm samples were analyzed for total 

(particulate and dissolved forms of the metal) and dissolved 
metal concentrations. Concentrations of the particulate forms 
of the metals were computed by subtracting dissolved from 
the total concentrations. The total metal concentrations in the 
samples from maintenance yard outfalls were compared to 
existing aquatic life criteria to provide a relative screening 
tool. Acute and chronic aquatic life criteria were established 
for metal concentrations by the U.S. Environmental Protec-
tion Agency and adopted by the SCDHEC for receiving 
waters (U.S. Environmental Protection Agency, 2006; South 
Carolina Department of Health and Environmental Control, 
2012). Criteria established by the EPA and adopted by the 
SCDHEC for certain metals, including cadmium, copper, 
lead, nickel, and zinc, were based on empirical relations of 
toxicity to water hardness (appendix 2A). These hardness-
dependent criteria represent the combined effects of different 
water-quality variables, such as pH and alkalinity that tend to 
be correlated with hardness. Two generalized criterion levels 
exist for metals—criteria maximum concentration (CMC) and 
criteria continuous concentration (CCC)—based on hardness 
of 25 mg/L (table 3). Both levels of criteria are different for 
freshwater and saltwater. The freshwater CMC was selected 
as the criterion used in this investigation rather than the 
CCC because stormwater contributions of metals to receiving 
water represent the more acute or maximum contribution for 
freshwater. 

Polycyclic Aromatic Hydrocarbons
Polycyclic aromatic hydrocarbons (PAHs) are a subset 

of semivolatile organic compounds that are ubiquitous in 
the environment and are derived from natural and manmade 
sources (Van Metre and others, 2000; Mahler and others, 
2005; Hwang and Foster, 2006; Stein and others, 2006; Mahler 
and others, 2012). Natural sources of PAHs include coal, 
plant debris, and forest and grassland fires (pyrogenic source), 
whereas manmade sources include leakage of petroleum-based 
fossil fuel (petrogenic source), fuel combustion (pyrogenic 
source), and coal-tar sealant used on asphalt parking lots 
(petrogenic source). Polycyclic aromatic hydrocarbons are 
common stormwater contaminants and are suspected carcino-
gens and mutagens for humans and aquatic biota. Sediment 
and water PAH compositions help distinguish between natural 
and anthropogenic sources (Van Metre and others, 2000; 
Yunker and others, 2002; Hwang and Foster, 2006; Stein and 
others, 2006; Selbig, 2009; Watts and others, 2010; Mahler 
and others, 2012). Pyrogenic (combustion origin) PAH mix-
tures are generally enriched in high molecular weight (HMW) 
compounds, whereas petrogenic PAH mixtures are generally 
enriched in low molecular weight (LMW) compounds (Hwang 
and Foster, 2006) (table 4). Preferential volatilization and 
leaching of the more soluble LMW PAHs also can affect PAH 
compound ratios (Mahler and others, 2005).
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The EPA has established “benchmarks,” lower threshold 
values for PAHs of concern to biota, primarily in sediment 
(not monitored in this study). The SCDHEC has established 
ambient-water PAH criteria, aquatic life consumption of fish, 
for adverse human health effects from consumption of tainted 
fish (South Carolina Department of Health and Environmental 
Control, 2012). Although these criteria concentrations do not 
completely reflect the potential for stormwater PAH contami-
nation of surface-water receptors, they were used here as pre-
liminary screening tools for stormwater PAH contamination at 
the Ballentine and Conway outfalls. 

The EPA recommends cumulative assessment of 
oil-related organic compounds, including PAHs, because these 
compounds have similar, additive effects on aquatic organisms 
(U.S. Environmental Protection Agency, 2003; 2008; appendix 
2B). Potency divisors for individual PAHs have been devel-
oped to estimate the aggregate toxicity of sample-specific, 
aqueous PAH mixtures (appendix 2B). In addition, alkyl 
constituents not captured by the analytical method are esti-
mated using established “alkylation multipliers.” The potential 
hazard to aquatic organisms is estimated by comparing the 
sum of the potency-adjusted values to a hazard index of 1 
with values greater than 1, indicating the potential for acute 
or chronic effects on aquatic life (for example, fish, crabs, and 
clams) (Dave Mount, U.S. Environmental Protection Agency 
Office of Research and Development, Duluth, Minnesota, 
written commun., accessed online on July 16, 2013, at http://
www.epa.gov/bpspill/water/explanation-of-pah-benchmark-
calculations-20100622.pdf)). These criteria and potency 
approach are stipulated by SCDHEC and were employed in 
this study.

Published median and mean concentrations of selected 
individual and total concentrations of all 16 PAHs (∑PAH16) 
in stormwater were compiled for sites with similar land use, 
including urban, commercial, and industrial sites with com-
mercial roofs and parking lots (Ngabe and others, 2000; 
Menzie and others, 2002; Selbig, 2009; Watts and others, 
2010; Mahler and others, 2012) (table 5). The median PAH 
concentrations are for sealed parking lots, including those 
treated with asphalt-based and coal-tar-based sealants, and 

unsealed lots. Sealed parking lots, especially those sealed with 
coal-tar-based sealants, contribute significantly greater PAHs 
during storms than unsealed lots (Selbig, 2009; Watts and oth-
ers, 2010; Mahler and others, 2012; table 5).

Quality Assurance and Quality Control

Water-quality data from each sampled runoff event were 
reviewed for completeness, precision, bias, and transcription 
errors when received from the laboratory as part of the quality-
assurance procedures. After review, the data were approved 
and made available through the NWIS. Collection and analysis 
of quality-control (QC) samples also were an integral part of 
the quality-assurance procedures of this study. The goal of 
QC sampling was to identify, quantify, and document bias and 
variability in data that resulted from the collection, processing, 
shipping, and handling of samples. The bias and variability 
associated with environmental data must be known for the 
data to be interpreted properly and be scientifically defensible 
(U.S. Geological Survey, 2006). Of the 50 samples analyzed 
for this study, 6 (12 percent) were QC samples, including 3 
equipment blanks and 3 replicates. Prior to collection of the 
equipment blank, the inorganic-free and organic-free blank 
water (from the USGS National Water Quality Laboratory 
(NWQL)) to be used for the equipment blank was poured 
directly into the sample bottles, preserved, then analyzed by 
the laboratory and considered a source solution blank. The 
source solution blank represented the bottle, blank water, and 
laboratory performance and was analyzed by the laboratory 
only if significant detectable levels of constituents were pres-
ent in the equipment blank. Equipment blanks were analyzed 
to ensure that the sampler, intake lines, churns, and bottles did 
not contaminate samples. Replicates were analyzed to docu-
ment the reproducibility of laboratory results. 

Of the approximately 148 water-quality constituents (the 
number varied by site and sampling event), only 8 of those 
constituents were detected in the equipment blanks. Total 
Kjeldahl nitrogen and total nitrogen were detected once in 
the 3 equipment blanks (34 percent) at a level of 0.30 and 
estimated (E) 0.32 mg/L, respectively, on March 17, 2010 

Table 3.  South Carolina Department of Health and Environmental Control established aquatic life criteria for metals in freshwater and 
saltwater, based on a hardness of 25 milligrams per liter as calcium carbonate.

[All values are in micrograms per liter; SCDHEC, South Carolina Department of Health and Environmental Control; CMC, criteria maximum concentration; 
CCC, criteria continuous concentration]     

SCDHEC water- 
quality criterion

Total cadmium Total copper Total lead Total nickel Total zinc

Freshwater aquatic life

CMC 0.53 3.8 14 150 75
CCC 0.1 2.9 0.54 16 8.3

Saltwater aquatic life

CMC 43 5.8 220 37 95
CCC 9.3 3.7 8.5 37 86
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(appendix 1G). The March 17, 2010, equipment blank also 
had detectable, but estimated, concentrations of nitrate plus 
nitrite (E0.02 mg/L) and total phosphorus (E0.08 mg/L). The 
analysis of the corresponding source solution blank indicated 
even greater detectable concentrations of nitrate plus nitrite 
(E0.04 mg/L) and total phosphorus (0.51 mg/L) were pres-
ent. As requested by the contract laboratory, the laboratory-
provided, pre-acidified sample bottles were not rinsed prior to 
collection of the source solution blank. However, preparation 
and processing of the equipment blank required additional 
rinsing of the bottles and may explain the lower concentra-
tions for those constituents in that sample. It was determined 
that bottles and acid preservatives would be obtained from 
the NWQL immediately (May 2010) and used to replace the 
contract laboratory-provided supplies. The subsequent blank 
samples collected on November 21, 2011, had a source solu-
tion blank with elevated total phosphorus concentrations and 
detectable TKN concentrations; however, detectable concen-
trations were greatly reduced in the equipment blank for total 
phosphorus (E0.003 mg/L) and absent for total nitrogen and 
total Kjeldahl nitrogen (appendix 1G). Detectable total phos-
phorus concentrations represented <5 percent of the median 
environmental sample constituent concentrations in the 
November 21, 2011, equipment blank compared to 41 percent 
in the March 1, 2010, equipment blank. A detectable nitrate 
plus nitrite concentration (0.07 mg/L) still was observed in the 
March 19, 2012, equipment blank after the bottle replacement 
process. 

Total ammonia was detected once in the three blanks at 
a level of 0.100 mg/L on November 21, 2011, (compared to 
less than the LRL of 0.026 in the two other blanks) (appendix 
1G). The ammonia concentration of 0.100 mg/L in the blank 
produced a potential contamination of environmental samples 
(based on median EMCs) at the sampled outfalls of between 
21 (North Charleston1) and 118 percent (Conway1) at the 
sampled facilities (appendix 1G). Because of the high level of 
potential contamination, total ammonia data were rejected as 
unreliable for this study and were not used in the data analysis. 
The average concentration of nitrate plus nitrite in the equip-
ment blank represents between 9 and 20 percent of the median 
concentration in the environmental samples from the outfalls. 
At this level of potential contamination, environmental nitrate 
and nitrite concentrations were considered reliable and used 
in the data analysis (appendix 1G). Total nickel concentrations 
were at detectable levels (E3.1 micrograms per liter (µg/L)) 
in the November 21, 2011, equipment blank. That blank 
concentration represents between 50 and 157 percent and an 
average of 94 percent of the median total nickel concentra-
tion in the environmental samples (appendix 1G). Therefore, 
total nickel data were rejected as unreliable for this study and 
were not used in the data analysis. Chemical oxygen demand 
(COD) was detected in both the source solution and equip-
ment blank of November 21, 2011, at concentrations of 28 
and 25 mg/L, respectively (appendix 1G). A cleaning step that 
included methanol rinsing of the equipment is the suspected 
contamination source. Therefore, COD data were rejected as 

Table 4.  Summary of whole-water polycyclic aromatic hydrocarbons properties (modified from Yunker and others, 2002). 

[NWIS, U.S. Geological Survey National Water Information System; HMW, high molecular weight; LMW, low molecular weight;  
SCDHEC, South Carolina Department of Health and Environmental Control; µg/L, micrograms per liter; --, no criterion]

Whole-water polycyclic 
aromatic hydrocarbons

NWIS  
parameter 

code

Molecular 
weight

Number of 
rings

Group by 
weight

Common  
abbreviations

SCDHEC aquatic 
life consumption 

of fish (µg/L)

Benzo[a]anthracene P34526 228 4 HMW BaA 0.018
Benzo[a]pyrene P34247 252 5 HMW BaP 0.018
Benzo[b]fluoranthene P34230 252 5 HMW BbF --
Benzo[ghi]perylene P34521 276 6 HMW Bghi --
Benzo[k]fluoranthene P34242 252 5 HMW BkF 0.018
Chrysene P34320 228 5 HMW Ch 0.018
Dibenzo[a,h]anthracene P34556 278 5 HMW DhA 0.018
Fluoranthene P34376 202 4 HMW Fl 140
Pyrene P34469 202 4 HMW Py 4,000
Indeno[1,2,3-cd]pyrene P34403 276 6 HMW IP 0.018
Anthracene P34220 178 3 LMW An 40,000
Phenanthrene P34461 178 3 LMW Pn --
Naphthalene P34696 128 2 LMW Na --
9H-Fluorene P34381 166 3 LMW F 5,300
Acenaphthene P34205 154 2 LMW Aen 990
Acenaphthylene P34200 152 3 LMW Ayl --
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unreliable for this study and were not used in the data analysis. 
Phenanthrene was the only organic compound detected at an 
estimated concentration in 1 of the 3 equipment blanks from 
March 19, 2012. A similar concentration was detected in the 
associated source solution blank, indicating that the laboratory 
was the likely source of contamination. 

The replicate samples from the sampled outfalls had 
relative percent differences (RPDs) ranging from zero to 
76.7 percent (appendix 1H). For some of these constituents, 
RPDs greater than 20 percent were observed but only once 
for the three replicates. Overall, the single replicate ana-
lyzed for two organic constituents (dieldrin and pp-DDD) on 
March 17, 2010, had average RPDs greater than 100 percent, 
much higher than for inorganic constituents. Therefore, the 
evaluations for these organic constituents were provided in a 
semi-qualitative context. In the same March 17, 2010, repli-
cate sample, benzo[a]pyrene and benzo[ghi]fluoranthene had 
RPDs of 120 and 88 percent (appendix 1H). However, further 
evaluation indicated that the concentrations were near or at the 
censoring levels, which produce high RPDs, but actual differ-
ences were acceptable for the evaluation of PAHs. Specifically, 
the benzo[a]pyrene concentration in the environmental sample 
was <0.041 µg/L and in the replicate sample, E0.011 µg/L. 
The benzo[ghi]perylene concentration in the environmental 
sample was 0.07 µg/L and in the replicate sample, 0.18 µg/L. 

Characterization of Stormwater 
The amount, intensity, and duration of rainfall during 

a storm can affect stormwater runoff and the quantity of the 
contaminants it transports off the facility grounds. For this 
study, the duration of a runoff event was considered to be the 
time between the start of the rainfall and the end of stormwater 
runoff discharging at the outfalls. The intensity of the storm 
was computed as the amount of rainfall that fell during the 
duration of the runoff event (typically inches per hour). The 
range and extremes of the stormwater discharge and associated 
rainfall characteristics at each outfall or facility were evaluated 
to provide a foundation to assess the water-quality conditions.

Stormwater runoff often transports large quantities 
of sediment and sediment-bound contaminants, including 
nutrients, fecal indicator bacteria, trace metals, and organic 
compounds. The event-mean concentrations and loads of 
sediment-related, water-quality constituents are summarized 
for each facility further on. Elevated concentrations of trace 
metals in water potentially can cause impairment of the 
aquatic biota; therefore, aquatic life criteria have been estab-
lished to protect the aquatic ecosystem. Although these criteria 
were developed for application to ambient concentrations in 
receiving waters, not stormwater, in this study, the criteria 
were used as a screening tool to assess potential impairment to 
the receiving water body. Additionally, the relation of hydro-
logic conditions to water-quality constituents was assessed 
using correlation analysis. Finally, discussions related to the 

occurrence of organochlorine insecticide, herbicide, poly-
chlorinated biphenyls (PCBs), volatile organic compounds 
(VOCs), and PAH compounds and comparison of their con-
centrations to existing aquatic life criteria are presented in the 
section “Occurrence of Synthetic and Semivolatile Organic 
Compounds” of this report.

Stormwater Discharge and Rainfall

The storms sampled during this study cover a wide 
range of rainfall amounts, durations, and intensities at each 
of the facilities and, therefore, are considered to be reason-
ably representative of the potential for contaminant transport 
(fig. 5; appendix 1A). At all three facilities, the duration of the 
sampled rainfall event was not correlated significantly to mean 
or peak stormwater discharge, but rainfall amount and inten-
sity were correlated (table 6). At Ballentine retention pond 
outfall and the Conway1 pipe outfall, the rainfall intensity 
and amount had similar significant correlation to event-mean 
stormwater discharge (table 6). In Turkey Creek at the North 
Charleston2 location and at the grass-lined ditch outfall at 
Conway2, the rainfall amount was correlated more strongly 
to event-mean stormwater discharge during storm events than 
intensity (table 6). Stormwater discharge in Turkey Creek at 
North Charleston1 was not correlated to either rainfall amount 
or intensity (table 6). 

Among all three locations, rainfall intensity ranged from 
0.02 (Ballentine) to 1.73 (North Charleston) inches per hour 
(in/h), and rainfall duration ranged from 25 (Ballentine) to 
360 (Conway2) minutes (min) (fig. 5; table 7). Rainfall inten-
sity varied the least at the Ballentine facility, with a range of 
0.02 to 0.38 in/h during the study period, whereas the North 
Charleston facility, near the coast, had the greatest range of 
0.08 to 1.73 in/h. Values for the Conway facility are intermedi-
ate to those of the other two facilities. 

At the Ballentine location, rainfall intensity greater 
than 0.2 in/h occurred during the October 25, 2010 (fall), 
September 5, 2011 (summer), and September 27, 2011 (fall), 
sampling events (fig. 5A; appendix 1A). Rainfall amounts at 
this location were greater than 0.2 in. during these three high 
rainfall intensity sampling events and during the April 8, 2010 
(spring), January 25, 2011 (winter), and April 5, 2011 (spring), 
events (fig. 5A: appendix 1A).

Rainfall intensity ranged from 0.03 to 1.22 in/h at the 
Conway outfalls, with averages of 0.26 in/h for 9 storms at the 
Conway1 outfall and 0.29 in/h for 8 storms at the Conway2 
outfall (October 10, 2011, storm not sampled at Conway2) 
(fig. 5B, C; appendix 1A). Rainfall intensities of greater than 
0.2 in/h occurred at the Conway sites on November 4, 2010 
(fall), February 28, 2011 (winter), and September 20, 2011 
(summer), storm sampling events. Rainfall amounts of greater 
than 0.2 in. were measured during the above three high inten-
sity sampling events and on September 6, 2011 (summer), 
November 28, 2011 (fall), and January 11, 2012 (winter), 
sampling events. 
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Figure 5.  Event-mean stormwater discharge, rainfall, and rainfall intensity of sampled storms at A, Ballentine outfall, B, Conway1 
outfall, C, Conway2 outfall, D, North Charleston1 outfall, and E, North Charleston2 outfall, South Carolina, 2010–2012.
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At the North Charleston location, rainfall intensity 
ranged from 0.08 to 1.73 in/h with an average of 0.43 in/h 
(fig. 5D, E; appendix 1A). Rainfall intensities greater than 
0.2 in/h were common at this location; only two sampling 
events (April 8, 2010, and January 5, 2011) had intensities 
below 0.2 in/h. All sampling events had rainfall amounts of 
greater than 0.3 in.

 At the Ballentine facility, mean stormflow ranged 
from 0.03 to 0.75 cubic foot per second (ft3/s) with a mean 
of 0.33 ft3/s (fig. 5A; table 7). The maximum event mean 

stormwater discharge occurred on September 5, 2011 (sum-
mer), when the maximum rainfall intensity (0.38 in/h) also 
occurred, but not the maximum rainfall amount (fig. 5A; 
appendix 1A). Additionally, the mean event-mean stormwater 
discharge was normalized for the differences in drainage area 
by computing the mean unit-area stormwater discharge (mean 
event-mean stormwater discharge divided by drainage area) 
(table 1). At the Ballentine outfall at the retention pond, the 
mean unit-area discharge was 70.2 cubic feet per second per 
square mile ((ft3/s)/mi2) (table 1). 

Table 7.  Summary statistics for stormwater discharge and rainfall for sampled storm events at the South Carolina Department of 
Transportation section shed near Ballentine (Ballentine retention pond outfall), maintenance yard at Conway (Conway1 pipe and 
Conway2 grass-lined ditch outfalls), and maintenance yard at North Charleston (North Charleston1 upstream and North Charleston2 
downstream locations on Turkey Creek), South Carolina, 2010 to 2012. 

[StDev, standard deviation; 25th Q, twenty-fifth quartile; 75th Q, seventy-fifth quartile; Min, minimum; Max, maximum; ft3/s, cubic feet per second,  
r - based on ACGill comment]

Constituent Number Units Mean StDev Median 25th Q 75th Q Min Max

Ballentine retention pond outfall

Event-mean stormwater discharge 9 ft3/s 0.33 0.27 0.28 0.14 0.41 0.03 0.75
Peak stormwater discharge 9 ft3/s 0.71 0.65 0.43 0.29 1.06 0.04 1.72
Rainfall amount 9 inches 0.29 0.20 0.25 0.14 0.38 0.03 0.64
Rainfall intensity 9 inches per hour 0.16 0.11 0.13 0.11 0.22 0.02 0.38
Rainfall duration 9 minutes 130 88 90 60 195 25 255

Conway1 pipe outfall 

Event-mean stormwater discharge 9 ft3/s 0.16 0.17 0.14 0.03 0.17 0.01 0.52
Peak stormwater discharge 9 ft3/s 0.39 0.46 0.25 0.1 0.51 0.03 1.47
Rainfall amount 9 inches 0.44 0.35 0.26 0.12 0.81 0.06 0.88
Rainfall intensity 9 inches per hour 0.26 0.37 0.13 0.04 0.3 0.03 1.22
Rainfall duration 9 minutes 159 107 145 85 165 40 345

Conway2 grass-lined ditch outfall 

Event-mean stormwater discharge 8 ft3/s 0.67 0.51 0.63 0.31 0.94 0.07 1.56
Peak stormwater discharge 8 ft3/s 7.85 1.5 1.53 0.84 2.56 0.15 4.78
Rainfall amount 8 inches 0.48 0.35 0.46 0.2 0.82 0.06 0.88
Rainfall intensity 8 inches per hour 0.29 0.39 0.15 0.09 0.31 0.04 1.22
Rainfall duration 8 minutes 160 118 138 78 189 40 360

North Charleston1 upstream location on Turkey Creek

Event-mean stormwater discharge 8 ft3/s 3.06 1.67 3.1 1.88 4.04 0.55 5.39
Peak stormwater discharge 8 ft3/s 9.87 5.15 11.8 6.73 13.8 1.04 14.8
Rainfall amount 8 inches 0.57 0.26 0.55 0.41 0.59 0.30 1.16
Rainfall intensity 8 inches per hour 0.41 0.54 0.24 0.21 0.29 0.08 1.73
Rainfall duration 8 minutes 136 76 125 90 159 40 280

North Charleston2 downstream location on Turkey Creek

Event-mean stormwater discharge 8 ft3/s 5.39 3.33 6.05 2.52 6.36 1.76 11.9
Peak stormwater discharge 8 ft3/s 14.1 10.7 13.5 6.49 15.8 3.7 37.5

North Charleston maintenance yard

Event-mean stormwater discharge 8 ft3/s 2.35 2.64 1.78 0.58 2.94 0 8.17
Peak stormwater discharge 8 ft3/s 4.46 8.92 1.41 0.25 2.9 0 26.3



20  Characterization of Stormwater at DOT Facilities Near Charleston, South Carolina, 2010–2012

At the Conway facility, stormwater discharges in the 
two outfalls differed during storms (appendix 3F; Wilcoxon 
rank-sum W-statistic = 54; p-value = 0.008). Mean stormwater 
discharges at Conway1 outfall (smaller drainage area than 
Conway2) ranged from 0.01 to 0.52 ft3/s with an average value 
of 0.16 ft3/s. For the same storms, Conway2 outfall had greater 
mean stormwater discharges that ranged from 0.07 to 1.56 ft3/s 
and averaged 0.67 ft3/s (table 7; appendix 3F). At the Conway1 
outfall, the greatest mean stormwater discharge of 0.52 ft3/s 
occurred on November 4, 2010 (fig. 5B; appendix 1A). How-
ever, at the Conway2 outfall, the greatest mean stormwater 
discharge of 1.56 ft3/s occurred on the September 20, 2011 
(fig. 5C; appendix 1A). A comparison of the mean unit-area 
stormwater discharges at the Conway1 and Conway2 outfalls 
determined that the Conway1 outfall had almost twice the 
storm runoff per unit area (348 (ft3/s)/mi2) than the Conway2 
outfall (176 (ft3/s)/mi2; table 1). 

Stormwater runoff from the North Charleston facility 
drains to Turkey Creek, a perennial stream. Flow measure-
ments during storms were made for Turkey Creek at the 
upstream (North Charleston1) and downstream (North 
Charleston2) limits of the SCDOT property. Event-mean 
stormflow discharge at North Charleston1 site ranged from 
0.55 to 5.39 ft3/s with a mean of 3.06 ft3/s. At the North 
Charleston2 site, event-mean stormflow ranged from 1.76 to 
11.90 ft3/s with a mean of 5.39 ft3/s (table 7). The maximum 
stormwater discharge occurred during different sampling 
events at the North Charleston1 (April 8, 2010) and North 
Charleston2 (June 15, 2011) sites on Turkey Creek (fig. 5D, E; 
appendix 1A). An estimate of the actual stormwater runoff 
contribution from the SCDOT property can be computed by 
subtracting the North Charleston1 stormwater discharge from 
North Charleston2 stormwater discharge for each sampling 
event. The estimated event-mean stormwater discharge for this 
location ranged from 0 (+/– 0.2 due to measurement error) to 
8.17 ft3/s with a mean of 2.35 ft3/s (table 7). Average event-
mean unit-area stormwater discharge for the North Charleston 
maintenance yard, which had the least amount of impervious 
surface (62 percent) of the three locations, was estimated to be 
about 71.2 (ft3/s)/mi2 (table 1). The mean unit-area discharge 
at the North Charleston facility was similar to that at the Bal-
lentine facility, although the Ballentine outfall drained over 
15 percent more impervious surface (table 1). That similarity 
may be attributed, in part, to the effects of the retention pond 
on the stormwater runoff at the Ballentine facility and the 
greater rainfall intensities and amounts at the North Charleston 
facility.

General Water-Quality Conditions

Stormwater runoff often transports large quantites of 
sediment and sediment-bound contaminants, including nutri-
ents and fecal indicator bacteria. The event-mean concentra-
tions and loads of the following water-quality constituents are 
summarized for each facility: (1) suspended sediment (SS) 
and total suspended solids (TSS), (2) nutrients (TKN, nitrate 

plus nitrite, and TP), and (3) fecal indicator bacteria. Turbid-
ity also was described because it has been used as a surrogate 
measure of suspended sediment or particulates in water. 
While numeric criteria for turbidity, SS, or TSS have not been 
established for stormwater in South Carolina, the SCDHEC 
has established a narrative permit effluent limitation whereby 
stormwater runoff cannot “significantly concentrate or con-
tribute to additional turbidity to the discharged water” (South 
Carolina Department of Health and Environmental Control, 
2012, p. 21). For use in this report, the SCDHEC freshwater 
water-quality criterion for turbidity was adopted as a conserva-
tive screening limit, although it was developed for receiving 
waters, not stormwater. For the turbidity criterion established 
by the SCDHEC, receiving waters are considered impaired 
if more than 25 percent of the turbidity measurements over a 
5-year period are greater than 50 nephelometric turbidity units 
(NTUs) (South Carolina Department of Health and Envi-
ronmental Control, 2012). For a comparison of the turbidity 
levels in stormwater to this criterion, it was assumed that the 
stormwater would contribute 100 percent of the turbidity with 
no dilution to the receiving water.

Potential sources of nutrients in stormwater runoff 
include fertilizers applied to grassways, septic or sewage leak-
age, and plant debris. Nitrogen can be present as an organic 
form that is accounted for in the TKN value or inorganic form 
of ammonia, nitrate, or nitrite which are more biologically 
available to the aquatic biota than the organic form. Total 
nitrogen includes TKN and nitrate plus nitrite in dissolved 
and particulate phases. Phosphorus also can be present in the 
more biologically available inorganic form of orthophosphate, 
whereas total phosphorus comprises inorganic and organic 
forms, and dissolved and particulate phases. The BOD5 is a 
measure of the biologically mediated organic decay processes 
that are capable of removing dissolved oxygen from the water 
column. Elevated BOD5 concentrations tend to occur in water 
that is organically enriched from manmade or natural sources. 

Ballentine Section Shed

Stormwater drainage from the Ballentine section shed 
area is surficial sheet flow that is diverted by a curb-and-gutter 
system to a retention basin. Stormwater runoff enters the 
basin through two outfalls. The stormwater accumulates in the 
basin until there is enough flow to exit the property through an 
outfall to a roadside ditch. Therefore, the potential exists for 
reduction in suspended sediment and sediment-bound contam-
inant concentrations in stormwater runoff at this facility before 
reaching the outfall. 

Suspended Sediment and Total Suspended 
Solids

At the Ballentine site, stormwater samples from 6 of 
the 9 sampled storms were analyzed for SS concentrations 
(fig. 6; appendix 1B). For the sampled events, event-mean 
concentrations of SS in stormwater ranged from 37.0 to 
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252 mg/L, with a median value of 147 mg/L (fig. 6A, table 8). 
The maximum event-mean SS concentration occurred dur-
ing the April 8, 2010, sampling event (fig. 6A, appendix 1B) 
with a mean stormwater discharge of 0.14 ft3/s and rainfall 
intensity of 0.15 in/h (fig. 5A; appendix 1A). During the 
September 5, 2011, sampling event when the maximum event-
mean stormwater discharge and rainfall intensity occurred at 
the Ballentine site, the SS EMC was 136 mg/L, which was 
below the median value (appendix 1B; table 8). Although 
TSS and SS EMCs were not correlated to each other at this 
outfall (appendix 3A), TSS EMCs at the Ballentine site had 
a temporal pattern similar to that of SS, except for the April 
5, 2011, sampling event (fig. 6B) with the maximum TSS 
EMC of 290 mg/L occurring during the same April 8, 2010, 
sampling event as the maximum SS EMC (fig. 6A). At the 
Ballentine site, the TSS EMCs ranged from 30 to 290 mg/L, 
with a median value of 110 mg/L (fig. 6B; table 8). During the 
September 5, 2011, sampling event when the maximum event-
mean stormwater discharge and rainfall intensity occurred at 
the Ballentine site, the TSS EMC was 170 mg/L, which was 
above the median value (fig. 6B; table 8). Greater SS and 
TSS EMCs were not correlated to greater mean stormwater 
discharge, rainfall amount, or intensity, but TSS EMCs were 
correlated to a greater number of days since last rainfall event 
(antecedent conditions) (appendix 3A).

Turbidity in the sampled events was not correlated to 
TSS or SS EMCs at the retention pond outfall at the Ballen-
tine section shed facility (appendix 3A). Event-mean turbidity 
in stormwater runoff at the Ballentine site ranged from 16 
to 160 NTUs with a median (50th percentile) of 51 (fig. 6C; 
table 8). For screening purposes, the values of turbidity in 
the stormwater were compared to the SCDHEC turbidity 
criterion of 50 NTUs that was established for ambient condi-
tions in freshwater streams and rivers (not stormwater) to 
assess the potential of the stormwater to impair the receiving 
water. Stormwater discharging at the retention pond outfall 
had turbidity greater than the 50-NTU criterion for 5 of the 
9 sampled storms at the Ballentine facility (fig. 6C; appen-
dix 1B). Greater turbidity was not correlated to greater mean 
stormwater discharge, rainfall amount, or intensity but was 
correlated to a greater number of days since last rainfall event 
(antecedent conditions) (appendix 3A).

Event-mean loads and yields for individual storm events 
were computed for SS and TSS at the Ballentine section 
shed site (fig. 7A, B). Stormwater at the sampled outfall 
had SS loads that ranged from 1.55 to 34.5 kilograms per 
event (kg/event) and a median of 7.97 kg/event (fig. 7A; 
table 8). The greatest SS event-mean loads occurred dur-
ing the October 2010 (34.5 kg/event) and September 2011 
(23.5 kg/event) sampling events during maximum peak 
mean stormwater discharge (1.72 ft3/s), not when maxi-
mum SS EMCs were measured (fig. 7A; appendix 1A). 
Event-mean loads of TSS tended to be less than SS loads, 
with the exception of the September 2011 sampling 
event (fig. 7A). TSS event-mean loads ranged from 0.140 
to 26.4 kg/event with a median value of 6.38 kg/event 
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Figure 6.  Event-mean concentrations of A, suspended sediment, 
B, total suspended solids, and C, turbidity in relation to event-mean 
stormwater discharging at the Ballentine outfall, Ballentine, South 
Carolina, 2010–2012.
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(table 8). Greatest TSS event-mean loads occurred during 
the same sampling events as the greatest SS event-mean 
loads and is attributed to maximum stormwater discharge 
(fig. 7A). The SS event-mean yields ranged from 1.26 to 
28.1 kilograms per event per hectare ((kg/event)/ha) with a 
median of 6.48 (kg/event)/ha. The TSS event-mean yields 
ranged from 0.114 to 21.5 (kg/event)/ha with a median of 
5.18 (kg/event)/ha (table 8). 

Nutrients and Biochemical Oxygen Demand
Predominant species and concentrations of nutrients 

varied among the sampled storms at the retention pond outfall 
at the Ballentine location (fig. 8A, B; appendix 1B). In general, 
total nitrogen concentrations consisted mainly of TKN rather 
than nitrate plus nitrite, with the exception of the January 2011 
storm, in which nitrate plus nitrite EMC was more prevalent 
(fig. 8A; table 8). The maximum nitrate plus nitrite EMC 
(1.6 mg/L), which was more than 3 times the median of 
0.5 mg/L, occurred during the January 2011 storm with a 
high amount (0.47 in.) and long duration (4.1 h) rainfall that 
produced a low rainfall intensity (0.12 in/h) and a relatively 
low mean stormwater discharge (0.15 ft3/s) from the retention 
pond (fig. 8A; appendix 1A). In contrast, the January 2011 
storm did not produce the greatest TKN or TN EMCs. Maxi-
mum TKN and TN EMCs of 5.80 and 6.30 mg/L (table 8), 
respectively, co-occurred during the April 2010 storm, which 
also had a relatively low rainfall intensity (0.15 in/h) and 
mean stormwater discharge (0.14 ft3/s) (table 8; appendix 1A; 
appendix 1B). For most storms, nitrogen EMCs in stormwater 
leaving the sampled outfall at the retention pond tended to 
fall close to the median concentrations of 2.00 mg/L for TN, 
1.50 mg/L for TKN, and 0.50 mg/L for nitrate plus nitrite 
(table 8; fig. 8A). For screening purposes, total nitrogen EMCs 
were compared to EPA recommended criteria related to ambi-
ent conditions in freshwater streams and rivers, and in all nine 
stormwater runoff events, TN EMCs exceeded the 0.90 mg/L 
EPA recommended criterion for rivers and streams (U.S. 
Environmental Protection Agency, 2000). However, it is likely 
that the concentrations in the sampled stormwater would have 
sufficient mixing with the receiving water to be reduced below 
the recommended level.

Maximum total phosphorus EMC of 1.1 mg/L occurred 
during the same April 2010 storm that produced the maximum 
TKN and TN concentrations in stormwater at the Ballentine 
retention pond (fig. 8B; table 8). For all other storms, total 
phosphorus EMCs in stormwater leaving the sampled outfall 
at the retention pond were an order of magnitude less than the 
maximum and tended to fall close to the median concentra-
tion of 0.15 mg/L (fig. 8B; table 8). Total phosphorus EMCs 
for all nine sampled storms exceeded the 0.04 mg/L EPA 
recommended criterion for rivers and streams (fig. 8B; U.S. 
Environmental Protection Agency, 2000). However, it is likely 
that the concentrations in the sampled stormwater would have 
sufficient mixing with the receiving water to be reduced below 
the recommended level. Orthophosphate EMCs constituted 

only a small portion of the TP EMCs for most sampled storms. 
For the September 5, 2011 and September 27, 2011 storms, 
however, orthophosphate was a significant portion of TP, 
and the orthophosphate EMCs were greater than the median 
orthophosphate concentration of <0.016 mg/L and were a sig-
nificant portion (36 and 57 percent) of the TP (fig. 8B; table 8). 
The greatest orthophosphate EMCs, which were more than 4 
to 7 times the median, occurred during storms with the great-
est rainfall intensities (0.22–0.38 in/h) and mean stormwater 
discharges (0.41–0.75 ft3/s) from the retention pond (fig. 5A; 
appendix 1A).

The EMCs for BOD5 ranged from 5.20 to 58.0 mg/L with 
a median of 15.5 mg/L (table 8; fig. 8C). The maximum BOD5 
EMC of 58.0 mg/L occurred on April 2010, concurrent with 
the maximum TN, TKN, and TP EMCs. The April 8, 2010, 
storm had relatively low rainfall intensity (0.15 in/h) and mean 
stormwater discharge (0.14 ft3/s) (table 8; figs. 5A, 8C). 

Event-mean loads and yields of nutrients in samples 
collected at the outfall of the retention pond at the Bal-
lentine facility during storms demonstrated variability over 
time (fig. 7C, D). Stormwater leaving the retention pond 
at the sampled outfall had a median TN event-mean load 
of 0.12 kg/event with a range of 0.038 to 0.26 kg/event 
(fig. 7C; table 8). TKN event-mean loads ranged from 0.0023 
to 0.20 kg/event with a median of 0.062 kg/event (fig. 7C; 
table 8). In general, nitrate plus nitrite event-mean loads (range 
of 0.0015 to 0.10 kg/event) were lower than TKN event-mean 
loads by about half (fig. 7C; table 8). The median event-mean 
load for TP in the stormwater was 0.012 kg/event, and event-
mean loads for TP ranged from 0.00022 to 0.033 kg/event 
(fig. 7C; table 8). Event-mean yields, in grams per hectare per 
event, for all nutrients were computed and statistically sum-
marized (fig. 7D; table 8). At the Ballentine facility, maximum 
nutrient event-mean loads and yields of TN, TKN, and TP 
occurred during the September 5, 2011 storm, which had the 
maximum mean storm discharge of 0.75 ft3/s (figs. 5A, 7C, D). 
Median event-mean yields were 113 grams per event per 
hectare ((g/event)/ha) for TN, 50.7 (g/event)/ha for TKN, 
and 10.1 (g/event)/ha for TP (fig. 7B, D; table 8). Median 
event-mean yield for nitrate plus nitrite was 12.4 (g/event)/ha 
(fig. 7B, D; table 8). 

Fecal Indicator Bacteria

The E. coli and enterococcus concentrations varied by 
3 orders of magnitude in grab samples collected during the 
first flush of stormwater from the Ballentine outfall at the 
retention pond (fig. 9; appendix 1B). Additionally, entero-
coccus concentrations consistently were greater than the 
corresponding E. coli concentrations in stormwater at the 
outfall (fig. 9; appendix 1B). Specifically, E. coli concentra-
tions ranged from 10 to 2,070 col/100 mL with a median 
of 110 col/100 mL, whereas enterococcus concentrations 
ranged from 41 to 10,130 col/100 mL, with a median of 
1,017 col/100 mL (fig. 9A; table 8). As described above, these 
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“first flush” fecal indicator bacteria concentrations represent 
potentially the greatest concentrations in the stormwater 
during a single storm and, therefore, overcompensate for the 
effects on receiving waters. Notwithstanding, the “first flush” 
E. coli concentrations in the stormwater at the Ballentine 
outfall were compared to the SCDHEC newly adopted SSM 
for E. coli of 349 col/100 mL for recreational waters to screen 

the bacteria data for potential effects on receiving waters. 
Even though the E. coli concentrations likely overestimated 
potential effects on receiving water, only 4 of the 9 sampled 
storms (44 percent) had E. coli concentrations that exceeded 
the SCDHEC criterion (fig. 9A; appendix 1B). Additionally 
for screening purposes, the “first flush” enterococcus con-
centrations in the stormwater at the Ballentine facility were 
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Figure 7.  Temporal variation in total suspended solids and suspended sediment A, event-mean loads and B, event-mean yields 
and in nutrient C, event-mean loads and D, event-mean yields in stormwater discharging at the Ballentine outfall, Ballentine, 
South Carolina, 2010–2011.
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compared to the EPA SSM of 151 col/100 mL for waters 
where infrequent body contact occurs. At the Ballentine facil-
ity, 6 (67 percent) of the 9 sampled storms had enterococcus 
concentrations that exceeded the EPA SSM of 151 col/100 
mL (fig. 9A; appendix 1B). The data screening indicated some 
potential for effects on receiving waters, but it is likely that the 
concentrations in the sampled stormwater would have suf-
ficient mixing with additional stormwater and the receiving 
water to be reduced below the criterion level. The maximum 
concentration for E. coli and enterococci in the “first-flush” 
grab sample occurred during the April 8, 2010, storm that had 
a peak stormwater discharge of 0.41 ft3/s and rainfall intensity 
at 0.15 in/h (fig. 9; appendix 1A). Minimum concentrations for 
E. coli and enterococci occurred during the January 25, 2011, 
storm that had a peak stormwater discharge of 0.15 ft3/s and 
rainfall intensity of 0.12 in/hr (fig. 9; appendix 1A).

Escherichia coli and enterococcus loads in stormwater 
discharging from the retention pond at the Ballentine facility 
varied by 4 and 3 orders of magnitude, respectively, among 
the nine sampled storms (table 8; fig. 9B). “First-flush” loads 
of E. coli ranged from 8.96 to 15,700 million colonies per 
event (Mcol/event) with a median of 120 Mcol/event at the 
Ballentine outfall (fig. 9B). Enterococcus loads were greater 
than the E. coli loads, ranging from 36.4 to 65,193 Mcol/event 
with a median of 17,542 Mcol/event (fig. 9B). Maximum 
E. coli and enterococcus loads did not occur during the same 
storm (fig. 9B). The maximum E. coli load occurred during 
the October 2011, storm, which is attributed to relatively high 
“first flush” stormwater discharge and long rainfall duration 
(fig. 9B; appendix 1A). The maximum enterococcus load 
occurred during the April 8, 2010, storm when maximum 
enterococcus concentrations were present. The April 2010 
storm had less “first flush” stormwater discharge and shorter 
rainfall duration than the October 2011 storm (fig. 9B; appen-
dix 1A).

Relations Among Water-Quality Constituents and 
Hydrologic Characteristics

Of the six hydrologic characteristics at the Ballentine 
site, which include rainfall amount, intensity, and duration; 
peak stormwater discharge; mean stormwater discharge; and 
antecedent conditions, the hydrologic characteristic most 
frequently and significantly correlated to water-quality EMCs 
was stormwater discharge (peak and mean) (appendix 3A). 
The EMCs for hardness (calcium and magnesium), nitrate, 
pH, and specific conductance were correlated negatively to 
peak and mean stormwater discharges (appendix 3A). Total 
and dissolved copper and total nickel EMCs were correlated 
negatively to mean stormwater discharge only at this site. 
The negative correlation indicates decreasing concentrations 
with increased stormwater discharge, commonly attributed to 
dilution type processes. One exception was a positive correla-
tion between stormwater discharge and orthophosphate EMCs 
at this site, which indicates increasing concentrations with 
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Figure 8.  Event-mean concentrations of A, nitrogen species, 
B, phosphorus species, and C, 5-day biochemical oxygen demand 
in stormwater discharging at the Ballentine outfall, Ballentine, 
South Carolina, 2010–2012.
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increased stormwater. A similar positive relation was identified 
between rainfall intensity, which co-varied with stormwater 
discharge, and orthophosphate. For the sediment-based con-
stituents, the antecedent condition, days since last rainfall, was 
the main hydrologic characteristic that displayed a statistically 
significant positive relation with TSS EMCs and turbidity, 
which indicates greater TSS EMCs and turbidity occurred dur-
ing storms that were preceded by long dry periods. The EMCs 
of TSS and SS were not correlated to each other or to turbidity. 
Total phosphorus EMCs were correlated positively with TSS, 
total nitrogen, and TKN EMCs. “First flush” enterococcus and 
E. coli concentrations were negatively correlated to turbidity 
in stormwater at the Ballentine facility (appendix 3A).

Conway Maintenance Yard

At the Conway maintenance yard facility, stormwater 
discharges at the Conway1 outfall (PVC pipe outlet) or the 
Conway2 outfall (grass-lined ditch). Event-mean concentra-
tions, loads, and yields of the suspended sediment, nutrients, 
biochemical oxygen demand, and fecal indicator bacteria in 
stormwater samples from the two outfalls are summarized in 
tables 9 and 10. Differences in median EMCs in samples from 
the outfalls are based on the Wilcoxon Rank-Sum Test results 
(appendix 3F). 

Suspended Sediment and Total Suspended 
Solids

Event-mean concentrations of SS and TSS produced by 
the transport of sediment in stormwater runoff at the Conway 
maintenance yard were not statistically different in stormwater 
discharging at Conway1 and Conway2 outfalls, but turbidity 
was greater in stormwater at the Conway1 outfall than at Con-
way2 outfall (appendix 3F). Event-mean concentrations of SS 
in the stormwater runoff at the Conway1 outfall ranged from 
33.0 to 263 mg/L with a median value of 105 mg/L (fig. 10A; 
table 9). The SS EMCs in the stormwater discharging at 
Conway2 outfall ranged from 40 to 260 mg/L with a median 
of 94 mg/L (fig. 10B; table 10). Maximum SS EMCs occurred 
during the February 28, 2011, storm at both Conway1 and 
Conway2 outfall with rainfall intensity of 0.30 in/h and mean 
stormwater discharge of 0.14 and 0.89 ft3/s, respectively 
(appendix 1A, 1C, 1D). One excursion from the similar tem-
poral patterns of SS EMCs at the two outfalls occurred during 
the November 2010 storm when the SS EMC (254 mg/L) 
was near maximum at the Conway1 outfall but near the 
minimum EMC at Conway2 outfall (50 mg/L) (fig. 10A, B; 
appendixes 1C, 1D). During this event, a greater percentage 
(3%) of the suspended sediment consisted of sand-sized par-
ticles than silt- and clay-sized particles (appendix 1C, 1D). 

SCDHEC SSM criterion 
for secondary and primary body contact for Escherichia coli

EPA SSM criterion for 
infrequent body contact for enterococcus
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Figure 9.  Temporal variation of Escherichia coli and enterococcus A, concentrations and B, loads in “first flush” grab samples 
collected in stormwater discharging at the Ballentine outfall, Ballentine, South Carolina, 2010–2012. [SCDHEC, South Carolina 
Department of Health and Environmental Control; SSM, single sample maximum; EPA, U.S. Environmental Protection Agency] 
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Figure 10.  Event-mean concentrations of A, suspended sediment, C, total suspended solids, and E, turbidity in stormwater discharging 
at the Conway1 outfall and of B, suspended sediment, D, total suspended solids, and F, turbidity in stormwater discharging at the 
Conway2 outfall, Conway, South Carolina, 2010–2012. [SCDHEC, South Carolina Department of Health and Environmental Control] 
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Table 9.  Summary statistics for selected constituent concentrations, loads, and yields in stormwater collected at the pipe outfall 
(Conway1; station 3354440790245000) at the southern boundary of the South Carolina Department of Transportation maintenance yard  
near Conway, South Carolina, 2010 to 2012.

[Number, number of samples; StDev, standard deviation; 25th Q, twenty-fifth quartile; 75th Q, seventy-fifth quartile; Min, minimum; Max, maximum; oC, degrees 
Celsius; µS/cm, microsiemens per centimeter at 25 degrees Celsius; NTU, nephelometric turbidity units; col/100 mL, colonies per 100 milliliters; <, less than the 
laboratory reporting level; mg/L, milligrams per liter; µg/L, micrograms per liter; kg/event, kilograms per event; g/event, grams per event; (kg/event)/ha, kilograms 
per event per hectare; (mg/event)/ha, milligrams per event per hectare; (g/event)/ha, grams per event per hectare; Mcol/event, million colonies per event;  
(Mcol/event)/ha, million colonies per event per hectare; ND, not applicable; E, estimated value; Statistics in bold italics were computed using the Regression on 
Order Statistics for datasets with censored values]

Constituent
Number 

(censored)
Units Mean StDev Median 25th Q 75th Q Min Max

Conway1 pipe outfall event-mean concentrations

Water temperature 8 (0) oC 20.9 4.7 19.9 18.6 21.8 16.2 31.4
pH 8 (0) Standard 

units
8.4 0.8 8.1 8.0 8.5 7.6 10.1

Specific conductance 8 (0) µS/cm 118 71 89 70 145 60 260
Dissolved oxygen 8 (0) mg/L 8.8 0.9 8.8 8.4 9.6 7.1 9.8
Hardness 9 (0) mg/L 49 31 42 31 72 13 105
Turbidity 9 (0) NTU 80 67 59 45 76 23 240
Total Kjeldahl nitrogen 9 (0) mg/L 1.64 1.39 1.30 0.76 2.10 0.36 4.80
Total nitrogen 9 (0) mg/L 1.93 1.44 1.59 0.79 2.78 0.50 4.96
Nitrate plus nitrite 9 (0) mg/L 0.28 0.21 0.24 0.16 0.38 0.034 0.74
5-day biochemical 

oxygen demand
9 (0) mg/L 10 8.3 5.0 4.6 20 2 23

Total phosphorus 9 (1) mg/L 0.20 0.11 0.15 0.12 0.29 < 0.024 0.36
Orthophosphate 9 (3) mg/L 0.024 0.016 0.021 < 0.016 0.025 < 0.016 0.055
Enterococcus 9 (0) col/100 mL 3,567 7,869 512 145 1,467 41 >24,196.0
Escherichia coli 9 (3) col/100 mL 624 1,544 30 < 10 262 < 10 4,725
Suspended sediment 9 (0) mg/L 130 79.6 105 83 148 33 263
Total suspended solids 8 (0) mg/L 138 93.7 110 92.3 153 29 310
Suspended sediment 

finer than 63 micron
9 (0) percent 97 2.18 97 97 99 92 99

Total cadmium 9 (8) µg/L ND ND < 0.13 ND ND < 0.13 E 0.19
Dissolved cadmium 8 (8) µg/L ND ND < 0.095 ND ND < 0.095 < 0.095
Total chromium 9 (2) µg/L 15.7 21.1 7.8 3.3 18 < 2.5 68
Dissolved chromium 8 (5) µg/L 9.2 16.5 < 2.5 < 2.5 12.1 < 2.5 46
Total copper 9 (0) µg/L 7.5 5.2 5.7 4.1 11 E 1.4 17
Dissolved copper 6 (2) µg/L 3.5 3.9 2.1 < 1.1 4.6 < 1.1 11
Total lead 9 (0) µg/L 6.3 4.0 4.7 3.8 8.1 1.6 14
Dissolved lead 8 (6) µg/L ND ND < 0.2 ND ND < 0.2 1.7
Dissolved nickel 8 (5) µg/L 2.9 2.0 2.3 <2.0 3.9 <2.0 6.8
Total zinc 9 (0) µg/L 121 53.9 110 69 160 56 210
Dissolved zinc 8 (2) µg/L 25.1 24.1 17.5 8.8 35 < 8.3 75
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Table 9. Summary statistics for selected constituent concentrations, loads, and yields in stormwater collected at the pipe outfall  
(Conway1; station 3354440790245000) at the southern boundary of the South Carolina Department of Transportation maintenance yard  
near Conway, South Carolina, 2010 to 2012. —Continued

[Number, number of samples; StDev, standard deviation; 25th Q, twenty-fifth quartile; 75th Q, seventy-fifth quartile; Min, minimum; Max, maximum; oC, degrees 
Celsius; µS/cm, microsiemens per centimeter at 25 degrees Celsius; NTU, nephelometric turbidity units; col/100 mL, colonies per 100 milliliters; <, less than the 
laboratory reporting level; mg/L, milligrams per liter; µg/L, micrograms per liter; kg/event, kilograms per event; g/event, grams per event; (kg/event)/ha, kilograms  
per event per hectare; (mg/event)/ha, milligrams per event per hectare; (g/event)/ha, grams per event per hectare; Mcol/event, million colonies per event;  
(Mcol/event)/ha, million colonies per event per hectare; ND, not applicable; E, estimated value; Statistics in bold italics were computed using the Regression on  
Order Statistics for datasets with censored values]

Constituent
Number 

(censored)
Units Mean StDev Median 25th Q 75th Q Min Max

Conway1 pipe outfall event-mean loads

5-day biochemical 
oxygen demand

9 (0) kg/event 0.248 0.250 0.100 0.040 0.365 0.027 0.649

Hardness 9 (0) kg/event 1.63 2.94 0.616 0.325 1.15 0.162 9.40
Total Kjeldahl nitrogen 9 (0) kg/event 0.031 0.021 0.027 0.015 0.046 0.0032 0.062
Total nitrogen 9 (0) kg/event 0.037 0.025 0.028 0.022 0.063 0.0044 0.074
Nitrate plus nitrite 9 (0) kg/event 0.0066 0.0085 0.0043 0.0012 0.0072 0.00090 0.028
Total phosphorus 9 (1) kg/event 0.0061 0.0098 0.0022 0.00087 0.0046 < 0.0020 0.031
Orthophosphate 9 (3) kg/event 0.00038 0.00030 0.00024 0.00014 0.00064 < 0.000028 0.00087
Enterococcus 9 (0) Mcol/event 388 499 148 39 669 12 1,347
Escherichia coli 9 (3) Mcol/event 73 112 18 2 77 < 2 317
Suspended sediment 6 (0) kg/event 5.65 10.4 1.73 1.18 2.69 0.229 32.5
Total suspended solids 9 (0) kg/event 6.29 10.8 2.04 1.32 4.19 0.185 32.0
Total cadmium 9 (8) g/event ND ND < 0.002 ND ND <0.0002 E 0.006
Dissolved cadmium 8 (8) g/event ND ND < 0.002 ND ND < 0.0001 < 0.012
Total chromium 9 (2) g/event 1.1 2.9 0.071 < 0.054 0.12 < 0.054 8.7
Dissolved chromium 8 (5) g/event 0.76 2.1 0.0043 0.0036 0.062 < 0.040 5.9
Total copper 9 (0) g/event 0.27 0.49 0.089 0.035 0.16 0.026 1.5
Dissolved copper 6 (2) g/event 0.069 0.10 0.026 0.017 0.062 < 0.024 0.27
Total lead 9 (0) g/event 0.26 0.45 0.085 0.062 0.13 0.013 1.4
Dissolved lead 9 (4) g/event ND ND < 0.005 ND ND < 0.001 E 0.015
Dissolved nickel 8 (5) g/event 0.026 0.034 0.014 0.012 0.020 < 0.035 0.11
Total zinc 9 (0) g/event 5.1 8.4 2.2 0.98 5.3 0.17 27
Dissolved zinc 8 (0) g/event 0.67 0.70 0.33 0.21 1.1 0.062 2.0

Conway1 pipe outfall event-mean yields

5-day biochemical 
oxygen demand

9 (0) (kg/event)/ha 1.9 1.9 0.75 0.61 2.7 0.20 4.9

Hardness 9 (0) (kg/event)/ha 12.3 22.1 4.63 2.45 8.66 1.22 70.8
Total Kjeldahl nitrogen 9 (0) (g/event)/ha 230 157 203 110 347 24.4 466
Total nitrogen 9 (0) (g/event)/ha 280 191 209 164 475 33.0 559
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Table 9. Summary statistics for selected constituent concentrations, loads, and yields in stormwater collected at the pipe outfall 
(Conway1; station 3354440790245000) at the southern boundary of the South Carolina Department of Transportation maintenance yard  
near Conway, South Carolina, 2010 to 2012. —Continued

[Number, number of samples; StDev, standard deviation; 25th Q, twenty-fifth quartile; 75th Q, seventy-fifth quartile; Min, minimum; Max, maximum; oC, degrees 
Celsius; µS/cm, microsiemens per centimeter at 25 degrees Celsius; NTU, nephelometric turbidity units; col/100 mL, colonies per 100 milliliters; <, less than the 
laboratory reporting level; mg/L, milligrams per liter; µg/L, micrograms per liter; kg/event, kilograms per event; g/event, grams per event; (kg/event)/ha, kilograms 
per event per hectare; (mg/event)/ha, milligrams per event per hectare; (g/event)/ha, grams per event per hectare; Mcol/event, million colonies per event;  
(Mcol/event)/ha, million colonies per event per hectare; ND, not applicable; E, estimated value; Statistics in bold italics were computed using the Regression on 
Order Statistics for datasets with censored values]

Constituent
Number 

(censored)
Units Mean StDev Median 25th Q 75th Q Min Max

Conway1 pipe outfall event-mean yields —Continued

Nitrate plus nitrite 9 (0) (g/event)/ha 49.4 64.0 32.3 8.84 54.2 6.75 212
Total phosphorus 9 (1) (g/event)/ha 46.0 73.8 16.7 6.53 34.7 < 14.7 231
Orthophosphate 9 (3) (g/event)/ha 2.86 2.27 1.84 1.05 4.78 2.12 6.57
Enterococcus 9 (0) (Mcol/

event)/ha
2,920 3,754 1,116 290 5,030 87 10,139

Escherichia coli 9 (3) (Mcol/
event)/ha

546 842 132 12.6 576 < 12 2,387

Suspended sediment 6 (0) (kg/event)/ha 42.5 77.9 13.0 8.87 20.3 1.72 245
Total suspended solids 9 (0) (kg/event)/ha 47.3 81.3 15.4 9.97 31.5 1.40 241
Total cadmium 9 (8) (mg/event)/

ha
ND ND < 17 ND ND < 1.5 E 44.2

Dissolved cadmium 8 (8) (mg/event)/
ha

ND ND < 14 ND ND < 1.1 < 92

Total chromium 9 (2) (mg/event)/
ha

8,146 21,561 536 367 932 < 409 65,547

Dissolved chromium 8 (5) (mg/event)/
ha

5,678 15,625 32.2 27.1 470 < 300 44,341

Total copper 9 (0) (mg/event)/
ha

2,007 3,659 671 265 1,195 198 11,567

Dissolved copper 6 (2) (mg/event)/
ha

518 749 198 128 465 < 180 2024

Total lead 9 (0) (mg/event)/
ha

1,943 3,383 638 463 982 94.2 10,603

Dissolved lead 9 (4) (mg/event)/
ha

ND ND < 39 ND ND < 8.44 E 115

Dissolved nickel 8 (5) (mg/event)/
ha

193 254 103 87.8 154 < 265 813

Total zinc 9 (0) (mg/event)/
ha

38,472 63,084 16,683 7,410 39,554 1,279 202,425

Dissolved zinc 8 (0) (mg/event)/
ha

5,029 5,274 2,503 1,579 8,242 464 15,341

Unlike stormwater discharging at the retention pond 
outfall at the Ballentine section shed facility, TSS EMCs in 
stormwater discharging from the Conway1 and Conway2 
outfalls correlated positively with SS EMCs (appendixes 3B, 
3C). TSS EMCs ranged from 29.0 to 310 mg/L for Conway1 
outfall and from 30.0 to 210 mg/L for Conway2 outfall with a 
median values of 110 and 71 mg/L, respectively (fig. 10C, D; 
tables 9, 10). The maximum TSS EMC occurred during the 

same February 2011, storm as the maximum SS EMC for Con-
way1 and Conway2 outfalls, (fig. 10C, D; appendix 1D).  

Event-mean turbidity values in stormwater runoff at the 
Conway1 outfall were significantly greater than the event-
mean turbidity values in stormwater at the Conway2 outfall 
for the sampled storms (appendix 3F). Additionally, event-
mean turbidity was not significantly correlated with SS or 
TSS EMCs at the Conway1 outfall (appendix 3B) or at the 
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Table 10.  Summary statistics for selected constituent concentrations, loads, and yields in stormwater collected at the outfall at the 
grass-lined ditch (Conway2; station 335448079024500) on the northern boundary of the South Carolina Department of Transportation 
maintenance yard near Conway, South Carolina, 2010 to 2012. 

[Number, number of samples; StDev, standard deviation; 25th Q, twenty-fifth quartile; 75th Q, seventy-fifth quartile; Min, minimum; Max, maximum; 
oC, degrees Celsius; µS/cm, microsiemens per centimeter at 25 degrees Celsius; NTU, nephelometric turbidity units; col/100 mL, colonies per 100 milliliters; 
<, less than the laboratory reporting level; mg/L, milligrams per liter; µg/L, micrograms per liter; kg/event, kilograms per event; g/event, grams per event; 
(kg/event)/ha, kilograms per event per hectare; (g/event)/ha, grams per event per hectare; Mcol/event, million colonies per event; (Mcol/event)/ha, million  
colonies per event per hectare; ND, not applicable; E, estimated value; Statistics highlighted in bold italics were computed using the Regression on Order  
Statistics for datasets with censored values]

Constituent
Number  

(cen-
sored)

Units Mean StDev Median 25th Q 75th Q Min Max

Conway2 grass-lined ditch outfall event-mean concentrations

Water temperature 8 (0) oC 21.7 5.86 19.3 17.7 24.4 16 31.7
pH 6 (0) standard units 6.7 1.4 7.1 6.9 7.4 3.8 7.7
Specific conductance 8 (0) µS/cm 77 63 64 32 93 17 214
Dissolved oxygen 8 (0) mg/L 8.6 1.2 9.3 7.9 9.4 6.7 9.7
Hardness 7 (0) mg/L 23 19 17 8.3 33 4.5 53
Turbidity 8 (0) NTU 32 19 28 21 44 5.1 59
Total Kjeldahl  

nitrogen
8 (0) mg/L 1.38 1.02 1.45 0.38 1.85 0.28 3.10

Total nitrogen 8 (0) mg/L 1.67 1.22 1.80 0.47 2.24 0.31 3.54
Nitrate plus nitrite 8 (0) mg/L 0.30 0.26 0.23 0.10 0.46 0.032 0.77
5-day biochemical 

oxygen demand
8 (1) mg/L 13 9.2 13 6.4 20 < 2 25

Total phosphorus 8 (1) mg/L 0.17 0.114 0.16 0.066 0.26 < 0.024 0.35
Orthophosphate 8 (3) mg/L 0.056 0.044 0.049 0.017 0.100 < 0.016 0.110
Enterococcus 7 (0) col/100 mL 10,233 10,533 3,441 2,807 19,166 50 > 24,196
Escherichia coli 7 (0) col/100 mL 4,983 8,890 1,178 247 4,508 1 > 24,196
Suspended sediment 8 (0) mg/L 102 68 94 67 102 40 260
Total suspended solids 8 (0) mg/L 90 63 71 47 109 30 210
Suspended sediment 

finer than 63 micron
8 (0) percent 90 7 92 88 94 77 97

Total cadmium 8 (5) µg/L < 0.13 0.07 < 0.13 < 0.13 0.15 < 0.13 E 0.25
Dissolved cadmium 7 (6) µg/L ND ND < 0.095 ND ND < 0.095 E 0.15
Total chromium 8 (2) µg/L 7.4 4.5 5.5 3.9 12 < 2.5 14
Dissolved chromium 7 (4) µg/L 2.9 2.2 2.3 < 2.5 4.2 < 2.5 46
Total copper 8 (1) µg/L 7.1 4.7 6 3.1 11.5 < 1.1 14
Dissolved copper 4 (0) µg/L 3.8 4.1 2 1.5 4.3 1.3 10
Total lead 8 (1) µg/L 4.8 2.9 4.1 3.0 5.8 < 0.5 11
Dissolved lead 6 (5) µg/L ND ND < 0.2 ND ND < 0.2 E 0.39
Dissolved nickel 7 (5) µg/L ND ND < 2 ND ND < 2.0 8.2
Total zinc 8 (0) µg/L 133 102 103 64.5 188 E 14 330
Dissolved zinc 6 (0) µg/L 65 106 21.5 12.3 43.5 E 9.5 280
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Table 10. Summary statistics for selected constituent concentrations, loads, and yields in stormwater collected at the outfall at the 
grass-lined ditch (Conway2; station 335448079024500) on the northern boundary of the South Carolina Department of Transportation 
maintenance yard near Conway, South Carolina, 2010 to 2012. —Continued

[Number, number of samples; StDev, standard deviation; 25th Q, twenty-fifth quartile; 75th Q, seventy-fifth quartile; Min, minimum; Max, maximum; oC, degrees 
Celsius; µS/cm, microsiemens per centimeter at 25 degrees Celsius; NTU, nephelometric turbidity units; col/100 mL, colonies per 100 milliliters; <, less than the 
laboratory reporting level; mg/L, milligrams per liter; µg/L, micrograms per liter; kg/event, kilograms per event; g/event, grams per event; (kg/event)/ha, kilo-
grams per event per hectare; (mg/event)/ha, milligrams per event per hectare; (g/event)/ha, grams per event per hectare; Mcol/event, million colonies per event; 
(Mcol/event)/ha, million colonies per event per hectare; ND, not applicable; E, estimated value; Statistics in bold italics were computed using the Regression on 
Order Statistics for datasets with censored values]

Constituent
Number  

(cen-
sored)

Units Mean StDev Median 25th Q 75th Q Min Max

Conway2 grass-lined ditch outfall event-mean loads

5-day biochemical 
oxygen demand

8 (1) mg/L 1.6 1.5 0.97 0.68 2.1 < 0.21 4.3

Hardness 7 (0) kg/event 1.9 1.4 1.9 0.97 2.1 0.47 4.6
Total Kjeldahl  

nitrogen
8 (0) kg/event 0.133 0.1 0.124 0.072 0.163 0.024 0.334

Total nitrogen 8 (0) kg/event 0.16 0.112 0.147 0.091 0.213 0.032 0.372
Nitrate plus nitrite 8 (0) kg/event 0.026 0.019 0.024 0.013 0.036 0.003 0.062
Total phosphorus 8 (1) kg/event 0.015 0.013 0.014 0.006 0.017 < 0.014 0.045
Orthophosphate 8 (3) kg/event 0.004 0.004 0.003 0.001 0.007 < 0.002 0.01
Enterococcus 7 (0) Mcol/event 46,673 61,718 8,957 7,456 66,495 9.39 169,851
Escherichia coli 7 (0) Mcol/event 14,093 20,649 2,654 657 19,324 < 1 > 56,032
Suspended sediment 7 (0) kg/event 16.7 18.9 10.2 4.01 19.1 0.98 51.1
Total suspended solids 8 (0) kg/event 13.8 15.6 8.85 2.81 16.1 1.57 41.3
Total cadmium 8 (5) g/event 0.006 0.003 0.006 0.006 0.007 < 0.014 0.012
Dissolved cadmium 7 (6) g/event ND ND < 0.012 ND ND < 0.0010 E 0.005
Total chromium 8 (2) g/event 0.76 0.88 0.45 0.26 0.88 < 0.27 2.75
Dissolved chromium 7 (3) g/event 0.16 0.11 0.13 0.095 0.23 < 0.27 0.38
Total copper 8 (1) g/event 0.8 0.72 0.62 0.27 1.2 < 0.12 2.2
Dissolved copper 4 (0) g/event 0.42 0.26 0.41 0.29 0.54 0.11 0.74
Total lead 8 (1) g/event 0.72 0.75 0.53 0.12 1.1 < 0.053 2.2
Dissolved lead 7 (5) g/event ND ND < 0.039 ND ND < 0.002 0.19
Dissolved nickel 7 (5) g/event ND ND < 0.44 ND ND < 0.21 0.27
Total zinc 8 (0) g/event 16.1 12.7 14.2 8.47 22.5 1.01 35.4
Dissolved zinc 6 (0) g/event 4.5 3.5 4.3 2.1 7 0.32 9.2



Characterization of Stormwater   35

Table 10. Summary statistics for selected constituent concentrations, loads, and yields in stormwater collected at the outfall at the 
grass-lined ditch (Conway2; station 335448079024500) on the northern boundary of the South Carolina Department of Transportation 
maintenance yard near Conway, South Carolina, 2010 to 2012. —Continued

[Number, number of samples; StDev, standard deviation; 25th Q, twenty-fifth quartile; 75th Q, seventy-fifth quartile; Min, minimum; Max, maximum; oC, degrees 
Celsius; µS/cm, microsiemens per centimeter at 25 degrees Celsius; NTU, nephelometric turbidity units; col/100 mL, colonies per 100 milliliters; <, less than the 
laboratory reporting level; mg/L, milligrams per liter; µg/L, micrograms per liter; kg/event, kilograms per event; g/event, grams per event; (kg/event)/ha, kilo-
grams per event per hectare; (mg/event)/ha, milligrams per event per hectare; (g/event)/ha, grams per event per hectare; Mcol/event, million colonies per event; 
(Mcol/event)/ha, million colonies per event per hectare; ND, not applicable; E, estimated value; Statistics in bold italics were computed using the Regression on 
Order Statistics for datasets with censored values]

Constituent
Number  

(cen-
sored)

Units Mean StDev Median 25th Q 75th Q Min Max

Conway2 grass-lined ditch outfall event-mean yields

5-day biochemical 
oxygen demand

8 (1) (kg/event)/ha 1.64 1.57 1.00 0.703 2.19 < 0.22 4.43

Hardness 7 (0) (kg/event)/ha 1.95 1.43 1.94 1.01 2.22 0.493 4.77
Total Kjeldahl  

nitrogen
8 (0) (g/event)/ha 138 103 128 74.8 169 25.1 346

Total nitrogen 8 (0) (g/event)/ha 165 116 152 94.6 221 33.5 385
Nitrate plus nitrite 8 (0) (g/event)/ha 27.2 19.7 24.9 13.3 38.0 3.51 64.6
Total phosphorus 8 (1) (g/event)/ha 15.7 13.7 14.1 6.54 17.4 < 14.2 46.8
Orthophosphate 8 (3) (g/event)/ha 4.06 3.94 2.72 1.03 6.89 < 2.03 10.4
Enterococcus 7 (0) (Mcol/event)/

ha
48,322 63,897 9,273 7,719 68,842 9.72 175,847

Escherichia coli 7 (0) (Mcol/event)/
ha

14,590 21,378 2,748 680 20,006 0.19 58,010

Suspended sediment 7 (0) (kg/event)/ha 17.3 19.6 10.6 4.15 19.8 1.02 52.9
Total suspended solids 8 (0) (kg/event)/ha 14.3 16.1 9.16 2.91 16.7 1.63 42.7
Total cadmium 8 (5) (mg/event)/ha 6.35 3.00 5.66 5.66 7.06 < 14.3 12.3
Dissolved cadmium 7 (6) (mg/event)/ha ND ND < 10.2 ND ND < 1.04 E 5.08
Total chromium 8 (2) (mg/event)/ha 783 906 463 268 910 < 274 2,849
Dissolved chromium 7 (3) (mg/event)/ha 170 114 139 98.8 237 < 274 393
Total copper 8 (1) (mg/event)/ha 824 748 637 280 1,206 < 121 2,239
Dissolved copper 4 (0) (mg/event)/ha 433 274 428 303 558 109 768
Total lead 8 (1) (mg/event)/ha 743 776 552 119 1,159 < 54.9 2,239
Dissolved lead 7 (5) (mg/event)/ha ND ND < 40.7 ND ND < 2.18 198
Dissolved nickel 7 (5) (mg/event)/ha ND ND < 215 ND ND < 220 278
Total zinc 8 (0) (mg/event)/ha 16,651 13,150 14,656 8,765 23,285 1,048 36,633
Dissolved zinc 6 (0) (mg/event)/ha 4,710 3,584 4,417 2,139 7,283 327 9,481
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Conway2 outfall (appendix 3C). Event-mean turbidity values 
at the Conway1 outfall ranged from 23 to 240 NTUs with 
a median value of 59 NTUs (fig. 10E; table 9). Stormwater 
from the Conway2 outfall had event-mean turbidity values 
that ranged from 5.1 to 59 NTUs with a median of 28 NTUs 
(fig. 10F; table 10). Maximum turbidity co-occurred with 
the maximum SS and TSS EMCs during the February 28, 
2011, storm in stormwater discharging at Conway1 outfall 
(fig. 10A, C, E), but maximum turbidity did not co-occur with 
maximum SS and TSS EMCs in stormwater discharging at 
Conway2 outfall (fig. 10B, D, F). At the Conway2 outfall 
during the February 28, 2011, storm, an increase in sand-size 
fraction of the SS (SS finer than 63 microns was reduced to 
77 percent) that can produce rapid settling of the suspended 
particles was observed, and the increase resulted in a turbid-
ity measurement of only 19 NTUs (appendix 1D; Anderson, 
2005). Maximum event-mean turbidity of 59 NTU in storm-
water discharging at the Conway2 outfall was measured 
during the September 6, 2011, storm at TSS and SS EMCs of 
92 and 103 mg/L, respectively (appendix 1D). For screening 
purposes, the turbidity values in the stormwater runoff were 
compared to the SCDHEC turbidity criterion of 50 NTUs 
that was established for ambient conditions in freshwater 
streams and rivers (not stormwater) to assess the potential of 
the stormwater runoff to affect the receiving water. Six of the 
9 storms sampled (67 percent) at Conway1 outlet pipe outfall 
produced stormwater with turbidity values greater than the 
50-NTU criterion for freshwater (fig. 10E; appendix 1C). 
At the Conway2 grass-lined ditch outfall, 2 of the 8 storms 
sampled (25 percent) produced stormwater runoff with turbid-
ity of 57 and 59 NTUs that exceeded the turbidity criterion for 
freshwater (fig. 10F; appendix 1D). However, these event-
mean turbidity values were near the criterion of 50 NTUs and 
had minimal likelihood of impairing the ambient conditions in 
the receiving water body (fig. 10F; appendix 1D). The greater 
number of exceedances at Conway1 compared to Conway2 
might be explained by storage of road maintenance materials 
in the drainage area of Conway1 outfall and by the sediment-
removal potential of the grass-lined ditch at Conway2 outfall.

Event-mean loads and yields were computed for sampled 
storms at the Conway facility outfalls. Stormwater discharg-
ing at the Conway1 outfall had event-mean SS loads ranging 
from 0.229 to 32.5 kg/event with a median of 1.73 kg/event 
(fig. 11A; table 9). At Conway1 outfall, the event-mean TSS 
loads ranged from 0.185 to 32.0 kg/event with a median of 
2.04 kg/event (fig. 11A; table 9). The maximum SS and TSS 
loads occurred during the November 2010 storm and were an 
order of magnitude higher than the next greatest SS and TSS 
loads at Conway1 outfall (fig. 11A). Event-mean SS loads 
in stormwater runoff discharging at Conway2 outfall ranged 
from 0.980 to 51.1 kg/event with a median of 10.2 kg/event 
(fig. 12A; table 10). At the Conway2 outfall, event-mean TSS 
loads in stormwater runoff ranged from 1.57 to 41.3 kg/event 
with a median of 8.85 kg/event (fig. 12A; table 10). The 
maximum SS and TSS loads occurred during the February 
2011 storm at the Conway2 outfall and did not represent 

dramatic outliers (fig. 12A). Event-mean SS and TSS yields 
(adjusted event-mean SS and TSS loads for differences in 
drainage areas) indicated relatively uniform contributions of 
suspended sediment during stormwater runoff throughout 
the Conway facility, with the exception of the maximum SS 
yield at Conway1 (figs. 11B, 12B). Stormwater discharging at 
the Conway1 outfall had event-mean SS yields ranging from 
1.72 to 245 (kg/event)/ha with a median of 13.0 (kg/event)/ha 
(fig. 11B; table 9). At Conway1 outfall, the event-mean TSS 
yields ranged from 1.40 to 241 (kg/event)/ha with a median 
of 15.4 (kg/event)/ha (fig.11B; table 9). Event-mean SS 
yields in stormwater runoff discharging at Conway2 outfall 
ranged from 1.02 to 52.9 (kg/event)/ha with a median of 
10.6 (kg/event)/ha (fig. 12B; table 10). At the Conway2 out-
fall, event-mean TSS yields in stormwater runoff ranged from 
1.63 to 42.7 (kg/event)/ha, with a median of 9.16 (kg/event)/ha 
(fig. 12A; table 10).

Nutrients and Biochemical Oxygen Demand
Stormwater discharging at the Conway1 outfall had 

nutrient EMCs statistically similar to those in stormwater 
discharging at the Conway2 outfall (appendix 3F). Although 
TKN and nitrate-plus-nitrate forms of nitrogen were present 
in the stormwater runoff, total nitrogen (TN) was composed 
predominantly of TKN in samples from both outfalls (figs. 
13A, 14A; appendixes 1C, 1D). For the nine sampled storms, 
stormwater discharging at the outfall of Conway1 had a 
median TKN EMC of 1.30 mg/L and an EMC range of 0.36 to 
4.80 mg/L; the median TN EMC was 1.59 mg/L with a nearly 
identical EMC range of 0.50 to 4.96 mg/L (fig. 13A; table 9). 
During most storms, nitrate-plus-nitrite EMCs in stormwater 
at Conway1 were about 7 times less than TN EMCs (fig. 13A; 
table 9). Maximum TN and TKN EMCs in stormwater runoff 
discharging at the Conway1 outfall occurred during the 
October 2011 storm (fig. 13A; appendix 1C). Similar to the 
Ballentine facility, the October 2011 storm at the Conway 
facility produced low mean stormwater discharge (0.02 ft3/s) 
and the minimum rainfall intensity at that facility (0.03 in/h) 
(appendix 1A; fig. 5B). Of the nine storms sampled at Con-
way1 outfall, all but the October 2011 storm were sampled 
at the Conway2 outfall (fig. 11A). Stormwater discharging 
at the Conway2 outfall during those eight storms had TKN 
EMCs ranging from 0.28 to 3.10 mg/L with a median EMC of 
1.45 mg/L and nearly identical TN EMCs ranging from 0.31 to 
3.54 mg/L but with a median of 1.80 mg/L (fig. 14A; table 10). 
The maximum TN EMC in stormwater at the Conway2 outfall 
occurred during the September 26, 2010, storm that also had 
relatively low mean stormwater discharge (0.35 ft3/s) and rain-
fall intensity (0.13 in/h) (appendixes 1A, 1D; figs. 5C, 14A) 
During most storms, nitrate-plus-nitrite EMCs in stormwater 
at Conway2 were about 5 times less than TN EMCs (fig. 14A; 
table 10). For screening purposes, the TN EMCs at both 
outfalls were compared to the EPA recommended criterion for 
total nitrogen concentrations for ambient (non-storm) condi-
tions in freshwater streams and rivers of 0.90 mg/L because 
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no SCDHEC-established numeric criteria exist for nutrients 
in South Carolina. Total nitrogen EMCs in stormwater dis-
charging from the Conway maintenance yard exceeded the 
0.90 mg/L EPA recommended criterion for rivers and streams 
in 6 of 9 storms at the Conway1 outfall and in 5 of 8 storms at 
the Conway2 outfall, indicating some likelihood that storm-
water affected the chemistry of the receiving water during 
storms (figs. 13A, 14A). 

At the Conway maintenance yard facility, stormwater 
discharging to the sampled outfalls had median TP EMCs of 

0.15 mg/L for Conway1 and 0.16 mg/L for Conway2 (tables 9, 
10). Nearly identical ranges of TP EMCs were observed in 
stormwater discharging at the Conway1 (<0.024 to 0.36 mg/L) 
and Conway2 (<0.024 to 0.35 mg/L) outfalls (figs. 13B, 14B; 
tables 9, 10). However, maximum TP EMCs did not occur 
in stormwater runoff during the same storm at both outfalls. 
At the Conway1 outfall, the maximum TP EMC occurred in 
stormwater during the February 2011 storm that was character-
ized by relatively low mean stormwater discharge (0.14 ft3/s) 
and average rainfall intensity (0.30 in/h) (appendixes 1A, 1C; 
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Figure 11.  Temporal variation in A, event-mean loads and B, event-mean yields of total suspended solids and suspended sediment, 
and C, event-mean loads and D, event-mean yields of nutrients in stormwater discharging at the Conway1 outfall, Conway, South 
Carolina, 2010–2011.
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fig. 13B). Stormwater discharging at the Conway2 outfall had 
the maximum TP EMC during the September 26, 2010, storm 
that was characterized by greater mean stormwater discharge 
(0.35 ft3/s) but lower rainfall intensity (0.13 in/h) than the 
February 2011 storm (appendixes 1A, 1D; fig. 14B). TP EMCs 
in stormwater runoff from all but 1 of the 9 sampled storms 
at Conway1 outfall and all but 1 of the 8 sampled storm at 
Conway2 outfall exceeded the EPA recommended criterion 
of 0.04 mg/L for ambient conditions in freshwater rivers and 
streams, often by a large margin, indicating the likelihood 

that stormwater affected the chemistry of the receiving water 
during storms (figs. 13B, 14B). The EMCs of the inorganic 
form of phosphorus in stormwater ranged from <0.016 to 
0.055 mg/L (median of 0.021 mg/L) at Conway1 outfall and 
from <0.016 to 0.110 mg/L (median of 0.049 mg/L) at Con-
way2 outfall (tables 9, 10). 

Organic enrichment in stormwater runoff was evaluated 
by measuring the BOD5 in stormwater discharging at the out-
falls at the Conway facility (figs. 13C, 14C). At the Conway1 
outfall, BOD5 EMCs ranged from 2 to 23 mg/L with a median 

0

Ev
en

t-m
ea

n 
lo

ad
, i

n 
ki

lo
gr

am
s 

pe
r e

ve
nt

M A M J J A S O N D J JF M A M J J A S O N D

M A M J J A S O N D J JF M A M J J A S O N D

2011 2012 20122010

A.

M A M J J A S O N D J JF M A M J J A S O N D

M A M J J A S O N D J JF M A M J J A S O N D
0

0.05

0.10

0.15

0.20

0.30

0.25

0.35

0.40

Ev
en

t-m
ea

n 
lo

ad
, i

n 
ki

lo
gr

am
s 

pe
r e

ve
nt

C.

0

10

20

30

40

50

60

Ev
en

t-m
ea

n 
yi

el
d,

 in
 k

ilo
gr

am
s 

pe
r h

ec
ta

re
 p

er
 e

ve
nt

20112010

B.

0

100

200

300

350

50

150

250

400

450

Ev
en

t-m
ea

n 
yi

el
d,

 in
 k

ilo
gr

am
s 

pe
r h

ec
ta

re
 p

er
 e

ve
nt

D.

10

20

30

40

50

60

Suspended sediment 

Total suspended solids 

Nitrate plus nitrite

EXPLANATION
Total Kjeldahl nitrogen 

Total nitrogen 

Total phosphorus 

Figure 12.  Temporal variation in A, event-mean loads and B, event-mean yields of total suspended solids and suspended sediment 
and C, event-mean loads and D, event-mean yields of nutrients in stormwater discharging at the Conway2 outfall, Conway, South 
Carolina, 2010–2011.
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of 5.0 mg/L (fig. 13C, table 9). Stormwater discharging at 
the Conway2 outfall had a BOD5 median that was statisti-
cally similar to the Conway1 median (13 mg/L) with a nearly 
identical range (<2 to 25 mg/L) (fig. 14C, table 10). Maximum 
BOD5 EMCs at both outfalls occurred during the September 
26, 2010, storm, which had relatively low mean stormwater 

discharge and rainfall intensity (appendixes 1A, 1C, 1D; 
figs. 5B, C, 14C). 

Event-mean loads and yields of nutrients in stormwater 
discharging at the two outfalls during the sampled storms 
were computed for the Conway facility (figs. 11A–D, 12A–D; 
tables 9, 10). Stormwater discharging at the Conway1 outfall 

had TN loads ranging from 0.0044 to 0.074 kg/event 
(median of 0.028 kg/event); TN was primarily 
composed of the TKN form of nitrogen (fig. 11C; 
tables 9, 10). Because of statistically greater dis-
charge, TN loads in stormwater at the Conway2 
outfall were approximately 5 times greater than 
TN loads at the Conway1 outfall. Event-mean TN 
loads at the Conway2 outfall ranged from 0.032 
to 0.372 kg/event (median of 0.147 kg/event) and 
were composed mainly of the TKN form (fig. 12C, 
tables 9, 10; appendix 3F). Event-mean loads of TP 
in stormwater at the Conway1 outfall ranged from 
<0.0020 to 0.031 kg/event, and event-mean loads 
of TP at the Conway2 outfall ranged from <0.014 
to 0.45 kg/event (figs. 11C, 12C; tables 9, 10). 
Additionally, Conway2 had a median TP load an 
order of magnitude greater than the median TP load 
(0.014kg/event) at Conway1 (0.0022 kg/event) 
(fig. 12C; tables 9, 10). 

Event-mean yields of nutrients indicated 
relatively uniform contributions of nutrients and 
biodegradable organics were present in storm-
water runoff throughout the Conway facility 
(figs. 10, 11D, 12D; appendix 3C). Event-mean 
yields of TN in stormwater at Conway1 outfall 
ranged from 33.0 to 559 (g/event)/ha with a median 
of 209 (g/event)/ha (fig.11D; table 9). Stormwater 
at the Conway2 outfall had event-mean yields of 
TN that ranged from 33.5 to 385 (g/event)/ha with 
a median of 152 (g/event)/ha (fig. 12D; table 10). 
Stormwater at the Conway1outfall had event-mean 
TP yields ranging from <14.7 to 231 (g/event)/ha 
with a median of 16.7 (g/event)/ha (fig. 11D; 
table 9). Event-mean yields of TP in stormwater 
at the Conway2 outfall ranged from <14.2 to 
46.8 (g/event)/ha with a median of 14.1 (g/event)/ha 
(fig. 12D; table 10). 

Fecal Indicator Bacteria
Stormwater discharging at the Conway1 outfall 

had E. coli and enterococcus “first flush” concentra-
tions that were statistically similar to E. coli and 
enterococcus concentrations in the stormwater dis-
charging at the Conway2 outfall (appendix 3F). For 
each storm, enterococcus concentrations consistently 
were greater than the E. coli concentrations in storm-
water discharging from Conway1 and Conway2 
outfalls (appendix 1C, 1D). “First-flush” E. coli 
concentrations in samples collected from stormwater 
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Figure 13.  Event-mean concentrations of A, nitrogen species, B, phosphorus 
species, and C, 5-day biochemical oxygen demand in stormwater discharging  
at the Conway1 outfall, Conway, South Carolina, 2010–2012.
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at the Conway1 outfall varied by 4 orders of magnitude with a 
range of <10 to 4,725 col/100 mL and a median of 30 col/100 
mL (fig. 15A; table 9). As described earlier, the E. coli “first 
flush” concentrations collected during the nine storms were 
compared to the SCDHEC proposed SSM of 349 col/100 mL 
for screening purposes. At the Conway1 outfall, the E. coli 
concentration in stormwater was greater than the SCDHEC 
SSM for primary and secondary body contact for the March 
21, 2010, storm only (fig. 15A; appendix 1C). One of the 
3 lowest stormwater discharges (both peak and mean) and 

rainfall intensities of the 9 storms sampled at this facility 
occurred during the March 21, 2010, storm (appendix 1A). 
At Conway2 outfall, the E. coli concentrations ranged from 
1 to greater than 24,196 col/100 mL with a median value of 
1,178 col/100 mL (fig. 16A; table 10). Unlike stormwater dis-
charging at the Conway1 pipe outfall, stormwater discharging 
at the grass-lined ditch outfall at Conway2 had E. coli concen-
trations greater (often much greater) than the SCDHEC SSM 
of 349 col/100 mL for secondary and primary body contact 
during 5 of the 7 storms (fig. 16A).

Enterococcus concentrations in the “first 
flush” samples ranged from 41 to greater than 
24,196 col/100 mL with a median of 512 
col/100mL for Conway1 outfall (fig. 15A; table 9). 
Of the 9 storms sampled at Conway1 outfall, 
enterococcus concentrations in 6 of the samples 
were greater than the EPA SSM of 151 col/100 mL 
for infrequent body contact (fig. 15A; appendix 
1C). For Conway2, concentrations ranged from 50 
to greater than 24,196 col/100 mL with a median 
of 3,441 col/100mL (fig. 16A; table 10). Storm-
water from all but one of the sampled storms at 
the Conway2 outfall had enterococcus concentra-
tions that were greater than the EPA SSM of 151 
col/100 mL (fig. 16A; appendix 1D). 

During the nine storms at the Conway1 
outfall, E. coli loads ranged from <2 to 317 Mcol/
event with a median of 18 Mcol/event (fig. 15B; 
table 9). During the same storms at the Conway2 
outfall, E. coli loads ranged from <1 to greater 
than 56,032 Mcol/event with a median of 2,654 
Mcol/event, which was 2 orders of magnitude 
greater than the median E. coli load at Conway1 
(fig. 16B; tables 9, 10). Enterococcus loads in 
stormwater discharging at the Conway1 out-
fall ranged from 12 to 1,347 Mcol/event with a 
median of 148 Mcol/event during the nine storms 
(fig. 15B; table 9). During the same storms at the 
Conway2 outfall, enterococcus loads ranged from 
9.39 to 169,851 Mcol/event with a median of 
8,957 Mcol/event (fig. 16B; table 10). All maxi-
mum E. coli and enterococcus loads occurred 
during different storms with different hydrologic 
characteristics at the two outfalls (figs. 15B, 16B). 
At Conway1 outfall, the maximum E. coli load 
occurred during the “first flush” of the November 
4, 2010, storm, which was characterized by having 
some of the greater stormwater discharges, rainfall 
intensities, and durations at the facility (fig. 15B; 
appendix 1A). In contrast, the maximum entero-
coccus load at the Conway1 occurred during the 
September 20, 2011, storm, which was charac-
terized by having one of the greater stormwater 
discharges and the maximum rainfall intensity of 
the nine sampled storms (fig. 15B; appendix 1A). 
For stormwater discharging at the Conway2, the 
maximum E. coli load occurred during the “first 

C.

M A M J J A S O N D J F M A M J J A S O N D J

EPA criterion for total phosphorus

5-day biochemical 
oxygen demand

EXPLANATION

Orthophosphate 

Total phosphorus

EXPLANATION

Nitrate plus nitrite 

Total Kjeldahl nitrogen 

Total nitrogen

EXPLANATION

0

1

2

3

4

0

5

10

15

20

30

25

Ev
en

t-m
ea

n 
to

ta
l K

je
ld

ah
l n

itr
og

en
 

an
d 

ni
tra

te
 p

lu
s 

ni
tri

te
 c

on
ce

nt
ra

tio
ns

, 
in

 m
ill

ig
ra

m
s 

pe
r l

ite
r

Ev
en

t-m
ea

n 
to

ta
l p

ho
sp

ho
ru

s 
an

d 
or

th
op

ho
sp

ha
te

 c
on

ce
nt

ra
tio

ns
, 

in
 m

ill
ig

ra
m

s 
pe

r l
ite

r

Ev
en

t-m
ea

n 
5-

da
y 

bi
oc

he
m

ic
al

 o
xy

ge
n 

de
m

an
d 

 
co

nc
en

tra
tio

ns
, i

n 
m

ill
ig

ra
m

s 
pe

r l
ite

r

0

0.1

0.2

0.3

0.4

M A M J J A S O N D J F M A M J J A S O N D J

B.

EPA criterion for total nitrogen

A.

M A M J J A S O N D J F M A M J J A S O N D J
20112010 2012

 Figure 14.  Event-mean concentrations of A, nitrogen species, B, phosphorus 
species, and C, 5-day biochemical oxygen demand in stormwater discharging  
at the Conway2 outfall, Conway, South Carolina, 2010–2012.
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flush” of the September 6, 2011, storm, which was charac-
terized by relatively less stormwater discharge and rainfall 
intensities than other sampled storms (fig. 16B; appendix 1A). 
The maximum enterococcus load at Conway2 occurred during 
the November 28, 2011, storm, which had greater stormwater 
discharge, but intermediate to low rainfall intensity, when 
compared to the other sampled storms (fig. 16B; appendix 
1A). 

Relations Among Water-Quality Constituents and 
Hydrologic Characteristics

In general, EMCs for the commonly associated sediment 
constituents TSS, SS, and turbidity in the sampled stormwater 
at Conway1 and Conway2 outfalls were not correlated to 
hydrologic characteristics (appendixes 3B, 3C). One exception 
was event-mean turbidity in stormwater at the Conway2 out-
fall that correlated negatively with peak stormwater discharge 
and rainfall intensity (appendix 3C). However, unlike the Bal-
lentine outfall, TSS and SS EMCs in stormwater discharging 
at the Conway1 and Conway2 outfalls correlated positively 
with each other, but not with turbidity (appendixes 3B, 3C). In 
stormwater discharging at the Conway1 and Conway2 outfalls, 
nitrogen EMCs correlated negatively with rainfall amounts, 
which indicates decreasing concentrations with greater rainfall 
(appendixes 3B, 3C). Total phosphorus EMCs in stormwater 
discharging at the Conway2 grass-lined ditch outfall also cor-
related negatively with rainfall (appendix 3C). One plausible 
explanation for the negatively correlated hydrologic charac-
teristics and nutrient EMCs may be related to the nature of 
the sampling process, which required compositing multiple 
flow-weighted samples over the entire time period of the 
hydrograph. If the greatest nutrient amounts are transported 
during the “first flush” of a storm, then the amount of nutrients 
in subsequent runoff will decrease. However, for storms that 
have less rainfall and stormwater discharge, the “first-flush” 
transported nutrients undergo limited dilution from subsequent 
stormflow and produce overall greater EMCs in the compos-
ited sample. 

Interestingly, EMCs of phosphorus and suspended 
sediment constituents (TSS, SS) were more commonly cor-
related with each other and with BOD5 than with hydrologic 
characteristics at Conway outfalls (appendixes 3B, 3C). Cor-
relations of greater TSS, TP (particulate plus dissolved), and 
orthophosphate to greater BOD5 were identified at the Con-
way1 outfall (appendix 3B). Conway2 outfall had greater TSS, 
SS, and nutrient EMCs, which correlated to greater BOD5 
EMCs (appendix 3C). Escherichia coli concentrations were 
not correlated to any hydrologic characteristics or to EMCs of 
nutrients or BOD5 at the Conway1 outfall; however, entero-
coccus concentrations correlated negatively to antecedent 
conditions (days since last rainfall) (appendix 3B). Phosphorus 
and suspended sediment EMCs in stormwater at the Conway2 
grass-lined ditch outfall were not correlated to hydrologic 
characteristics (appendix 3C). 

SCDHEC SSM criterion for secondary and primary 
body contact for Escherichia coli

EPA SSM criterion for infrequant body contact 
for enterococcus
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Figure 15.  Temporal variation in Escherichia coli and 
enterococcus A, concentrations and B, loads in “first flush” 
grab samples collected in stormwater from the Conway1 
outfall, Conway, South Carolina, 2010–2012. [SCDHEC, South 
Carolina Department of Health and Environmental Control; 
SSM, single sample maximum; EPA, U.S. Environmental 
Protection Agency]
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SCDHEC SSM criterion for secondary and primary 
body contact for Escherichia coli

EPA SSM criterion for infrequant body contact 
for enterococcus
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Figure 16.  Temporal variation in Escherichia coli and 
enterococcus A, concentrations and B, loads in “first flush” 
grab samples collected in stormwater from the Conway2 outfall, 
Conway, South Carolina, 2010–2012. [SCDHEC, South Carolina 
Department of Health and Environmental Control; SSM, single 
sample maximum; EPA, U.S. Environmental Protection Agency]

North Charleston Maintenance Yard

Stormwater draining the North Charleston maintenance 
yard discharges into Turkey Creek through multiple outlets 
consisting of a combination of pipes, ditches, and overland 
flow (fig. 4). To capture all stormwater contributions from the 
maintenance yard, stormwater samples were collected from 
the main channel of Turkey Creek at the upstream (North 
Charleston1) and downstream (North Charleston2) limits of 
the SCDOT facility during each storm. Therefore, any changes 
in constituent EMCs, loads, and yields between the two loca-
tions on Turkey Creek were attributed to stormwater contribu-
tions from the maintenance yard. 

Event-mean concentrations of the suspended sediment, 
nutrients, biochemical oxygen demand, and fecal indicator 
bacteria in stormwater at the paired locations on Turkey 
Creek (North Charleston1 and North Charleston2) are sum-
marized for the North Charleston facility in tables 11 and 12. 
Differences in EMCs between the paired North Charleston1 
and North Charleston2 sites are described on the basis of the 
Wilcoxon Signed-Rank Test results (table 13). Constituent 
loads and yields in stormwater discharging from the North 
Charleston maintenance yard to Turkey Creek were computed 
for each storm as the load and yield at North Charleston1 
minus the load and yield at North Charleston2 to remove the 
upstream Turkey Creek contribution (table 14). 

Suspended Sediment and Total Suspended 
Solids

Event-mean SS and TSS concentrations were used to 
quantify the levels of suspended organic and inorganic par-
ticles in Turkey Creek during the eight storms upstream and 
downstream from the North Charleston maintenance yard. 
Event-mean concentrations of SS in the stormwater runoff 
at the North Charleston1 location on Turkey Creek upstream 
from the maintenance yard, ranged from 26.0 to 112 mg/L 
with a median of 73.5 mg/L (fig. 17A; table 11). The SS EMCs 
in samples from Turkey Creek at North Charleston2 ranged 
from 20.0 to 160 mg/L with a median of 54.0 mg/L (fig. 17B; 
table 12). The EMCs of TSS ranged from <5.0 to 120 mg/L 
with a median of 56.0 mg/L at North Charleston1 (fig. 17C; 
table 11), whereas the TSS EMCS at North Charleston2 
ranged from 23.0 to 130 mg/L with a median of 28.5 mg/L 
(fig. 17D; table 12). Although no statistical relation was identi-
fied between SS and TSS EMCs, maximum EMCs for these 
suspended sediment constituents occurred during the June 15, 
2011, storm at North Charleston1 and North Charleston2 in 
Turkey Creek (fig. 17A, B, C, D; appendixes 1E, 1F). The 
June 15, 2011, storm had the maximum rainfall intensity of 
the eight storms (1.73 in/h), which produced an event-mean 
stormwater discharge of 3.73 ft3/s at North Charleston1 and 
the maximum event-mean stormwater discharge of 11.9 ft3/s at 
North Charleston2 (fig. 5; appendix 1A). 
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Figure 17.  Event-mean concentrations of A, suspended sediment, C, total suspended solids, and E, turbidity in stormwater at North 
Charleston1 and B, suspended sediment, D, total suspended solids, and F, turbidity in stormwater in Turkey Creek at North Charleston2, 
North Charleston, South Carolina, 2010–2011. [SCDHEC, South Carolina Department of Health and Environmental Control]



44  Characterization of Stormwater at DOT Facilities Near Charleston, South Carolina, 2010–2012

Table 11.  Summary statistics for selected constituent concentrations, loads, and yields in stormwater at the North Charleson1 outfall  
on Turkey Creek upstream from the South Carolina Department of Transportation maintenance yard in North Charleston, South Carolina, 
2010 to 2012.

[Number, number of samples; StDev, standard deviation; 25th Q, twenty-fifth quartile; 75th Q, seventy-fifth quartile; Min, minimum; Max, maximum;  
oC, degrees Celsius; SU, standard units; µS/cm, microsiemens per centimeter at 25 degrees Celsius; NTU, nephelometric turbidity units; col/100 mL, colonies 
per 100 milliliters; <, less than the laboratory reporting level; mg/L, milligrams per liter; µg/L, micrograms per liter; Mcol/event, million colonies per event; 
(Mcol/event)/ha, million colonies per event per hectare; ND, not applicable; E, estimated value; Statistics highlighted in bold italics were computed using the 
Regression on Order Statistics for datasets with censored values]

Constituent
Number 

(censored)
Units Mean StDev Median 25th Q 75th Q Min Max

North Charleston1 event-mean concentrations

Water temperature 8 (0) oC 20.9 5.6 21.6 19.7 25.1 9.3 26.3
pH 8 (0) SU 7.1 0.1 7.1 7.0 7.1 7.0 7.3
Specific conductance 8 (0) µS/cm 330 138 284 266 306 250 663
Dissolved oxygen 8 (0) mg/L 5.6 2.4 5.8 5.3 6.3 0.8 9.3
Hardness 8 (0) mg/L 94.2 24.3 88.3 75.5 118 65.3 125
Turbidity 8 (0) NTU 55.3 37.0 60.0 18.3 82.3 12.0 110
Total Kjeldahl nitrogen 8 (0) mg/L 1.40 0.33 1.30 1.18 1.65 1.00 1.90
Total nitrogen 8 (0) mg/L 1.85 0.25 1.76 1.70 2.02 1.55 2.29
Nitrate plus nitrite 8 (0) mg/L 0.45 0.13 0.43 0.38 0.53 0.26 0.66
5-day biochemical 

oxygen demand
8 (2) mg/L 32 80 4.4 2.7 6.3 <2.0 230

Total phosphorus 8 (2) mg/L 0.61 0.59 0.42 0.34 0.48 0.20 1.8
Orthophosphate 8 (2) mg/L 0.047 0.022 0.044 0.031 0.057 < 0.016 0.089
Enterococcus 8 (0) col/100 mL 3,949 6,738 691 456 4,806 41 19,863
Escherichia coli 8 (0) col/100 mL 570 711 284 119 710 30 2,143
Suspended sediment 8 (0) mg/L 67.4 28.4 73.5 47.3 83.3 26.0 112
Total suspended solids 8 (1) mg/L 53.9 36.9 56.0 25.8 69.8 < 5 120
Suspended sediment 

finer than 63 micron
8 (0) percent 95.4 3.2 96.5 92 98 91 99

Total cadmium 8 (5) µg/L 0.13 0.06 < 0.13 < 0.13 0.18 < 0.13 E 0.22
Dissolved cadmium 8 (8) µg/L ND ND < 0.095 ND ND < 0.095 < 0.095
Total chromium 8 (0) µg/L 7.2 4.6 5.9 3.9 9.3 E 2.7 16
Dissolved chromium 8 (7) µg/L ND ND < 2.5 ND ND < 2.5 6.1
Total copper 8 (0) µg/L 4.9 2.7 3.6 3.5 6.4 1.6 9.8
Dissolved copper 7 (1) µg/L 1.8 0.72 1.7 1.2 2.2 < 1.1 3
Total lead 8 (0) µg/L 4.2 2.7 4.3 2.6 4.8 1.1 10
Dissolved lead 8 (6) µg/L ND ND < 0.20 ND ND < 0.20 0.57
Dissolved nickel 8 (8) µg/L ND ND < 2.0 ND ND < 2.0 < 2.0
Total zinc 7 (0) µg/L 55.1 32.7 53 36.5 60 20 120
Dissolved zinc 7 (2) µg/L 11.4 3.5 11 8.5 14 < 8.3 17

North Charleston1 event-mean loads

Enterococcus 8 (0) Mcol/event 5,018 6,800 2,229 444 6,314 39.7 18,679
Escherichia coli 8 (0) Mcol/event 701 699 536 234 802 22.9 2,064

North Charleston1 event-mean yields

Enterococcus 8 (0) (Mcol/
event)/ha

12.8 17.4 5.70 1.14 16.2 0.102 47.8

Escherichia coli 8 (0) (Mcol/
event)/ha

1.79 1.79 1.37 0.599 2.05 0.059 5.28
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Table 12.  Summary statistics for selected constituent concentrations, loads, and yields in stormwater at the North Charleston2  
location on Turkey Creek downstream from the South Carolina Department of Transportation maintenance yard in North Charleston,  
South Carolina, 2010 to 2012. 

[Number, number of samples; StDev, standard deviation; 25th Q, twenty-fifth quartile; 75th Q, seventy-fifth quartile; Min, minimum; Max, maximum;  
oC, degrees Celsius; SU, standard units; µS/cm, microsiemens per centimeter at 25 degrees Celsius; NTU, nephelometric turbidity units; col/100 mL, colonies 
per 100 milliliters; <, less than the laboratory reporting level; mg/L, milligrams per liter; µg/L, micrograms per liter; Mcol/event, million colonies per event; 
(Mcol/event)/ha, million colonies per event per hectare; ND, not applicable; E, estimated value; Statistics highlighted in bold italics were computed using the 
Regression on Order Statistics for datasets with censored values]

Constituent
Number 

(censored)
Units Mean StDev Median 25th Q 75th Q Min Max

North Charleston2 location event-mean concentrations

Water temperature 8 (0) oC 21.0 5.6 22.0 19.7 24.6 9.3 26.7
pH 8 (0) SU 7.1 0.1 7.1 7.0 7.1 6.9 7.2
Specific conductance 8 (0) µS/cm 315 154 267 233 325 173 664
Dissolved oxygen 8 (0) mg/L 6.54 1.27 6.37 5.84 6.67 5.01 9.25
Hardness 8 (1) mg/L 75.7 20.5 71.1 64.6 85.5 47.4 109
Turbidity 8 (0) mg/L 30.7 22.6 23.0 16.0 36.0 8.30 75.0
Total Kjeldahl nitrogen 8 (0) mg/L 1.17 0.48 1.20 0.89 1.53 0.41 1.80
Total nitrogen 8 (0) mg/L 1.61 0.4 1.67 1.42 1.84 0.99 2.19
Nitrate plus nitrite 8 (0) mg/L 0.44 0.11 0.42 0.37 0.55 0.31 0.58
5-day biochemical  

oxygen demand
8 (1) mg/L 9.2 12.7 4.2 2.9 8.1 2.2 40

Total phosphorus 6 (0) mg/L 0.23 0.09 0.26 0.17 0.27 0.11 0.34
Orthophosphate 8 (3) mg/L 0.034 0.022 0.025 0.017 0.058 < 0.016 0.063
Enterococcus 8 (0) col/100 mL 5,685 2,776 6,329 4,609 7,378 1,153 9,208
Escherichia coli 8 (0) col/100 mL 5,468 4,905 4,359 2,422 6,408 521 15,648
Suspended sediment 8 (0) mg/L 61.0 43.0 54.0 37.0 61.0 20.0 160
Total suspended solids 8 (0) mg/L 42.5 36.3 28.5 23.8 39.3 23.0 130
Suspended sediment 

finer than 63 micron
8 (0) percent 90.4 4.3 90.5 89 92.3 82 97

Total cadmium 8 (6) µg/L ND ND < 0.13 ND ND < 0.13 E 0.27
Dissolved cadmium 8 (8) µg/L ND ND < 0.095 ND ND < 0.095 < 0.095
Total chromium 8 (3) µg/L 6.1 5.3 5.1 2.6 7.0 < 2.5 18
Dissolved chromium 8 (8) µg/L ND ND < 2.5 ND ND < 2.5 < 2.5
Total copper 8 (0) µg/L 5.3 4.5 3.9 3.3 5.4 1.9 16
Dissolved copper 8 (0) µg/L E 2.0 0.9 E 1.8 E 1.4 E 2.4 E 1.1 E 3.9
Total lead 8 (0) µg/L 6.5 6.4 4.1 2.6 7.1 E 1.2 20
Dissolved lead 8 (5) µg/L 0.24 0.25 < 0.20 < 0.20 0.37 < 0.20  E 0.73
Dissolved nickel 8 (8) µg/L ND ND < 2.0 ND ND < 2.0 < 2.0
Total zinc 7 (0) µg/L 51.3 45.4 31.0 25.5 52.5 22.0 150
Dissolved zinc 7 (2) µg/L 9.9 0.39 9.1 6.7 11.0 < 8.3 18

North Charleston2 location event-mean loads

Enterococcus 8 (0) Mcol/event 25,469 16,582 23,887 13,030 33,555 6,939 53,974
Escherichia coli 8 (0) Mcol/event 24,234 24,633 15,927 8,089 30,127 3,879 77,632

North Charleston2 location event-mean yields

Enterococcus 8 (0) (Mcol/
event)/ha

63.7 41.5 59.8 32.6 84.0 17.4 135

Escherichia coli 8 (0) (Mcol/
event)/ha

60.6 61.6 39.9 20.2 75.4 9.71 194



46  Characterization of Stormwater at DOT Facilities Near Charleston, South Carolina, 2010–2012

Table 13. Statistical summary of the Wilcoxon signed-rank test on selected water-quality constituents and hydrologic characteristics  
to determine if the event-mean concentrations in stormwater at Turkey Creek upstream (North Charleston1) from the South Carolina 
Department of Transportation maintenance yard facility in North Charleston, South Carolina, were similar, greater, or less than the  
event-mean concentrations in Turkey Creek downstream (North Charleston2) from maintenance yard during nine storm events,  
2010 to 2012.

[V-statistic is the test statistic used to compute the p-value when no ties in the data existed; Z-score was used to compute the p-value when ties existed in the  
data; p-value, probability value; alpha level of 0.05 was used to determine statistical significance; Rows highlighted in bold italics represent statistically  
significant differences]

Constituent Number 

Wilcoxon signed rank test

North Charleson1  different than 
North Charleston2   

(two-sided test)

North Charleson1  greater than 
North Charleston2 

North Charleson1  less than 
North Charleston2 

V-statistic Z-score p-value V-statistic Z-score p-value V-statistic Z-score p-value

Peak stormwater 
discharge

8 5 -- 0.078 -- -- -- 5 -- 0.039

Event-mean 
stormwater  
discharge

8 1 -- 0.016 -- -- -- 1 -- 0.008

Hardness 8 36 -- 0.008 36 -- 0.004 -- -- --
Turbidity 8 -- 2.106 0.035 2.106 -- 0.018 -- -- --
Total Kjeldahl 

nitrogen
8 -- 1.47 0.141 -- -- -- -- -- --

Total nitrogen 8 30 -- 0.109 -- -- -- -- -- --
Nitrate plus nitrite 8 0.281 0.779 -- -- -- -- -- --
5-day  

biochemical  
oxygen  
demand

8 15 -- 0.742 -- -- -- -- -- --

Total phosphorus 6 21 -- 0.031 21 0.016 -- -- --
Orthophosphate 8 -- 1.701 0.089 -- -- -- -- 1.701 0.044
Enterococci 8 8 -- 0.195 -- -- -- -- -- --
Escherichia coli 8 0 -- 0.008 -- -- -- 0 -- 0.004
Suspended  

sediment
8 27 -- 0.250 -- -- -- -- -- --

Total suspended 
solids

8 26 -- 0.313 -- -- -- -- -- --

Total cadmium 8 -- 0.492 0.623 -- -- -- -- -- --
Dissolved  

cadmium
8 -- -- -- -- -- -- -- -- --

Total chromium 8 -- 1.472 0.141 -- -- -- -- -- --
Dissolved  

chromium
8 -- -- -- -- -- -- -- -- --

Total copper 8 -- -0.21 0.833 -- -- -- -- -- --
Dissolved copper 7 2 -- 0.047 -- -- -- 2 -- 0.023
Total lead 8 10 -- 0.313 -- -- -- -- -- --
Dissolved lead 8 -- -1.64 0.101 -- -- -- --
Total zinc 8 -- 0.254 0.800 -- -- -- -- -- --
Dissolved zinc 8 -- 0.339 0.734 -- -- -- -- -- --
Total polycyclic  

aromatic  
hydrocarbons

8 29 -- 0.148 -- -- -- -- -- --
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Unlike turbidity at the Conway and Ballentine facilities, 
at the North Charleston1 and North Charleston2, turbidity 
correlated to SS EMCs but not to TSS EMCs (appendixes 3D, 
3E). Event-mean turbidity in Turkey Creek at North Charles-
ton1 ranged from 12.0 to 110 NTUs with a median of 
60.0 NTU for the eight sampled storms (fig. 17E; table 11). 
For Turkey Creek at North Charleston2, event-mean turbidity 
ranged from 8.30 to 75.0 NTUs with a median of 23.0 NTUs 
(fig. 17E; table 12). For screening purposes, the turbidity 
values of the stormwater were compared to the SCDHEC tur-
bidity criterion of 50 NTUs that was established for ambient 
conditions in freshwater streams and rivers to assess the poten-
tial of the stormwater to impair the receiving water. Turkey 
Creek at North Charleston1, which received no stormwater 
contribution from the North Charleston maintenance yard, had 
event-mean turbidity greater than the 50-NTU criterion for 5 
of the 8 sampled storms (fig. 17E; appendix 1E). Downstream 
from the maintenance yard at North Charleston2, Turkey 
Creek event-mean turbidity was greater than 50 NTUs for only 
2 of the 8 storms (fig. 17F; appendix 1F). Maximum event-
mean turbidity co-occurred with maximum SS and TSS EMCs 
during the June 15, 2011, storm at both locations (figs. 17E, F; 
appendixes 1E, 1F). 

If a statistically significant increase in the EMCs of a 
constituent occurred in Turkey Creek between the North 
Charleston1 and North Charleston2 locations during the 
sampled storms, that change would be attributed to a sig-
nificant stormwater contribution of that constituent from the 
maintenance yard. If constituent EMCs did not change signifi-
cantly between the two locations, then no significant storm-
water contribution of that constituent from the maintenance 
yard occurred. Significant increases in peak and event-mean 
stormwater discharge occurred in Turkey Creek between the 
two locations during the eight sampled storms (table 13).  
However, the North Charleston maintenance yard did not 
contribute significant SS or TSS to Turkey Creek because 
no changes were identified between the North Charleston1 
and North Charleston2 for those constituents during storms 
(table 13). A change in event-mean turbidity was identified 
and indicated that the stormwater contribution from the North 
Charleston maintenance yard produced a significant decrease, 
rather than increase, in turbidity in Turkey Creek at the North 
Charleston2 location (table 13). These results indicate that, 
at worst, stormwater entering Turkey Creek from the mainte-
nance yard did not transport enough suspended sediment to 
change the SS or TSS concentrations in Turkey Creek and, 
at best, the stormwater from the maintenance yard improved 
the turbidity and reduced the number of exceedances of the 
50-NTU criterion (fig. 17A–F; table 13). 

Because constituent event-mean loads transported to 
Turkey Creek from the North Charleston maintenance yard in 
stormwater were not measured directly from outfalls, event-
mean loads in stormwater discharging from the maintenance 
yard were estimated by subtracting the event-mean loads in 
Turkey Creek at North Charleston1 location from the North 
Charleston2 location. The difference in loads between the two 

locations was attributed to stormwater contribution from the 
North Charleston maintenance yard (table 14). Event-mean 
loads in Turkey Creek at the North Charleston1 location were 
considered to be the baseline load contributed by the water-
shed upstream from North Charleston1 location and not asso-
ciated with the maintenance yard (figs. 1, 4). For some storms, 
the differences in event-mean loads for most constituents were 
negative but within the analytical and sampling bias quantified 
by replicate quality assurance/quality control samples (appen-
dix 1H) and the inherent error in discharge measurements 
made at the time of sampling. However, for TSS, negative 
values less than 30 percent seem to indicate a loss of mass 
(appendix 1H). For this report, the negative loads and yields 
for TSS and SS were replaced with a censoring value of less 
than 0.001 in the statistical summary and plotted as the censor-
ing level in graphs. 

Stormwater discharging from the North Charleston 
maintenance yard to Turkey Creek was estimated to con-
tribute event-mean TSS loads that ranged from <0.001 to 
74.7 kg/event with a median of 3.95 kg/event and event-
mean SS loads that ranged from <0.001 to 101 kg/event with 
a median of 10.2 kg/event (fig. 18A; table 14). Estimated 
event-mean loads of TSS and SS at the North Charleston 
maintenance yard were compared to the baseline loads at 
Turkey Creek at North Charleston1 (upstream from the yard) 
to determine whether loads at the North Charleston yard 
were similar to or greater than the baseline loads at Turkey 
Creek (table 15). Specifically, North Charleston yard loads 
that were more than 20 percent greater than Turkey Creek 
baseline loads were considered to represent greater loads 
on the basis of inherent laboratory analytical, sampling, and 
discharge measurement error (appendix 1H). Event-mean 
TSS and SS loads at North Charleston maintenance yard were 
greater than the loads in Turkey Creek at North Charleston1 
for 4 of the 8 storms by a relatively large percentage (April 8, 
2010; June 15, 2011; October 18, 2011; and November 28, 
2011) (table 15). Maximum event-mean loads of SS and TSS 
at the North Charleston yard occurred during the June 15, 
2011, storm, which had the maximum mean stormwater 
discharge and rainfall intensity of the eight sampled storms 
(fig. 18A, B; appendix 1A). Minimum values were negative 
event-mean loads of SS and TSS that occurred during the 
September 26, 2010, and January 5, 2011, storms that pro-
duced minimal (–10 and 12 percent, respectively) changes in 
discharge in Turkey Creek between North Charleston1 (1.94 
and 1.74 ft3/s, respectively) and North Charleston2 (1.76 and 
1.90 ft3/s, respectively) (appendix 1A). 

Nutrients and Biochemical Oxygen Demand
During the sampled storms, stormwater in Turkey Creek 

at North Charleston1, upstream from the maintenance yard, 
had TN EMCs that ranged from 1.55 to 2.29 mg/L with a 
median of 1.76 mg/L (fig. 19A; table 11). Total Kjeldahl nitro-
gen, the major form of nitrogen in Turkey Creek, had a median 
EMC of 1.30 mg/L, and concentrations ranged from 1.00 to 
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Figure 18.  Temporal variation in total suspended solids and suspended sediment A, event-mean loads and B, event-mean yields and 
in nutrient C, event-mean loads and D, event-mean yields in stormwater entering Turkey Creek from the South Carolina Department of 
Transportation maintenance yard at North Charleston, South Carolina, 2010–2011.
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1.90 mg/L (fig. 19A; table 11). Event-mean concentra-
tions of nitrate plus nitrite, the more bioavailable inor-
ganic form of nitrogen, at North Charleston1 ranged 
from only 0.26 to 0.66 mg/L, (fig. 19A; table 11). At 
North Charleston2, downstream from the maintenance 
yard, EMCs for TKN ranged from 0.41 to 1.80 mg/L 
with a median value of 1.20 mg/L, and EMCs for 
TN ranged from 0.99 to 2.19 mg/L with a median of 
1.67 mg/L (fig. 20A; table 12). The median nitrate-
plus-nitrite EMC of 0.42 mg/L at North Charleston2 is 
almost identical to the median of 0.43 mg/L at North 
Charleston1 (tables 11, 12). The EPA recommended 
TN criterion of 0.90 mg/L would be applicable to 
the sampled locations in Turkey Creek because the 
nutrient EMCs at North Charleston1 and North 
Charleston2 represent concentrations in a stream, not 
an outfall pipe. The TN EMCs for all eight sampled 
storms at North Charleston1 and North Charleston2 
exceeded the EPA TN criterion.

During the sampled storms, no statistically 
significant change in nitrogen EMCs occurred 
between the North Charleston1 and North Charleston2 
locations (table 13). These results indicate that the 
stormwater discharging from the North Charleston 
maintenance yard tended to contribute negligible 
amounts of nitrogen species to Turkey Creek during 
storms. 

Stormwater in Turkey Creek upstream from the 
maintenance yard at North Charleston1 had TP EMCs 
with a median of 0.42 mg/L and a range from 0.20 to 
1.8 mg/L (fig. 19B; table 11). Downstream at North 
Charleston2, the median TP EMC of 0.26 mg/L and 
range of TP EMCs from 0.11 to 0.34 mg/L were less 
than those at North Charleston1 (fig. 20B; table 12). 
Although orthophosphate EMCs were an order of 
magnitude lower than TP EMCs for most storms, the 
median orthophosphate EMC decreased from North 
Charleston1 (0.044 mg/L) to North Charleston2 
(0.025 mg/L) (tables 11, 12). The EPA recommended 
TP criterion of 0.04 mg/L is applicable to the sampled 
locations in Turkey Creek because the nutrient EMCs 
at North Charleston1 and North Charleston2 represent 
concentrations in a stream, not an outfall pipe. The 
TP EMCs for all of the eight sampled storms at North 
Charleston1 and North Charleston2 exceeded the EPA 
TP criterion.

For all sampled storms, the decrease in TP and 
orthophosphate EMCs from North Charleston1 to North 
Charleston2 was statistically significant (table 13; appendixes 
1E, 1F). These results indicate that the stormwater discharging 
from the North Charleston maintenance yard contributed neg-
ligible amounts of phosphorus and, at best, tended to produce 
an overall “dilution” effect on phosphorus concentrations in 
Turkey Creek during storms. Even the maximum TP EMC at 
North Charleston2 (0.34 mg/L) that occurred during the Octo-
ber 18, 2011, storm was lower than that at North Charleston1 
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Figure 19.  Event-mean concentrations of A, nitrogen species, 
B, phosphorus species, and C, 5-day biochemical oxygen demand 
in stormwater in Turkey Creek at North Charleston1, North 
Charleston, South Carolina, 2010–2012.
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Figure 20.  Event-mean concentrations of A, nitrogen species, 
B, phosphorus species, and C, 5-day biochemical oxygen demand 
in stormwater in Turkey Creek at North Charleston2, North 
Charleston, South Carolina, 2010–2012.

(0.49 mg/L), whose maximum TP EMC (1.8 mg/L) 
occurred during the September 2010 storm (figs. 19B, 
20B; appendixes 1E, 1F). The October 18, 2011, storm 
was characterized as having an intermediate rainfall 
intensity of 0.23 in/h and event-mean stormwater 
discharge of 6.0 ft3/s at the North Charleston2 location 
(appendix 1A). The maximum TP EMC of 1.8 mg/L at 
North Charleston1 occurred during the September 26, 
2010, storm that had relatively low mean stormwater 
discharge (1.94 ft3/s) and rainfall intenstiy (0.24 in/h) 
(fig. 19B; appendix 1E). No TP data were available for 
the June 15, 2011, storm at either outfall because of 
laboratory analytical error (appendixes 1E, 1F). 

For the sampled storms, BOD5 EMCs at North 
Charleston1 ranged from <2.0 to 230 mg/L with 
a median of 4.4 mg/L (fig. 19C; table 11). North 
Charleston2 had BOD5 EMCs ranging from 2.2 to 
40 mg/L with a median of 4.2 (fig. 20C; table 12). 
Statistically, the BOD5 EMCs in Turkey Creek did not 
change from North Charleston1, upstream from the 
maintenance yard, to North Charleston2, downstream 
from the maintenance yard, for the sampled storms 
(table 13). The maximum BOD5 EMCs, which were 
extreme outliers, occurred during the September 6, 
2011, storm at North Charleston1 and the April 8, 
2010, storm at North Charleston2 in Turkey Creek 
(figs. 19C, 20C).

For this report at the North Charleston yard 
facility, the negative nutrient loads and yields were 
replaced with a censoring value of less than 0.0001 
in the statistical summary and plotted as the censor-
ing level in graphs. Stormwater discharging from 
the North Charleston maintenance yard to Turkey 
Creek contributed estimated event-mean loads of TN 
that ranged from <0.0001 to 1.34 kg/event with a 
median of 0.289 kg/event (fig. 18C; table 14). Esti-
mated event-mean TKN loads ranged from <0.0001 
to 1.15 kg/event with a median of 0.0707 kg/event 
(fig. 18C; table 14). Stormwater discharge from the 
North Charleston maintenance yard had event-mean 
loads of TN that were greater than the loads at North 
Charleston1 for 4 of the 8 storms (June 15, 2011; 
September 6, 2011; October 18, 2011; and Novem-
ber 28, 2011) and event-mean loads of TKN for 3 
of 8 storms (June 15, 2011; October 18, 2011; and 
November 28, 2011) (table 15). More than one-half of 
the estimated event-mean loads of TP in the storm-
water discharging from the maintenance yard were 
<0.0001 kg/event, the maximum event-mean TP load 
was 0.189 kg/event (fig. 18C). Only 1 of the 6 storms 
had computed event-mean TP loads at North Charles-
ton2 that were greater than those at North Charleston1 
(table 15). Event-mean BOD5 loads in stormwater dis-
charging from the North Charleston maintenance yard 
ranged from <0.001 to 79.2 kg/event with a median 
of 0.695 kg/event (table 14). When compared to 



54  Characterization of Stormwater at DOT Facilities Near Charleston, South Carolina, 2010–2012

event-mean BOD5 loads at North Charleston1, the BOD5 loads 
at the North Charleston2 were greater in the same four (out of 
8) storms as event-mean TSS loads (table 15).

Event-mean yields of TN contributed by the North 
Charleston maintenance yard to Turkey Creek ranged 
from <0.0001 to 0.0156 (g/event)/ha with a median of 
0.00335 (g/event)/ha (table 14; fig. 18D). Median TN yields 
at the other facilities (range of 113 (g/event)/ha at Ballentine 
to 209 (g/event)/ha at Conway1) were 5 orders of magnitude 
greater than the median TN yield at the North Charleston yard 
(tables 9–11, 14). More than one-half the sampled storms 
had negligible event-mean yields of TP contributed by North 
Charleston maintenance yard (median <0.001 (g/event)/ha) 
with a maximum yield of only 0.0022 (g/event)/ha (fig. 18D; 
table 14). As was observed for median TN yields, median 
TP yields at the other facilities (range of 10.1 (g/event)/ha at 
Ballentine to 16.7 (g/event)/ha at Conway1) were 5 orders 
of magnitude greater than at the North Charleston locations 
(tables 9–11, 14). Less extreme differences in median event-
mean yields of BOD5 were observed at North Charleston yard 
(0.00809 (kg/event)/ha) than at the other facilities (range of 
0.43 at Ballentine to 1.00 (kg/event)/ha at Conway2), but 
median BOD5 yield at the North Charleston yard was still less 
than that at the other facilities, by 3 orders of magnitude or 
more (tables 9–11, 14). 

Fecal Indicator Bacteria
Escherichia coli concentrations in “first-flush” samples 

collected from stormwater in Turkey Creek at the North 
Charleston1 were highly variable, ranging from 30 to 
2,143 col/100 mL with a median of 284 col/100 mL (fig. 21A; 
table 11). In contrast to the downward trend identified for 
nutrient and sediment EMCs downstream in Turkey Creek, 
a statistically significant increase in E. coli concentrations 
was identified for Turkey Creek from North Charleston1 to 
North Charleston2 (table 13). North Charleston2 had E. coli 
concentrations, ranging from 521 to 15,648 col/100 mL with 
a median of 4,359 col/100 mL, an order-of-magnitude greater 
than those at North Charleston1 (fig. 22A; table 12). Maxi-
mum E. coli concentrations occurred during the November 28, 
2011, storm at North Charleston1 and the April 8, 2010, storm 
at North Charleston2 (figs. 21A, 22A; appendixes 1E and 
1F). The November 28, 2011, and April 8, 2010, storms were 
characterized by low rainfall intensities (0.22 and 0.16 in/h, 
respectively; appendix 1A). 

Because E. coli concentrations were measured in Turkey 
Creek, not in stormwater discharging from the maintenance 
yard, the SCDHEC proposed SSM criterion for primary and 
secondary body contact of 349 col/100 mL is applicable to 
Turkey Creek at both locations. For the 8 storms sampled, 
2 (25 percent) “first flush” E. coli concentrations at North 
Charleston1, upstream from the maintenance yard, exceeded 
the SSM criterion, but all 8 (100 percent) of the E. coli con-
centrations exceeded the SSM criterion at North Charleston2, 
downstream from the maintenance yard (figs. 21A, 22A). 

These findings indicate that the maintenance yard could be 
contributing significant fecal indicator bacteria that affect 
the water-quality conditions in Turkey Creek during storms; 
however, determining how these “first flush” concentrations 
compare to event-mean concentrations was not possible. “First 
flush” enterococcus concentrations at North Charleston1 

SCDHEC SSM criterion for secondary and primary 
body contact for Escherichia coli

EPA SSM criterion for infrequent body contact 
for enterococcus
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Figure 21. Temporal variation in Escherichia coli and 
enterococcus A, concentrations and B, loads in “first flush” 
grab samples collected in stormwater in Turkey Creek at North 
Charleston1, North Charleston, South Carolina, 2010–2012. 
[SCDHEC, South Carolina Department of Health and Environmental 
Control; SSM, single sample maximum; EPA, U.S. Environmental 
Protection Agency]
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ranged from 41.0 to 19,863 col/100 mL with a median of 691 
col/100mL (fig. 21A; table 11). In contrast to the upward trend 
in E. coli concentrations in Turkey Creek, no statistically 
significant change in enterococcus concentrations was identi-
fied between the North Charleston1 and North Charleston2 
locations on Turkey Creek (table 13). Turkey Creek at North 
Charleston2 had enterococcus concentrations that ranged from 
1,153 to 9,208 col/100mL with a median of 6,329 col/100 mL 
(fig. 22A; table 12). Maximum enterococcus concentrations 
occurred during June 15, 2011, storm at North Charleston1 
and during the November 28, 2011, storm at North Charles-
ton2 (figs. 21A, 22A). The two storms had extremely different 
characteristics; minimum mean stormwater discharge and 
relatively low rainfall intensity during the November 28, 2011, 

storm were 0.55 ft3/s and 0.22 in/h, respectively, and maxi-
mum mean stormwater discharge and rainfall intensity during 
the June 15, 2011, storm were 11.9 ft3/s and 1.73 in/h, respec-
tively (appendix 1A). 

Samples from 6 of the 8 storms at North Charleston1 had 
enterococcus concentrations that exceeded the SCDHEC SSM 
criterion of 104 col/100 mL (fig. 21A). Although no statistical 
difference in enterococcus concentration was identified, North 
Charleston2 had “first flush” enterococcus concentrations that 
exceeded the SCDHEC SSM criterion for primary and second-
ary body contact of 104 col/100 mL during all eight storms 
(fig. 22A). 

At North Charleston1, E. coli loads ranged from 22.9 
to 2,064 Mcol/event with a median of 536 Mcol/event for 
the eight storms (fig. 21B; table 11). E. coli loads at North 
Charleston2 ranged from 3,879 to 77,632 Mcol/event 
with a median of 15,927 Mcol/event (fig. 22B; table 12). 
Enterococcus loads ranged from 39.7 to 18,679 Mcol/event 
with a median of 2,229 Mcol/event at North Charleston1 
(fig. 21B; table 11). At North Charleston2, enterococcus loads 
ranged from 6,939 to 53,974 Mcol/event with a median of 
23,887 Mcol/event (fig. 22B; table 12). 

“First-flush” E. coli and enterococcus loads in stormwater 
from the North Charleston maintenance yard were estimated 
as the difference between the computed bacterial loads at 
North Charleston1 and North Charleston2. Estimated E. coli 
loads in stormwater discharging from the North Charleston 
yard ranged from 3,719 to 77,124 Mcol/event with a median 
of 15,502 Mcol/event (fig. 23; table 14). Enterococcus loads 
ranged from 2,659 to 53,405 Mcol/event with a median of 
12,313 Mcol/event (fig. 23; table 14). The greatest estimated 
E. coli loads in stormwater discharging from the North 
Charleston yard occurred during the April 8, 2010, and the 
January 5, 2011, storms that had the lowest rainfall intensities 
and longest durations but the lowest “first-flush” discharges 
from the maintenance yard (fig. 23; table 15; appendix 1A). 
The greatest estimated enterococcus loads in stormwater from 
the North Charleston yard occurred during the September 6, 
2011, and November 28, 2011, storms that had intermediate 
rainfall intensities and durations, but relatively high “first-
flush” discharges from the maintenance yard (fig. 23; table 15; 
appendix 1A). 

Relations Among Water-Quality Constituents and 
Hydrologic Characteristics

Some similar relations among water-quality constituents 
and hydrologic characteristics were identified at the two 
locations upstream and downstream from the North Charles-
ton maintenance yard compared to the relations observed 
for the Ballentine and Conway outfalls. Commonly associ-
ated sediment constituents of SS and turbidity had EMCs at 
North Charleston1 and North Charleston2 that were cor-
related to each other but not to hydrologic characteristics 
(appendixes 3D-E). At North Charleston2, SS EMCs were 
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Figure 22.  Temporal variation in Escherichia coli and 
enterococcus A, concentrations and B, loads in “first flush” 
grab samples collected in stormwater in Turkey Creek at North 
Charleston2, North Charleston, South Carolina, 2010–2012. 
[SCDHEC, South Carolina Department of Health and Environmental 
Control; SSM, single sample maximum; EPA, U.S. Environmental 
Protection Agency]



56  Characterization of Stormwater at DOT Facilities Near Charleston, South Carolina, 2010–2012

correlated positively to days since last rainfall, which indi-
cated greater SS EMCs tended to co-occur with greater time 
between storms (appendix 3E). At North Charleston1 and 
North Charleston2, nitrogen EMCs were not correlated to 
hydrologic characteristics of rainfall amounts, rainfall inten-
sity, and mean stormwater discharge or to any other nutrient 
or suspended sediment constituent, with the exception of 
a negative correlation between TP and rainfall duration at 
North Charleston1 (appendixes 3D, 3E). At North Charles-
ton1, “first-flush” E. coli and enterococcus concentrations 
were not correlated to any nutrient, suspended sediment, or 
hydrologic variable (appendix 3D). However, at the North 
Charleston2 location on Turkey Creek, enterococcus concen-
trations were correlated negatively to total organic nitrogen 
EMCs (appendix 3E). Although no significant correlation was 
identified between nutrients and hydrologic characteristics at 
North Charleston1, peak stormwater discharge was correlated 
positively to total nitrogen EMCs in Turkey Creek at North 
Charleston2 (appendixes 3D, 3E). At both locations on Turkey 
Creek, BOD5 EMCs were not correlated to hydrologic condi-
tions (appendix 3D). However, as was observed at the Conway 
and Ballentine facilities, the SS EMCs were not correlated 
significantly to the TSS EMCs at the North Charleston1 and 
North Charleson2 outfalls (appendixes 3D, 3E). 

Figure 23.  Temporal variation in estimated Escherichia coli 
and enterococcus loads in “first flush” stormwater discharging 
to Turkey Creek from the South Carolina Department of 
Transportation maintenance yard in North Charleston, South 
Carolina, 2010–2012. 

Trace-Metal Concentrations, Loads, 
and Yields

Elevated metal concentrations have been associated with 
stormwater draining urban, industrial, and commercial land 

uses in areas that are similar to, but tend to be on a larger 
scale than, the maintenance yard and section shed facilities 
in this study (Pitt and Maestre, 2005). As mentioned previ-
ously, total metals represent the dissolved and the particulate 
forms of the metals. Natural sediment particles that contain 
minerals with metallic composition can compose a fraction 
of the particulate metal concentrations and not be associated 
with human-induced activities. Additionally, dissolved met-
als in stormwater are the most bioavailable form to aquatic 
biota when transported to a receiving water body; therefore, 
dissolved metals were used to establish aquatic life criteria. 
The criteria for dissolved metals are hardness-dependent, and 
dissolved metals were calculated by using values established 
by the EPA and adopted by the SCDHEC for receiving waters 
(appendixes 2A, 2B; U.S. Environmental Protection Agency, 
2006; South Carolina Department of Health and Environmen-
tal Control, 2012). Conversion factors, established by the EPA, 
can be used to convert total metal concentrations to estimated 
dissolved metal concentrations prior to comparison to aquatic 
life criteria; however, the estimated concentration often tends 
to overestimate the actual dissolved fraction and represents a 
more conservative comparison to aquatic life criteria (appen-
dixes 2A, 2B).

The EMCs for total and dissolved cadmium, chromium, 
copper, lead, and zinc, and dissolved nickel were compared 
among storms at each site. Although a detailed summary of the 
aquatic life criteria is provided in appendix 2A, both estimated 
dissolved (estimated from a conversion factor applied to total) 
and dissolved trace-metal EMCs at each facility are compared 
to the corresponding ambient freshwater CMCs and CCCs in 
this section as a screening process to determine whether the 
concentrations could have some potential to affect the receiv-
ing water chemistry. The CMC was selected for comparison 
because it is considered an acute criterion related to one-time 
maximum contribution to a water body, which is the type of 
effect stormwater has on a receiving water body. Event-mean 
loads and yields of a subset of the trace metals that exceeded 
criteria levels also are compared among storms at each facility.

Ballentine Section Shed

Stormwater discharging from the retention pond outfall at 
the Ballentine section shed had trace- metal EMCs of differing 
concentration ranges (fig. 24). For the Ballentine facility, total 
trace metals with median EMCs, listed in order of decreas-
ing concentrations, are zinc, 85.0 µg/L; copper, 10.0 µg/L; 
chromium, 8.0 µg/L; lead, 5.1 µg/L; and cadmium, <0.13 µg/L 
(table 8). Dissolved trace metals with median EMCs (which 
consistently were less than the medians EMCs of total trace 
metals), listed in order of decreasing concentrations, are zinc, 
27 µg/L; copper, 6.4 µg/L; nickel, 2.3 µg/L; lead, 0.21 µg/L; 
chromium, <2.5 µg/L; and cadmium, <0.095 µg/L (table 8). 
Total cadmium EMCs had detectable levels for only 4 of 
the 9 storms, with the maximum EMC of 0.54 µg/L occur-
ring during the March 10, 2010, storm (table 8; fig. 24A; 
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Figure 24.  Temporal variation in event-mean concentrations of total and dissolved A, cadmium, B, chromium, C, copper, D, lead, 
E, nickel, and F, zinc in stormwater discharging at the Ballentine outfall, Ballentine, South Carolina, 2010–2012. [SCDHEC, South 
Carolina Department of Health and Environmental Control; CCC, criteria continuous concentration; CMC, criteria maximum 
concentration; Criteria are based on a hardness of 25 milligrams per liter]
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appendix 1B). Dissolved cadmium was detected only once 
(EMC of E0.26 µg/L) during the January 25, 2011, storm; 
during that storm, dissolved cadmium represented about 
72 percent of the total cadmium EMC (table 8; fig. 24A; 
appendix 1B). Although dissolved chromium was not 
detected in stormwater during any storm at the Ballentine 
facility, total chromium was detected in 67 percent of the 
storm samples, and EMCs ranged from <2.50 to 15.0 µg/L 
(table 8; appendix 1B; fig. 24B). The maximum EMC for 
total chromium occurred during the January 25, 2011, storm 
(fig. 24B; appendix 1B). For the nine storms, total copper 
EMCs ranged from 4.9 to 22 µg/L, and dissolved copper 
EMCs ranged from E2.4 to 12 µg/L (table 8; fig. 24C). 
Additionally, the maximum total copper EMC that occurred 
during the April 8, 2010, storm was not concurrent with the 
maximum EMC for dissolved copper that occurred during 
the March 10, 2010, storm (fig. 24C; appendix 1B). Total 
lead EMCs ranged from 1.9 to 12 µg/L, whereas dissolved 
lead EMCs ranged from <0.20 to 3.7 µg/L at the Ballentine 
retention pond outfall (table 8; fig. 24D). As was observed 
with copper, the maximum total lead EMC that occurred 
during the January 25, 2011, storm was not concurrent with 
the maximum EMC for dissolved lead that occurred during 
the September 5, 2011, storm (fig. 24D; appendix 1B). Dis-
solved nickel EMCs were at detectable levels in all but two 
of the sampled storms and ranged from <0.2 to E3.7 µg/L 
(table 8; fig. 24E). The greatest range in trace-metal EMCs 
was observed for total zinc, from 34 to 130 µg/L, and dis-
solved zinc, from 17 to 99 µg/L (table 8; fig. 24F). Addition-
ally, the maximum total zinc EMC, which occurred during 
the January 25, 2011, storm, was not concurrent with the 
maximum dissolved zinc EMC, which occurred during the 
September 5, 2011, storm (fig. 24F; appendix 1B). During 
the September 5, 2011, storm, the EMCs of dissolved copper, 
zinc, and lead represented the greatest fraction of the EMCs 
for the corresponding total metal (fig. 24; appendix 1B).

EMCs of total and dissolved trace metals in stormwater 
discharging at the Ballentine facility are compared to 
generalized SCDHEC-established CMCs for a water hard-
ness of 25 mg/L (median for the Ballentine facility was 
17 mg/L; table 8) to determine the “worst case scenario” of 
stormwater effects on receiving water (no dilution) (table 3; 
fig. 24). Even with this conservative approach, the levels of 
dissolved and total chromium, cadmium, and lead, and dis-
solved nickel in the stormwater runoff were not considered 
to be a potential problem to receiving waters because the 
maximum EMCs were well below the CMCs and even the 
CCCs for freshwater aquatic life (table 8; fig. 24A, B, D, E; 
table 3). However, all total copper EMCs and all but one of 
the dissolved copper EMCs for stormwater discharging at the 
retention pond outfall were greater than the freshwater CMC 
of 3.8 µg/L, indicating that stormwater from this facility had 
some potential to affect receiving water chemistry during 
storms (table 3; fig. 24C). Total zinc EMCs also indicated 
some potential to affect receiving water chemistry because 5 
of the 9 storm events had stormwater with total zinc EMCs 

greater than the SCDHEC-established CMC for freshwater 
aquatic life of 75 µg/L. However, the applicable dissolved zinc 
EMCs were greater than the CMC in only 1 of the 9 storms 
(table 3; fig. 24F). 

For the generalized CMC, a hardness near 25 mg/L is 
assumed; however, hardness in stormwater ranged from E6.3 
to 194 mg/L at the Ballentine retention pond outfall (table 8). 
Therefore, sample-specific exceedances of the hardness-
dependent CMC also were evaluated on the basis of the hard-
ness that corresponded to the trace-metal EMCs for a storm 
(appendix 2A; fig. 25). For stormwater discharging from the 
retention pond outfall at the Ballentine facility, the measured 
dissolved copper EMCs exceeded the CMC criterion in 5 
and the measured dissolved zinc EMCs exceeded the CMC 
criterion in 3 of the nine sampled storms (fig. 25A). Because 
the dissolved copper and zinc EMCs estimated from their total 
EMCs (total concentration multiplied by the EPA-established 
conversion factor) were much greater than the actual measured 
dissolved fraction of that metal, the exceedances in sampled 
storms increased to 7 for copper and 6 for zinc (fig. 25B). In 
addition, estimated dissolved lead EMCs computed from the 
conversion of total EMCs were greater than measured dis-
solved lead EMCs, such that the estimated dissolved lead 
EMC exceeded the CMC in one storm. This comparison of 
measured dissolved concentrations to estimated dissolved 
concentrations indicates that the analysis for dissolved met-
als is preferred over total metals to more accurately depict 
exceedances. 

Event-mean trace-metal loads in stormwater discharging 
at the retention pond outfall at the Ballentine facility also 
varied by trace metal (table 8). Dissolved cadmium and 
chromium loads are mainly censored values (table 8). Total 
cadmium event-mean loads had the smallest range (<0.0002 
to 0.022 grams per event (g/event)) with a median of 
0.0012 g/event. Total chromium loads ranged from <0.077 to 
1.87 g/event with a median of 0.11 g/event. Event-mean loads 
of total lead had a smaller range (0.00025 to 0.28 g/event) 
than, but a median (0.11 g/event) similar to, that of total 
chromium (table 8). Stormwater discharging at the Ballentine 
outfall had median event-mean loads of total and dissolved 
copper of 0.48 and 0.21 g/event, respectively. Median total 
and dissolved zinc loads were 2.2 and 0.96 g/event (table 8). 

Conway Maintenance Yard

Stormwater discharging from the Conway1 pipe outfall 
and the Conway2 grass-lined ditch outfall at the Conway 
maintenance yard had statistically similar total trace-metal 
EMCs (appendix 3F). For the Conway1 outfall, the total trace 
metals and median EMCs, listed in order of decreasing con-
centrations, are zinc, 110 µg/L; chromium, 7.8 µg/L; copper, 
5.7 µg/L; lead, 4.7 µg/L; and cadmium, <0.13 µg/L (table 9). 
The median EMCs of dissolved trace metals consistently were 
less than the median EMCs of total metals in stormwater at 
Conway1; listed in order of decreasing concentration, they 
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are zinc, 17.5 µg/L; nickel, 2.3 µg/L ; copper, 2.1 µg/L; 
chromium, <2.5 µg/L; lead, <0.20 µg/L; and cadmium, 
<0.095 µg/L (table 9). Total cadmium was detectable in only 1 
of the 9 storms with an estimated EMC of 0.19 µg/L occurring 

during the February 28, 2011, storm (fig. 26A; appendix 1C). 
Event-mean concentrations for dissolved cadmium were 
consistently below the laboratory reporting level of 0.095 µg/L 
(table 9; fig. 26A). Dissolved chromium was detected in 
stormwater sampled during 2 of the 9 storms at the Conway1 
outfall with the maximum EMC of 21 µg/L occurring dur-
ing the October 10, 2011, storm (fig. 26B; appendix 1C). 
Event-mean concentrations for total chromium at Conway1 
ranged from <2.5 to 68 µg/L with the maximum EMC of 
total chromium occurring during the November 4, 2010, 
storm (table 9; fig. 26B; appendix 1C). For the nine storms, 
total copper EMCs ranged from E1.4 to 17 µg/L, and EMCs 
for dissolved copper ranged from <1.1 to 11 µg/L (table 9; 
fig. 26C). Additionally, the maximum EMC for total copper 
occurred during the March 21, 2010, storm concurrently with 
the maximum EMC for dissolved copper (table 9; fig. 26C; 
appendix 1C). Total lead EMCs ranged from 1.6 to 14 µg/L, 
whereas dissolved lead EMCs ranged from <0.2 to 1.7 µg/L at 
the Conway1 pipe outfall (table 9; fig. 26D). As was observed 
for copper, the maximum dissolved lead EMC occurred dur-
ing the March 21, 2010, storm, but not concurrently with the 
maximum total lead EMC, which occurred during the Febru-
ary 28, 2011, storm (table 9; fig. 26D; appendix 1C). Dis-
solved nickel EMCs were at detectable levels in only three of 
the sampled storms and ranged from <2.0 to 6.8 µg/L (table 9; 
fig. 26E). The greatest range in EMCs was observed for total 
zinc, from 56 to 210 µg/L, and dissolved zinc, from <8.3 to 
75 µg/L (table 9; fig. 26F). Additionally, the maximum total 
zinc EMC occurred during the November 4, 2010, storm 
concurrently with the minimum dissolved zinc EMC (fig. 26F; 
appendix 1C). 

Total and dissolved trace-metal EMCs in stormwater 
discharging from Conway1 pipe outfall were compared to 
the generalized SCDHEC-established CMCs and CCCs 
for a water hardness of 25 mg/L (median for Conway1 was 
37 mg/L) to determine the “worst case scenario” of storm-
water effects on receiving water (no dilution) (table 3; fig. 26). 
Even with this conservative approach, the levels of dissolved 
and total chromium, cadmium, and lead, and dissolved nickel 
in the stormwater runoff were not considered to be a potential 
problem to receiving waters because the maximum EMCs 
were well below the CMCs for freshwater aquatic life (table 3; 
fig. 26A, B, D, E; table 9). However, 7 of the total copper 
EMCs and 2 of the dissolved copper EMCs were greater 
than the freshwater CMC of 3.8 µg/L, indicating that storm-
water from this facility had some potential to affect receiving 
water chemistry during storms (table 3; fig. 26C). Total zinc 
EMCs also indicated some potential to affect receiving water 
chemistry because 6 of the 9 storms had stormwater with total 
zinc EMCs greater than the SCDHEC-established CMC for 
freshwater aquatic life of 75 µg/L. However, the dissolved 
zinc EMC for only 1 of the 9 storms was equal to the CMC 
(table 3; fig. 26F). 

Stormwater discharging from the Conway2 grass-lined 
ditch outfall contained the total trace metals, listed with 
EMC medians in order of decreasing concentrations, zinc, 
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Figure 26.  Temporal variation in event-mean concentrations of total and dissolved A, cadmium, B, chromium, C, copper, D, lead, 
E, nickel, and F, zinc in stormwater discharging at the Conway1 outfall, Conway, South Carolina, 2010–2012. [SCDHEC, South Carolina 
Department of Health and Environmental Control; CCC, criteria continuous concentration; CMC, criteria maximum concentration; 
Criteria are based on a hardness of 25 milligrams per liter]
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103 µg/L; copper, 6 µg/L; chromium, 5.5 µg/L; lead, 4.1 µg/L; 
and cadmium, <0.13 µg/L (table 10). Median EMCs of the 
dissolved trace metals consistently were less than the median 
total trace-metal EMCs in stormwater at Conway1; listed in 
order of decreasing concentrations, they are zinc, 21.5 µg/L; 
chromium, 2.3 µg/L; copper, 2.0 µg/L; nickel, <2.0 µg/L ; 
lead, <0.2 µg/L; and cadmium, <0.095 µg/L (table 10). Total 
cadmium was present at detectable EMC levels in 3 of the 9 
storms, with a maximum estimated EMC of 0.25 µg/L occur-
ring during the September 26, 2010, storm (table 10; fig. 27A; 
appendix 1D). Dissolved cadmium was detected only dur-
ing the September 26, 2010, storm at an estimated EMC of 
0.15 µg/L (table 10; fig. 27A; appendix 1D). Dissolved chro-
mium ranged from <2.5 to 46 µg/L in stormwater discharging 
at the Conway2 outfall, with the maximum EMC occurring 
during the September 26, 2010, storm (table 10; fig. 27B; 
appendix 1D). At the same outfall, total chromium EMCs 
ranged from <2.5 to 14 µg/L, with the maximum total chro-
mium EMC occurring during the February 28, 2011, storm 
(table 10; fig. 27B; appendix 1D). For the nine storms, total 
copper EMCs ranged from <1.1 to 14 µg/L, and dissolved 
copper EMCs ranged from 1.3 to 10 µg/L (table 10; fig. 27C). 
As was observed for copper EMCs for Conway1, the maxi-
mum total copper EMC occurred in stormwater during the 
March 21, 2010, storm at the Conway2 outfall concurrently 
with the maximum dissolved copper EMC (table 10; fig. 27C; 
appendix 1D). Total lead EMCs ranged from <0.5 to 11 µg/L, 
whereas dissolved lead EMCs ranged from <0.2 to E0.39 µg/L 
at Conway2 (table 10; fig. 27D). As was observed for dis-
solved cadmium, the maximum dissolved lead EMC occurred 
during the September 26, 2010, storm at the Conway2 outall, 
but not concurrently with the maximum total lead EMC, 
which occurred during the February 28, 2011, storm (table 
10; fig. 27D; appendix 1D). Dissolved nickel EMCs were 
present at detectable levels in only two of the sampled storms 
and ranged from <2.0 to 8.2 µg/L, with the maximum occur-
ring during the September 26, 2010, storm (table 10; fig. 27E; 
appendix 1D). The greatest range in EMCs was observed for 
total zinc, from E14 to 330 µg/L, and dissolved zinc, from 
E9.5 to 280 µg/L (table 10; fig. 27F). Additionally, the maxi-
mum total zinc EMC occurred during the September 26, 2010, 
storm concurrently with the maximum dissolved zinc EMC 
(fig. 27F; appendix 1D). 

Total and dissolved trace-metal EMCs in stormwater 
discharging from Conway2 were compared to the generalized 
SCDHEC-established CMCs and CCCs for a water hardness 
of 25 mg/L (median hardness for Conway2 was 24 mg/L) to 
determine the “worst case scenario” of stormwater effects on 
receiving water (no dilution) (table 3; fig. 27). Even with this 
conservative approach, the levels of dissolved and total cad-
mium and lead, and dissolved nickel in the stormwater runoff 
were not considered to be a potential problem to receiving 
waters because even the maximum EMCs were well below 
the CMCs for freshwater aquatic life (table 3; fig. 27A, D, E; 
table 10). However, 5 of the total copper EMCs and 1 of the 
dissolved copper EMCs in stormwater discharging at the 

Conway2 outfall were greater than the freshwater CMC of 
3.8 µg/L, indicating that stormwater from this facility had 
some potential to affect receiving water during storms (table 3; 
fig. 27C). Total zinc EMCs also indicated some potential 
to affect receiving water because 5 of the 9 storms had 
stormwater with total zinc EMCs greater than the SCDHEC-
established CMC of 75 µg/L for freshwater aquatic life. How-
ever, the dissolved zinc EMCs in only 1 of 7 storms (dissolved 
zinc data were not available for 2 of the storms) was at the 
CMC (table 3; fig. 27F; appendix 1D). 

The generalized CMC assumes a hardness near 25 mg/L; 
however, hardness in stormwater ranged from 13 to 105 mg/L 
at the Conway1 pipe outfall (table 9) and from 4.5 to 53 mg/L 
at the Conway2 grass-lined ditch outfall (table 10). Therefore, 
sample-specific exceedances of the hardness-dependent CMC 
were evaluated on the basis of the hardness that corresponded 
to the trace-metal EMCs for a storm (appendix 2C, 2D; 
fig. 25). For stormwater discharging from the Conway1 out-
fall, the measured dissolved copper and zinc EMCs exceeded 
the CMC criteria in 1 of the nine sampled storms (fig. 25A). 
Because the dissolved copper EMCs were estimated from total 
EMCs (total concentration multiplied by the EPA-established 
conversion factor) and were much greater than the measured 
dissolved fraction of that metal, the number of exceed-
ances increased to 4 storms for copper and 7 storms for zinc 
(fig. 25B). For stormwater discharging from the Conway2 out-
fall, the measured dissolved copper and zinc EMCs exceeded 
the CMC criteria in 2 of the 8 sampled storms (fig. 25A). 
Because the dissolved copper and zinc EMCs estimated from 
their total EMCs (total concentration multiplied by the EPA-
established conversion factor) were much greater than the 
measured dissolved fractions of those metals, the number of 
exceedances increased to 5 storms for copper and 6 storms for 
zinc (fig. 25B).

Event-mean loads of metals in stormwater discharging 
at Conway1 varied by metal (table 9). Total and dissolved 
cadmium event-mean loads were generally less than 
0.002 g/event, with the exception of the maximum total 
cadmium load of E0.006 g/event (table 9). Event-mean loads 
of total chromium ranged from <0.054 to 8.7 g/event with a 
median of 0.071 g/event. The range for dissolved chromium 
event-mean loads at Conway1 was similar to that of total chro-
mium (<0.040 to 5.9 g/event) but with a much lower median 
(0.0043 g/event) (table 9). Event-mean loads of total lead and 
total copper had very similar ranges (0.013 to 1.4 g/event and 
0.026 to 1.5 g/event, respectively) and medians (0.085 and 
0.089 g/event, respectively) at Conway1 (table 9). However, 
the dissolved fraction of lead had much lower event-mean 
loads (median of <0.005 g/event) than the dissolved fraction of 
copper (median of 0.026 g/event) (table 9). Total zinc had the 
greatest range in event-mean loads (0.17 to 27 g/event) and the 
greatest median (2.2 g/event) of the trace metals in stormwater 
at Conway1 (table 9).

Event-mean trace-metal loads in stormwater discharging 
at Conway2 also varied by metal in a manner similar to that 
at Conway1 (table 10). At Conway2, dissolved cadmium 
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Figure 27.  Temporal variation in event-mean concentrations of total and dissolved A, cadmium, B, chromium, C, copper, D, lead, 
E, nickel, and F, zinc in stormwater discharging at the Conway2 outfall, Conway, South Carolina, 2010–2012. [SCDHEC, South Carolina 
Department of Health and Environmental Control; CCC, criteria continuous concentration; CMC, criteria maximum concentration; 
Criteria are based on a hardness of 25 milligrams per liter]
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event-mean loads were generally <0.012 g/event, with 
the exception of the maximum dissolved cadmium load 
of E0.005 g/event (table 10). Total cadmium event-mean 
loads ranged from <0.014 to 0.012 g/event with a median of 
0.0055 g/event (table 10). Event-mean loads of total chro-
mium ranged from <0.27 to 2.75 g/event with a median of 
0.45 g/event. The range for dissolved chromium event-mean 
loads at Conway1 was lower than the range for total chromium 
(<0.27 to 0.38 g/event) with a lower median (0.13 g/event) 
(table 10). Event-mean loads of total lead and total copper 
had very similar ranges (<0.053 to 2.2 g/event and <0.012 to 
2.2 g/event, respectively) and medians (0.53 and 0.62 g/event, 
respectively) at Conway2 (table 10). As was observed in 
stormwater at Conway1, the dissolved fraction of lead had 
much lower event-mean loads (median of <0.039 g/event) than 
the dissolved fraction of copper (median of 0.041 g/event) in 
stormwater at Conway2 (table 10). Total zinc had the greatest 
range in event-mean loads (1.01 to 35.4 g/event) and the great-
est median of 14.2 g/event of the trace metals in stormwater 
at Conway2 (table 10). Dissolved zinc event-mean loads had 
a lower range (0.32 to 9.2 g/event) and median (4.3 g/event) 
than those for total zinc (table 10).

North Charleston Maintenance Yard

In general, stormwater in Turkey Creek upstream from 
the North Charleston maintenance yard at North Charleston1 
and downstream from the maintenance yard at North Charles-
ton2 had statistically similar total trace-metal EMCs during the 
eight sampled storms (table 13). The exception was dissolved 
copper EMCs at North Charleston2 on Turkey Creek, which 
were statistically greater than those at North Charleston1, 
indicating some stormwater contribution from the maintenance 
yard (table 13). 

At North Charleston1, median EMCs of total trace 
metals, listed in order of decreasing concentrations, are 
zinc, 53 µg/L; chromium, 5.9 µg/L; lead, 4.3 µg/L; cop-
per, 3.6 µg/L; and cadmium, <0.13 µg/L (table 11). The 
median EMCs of dissolved trace metals consistently were 
less than the median EMCs of total trace metals at North 
Charleston1; median EMCs of dissolved trace metals, listed 
in order of decreasing concentrations, are zinc, 11.0 µg/L; 
copper, 1.7 µg/L; chromium, <2.5 µg/L; nickel, <2.0 µg/L; 
lead, <0.20 µg/L; and cadmium, <0.095 µg/L (table 11). 
Total cadmium EMCs ranged from <0.13 to E0.22 µg/L with 
the maximum EMC occurring during the October 18, 2011, 
storm (table 11; fig. 28A; appendix 1E). Dissolved cadmium 
EMCs were consistently below the laboratory reporting level 
of 0.095 µg/L (table 11; fig. 28A; appendix 1E). Dissolved 
chromium was detected during only 1 of the 8 storms at North 
Charleston1, with the maximum EMC of 6.1 µg/L occur-
ring during the October 18, 2011, storm (table 11; fig. 28B; 
appendix 1E). Total chromium EMCs ranged from E2.7 to 
16 µg/L, with the maximum total chromium EMC also occur-
ring during the October 18, 2011, storm (table 11; fig. 28B; 
appendix 1E). For the 8 storms, total copper EMCs ranged 
from 1.6 to 9.8 µg/L, and dissolved copper EMCs ranged 

from <1.1 to 3 µg/L (table 11; fig. 28C). Additionally, the 
maximum total copper EMC that occurred during the June 15, 
2011, storm occurred concurrently with the maximum dis-
solved copper EMC (fig. 28C; appendix 1E). Total lead EMCs 
ranged from 1.1 to 10 µg/L, whereas dissolved lead EMCs 
ranged from <0.20 to 0.57 µg/L at North Charlestonl (table 10; 
fig. 28D). As was observed for copper, the maximum total lead 
EMC that occurred during the June 15, 2011, storm occurred 
concurrently with the maximum dissolved lead EMC (table 
10; fig. 28D; appendix 1E). Dissolved nickel EMCs were 
consistently less than the laboratory reporting level of 2.0 µg/L 
(table 11; fig. 28F). The greatest range in EMCs was observed 
for total zinc, from 20 to 120 µg/L, and dissolved zinc, from 
<8.3 to 17 µg/L (table 10; fig. 28F). Additionally, the maxi-
mum total zinc EMC that occurred in stormwater during the 
June 15, 2011, storm did not occur concurrently with the 
maximum dissolved zinc EMC, which occurred during the 
January 5, 2011, storm (fig. 28F; appendix 1E). 

Total and dissolved trace-metal EMCs at North 
Charleston1 upstream from the North Charleston maintenance 
yard facility were compared to the generalized SCDHEC-
established CMCs for a water hardness of 25 mg/L (median 
hardness for North Charleston1 was 88.3 mg/L, table 11) to 
determine the “worst case scenario” of stormwater effects 
on receiving water (no dilution) (table 3; fig. 28). Even with 
this conservative approach, the levels of dissolved and total 
cadmium and lead, and dissolved nickel in the stormwater 
runoff were not considered to be a potential problem to 
receiving waters because even the maximum EMCs (excep-
tion for total lead) were well below the CMCs for freshwater 
aquatic life (table 3; figs. 28A, D, E; table 11). However, three 
of the total copper EMCs at North Charleston1 were greater 
than the freshwater CMC of 3.8 µg/L, indicating that storm-
water from this facility had some potential to affect receiving 
waters during storms (table 3; fig. 28C; appendix 1E). Total 
zinc EMCs also indicated some potential to affect receiving 
waters because EMCs greater than the SCDHEC-established 
CMC for freshwater aquatic life of 75 µg/L for zinc (fig. 28F) 
occurred in 1 of the 8 storms. However, the applicable dis-
solved lead, copper, and zinc EMCs did not exceed the CMC 
(table 3; figs. 28C, D, F). 

In Turkey Creek at North Charleston2, the median total 
trace-metal EMCs varied by metal; listed in order of decreas-
ing concentrations, they are zinc, 31.0 µg/L; chromium, 
5.1 µg/L; lead, 4.1 µg/L; copper, 3.9 µg/L; and cadmium, 
<0.13 µg/L (table 12). At North Charleston1, the median 
EMCs of the dissolved trace metals consistently were less 
than the median EMCs of total metals; the trace metals, listed 
in order of decreasing concentrations, are zinc, 9.1 µg/L; 
copper, E1.8 µg/L; chromium, <2.5 µg/L; nickel, <2.0 µg/L; 
lead, <0.20 µg/L; and cadmium, <0.095 µg/L (table 12). 
Total cadmium EMCs were at detectable levels for only 2 of 
the 8 sampled storms, with an estimated maximum EMC of 
0.27 µg/L occurring during the June 15, 2011, storm (table 12; 
fig. 29A; appendix 1F). Dissolved cadmium and chromium 
EMCs were consistently less than their laboratory reporting 
levels of 0.095 µg/L and 2.5, respectively (table 12; fig. 29A). 
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Figure 28.  Temporal variation in event-mean concentrations of total and dissolved A, cadmium, B, chromium, C, copper, D, lead, 
E, nickel, and F, zinc in stormwater discharging at North Charleston1, North Charleston, South Carolina, 2010–2012. [SCDHEC, 
South Carolina Department of Health and Environmental Control; CCC, criteria continuous concentration; CMC, criteria maximum 
concentration; Criteria are based on a hardness of 25 milligrams per liter]
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Figure 29.  Temporal variation in event-mean concentrations of total and dissolved A, cadmium, B, chromium, C, copper, D, lead, 
E, nickel, and F, zinc in stormwater discharging at North Charleston2, North Charleston, South Carolina, 2010–2012. [SCDHEC, 
South Carolina Department of Health and Environmental Control; CCC, criteria continuous concentration; CMC, criteria maximum 
concentration; Criteria are based on a hardness of 25 milligrams per liter] 
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Total chromium EMCs ranged from <2.5 to 18 µg/L, with the 
maximum total chromium EMC occurring during the June 15, 
2011, storm (table 12; fig. 29B; appendix 1F). For the eight 
storms, total copper EMCs ranged from E1.9 to 16 µg/L, 
and dissolved copper EMCs ranged from E1.1 to E3.9 µg/L 
(table 12; fig. 29C). Additionally, the maximum EMC for total 
copper that occurred during the June 15, 2011, storm occurred 
concurrently with the maximum dissolved copper EMC 
(fig. 29C; appendix 1F). 

At North Charleston2, total lead EMCs ranged from E1.2 
to 20 µg/L, whereas dissolved lead EMCs ranged from <0.20 
to E0.73 µg/L at North Charleston2 (table 12; fig. 29D). As 
was observed for copper, the maximum EMC of total lead 
occurred during the June 15, 2011, storm concurrently with the 
maximum EMC of dissolved lead (table 12; fig. 29D; appen-
dix 1F). Dissolved nickel EMCs were consistently below the 
laboratory reporting level of 2.0 µg/L (table 12; fig. 29E). 
The greatest range in EMCs was observed for total zinc, from 
22 to 150 µg/L, and dissolved zinc, from <8.3 to E18 µg/L 
(table 12; fig. 29F). Additionally, the maximum total zinc 
EMC that occurred in stormwater during the June 15, 2011, 
storm did not occur concurrently with the maximum dissolved 
zinc EMC, which occurred during the March 9, 2011, storm 
(fig. 29F; appendix 1F). 

Event-mean concentrations of total and dissolved trace 
metals at North Charleston2 were compared to the general-
ized SCDHEC-established CMCs for a water hardness 
of 25 mg/L (median hardness for North Charleston2 was 
71.1 mg/L; table 12) to determine the “worst case scenario” of 
stormwater effects on receiving water (no dilution) (table 3; 
fig. 29). Even with this conservative approach, the levels of 
dissolved and total cadmium and lead, and dissolved nickel 
in the stormwater runoff were not considered to be a poten-
tial problem to receiving waters because even the maximum 
EMCs (exception for total lead) were well below the CMCs 
for freshwater aquatic life (table 3; fig. 29A, D, E; table 12). 
However, 4 of the total copper EMCs and 1 of the dissolved 
copper EMCs at North Charleston2 were greater than the 
freshwater CMC of 3.8 µg/L, indicating that stormwater 
from this facility had some potential to affect receiving 
waters during storms (table 3; fig. 29C). Total zinc and total 
lead EMCs also indicate some potential to affect receiving 
waters because total zinc and total lead EMCs greater than 
the SCDHEC-established CMC for freshwater aquatic life 
of 75 µg/L and 14 µg/L, respectively, occurred during 1 of 
8 storms (fig. 29D, F; table 3). However, the applicable dis-
solved lead and zinc EMCs had no exceedances of the CMC 
(fig. 29D, F). 

The generalized CMC assumes a hardness near 25 mg/L; 
however, hardness in stormwater ranged from 65.3 to 
125 mg/L in Turkey Creek at North Charleston1 (table 11) and 
from 47.4 to 109 mg/L at North Charleston2 (table 12). There-
fore, sample-specific exceedances of the hardness-dependent 
CMC also were evaluated on the basis of the hardness that 
corresponded to the trace-metal EMCs for a storm (appen-
dix 2E, 2F; fig. 25). For stormwater at North Charleston1, 

measured EMCs for dissolved trace metals did not exceed any 
of the CMCs (fig. 25A). Because the dissolved zinc EMCs 
estimated from total zinc EMCs (total concentration multiplied 
by the EPA-established conversion factor) were much greater 
than the actual measured dissolved fraction of that metal, the 
number of exceedances increased from 0 to 1 (fig. 25B). For 
stormwater at North Charleston2 downstream from the North 
Charleston maintenance yard, the measured dissolved copper 
and estimated dissolved copper EMCs exceeded the CMC 
criteria in 1 of the storms (fig. 25A). Because the dissolved 
zinc EMCs estimated from total zinc EMCs (total concentra-
tion multiplied by the EPA-established conversion factor) 
were much greater than the measured dissolved fraction of that 
metal, the number of exceedances increased from 0 to 1 North 
Charleston2 (fig. 25B).

Event-mean loads of metals in stormwater discharging 
from the North Charleston maintenance yard varied (table 14). 
Total cadmium and total chromium event-mean loads had 
the smallest ranges with medians of 0.17 and 3.02 g/event, 
respectively. Event-mean loads of total copper and total 
lead had relatively similar ranges with medians of 12.5 and 
19.9 g/event, respectively. Total zinc had the greatest range in 
event-mean loads with a median of 108 g/event (table 14). 

Occurrence of Synthetic and 
Semivolatile Organic Compounds

Flow-weighted stormwater samples were analyzed 
for 44 volatile organic compounds (VOCs), 10 herbicides, 
7 Aroclor congeners (polychlorinated biphenyls (PCBs)), 
18 organochlorine pesticides, and 16 PAHs (appendixes 1B–F). 
At all facilities, 1 to 3 VOCs were detected in stormwater 
during most sampled storms. The most frequently occurring 
VOCs in stormwater were cis-1,2-dichloroethene, bromodi-
chloromethane, acetone, butyl methyl ketone, and o-xylene, 
usually at semiquantitative estimated concentrations less 
than the LRL (appendixes 1B–F). For regulated priority and 
non-priority pollutant compounds (cis-1,2-dichloroethene, 
bromodichloromethane, xylene), concentrations of VOCs were 
less than established SCDHEC drinking-water maximum con-
taminant level and human health criteria for the consumption 
of water and fish (South Carolina Department of Health and 
Environmental Control, 2012). No herbicides or PCBs were 
detected in stormwater discharging at the sampled outfalls 
or stream locations at the three facilities. The only organo-
chlorine pesticide that was detected, dieldrin, was detected in 
one sample from the Turkey Creek downstream site (North 
Charleston2) at a concentration of 0.13 µg/L (March 9, 2011; 
appendix 1F). The dieldrin concentration of 0.13 µg/L was 
less than the CMC (chronic criterion) of 0.24 µg/L established 
for the protection of aquatic life (South Carolina Department 
of Health and Environmental Control, 2012). Because of the 
low-level detection of dieldrin at this site and its occurrence 
during only 1 of 8 storms, a potential risk to aquatic life was 
not indicated at North Charleston2.
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Polycyclic aromatic hydrocarbons were the most 
frequently detected organic compounds in stormwater at the 
three facilities. Stormwater draining from the parking lots, 
sheds, and work yards of the SCDOT facilities can transport 
PAHs derived from leaking motor oil, tire particles, vehicle 
exhaust, atmospheric deposition, and the asphalt parking lot, 
especially if sealed with coal-tar-based sealant (Mahler and 
others, 2005; Selbig, 2009; Watts and others, 2010; Mahler 
and others, 2012). The total PAH concentrations (ƩPAH16) in 
stormwater at the three facilities were highly variable in this 
study. By assigning zeros to censored concentrations (reported 
as less-than values), the total PAH concentrations ranged from 
0 (no detections) to 95.7 µg/L (appendix 2B). At the section 
shed in Ballentine, stormwater discharging from the retention 
pond outfall had statistically greater ƩPAH16 than stormwater 
at Conway1 outfall and Turkey Creek at North Charleston1 
and North Charleston2 (appendix 3G). At the Ballentine pond 
outfall, the ƩPAH16 ranged from 0 (no detections) to 95.7 µg/L 
with a median of 27.8 µg/L (appendix 2B; table 16). At the 
Conway1 pipe outfall, stormwater had ƩPAH16 that ranged 
from 1.25 to 20 µg/L with a median of 2.56 µg/L. For the 
sampled storms, stormwater discharging at the Conway2 
outfall had a greater range in ƩPAH16 (9.14 to 39.0 µg/L) and 
a greater median of 14.2 µg/L than stormwater discharging 
at the Conway1 outfall (appendix 3F). At North Charleston1, 
ƩPAH16

 for the 8 storms ranged from 0.020 to 30.0 µg/L with 
a median of 1.37 µg/L (appendix 2B; table 16). Downstream 
from the maintenance yard, North Charleston2 ƩPAH16 was 
significantly less, ranging from 0 (no detections) to 2.85 µg/L 
with a median of 0.82 µg/L (table 16). The lower range and 
median of ƩPAH16 at North Charleston2 relative to concurrent 
samples from North Charleston1 indicate that the contribution 
of PAHs to Turkey Creek from the maintenance yard was neg-
ligible relative to the upstream contribution and that ƩPAH16 
concentrations were decreased by dilution or other attenuation 
processes during storms. 

One sample collected at the Ballentine outfall during 
the 9 storms had incomplete PAH results (March 10, 2010; 
appendix 2B); therefore, those results were not included in 
the analysis of the PAH data. In samples from the other eight 
storms at the Ballentine facility, HMW PAH compounds were 
detected more frequently in stormwater than most LMW PAH 
compounds, with the exception of acenaphthlyene and phen-
anthrene (table 16). The LMW PAH fluorene was detected 
in samples from only one storm, whereas acenaphthene and 
naphthalene were not detected in samples from any storm at 
the Ballantine facility (table 16; appendix 2B). Concurrently, 
HMW PAHs, except indeno[1,2,3-cd]pyrene, were detected in 
samples from all but one of the sampled storms at this facility; 
indeno[1,2,3-cd]pyrene was detected in samples from 6 of 
8 storms (table 16). 

With the exception of the median concentrations of 
acenaphthylene (2.9 µg/L) and phenanthrene (0.94 µg/L) 
concentrations, median concentrations of individual LMW 
PAHs were 1 to 2 orders of magnitude less than the median 
concentrations of HMW PAHs in stormwater at the Ballentine 

outfall (table 16; fig. 30). The median phenanthene concentra-
tion in stormwater at this outfall compared well to the range of 
reported concentrations of this compound in stormwater drain-
ing from similar land uses (fig. 30; Ngabe and others, 2000; 
Menzie and others, 2002; Selbig, 2009). However, the median 
acenaphythylene concentration was about 2 orders of mag-
nitude greater than the reported range for stormwater drain-
ing parking lots, commercial roofs, and urban land-use areas 
(fig. 30; Ngabe and others, 2000; Menzie and others, 2002; 
Selbig, 2009). The reason for the elevated median acenaph-
thylene concentration is that the concentrations of this com-
pound in stormwater were greater than 10 µg/L during 4 of the 
5 storms sampled for PAHs in 2011 at Ballantine, and ace-
naphthylene represented more than 70 percent of the ƩPAH16 
during the last 3 storms in 2011 (appendix 2B). In general, the 
larger proportion of HMW PAHs relative to LMW PAHs is 
indicative of PAHs that have a combustion source (pyrogenic, 
including vehicle exhaust) for storms in 2010, but not in 2011 
(fig. 30; appendix 2B; Hwang and Foster, 2006). Oily sheen 
indicative of a petrigenic (fuel) source was observed periodi-
cally in the stormwater discharging at the Ballantine outfall 
(fig. 31). The median concentrations of the HMW PAHs fell 
within the reported ranges of these compounds in stormwater 
draining areas covered by parking lots, commercial roofs, and 
urban and commercial land (fig. 30). In fact, median HMW 
PAH concentrations at the Ballentine facility tend to fall 
within the range for sealed and unsealed parking lots, with 
the exception of dibenzo[a,h]anthracene (fig. 30; Ngabe and 
others, 2000; Menzie and others, 2002; Selbig, 2009). 

For the nine sampled storms at the Conway1 pipe outfall 
at the maintenance yard facility, HMW PAH compounds were 
detected more frequently in stormwater than most 
LMW PAH compounds, with the exception of phen-
anthrene (100 percent detection frequency) (table 16). The 
LMW PAHs naphthalene, acenaphthene, and fluorene were 
not detected in stormwater from the Conway1 outfall dur-
ing any storm (table 16; appendix 2B). Benzo[a]anthracene 
and benzo[k]fluoranthene were detected least frequently of 
the HMW PAH compounds (5 and 4, respectively, of the 
9 sampled storms) at Conway1 (table 16). Except for the 
HMW PAHs above, dibenzo[a,h]anthracene (77.8 percent) and 
benzo[a]pyrene (88.9 percent), HMW PAHs were detected in 
stormwater during all storms at the Conway1 outfall (table 16). 

The median phenanthrene concentration (0.18 µg/L) 
represented the greatest median LMW PAH concentration and 
compared well to the median HMW PAH concentrations in 
stormwater at the Conway1 pipe outfall (table 16; fig. 32A). 
The median phenanthrene concentration in stormwater at this 
outfall was less than the range of reported median and mean 
concentrations of this compound in stormwater draining simi-
lar land-use areas (fig. 32A; Ngabe and others, 2000; Menzie 
and others, 2002; Selbig, 2009). However, as was observed for 
stormwater at the Ballentine outfall, the median acenaphyth-
ylene concentration at Conway1was greater than the reported 
range for stormwater draining parking lots, commercial roofs, 
and urban land-use areas (fig. 32A; Ngabe and others, 2000; 
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Menzie and others, 2002; Selbig, 2009). The acenaphthylene 
concentration was elevated in stormwater during the Novem-
ber 28, 2011, storm (19.0 µg/L) and represented more than 
90 percent of the ƩPAH16 (20.0 µg/L) during that storm 
(appendix 2B). For all other storms, the larger proportion of 
HMW PAHs relative to LMW PAHs generally was indicative 
of PAHs that have a combustion source (pyrogenic, including 
vehicle exhaust) (fig. 32A; appendix 2B; Hwang and Foster, 
2006). With the exception of dibenzo[a,h]anthracene, median 
concentrations of the individual HMW PAH compounds 
in stormwater at the Conway1 outfall were lower than the 
reported ranges of these compounds in stormwater draining 
areas covered by parking lots and urban-commercial land 
(fig. 32A). Additionally, median concentrations for 6 of the 
11 HMW PAH compounds were lower than reported ranges 
in stormwater draining commercial roofs (fig. 32A). In fact, 
median ƩPAH16 concentrations at the Conway1 facility tended 
to fall below the range for sealed and unsealed parking lots 
and urban-commercial land use but within the range of com-
mercial roofs (fig. 32A; Ngabe and others, 2000; Menzie and 
others, 2002; Selbig, 2009). 
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EXPLANATION

Figure 30.  Median polycyclic aromatic hydrocarbon concentrations in stormwater at the Ballentine outfall, 
Ballentine, South Carolina, and median or mean polycyclic aromatic hydrocarbon concentrations in stormwater 
draining sealed and unsealed parking lots (Selbig, 2009), commercial roofs (Selbig, 2009), and urban and 
commercial land use (Ngabe and others, 2000; Menzie and others, 2002). 

Figure 31.  Oily sheen in stormwater discharging from the 
retention pond at the section shed at Ballentine, South Carolina, 
during the falling limb of the storm hydrograph, February 22, 
2010. (Photograph by William F. Falls, Hydrologist, U.S. Geological 
Survey South Carolina Water Science Center)
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Figure 32.  Median polycyclic aromatic hydrocarbon concentrations in stormwater discharging at the A, Conway1 
outfall and B, Conway2 outfall, Conway, South Carolina, and median or mean polycyclic aromatic hydrocarbon 
concentrations in stormwater draining sealed and unsealed parking lots (Selbig, 2009), commercial roofs (Selbig, 2009), 
and urban and commercial land use (Ngabe and others, 2000; Menzie and others, 2002).
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Overall, detection frequency and concentrations of PAHs 
in stormwater during the eight sampled storms at Conway2 
tended to be greater than in stormwater at Conway1 (table 16; 
fig. 32A, B). Stormwater from Conway2 drained a larger por-
tion of the maintenance yard facility than Conway1, includ-
ing greater parking lot and commercial roof area (fig. 3). 
The HMW PAH compounds were detected more frequently 
in stormwater than most LMW PAH compounds, with the 
exception of phenanthrene (100 percent detection frequency) 
(table 16). The LMW PAH naphthalene and fluorene were 
not detected, and acenaphthene was detected only once in 
stormwater at the Conway2 outfall. Dibenzo[a,h]anthrracene 
was detected in 7 of the 8 (87.5 percent) sampled storms at 
Conway2, but the remaining HMW PAH compounds were 
detected in all sampled storms at this facility (table 16). 

Median acenaphthylene (0.79 µg/L) and phenanthrene 
(0.62 µg/L) concentrations represented the greatest LMW 
PAH concentrations at the Conway2 outfall and compared 
well with the median HMW PAH concentrations in stormwater 
at the Conway2 outfall (table 16; fig. 32B). The median phen-
anthene concentration in stormwater at this outfall compared 
well to the range of reported concentrations of this compound 
in stormwater draining a similar land use (fig. 34B; Ngabe 
and others, 2000; Menzie and others, 2002; Selbig, 2009). 
However, as was observed in stormwater at the Ballentine and 
Conway1 outfalls, the median acenaphythylene concentration 
was an order of magnitude greater than the reported range for 
stormwater draining parking lots, commercial roofs, and urban 
land-use areas (fig. 34B; Ngabe and others, 2000; Menzie and 
others, 2002; Selbig, 2009). The acenaphthylene concentra-
tion was elevated in stormwater during the September 20, 
2011, (14.0 µg/L) and November 28, 2011, storms (29.0 µg/L) 
and represented more than 75 percent of the ƩPAH16 (18.1 
and 39.0 µg/L, respectively) (appendix 2B). For all other 
storms, the larger proportion of HMW PAHs relative to LMW 
PAHs generally was indicative of PAHs that have a combus-
tion source (pyrogenic, including vehicle exhaust) (fig. 32B; 
appendix 2B; Hwang and Foster, 2006). In general, median 
concentrations of the individual HMW PAHs in stormwater 
at the Conway2 outfall were similar to the reported ranges 
of these compounds in stormwater draining areas covered by 
parking lots, commercial roofs, and urban and commercial 
land, with the exception of dibenzo[a,h]anthracene and chry-
sene (fig. 32B). In fact, median ƩPAH16 concentrations at the 
Conway2 facility tended to fall within the range for sealed and 
unsealed parking lots and urban land use (fig. 32B; Ngabe and 
others, 2000; Menzie and others, 2002; Selbig, 2009). 

In contrast to stormwater that drained predominantly 
paved areas and roofs and discharged to the outfalls at the 
Ballentine and Conway facilities, stormwater from the North 
Charleston facility mixed with the streamwater in Turkey 
Creek and resulted in lower PAH concentrations and some 
differences in PAH composition (figs. 32, 33, 34). In Turkey 
Creek, HMW PAH compounds were detected more frequently 
in stormwater than most LMW PAH compounds, with the 
exception of phenanthrene (87.5 percent detection frequency), 

for the eight sampled storms at North Charleston1 (upstream 
from the maintenance yard; table 16). The LMW PAH com-
pounds naphthalene and acenaphthene were not detected in 
stormwater at North Charleston1 during any storm at this 
facility (table 16; appendix 2B). Median concentrations of the 
individual HMW PAH compounds in Turkey Creek at North 
Charleston1 were comparable to the median concentration of 
the LMW PAH compound phenathrene (table 16; fig. 35A). In 
contrast to stormwater from Ballentine and Conway facilities, 
median acenaphythylene and phenanthene concentrations in 
stormwater at North Charleston1 were within the range of 
the other LMW PAHs and less than or equal to the reported 
range for stormwater draining parking lots, commercial roofs, 
and urban land-use areas (fig. 33A; Ngabe and others, 2000; 
Menzie and others, 2002; Selbig, 2009). In fact, all median 
LMW and HMW PAH concentrations in stormwater at North 
Charleston1 tended to be less than or equal to the range of 
reported median and mean PAH concentrations in stormwater 
draining similar land-use areas (fig. 33A; Ngabe and others, 
2000; Menzie and others, 2002; Selbig, 2009). The larger 
proportion of HMW PAHs relative to LMW PAHs generally is 
indicative of PAHs that have a combustion source (pyrogenic, 
including vehicle exhaust) (fig. 33A; appendix 2B; Hwang 
and Foster, 2006). As noted earlier, the fact that stormwater 
from the North Charleston maintenance yard was not sampled 
directly at outfalls but was collected from the main channel of 
Turkey Creek during each storm may have contributed to these 
lower median concentrations. 

Stormwater in Turkey Creek at North Charleston2 
(downstream from the maintenance yard) had a similar pattern 
of median PAH concentrations as the upstream North Charles-
ton1, but stormwater at North Charleston2 had less frequent 
detections and lower median concentrations of PAHs than at 
North Charleston1 (table 16; fig. 33B). For the eight sampled 
storms, HMW PAH compounds were detected more frequently 
in stormwater than most LMW PAH compounds, with the 
exception of phenanthrene (87.5 percent detection frequency) 
(table 16). The LMW PAHs acenaphthene, acenaphthylene, 
and naphthalene were not detected, and fluorene and anthra-
cene were detected only once at North Charleston2 during 
the eight storms (table 16; appendix 2B). The median ƩPAH16 
concentration of 0.82 µg/L for North Charleston2 was more 
than half of the median ƩPAH16 concentration at the upstream 
North Charleston1 (1.37 µg/L) (table 16; fig. 33A, B). Lower 
detection frequencies and median concentrations at North 
Charleston2 compared to North Charleston1 may be attributed 
to stormwater draining the North Charleston maintenance yard 
that did not contain elevated concentrations of PAHs.

With the exception of the median phenanthrene 
concentration (0.046 µg/L), individual median LMW PAH 
concentrations were less than the median HMW PAH con-
centrations in stormwater at North Charleston2 (table 16; 
fig. 33A, B). The larger proportion of HMW PAHs relative to 
LMW PAHs generally is indicative of combustion-derived 
PAHs (pyrogenic, including vehicle exhaust) (fig. 33B; 
appendix 2B; Hwang and Foster, 2006). Similar to PAHs in 
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Figure 33.  Median polycyclic aromatic hydrocarbon concentrations in stormwater discharging at A, North Charleston1 
and B, North Charleston2 North Charleston, South Carolina, and median or mean polycyclic aromatic hydrocarbon 
concentrations in stormwater draining sealed and unsealed parking lots (Selbig, 2009), commercial roofs (Selbig, 2009), and 
urban and commercial land use (Ngabe and others, 2000; Menzie and others, 2002). 
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stormwater in Turkey Creek at North Charleston1, median 
LMW and HMW PAH concentrations in stormwater at North 
Charleston2 were less than or equal to the range of reported 
median and mean concentrations in stormwater draining 
similar land use (fig. 33B; Ngabe and others, 2000; Menzie 
and others, 2002; Selbig, 2009). Additionally, median ƩPAH16 
concentrations at North Charleston2 tended to fall below the 
range for sealed and unsealed parking lots, commercial roofs, 
and urban-commercial land use but within the range for com-
mercial roofs (fig. 33B; Ngabe and others, 2000; Menzie and 
others, 2002; Selbig, 2009). However, median PAH concentra-
tions in Turkey Creek may not be directly comparable to the 
reported concentrations in stormwater from specific sources 
because the sampled stormwater at the North Charleston facil-
ity was not collected at the maintenance yard outfalls.

Because North Charleston1 and North Charleston2 
locations were in Turkey Creek, SCDHEC criteria for PAH 
concentrations can be used to determine impairment. Con-
centrations of the PAH compounds anthracene, fluorene, 
acenapthlene, fluoranthene, and pyrene in stormwater at all 
sampled outfalls were well below the established SCDHEC 
criteria that ranged from 140 to 40,000 µg/L for these PAHs 
(table 4; appendix 2B). However, the HMW PAH compounds 
of benzo[a]anthracene, benzo[a]pyrene, benzo[k]fluoran-
thene, chrysene, dibenzo[a,h]anthracene, and indeno[1,2,3-cd]
pyrene have a much lower SCDHEC human health criterion of 
0.018 µg/L for the consumption of fish, such that any detec-
tion exceeds the criteria (table 4; table 16). Concentrations of 
benzo[a]anthracene, benzo[a]pyrene, benzo[k]fluoranthene, 
chrysene, dibenzo[a,h]anthracene, and indeno[1,2,3-cd]pyrene 
in Turkey Creek samples represent a potential human health 
risk in relation to fish consumption on the basis of the detected 
concentrations of these compounds during storms at the North 
Charleston1 and North Charleston2 (appendix 2B). Concen-
trations of PAHs that exceeded the SCDHEC human health 
criterion of 0.018 µg/L occurred in 62.5 to 87.5 percent of the 
sampled storms in Turkey Creek at North Charleston1, which 
represents the stormwater-quality conditions prior to the main-
tenance yard contributions. However, Turkey Creek down-
stream from the maintenance yard at North Charleston2 had 
PAH concentrations that exceeded the SCDHEC human health 
criterion less frequently than those at the upstream North 
Charleston1, ranging from only 25 to 75 percent of storms 
(table 16). The lower concentrations and detection frequencies 
of these PAH compounds at the North Charleston2 than at 
North Charleston1 indicate minimal to negligible contributions 
of PAH compounds from the maintenance yard during storms.

Although these SCDHEC human health criteria were 
developed for application to concentrations in receiving 
waters, not stormwater, the results can serve as a screening 
tool for potential surface-water impairment. Concentrations 
of these HMW PAH compounds in stormwater exceeded the 
SCDHEC criterion in 75 to 88.9 percent of the sampled storms 
at the Ballentine retention pond outfall, 55.6 to 100 percent 
of the sampled storms at the Conway1 pipe outfall, and 
87.5 to 100 percent of the sampled events at the Conway2 

grass-lined ditch outfall (table 16). Accordingly, some poten-
tial for human-health effects resulting from the consumption 
of tainted fish would be expected for the PAH concentrations 
in stormwater from the Ballentine and Conway facilities, 
assuming no dilution or removal prior to discharge to receiv-
ing water. 

In general, potency-adjusted PAH concentrations 
observed at the sampled outfalls and stream locations indicate 
a potential for acute aquatic life effects during many of the 
sampled storms (appendix 2B; fig. 34). However, these acute 
aquatic life benchmarks were developed for application to 
ambient concentrations in receiving waters, not stormwater 
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Figure 34.  Percent of sampled storm events that had total 
polycyclic aromatic hydrocarbon concentrations that exceeded 
the U.S. Environmental Protection Agency (EPA) acute potency 
ratio in stormwater at the retention pond outfall at the section 
shed in Ballentine, the Conway1 pipe and Conway2 grass-lined 
ditch outfall at the maintenance yard in Conway, and in Turkey 
Creek at the North Charleston1 upstream and North Charleston2 
downstream locations of the maintenance yard in North 
Charleston, South Carolina, 2010–2012. 
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that was sampled at the outfalls of the Ballentine and Con-
way facilities; therefore, these comparative results serve 
only as a screening tool to assess potential impairment of the 
receiving water body. Stormwater discharge at the Ballentine 
outfall exceeded the acute potency ratio in 8 of the 9 sampled 
storms (88.9 percent) (fig. 34). Stormwater discharging at the 
Conway2 grass-lined ditch outfall had PAH concentrations 
that exceeded the EPA acute potency ratio in every sampled 
storm; but stormwater at the Conway1 pipe outfall had PAH 
concentrations that exceeded the ratio in only 44 percent of 
the sampled storms (appendix 2B; fig. 34). On the basis of the 
screening effort, PAH concentrations in stormwater from the 
Ballentine and Conway facilities had some potential to affect 
the aquatic life in receiving water during storms, assuming no 
dilution or removal. 

PAH concentrations at Turkey Creek upstream from the 
North Charleston1 had EPA acute potency ratios that exceeded 
the benchmark in only 25 percent of the sampled storms 
(fig. 34). But assessment of the PAH concentrations in Turkey 
Creek after the contribution of stormwater from the North 
Charleston maintenance yard indicated a decrease in PAH con-
centrations, such that no exceedances of the EPA benchmark 
for aquatic life were observed at North Charleston2 (fig. 34). 
This finding, again, is indicative of minimal to negligible con-
tributions of PAH compounds to Turkey Creek from the North 
Charleston maintenance yard. 

Comparison of Constituents Among 
Facilities

Event-mean yields of selected nutrients, suspended 
sediment, and trace metals and “first-flush” yields of E. coli 
and enterococcus were compared among the four outfalls: 
Ballentine retention pond outfall (Ballentine), Conway1 pipe 
outfall, Conway2 grass-lined ditch outfall, and the North 
Charleston maintenance yard (estimated as the difference 
in load between North Charleston1 and North Charleston2 
locations on Turkey Creek divided by the intervening drain-
age area). A comparison of yields among facilities was used to 
evaluate the greatest contribution of the selected water-quality 
constituent per hectare. Although statistically significant dif-
ferences in median event-mean BOD5, TP, TSS, and SS yields 
were identified by the Kruskal-Wallis analysis, the less robust 
Tukey test was unable to specify which of the above sites dif-
fered from the others probably because of the high variability 
and low sample size (appendix 3G). North Charleston yard 
had stormwater with event-mean yields of TN, TP, and BOD5 
that were more than 2 orders of magnitude lower than those 
for the other outfalls (table 17). Event-mean yields of TN and 
TKN in stormwater discharging at the Conway1 outfall were 
greater statistically than yields in stormwater at the Ballentine 
site and North Charleston yard (appendix 3G). Median event-
mean yields of SS and TSS in stormwater discharging at the 
Conway1 outfall (13.0 and 15.4 (kg/event)/ha, respectively) 
were greater than the event-mean yields at the Conway2 

outfall (10.6 and 9.16 (kg/event)/ha, respectively), Ballentine 
(6.48 and 5.18 (kg/event)/ha, respectively), and North Charles-
ton yard (0.0119 and 0.0459 (kg/event)/ha, respectively) 
(table 17). 

Median enterococcus event-mean yields in stormwater 
ranged from 143 (Mcol/event)/ha at the North Charleston 
yard to 9,273 (Mcol/event)/ha at Conway2 (table 17). 
Stormwater discharging at the Conway2 grass-lined ditch 
outfall had statistically greater “first-flush” enterococcus 
yields than the Ballentine retention pond outfall, North 
Charleston yard, or Conway1 pipe outfall (appendix 3G). 
“First-flush” event-mean yields of E. coli in stormwater 
ranged from 106 (Mcol/event)/ha at the Ballentine outfall 
to 2,748 (Mcol/event)/ha at the Conway2 outfall (table 17). 
Although an order of magnitude difference in median yields 
was observed among the sampled facilities, no statistical dif-
ference among the E. coli yields was identified for the sampled 
storms (appendix 3G). 

Event-mean yields of the trace metals total lead, total 
copper, total chromium, and total zinc also were compared 
among the 4 outfalls at the 3 facilities for the sampled storms 
(appendix 3G). No statistical difference was identified in 
event-mean yields of total chromium, total cadmium, dis-
solved lead, and dissolved nickel in stormwater discharging 
from the four outfalls (appendix 3G). Although a statistical 
differences in event-mean yields for total copper, total zinc, 
total lead, dissolved chromium, dissolved copper, and dis-
solved zinc were identified in the Kruskal-Wallis analysis, 
the less robust Tukey test was unable to determine the sites 
that were different, probably because of high variability and 
small sample sizes (appendix 3G). However, event-mean total 
copper, lead, and zinc yields in stormwater discharging from 
the Conway1 and Conway2 outfalls had greater ranges and 
medians than those at the Ballentine and North Charleston 
yard facilities (table 17). 

At the SCDOT section shed and maintenance yards, 
runoff during storms flowed over impervious surfaces (for 
example, paved driveways, parking lots, and building roof-
tops) without infiltrating into the ground and discharged to 
the sampled outfall. Past research has indicated that storm-
water running off impervious surfaces tends to accumulate 
debris, chemicals, sediment, or other contaminants that could 
adversely affect water quality (Brabec and others, 2002). 
To assess whether impervious surface alone was the major 
environmental factor affecting the stormwater quality at each 
facility that drains to sampled outfalls, area and percent of 
impervious surface were computed and compared to median 
event-mean (or “first-flush” for bacteria) yields at each of the 
four outfalls (tables 1, 17; fig. 35). Sample size was extremely 
limited (n = 4); therefore, Kendall tau correlation coefficients 
were not computed and result were used only as exploratory 
analysis. Area percentages of impervious surface at the 
sampled facilities were comparable to that of other indus-
trial or commercial land (Brabec and others, 2002), ranging 
from 62 percent at the North Charleston maintenance yard to 
100 percent at Conway1 and Conway2 (tables 1, 17). 
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Figure 35.  Scatter plots of impervious surface and median event-mean yields of A, suspended sediment, B, total nitrogen, C, total 
copper, and D, total phosphorus and “first-flush” yields of E, enterococcus and F, Escherichia coli in stormwater discharging at the 
Ballentine section shed, Conway1, Conway2 outfalls at the Conway maintenance yard, and North Charleston maintenance yard, 
South Carolina, 2010–2012. 
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 Increased transport of particulate matter, including 
sediment (Brabec and others, 2002), has been attributed to 
greater areas of impervious surface in a drainage basin, and 
impervious surface appears to be a contributing factor in the 
transport of particulate matter at the sampled facilities. At the 
four outfalls, median event-mean yields of SS, total copper, 
TN, and TP demonstrated strong linear relations to impervious 
surface compared to median yields of fecal indicator bacteria 
(fig. 35A–D). Impervious surface area also was compared to 
the total (particulate plus dissolved) forms of nitrogen and 
phosphorus. 

Median “first-flush” yields of E. coli and enterococci 
were compared to impervious surface areas among the four 
outfalls (figs. 35E, F). No linear pattern was identified that 
would indicate that impervious surface was the major environ-
mental factor affecting the fecal indicator bacterial yields at 
SCDOT section sheds or maintenance yards. The statistically 
greater “first-flush” enterococcus yield and E. coli yield at the 
Conway2 outfall was an outlier in the scatter plot (fig. 35E, F). 
As described earlier in this report, E. coli and enterococci can 
survive in aquatic sediment, and viable sediment-bound bac-
teria can re-suspend primarily during the “first flush” or rising 
limb of the storm hydrograph (LaLiberte, and Grimes, 1982; 
Byappanahalli and others, 2003; Francy and others, 2003; Fer-
guson and others, 2004, Cinotto, 2005; Jamieson and others, 
2005). If sediment re-suspension was a major mechanism that 
contributed E. coli and enterococci to stormwater runoff dur-
ing storms at the sampled outfalls, then many other environ-
mental factors that varied among the three facilities probably 
affected the survivability of these bacteria and, subsequently, 
bacterial counts. Some potential contributing environmental 
factors that could have affected the survivability of E. coli 
and enterococci include temperature, exposure to solar radia-
tion, available nutrients, soil type, and organic matter content 
(Anderson and others, 2005; Haller and others, 2008).  

Summary and Conclusions
The South Carolina Department of Transportation 

operates section shed and maintenance yard facilities through-
out the State. The U.S. Geological Survey conducted a coop-
erative investigation with the South Carolina Department of 
Transportation to characterize water-quality constituents that 
are transported in stormwater from representative maintenance 
yard and section shed facilities in three different areas of 
South Carolina. Two maintenance yards, in North Charleston 
and Conway, S.C., represented facilities where equipment and 
road maintenance materials are stored and complete equip-
ment repair operations are conducted. One section shed, in 
Ballentine, S.C., stores equipment and road maintenance mate-
rial. Stormwater from the 12,133-square-meter section shed 
facility in Ballentine discharges to a retention pond, then to 
the sampled outfall (Ballentine). At the Conway maintenance 
yard, stormwater discharges to two outfalls. Stormwater in the 
southernmost section of the Conway maintenance yard drains 

to a predominantly impervious surface area of 1,200 square 
meters and discharges to a pipe outfall (Conway1). Another 
9,912-square-meter area drains and discharges stormwater to 
a grass-lined ditch in the northern section of the yard (Con-
way2). At the North Charleston maintenance yard, stormwater 
discharges from the yard to Turkey Creek through a combi-
nation of pipes, ditches, and overland flow. To completely 
capture all stormwater from this yard, samples were collected 
from the main channel of Turkey Creek at the upstream (North 
Charleston1) and downstream (North Charleston2) limits of 
the North Charleston maintenance yard facility. 

Stormwater samples from the facilities were analyzed for 
multiple constituents and characteristics. Concentrations of 
sediment and concentrations of nutrients and fecal indicator 
bacteria, which are commonly transported with the sediment 
in stormwater, were measured. Total and dissolved concen-
trations of six trace metals were determined in the samples. 
Stormwater samples also were analyzed for organic com-
pounds, including 10 herbicides, 18 organochlorine pesticides, 
7 Aroclor congeners, 44 volatile organic compounds, and 
16 polycyclic aromatic hydrocarbons. 

The storms investigated during this study had a wide 
range of rainfall amounts, durations, and intensities among 
the facilities and, therefore, were considered to be reason-
ably representative of the potential for contaminant transport. 
Hydrologic characteristics measured during storms, including 
rainfall intensity, rainfall amounts, and stormwater discharge, 
varied among the three facilities, but at all facilities, storm-
water discharge was significantly correlated to rainfall amount 
and intensity. Event-mean unit-area stormwater discharge 
(normalized for differences in drainage areas) increased 
with increasing impervious surface at the Conway and North 
Charleston maintenance yards. However, the Ballentine facil-
ity with 79 percent impervious surface had a mean unit-area 
discharge (70.2 cubic feet per second per square mile) similar 
to that of the North Charleston maintenance yard (71.2 cubic 
feet per second per square mile) with 62 percent impervi-
ous surface. That similarity may be attributed, in part, to the 
effects of the retention pond on the stormwater runoff at the 
Ballentine facility and to the greater rainfall intensities and 
amounts at the North Charleston facility.

Stormwater often transports large quantities of sediment 
and sediment-bound contaminants, including nutrients and 
fecal indicator bacteria. At the retention pond outfall at the 
Ballentine section shed, event-mean concentrations in storm-
water of suspended sediment ranged from 37.0 to 252 milli-
grams per liter (mg/L) and of total suspended solids ranged 
from 30.0 to 290 mg/L. In general, event-mean concentrations 
of total nitrogen consisted mainly of total Kjeldahl nitrogen 
(organic nitrogen plus ammonia) rather than nitrate plus 
nitrite and tended to fall close to its median concentration of 
2.00 mg/L. Total phosphorus event-mean concentrations in 
stormwater leaving the retention pond outfall tended to be an 
order of magnitude less than the maximum and to fall close to 
the median concentration of 0.15 mg/L. 
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Escherichia coli (E. coli) and enterococcus 
concentrations varied by 3 orders of magnitude in grab 
samples collected during the “first flush” of stormwater 
from the retention pond outfall at the Ballentine section 
shed. Additionally, enterococcus concentrations consistently 
were greater than the E. coli concentrations. Specifically, 
E. coli concentrations ranged from 10 to 2,070 colonies per 
100 milliliters (col/100 mL). Only 4 of the 9 storms had E. coli 
concentrations greater than the South Carolina Department of 
Health and Environmental Control-proposed single sample 
maximum criterion for secondary and primary body contact 
of 349 col/100 mL. “First-flush” loads of E. coli ranged from 
0.15 to 1,671 million colonies per event (Mcol/event; median 
of 130 Mcol/event) at the Ballentine retention pond outfall.

Although stormwater discharges (mean and peak) at the 
Conway1 and Conway2 outfalls at the Conway maintenance 
yard were statistically different, event-mean concentrations of 
suspended sediment and nutrients in that stormwater discharge 
were statistically similar. Event-mean concentrations of sus-
pended sediment in the stormwater discharging at the Con-
way1 pipe outfall ranged from 33 to 263 mg/L and at the Con-
way2 grass-lined ditch outfall ranged from 40 to 260 mg/L. 
Event-mean concentrations of total suspended solids ranged 
from 29.0 to 310 mg/L at Conway1 and from 30 to 210 mg/L 
at Conway2. Although total Kjeldahl nitrogen and nitrate plus 
nitrate forms of nitrogen were present in the stormwater run-
off, total nitrogen comprised mainly total Kjeldahl nitrogen at 
both outfalls and ranged from 0.50 to 4.96 mg/L at Conway1 
and from 0.31 to 3.54 at Conway2. At the Conway mainte-
nance yard facility, stormwater discharging at the sampled out-
falls had median total phosphorus event-mean concentrations 
of 0.15 mg/L for Conway1 and 0.16 mg/L for Conway2.

Stormwater discharging at the Conway1 outfall had 
E. coli and enterococcus “first-flush” concentrations that 
were statistically similar to concentrations in the stormwater 
discharging at the Conway2 outfall. For each storm, entero-
coccus concentrations consistently were greater than the 
E. coli concentrations in stormwater discharging at Conway1 
and Conway2 outfalls. Escherichia coli concentrations in 
samples collected from stormwater at the Conway1 outfall 
varied by 3 orders of magnitude with a range of less than 
(<)10 to 4,725 col/100 mL, and only the maximum con-
centration exceeded the proposed single sample maximum 
criterion. At Conway2 grass-lined ditch outfall, the Esch-
erichia coli concentrations ranged from 1 to greater than 
24,196 col/100 mL and exceeded the proposed single sample 
maximum criterion for 5 of the 7 sampled storms. During the 
nine storms at the Conway1 outfall, E. coli loads ranged from 
<2 to 317 Mcol/event with a median of 18 Mcol/event. During 
the same storms at the Conway2 outfall, E. coli loads ranged 
from <1 to greater than 56,032 Mcol/event with a median of 
2,654 Mcol/event.

Interestingly, storms that had the greatest rainfall 
intensities and stormwater discharge did not produce the 
maximum nitrogen, phosphorus, suspended sediment, and sus-
pended solid event-mean concentrations in stormwater at the 
Ballentine section shed and Conway maintenance yard facili-
ties. One plausible explanation for the negatively correlated 
nature of hydrologic characteristics and water-quality con-
stituents may be related to the nature of the sampling process 
that required compositing of multiple flow-weighted samples 
over the entire hydrograph. If the greatest nutrient amounts are 
transported during the “first flush” of a storm, then the amount 
of nutrients in subsequent runoff will decrease with continued 
stormwater runoff. However, for storms that have less rain-
fall and stormwater discharge, the “first-flush” transported 
nutrients undergo limited dilution from subsequent stormflow 
and produce overall greater event-mean concentrations in the 
composited sample. 

Changes in event-mean concentrations of water-quality 
constituents between the North Charleston1 location in Turkey 
Creek (upstream from the maintenance yard) and the North 
Charleston2 location in Turkey Creek (downstream from 
maintenance yard) were attributed to stormwater contribu-
tions from the maintenance yard. Event-mean concentra-
tions of suspended sediment ranged from 26.0 to 112 mg/L 
in the Turkey Creek at North Charleston1 and from 20.0 to 
160 mg/L at North Charleston2. Event-mean concentrations of 
total suspended solids ranged from <5 to 120 mg/L at North 
Charleston1 and from 23.0 to 130 mg/L at North Charleston2. 
Although significant increases in stormwater discharge (peak 
and mean) occurred in Turkey Creek between the two sam-
pling locations during the eight sampled storms, statistical 
analysis determined that stormwater entering Turkey Creek 
from the maintenance yard did not transport enough suspended 
sediment to change the suspended sediment or total suspended 
solids concentrations in Turkey Creek. At best, the stormwater 
from the maintenance yard improved the turbidity and reduced 
the frequency of exceedance of the South Carolina Department 
of Health and Environmental Control turbidity criterion of 
50 nephelometric turbidity units from 62.5 percent to 25 per-
cent of the sampled storms. During the eight sampled storms, 
stormwater in Turkey Creek had event-mean concentrations 
of total nitrogen that ranged from 1.55 to 2.29 mg/L at North 
Charleston1, upstream from the maintenance yard, and from 
0.99 to 2.19 mg/L at North Charleston2, downstream from 
the maintenance yard. Stormwater in Turkey Creek had total 
phosphorus event-mean concentrations that ranged from 0.20 
to 1.8 mg/L at North Charleston1 and from 0.11 to 0.34 mg/L 
at North Charleston2. Statistical tests indicate that stormwater 
discharging from the North Charleston maintenance yard 
tended to produce an overall dilution effect on nitrogen and 
phosphorus concentrations in Turkey Creek during storms.
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Escherichia coli concentrations in “first-flush” 
samples collected from stormwater in Turkey Creek at 
North Charleston1 were highly variable, ranging from 30 to 
2,143 col/100 mL. In contrast to the downstream downward 
trend identified for nutrient and sediment concentrations in 
Turkey Creek, a statistically significant increase in E. coli 
concentrations was identified in Turkey Creek from North 
Charleston1 to North Charleston2. North Charleston2 had 
order-of-magnitude greater E. coli concentrations that ranged 
from 521 to 15,648 col/100 mL. For 2 of the 8 storms sampled 
(25 percent), “first flush” E. coli concentrations exceeded the 
single sample maximum criterion at North Charleston1, but 
all eight (100 percent) of the E. coli concentrations exceeded 
the criterion at North Charleston2 . These findings indicate 
that the maintenance yard could be contributing significant 
fecal indicator bacteria that affect the water-quality condi-
tions in Turkey Creek during storms. In Turkey Creek 
at North Charleston1, E. coli loads ranged from 22.9 to 
2,064 Mcol/event with a median of 536 Mcol/event for the 
eight storms. The corresponding E. coli loads in Turkey Creek 
at North Charleston2 ranged from 3,879 to 77,632 Mcol/event 
with a median of 15,927 Mcol/event. Estimated E. coli loads 
in stormwater discharging from the maintenance yard to 
Turkey Creek ranged from 3,719 to 77,124 Mcol/event with a 
median of 15,502 Mcol/event.

Sample-specific exceedance of the hardness-dependent 
South Carolina Department of Health and Environmental 
Control aquatic life Criterion Maximum Concentration (CMC) 
for trace metals in freshwater were evaluated on the basis of 
hardness that corresponded to the trace-metal event-mean 
concentration for a storm. Of the six trace metals (cadmium, 
copper, chromium, lead, nickel, zinc) measured in stormwater, 
only copper and zinc had event-mean concentrations that were 
greater than the associated CMC. In stormwater discharging 
from the retention pond outfall at the Ballentine facility, mea-
sured dissolved copper and zinc concentrations were greater 
than the criteria in 5 and 3, respectively, of the nine sampled 
storms. In stormwater discharging at Conway1, measured 
dissolved copper and zinc concentrations were greater than 
the criteria in 1 of the nine sampled storms. For stormwater 
discharging from Conway2, measured dissolved copper and 
zinc concentrations were greater than the criteria in 2 and 3, 
respectively, of the eight sampled storms. For stormwater in 
Turkey Creek at North Charleston1, the measured dissolved 
trace-metal concentrations were all less than the CMCs. For 
stormwater in Turkey Creek at North Charleston2 downstream 
from the North Charleston maintenance yard, the measured 
dissolved copper concentrations exceeded the CMC in 1 of the 
9 sampled storms.

Stormwater samples were analyzed for 10 herbicides, 
18 organochlorine pesticides, 7 Aroclor congeners, 44 volatile 
organic compounds, and 16 polycyclic aromatic hydrocarbons. 

Of the volatile organic compounds, cis-1,2-dichloroethene, 
bromdichloromethane, acetone, butyl methyl ketone, and 
o-xylene were the most frequently occurring compounds, usu-
ally at estimated concentrations, at all three facilities. 

In general, cumulative polycyclic aromatic hydrocarbon 
(PAH) concentrations at the three facilities in this study were 
consistent with levels reported for urban stormwater and for 
runoff from asphalt pavements. Samples from Turkey Creek 
at North Charleston1 upstream from the maintenance yard had 
total PAH concentrations in the nine storms that ranged from 
0.020 to 30.0 micrograms per liter (µg/L). Downstream from 
the maintenance yard, Turkey Creek at North Charleston2 
had much lower cumulative polycyclic aromatic hydrocarbon 
concentrations that ranged from zero detections to 2.85 µg/L. 
This lower range of cumulative PAH concentrations at the 
downstream site on Turkey Creek when compared with con-
current samples from the upstream site indicates a reduction 
in total PAH concentrations by dilution or other attenuation 
processes during storms rather than additional contribution to 
Turkey Creek from stormwater from the maintenance yard. 
At the Conway1 pipe outfall, stormwater contained total PAH 
concentrations that ranged from 1.25 to 20.0 µg/L. Stormwater 
discharging at the Conway2 had a greater range in cumulative 
PAH concentrations of 9.14 to 39.0 µg/L. The retention pond 
outfall at the Ballentine section shed facility had the greatest 
range and mean of cumulative PAH concentrations than the 
other facilities in this study. At the Ballentine outfall, the 
cumulative polycyclic aromatic hydrocarbon concentrations 
ranged from zero detections to 95.6 µg/L. 

Event-mean yields of selected nutrients, suspended 
sediment, and trace metals and “first-flush” yields of E. coli 
and enterococcus were compared among the outfalls at the 
three facilities. Stormwater discharging at the Conway1 out-
fall had the greatest range in event-mean yields for the 
total phosphorus, total nitrogen, total suspended solids, and 
suspended sediment, and both Conway outfalls tended to 
have median event-mean yields greater than the Ballentine 
and North Charleston facilities. A statistical difference was 
identified by statistical analysis for total nitrogen and total 
Kjeldahl nitrogen. “First-flush” yields of E. coli in stormwater 
were not statistically different among the three facilities. 
Greater impervious-surface coverage in a drainage area has 
been identified with increased transport of particulate matter, 
including sediment, and appeared to be a contributing fac-
tor at the sampled facilities. At the four outfalls (Ballentine, 
Conway1, Conway2, and North Charleston maintenance 
yard), median event-mean yields of suspended sediment, total 
nitrogen, total phosphorus, and total copper demonstrated a 
strong linear relation to impervious surface compared to other 
selected water-quality constituents. Median ”first-flush” yields 
of enterococcus and E. coli did not demonstrate a strong linear 
relation to impervious surface. 



80  Characterization of Stormwater at DOT Facilities Near Charleston, South Carolina, 2010–2012

References Cited

American Society for Testing and Materials, 2002, D3977-97, 
standard test methods for determining sediment concen-
tration in water samples, accessed December 13, 2012, 
at http://www.astm.org/cgi-bin/SoftCart.exe/DATABASE.
CART/REDLINE_PAGES/D3977.htm?E+mystore.

Anderson, C.W., 2005, Turbidity (ver. 2.1): U.S. Geological 
Survey Techniques of Water-Resources Investigations, 
book 9, chap. A6, sec. 6.7, accessed July 8, 2013, at  
http://water.usgs.gov/owq/FieldManual/Chapter6/
Section6.7_v2.1.pdf. 

Anderson, K.L., Whitlock, J.E., and Harwood, V.J., 2005, 
Persistence and differential survival of fecal indicator 
bacteria in subtropical waters and sediments: Applied and 
Environmental Microbiology, v. 71, no. 6, p. 3041–3048, 
accessed March 25, 2013, at http://aem.asm.org/
content/71/6/3041.full.

Brabec, E., Schulte, S., and Richards, P.L., 2002, Impervious 
surfaces and water quality—A review of current literature 
and its implications for watershed planning: Journal of 
Planning Literature, v. 16, no. 4, p. 499–514, accessed 
March 25, 2013, at http://dandelion-patch.mit.edu/afs/
athena.mit.edu/dept/cron/project/urban-sustainability/
Stormwater_Sarah%20Madden/References/Brabec_
etal2002.pdf.

Byappanahalli, M., Fowler, F., Shively, D., and Whitman, 
R., 2003, Ubiquity and persistence of Escherichia coli in 
a Midwestern coastal stream: Applied and Environmental 
Microbiology, p. 4549–4555.

Childress, C.J.O., Foreman, W.T., Conner, B.F., and Maloney, 
T.J., 1999, New reporting procedures based on long-term 
method detection levels and some considerations for 
interpretations of water-quality data provided by the U.S. 
Geological Survey National Water Quality Laboratory: U.S. 
Geological Survey Open-File Report 99–193, 19 p. (Also 
available at http://water.usgs.gov/owq/OFR_99-193/.)

Cinotto, P.J., 2005, Occurrence of fecal-indicator bacteria and 
protocols for identification of fecal-contamination sources 
in selected reaches of the West Branch Brandywine Creek, 
Chester County, Pennsylvania: U.S. Geological Survey 
Scientific Investigations Report 2005–5039, 99 p. 

Clesceri, L.S., Greenberg, A.E., and Eaton, A.D., 1998, 
Standard methods for examination of water and wastewater 
(20th ed.): American Public Health Association, American 
Water Works Association and the Water Environment 
Federation, 1325 p . 

Cooney, T.W., 2001, Surface water quality-assurance plan for 
the South Carolina District of the U.S. Geological Survey: 
U.S. Geological Survey Open-File Report 01–121, 48 p., 
accessed March 13, 2013, at http://sc.water.usgs.gov/
publications/pdf/OFR-01-121-QW.pdf.

Djokic, D., Ye, A., and Miller, A., 1997, Efficient watershed 
delineation using ArcView and Spatial Analyst: Proceedings 
of the 17th Annual Esri User Conference, San Diego, Calif.

Dufour, A. P., 1984, Health effects criteria for fresh 
recreational waters: Cincinnati, Ohio, U.S. Environmental 
Protection Agency, EPA 600/1-84-004, 42 p.

Edberg, S.C., and Edberg, M.M., 1988, A defined substrate 
technology for the enumeration of microbial indicators 
of environmental pollution: Yale Journal of Biology and 
Medicine, 61, p. 389–395.

Esri, 1997, Watershed delineator application—User’s manual: 
Redlands, Calif., Environmental Systems Research Institute.

Faires, L.M., 1993, Methods of analysis by the U.S. 
Geological Survey National Water Quality Laboratory 
determination of metals in water by inductively coupled 
plasma-mass spectrometry: U.S. Geological Survey Open-
File Report 92–634, 28 p.

Ferguson, D.M., Moore, D.F., Zhowandi, M.H., and Gedrich, 
M.A., 2004, Occurrence of enterococci in ocean water, sedi-
ments, storm drains, soil and seagulls at Baby Beach, Dana 
Point Harbor, California, accessed May 30, 2007, at http://
ochealthinfo.com/docs/public/h2o/ASLO-Poster-2004.pdf.

Fishman, M.J., and Friedman, L.C., 1989, Methods for 
determination of inorganic substances in water and fluvial 
sediments: U.S. Geological Survey Techniques of Water-
Resources Investigations, book 5, chap. A1, 545 p.

Francy, D.S., Gifford, A. M., and Darner, R.A, 2003, 
Escherichia coli at Ohio bathing beaches—Distribution, 
sources, wastewater indicators, and predictive modeling: 
U.S. Geological Survey Water-Resources Investigations 
Report 02–4285, 56 p.

Fulford, J.M., 1998, User’s guide to the U.S. Geological 
Survey Culvert Analysis Program, ver. 97–08: U.S. 
Geological Survey Water-Resources Investigations 
Report 98–4166, 70 p.

Gesch, D.B., 2007, The National Elevation Dataset, in 
Maune, D., ed., Digital elevation model technologies and 
applications—The DEM users manual (2d ed.): Bethesda, 
Md., American Society for Photogrammetry and Remote 
Sensing, p. 99–118.

http://sc.water.usgs.gov/publications/pdfs/OFR-01-121-QW.pdf
http://sc.water.usgs.gov/publications/pdfs/OFR-01-121-QW.pdf
http://www.ochealthinfo.com/docs/public/h2o/ASLO-Poster-2004.pdf
http://www.ochealthinfo.com/docs/public/h2o/ASLO-Poster-2004.pdf


References Cited  81

Gray, J.R., Glysson, G.D., Turcios, L.M., and Schwartz, G.E., 
2000, Comparability of suspended-sediment concentrations 
and total suspended solids data: U.S. Geological Survey 
Water-Resources Investigations Report 00–4191, 20 p.

Haller, L., Amedegnato, E., Pote, J., and Wildi, W., 2008, 
Influence of freshwater sediment characteristics on per-
sistence of fecal indicator bacteria: Water, Air, and Soil 
Pollution, v. 203, p. 217–227. 

Helsel, D.R., 2005, Nondetects and data analysis—Statistics 
for censored environmental data: New York, Wiley, 250 p.

Helsel, D.R., and Hirsch, R.M., 1992, Statistical methods in 
water resources: Amsterdam, The Netherlands, Elsevier 
Science Publishers, 522 p. 

Hwang, H.M., and Foster, G.D., 2006, Characterization of 
polycyclic aromatic hydrocarbons in urban stormwater run-
off into the tidal Anacostia River, Washington, D.C., USA: 
Environmental Pollution, v. 140, p. 416–426.

Jamieson, R.C., Joy, D.M., Lee, H., Kostaschuk, R., and 
Gordon, R.J., 2005, Resuspension of sediment-associated 
Escherichia coli in a natural stream: Journal of Environ-
mental Quality, v. 34, p. 581–589.

Knott, J.M., Glysson, G.D., Malo, B.A., and Schroeder, L.J., 
1993, Quality assurance plan for the collection and process-
ing of sediment data by the U.S. Geological Survey, Water 
Resources Division: U.S. Geological Survey Open-File 
Report 92–499, 18 p. (Also available at http://pubs.er.usgs.
gov/pubs/ofr/ofr92499.)

LaLiberte, P., and Grimes, D.J., 1982, Survival of Escherichia 
coli in lake bottom sediment: Applied and Environmental 
Microbiology, v. 43, no. 3, p. 623–628.

Mahler, B.J., Van Metre, P.C., Bashara, T.J., Wilson, J.T., and 
Johns, D.A., 2005, Parking lot sealcoat—An unrecognized 
source of urban polycyclic aromatic hydrocarbons: Environ-
mental Science and Technology, v. 39, p. 5560–5566.

Mahler, B.J., Van Metre, P.C., Crane, J.L., Watts, A.W., 
Scoggins, M., and Williams, E.S., 2012, Coal-tar-based 
pavement sealcoat and PAHs—Implications for the environ-
ment, human health, and stormwater management: Environ-
mental Science and Technology, v. 46, p. 3039–3045.

Menzie, C.A., Hoeppner, S.S., Cura, J.J., Freshman, J.S., and 
LaFrey, E.N., 2002, Urban and suburban storm water runoff 
as a source of polycyclic aromatic hydrocarbons (PAHs) to 
Massachusetts estuarine and coastal environments: Estuar-
ies, v. 25, no. 2, p. 165–176.

Myers, D.N., Stoeckel, D.M., Bushon, R.N., Francy, D.S., 
and Brady, A.M.G., February 2007, Fecal indicator bacteria 
(ver. 2.0): U.S. Geological Survey Techniques of Water-
Resources Investigations, book 9, chap. A7, section 7.1, 
accessed October 1, 2007, at http://pubs.water.usgs.gov/
twri9A7/.

Ngabe, B., Bidleman, T.F., and Scott, G.I., 2000, Polycyclic 
aromatic hydrocarbons in storm runoff from urban and 
coastal South Carolina: Science of the Total Environment, 
v. 255, no.1–3, p. 1–9.

Pitt, R.E., and Maestre, A., 2005, Stormwater quality as 
described in the National Stormwater Quality database 
(NSQD): Proceedings of the 10th International Conference 
on Urban Drainage, Copenhagen, Denmark, August 21–25, 
2005, p. 1–8.

Rantz, S.E., and others, 1982, Measurement and computation 
of streamflow: Volume 1. Measurement of Stage and Dis-
charge: U.S. Geological Survey Water-Supply Paper 2175, 
284 p.

Rasmussen, P.P., 1998, Concentrations, loads, and yields of 
selected water-quality constituents during low flow and 
storm runoff from three watersheds at Fort Leavenworth, 
Kansas, May 1994 through September 1996: U.S. Geologi-
cal Survey Water-Resources Investigations Report 98–4001, 
65p.

Selbig, W.R., 2009, Concentrations of polycyclic aromatic 
hydrocarbons (PAHs) in urban stormwater, Madison, 
Wisconsin, 2005–2008: U.S. Geological Survey Open-File 
Report 2009–1077, 46 p.

Shipp, A., and Cordy, G.E., 2001, The USGS role in 
TMDL assessments: U.S. Geological Survey Fact Sheet 
FS–130–01, 9 p.

Shreve, E.A., and Downs, A.C., 2005, Quality-assurance plan 
for the analysis of fluvial sediment by the U.S. Geological 
Survey Kentucky Water Science Center Sediment Labora-
tory: U.S. Geological Survey Open-File Report 2005–1230, 
28 p.

South Carolina Department of Health and Environmental 
Control, 2001, Water pollution control permits: 2000 Code 
of Regulations, State Register, v. 25, iss. 1, R61-9, accessed 
January 31, 2013, at http://www.lpitr.state.sc.us/coderegs/
chap61/61-9.htm.

South Carolina Department of Health and Environmental 
Control, 2010, The State of South Carolina’s 2010 inte-
grated report, Part 1: Listing of impaired waters, South 
Carolina Department of Health and Environmental Control, 
accessed February 21, 2013, at http://www.scdhec.gov/
environment/water/tmdl/docs/tmdl_10-303d.pdf.

http://pubs.er.usgs.gov/pubs/ofr/ofr92499
http://pubs.er.usgs.gov/pubs/ofr/ofr92499
http://pubs.water.usgs.gov/twri9A7/
http://pubs.water.usgs.gov/twri9A7/
http://www.lpitr.state.sc.us/coderegs/chap61/61-9.htm
http://www.lpitr.state.sc.us/coderegs/chap61/61-9.htm
http://www.scdhec.gov/environment/water/tmdl/docs/tmdl_10-303d.pdf
http://www.scdhec.gov/environment/water/tmdl/docs/tmdl_10-303d.pdf


82  Characterization of Stormwater at DOT Facilities Near Charleston, South Carolina, 2010–2012

South Carolina Department of Health and Environmental 
Control, 2012, Water classifications and standards: South 
Carolina Department of Health and Environmental Control, 
Code of Regulations, State Register, Regulation 61-68, 
accessed January 31, 2013, at http://www.scdhec.gov/
environment/water/regs/r.61-68.pdf.

Stein, E.D., Tiefenthaler, L.L., and Schiff, K., 2006, 
Watershed-based sources of polycyclic aromatic hydrocar-
bons in urban storm water: Environmental Toxicology and 
Chemistry, v. 25, no. 2, p. 373–385.

U.S. Environmental Protection Agency, 1986, Ambient water 
quality for bacteria–1986: U.S. Environmental Protection 
Agency, Office of Water, EPA 440/5-84-002.

U.S. Environmental Protection Agency, 1992, NPDES storm 
water sampling guidance document: U.S. Environmental 
Protection Agency, Office of Water, EPA 833-B-91-001.

U.S. Environmental Protection Agency, 1999, Method 1664, 
Revision A: N-hexane extractable material and silica gel 
treated by N-hexane extractable material by extraction and 
gravimetry: U.S. Environmental Protection Agency, Office 
of Water, EPA-821-R-98-002.

U.S. Environmental Protection Agency, 2000, Ambient water 
quality criteria recommendations–information supporting 
the development of state and tribal nutrient criteria: rivers 
and streams in nutrient ecoregion XII: U.S. Environmen-
tal Protection Agency, Office of Water, EPA 822-B-00-
021, 80 p., accessed January 31, 2013, at http://water.
epa.gov/scitech/swguidance/standards/criteria/nutrients/
upload/2007_09_27_criteria_nutrient_ecoregions_rivers_
rivers_12-2.pdf.

U.S. Environmental Protection Agency, 2003, Procedures for 
the derivation of equilibrium partitioning sediment bench-
marks (ESBs) for the protection of benthic organisms - PAH 
mixtures: U.S. Environmental Protection Agency, Office 
of Research and Development Report EPA-600-R-02-013, 
Washington, D.C.

U.S. Environmental Protection Agency, 2006, National 
recommended water quality criteria: U. S. Environmental 
Protection Agency Office of Water (4304T) accessed 
March 27, 2007, at http://www.epa.gov/waterscience/
criteria/nrwqD-2006.pdf. 

U.S. Environmental Protection Agency, 2008, Procedures for 
the derivation of equilibrium partitioning sediment bench-
marks (ESBs) for the protection of benthic organisms—
Compendium of Tier 2 values for nonionic organics: U.S. 
Environmental Protection Agency, Office of Research and 
Development Report EPA/600/R-02/016, Washington, D.C. 

U.S. Geological Survey, September 2006, Collection of water 
samples (ver. 2.0): U.S. Geological Survey Techniques of 
Water-Resources Investigations, book 9, chap. A4, accessed 
October 1, 2007, at http://pubs.water.usgs.gov/twri9A4/.

U.S. Geological Survey, variously dated, National field 
manual for the collection of water-quality data: U.S. Geo-
logical Survey Techniques of Water-Resources Investiga-
tions, book 9, chaps. A1–A9, accessed at http://pubs.water.
usgs.gov/twri9A.

Van Metre, P.C., Mahler, B.J., and Furlong, E.T., 2000, Urban 
sprawl leaves its PAH signature: Environmental Science and 
Technology, 34, p. 4064–4070.

Waschbusch, R.J., 1999, Evaluation of the effectiveness of an 
urban stormwater treatment unit in Madison, Wisconsin, 
1996–97: U.S. Geological Survey Water-Resources Investi-
gations Report 99–4195, 49 p.

Watts, A.W., Ballestero, T.P., Roseen, R.M., and Houle, J.P., 
2010, Polycyclic aromatic hydrocarbons in stormwater 
runoff from seal-coated pavements: Environmental Science 
and Technology, v. 44, p. 8849–8854.

Wilde, F.D., ed., April 2004, Cleaning of equipment for water 
sampling (ver. 2.0): U.S. Geological Survey Techniques of 
Water-Resources Investigations, book 9, chap. A3, accessed 
July 30, 2013 at http://pubs.water.usgs.gov/twri9A3/.

Wilde, F.D., Radtke, D.B., Gibs, Jacob, and Iwatsubo, R.T., 
eds., 2004, Processing of water samples (ver. 2.1): U.S. 
Geological Survey Techniques of Water-Resources Inves-
tigations, book 9, chap. A5, accessed October 2, 2007, at 
http://pubs.water.usgs.gov/twri9A5/.

Yunker, M.B., Macdonald, R.W., Vingarzan, R., Mitchell, 
R.H., Goyette, D., and Sylvesre, S., 2002, PAHs in the 
Fraser River basin—A critical appraisal of PAH ratios 
as indicators of PAH source and composition: Organic 
Geochemistry, v. 33, p. 489–515.

http://water.epa.gov/scitech/swguidance/standards/criteria/nutrients/upload/2007_09_27_criteria_nutrient_ecoregions_rivers_rivers_12-2.pdf
http://water.epa.gov/scitech/swguidance/standards/criteria/nutrients/upload/2007_09_27_criteria_nutrient_ecoregions_rivers_rivers_12-2.pdf
http://water.epa.gov/scitech/swguidance/standards/criteria/nutrients/upload/2007_09_27_criteria_nutrient_ecoregions_rivers_rivers_12-2.pdf
http://water.epa.gov/scitech/swguidance/standards/criteria/nutrients/upload/2007_09_27_criteria_nutrient_ecoregions_rivers_rivers_12-2.pdf
http://pubs.water.usgs.gov/twri9A3/
http://pubs.water.usgs.gov/twri9A5/


Manuscript approved September 16, 2013
For further information, contact: 
Director 

USGS South Carolina Water Science Center  
720 Gracern Road  
Stephenson, SC 29210

Or visit the South Carolina Water Science Center Web site at:  
http://sc.water.usgs.gov

Prepared by the Raleigh Publishing Service Center



Journey and Conlon—
Characterizing Storm

w
ater at D

O
T Facilities N

ear Charleston, South Carolina, 2010–2012—
Scientific Investigations Report 2013–5175

ISSN 2328–0328 (online) 
http://dx.doi.org/10.3133/sir20135175


	_GoBack

