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Volume
gallon (gal) 3.785 liter (L)
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Flow rate
cubic foot per second (ft*/s) 0.02832 cubic meter per second (m®/s)
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°C=(°F-32)/1.8
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Evaluation of Four Structural Best Management Practices
for Highway Runoff in Beaufort and Colleton Counties,

South Carolina, 2005-2006

By Kevin J. Conlon and Celeste A. Journey

Abstract

From 2005 to 2006, the U.S. Geological Survey worked
cooperatively with the South Carolina Department of Trans-
portation in Beaufort and Colleton Counties, South Carolina,
to assess the performance of four different structural devices
that served as best management practices (BMPs). These
structural devices were installed to mitigate the effects of
stormwater runoff on waterways near State roads. The South
Carolina Department of Transportation is required to address
the quality of stormwater runoff from State-maintained road-
ways as part of the National Pollutant Discharge Elimination
System stormwater program mandated in the Clean Water Act.

The performance assessment of the four structural best
management practices was based on stormflow measurements
and chemical analyses of stormwater-quality samples collected
during a 20-month period from March 2005 through Octo-
ber 2006, which represented a range of seasons and rainfall
intensities. A total of 49 sample sets that included stormwater
from the inlet and outlet of each of the four structural devices
were collected as flow-weighted composites to provide event-
mean concentrations of suspended sediment, nutrients, and
trace metals. In addition, each set included grab samples that
were collected to provide the first flush concentrations of oil
and grease and fecal-indicator bacteria.

A tiered statistical approach was used in the data analy-
sis. Performances of the four structural BMPs were assessed
individually based on how well the BMPs were able to reduce
the selected constituents. Descriptive statistics and nonpara-
metric Wilcoxon signed rank tests were applied to event-mean
concentrations and loads in the water entering the inlet and in
the water leaving the outlet of each BMP for each constitu-
ent to identify if significant reductions occurred. If significant
reductions occurred, the BMP was considered efficient at
reducing the constituent. To quantify efficiency, a simplistic
approach was applied to compute mean and geometric mean
efficiency ratios for the significantly reduced constituents in
each BMP. Each BMP performance was ranked based on its
computed efficiency ratios, however, the computed efficiency
ratios were not sufficient to determine if statistical differ-
ences occurred among the performances of the four BMPs.

Consequently, a more complex approach was used to apply
statistical comparison tests to reduction percentages com-
puted for individual storms (a modified removal efficiency of
individual storm-load approach) to determine if differences in
event-mean concentrations, loads, and reduction percentages
for significantly reduced constituents occurred among the four
structural BMPs.

Overall, the four BMPs were efficient in reducing
suspended-sediment event-mean concentrations and loads
in the stormwater entering the inlets of the BMPs to signifi-
cantly lower event-mean concentrations before discharging
the stormwater from the outlets. The cumulative suspended-
sediment event-mean load in stormwater entering the BMPs
from the storms sampled during the data-collection period was
1,026 kilograms (1.13 tons). The BMPs removed a cumula-
tive suspended-sediment load of 558 kilograms (0.62 ton). The
BMPs tended to preferentially trap the sand-size fraction of the
sediment, thereby releasing a greater percentage of fine-grained
(silt and clay) sediment in the water discharging from the out-
let. The preferential trapping of fine-grained sediment by the
BMPs could explain, at least in part, why the BMPs were not
successful at significantly reducing these constituents.

In general, the four BMPs were not successful at sig-
nificantly reducing fecal bacteria, nutrients, and total organic
carbon (including associated properties of biochemical oxygen
demand and chemical oxygen demand). Three of the four
BMPs significantly lowered oil and grease concentrations
before the stormwater discharged from the outlet. Additionally,
only one BMP was effective at reducing all total and particu-
late trace-metal event-mean concentrations and particulate
trace-metal event-mean loads in stormwater entering the
inlet. With respect to trace-metal event-mean concentrations,
however, minimal or no improvement in outlet water quality
was observed for the four BMPs, and the majority of the outlet
concentrations were above the established acute and chronic
aquatic-life criteria by the South Carolina Department of
Health and Environmental Control.

No statistical differences among the removal-efficiency
of the four BMPs were determined for suspended-sediment
event-mean concentrations, total suspended solids event-
mean concentrations, or oil and grease concentrations. These
statistical findings indicated that differences among the mean
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efficiency ratios were not significant among the BMPs for
these properties. Additionally, one BMP generally had sta-
tistically greater removal efficiency for total and particulate
cadmium, copper, lead, and zinc than one or more of the other
three BMPs.

Statistical correlation tests were unable to identify a
single major factor that would explain the high variability in
inlet and outlet water concentrations and in removal efficien-
cies estimated by reduction percentage. Highly variable inlet
and outlet concentrations for each BMP that produced highly
variable reduction percentages were probably the result of
multiple interacting factors, particularly rainfall intensity, the
amount of rainfall between sampling events, traffic density,
and the period of time since the last maintenance (clean out) of
the BMP.

Introduction

As part of the National Pollutant Discharge Elimina-
tion System (NPDES) permit program mandated in the Clean
Water Act, the South Carolina Department of Transportation
(SCDOT) is required to address the quality of stormwater
runoff from State-maintained roadways. Stormwater runoff
from State roadways is considered to be discharge from large
municipal separate storm-sewer systems (MS4) by the NPDES
program of the South Carolina Department of Health and
Environmental Control (SCDHEC) and, therefore, requires
development of a stormwater-management program that meets
the standard of “reducing pollutants to the maximum extent
practicable (MEP)” (South Carolina Department of Health
and Environmental Control, 2001). To mitigate the effects of
runoff from State roadways to area waterbodies, the SCDOT
has installed structural best management practices (BMPs)
throughout South Carolina. Structural BMPs are constructed
facilities or measures that have been determined to be the most
effective, practical means of preventing or reducing pollution
from non-point sources. Examples of SCDOT-installed BMPs

Table 1.

[m?, square meter; U/S, upstream; D/S, downstream]

include grassed waterways, detention ponds, and vendor-
supplied structural systems. Many of the vendor-supplied
structural systems incorporate some combination of filtra-
tion media, hydrodynamic sediment removal, oil and grease
removal, or screening to remove pollutants from stormwater.

Previous research and engineering design studies have
assessed the ability of stormwater-treatment BMPs to reduce
pollutant concentrations and loadings in stormwater (Barbaro,
2001; Smith, 2002). However, the ability to relate findings
from past research to SCDOT sites is limited because of noted
inconsistencies in performance studies (Strecker and others,
2000; U.S. Environmental Protection Agency, 2002a, 2002b).
One common problem with past research has been charac-
terizing event-mean concentrations (EMCs) and evaluating
whether a measured difference between BMPs is statistically
significant. This problem exists because the studies did not
compensate for differences in environmental factors among
sites or for the high degree of variability in EMCs. Highly
variable EMCs cannot be characterized using the generally
low (usually 3) number of samples collected, thereby creating
a BMP performance dataset that is not sufficient in determin-
ing a statistically significant difference in BMPs.

The U.S. Geological Survey (USGS), in cooperation with
the SCDOT, conducted an investigation to evaluate the perfor-
mance of three BMPs (BMP1, BMP2, and BMP3) in the Beau-
fort, S.C., area and one BMP (BMP4) at the 1-95 rest area near
Walterboro, Colleton County, S.C., that represent four differ-
ent vendor-supplied systems (fig. 1): BMP1 by Stormceptor,'
BMP2 by CDS Technologies, BMP3 by Vortechnics, and
BMP4 by CrystalStream Technologies. These devices will be
referred to as BMPs1-4 hereafter (table 1). Structural BMPs
are designed to capture sediment, total suspended solids, trash,
organic material, and floatable oil and grease from stormwater
runoff before releasing the stormwater to waterways. In addi-
tion, other pollutants that adsorb to sediments and particulates
also can be trapped by the structure. Although many types of

! Any use of trade, product, or firm names is for descriptive purposes only
and does not imply endorsement by the U.S. Government.

Description of four structural best management practice (BMP) sites in Beaufort and Colleton Counties, South Carolina.

. St_a?ion_ . _n Drainage area LULLLTIC
identification Site description 7 ' samples
number e collected
322518808039571 BMP1 inlet U/S side U.S. Hwy 21 near Beaufort, S.C. 9,060 (2.24) 13
322518808039572 BMP1 outlet U/S side U.S. Hwy 21 near Beaufort, S.C.
322517008039551 BMP2 inlet D/S side U.S. Hwy 21 near Beaufort, S.C. 4,490 (1.11) 12
322517008039552 BMP2 outlet D/S side U.S. Hwy 21 near Beaufort, S.C.
322525908038381 BMP3 inlet east corner S.C. Hwy 802 near Beaufort, S.C. 23,900 (5.90) 12
322525908038382 BMP3 outlet east corner S.C. Hwy 802 near Beaufort, S.C.
324756508046271 BMP4 inlet I-95 Southbound Rest Area near Walterboro, S.C. 11,200 (2.77) 12
324756508046272 BMP4 outlet I-95 Southbound Rest Area near Walterboro, S.C.
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Figure 1.

hydrodynamic separation systems were available commer-
cially, the four BMPs evaluated for this investigation were
selected because (1) the SCDOT previously had installed these
devices according to manufacturer’s specifications, (2) the
major types of available hydrodynamic separation systems
were represented (U.S. Environmental Protection Agency,
1999), and (3) they were near each other.

A subset of data collected in this investigation also could
be used by the SCDOT to characterize stormwater qual-
ity at these sites to meet the NPDES permit requirements.
The results of this investigation could be applicable to sites
throughout the Southeast where similar conditions exist.

Purpose and Scope

The purpose of this report is to document the effective-
ness of the BMP devices in reducing suspended sediment,
selected metals, nutrients, and organics concentrations by

Study area in Beaufort and Colleton Counties, South Carolina.

comparing estimated removal efficiencies. The results provide
the SCDOT with quantitative data to evaluate the effectiveness
of these BMPs at enhancing stormwater-runoff quality. This
information can be used by the SCDOT and other State, local,
and Federal agencies in the selection of appropriate BMPs for
future installation.

The specific objectives of this report are to:

1. determine event-mean concentrations of constituents in
water entering and leaving the BMPs,

2. compute event-mean loads of constituents in water enter-
ing and leaving the BMPs,

3. estimate the removal efficiency of the BMPs for
selected constituents,

4. compare removal efficiencies of constituents among
BMPs, and

5. evaluate the relation of water-quality constituents to aver-

age daily traffic (ADT) data through correlation analysis.



4 Evaluation of Four Structural Best Management Practices for Highway Runoff in Beaufort and Colleton Counties

Description of Study Area

The study area is located in the lower Coastal Plain
Physiographic Province in Beaufort and Colleton Counties
near the Atlantic Coast of South Carolina (fig. 1). The Coastal
Plain Province is characterized by gently sloping topography
drained by low-gradient streams that are commonly tidally
influenced near the coast.

Beaufort County encompasses an area of 587 square
miles (mi®) and is bordered to the west by Jasper County and
to the north by Hampton and Colleton Counties. The east-
ern side of Beaufort County borders the Atlantic Ocean for
30 miles. Three of the four BMP sites are located on Ladys
Island, which is south of Beaufort, S.C. (fig. 2). Storm runoff
in this portion of the study area flows to the Beaufort River,
which is an estuarine system.

Colleton County encompasses an area of 1,056 mi? and is
bordered to the east by Dorchester and Charleston Counties, to
the north by Bamberg County, to the west by Hampton County,
and to the south by Beaufort County and the Atlantic Ocean.
One of the four BMP sites is located at the I-95 South rest area,
south of Walterboro, S.C. (fig. 3). Storm runoff in this part of
the study area flows to non-tidal, freshwater streams.

The climate of the study area is characterized by hot,
humid summers and moderate winters. The monthly mean
temperature ranges from about 50 degrees Fahrenheit (°F) in
January to about 83 °F in July (National Oceanic and Atmo-
spheric Administration, 2007). Precipitation in the study
area averages about 52 inches per year (in/yr) (National
Oceanic and Atmospheric Administration, 2007). During the
2005-2006 data-collection period, annual precipitation ranged
from 22.8 to 50.5 inches (in.) in Beaufort, S.C., and from
24.4 t0 26.6 in. in Walterboro, S.C. (National Oceanic and
Atmospheric Administration, 2007).

Data-Collection Methods

The approach of this investigation included an initial
data-collection period followed by the final data compilation
and analysis. From March 2005 through October 2006, the
USGS operated data-collection stations at four BMP structures
in Beaufort and Colleton Counties, South Carolina (table 1).
The data-collection effort included monitoring the quantity
of rainfall and stormflow and collecting stormwater- and
sediment-quality samples. Established guidelines and proto-
cols were used to ensure the quality of the resulting data.

Rainfall and Stormflow Data

At each of the BMP sites, the USGS established a gaging
station to continuously monitor flow and water level (stage).
Calibrated electromagnetic flowmeters were installed in the
inlet pipes upstream from the BMPs according to manufactur-
ers’ and USGS guidelines (Carter and Davidian, 1968; Ken-
nedy, 1984; Marsh-McBirney, 2003). Average flow velocity

(V) in feet per second (ft/s) and cross-sectional area of the
wetted channel (A) in square feet (ft*) obtained from the pipe
dimensions and measured water level were used to calculate
flow (Q) in cubic feet per second (ft¥/s). Average velocity is
determined using the surface velocity (measured by the sen-
sor) and empirical equations. Flow is calculated by using a
continuity equation:

Q=VxA, (1)

where all variables are as previously defined.

Mean flow for each storm event (event-mean flow or
EMQ) was computed and used in the data analysis. Water lev-
els in the treatment chamber of each BMP were measured by a
pressure transducer. Rainfall data were collected with tipping
bucket raingages at BMP2 and BMP4. Data were collected at
5-minute intervals and stored in a datalogger onsite. Satellite
telemetry was used to transmit data every 4 hours to the USGS
South Carolina Water Science Center in Columbia, South
Carolina. Procedures outlined in the USGS South Carolina
Water Science Center Surface-Water Quality-Assurance Plan
(Cooney, 2001) were used to ensure proper data handling,
review, and approval procedures were followed. Surface-water
data are stored in the USGS National Water Information Sys-
tem (NWIS) databases and quality-assured surface-water data
are available for retrieval on the Internet at http://waterdata.
Usgs.gov/sc/nwis/sw.

Water-Quality Data

Water samples were collected during selected storm
events over a 21-month period to capture a range of runoff
conditions and seasons. The NPDES criteria for target storm
events were rainfall amounts greater than 0.1 in. and less than
0.1 in. of rainfall during the 72 hours prior to the sampled
event (South Carolina Department of Health and Environmen-
tal Control, 2001). In September 2005, the USGS and SCDOT
decided to reduce the NPDES minimum 72-hour dry period
between sample collections to a minimum 24-hour dry period
between sample collections. By reducing the minimum dry
period between samples, the number of events eligible for
sampling increased and also provided a more realistic determi-
nation of the BMP efficiency over a range of storm events, not
just NPDES-defined events.

Over the 21-month data collection period, 49 sample sets
(a sample set includes an inlet and an outlet water sample)
were collected from the 4 BMPs. Thirteen sample sets were
collected at BMP1, and 12 sample sets were collected at
BMP2, BMP3, and BMP4 (Appendix A). Of the 49 sample
sets, 38 sample sets (78 percent) were collected following
the criteria of 72 hours of dry (no runoff) conditions between
sample collections. Water samples were collected over a range
of seasons. For this investigation, seasons were based on the
summer and winter solstice and vernal and autumnal equinox.
All four BMP sites had at least three runoff events for the
spring and summer seasons, at least two runoft events for fall,
and at least one runoff event for the winter season.
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Figure 3. Best management practice (BMP) site BMP4 at I-95 southbound rest area in Colleton County, South Carolina.



Grab samples and flow-composite samples were collected
for water-quality analysis using point sampling methods (U.S.
Geological Survey, 2006). Sampling equipment was cleaned
prior to use according to appropriate inorganic constituent
procedures described in Wilde (2004). Samples for composit-
ing were collected automatically using a programmed sampler
with pre-cleaned tubing and sample bottles. Grab samples
were collected in designated bottles using long-handled poles
to reach the inlet and outlet streams during the first 15 to
30 minutes of a storm for the collection of initial stormwa-
ter runoff, which was considered to contain accumulations
of specified constituents (table 2). These grab samples were
collected in sterilized 250-milliliter (mL) glass bottles for
analysis of biochemical oxygen demand (BOD), Escherichia
coli (E. coli), enterococci, and total fecal-coliform concentra-
tions (table 2; Myers and others, 2007; U.S. Geological Sur-
vey, 2006). A second grab sample was collected in 1-liter (L)
pre-baked amber glass bottles for the analysis of oil and grease
concentrations (U.S. Geological Survey, 2006). Eight samples
from each BMP also were collected as grab samples and were
analyzed for base/neutral extractable organic compound (poly-
cyclic aromatic hydrocarbon) concentrations for comparison to
the oil and grease concentrations.

During each runoff event, refrigerated automatic samplers
were used to collect water samples of the BMP inlet and outlet
waters at fixed time intervals. Samples were collected in pre-
cleaned, acid-rinsed plastic bottles. Flow-weighted volumes
of each sample were computed and placed in a compositing
device to produce a flow-weighted composite sample. These
samples were analyzed for nutrient, major-ion, trace-metal,

Data-Collection Methods 7

chemical-oxygen-demand (COD), and suspended-sediment
concentrations (table 2). The concentration measured in the
composite sample represented the mean constituent concentra-
tion during a runoff event, called the event-mean concentration
(EMC; Waschbusch, 1999). Samples were collected in accor-
dance with Environmental Technology Verification Program
protocols (U.S. Environmental Protection Agency, 2002a),
which states that outlet samples will be taken at a point where
the bypass water is combined with the effluent from the BMP.
The only exception among the BMPs was BMP3 where the
outlet sample was not taken at a point where the bypass storm-
water would be combined with the stormwater from the BMP
during high-flow events due to the configuration of BMP3.

The individual samples were processed in the field prior
to shipment to the laboratory. Sample processing includes
preparation (for example, compositing and filtering) and
preservation (for example, acidification) of the final compos-
ite sample (Wilde and others, 2004). Procedures followed are
specific to the constituent being analyzed and are described
in Wilde and others (2004) and are listed in Appendix B.
Pre-cleaned, acid-rinsed 8-L plastic churns were used as the
compositing devices. For analysis of dissolved constituents,
samples were filtered using 0.45-micron glass-fiber capsule
filters that were conditioned with 1-L of deionized water.

Inlet and outlet samples were analyzed for nutrients,
trace metals, oil and grease, turbidity, total suspended solids,
and chemical oxygen demand by the USGS National Water
Quality Laboratory (NWQL) in Denver, Colorado (Appen-
dix B). Total organic nitrogen and ammonia (total Kjeldahl
nitrogen or TKN) and total phosphorus (TP) concentrations

Table 2. Constituents analyzed and sampling quantity for four structural best management practice
(BMP) sites in Beaufort and Colleton Counties, South Carolina.

Constituents I:::tlipol :s Type of sample evrn:?::;l:fle d
pH, conductance inlet/outlet Sonde 12-13
Oil and grease inlet/outlet Grab 12-13
Turbidity inlet/outlet Flow-composited 12
Total suspended solids inlet/outlet Flow-composited 12
Chemical oxygen demand inlet/outlet Flow-composited 12
Nutrients (total phosphorus, inlet/outlet Flow-composited 12
total Kjeldahl nitrogen)
Trace metal (lead, zinc, copper, nickel, and inlet/outlet Flow-composited 12
cadmium [total and dissolved])
Base/neutral extractable organic compounds inlet/outlet Grab 8
(polycyclic aromatic hydrocarbons)
Major ions (calcium, magnesium, hardness) inlet/outlet Flow-composited 12
Five-day biochemical oxygen demand inlet/outlet Grab 12
Suspended sediment inlet/outlet Flow-composited 12
Fecal coliform, enterococci, Escherichia coli inlet/outlet Grab 12
Bed-sediment inorganics inlet/outlet Grab 3
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were determined by analyses described by Patton and Truitt
(2000) and Patton and Truitt (1992), 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; Hoffman and others, 1996;
Garbarino and Struzeski, 1998). Oil and grease concentrations
were determined according to U.S. Environmental Protection
Agency (USEPA) method 1664A (U.S. Environmental Protec-
tion Agency, 1999). Whole-water samples were analyzed for
turbidity and chemical oxygen demand according to standard
method 2130 (American Public Health Association, 1998) and
the HACH method (Fishman and Friedman, 1989), respectively.

Whole-water samples were analyzed for suspended-
sediment concentrations and sand/fine fraction at the USGS
Kentucky Sediment Laboratory, in Louisville, Kentucky,
according to American Society for Testing and Materials
(ASTM) method D3977-97 (American Society for Testing and
Materials, 2002). Methods for analyzing suspended-sediment
concentrations at the USGS Sediment Laboratory in Kentucky
also are described in Knott and others (1993) and Shreve and
Downs (2005).

Suspended sediment (SSC) and total suspended solids
(TSS) concentrations are obtained from two different labora-
tory analytical methods used to quantify concentrations of sus-
pended organic and inorganic particles in surface waters (Gray
and others, 2000). The SSC analytical method is considered
to produce more reliable results; however, the TSS method is
often the method adopted for regulatory monitoring. Gener-
ally, a bias in relation to SSC and TSS is observed when sand-
sized material is greater than 25 percent of the sediment dry
weight, such that the SSC values tend to exceed their paired
TSS values (Gray and others, 2000). Based on past research
by Gray and others (2000), this bias indicated TSS was a poor
measure of suspended particles in stormwater when the domi-
nant fraction was sand-size or coarser.

Whole-water samples were analyzed by USGS South
Carolina Water Science Center personnel for fecal indicator
bacteria using the Colilert-18 and Enterolert methods devel-
oped by IDEXX. The Colilert-18 method has been approved
by the USEPA for drinking water and ambient water and is
proposed for use in the NPDES. The IDEXX microbiological
methods are described in Standard Methods for Examina-
tion of Water and Wastewater, 20" edition (Cleseri and others,
1998) and USGS National Field Manual (Myers and oth-
ers, 2007).

A SCDHEC-certified contract laboratory analyzed
samples for 5-day biochemical oxygen demand (BOD;,). The
USEPA method 405.1 (Standard Methods 5210B) was the
method used to determine BOD; for the study.

Sediment-Quality Data

In March 2005, prior to the start of data collection, the
bed sediment previously retained by the BMPs was removed.
Following this removal of sediment, each BMP device was
cleaned a total of three times at 6- to 8-month intervals. The
bed-sediment retained by each device was quantified. BMP2
and BMP3 were not cleaned out at the completion of the study
due to equipment failure, but sediment samples were col-
lected at these sites. Prior to each cleaning, core samples were
collected from the retained sediment and analyzed for trace
metals, organic and inorganic carbon, and fecal bacteria. The
collection and processing of bed-sediment samples followed
protocols documented in the USGS National Water-Quality
Field Manual (Radtke, 2005). The collection and processing
of bacteria (enterococci, Escherichia coli, and total coliform)
samples from bed-sediment samples followed protocols
established by the USGS, which are documented in the USGS
National Water-Quality Field Manual (Myers and others,
2007). USGS South Carolina Water Science Center personnel
analyzed bacteria samples using the Colilert-18 and Enterolert
methods developed by IDEXX.

Average Daily Traffic Data

During the investigation, the SCDOT conducted
vehicle traffic counts during 7-day periods in the summer
(August 2—14, 2006) and fall (October 16-23, 2006) at each of
the four BMP sites. A Peek ADR 200 counter with pneumatic
road tubes was used to count and classify vehicles passing
the BMP site each hour. The axle spacing of each vehicle was
used to assign each vehicle to 1 of 14 classifications: motor-
cycle, car with 1-axle trailer, car with 2-axle trailer, pick-up
truck or van, bus, commercial truck (which has 8 subclasses:
2-axle single unit, single trailer with 4 or fewer axles, 5-axle
single trailer, 6-axle single trailer, 5-axle multi-trailer, 6-axle
multi-trailer, any 7-axle multi-trailer, any 8-axle multi-trailer),
and other (vehicle not matching one of the above).

Total traffic counts between the summer and fall seasons
for BMP1, BMP2 and BMP3 showed little to no difference
among the three sites. For BMP4, the summer season had
more than twice the amount of traffic as the fall season. At all
four sites, cars were the most frequent vehicle, at more than
50 percent, followed by pick-up truck or van at BMP1, BMP2,
and BMP3, and commercial trucks at BMP4.



Quality Control and Quality Assurance

Water-quality data from each sampled 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 USGS NWIS. Collection and
analysis of quality-control (QC) samples were part 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 scientifi-
cally defensible (U.S. Geological Survey, 2006). Ten percent
of all samples analyzed were QC samples. Field and equip-
ment blanks were analyzed to ensure that the sampler, intake
lines, churns, and bottles did not contaminate samples; split
samples (replicates) were analyzed to document reproducibil-
ity of laboratory results.

Field blanks were used to evaluate the level of contami-
nation from the sampling equipment and sample process-
ing methods to the environmental sample concentrations.

No detections of TKN, TP, magnesium, turbidity, TSS, total
organic carbon (TOC), COD, dissolved and total cadmium,
dissolved and total copper, and dissolved lead, were reported
for the blanks, indicating negligible contamination. Total lead
was detected in one blank at an estimated concentration of
0.05 microgram per liter (ug/L), which is about 1 percent of
the amount of total lead detected in the environmental sam-
ples. The highest levels detected in the field blanks were total
zinc and nickel (2 and 0.08 pg/L, respectively). Correspond-
ing concentrations of 1.4 and 0.07 pg/L of dissolved zinc and
nickel, respectively, indicated the contamination was pre-
dominately in the dissolved phase. However, these levels were
less than 5 percent of the levels detected in the environmental
samples, so environmental samples likely were not contami-
nated by sampling equipment or processing.

Replicate samples collected along with storm samples
were analyzed to evaluate the inherent bias and accuracy of the
field collection, processing, and laboratory analysis proce-
dures. The data-quality objectives (DQOs) required that detec-
tions of constituents in replicate samples be within 20 per-
cent of those detected in actual storm samples. The relative
percentage difference (RPD) was computed for the sample set
(storm and replicate sample); the RPD is the constituent con-
centration in the storm sample minus the concentration in the
replicate sample divided by the average of the storm sample
and replicate sample constituent concentrations multiplied by
100. A statistical summary of the results is provided in table 3.
Absolute values of the RPD were used in the calculation of
these statistics.

The computed RPDs were within the required DQO
with the exception of six constituents in one replicate:
total suspended solids (34.7 percent), suspended sediment
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(24.6 percent), dissolved cadmium (33.3 percent), total cad-
mium (20.0 percent), dissolved zinc (23.7 percent), and total
nickel (20.0 percent). Low concentrations in the storm samples
could have contributed to the elevated RPDs in the other
trace-metal replicate samples. Review of the replicate sample
set for dissolved cadmium indicated that one time exceedence
was negligible because both concentrations were estimated at
concentrations below the laboratory reporting level (LRL) and
differed by only 0.01 pg/L (storm sample = E 0.02 pg/L, rep-
licate sample = E 0.03 pg/L, where E indicates an estimated
value). The higher RPDs were computed for replicate sample
sets with low-level concentrations of dissolved lead (-0.24 and
0.13 pg/L), total nickel (-0.87 pg/L), and dissolved zinc

(2.2 pg/L). The one-time high RPDs for total suspended solids
and suspended sediment were computed for the first replicate
sample sets—subsequent replicate sample sets met the DQO
of 20 percent.

Table 3. Statistical summary of the relative percent differences
between storm and replicate samples from selected structural
best management practice (BMP) sites in Beaufort and

Colleton Counties, South Carolina, 2005—2006.

Relative percent difference

Constituents

Mean Median Maximum Minimum
Turbidity 11.4 5.6 39.8 4.0
Lab pH 2.1 2.6 43 0
Lab specific conductivity 0.1 0 0.3 0
Hardness 1.7 0.8 53 0
Calcium 1.8 2.1 3.5 0.6
Magnesium 2.1 24 33 1.8
Total suspended solids 12.0 2.9 34.7 0
Total Kjeldahl nitrogen 6.2 6.5 14.3 0
Total phosphorus 33 0 14.3 0
Total organic carbon 2.6 3.0 53 0.4
Suspended sediment 9.2 9.4 16.7 6.3
finer than 63 microns
Suspended sediment 6.7 0.9 24.6 0
Dissolved cadmium 11.3 7.1 33.3 0
Total cadmium 7.0 5.9 20.0 0
Dissolved copper 2.0 0.7 6.3 0
Total copper 34 0.8 17.6 0
Dissolved lead 14.8 12.8 35.8 1.7
Total lead 3.9 1.9 15.5 0
Dissolved nickel 4.7 5.5 7.7 1.7
Total nickel 3.6 0.2 20.0 0
Dissolved zinc 9.5 7.3 23.7 1.4
Total zinc 4.2 1.8 19.2 0
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Data Analysis and
Performance Assessment

Statistical data analysis formed the foundation of the
performance assessment in this investigation. For objectives
one and two (see Purpose and Scope section), basic descrip-
tive statistics were applied to the constituent EMC and load
data for each BMP performance assessment, and results are
summarized in this report. Event-mean concentrations for
suspended sediment, total suspended solids, oil and grease,
nutrients, bacteria, and metals were summarized statistically
and described in tabular and graphical formats. Loads for
suspended sediment, total suspended solids, oil and grease,
nutrients, bacteria, and metals also were computed for each
individual storm and summarized statistically for each BMP.
To assess the removal efficiency of the individual BMPs and
to compare the removal efficiencies among BMPs during the
period of study, a tiered statistical approach was applied based
on USGS (Waschbusch, 1999) and USEPA (U.S. Environmen-
tal Protection Agency, 2002b) methodologies. The tiers are
analogous to two historical or traditional approaches described
and reviewed by the USEPA and the American Society of
Civil Engineers: the removal efficiency of individual storm
loads (ISL) and the efficiency ratio (ER; U.S. Environmental
Protection Agency, 2002b). These approaches were made more
robust by the use of statistical tests for comparison of data
within and among BMPs.

The first step was to assess the performance of each
individual BMP’s reduction of selected constituents in storm-
water. This assessment was done by statistically determining
if significant reductions in constituent EMCs and loads existed
between stormwater entering the inlet of the BMP and storm-
water leaving the outlet of the BMP. In other words, the EMC
or load of the inlet water was assumed to represent the average
stormwater concentration or load for each constituent, and the
EMC or load of the outlet water was assumed to represent the
average “treated water” concentration or load after the BMP
removed or reduced the constituent for each individual storm.
If significant reductions existed, the BMP was considered effi-
cient at reducing that constituent. Only those constituents that
were found to be significantly reduced by individual BMPs
were included in the comparison among BMPs. To quantify
removal efficiencies for the individual BMPs, geometric mean
and mean percentage reductions for the significantly reduced
constituents in each BMP were computed by the ER method.
The simplistic ER method was the recommended approach to
quantify removal efficiency of a BMP (U.S. Environmental
Protection Agency, 2002b).

Computed percentage reductions by the ER method were
not sufficiently diagnostic to determine if statistical differ-
ences existed among the performances of the four BMPs.
Consequently, a more complex approach also applied statisti-
cal comparison tests to percentage reductions computed for

individual storms (a modified removal efficiency of the ISL
approach) to determine if differences in event-mean concentra-
tions, loads, and percentage reductions in significantly reduced
constituents existed among the four structural BMPs (U.S.
Environmental Protection Agency, 2002b).

Selection of an appropriate method for treating censored
data is necessary when laboratories report quantitative, esti-
mated, and censored results, as was the case in this study for
oil and grease concentrations and a few trace-metal concentra-
tions. The NWQL used this type of reporting where (1) results
above a “quantitation limit” (equivalent to the NWQL’s LRL)
are reported as quantitative, (2) results between the “quan-
titation limit” and the “detection limit” (equivalent to the
NWQL’s long-term method detection level, or LT-MDL) are
reported as estimated, and (3) results below the detection limit
are reported as censored. In an effort to minimize the probabil-
ity of reporting false negatives, the NWQL reported censored
results (non-detections) as “< LRL” rather than “< LT-MDL”
(Childress and others, 1999; Appendix B). Prior to statistical
analysis of the data, all censored values for a constituent were
set to half of its LT-MDL, while all estimated results were
retained (Appendix B).

Limitations of the dataset were that the data analysis
treated all estimated (semi-quantitative) values as quantita-
tive values (Helsel, 2005). In other words, for reported values
above the LRL, there is a 99.9-percent confidence that the
reported concentration is equal to the actual concentration
in the sample. For example, if the LRL for a constituent is
7 mg/L, then there is relatively high confidence that a reported
concentration of 12 mg/L is exactly greater than a reported
concentration of 10 mg/L by 2 mg/L. At the same LRL of
7 mg/L, however, there is less confidence that an estimated
value of 5 mg/L is exactly 2 mg/L greater than an estimated
value of 3 mg/L. The comparative statistical analysis in this
report assumed that an estimated value of 5 mg/L had an
unknown actual value, but the unknown actual value had a
higher likelihood of being greater than (rather than equal to or
less than) an estimated value of 3 mg/L. Therefore, in non-
parametric statistical analyses (which were used in this report)
an estimated value of 5 mg/L had a higher likelihood of being
ranked above (rather than equal to or below) an estimated
value of 3 mg/L because these analyses are based on the ranks
of the data and not on the actual values.

Exceptions to this approach were for E. coli and entero-
cocci concentrations that were above the maximum quantifica-
tion level of the methods used. For most samples, a 1:10 dilu-
tion was used. This dilution translates to a maximum reporting
level of 25,000 colonies per 100 milliliters (col/100 mL), and
the results would be censored as > 25,000 col/100 mL. For
data analysis, the censored value of 25,000 col/100 mL was
taken as the actual value, producing a negative bias to the data
analysis, such that reported median and mean concentrations
potentially are skewed lower than the actual concentrations.



Load Computation

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 contributed to the stream or
pipe from the surrounding drainage area in stormwater runoff.
The event is a function of the stormwater concentration and
the flow rate (Rasmussen, 1998). For the BMP sites, the event-
mean load (L,) in kilograms per event (kg/event) resulting
from stormwater runoff for an individual storm event is calcu-
lated by multiplying the event-mean concentration (EMC)) in
milligrams per liter by the mean stormflow (Q,) in cubic feet
per second of water passing the sampling site during the storm
event (,) by the event duration (ED,) in minutes:

L= a EMC,QED, 2

where
a = 0.0017, a constant that converts the input
variables to units of kilograms per event.
Units of measurement did vary by constituent. Most
constituent loads were expressed as kilograms per event.
The exception was metal constituents because of their lower
concentrations. Metal loads were expressed as grams per event

(g/event).

Removal Efficiency Estimation

One objective of the investigation was to evaluate how
efficiently each BMP removed or reduced constituents in the
stormwater. The EMC of the inlet water was assumed to repre-
sent the average stormwater concentration for each constituent,
and the EMC of the outlet water was assumed to represent the
average “treated water” concentration after the BMP removed
or reduced the constituents for each individual storm. Removal
efficiency for individual storms was estimated by computing
the percentage of reduction in EMC between inlet and outlet
samples for each BMP based on the equation below:

Percent reduction = [(EMC, - EMC )/EMC] x 100, (3)

where
EMCi is the EMC of the inlet water, in milligrams
or micrograms per liter, and
EMC, is the event-mean concentration of the outlet

water, in milligrams or micrograms

per liter.
The same approach and the same equation were applied to
event-mean loads computed for each BMP. These computed
values were used as input into statistical tests to determine if a
significant difference existed among the BMPs.

An average of removal efficiencies computed for indi-
vidual storm loads (ISL approach; U.S. Environmental
Protection Agency, 2002b) did not take into account storage of
contaminants, especially for those BMPs with permanent pool
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volumes (for example, retention ponds) and provided equal
weight to all storm-event efficiencies. A second approach
was applied for comparison purposes. Efficiency ratios were
computed to quantify the average removal efficiency of each
BMP and to weight all storms equally, regardless of magni-
tude using the ER approach (U.S. Environmental Protection
Agency, 2002b). The following two equations were used to
calculate average removal efficiency:

ER = (mean EMC, — mean EMC )/mean EMC,, (4)
and

ER = (geometric mean EMC, — geometric mean EMC )
/geometric mean EMCi, 5)

where
ER is the efficiency ratio (dimensionless) and

other variables are as previously defined.
Computations based on the geometric mean are considered to
be a better estimate of the actual performance because they
are less affected by outliers (U.S. Environmental Protection
Agency, 2002b). The ER method of summarizing the effi-
ciency of BMP performance was supplemented by appropriate
non-parametric statistical tests to determine if the differences
between the mean and geometric mean EMCs of the inlet and
outlet waters are significant.

Statistical Analysis

Several statistical tests were performed on the data for
exploratory, descriptive, and interpretative analyses. Initially,
a test for normality was made using the Anderson-Darling
Test (Anderson and Darling, 1952; Stephens, 1974). The
Anderson-Darling test is an empirical distribution function
(EDF) test that is used on datasets with small sample sizes
(n < 25) to determine if a sample of data came from a popu-
lation with a specific distribution. It is a modification of the
Kolmogorov-Smirnov (K-S) test and gives more weight to the
tails than does the K-S test (Stephens, 1974). The majority of
the water-quality data did not have a normal distribution, so
non-parametric approaches were selected for data analysis.

Descriptive statistics including mean, maximum,
minimum, and median values were computed and graphi-
cally represented in box plots. Median values were used for
comparison because they diminish the effects of outliers on
the data (Helsel and Hirsch, 1992). Boxplots serve as graphi-
cal summaries of the data and are based on percentiles of the
data distribution. For example, a 75" percentile represents
the concentration whereby 75 percent of all concentrations
measured were below that 75" percentile concentration. The
50" percentile, or median, represents the “middle” concentra-
tion, such that 50 percent of the data are above that concen-
tration and 50 percent are below. The entire box on the plot
represents the median 50 percent of the data (from the 75%
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to the 25" percentile) (Helsel and Hirsch, 1992). The vertical
lines above and below the box display the data range from the
90™ and 10™ percentiles, such that 80 percent of the data are
within the range outlined by the upper and lower lines. Outli-
ers represent data that are outside of the range.

The removal efficiency performance of each BMP was
assessed by statistical comparison of EMCs and loads. These
statistical results provided the ability to discuss performance
efficiencies of individual BMPs by evaluating if a significant
difference existed in EMCs and loads between the water enter-
ing the inlet of the BMP and water leaving the outlet of the
BMP (Helsel and Hirsch, 1992; U.S. Environmental Protection
Agency, 2002b). A non-parametric test to compare inlet and
outlet EMCs and loads was chosen because of the general non-
normal distribution of the data. If an EMC or load in water
exiting the outlet of a BMP was statistically less than the EMC
or load entering the BMP, the BMP was considered success-
ful at removing some amount of the storm-contributed EMC
or load. If no statistical difference was identified, then poor
removal by the BMP was indicated. For constituents with inlet
and outlet EMCs and loads that were significantly different,
further comparison was made among the BMPs to determine
if one or more BMP had greater ability in removing those
particular constituents than others.

The Wilcoxon signed rank test was applied to the inlet
and outlet data to determine if a statistical difference exists
between the paired measurements of inlet and outlet EMCs
and loads for each storm event (Helsel and Hirsch, 1992). The
Wilcoxon signed rank test ranks pairs of measurements from
a dataset that show higher differences than other pairs of mea-
surements from the same dataset. The hypothesis being tested
was whether the input and output EMCs and loads were the
same, or if they were greater in the input than in the output.
An alpha level of 0.05 translates to a 95-percent confidence
that the statistical finding was correct; this level was used to
determine statistically significant differences, such that statisti-
cal tests that had probability values (p-values) below the alpha
level of 0.05 were considered statistically significant and
that the alternative hypothesis was true. Because most of the
datasets were not normally distributed, the test was performed
on ranks of the data. The exact distribution of the test statistic
V was used to compute the p-value when no correlations in
the data existed. If correlations existed, a Z-score was used to
compute the p-value.

A different non-parametric statistical approach was used
for comparison of the efficiencies of the BMPs. The mul-
tiple comparison analysis was used to determine if percent-
age reductions of concentrations of selected constituents in
individual storms were statistically different among the four
BMPs (Helsel and Hirsch, 1992). The selected constituents
were those identified as significantly reduced by the BMPs
in the first statistical analysis. 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 the data to determine if a
statistical difference existed among at least one of the medians

of the groups of data. The Kruskal-Wallis test is a robust test
that determines only if a difference existed among the BMPs;
the test did not identify which BMPs were different from the
others. A second test was conducted to identify the actual dif-
ferences. If the more robust Kruskal-Wallis test indicated that
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 iden-
tify which group or groups were different from the others. A
significant difference was determined at an alpha level of 0.05,
which means that if the p-value of the ANOVA test was less
than 0.05, a significant difference existed among the analyzed
data group with a 95-percent confidence that the statistical
finding was correct.

Spearman’s tho correlation analysis also was applied
to water-quality data from the different BMPs to evalu-
ate the strength of association among selected water-quality
and other related constituents (for example, rainfall, mean
flow, and ADT; Helsel and Hirsch, 1992). An alpha level of
0.05 (95-percent confidence) for significant correlations was
selected for the analysis. Spearman correlation measures the
observed co-variation and the strength of the monotonic rela-
tion between two variables—where change is in one direction
only (either strictly increasing or strictly decreasing, but not
reversing direction). Correlation is quantified with a coeffi-
cient. The coefficient for this analysis is rho. A rho ranges from
0 to 1; the closer rho is to 1, the stronger the correlation. A
p-value is computed during the analysis. A correlation result-
ing in a p-value below the alpha level of 0.05 (p-value < 0.05)
is considered significant in this report. Caution should be used
when interpreting correlation analysis results because a signifi-
cant correlation proves only co-variation, not cause and effect.

Hydrologic Conditions

Rainfall intensity varied among seasons and sites. Among
all four sites, rainfall intensity ranged from 0.04 to 0.81 inch
per hour (in/h) with an average value of 0.26 in/h (Appen-

dix A). The highest intensity occurred in the summer and the
lowest in the spring. Rainfall duration of a runoff event is the
time between the start of the rainfall and the end of sampling
the inlet and outlet waters. Of the 49 sample sets that were
collected, rainfall duration ranged from 0.42 to 3.75 hours (h)
with an average of 2.02 h.

All of the BMPs were not sampled during every storm
event. Because the strength of a storm and amount of rainfall
produced influence concentrations in the inlet waters of the
BMP, statistical comparisons of total rainfall and rainfall inten-
sity among the storm samples at each BMP were conducted to
determine if the four BMP datasets represented similar storm
conditions during the same storm event. The statistical test
determined that the sampled precipitation amounts and intensi-
ties were not different among the four BMPs in Beaufort and
Colleton Counties (table 4), indicating that datasets from each
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Table 4. Summary of the statistical results comparing precipitation, mean stormflow, and precipitation intensity at four
structural best management practice (BMP) sites in Beaufort and Colleton Counties, South Carolina, 2005-2006.

Kruskal-Wallis test statistics

Comparison among BMP inlet and outlet waters—

. Tukey HSD test results
Constituent -
Chi-squared D¢97®e39F  p cquareq  Probability BMP1 BMP2 BMP3  BMP4
freedom value

Precipitation for 1.3205 3 0.04425 0.7243 Group A A A A
storm event N 12 12 12 12
Mean stormflow 8.7126 3 0.29689 0.0334 Group B B B B
N 13 12 12 12

Precipitation 0.3038 3 0.01636 0.9593 Group A A A A
intensity N 13 12 12 12

BMP represented samples from similar storm conditions.
However, BMP3 had higher mean stormflow than the other
three BMPs; this is probably related to the much larger size of
the watershed that drains to BMP3. BMP3 drains from 2.1 to
5.3 times more area than the other BMPs.

BMP1 Performance Assessment

BMP1 is located along the northbound lane of U.S.
Route 21 near the Woods Memorial Bridge in Beaufort, S.C.
(fig. 2). The drainage area for this BMP is 2.24 acres (table 1),
and the area is almost entirely composed of impervious area.
A curb-and-gutter system is used to intercept highway runoff.
During normal operating conditions, stormwater flows into
the upper chamber and is diverted by a u-shaped weir into the
separation/holding chamber. Right-angle outlets direct flow
around the circular walls of the chamber. Fine and coarse
sediments settle to the floor of the chamber, while lighter-
than-water constituents, such as petroleum products, rise and
become trapped. During high-flow events, peak stormwater
flows pass over the diverting weir and are discharged from the
device into the Beaufort River (Stormceptor, 2008).

Samples were collected from the BMPs in accordance
with Environmental Technology Verification Program pro-
tocols (U.S. Environmental Protection Agency, 2002a). Inlet
samples were collected before the stormwater was diverted
into the BMP’s chamber. Outlet samples were collected at the
outfall of the BMP at a point where the bypass stormwater
would be combined with the stormwater from the BMP during
high-flow events.

The event-mean concentrations and loads of the follow-
ing water-quality constituents are summarized for BMP1:

(1) suspended sediment and total suspended solids (TSS);

(2) oil and grease concentrations; (3) bacteria; (4) nutrients
(TKN and TP); and (5) metals. BMP1 is designed for the
removal of suspended sediments and oil and grease; however,
the removal of particulate and dissolved forms of other water-
quality constituents also were considered in the assessment.

Suspended Sediment, Total Suspended Solids,
and Sediment

Analytical methods to determine SSC and TSS were used
to quantify concentrations of suspended organic and inorganic
particles in surface waters. A significant monotonic correla-
tion exists between TSS and SSC in the inlet and outlet waters
at BMP1 (inlet and outlet: rtho = 0.90639, p-value < 0.0001)
(fig. 4), but not a one-to-one correlation as would be expected
for measurements of the same substance (suspended particles).
Comparison of the SSC and TSS concentrations from the
BMP1 sampling events demonstrated a negative bias for TSS
concentrations, especially greater than 100 mg/L. The great-
est difference was observed at the inlet SSC concentration of
2,390 mg/L that had a corresponding TSS concentration of
only 204 mg/L. Further evaluation of grain size indicated the
bias between SSC and TSS concentrations tended to increase
as the percentage of the sediment finer than 63 microns (finer
than sand) decreased below 50 percent.

This bias between SSC and TSS is noteworthy because
different statistical findings were identified between SSC and
TSS when comparisons were made among other properties
and between inlet and outlet waters. Because the SSC ana-
Iytical method better captures large particles (sand), thereby
producing more representative results (Gray and others,
2000), statistical findings based on SSC results are considered
more indicative of the BMP performance. However, because
the TSS method is often the method adopted for regulatory
monitoring, BMP comparisons based on TSS results also are
discussed in this report.

Event-mean concentrations of SSC in the inlet water of
BMPI ranged from 10 to 2,036 mg/L, with a median value of
92.0 mg/L (fig. 5, table 5). The SSC EMC:s in the outlet water
were lower and less variable than the inlet water, with a median
of 45 mg/L (fig. 5). Suspended sediment EMCs were reduced
significantly in the outlet water as compared to the inlet
water by BMP1 during the period of study (V-statistic = 78;
p-value = 0.0002; table 5). This statistical finding indi-
cated that BMP1 performed efficiently at reducing SSC in
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stormwater. Median EMCs of TSS of 46 and 32 mg/L for
inlet and outlet water, respectively, were about half and three-
quarters, respectively, of the median SSC concentrations for
BMPI (fig. 6). Lower median EMCs for TSS, when compared
to median SSC EMCs, could be explained by the underestima-
tion of suspended sediment discussed previously (fig. 4). The
less variable TSS EMCs were significantly different between
inlet and outlet waters (Z-score = 2.1744, p-value = 0.0148;
table 5).

Turbidity has been used as a surrogate measure of the
suspended sediment or particulates in water. For BMP1,
however, turbidity values were not correlated to TSS
(rho = 0.2010; p-value = 0.5100) or SSC (rho = 0.34370;
p-value = 0.2472) for the period of study. For BMP1, the
median event-mean turbidities in the inlet and outlet waters
were similar (21 and 22 nephelometric turbidity units [NTU],
respectively) (fig. 6). As observed with TSS, no significant
difference in turbidity was identified between inlet and outlet
water, indicating that BMP1 was not efficient at reducing TSS
EMCs and turbidity in stormwater.

Amounts and particle sizes of the SSC were different in
the inlet water compared with the amounts and sizes in the
outlet water (fig. 5). The percentage of the suspended sediment
finer than sand (particle sizes less than 63 microns, such as silt
and clay) was highly variable in the inlet water of BMP1, with
a median of 58.0 percent which indicates about 42 percent
of the sediment was sand-sized particles or larger (fig. 5;
table 5). The predominant size fraction of suspended sediment
in outlet water was finer than sand (median of 93.5 percent)
and significantly finer than in the inlet waters (Z-score =
2.9440, p-value = 0.0016). The change in the character of the
SSC indicated that BMP1 was more efficient at capturing the
sand-sized fractions of the suspended sediment than the silt-
and clay-sized fractions. This preferential retention of coarser
grained sediment also could influence the lack of retention of
certain nutrients (such as phosphorus), bacteria, and trace met-
als (such as lead and zinc) because of their tendency to adsorb
preferentially to finer grained sediment.

Examination of the grain sizes of the accumulated
sediment within BMP1 in May 2006 further verified this
preferential retention of the coarser grained fractions. Only
about 1 percent of the sediment that accumulated in BMP1
was smaller than 63 microns (clay and silt) (fig. 7), even
though the average suspended sediment from the inlet waters
was composed of 58 percent fine-grained sediment (table 5;
fig. 5). Additionally, in May 2005, October 2005, May 2006,
and October 2006, trace-metal concentrations were measured
in the retained coarser grained sediment. Concentrations in
order from greatest to least concentration, in micrograms per
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Table 5. Summary statistics describing the comparison among event-mean concentrations in inlet and outlet waters of best

management practice 1 (BMP1), Beaufort County, South Carolina, 2005-2006.

[>, greater than; ug/L, micrograms per liter; mg/L, milligrams per liter; NTU, nephelometric turbidity units; col/100 mL, colonies per 100 milliliters]

Comparison among
event-mean concen-

Wilcoxon signed-rank test

Constituent Units  Location Median Mean Sta|_1da.1rd (iftenis s e
deviation outlet waters of BMP1
: —
Number Inlet > V-statistic Z-score Probability

outlet value

Dissolved cadmium ug/L Inlet 0.07 0.09 0.05 13 No 19 0.971
ug/L Outlet 0.03 0.04 0.02 13

Total cadmium ug/L Inlet 0.32 0.28 0.12 13 Yes 2.805 0.003
ng/L Outlet 0.17 0.21 0.11 13

Particulate cadmium  pg/L Inlet 0.18 0.19 0.10 13 No 0.909 0.182
ug/L Outlet 0.15 0.17 0.12 13

Dissolved copper ug/L Inlet 9.80 10.8 7.57 13 Yes 87 0.001
ug/L Outlet 6.00 6.50 3.87 13

Total copper ug/L Inlet 19.8 19.3 8.00 13 Yes 2.587 0.005
ug/L Outlet 13.5 16.0 7.68 13

Particulate copper ug/L Inlet 7.30 8.46 5.60 13 No —0.385 0.650
ug/L Outlet 9.00 9.75 7.53 13

Dissolved lead ug/L Inlet 0.43 0.52 0.46 13 No 0.700 0.758
ug/L Outlet 0.44 0.65 0.65 13

Total lead ug/L Inlet 14.3 15.8 10.8 13 Yes 85 0.002
pg/L Outlet 11.0 10.8 5.70 13

Particulate lead ug/L Inlet 13.7 15.3 10.7 13 Yes 87 0.001
ug/L Outlet 10.8 10.2 5.90 13

Dissolved nickel ug/L Inlet 3.23 3.71 2.20 13 No 50 0.393
ng/L Outlet 3.13 3.56 2.31 13

Total nickel ug/L Inlet 6.17 6.20 2.96 13 Yes 1.713 0.043
ug/L Outlet 4.00 5.17 2.80 13

Particulate nickel ug/L Inlet 2.32 2.51 1.89 13 No 26 0.916
ug/L Outlet 1.73 1.64 0.97 13

Dissolved zinc ug/L Inlet 32.6 50.3 35.6 13 Yes 74 0.024
ug/L Outlet 28.1 36.6 18.8 13

Total zinc ug/L Inlet 128 116 53.5 13 Yes 2418 0.008
ug/L Outlet 77.0 95.3 48.8 13

Particulate Zinc ug/L Inlet 60.0 65.9 40.3 13 No 56 0.249
ug/L Outlet 52.9 58.7 46.0 13

Total Kjeldahl nitrogen mg/L Inlet 1.70 2.31 1.54 13 No 1.644 0.511
mg/L Outlet 1.30 2.00 1.46 13

Total phosphorus mg/L Inlet 0.28 0.29 0.14 13 Yes 1.993 0.023
mg/L Outlet 0.19 0.22 0.11 13

Turbidity NTU Inlet 21.0 249 15.6 13 No 1.328 0.092
NTU Outlet 22.0 21.8 122 13

Total organic carbon ~ mg/L Inlet 38.0 30.3 16.1 13 No 0.839 0.201
mg/L Outlet 17.7 24.7 14.8 13

Total suspended solids mg/L Inlet 46.0 65.0 55.0 13 Yes 2.174 0.015
as residue mg/L Outlet 32.0 37.5 21.3 13

Biochemical oxygen = mg/L Inlet 15.2 25.8 25.1 13 No 15 0.987
demand mg/L Outlet 20.5 33.0 27.4 13

Chemical oxygen mg/L Inlet 120 108 53.0 13 No 1.307 0.096
demand mg/L Outlet 80.0 100 52.0 13

Enterococci col/100 mL Inlet 1,190 3,930 4,630 12 No 30 0.765
col/100 mL Outlet 3,550 6,780 8,440 12

Escherichia coli col/100 mL Inlet 820 2,710 5,830 11 No 12 0.973
col/100 mL Outlet 1,100 5,210 9,570 11

Suspended sediment  percent Inlet 58.0 58.5 26.9 13 2Yes 2.944 0.002
finer than sand percent Outlet 93.5 89.9 11.2 13

Suspended sediment ~ mg/L Inlet 92.0 264 641 13 Yes 78 0.000
mg/L Outlet 45.0 45.0 26.6 13

Oil and grease mg/L Inlet 8.00 7.69 4.02 13 Yes 2.370 0.009
mg/L Outlet 4.00 442 2.76 13

! Probability that the input and output concentrations are the same versus the probability that the concentration is greater in the input than in the output.

2 One-sided test to see if the percentage of suspended sediment finer than 63 microns is greater in the output than in the input.
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gram, were lead, zinc, copper, nickel, and cadmium (fig. 8).
The retention and mobility characteristics of these metals in
fine-grained sediment are well known (Ellis and Revitt, 1982;
McBride, 1989; Stumm and Morgan, 1996; Burton and others,
2005; Morrison and Benoit, 2005; Knox and others, 2006).
Preferential adsorption by the metals to amorphous oxides and
organic carbon instead of adsorption to clays may explain their
persistence in the coarser grained sediment retained by BMP1.

Event-mean loads for individual storm events were
computed for inlet and outlet waters. Stormwater reaching
the inlet of BMP1 had SSC loads that ranged several orders
of magnitude from 0.57 to 137 kg/event (median of 6.58 kg/
event) (fig. 9; table 6). Stormwater leaving the outlet of BMP1
had SSC loads ranging from 0.42 to 6.99 kg/event (median of
3.18 kg/event).

The SSC loads were statistically different between inlet
and outlet waters (V-statistic, 55; p-value = 0.0010; table 6),
and some reduction in SSC was observed for individual storm
events. Computation of that reduction indicated that BMP1,
on average for the sampled storm events, reduced SSC loads
from stormwater by 17.5 +/- 12.8 kg/event, or an average of
50.7 +/- 7.09 percent (fig. 10; Appendix D-1). Cumulatively,
BMPI1 received more than 209 kilograms (kg) of suspended sed-
iment during the sampled storm events from 2005 to 2006. Of
that 209 kg, BMP1 was able to remove 175 kg (Appendix D-2).

SSC was not correlated significantly with hydrologic
variables, such as rainfall, rainfall intensity, or stormflow.
Particulate forms of the trace metals were correlated with SSC,

however, indicating that particulate metals had similar trans-
port as suspended sediment through the structural BMP.

0il and Grease

BMP1 was designed to remove floatable substances,
such as oil and grease, including petroleum compounds com-
monly deposited on parking lots and road surfaces by vehicles.
Because oil and grease tend to float on top of water, sampling
for oil and grease required collection at the water surface of
the inlet and outlet waters. The sampling port of the automated
sampler was not set near the water surface, so the automated
sampler was unable to perform this type of sampling. To
ensure a representative sample, oil and grease samples were
collected as grab samples (rather than composites) from the
inlet and outlet waters on the rising limb of the stormflow
hydrograph. Therefore, the oil and grease concentrations dis-
cussed in this report are not representative of an EMC, but are
representative of “first flush” concentrations.

Oil and grease concentrations in the stormwater entering
and leaving BMP1 were frequently below the LRL of 7 mg/L
and were reported as estimated, or < 7 mg/L. A greater uncer-
tainty in the results of the statistical analysis of oil and grease
concentrations existed because of the semiquantitative nature
of the estimated values that were retained as actual values
for this study. Additionally, censored values were reported as
1.5 mg/L for the statistical analysis to represent half of the
LT-MDL of 3 mg/L (Appendix B).
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Table 6. Summary statistics describing the comparison among event-mean loads in inlet and outlet waters of best management
practice 1 (BMP1), Beaufort County, South Carolina, 2005-2006.

[>, greater than; g/event; grams per event; kg/event, kilograms per event]

Comparison among
event-mean loads in

Wilcoxon signed-rank test

Constituent Units Location Median Mean Sta'.'d?rd inlet and outlet waters
deviation of BMP1
Number e V-statistic Z-score REhabiliy

outlet value

Dissolved cadmium glevent  Inlet 0.003 0.004 0.002 10 Yes 1.796 0.036
g/event  Outlet 0.002 0.003 0.003 10

Total cadmium glevent  Inlet 0.01 0.02 0.01 10 Yes 1.786 0.037
glevent  Outlet 0.01 0.01 0.01 10

Particulate cadmium  g/event  Inlet 0.01 0.01 0.01 10 No 38 0.161
g/levent  Outlet 0.01 0.01 0.01 10

Dissolved copper glevent  Inlet 0.36 0.49 0.35 10 Yes 50 0.010
glevent  Outlet 0.29 0.39 0.32 10

Total copper glevent  Inlet 1.09 1.09 0.62 10 No 40 0.116
g/event  Outlet 0.91 0.98 0.61 10

Particulate copper glevent  Inlet 0.63 0.6 0.49 10 No 27 0.539
glevent  Outlet 0.49 0.59 0.38 10

Dissolved lead glevent  Inlet 0.02 0.02 0.01 10 No 0 1.000
g/event  Outlet 0.02 0.02 0.02 10

Total lead g/event  Inlet 0.92 1.04 0.83 10 Yes 46 0.032
glevent  Outlet 0.61 0.75 0.57 10

Particulate lead glevent  Inlet 0.90 1.02 0.82 10 Yes 46 0.032
glevent  Outlet 0.59 0.72 0.57 10

Dissolved nickel glevent  Inlet 0.17 0.16 0.09 10 No 22 0.722
glevent  Outlet 0.16 0.17 0.1 10

Total nickel g/event  Inlet 0.34 0.33 0.19 10 No 0.868 0.193
glevent  Outlet 0.29 0.28 0.15 10

Particulate nickel g/event  Inlet 0.12 0.17 0.16 10 Yes 1.684 0.046
glevent  Outlet 0.1 0.12 0.11 10

Dissolved zinc glevent  Inlet 2.14 2.18 1.37 10 No 26 0.577
g/event  Outlet 1.73 2.13 1.58 10

Total zinc glevent  Inlet 6.21 6.77 4.5 10 Yes 55 0.001
g/levent  Outlet 4.20 5.89 4.13 10

Particulate zinc glevent  Inlet 4.43 4.59 3.68 10 No 36 0.216
glevent  Outlet 2.74 3.77 3.08 10

Total ammonia plus kg/event Inlet 0.11 0.12 0.08 10 No 1.258 0.101
organic nitrogen kg/event Outlet 0.09 0.1 0.06 10

Total phosphorus kg/event Inlet 0.01 0.02 0.01 10 Yes 46 0.032
kg/event Outlet 0.01 0.01 0.01 10

Total organic carbon  kg/event Inlet 1.22 1.58 1.38 10 No 24 0.652
kg/event Outlet 1.22 1.22 0.64 10

Total suspended solids kg/event Inlet 3.76 5.58 5.61 10 No 1.582 0.057
as residue kg/event Outlet 1.36 2.85 2.59 10

Biochemical oxygen  kg/event Inlet 0.74 1.34 1.33 10 No 11 0.958
demand kg/event Outlet 1.23 2.03 1.75 10

Chemical oxygen kg/event Inlet 5.32 5.16 2.5 10 No 0.667 0.252
demand kg/event Outlet 4.97 5.47 3.22 10

Suspended sediment  kg/event Inlet 6.58 20.9 41.7 10 Yes 55 0.001
kg/event Outlet 3.18 3.37 2.77 10

Oil and grease kg/event Inlet 0.51 0.58 0.49 10 Yes 1.786 0.037
kg/event Outlet 0.15 0.22 0.19 10

! Probability that the hypothesis that the input and output concentrations are the same versus the alternative one-sided hypothesis that the concentration is
greater in the input than the output.
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For the period of study, stormwater in the inlet of BMP1
had a median oil and grease concentration of 8.00 mg/L and
a concentration range of < 7 to 15 mg/L (fig. 11; table 5).

Oil and grease concentrations in the stormwater in the out-
let of BMP1 were reduced significantly (Z-score = 2.3696,
p-value = 0.0089) from the inlet, such that more than 75 per-
cent of the oil and grease concentrations were less than the
LRL of 7 mg/L (fig. 11). Consequently, outlet water had

a median oil and grease concentration of <7 mg/L. These
results indicated that BMP1 was efficient at reducing oil and
grease concentrations from greater than quantifiable levels to
less than the LRL.
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Figure 11. 0Oil and grease (A) concentrations in grab
samples and (B)loads at best management practice 1
at U.S. Highway 21 near Beaufort, S.C., 2005-2006.

Grab samples also were collected periodically for
analysis for polycylic aromatic hydrocarbons (PAHs). The
PAH concentrations represent a group of organic compounds
derived from the combustion of fuels and leaching of asphalt.
The oil and grease concentrations include the PAHs as a
component of all compounds derived from oil and grease. The
concentration of all uncensored individual PAH concentra-
tions were summed to provide the total PAH concentration for
the inlet and outlet water at BMP1 (table 7; Appendix C). The
total PAH concentration in stormwater entering the inlet of
BMP1 ranged from 0.06 to 1.78 ug/L; the amount leaving the
outlet ranged from O to 1.07 pg/L. The maximum total PAH
concentration in the inlet water and the high oil and grease
concentration of 8 mg/L occurred during the same storm event.
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Table 7.

Comparison of oil and grease concentrations and total polycyclic aromatic

hydrocarbon concentrations in the water from selected storms at best management
practice 1, Beaufort County, South Carolina, 2006.

[mg/L, milligrams per liter; pg/L, micrograms per liter; —, no sample collected]
Date Oil and grease  Oil and grease Total PAH Total PAH
of sample (inlet [mg/L]) (outlet [mg/L]) (inlet[pg/L]) (outlet [pg/L])
February 2, 2006 8 — 1.78 1.07
July 6, 2006 1.5 1.5 0.75 0.00
August 31, 2006 4 1.5 0.06 0.16

Oil and grease loads in the stormwater entering the inlet
of BMP1 had a median value of 0.51 kg/event and a range of
0.04 to 1.67 kg/event for the study period. The stormwater
leaving the outlet of BMP1 had oil and grease loads that were
about half those of the inlet water (median of 0.15 kg/event;
range of 0 to 0.60 kg/event; fig. 11). BMP1 was effective at
significantly reducing the oil and grease loads that entered the
BMP (Z-score = 1.7861, p-value = 0.0370). BMP1 reduced
the oil and grease loads in stormwater by an average of
0.36 +/- 0.18 kg/event or 22.9 +/- 27.9 percent (fig. 10; Appen-
dix D-1). For the sampled storm events, the cumulative load of
oil and grease entering BMP1 was 5.79 kg, of which 3.58 kg
were removed (Appendix D-2). These results indicated that
BMP1 was efficient at reducing oil and grease loads in the
stormwater entering the BMP.

Nutrients

The amount of biologically available nutrients, mainly
nitrogen and phosphorus compounds, that enters nearby
water bodies by way of stormwater can accelerate the process
of eutrophication. Eutrophication from nutrient enrichment
related to long-term contributions of nutrients to water bodies
during storm events can result in high biochemical oxygen
demand; depletion of dissolved oxygen; unpleasant taste and
odors; and nuisance, or even toxic, algal blooms in the receiv-
ing water bodies.

For the purpose of this study, removal efficiency of
nutrients by the BMPs was evaluated based on the TKN and
TP concentrations of the inlet and outlet water for each BMP.
The TKN form of nitrogen represents the particulate and dis-
solved forms of organically bound nitrogen and ammonia. The
TP form of phosphorus is the total amount of phosphate in
water, which also includes the particulate and dissolved forms.
Additionally, only a few associated nutrient enrichment con-
stituents, that including TOC, BODS, and COD, were analyzed
because of their similar behavior to TKN. The organically
bound nitrogen fraction of TKN is a part of the TOC measured
in water. The BOD; represents the amount of oxygen that is
consumed in 5 days by biological organisms that are actively
degrading organically bound nitrogen and TOC in a body
of water. However, BOD, does not include the oxidation of

ammonia in the TKN to nitrate or nitrite, which is a process
that also consumes oxygen. The COD represents the amount
of oxygen consumed by all processes (biological and chemi-
cal) that consume oxygen, including decay of organic matter
and oxidation of ammonia.

Stormwater entering the inlet of BMP1 had nutrient
EMC:s similar to the stormwater leaving the outlet of BMP1
(fig. 12). Inlet water had a median TKN concentration of
1.70 mg/L and a median TP concentration of 0.28 mg/L
(fig. 12; table 5). Outlet water had median TKN and TP
concentrations of 1.30 and 0.19 mg/L, respectively, that were
reduced only slightly from the inlet water. Not only were
median values similar; ranges in the TKN and TP concen-
trations in the inlet and outlet waters also had considerable
overlap. The differences in TKN concentrations in the inlet
and outlet waters at BMP1 were not statistically significant
(Z-score = 1.6438, p-value = 0.5107). The differences in TP
concentrations in the inlet and outlet waters at BMP1 were
statistically significant (Z-score = 1.9930, p-value = 0.0231).
This finding indicated that BMP1 was not efficient at reducing
TKN concentrations, but was able to reduce TP concentrations
in stormwater.

Median EMCs for TOC, BODS, and COD in the stormwa-
ter entering the inlet in BMP1 were 38.0, 15.2, and 120 mg/L,
respectively (table 5). The much higher COD in comparison
to BOD; indicates that organic decay processes were playing
less of a role in oxygen consumption than other biological
and chemical processes. Median EMCs for TOC, BOD,, and
COD in the stormwater leaving the outlet of BMP1 were 17.7,
20.5, and 80.0 mg/L, respectively. Although there appeared
to be a reduction in median EMCs for TOC and COD and a
small increase in EMCs for BOD, between inlet and outlet
waters of BMP1, no statistical change in concentrations were
determined (for TOC, Z-score = 0.8389 and p-value = 0.2008;
for BOD5 , V-statistic = 15 and p-value = 0.9867; for COD,
Z-score = 1.3065 and p-value= 0.0957). This finding indicates
that BMP1 was not reducing EMCs for TOC, BODS, and COD
1n stormwater.

A great amount of overlap also was observed for the TKIN
loads entering and leaving BMP1; the inlet and outlet water
had similar median TKN loads of 0.11 and 0.09 kg/event,
respectively (fig. 13). Median TP loads for the inlet and outlet
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Figure 12. Event-mean concentrations of (A)total
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management practice 1 at U.S. Highway 21 near
Beaufort, S.C., 2005-2006.
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water were identical (0.01 kg/event); however, the range in 0.025 ‘
TP loads for the outlet water appeared slightly reduced when [ {Mean plus one standard

compared to the inlet water. The TKN loads for BMP1 were Voo
not statistically different between inlet and outlet water for

this study (table 6; Z-score = 1.2578; p-value = 0.1010). The
TP loads were statistically different between inlet and outlet
for this study (V-statistic = 46; p-value = 0.0322). This finding
indicated that BMP1 was not efficient at reducing TKN loads,
but was efficient in reducing TP loads in stormwater.

Median TOC, BODS, and COD loads in the stormwater
entering the inlet in BMP1 were 1.22, 0.74, and 5.32 kg/event,
respectively (table 6). Median TOC, BODS, and COD loads in
the stormwater leaving the outlet of BMP1 were 1.22, 1.23,
and 4.97 kg/event, respectively. No statistical difference in
TOC, BOD,, and COD loads between inlet and outlet waters
for BMP1 were identified (for TOC, V-statistic = 24, p-value
=0.6523; for BOD,, V-statistic = 11, p-value = 0.9580; and I
for COD, Z-score = 0.6669, p-value = 0.2524). This indicated H {
that BMP1 was not reducing TOC, BOD,, and COD loads 0 ]
1n stormwater.

For the sampled storm events during 2005 and 2006,

Mean minus one standard

002 deviation

0.015 -

AVERAGE AMOUNT OF NUTRIENTS REMOVED,
IN KILOGRAMS PER EVENT
o

0.005

TOTAL KJELDAHL NITROGEN TOTAL PHOSPHORUS

the average amount of TKN load that was reduced by BMP1 %
was 0.01 +/- 0.01 kg/event, or about 8.6 +/- 6 percent (fig. 14;
Appendix D-1). The TP loads were reduced an average of
0.001 kg/event, or about 12.3 percent. Cumulatively for the
sampled storm events, BMP1 received 1.17 kg of TKN load
and removed only 0.15 kg, which further indicated poor per-
formance of BMP1 for reducing nutrient loads in stormwater
(Appendix D-2). BMP1 had cumulative TP loads entering

its inlet of 0.16 kg and was able to remove only 0.03 kg of
that load.

In relation to environmental and chemical factors, EMCs
for TKN and TP entering and leaving BMP1 were correlated
significantly with hydrologic variables of rainfall intensity
and mean stormflow. EMCs for TOC, COD, and BOD5 are
commonly associated with each other, and TOC and COD
were correlated with EMCs for TKN in the stormwater enter-
ing the inlet and leaving outlet of BMP1. However, EMCs
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AVERAGE PERCENTAGE OF NUTRIENTS REMOVED
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for TP were correlated only with COD in the inlet waters but 0
correlated significantly with TOC, COD, and BOD, in the TOTAL KJELDAHL NITROGEN TOTAL PHOSPHORUS
outlet water. Additionally, most dissolved and total forms of

the trace metals were correlated with TKN and TP, suggest- Figure 14.  Average amounts and percentages of total
ing nutrients had similar transport as organic carbon and other Kjeldahl nitrogen and total phosphorus removed by

oxygen-consuming compounds and trace metals through the best management practice 1 at U.S. Highway 21 near
structural BMP. Beaufort, S.C., 2005-2006.



Indicator Bacteria

Indicator bacteria are types of bacteria not normally
found in high numbers in oceans, rivers, or creeks, but always
found in guts of warm-blooded animals, including humans.
The presence of indicator bacteria signifies that other disease-
causing or pathogenic organisms also may be present. Prior
to 1986, the USEPA recommended bacteria criteria based on
fecal coliforms to protect human health. In 1986, the USEPA
recommended the use of criteria based on E. coli levels for
freshwaters and enterococci levels for fresh and marine waters
rather than the use of criteria based on fecal coliform (U.S.
Environmental Protection Agency, 1986). The USEPA recom-
mended this change in the use of bacteria indicator organisms
because the USEPA studies demonstrated that E. coli and
enterococci are better predictors of the presence of gastrointes-
tinal 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).
For evaluation of water quality, the SCDHEC uses fecal coli-
form as freshwater indicator bacteria, with an exceedence cri-
terion of 400 col/100 mL in 10 percent of samples (South Car-
olina Department of Health and Environmental Control, 2004).
The SCDHEC uses enterococci as saltwater indicator bacteria,
with a single-sample maximum criterion of 104 col/100 mL.
The recommended criterion established by the USEPA for
E. coli is 235 col/100 mL. For the purpose of this report, only
enterococci and E. coli concentrations are discussed.

The ability of each BMP to reduce fecal indictor bacteria
in stormwater was analyzed during this study. The potential
for reduction exists because most fecal indicator bacteria are
sessile or are attached to surfaces, including sediment surfaces,
within the environment (Desmarais and others, 2002); if the
BMP reduced the suspended sediment load, then bacteria
concentrations would also be reduced. However, the study was
limited by the fact that the grab samples collected for bacterial
analysis were not representative of the entire storm hydro-
graph, but only of the first flush response.

BMPs potentially serve as repositories for fecal indicator
bacteria. Research has indicated that E. coli and enterococci
can survive for several days in aquatic sediment in situ sug-
gesting that fecal indicator bacteria in water may not always
indicate recent fecal contamination of that water but rather
re-suspension of viable sediment-bound bacteria (LaLiberte
and Grimes, 1982; Byappanahalli and others, 2003; Francy
and others, 2003; Ferguson and others, 2004; Cinotto, 2005).
Environmental conditions present in tidally influenced sedi-
ments, such as are present at the Beaufort County BMP sites,
have been reported to help support elevated levels of enteric
bacteria (Desmarais and others, 2002). One study reported
that fecal indicator bacteria can survive in bed sediments of
streams and lakes for up to 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 identi-
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fied impervious surfaces as influencing bacterial contamina-
tion, primarily in sediments at or near storm-sewer outfalls
(although elevated bacterial concentrations were not present in
the storm sewer itself) (Cinotto, 2005).

The E. coli and enterococci concentrations in samples
collected from stormwater entering and leaving BMP1 were
not correlated in the inlet and outlet waters for the period
of study (inlet: rho = —0.16364, p-value = 0.6515; outlet:
rho = -0.21885, p-value = 0.5430). However, both fecal
indicator bacteria ranged more than 4 orders of magnitude in
concentrations during the study period. Median concentra-
tions of 820 and 1,190 col/100 mL for E. coli and enterococci,
respectively, for inlet water and 1,100 and 3,550 col/100 mL,
respectively, for outlet water indicated an overall increase in
fecal indicator bacterial concentrations (table 5; fig. 15). How-
ever, statistical tests of the E. coli and enterococci concentra-
tions between inlet and outlet water indicated no significant
change in these concentrations (p-values = 0.9731 and 0.7651,
respectively; table 5).

Significant negative relations between E. coli and peak
stormwater discharge and rainfall intensity (rho = -0.71667,
p-value = 0.0298 and rho = —0.64545, p-value = 0.0320,
respectively) were determined for the stormwater entering
BMP1, indicating decreasing bacterial concentrations at higher
flows (dilution effect). Enterococci concentrations had no
significant correlation with hydrologic variables, but did have
a correlation with BOD (rho = 0.67133, p-value = 0.0168).
Therefore, the potential for the accumulated sediment and
organic matter in the bottom of the BMP devices to serve as
an additional source (in addition to the stormwater represented
in the inlet water) of bacteria during storm events existed.
That survival or growth, and then the re-suspension process,
of enterococci and E. coli bacteria could have explained outlet
water concentrations that were equal to or higher than inlet
water concentrations.

Sediment samples removed from BMP1 during clean-
out periods were analyzed for viable colonies of enterococci
and E. coli in May 2006 (E. coli only) and in October 2005
and 2006. Enterococci concentrations were highly variable
at 14,100 and 250 colonies per 100 grams of sediment in
October 2005 and 2006, respectively (fig. 16). Although the
sediment data were limited, no strong pattern between sedi-
ment and water concentrations was observed for enterococci,
such that higher concentrations in sediment did not reflect
higher concentrations in water. The E. coli concentrations
were slightly less variable than enterococci concentrations,
ranging from 98 to 3,900 colonies per 100 milligrams of sedi-
ment (fig. 17).

Enterococci concentrations in all but one inlet water
sample were above the SCDHEC single sample maximum cri-
terion of 104 col/100 mL (fig. 16). Similarly, all but three inlet
water samples were above the USEPA recommended single
sample criterion of 235 col/100 mL for E. coli (fig. 17).
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Figure 15. Concentrations of (A) Escherichia coli
and (B) enterococciin grab samples collected from
best management practice 1 at U.S. Highway 21 near
Beaufort, S.C., 2005-2006.
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Figure 16. Time-series plots of enterococci
concentrations in sediment and stormwater at best
management practice 1 at U.S. Highway 21 near
Beaufort, S.C., 2005-2006. [SCDHEC, South Carolina
Department of Health and Environmental Control]
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management practice 1 at U.S. Highway 21 near
Beaufort, S.C., 2005-2006. [USEPA, U.S. Environmental

Protection Agency]
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Metals

Inlet and outlet water samples were analyzed for total and
dissolved metal concentrations. Concentrations of particulate
forms of the metals were computed by subtracting dissolved
metal concentrations from the total concentrations. It should
be noted that traditional analytical methods used to deter-
mine dissolved metal concentrations used 0.45-micron filters
to separate dissolved and particulate phases. Based on this
operational definition, dissolved metal concentrations reported
in this study included colloidal-sized particles. Colloids are
generally defined as particles with diameters between 0.001
to 10 microns (Stumm and Morgan, 1996). Therefore, the
dissolved metals concentrations include metals in solution
and any metals attached to colloidal-sized particles less than
0.45 micron. The particulate metal concentration represents
the remaining fraction and does not distinguish between the
fraction of metals adsorbed to a mineral particle surface and
the fraction that is part of an actual mineral structure.

The total metal concentrations in the inlet and outlet
waters were compared to existing criteria to provide a rela-
tive screening tool. Acute and chronic aquatic-life criteria
have been established for metal concentrations by the USEPA
and adopted by the SCDHEC for receiving waters (South
Carolina Department of Health and Environmental Control,
2004; U.S. Environmental Protection Agency, 2006). Criteria
established by the USEPA 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. That is, a relation was established linking the criteria
concentrations with water hardness. These hardness-dependent
criteria represented combined effects of different water-quality
variables such as pH and alkalinity that tend to be correlated
with hardness. Two criterion levels exist for metals: crite-
ria maximum concentration (CMC) and criteria continuous
concentration (CCC; table 8). Both levels of criteria are dif-
ferent for freshwater and saltwater. The median hardness for

Table 8. Freshwater and saltwater aquatic-life criteria.

[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. Total Total Total Total Total
water-quality . . X
L cadmium copper lead nickel zinc
criterion
Freshwater aquatic-life criteria
CMC 0.53 3.8 14 150 75
CCC 0.10 2.9 0.54 16 8.3
Saltwater aquatic-life criteria
CMC 43 5.8 220 37 95

CcCcC 9.3 3.7 8.5 37 86
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all samples collected at all four BMPs was 25 mg/L, and the
computed CMC for that hardness was used for the “screening
level” for freshwater and saltwater aquatic life. The freshwater
CMC was selected because stormwater contributions of metals
to receiving water represented more of an acute or maximum
contribution than the CCC for freshwater.

Concentration ranges of the targeted trace metals in the
stormwater entering the inlet of BMP1 varied by 4 orders of
magnitude (figs. 18-20), and are listed in order of increas-
ing concentration: total cadmium (median, 0.32 pg/L), total
nickel (median, 6.17 pg/L), total lead (median, 14.3 pg/L),
total copper (median, 19.8 pug/L), and total zinc (median,

128 pg/L). Concentration ranges of the targeted trace metals in
the stormwater leaving the outlet of BMP1 varied by 3 orders

of magnitude, but were in the same order of increasing con-
centration: total cadmium (median, 0.17 pg/L), total nickel
(median, 4 pg/L), total lead (median, 11 pug/L), total copper
(median, 13.5 pg/L), and total zinc (median, 77 pg/L). Lead
was mostly in the particulate form in inlet and outlet water
samples (fig. 19). Cadmium was mainly in particulate forms
of the metal, especially in the outlet water (fig. 18). In general,
copper, nickel, and zinc were distributed fairly evenly between
particulate and dissolved forms.

Total cadmium and nickel EMCs in the stormwater enter-
ing the inlet and leaving the outlet of BMP1 were well below
the SCDHEC-established CMCs for freshwater aquatic life
(table 8; figs. 18 and 19). However, the reverse was true for
total copper; all copper EMCs in the inlet and outlet waters
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Figure 18. Event-mean concentrations of total (A) cadmium and (B) copper; particulate (C) cadmium

and (D) copper; and dissolved (E) cadmium and (F) copper at best management practice 1 at U.S.
Highway 21 near Beaufort, S.C., 2005-2006. [SCDHEC, South Carolina Department of Health and
Environmental Control; CCC, criteria continuous concentration; CMC, criteria maximum concentration]



of BMP1 were greater than the freshwater CMC of 3.8 ug/L
(table 8; fig. 18). For total lead EMCs in the stormwater,
about 50 percent of the EMCs entering the inlet of BMP1
were greater than the SCDHEC-established CMC for fresh-
water aquatic life of 14 pg/L (fig. 19). However, less than
25 percent of the samples were greater than 14 pug/L in the
stormwater leaving BMP1. Similarly, more than 75 percent of
total zinc EMCs entering the inlet of BMP1 were greater than
the SCDHEC-established CMC for freshwater aquatic life
(75 pg/L); about 50 percent of the total EMCs leaving BMP1
were greater than the CMC (table 8; fig. 20).

The trace-metal loads had a similar pattern to that of the
trace-metal concentrations (figs. 21-23) indicating no overall
changes in trace-metal loads between inlet and outlet waters.
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Inlet loads were: total cadmium (median, 0.01 g/event),

total nickel (median, 0.34 g/event), total copper (median,

1.09 g/event), total lead (median, 0.92 g/event), and total

zinc (median, 6.21 g/event; table 6). Outlet loads were:

total cadmium (median, 0.01 g/event), total nickel (median,
0.29 g/event), total lead (median, 0.61 g/event), total copper
(median, 0.91 g/event), and total zinc (median, 4.20 g/event).
The statistical analysis indicated total and dissolved cadmium
loads (Z-scores = 1.7861 and 1.7955, respectively; p-values
=0.0370 and 0.0363, respectively), total and particulate lead
loads (V-statistics = 46 and 46, respectively; p-values = 0.0322
and 0.0322, respectively), dissolved copper loads (V-statistic
= 50; p-value = 0.0098), and particulate nickel loads (Z-score
= 1.6840; p-value = 0.0461) for BMP1 were statistically
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Figure 19. Event-mean concentrations of total (A)lead and (B) nickel; particulate (C)lead and

(D) nickel; and dissolved (E) lead and (F) nickel at best management practice 1 at U.S. Highway 21
near Beaufort, S.C., 2005-2006. [SCDHEC, South Carolina Department of Health and Environmental
Control; CCC, criteria continuous concentration; CMC, criteria maximum concentration]
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South Carolina Department of Health
and Environmental Control; CCC, criteria
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different between inlet and outlet water for this study. These
findings indicated that BMP1 was efficient at reducing trace-
metal loads in stormwater.

Significant changes in trace-metal concentrations
between inlet and outlet waters were identified (table 5;
fig. 24). Total cadmium concentrations were significantly
reduced in the outlet water (p-value = 0.0025). Total and
dissolved copper concentrations (p-scores, 0.0048 and
0.0009, respectively), total and particulate lead concentra-
tions (p-scores, 0.0017 and 0.0009, respectively), total nickel
concentrations (p-score, 0.0433) and total and dissolved zinc
concentrations (p-scores, 0.0078 and 0.0239, respectively)
for BMP1 were statistically different between inlet and outlet
water for this study. These findings indicated that BMP1 was
efficient at reducing trace-metal concentrations in stormwater.

For the sampled storm events, the average amount of
trace-metal load that was reduced by BMP1 during the storm
events sampled for this study were, in order from least to
greatest loads: total cadmium (0.003 +/- 0.002 g/event),
total nickel (0.05 +/- 0.04 g/event), total copper (0.11
+/- 0.07 g/event), total lead (0.29 +/- 0.17 g/event), and total
zinc (0.87 +/- 0.56 g/event; fig. 24; Appendix D-1). The
average percentages of trace-metal concentrations and loads
removed by BMP1 were similar and are listed in order of
least to greatest: total nickel (6.36 +/- 6.35 percent), total zinc
(6.77 +/- 7.49 percent), total copper (8.79 +/- 5.18 percent),
total cadmium (13.1 +/- 6.19 percent), and total lead
(15.8 +/- 7.52 percent). Except for copper, the particulate
form of each of the trace metals appeared to have greater
reductions in load than in the dissolved form. For the sampled
storm events at BMP1, stormwater entering the BMP had the
following cumulative loads: 0.16 g of total cadmium, of which
0.03 g were removed; 3.32 g of total nickel, of which 0.48 g
were removed; 10.9 g of total copper, of which 1.13 g were
removed; 10.5 g of total lead, of which 2.96 g were removed;
and 67.7 g of total zinc, of which 8.72 g were removed by
BMP1 (Appendix D-2).

As mentioned previously, trace-metal concentrations
were measured in the retained coarser-grained sediment and
were lead, zinc, copper, nickel, and cadmium, in order from
greatest to least concentration (fig. 8). Similar retention or
mobility characteristics of these metals in sediment have been
previously reported (Ellis and Revitt, 1982; McBride, 1989;
Stumm and Morgan, 1996; Burton and others, 2005; Morrison
and Benoit, 2005; Knox and others, 2006). The trace-metal
loads removed between the inlet and outlet water of BMP1
were: zinc, lead, copper, nickel, and cadmium in order from
greatest to least.
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Figure 21. Event-mean loads of total (A) cadmium and (B) copper; particulate
(C) cadmium and (D) copper; and dissolved (E) cadmium and (F) copper at best
management practice 1 at U.S. Highway 21 near Beaufort, S.C., 2005-2006.
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Figure 22. Event-mean loads of total (A)lead and (B) nickel; particulate (C)lead and
(D) nickel; and dissolved (E)lead and (F) nickel at best management practice 1 at
U.S. Highway 21 near Beaufort, S.C., 2005-2006.
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Highway 21 near Beaufort, S.C., 2005-2006.
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Figure 24. Average amounts and percentages of
event-mean loads of selected trace metals removed
by best management practice 1 at U.S. Highway 21
near Beaufort, S.C., 2005-2006.
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BMP2 Performance Assessment

BMP2 is located along the southbound lane of U.S.
Highway 21 near the Woods Memorial Bridge in Beaufort,
S.C. (fig. 2). The drainage area for this BMP is 1.11 acres,
with a curb and gutter system for highway runoff (table 1). For
BMP2, stormwater and contaminants enter the system and are
introduced tangentially inside the separation screen forming a
vortex. Flows in excess of the BMP treatment capacity bypass
the screen chamber. Floating debris and suspended solids are
diverted to the center of the vortex. Negatively buoyant solids
settle out to an undisturbed sump chamber below, while the
water passes counter-currently through the separation screen.
Floating debris remains at the water surface trapped within the
screen (CDS, 2008).

The event-mean concentrations and loads of the follow-
ing water-quality constituents are summarized in this section
for BMP2: (1) SSC and TSS; (2) oil and grease; (3) bacteria;
(4) nutrients (TKN and TP); and (5) metals. As described
earlier, the design of BMP2 is conducive for the removal of
suspended sediments and oil and grease; however, removal of
the total and particulate forms of other water-quality constitu-
ents also were considered in this assessment.

Suspended Sediment, Total Suspended Solids,
and Sediment

Analytical methods to determine SSC and TSS were used
to quantify concentrations of suspended organic and inorganic
particles in surface waters. A monotonic correlation between
TSS and SSC in the inlet and outlet waters at BMP2 was
statistically significant (rho = 0.66900, p-value = 0.0174; and
rho = 0.72353, p-value = 0.0118, respectively), but not one-
to-one as would be expected for measurements of suspended
particles. Comparison of the SSC and TSS concentrations
from the BMP2 sampling events demonstrated a positive bias
for the range in SSC concentrations, with the exception of one
measurement (fig. 25). The greatest difference was observed at
the maximum inlet SSC concentration of 6,550 mg/L that had
a corresponding TSS concentration of only 1,160 mg/L. Fur-
ther evaluation of grain size indicated the bias between SSC
and TSS concentrations tended to increase as the percentage of
the sediment finer than 63 microns (finer than sand) decreased
below 20 percent.

This bias is important to note because different statistical
findings were identified between TSS and SSC when com-
parisons were made among other constituents and between
inlet and outlet waters. Because the SSC analytical method is
reported to produce more reliable results than the TSS method
(Gray and others, 2000), statistical findings based on SSC
results are considered more indicative of the BMP perfor-
mance. However, because the TSS method is often the method
adopted for regulatory monitoring, statistical findings based on
TSS results also are discussed.

Event-mean concentrations of SSC in the inlet water of
BMP2 ranged from 22 to 6,550 mg/L, with a median value
of 92.5 mg/L (fig. 26, table 9, Appendix C). The SSC EMCs
in the outlet water were an order of magnitude lower and
less variable than in the inlet water (11 to 109 mg/L), with
a median of 38 mg/L (fig. 26, table 9). Suspended-sediment
EMCs were reduced significantly by BMP2 in the outlet water
as compared to the inlet water during the period of study
(table 9; V-statistic = 66, p-value = 0.0005). This statistical
finding indicated that BMP2 performed efficiently at reducing
EMCs for SSC in stormwater.

Median EMCs of TSS of 76.0 and 35.0 mg/L for inlet
and outlet water, respectively, were less than the median SSC
concentrations for BMP2 (fig. 27, table 9). The less variable
EMC:s for TSS also were significantly different between inlet
and outlet waters (Z-score = 2.6785, p-value = 0.0037), which
reproduced the same findings as SSC on the efficiency of
BMP2 at removing suspended particles.

For BMP2, turbidity was identified as a potential sur-
rogate for SSC. The event-mean turbidity values were cor-
related positively with EMCs for SSC for the period of
study for water entering the inlet (rtho = 0.72727, p-value
=0.0074), but not for water leaving the outlet (rho = 0.25513,
p-value = 0.4490). Turbidity was not correlated to EMCs for
TSS in the water entering the inlet (tho = 0.56342, p-value
= 0.0620). Although median turbidity values were similar
between inlet and outlet waters (24.0 and 21.0 NTU, respec-
tively; table 9; fig. 27), reduction in turbidity in stormwater by
BMP2 was identified for the period of study.

As observed in the BMP1 assessment, the percentage of
the suspended sediment finer than sand (grain sizes smaller
than 63 microns), such as silt and clay was highly variable in
the inlet water of BMP2, with a median of 55 percent (fig. 26,
table 9). The predominant size fraction of suspended sedi-
ment in outlet water was finer than sand (80 percent) and
significantly finer than the inlet waters (Z-score = —2.8480,
p-value = 0.0022). The change in the character of the SSC
indicated that BMP2 was more efficient at capturing the sand-
sized fractions of the suspended sediment than the silt- and
clay-sized fractions. This retention of coarser grained sediment
also could influence the lack of retention of certain nutrients
(such as phosphorus), bacteria, and trace metals (such as lead
and zinc) because of their tendency to adsorb preferentially to
the smaller sized sediment.

Examination of the grain-sized fractions of the accumu-
lated sediment within BMP2 in May 2006 further verified this
preferential retention of the larger sized fractions. None of the
sediment within BMP2 was finer than 63 microns (fig. 28),
even though 55 percent of the suspended sediment from the
inlet waters were finer than 63 microns (fig. 26). Nonetheless,
the trace metal concentrations measured in the retained coarser
grained sediment were: zinc, lead, copper, nickel, and cad-
mium, in order from greatest to least concentration (fig. 29).

Event-mean loads for individual storm events were
computed for inlet and outlet waters. Stormwater reach-
ing the inlet of BMP2 had suspended sediment loads that
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Table9. Summary statistics describing the comparison among event-mean concentrations in inlet and outlet waters of best
management practice 2 (BMP2), Beaufort County, South Carolina, 2005-2006.

[ >, greater than; pg/L, micrograms per liter; mg/L, milligrams per liter; NTU, nephelometric turbidity units; col/100 mL, colonies per 100 milliliters]

Comparison among
event-mean concen-

Standard trations in inlet and B

Constituent Units Location Median Mean deviation outlet waters of BMP2
T e
Number Infet > V-statistic Z-score Probability

outlet value

Dissolved cadmium ug/L Inlet 0.05 0.06 0.04 12 No 0.042 0.483
pg/L Outlet 0.04 0.06 0.04 12

Total cadmium ug/L Inlet 0.19 0.28 0.31 12 Yes 2.984 0.001
ug/L Outlet 0.13 0.16 0.08 12

Particulate cadmium ug/L Inlet 0.13 0.22 0.30 12 Yes 2472 0.007
ug/L Outlet 0.08 0.11 0.06 12

Dissolved copper ug/L Inlet 9.35 10.4 5.78 12 Yes 1.963 0.025
pg/L Outlet 7.45 8.23 4.79 12

Total copper ug/L Inlet 15.8 19.0 10.4 12 Yes 78 0.000
ug/L Outlet 14.0 14.8 6.25 12

Particulate copper ug/L Inlet 6.15 8.63 8.59 12 No 45 0.339
pg/L Outlet 5.25 6.55 3.58 12

Dissolved lead ug/L Inlet 0.73 0.81 0.55 12 No 0.824 0.205
pg/L Outlet 0.60 0.63 0.37 12

Total lead pg/L Inlet 14.1 18.5 19.6 12 Yes 78 0.000
ug/L Outlet 9.77 10.6 4.73 12

Particulate lead ug/L Inlet 13.4 17.7 19.7 12 Yes 77 0.001
pg/L Outlet 9.36 9.96 4.68 12

Dissolved nickel ug/L Inlet 2.09 2.50 1.55 12 No 1.496 0.933
pg/L Outlet 2.34 2.72 1.79 12

Total nickel ug/L Inlet 3.44 5.44 5.35 12 Yes 76 0.001
ug/L Outlet 2.82 3.71 1.79 12

Particulate nickel ug/L Inlet 1.67 2.93 4.73 12 Yes 78 0.000
ug/L Outlet 0.99 0.99 0.61 12

Dissolved zinc ug/L Inlet 31.5 39.8 26.8 12 No 42 0.425
pg/L Outlet 25.1 41.0 29.4 12

Total zinc ug/L Inlet 79.5 110 82.7 12 Yes 78 0.000
ug/L Outlet 535 77.8 42.9 12

Particulate zinc ug/L Inlet 49.3 69.8 75.7 12 Yes 74 0.002
ug/L Outlet 33.8 36.9 22.1 12

Total ammonia plus mg/L Inlet 1.85 2.05 1.36 12 No 0.511 0.695
organic nitrogen mg/L Outlet 1.70 2.04 1.30 12

Total phosphorus mg/L Inlet 0.34 0.51 0.56 12 No 0.788 0.216
mg/L Outlet 0.33 0.40 0.17 12

Turbidity NTU Inlet 24.0 243 10.0 12 Yes 2.358 0.009
NTU Outlet 21.0 20.3 8.00 12

Total organic carbon mg/L Inlet 30.0 29.0 14.1 12 No 0.628 0.265
mg/L Outlet 31.0 28.0 14.3 12

Total suspended solids as mg/L Inlet 76.0 162 318 12 Yes 2.679 0.004
residue mg/L Outlet 35.0 40.0 25.0 12

Biochemical oxygen mg/L Inlet 27.0 43.2 48.4 12 No 37 0.575
demand mg/L Outlet 18.0 40.0 51.0 12

Chemical oxygen demand mg/L Inlet 90.0 105 60.0 12 No —0.394 0.653
mg/L Outlet 90.0 110 55.0 12

Enterococci col/100 mL Inlet 3,870 6,440 7,900 12 0.979 0.164
col/100 mL Outlet 2,490 5,448 6,260 12

Escherichia coli col/100 mL Inlet 2,910 3,720 3,320 12 No —0.089 0.536
col/100 mL  Outlet 1,800 3,470 3,800 12

Suspended sediment finer percent Inlet 55.0 47.0 30.0 12 2Yes —2.848 0.002
than sand percent Outlet 80.0 80.0 14.0 12

Suspended sediment mg/L Inlet 92.5 700 1853 12 Yes 66 0.001
mg/L Outlet 38.0 47.0 31.0 12

Oil and grease mg/L Inlet 8.00 9.00 3.30 12 Yes 2.546 0.005
mg/L Outlet 5.00 5.33 2.30 12

! Probability that the hypothesis that the input and output concentrations are the same versus the alternative one-sided hypothesis that the concentration is
greater in the input than the output.

2 One-sided test such that the alternative hypothesis is that the percentage of suspended sediment finer than 63 micron is greater in the output than the input.
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ranged from 0.08 to 44.5 kg/event (median of 6.23 kg/event)

(fig. 30, table 10). The maximum SSC load for the inlet of

BMP2 of 44.5 kg/event was an outlier value, and the major-

ity of the sampled storms had SSC loads near the median

of 6.23 kg/event. Stormwater leaving the outlet of BMP2

had SSC loads that ranged from 0.04 to 13.7 kg/event with

a median of 1.43 kg/event. The SSC loads were statistically

different between inlet and outlet waters (V-statistic = 66,

p-value = 0.0005; table 10). This finding indicated that BMP2

was efficient at removing SSC loads in stormwater.
Computation of the average reduction of SSC loads by

BMP2 for the sampled storm events indicated SSC loads were

reduced by 8.62 +/- 3.97 kg/event, or 58.6 +/- 9.61 percent
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Figure 30. Event-mean loads of (A)suspended
sediment and (B) total suspended solids, in kilograms
per event, at best management practice 2 at

U.S. Highway 21 near Beaufort, S.C., 2005-2006.
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(fig. 31; Appendix D-1). For the storm events, a cumulative
load of 141 kg of sediment entered BMP2, and BMP2 was
able to remove 103 kg of that load (Appendix D-2).

In relation to other environmental and chemical factors,
the EMCs for SSC and TSS in the inlet of BMP2 were not
correlated significantly with hydrologic variables, such as
rainfall, rainfall intensity, or stormflow; however, the EMCs
for SSC in the outlet were correlated with rainfall intensity and
rainfall (tho = 0.71526, p-value = 0.0133 and rho = 0.71854,
p-value = 0.0127, respectively). In general, particulate and
total forms of cadmium, lead, and zinc were correlated with
SSC and TSS for the inlet and outlet of BMP2, indicating
particulate forms of most metals had similar transport as sus-
pended sediment through the structural BMP.
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Table 10. Summary statistics describing the comparison among event-mean loads in inlet and outlet waters of best management
practice 2 (BMP2), Beaufort County, South Carolina, 2005-2006.

[>, greater than; g/event; grams per event; kg/event, kilograms per event]

Comparison among
event-mean loads in

Wilcoxon signed-rank test

. . . . Standard inlet and outlet waters
Constituent Units Location Median Mean deviation of BMP2
Number e V-statistic Z-score Himbabiuly

outlet value

Dissolved cadmium glevent  Inlet 0.002 0.003 0.005 12 No -0.753 0.774
glevent  Outlet 0.002 0.003 0.004 12

Total cadmium g/event  Inlet 0.01 0.01 0.01 12 Yes 72 0.003
glevent  Outlet 0.01 0.01 0.01 12

Particulate cadmium  g/event  Inlet 0.01 0.01 0.01 12 No 1 1.000
glevent  Outlet 0.004 0.01 0.01 12

Dissolved copper glevent  Inlet 0.31 0.65 1.03 12 Yes 1.963 0.025
glevent  Outlet 0.26 0.47 0.68 12

Total copper g/event  Inlet 0.59 1.01 1.19 12 Yes 72 0.003
glevent  Outlet 0.50 0.88 1.09 12

Particulate copper glevent  Inlet 0.25 0.36 0.27 12 No 39 0.515
glevent  Outlet 0.28 0.41 0.45 12

Dissolved lead glevent  Inlet 0.02 0.05 0.06 12 No 50 0.212
glevent  Outlet 0.02 0.04 0.04 12

Total lead glevent  Inlet 0.57 0.87 0.92 12 Yes 76 0.001
glevent  Outlet 0.49 0.69 0.79 12

Particulate lead glevent  Inlet 0.54 0.82 0.86 12 Yes 75 0.001
glevent  Outlet 0.42 0.65 0.77 12

Dissolved nickel glevent  Inlet 0.09 0.14 0.18 12 No —-1.260 0.896
glevent  Outlet 0.09 0.14 0.19 12

Total nickel glevent  Inlet 0.15 0.24 0.25 12 Yes 70 0.006
glevent  Outlet 0.13 0.21 0.25 12

Particulate nickel glevent  Inlet 0.08 0.1 0.08 12 Yes 78 0.000
glevent  Outlet 0.04 0.07 0.07 12

Dissolved zinc glevent  Inlet 1.37 2.69 4.84 12 No 46 0.311
glevent  Outlet 1.45 2.38 3.89 12

Total zinc glevent  Inlet 3.81 6.06 7.83 12 Yes 78 0.000
glevent  Outlet 2.73 4.99 6.9 12

Particulate zinc glevent  Inlet 2.11 3.36 33 12 Yes 76 0.001
glevent  Outlet 1.35 2.61 3.26 12

Total ammonia plus kg/event Inlet 0.09 0.12 0.17 12 No —0.785 0.784
organic nitrogen kg/event Outlet 0.08 0.12 0.17 12

Total phosphorus kg/event Inlet 0.02 0.02 0.03 12 No 40 0.485
kg/event Outlet 0.01 0.02 0.03 12

Total organic carbon  kg/event Inlet 0.92 1.57 1.91 12 No 49 0.235
kg/event Outlet 0.95 1.52 1.94 12

Total suspended solids kg/event Inlet 3.15 4.9 4.85 12 Yes 2.441 0.007
as residue kg/event Outlet 1.01 2.89 3.97 12

Biochemical oxygen  kg/event Inlet 1.51 2.04 2.13 12 No 27 0.830
demand kg/event Outlet 0.95 2.18 3.32 12

Chemical oxygen kg/event Inlet 4.01 5.99 8.32 12 No —0.246 0.597
demand kg/event Outlet 2.98 5.66 9.02 12

Suspended sediment  kg/event Inlet 6.23 11.7 13.7 12 Yes 66 0.001
kg/event Outlet 1.43 3.39 4.19 12

Oil and grease kg/event Inlet 0.36 0.52 0.48 12 Yes 2.815 0.002
kg/event Outlet 0.24 0.29 0.21 12

! Probability that the hypothesis that the input and output concentrations are the same versus the alternative one-sided hypothesis that the concentration is

greater in the input than in the output.



0il and Grease

For the period of study, stormwater entering the inlet of
BMP2 had a median oil and grease concentration of 8.00 mg/L
and concentration range of 5 to 15 mg/L (fig. 32; table 9).

Oil and grease concentrations in the stormwater leaving the
outlet of BMP2 were reduced significantly (Z-score = 2.5460,
p-value = 0.0054) more than 75 percent of the oil and grease
concentrations were less than the LRL of 7 mg/L. Conse-
quently, outlet water had a median oil and grease concentra-
tion of 5.00 mg/L. The statistical results indicated that BMP2
was efficient at reducing oil and grease concentrations in the
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stormwater entering the BMP to levels less than the LRL of
7 mg/L in the outlet water.

The total PAH concentration in stormwater entering the
inlet and leaving the outlet of BMP2 ranged from 0.33 to
2.48 pg/L and from 0.09 to 1.88 ug/L, respectively (table 11).
Oil and grease and total PAH concentrations did not appear to
be related. The lower total inlet PAH concentrations of 0.33,
0.54, and 0.64 pg/L occurred with the higher oil and grease
concentrations of 7, 8, and 10 mg/L, respectively.

Oil and grease loads in the stormwater entering the inlet
of BMP2 had a median value of 0.36 kg/event (table 10) and a
range of 0.03 to 1.48 kg/event for the study period (fig. 32B).
The stormwater leaving the outlet of BMP2 had oil and grease
loads that were less than those of the inlet water (median of
0.24 kg/event; range of 0.01 to 0.65 kg/event). As with the
SSC and oil and grease concentrations, BMP2 was effective at
significantly reducing the oil and grease loads that entered the
BMP (Z-score = 2.8153, p-value = 0.0024).

For the sampled storm events, the average reduction
in the oil and grease loads in stormwater by BMP2 was
0.23 +/- 0.09 kg/event, or 32.4 +/- 7.94 percent (fig. 31B;
Appendix D-1). Cumulative oil and grease loads entering the
inlet of BMP2 were 6.23 kg, and load removed was 2.77 kg
(Appendix D-2).

Table 11. Comparison of oil and grease concentrations with
total polycyclic aromatic hydrocarbon (PAH) concentrations in the
water of selected storms at best management practice 2,
Beaufort County, South Carolina, 2006.

[mg/L, milligrams per liter; ug/L, micrograms per liter]

Oiland — Oiland .\ oAy Total PAH
Date grease grease .
: (inlet (outlet
of sample (inlet (outlet lng/L]) [wa/L])
[mg/L])  [mg/L])
February 2, 2006 6 6.0 2.48 1.23
July 6, 2006 5 5.0 1.88
August 31, 2006 7 5.0 0.33 0.14
September 7, 2006 5 5.0 1.13 0.95
September 19, 2006 6 4.0 0.92 1.40
October 27, 2006 10 3.5 0.64 0.35
November 7, 2006 8 3.0 0.54 0.09

INLET OUTLET

LOCATION OF SAMPLE

Figure 32. Qil and grease (A) concentrations in
grab samples and (B)loads from best management
practice 2 at U.S. Highway 21 near Beaufort, S.C.,
2005-2006.
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Nutrients

For the period of study, EMCs of TKN and TP were
correlated significantly with each other in the inlet and outlet
waters of BMP2. Stormwater entering the inlet of BMP2 had
nutrient EMCs similar to those in the stormwater leaving the
outlet of BMP2 (fig. 33). Inlet and outlet waters had similar
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Figure 33. Event-mean concentrations of (A)total

Kjeldahl nitrogen and (B)total phosphorus at best
management practice 2 at U.S. Highway 21 near
Beaufort, S.C., 2005-2006.

median EMCs for TKN (1.85 and 1.70 mg/L, respectively) and
TP (0.34 and 0.33 mg/L, respectively; table 9). Outlet water
had median TKN and TP concentrations that were reduced
only slightly from concentrations in the inlet water. Not only
were the median values similar; ranges of the TKN and TP
concentrations in the inlet and outlet waters had considerable
overlap. Significant reductions in TKN and TP concentrations
between the stormwater entering the inlet and leaving the
outlet at BMP2 were not identified by statistical tests (p-values
=0.6952 and 0.2155, respectively). These findings indicated
that BMP2 was not efficient at reducing nutrient concentra-
tions in stormwater.

Median EMCs for TOC, BODS, and COD in the stormwa-
ter entering the inlet in BMP2 were 30.0, 27.0, and 90.0 mg/L,
respectively (table 9). The much larger COD, in comparison
with BOD, indicated organic decay processes were playing
less of a role in oxygen consumption than other biological
and chemical processes. Median EMCs for TOC, BOD5, and
COD in the stormwater leaving the outlet of BMP2 were 31.0,
18.0, and 90.0 mg/L, respectively. No statistical differences
for EMCs for TOC, BODS, or COD between inlet and outlet
waters for BMP2 were identified (for TOC, Z-score = 0.6278,
p-value = 0.2651; for BODS, V-statistic = 37, p-value = 0.5750;
for COD, Z-score = —0.3937, p-value = 0.6531). This finding
indicated that BMP2 was not reducing EMCs for TOC, BODS,
and COD in stormwater.

A great amount of overlap also was observed for the TKN
loads entering and leaving BMP2; the ranges in TKN loads in
the inlet and outlet waters were nearly identical (fig. 34). The
median TKN load for the inlet of BMP2 was 0.09 kg/event,
and the median TKN load for the outlet was 0.08 kg/event.
The median TP load for the inlet of BMP2 was 0.02 kg/event,
and the median TP load for the outlet was 0.01 kg/event. The
TKN and TP loads for BMP2 were not statistically differ-
ent between inlet and outlet waters for this study (p-values,
0.7838 and 0.4849, respectively; table 10). This finding indi-
cated that BMP2 was not efficient at reducing nutrient loads
in stormwater.

Median TOC, BODS, and COD loads in the stormwater
entering the inlet in BMP2 were 0.92, 1.51, and 4.01 kg/event,
respectively (table 10). Median TOC, BODS, and COD loads
in the stormwater leaving the outlet of BMP2 were 0.95, 0.95,
and 2.98 kg/event, respectively. No statistical difference in
TOC, BODS, and COD loads between inlet and outlet waters
for BMP2 were identified (for TOC, V-statistic = 49, p-value
=0.2349; for BODS, V-statistic = 27, p-value = 0.8303; and
for COD, Z-score = —0.2460, p-value = 0.5971). This finding
indicated that BMP2 was not reducing TOC, BODS, or COD
loads in stormwater.
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Figure 34. Event-mean loads of (A)total Kjeldahl
nitrogen and (B)total phosphorus at best management
practice 2 at U.S. Highway 21 near Beaufort, S.C.,
2005-2006.

The TKN loads at BMP2 during the storm events sampled
for this study appeared to increase slightly between the inlet
and outlet waters by an average of —0.003 +/- 0.004 kg/event,
or about —3.94 +/- 3.45 percent (fig. 35; Appendix D-1). The
TP loads appeared to decrease slightly by an average of 0.001
+/- 0.001 kg/event, or about 6.15 +/- 8.58 percent. Cumula-
tively, negligible changes of —0.04 and 0.01 kg of TKN and
TP loads, respectively, leaving the respective devices were
observed for BMP2 (Appendix D-2).
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Figure 35. Average amounts and percentages of total
Kjeldahl nitrogen and total phosphorus removed by
best management practice 2 at U.S. Highway 21 near
Beaufort, S.C., 2005—2006.

In relation to environmental and chemical factors, TKN
and TP were not correlated significantly with hydrologic vari-
ables, such as rainfall intensity and mean stormflow. However,
TOC, total forms of the trace metals, and COD were correlated
with TKN and TP, suggesting that nutrients had similar fate
and transport as organics and total trace metals through the
structural BMP. Although SSC did not correlate with nutrients,
TSS and TP were significantly correlated.
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Indicator Bacteria

The E. coli and enterococci concentrations in samples
collected from stormwater entering BMP2 were not correlated
for the period of study (rho = 0.62424, p-value = 0.0537), but
were correlated for stormwater leaving BMP2 (rho = 0.71733;
p-value = 0.0195). Both fecal indicator bacteria ranged more
than 4 orders of magnitude in concentrations during the period
of study (fig. 36). Median concentrations of enterococci
of 3,870 col/100 mL for inlet water and 2,490 col/100 mL
for outlet water at BMP2 indicated an overall decrease in
fecal indicator bacterial concentrations. Median concentra-
tions of E. coli of 2,910 col/100 mL for inlet water and
1,800 col/100 mL for outlet water indicated a decrease in fecal
indicator bacterial concentrations. However, statistical tests of
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Figure 36. Concentrations of (A) Escherichia coli
and (B) enterococciin grab samples collected from
best management practice 2 at U.S. Highway 21 near
Beaufort, S.C., 2005-2006.

the E. coli and enterococci concentrations between inlet and
outlet waters indicated no significant change in these concen-
trations (p-values = 0.5355 and 0.1638, respectively; table 9).

No significant relations between E. coli and hydrologic
variables were determined for the stormwater entering BMP2.
Enterococci concentrations also had no significant correla-
tion with hydrologic variables. Several environmental factors
potentially could influence fecal indicator bacterial concen-
trations. One such factor is the accumulated sediment and
organic matter in the bottom of the BMP devices that could
serve as an additional source of bacteria in the BMP. That sur-
vival, or growth, and then re-suspension process of enterococci
and E. coli bacteria also could explain outlet water concentra-
tions that were periodically equal to or greater than the inlet
water concentrations (figs. 37 and 38).
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Figure 37. Time-series plots of enterococci
concentrations in sediment and stormwater at best
management practice 2 at U.S. Highway 21 near
Beaufort, S.C., 2005-2006. [SCDHEC, South Carolina
Department of Health and Environmental Control]
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Protection Agency]

Sediments removed from BMP2 during clean-out periods
were analyzed for viable colonies of enterococci and E. coli
during October 2005, May 2006 (E. coli only), and Novem-
ber 2006. Enterococci concentrations varied from 311 to
1,530 colonies per 100 grams of sediment for November 2006
and October 2005, respectively (fig. 37). Because the sedi-
ment data were limited, no strong pattern between sediment
and water concentrations was observed for enterococci;
higher sediment concentrations did not reflect higher water
concentrations. The E. coli concentrations were much more
variable than enterococci concentrations, ranging from 910 to
50,000 colonies per 100 grams of sediment (fig. 38). Again,
no pattern between sediment and water concentrations was
observed for E. coli.

Only one storm had stormwater entering the inlet and
leaving the outlet water at BMP2 at E. coli and enterococci
concentrations below the recommended USEPA-criterion
of 235 col/100 mL and the SCDHEC-established one-time
maximum concentration of 104 col/100 mL, respectively.
That storm occurred in April 2006, 1 month before BMP2 was
cleaned in May 2006.
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Metals

Concentration ranges of the targeted trace metals in the
stormwater entering the inlet of BMP2 varied by 3 orders of
magnitude (figs. 39—41), and are listed in order of increas-
ing concentration: total cadmium (median, 0.19 pg/L), total
nickel (median, 3.44 pg/L), total lead (median, 14.1 pg/L),
total copper (median, 15.8 pg/L), and total zinc (median,

79.5 pg/L; table 9). Concentration ranges of the targeted trace
metals in the stormwater leaving the outlet of BMP2 had
similar variabilities and were in the same order of increasing
concentration: total cadmium (median, 0.13 pg/L), total nickel
(median, 2.82 pg/L), total lead (median, 9.77 pg/L), total cop-
per (median, 14.0 ug/L), and total zinc (median, 53.5 pg/L).
Lead and cadmium were predominantly in particulate form in
both inlet and outlet water samples, and copper was mainly in
dissolved form. In general, nickel and zinc were distributed
fairly evenly between particulate and dissolved forms. These
findings are similar to the findings for BMP1.

Significant changes in trace-metal concentrations from
inlet to outlet waters were identified (table 9; fig. 42). Total
and dissolved copper concentrations (p-scores, 0.0002 and
0.0248, respectively), total and particulate lead concentra-
tions (p-scores, 0.0002 and 0.0005, respectively), total and
particulate nickel concentrations (p-scores, 0.0007 and 0.0002,
respectively), and total and particulate zinc concentrations
(p-scores, 0.0002 and 0.0017, respectively) for BMP2 were
statistically different between inlet and outlet waters for this
study. These findings indicated that BMP2 was efficient at
reducing trace-metal concentrations in stormwater.

Total cadmium and total nickel EMCs in the stormwater
entering the inlet and leaving the outlet of BMP2 were less
than the SCDHEC-established CMCs for freshwater aquatic
life (table 8; figs. 39 and 40). The reverse was true for total
copper; all EMCs in the inlet and outlet waters of BMP2 were
greater than the CMC for total copper of 3.8 ug/L (fig. 39). For
total lead and total zinc EMCs in the stormwater, about 50 per-
cent of the EMCs entering the inlet of BMP2 were greater than
the SCDHEC-established CMCs for freshwater aquatic life of
14 and 75 pg/L, respectively (figs. 40 and 41). In the storm-
water leaving the outlet of BMP2, almost 70 and 60 percent of
the samples were less than the same criteria for total lead and
zinc, respectively.

The trace-metal loads had a similar pattern to that of
the trace-metal concentrations, and are listed in order of
increasing median load: total cadmium (0.01 g/event), total
nickel (0.15 g/event), total lead (0.57 g/event), total cop-
per (0.59 g/event), and total zinc (3.81 g/event) for inlet
water (table 10; figs. 42-44). Outlet loads were: total cad-
mium (0.01 g/event), total nickel (0.13 g/event), total lead
(0.49 g/event), total copper (0.50 g/event), and total zinc
(2.73 g/event). The statistical tests indicated significant
changes in trace-metal loads between inlet and outlet waters.
The following concentrations were statistically significant:
total cadmium (V-statistic = 72, p-value = 0.0034), dis-
solved and total copper (Z-score = 1.9627, V-statistic = 72,
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zinc, (B) particulate zinc, and (C) dissolved zinc at best
management practice 2 at U.S. Highway 21 near Beaufort,
S.C., 2005-2006. [SCDHEC, South Carolina Department of
Health and Environmental Control; CCC, criteria continuous
concentration; CMC, criteria maximum concentration]
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respectively; p-values = 0.0248 and 0.0034, respectively), total
and particulate lead (V-statistics = 76 and 75, respectively;
p-values = 0.0007 and 0.0012, respectively), total and par-
ticulate nickel (V-statistics = 70 and 78, respectively; p-values
=0.0061 and 0.0002, respectively), and total and particulate
zinc (V-statistics = 78 and 76, respectively; p-values = 0.0002
and 0.0007, respectively). This finding indicated that BMP2
was efficient at reducing trace-metal loads in stormwater.

The average amounts of trace-metal loads that were
reduced by BMP?2 for the sampled storm events sampled
for this study were, in order from least to greatest: total
cadmium (0.003 +/- 0.001 g/event), total nickel (0.03
+/- 0.01 g/event), total copper (0.13 +/- 0.05 g/event),
total lead (0.18 +/- 0.05 g/event), and total zinc (1.07
+/- 0.33 g/event; fig. 45; Appendix D-1). The average per-
centages of trace metal concentrations and loads removed
by BMP2 were similar, and are listed in order from least to
greatest: total copper (16.8 +/- 4.39 percent), total nickel
(17.3 +/- 6.72 percent), total zinc (23.2 +/- 4.33 percent),
total cadmium (26.2 +/- 5.99 percent), and total lead (27.5
+/- 6.22 percent). For the sampled storm events at BMP2,
stormwater entering the BMP had the following cumulative
loads: 0.15 g of total cadmium, of which 0.03 g were removed;
2.85 g of total nickel, of which 0.35 g were removed; 12.1 g
of total copper, of which 1.57 g were removed; 10.4 g of total
lead, of which 2.21 g were removed; and 72.7 g of total zinc,
of which 12.8 g were removed by BMP2 (Appendix D-2).

As mentioned previously, trace-metal concentrations
were measured in the retained coarser grained sediment
and were zinc, lead, copper, nickel, and cadmium, in order
from greatest to least concentration in micrograms per gram
(fig. 29). The sequence for the amount of trace-metal loads
removed between the inlet and outlet water of BMP2 was the
same as for BMP1, in order from greatest to least loads (grams
per event): zinc, lead, copper, nickel, and cadmium.
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mean loads of selected trace metals removed by best
management practice 2 at U.S. Highway 21 near
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BMP3 Performance Assessment

BMP3 is located along the westbound lane of S.C. High-
way 802, approximately 2 miles northeast of the intersection
of S.C. 802 and U.S. 21, in Beaufort, S.C. (fig. 2). The drain-
age area for this BMP is 5.90 acres with a curb and gutter sys-
tem for highway runoff (table 1). This BMP consists of a grit
chamber, an oil baffle wall, and low- and high-flow controls.
During runoff, stormwater enters the system and circulates
around the grit chamber in a swirling motion before entering
the area between the grit chamber and the oil baffle wall. Flow
is forced under the baffle wall, where BMP3 retains floating
debris and oily contaminants. Flow then passes through the
low- or high-flow control. To accommodate large, infrequent
storms, the device is constructed with a peak-flow bypass
(Vortechs, 2008).

The EMCs and loads of the following water-quality
constituents are summarized for BMP3: (1) SSC and TSS;

(2) oil and grease; (3) bacteria; (4) nutrients (such as TKN and
TP); and (5) metals. As described earlier, the design of BMP3
is conducive for the removal of suspended sediments and oil
and grease; however, removal of the total and particulate forms
of other water-quality constituents also were considered in

this assessment.

Suspended Sediment, Total Suspended Solids,
and Sediment

As mentioned previously, analytical methods to deter-
mine SSC and TSS were used to quantify concentrations of
suspended organic and inorganic particles in surface waters.

A monotonic correlation between TSS and SSC in the inlet
and outlet waters at BMP3 was statistically significant (rho
=0.81818, p-value = 0.0011 and rho = 0.86302, p-value

= 0.0006, respectively) (fig. 46), but not one-to-one as would
be expected for measurements of the same substance (sus-
pended particles). Comparison of the SSC and TSS concentra-
tions from the BMP3 sampling events demonstrated a positive
bias, especially for SSC concentrations greater than 100 mg/L.
The greatest difference was observed at the maximum inlet
SSC concentration of 255 mg/L, which had a corresponding
TSS concentration of only 90 mg/L. Further evaluation of
grain size did not indicate a strong bias between SSC and TSS
concentrations, which tended to increase as the percentage of
the sediment finer than 63 microns (finer than sand) decreased.

Because the SSC analytical method is reported to produce
more reliable results than the TSS method (Gray and others,
2000), statistical findings based on SSC results are considered
more indicative of the BMP performance. However, because
the TSS method is often the method adopted for regulatory
monitoring, statistical findings based on TSS results also
are discussed.

Suspended-sediment EMCs in the inlet water of BMP3
ranged from 47 to 255 mg/L, with a median value of 94 mg/L.
(fig. 47, table 12). The EMCs for SSC in the outlet water were
smaller and less variable than those in the inlet water, with a
median of 54 mg/L. Suspended-sediment concentrations were
reduced significantly by BMP3 during the period of study
(V-statistic = 60, p-value = 0.0068). This statistical finding
indicated that BMP3 performed efficiently at reducing EMCs for
SSC in stormwater. Median EMCs of TSS of 85 and 46 mg/L
for inlet and outlet water, respectively, were slightly less than
the median SSC concentrations for BMP3 (fig. 48). The TSS
concentrations also were different significantly between inlet
and outlet waters (Z-score = 2.6703, p-value = 0.0038).

Turbidity has been used as a surrogate measure of the
suspended sediment or particulates in water. However, for
BMP3, turbidity values were not correlated to TSS in the
inlet and outlet waters (rtho = 0.50539, p-value = 0.0794
and rho = 0.52290, p-value = 0.0771, respectively) or
SSC (rho = 0.36073, p-value = 0.2493 and rho = 0.35160,
p-value = 0.2890, respectively) for the period of study. For
BMP3, the median event-mean turbidities in the inlet and
outlet waters were similar (31.0 and 27.0 NTU, respectively)
(fig. 48; table 12). Significant difference in turbidity was
identified between inlet and outlet waters (Z-score = 2.3954,
p-value = 0.0083), indicating that BMP3 was efficient at
reducing turbidity in stormwater.

The character, as well as concentration, of the SSC
also changed between the inlet and outlet waters in BMP3
(fig. 47B). The percentage of the suspended sediment finer
than sand (grain sizes smaller than 63 microns), such as silt
and clay, was more variable in the inlet water of BMP3, with
a median of 73.0 percent (fig. 47B, table 12). The predomi-
nant size fraction of suspended sediment in outlet water was
finer than sand (median of 92 percent) and was signifi-
cantly finer than in the inlet waters (V-statistic = 2.6086,
p-value = 0.0045). The change in the character of the SSC
indicated that BMP3 was more efficient at capturing the sand-
sized fractions of the suspended sediment than the silt- and
clay-sized fractions. This retention of coarser grained sediment
also could influence the lack of retention of certain nutrients
(such as phosphorus), bacteria, and trace metals (such as lead
and zinc) because of their tendency to adsorb preferentially to
the smaller grained sediment.

Examination of the grain-sized fractions of the accumu-
lated sediment within BMP3 in May 2006 further verified
this preferential retention of the larger grained fractions. No
sediment within BMP3 was finer than 63 microns (fig. 49),
even though about 69 percent of the suspended sediment from
the inlet waters finer than 63 microns (fig. 47). Trace-metal
concentrations measured in the retained coarser grained sedi-
ment were zinc, lead, copper, nickel, and cadmium, in order
from greatest to least concentration, in micrograms per gram
(fig. 50).
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Table 12. Summary statistics describing the comparison among event-mean concentrations in inlet and outlet waters of best
management practice 3 (BMP3), Beaufort County, South Carolina, 2005-2006.

[ >, greater than; pg/L, micrograms per liter; mg/L, milligrams per liter; NTU, nephelometric turbidity units; col/100 mL, colonies per 100 milliliters]

Comparison among
event-mean concentra-

Standard tions in inlet and outlet e R L

Constituent Units Location Median  Mean deviation waters of BMP3
T o
Number Infet > V-statistic  Z-score Probability

outlet value

Dissolved cadmium pg/L Inlet 0.04 0.05 0.03 12 No —0.443 0.671
ug/L Outlet 0.05 0.05 0.04 12

Total cadmium ug/L Inlet 0.20 0.21 0.08 12 Yes 2.632 0.004
ug/L Outlet 0.15 0.16 0.06 12

Particulate cadmium pg/L Inlet 0.15 0.16 0.07 12 Yes 74 0.002
ug/L Outlet 0.10 0.11 0.06 12

Dissolved copper ug/L Inlet 5.85 7.87 5.46 12 No 0.314 0.377
ug/L Outlet 6.85 7.83 4.92 12

Total copper ug/L Inlet 15.3 17.0 8.78 12 Yes 66 0.017
ug/L Outlet 12.3 14.2 6.20 12

Particulate copper  pg/L Inlet 9.00 9.37 6.07 12 Yes 1.884 0.030
ug/L Outlet 6.65 6.87 4.43 12

Dissolved lead ug/L Inlet 0.54 0.60 0.46 12 No -0.707 0.760
ug/L Outlet 0.56 0.71 0.53 12

Total lead ug/L Inlet 16.6 16.7 8.36 12 Yes 69 0.008
pg/L Outlet 12.2 14.1 5.16 12

Particulate lead ug/L Inlet 16.1 16.7 8.27 12 Yes 73 0.002
ug/L Outlet 11.7 134 5.28 12

Dissolved nickel ug/L Inlet 2.54 3.13 2.53 12 No -0.315 0.623
pg/L Outlet 2.57 2.94 2.01 12

Total nickel ug/L Inlet 4.42 5.46 3.61 12 Yes 62 0.039
ug/L Outlet 3.87 4.61 2.33 12

Particulate nickel ug/L Inlet 1.93 2.33 1.54 12 Yes 66 0.017
ug/L Outlet 1.41 1.67 0.77 12

Dissolved zinc ug/L Inlet 15.2 28.1 25.0 12 No 35 0.633
ug/L Outlet 17.2 27.9 20.7 12

Total zinc ug/L Inlet 82.0 88.8 41.7 12 Yes 2.197 0.014
ug/L Outlet 65.0 71.1 31.8 12

Particulate zinc ug/L Inlet 59.9 60.7 38.7 12 Yes 60 0.007
ug/L Outlet 40.0 48.1 22.1 12

Total ammonia plus mg/L Inlet 1.60 1.86 1.07 12 No 0.401 0.344
organic nitrogen mg/L Outlet 1.45 1.78 1.01 12

Total phosphorus mg/L Inlet 0.28 0.28 0.11 12 No 0.445 0.328
mg/L Outlet 0.24 0.25 0.09 12

Turbidity NTU Inlet 31.0 38.1 24.0 12 Yes 2.395 0.008
NTU Outlet 27.0 29.0 12.1 12

Total organic carbon mg/L Inlet 26.0 28.0 17.0 12 No 46 0.139
mg/L Outlet 23.0 26.0 13.2 12

Total suspended mg/L Inlet 85.0 79.0 30.4 12 Yes 2.670 0.004
solids as residue Il‘lg/L Outlet 46.0 52.0 20.3 12

Biochemical oxygen mg/L Inlet 14.1 20.0 19.0 12 No 60 0.055
demand mg/L Outlet 12.0 18.4 17.0 12

Chemical oxygen mg/L Inlet 100 116 58.0 12 Yes 2.218 0.013
demand mg/L Outlet 90.0 99.2 51.3 12

Enterococci col/100 mL Inlet 2,260 6,290 7,430 10 Yes 45 0.042
col/100 mL Outlet 1,240 3,540 3,960 10

Escherichia coli col/100 mL Inlet 5,200 5,780 5,600 11 No 43 0.207
col/100 mL Outlet 1,700 4,920 7,170 11

Suspended sediment percent Inlet 73.0 69.0 24.0 12 2Yes 2.609 0.005
finer than sand percent Outlet 92.0 90.0 10.4 12

Suspended sediment mg/L Inlet 94.0 114 68.2 11 Yes 60 0.007
mg/L Outlet 54.0 58.8 24.1 11

Oil and grease mg/L Inlet 5.00 5.59 2.58 12 No 0.178 0.429
mg/L Outlet 4.00 591 5.94 12

! Probability that the hypothesis that the input and output concentrations are the same versus the alternative one-sided hypothesis that the concentration is
greater in the input than the output.
2 One-sided test such that the alternative hypothesis is that the percentage of suspended sediment finer than 63 micron is greater in the output than the input.



PERCENTAGE OF PARTICLES SMALLER THAN SEDIMENT SIZE FRACTION

Evaluation of Four Structural Best Management Practices for Highway Runoff in Beaufort and Colleton Counties

100

90

80

70

60

50

40

30

20

LI e B

CLAY

T T T T T

L A A

SILT

T

TTTT T

K

A

(N !

T

!

T T T IIIA N T T T T TTTT

SAND

Lol [ A |

GRAVEL

T T T T

Lo

0
0.001

TRACE-METAL CONCENTRATION, IN MICROGRAMS

SEDIMENT MOISTURE AND TOTAL ORGANIC CARBON,
IN PERCENT; PHOSPHORUS, IN MILLIGRAMS

PER GRAM OF SEDIMENT

PER KILOGRAM OF SEDIMENT

0.01

1,000 T

0.1

1

SEDIMENT SIZE FRACTION, IN MICRONS

100 +

01+

< Cadmium
< Copper
¢ Lead

¢ Nickel

¢ Zinc

*

0.01

10,000

1,000 + o

00} o

0.1

< Percent
moisture

¢ Phosphorus

¢ Total organic
carbon

N @0‘\

2005

N

W

SR O

2006

100

Figure 49. Particle-size
distribution of sediment
collected from within structural
best management practice 3 at
S.C. Highway 802 near Beaufort,
S.C., 2005-2006.

Figure 50. Sediment chemistry
determined from samples
collected from within best
management practice 3 at

S.C. Highway 802 near Beaufort
County, S.C., May 2005,

October 2005, May 2006, and
October 2006.



Event-mean loads of SSC for individual storm events
were computed for inlet and outlet waters. Stormwater reach-
ing the inlet of BMP3 had SSC loads that ranged from 2.53
to 157 kg/event (median of 18.6 kg/event) (fig. 51; table 13).
Stormwater leaving the outlet of BMP3 had SSC loads ranging
from 1.39 to 136 kg/event (median of 10.6 kg/event). The SSC
loads were statistically different between inlet and outlet waters
(V-statistic = 58, p-value = 0.0122), which indicated that BMP3
was efficient at reducing SSC concentrations in stormwater.

Computation of this reduction for the sampled storm
events indicated that BMP3 reduced SSC loads from storm-
water an average of 12.7 +/- 5.66 kg/event or an average of
39.0 +/- 10.6 percent (fig. 52; Appendix D-1). The larger
watershed and higher mean stormflows at BMP3 delivered
larger cumulative SSC loads (summed from the sampled storm
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Figure 51. Event-mean loads of (A) suspended sediment
and (B)total suspended solids, in kilograms per event,

at best management practice 3 at S.C. Highway 802 near
Beaufort, S.C., 2005-2006.
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events from 2005 to 2006) than the flows at the other BMP
sites. The cumulative SSC load entering BMP3 was 469 kg
during the period of study; BMP3 removed 153 kg of that load
(Appendix D-2).

In relation to other environmental and chemical factors,
EMC:s for SSC in the inlet and outlet waters were not corre-
lated significantly with hydrologic variables, such as rainfall,
rainfall intensity, or stormflow, with only one exception of
a correlation with SSC and rainfall intensity for outlet water
(rho = 0.66211, p-value = 0.0265). Additionally, particulate
EMC:s of cadmium, nickel, and zinc were correlated with
EMC:s for SSC, indicating that these particulate metals had
similar transport as suspended sediment through the structural
BMP. EMCs for TSS had significant correlation with all par-
ticulate metal EMCs.
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Figure 52. Average loads of total suspended solids,
suspended sediment, and oil and grease removed by
best management practice 3 at S.C. Highway 802 near

Beaufort, S.C., 2005-2006.
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Table 13. Summary statistics describing the comparison among event-mean loads in inlet and outlet waters of best management
practice 3 (BMP3), Beaufort County, South Carolina, 2005-2006.

[>, greater than; g/event; grams per event; kg/event, kilograms per event]

Comparison among
event-mean loads

Wilcoxon signed-rank test

. . . . Standard  ininlet and outlet
Constituent Units  Location Median Mean deviation  waters of BMP3
Number e V-statistic Z-score LRI

outlet value

Dissolved cadmium g/event  Inlet 0.01 0.01 0.01 12 No —-0.393 0.653
g/event  Outlet 0.01 0.01 0.01 12

Total cadmium g/event  Inlet 0.05 0.06 0.05 12 Yes 61 0.046
glevent  Outlet 0.03 0.05 0.06 12

Particulate cadmium  g/event  Inlet 0.03 0.05 0.04 12 Yes 65 0.021
g/event  Outlet 0.01 0.04 0.05 12

Dissolved copper g/event  Inlet 1.52 1.80 1.53 12 No 34 0.661
glevent  Outlet 1.84 2.83 4.14 12

Total copper g/event  Inlet 3.63 4.35 3.84 12 No 48 0.259
glevent  Outlet 3.72 4.26 4.15 12

Particulate copper g/event  Inlet 1.08 2.61 3.09 12 No 1.178 0.120
glevent  Outlet 0.54 1.62 1.91 12

Dissolved lead glevent  Inlet 0.10 0.15 0.14 12 No —0.942 0.827
g/event  Outlet 0.15 0.41 0.95 12

Total lead g/event  Inlet 3.82 4.77 4.52 12 No 57 0.088
glevent  Outlet 3.37 4.66 5.03 12

Particulate lead glevent  Inlet 3.57 4.62 4.43 12 Yes 68 0.011
g/levent  Outlet 3.07 4.25 4.28 12

Dissolved nickel g/event  Inlet 0.49 0.64 0.59 12 No —-1.335 0.909
glevent  Outlet 0.66 0.69 0.63 12

Total nickel g/event  Inlet 1.16 1.36 1.15 12 No 53 0.151
g/levent  Outlet 1.08 1.29 1.15 12

Particulate nickel g/event  Inlet 0.41 0.72 0.84 12 No 60 0.055
g/levent  Outlet 0.27 0.60 0.78 12

Dissolved zinc g/event  Inlet 5.96 7.29 7.40 12 No 33 0.689
g/levent  Outlet 6.69 9.09 10.6 12

Total zinc glevent  Inlet 21.3 24.0 21.8 12 No 50 0.212
glevent  Outlet 16.2 23.1 23.8 12

Particulate zinc g/event  Inlet 7.37 16.7 19.0 12 Yes 54 0.034
g/levent  Outlet 9.18 15.5 15.5 12

Total ammonia plus kg/event Inlet 0.39 0.47 0.42 12 No 24 0.794
organic nitrogen kg/event Outlet 0.42 0.54 0.55 12

Total phosphorus kg/event Inlet 0.07 0.08 0.09 12 No -0.267 0.605
kg/event  Outlet 0.06 0.09 0.11 12

Total organic carbon  kg/event Inlet 7.09 6.50 5.32 12 No 31 0.585
kg/event Outlet 6.54 6.71 5.69 12

Total suspended solids kg/event Inlet 17.2 26.7 29.8 12 Yes 73 0.002
as residue kg/event  Outlet 8.43 20.8 26.1 12

Biochemical oxygen  kg/event Inlet 3.94 4.41 3.59 11 No 48 0.103
demand kg/event  Outlet 4.67 4.58 3.67 11

Chemical oxygen kg/event Inlet 26.6 30.6 26.2 12 No 1.418 0.078
demand kg/event  Outlet 24.1 29.3 28.6 12

Suspended sediment ~ kg/event Inlet 18.6 39.1 47.7 11 Yes 58 0.012
kg/event  Outlet 10.6 28.7 39.6 11

Oil and grease kg/event Inlet 0.77 1.73 2.28 11 No 37 0.382
kg/event  Outlet 0.69 2.10 2.98 11

! Probability that the hypothesis that the input and output concentrations are the same versus the alternative one-sided hypothesis that the concentration is
greater in the input than the output.



0il and Grease

For the period of study, stormwater entering the inlet
of BMP3 had a median oil and grease concentration of
5.00 mg/L. Concentrations ranged from 1.5 (substituted for
the censor level of less than 7) to 11 mg/L (fig. 53). Oil and
grease concentrations in the stormwater leaving the outlet of
BMP3 were not reduced significantly from the inlet concen-
trations (Z-score = 0.1783, p-value = 0.4293; table 12). More
than 75 percent of the oil and grease concentrations were less
than the LRL of 7 mg/L (fig. 53). Consequently, outlet water
had a median oil and grease concentration of 4.00 mg/L. These
results indicated BMP3 was not efficient at reducing oil and
grease concentrations in the stormwater entering the BMP.

A
T T
| X —— Outlier X |
2 —— 90th percentile

g — 75th
= r — 50th (median) 4
<& — 25th
=S 15 —— 10th percentile i
o
1= o
So | 1
oS %
L <t
wnee 10 - o
I
2 | |
o=
==
=
o

0 ! !

INLET OUTLET
LOCATION OF SAMPLE

— B
E T T
> *
oc
L
W] i
=

8k —
g *
[ds) L .
o
)
< 6 =
=
S | i
<
S ar .
w
wn = .
<
e
o 2 B
a
2 | i
S I
= 0 ,
e INLET OUTLET

LOCATION OF SAMPLE

Figure 53. Qil and grease (A) concentrations in grab
samples and (B)loads at best management practice 3
at S.C. Highway 802 near Beaufort, S.C., 2005-2006.
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The total PAH concentrations during selected storm
events ranged from 0.34 to 1.06 pg/L in stormwater enter-
ing the inlet of BMP3 (table 14). Minimal relation between
total PAH and oil and grease concentrations was observed.
The maximum total PAH concentration did not co-occur
with the highest oil and grease concentrations for the same
storm events.

Oil and grease loads in the stormwater entering the inlet
of BMP3 had a median value of 0.77 kg/event and a range
of 0.11 to 7.58 kg/event for the study period (fig. 53). The
stormwater leaving the outlet of BMP3 had oil and grease
loads that were similar to those of the inlet water (median
of 0.69 kg/event; range of 0.06 to 10.4 kg/event). As was
determined for oil and grease concentrations, BMP3 was not
effective at significantly reducing the oil and grease loads
that entered the BMP (V-statistic = 37, p-value = 0.3823;
table 13). In fact, differences in the oil and grease loads in
the inlet and outlet waters for individual storms averaged
—0.51 +/- 0.89 kg/event or —54.7 +/- 52.6 percent (fig. 52;
Appendix D-1), indicating increases in oil and grease loads
as the stormwater passes through the BMP. For the sampled
storm events, BMP3 exhibited similar behavior in cumulative
loads of oil and grease. A cumulative load of 19.0 kg of oil
and grease entered BMP3 in stormwater from the individual
storms that were sampled, and, rather than removing a portion
of that load, 6.18 kg were added to the cumulative load leaving
BMP3 (Appendix D-2). These results indicated BMP3 was
not efficient at reducing oil and grease loads in the stormwater
entering the BMP.

Table 14. Comparison of oil and grease concentrations and
total polycyclic aromatic hydrocarbon (PAH) concentrations in
the water from selected storms at best management practice 3,
Beaufort County, South Carolina, 2006.

[mg/L, milligrams per liter; ug/L, micrograms per liter]

et BIENED e oy e
Date grease grease .
. (inlet (outlet
of sample (inlet (outlet [ng/L) [ng/L])
[mg/L]) [mg/L])
July 6, 2006 1.5 0.56 0.23
August 24, 2006 4 1.5 0.44 0.69
August 31, 2006 9 1.5 0.34 0.09
September 7, 2006 6 1.5 1.06 0.79
September 19, 2006 4 21 0.74 0.96
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Nutrients

Stormwater entering the inlet of BMP3 had nutrient
EMC:s similar to the nutrient EMCs in stormwater leaving
the outlet of BMP3 (fig. 54). Inlet water had a median TKN
concentration of 1.60 mg/L and a median TP concentration of
0.28 mg/L (table 12; fig. 54). Outlet water had median TKN
and TP concentrations of 1.45 and 0.24 mg/L, respectively;
these amounts were reduced only slightly from those in the
inlet water. Not only were the median values similar; ranges
in the TKN concentrations in the inlet and outlet waters were
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Figure 54. Event-mean concentrations of (A)total
Kjeldahl nitrogen and (B) total phosphorus at best
management practice 3 at S.C. Highway 802 near
Beaufort, S.C., 2005-2006.

almost identical, and ranges in TP concentrations had consid-
erable overlap. The TKN and TP concentrations in the inlet
and outlet waters at BMP3 were not statistically significant
(for TKN, Z-score = 0.4007 and p-value = 0.3443; for TP,
Z-score = 0.4452 and p-value = 0.3281). This finding indicated
that BMP3 was not efficient at reducing nutrient concentra-
tions in stormwater.

Median EMCs for TOC, BODS, and COD in the storm-
water entering the inlet of BMP3 were 26.0, 14.1, and
100 mg/L, respectively (table 12). The much higher COD
concentration, compared with the BOD, concentration sug-
gested that organic decay processes were playing less of a role
in oxygen consumption than other biological and chemical
processes. Median EMCs for TOC, BODS, and COD in the
stormwater leaving the outlet of BMP3 were 23.0, 12.0, and
90.0 mg/L, respectively. No statistical difference in TOC and
BOD; loads between inlet and outlet waters for BMP3 were
identified (for TOC, V-statistic = 46 and p-value = 0.1392; for
BODS, V-statistic = 60 and p-value = 0.0549). COD concentra-
tions were significantly reduced in the outlet water (Z-score
=2.2179, p-value = 0.0133). This finding indicated that BMP3
was not reducing TOC and BOD, but was efficient at reducing
COD in the stormwater entering the BMP.

In relation to environmental and chemical factors, EMCs
for TKN in the inlet and outlet waters of BMP3 were not
correlated significantly with hydrologic variables of rainfall
intensity and mean stormflow. Only EMCs for TP in the
inlet water had a significant correlation with peak discharge
(rho = -0.60275, p-value = 0.0497). Additionally, most dis-
solved (inlet only) and total forms of the trace metals, TOC,
BOD, and COD were correlated with EMCs for TKN and
TP in the inlet and outlet waters, indicating that nutrients had
similar transport as dissolved and total trace metals through
the structural BMP.

Slightly greater variability was observed for the TKN
and TP loads leaving BMP3; the inlet and outlet waters had
similar median values (table 13; fig. 55). Median TKN loads
in the inlet and outlet waters were 0.39 and 0.42 kg/event,
respectively. Median TP load in the inlet water (0.07 kg/event)
was similar to the median TP load of the outlet water
(0.06 kg/event). As determined for nutrient EMCs, the
TKN and TP loads for BMP3 were not statistically differ-
ent between inlet and outlet waters for this study (for TKN,
V-statistic = 24 and p-value = 0.7935; for TP, Z-score = —0.267
and p-value = 0.6053). This finding indicated that BMP3
was not efficient at reducing nutrient loads in stormwater. In
fact, the average difference between TKN loads in the water
entering the inlet and in the water leaving the outlet of BMP3
for the individual storm events sampled for this study aver-
aged —0.08 +/- 0.06 kg/event, or about —0.30 +/- 7.59 percent
(fig. 56B; Appendix D-1). The difference in TP loads for the
same storm events averaged —0.01 +/- 0.01 kg/event, or about
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practice 3 at S.C. Highway 802 near Beaufort, S.C.,
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3.21 +/- 7.63 percent. These findings indicated a potential net
gain of nutrients. Cumulative TKN and TP loads of 5.25 kg
and 0.91 kg, respectively, entered BMP3 during the sampled
storms and had additions of 0.83 and 0.10 kg, respectively, in
the water leaving BMP3 (Appendix D-2).

Median TOC, BODS, and COD loads in the stormwater
entering the inlet of BMP3 were 7.09, 3.94, and 26.6 kg/event,
respectively (table 13). Median TOC, BODS, and COD loads
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in the stormwater leaving the outlet of BMP3 were 6.54,
4.67, and 24.1 kg/event, respectively. No statistical differ-
ence in TOC, BODS, and COD loads between inlet and outlet
waters for BMP3 were identified (for TOC, V-statistic = 31
and p-value = 0.5845; for BODS, V-statistic = 48 and p-value
=0.1030; for COD, Z-score = 1.4175 and p-value = 0.0782).
These findings indicated that BMP3 was not reducing TOC,
BODS, and COD loads in stormwater.
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Indicator Bacteria

The E. coli and enterococci concentrations in samples
collected from stormwater entering the inlet and leaving the
outlet of BMP3 had no relation to each other for the period
of study (inlet: tho =-0.13333 and p-value = 0.7324; outlet:
rho = 0.03333 and p-value = 0.9322). However, both fecal
indicator bacteria ranged 3 orders of magnitude in concen-
trations during the period of study. Median concentrations
of 5,200 and 2,260 col/100 mL for E. coli and enterococci,
respectively, for inlet water and 1,700 and 1,240 col/100 mL,
respectively, for outlet water indicated an overall reduction in
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Figure 57. Concentrations of (A) Escherichia coli

and (B) enterococciin grab samples collected from
best management practice 3 at S.C. Highway 802
near Beaufort, S.C., 2005-2006.

fecal indicator bacterial concentrations by BMP3 (table 12;
fig. 57). Statistical differences in enterococci concentrations
between inlet and outlet waters of BMP3 were identified
(V-statistic = 45, p-value = 0.0420). However, statistical tests
comparing the E. coli concentrations in the inlet and outlet
waters indicated no significant change in these concentrations
(V-statistic = 43, p-value = 0.2065). These tests indicated that
BMP3 was not effective at reducing E. coli concentrations but
was effective in reducing enterococci concentrations.

No significant relations existed between E. coli and
hydrologic variables, nutrients, BOD, TOC, or metals. Entero-
cocci also had a similar lack of correlation with potential
environmental variables. The lack of correlation between
hydrologic variables and bacterial concentrations indicated
that factors other than hydrology influenced the fate and trans-
port of fecal indicator bacteria in the BMP. Although several
factors could potentially influence fecal indicator bacterial
concentrations, one such factor is the potential for the accumu-
lated sediment and organic matter in the bottom of the BMP
devices to serve as an additional source of bacteria. That sur-
vival or growth and then re-suspension process of enterococci
and E. coli bacteria also could explain outlet water concentra-
tions that were periodically equal to or higher than inlet water
concentrations (figs. 58 and 59).

Only one sample of stormwater at BMP3 had a fecal
bacteria concentration less than the established criteria. The
stormwater entering the inlet of BMP3 in July 2006 had
an enterococci concentration less than the recommended
USEPA criteria of 104 col/100 mL source. All other samples,
including the stormwater leaving the outlet of BMP3 for that
July 2006 sample, had concentrations that exceeded both
the SCDHEC-established one-time maximum concentration
criterion of 235 col/100 mL for E. coli and the USEPA criteria
for enterococci.

Sediments removed from BMP3 during clean-out periods
were analyzed for viable colonies of enterococci and E. coli
in October 2005, May 2006 (E. coli only), and October 2006.
Enterococci concentrations were highly variable at 311 and
1,530 colonies per 100 grams of sediment for October 2006
and 2005, respectively (fig. 58). Because the sediment data
were limited, no strong pattern between enterococci concentra-
tions in sediment and water was observed; higher concentra-
tions in sediment did not correlate with higher concentrations
in water. The E. coli concentrations in the sediment were more
variable than enterococci, ranging from 560 to 4,600 colonies
per 100 grams of sediment (fig. 59). Again, no pattern between
E. coli concentrations in sediment and in water was observed
for E. coli.
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Metals

Concentration ranges of the targeted trace metals in the
stormwater entering the inlet of BMP3 varied by 3 orders of
magnitude (figs. 60-62), and are listed in order of increasing
median concentrations: total cadmium (0.20 pg/L), total nickel
(4.42 pg/L), total copper (15.3 pg/L), total lead (16.6 pg/L),
and total zinc (82.0 pg/L; table 12). Concentration ranges
of targeted trace metals in stormwater leaving the outlet of
BMP3 also varied by 3 orders of magnitude, but were in the
same order of increasing median concentration: total cadmium
(0.15 pg/L), total nickel (3.87 ug/L), total copper (12.3 ug/L),
total lead (12.2 pg/L), and total zinc (65.0 pg/L). Lead was
predominantly in particulate form in inlet and outlet water
samples (fig. 61). Cadmium, zinc, and copper were mainly in
particulate forms in inlet and outlet water samples (figs. 60
and 62). In general, nickel was distributed fairly evenly
between particulate and dissolved forms (fig. 61).

Total cadmium and nickel EMCs in the stormwater
entering the inlet and leaving the outlet of BMP3 were less
than the SCDHEC-established CMCs for freshwater aquatic
life (table 8; figs. 60 and 61). The reverse was true for total
copper; all EMCs in the inlet and outlet waters of BMP3 were
greater than the copper CMC of 3.8 pg/L (table 8; fig. 60).
For total lead and total zinc EMCs in the stormwater, about 35
and 40 percent, respectively, of the EMCs entering the inlet of
BMP3 were greater than the SCDHEC-established CMCs for
freshwater aquatic life of 14 and 75 pg/L, respectively (table 8;
figs. 60 and 62). In the stormwater leaving the outlet of BMP3,
almost 65 and 60 percent of the samples had concentrations
that were less than the same criterion for total lead and zinc,
respectively (figs. 61 and 62).

Significant changes in trace-metal concentrations from
inlet to outlet waters were identified (table 12; fig. 63). Total
and particulate cadmium concentrations were significantly
reduced in the outlet water (p-values = 0.0042 and 0.0017,
respectively; table 12). Total and particulate copper concentra-
tions (p-values = 0.0171 and 0.0298, respectively), total and
particulate lead concentrations (p-values = 0.0081 and 0.0024,
respectively), total and particulate nickel concentrations
(p-values = 0.0386 and 0.0171, respectively), and total and
dissolved zinc concentrations (p-values = 0.0140 and 0.0068,
respectively) for BMP3 were statistically different between
inlet and outlet waters for this study. These findings indicated
that BMP3 was efficient at reducing trace-metal concentra-
tions in stormwater.

The trace-metal loads had a similar pattern to that of
the trace-metal concentrations, and are listed in order of
increasing median load: total cadmium (0.05 g/event), total

nickel (1.16 g/event), total lead (3.82 g/event), total copper
(3.63 g/event), and total zinc (21.3 g/event) for inlet water
(table 13; figs. 64—66). Outlet median loads were: total
cadmium (0.03 g/event), total nickel (1.08 g/event), total
lead (3.37 g/event), total copper (3.72 g/event), and total zinc
(16.2 g/event). Only minor reductions in trace-metal loads
were observed between water entering the inlet and leaving
the outlet of BMP3. Significant changes in trace-metal loads
from inlet to outlet waters were identified (table 13). Total
and particulate cadmium loads were significantly reduced in
the outlet water (p-values = 0.0461 and 0.0212, respectively).
Particulate lead loads (p-value = 0.0105) and particulate zinc
loads (p-value = 0.0337) for BMP3 were statistically different
between inlet and outlet waters for this study.

The average difference between the trace-metal
loads in the inlet and outlet waters of BMP3 for the storm
events sampled for this study were, in order from least
to greatest loads: total cadmium (0.01+/- 0.01 g/event),
total nickel (0.07 +/- 0.09 g/event), total copper (0.08
+/- 0.26 g/event), total lead (0.11 +/- 0.36 g/event), and total
zinc (0.94 +/- 1.79 g/event) (fig. 63; Appendix D-1). The
least-to-greatest listing of the average percentage of trace-
metal loads removed by BMP3 is in a different order: total
nickel (7.92 +/- 6.35 percent), total copper (11.4 +/- 5.31 per-
cent), total zinc (15.9 +/- 6.55 percent), total cadmium (20.9
+/- 5.89 percent), and total lead (12.7 +/- 5.83 percent). With
the exception of nickel, particulate forms of the trace metals
appeared to have greater reductions by BMP3 than did the dis-
solved forms; particulate cadmium, lead, and zinc reductions
were statistically significant. Additionally, dissolved forms
of the trace metals appeared to have negative differences in
the amount of loads removed, suggesting an overall increase,
rather than reduction, in these constituents. For the sampled
storm events at BMP3, stormwater entering the BMP had the
following cumulative loads: 0.71 g of total cadmium, of which
0.09 g were removed; 16.4 g of total nickel, of which 0.87 g
were removed; 52.2 g of total copper, of which 1.01 g were
removed; 57.2 g of total lead, of which 1.31 g were removed;
and 288 g of total zinc, of which 11.3 g were removed
(Appendix D-2).

As mentioned previously, trace-metal concentrations
were measured in the retained coarser grained sediment
and were zinc, lead, copper, nickel, and cadmium, in order
from greatest to least concentration, in micrograms per gram
(fig. 50). The sequence for the amount of trace-metal loads
removed between the inlet and outlet waters of BMP3 was the
same as for BMP1 and BMP2, in order from greatest to least:
zinc, lead, copper, nickel, and cadmium.
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BMP4 Performance Assessment

BMP4 is located at the I-95 southbound rest area in Col-
leton County, south of Walterboro, S.C. (fig. 3). The drainage
area for this BMP is 2.77 acres, and this BMP includes a curb
and gutter system for roadway runoff and some overland flow
(table 1). BMP4 consists of a trash basket, baffles, an oil and
hydrocarbon reservoir, a sediment chamber, and a fiber mesh
filter. Incoming flow passes through a fine mesh in the trash
basket, which captures floating debris and vegetative matter.
The water proceeds around baffles slowing and spreading the
flow and ensuring that the oil gathers at the top of the water.
As the water level rises, the oil flows over the edge of the
oil and hydrocarbon reservoir, and the water flows under the
reservoir into the sediment chamber. As the water rises out of
the unit in the back chamber it passes through a %-in. coconut
fiber filter, designed to remove small floating or suspended
materials (CrystalStream, 2008).

The event-mean concentrations and loads of the follow-
ing water-quality constituents are summarized for BMP4:

(1) SSC and TSS; (2) oil and grease concentrations; (3) bac-
teria; (4) nutrients, such as TKN and TP; and (5) metals. As
described earlier, the design of BMP4 is conducive for the
removal of suspended sediments and oil and grease; however,
removal of the total and particulate forms of other water-
quality constituents also were assessed.

Suspended Sediment, Total Suspended Solids,
and Sediment

Analytical methods to determine SSC and TSS were used
to quantify concentrations of suspended organic and inorganic
particles in surface waters. A monotonic correlation between
TSS and SSC in the inlet and outlet waters at BMP4 was
statistically significant (inlet: rho = 0.93007, p-value < 0.0001;
outlet: rho = 0.99650, p-value < 0.0001) (fig. 67), but not one-
to-one as would be expected for measurements of the same
substance (suspended particles). Comparison of the SSC and
TSS concentrations from the BMP4 sampling events dem-
onstrated a positive bias, especially for SSC concentrations
greater than 80 mg/L The greatest difference was observed at
the maximum inlet SSC concentration of 437 mg/L which had
a corresponding TSS concentration of only 280 mg/L. Further
evaluation of grain size indicated that the bias between SSC
and TSS concentrations tended to increase as the percentage of
the sediment finer than 63 microns (finer than sand) decreased
to less than 30 percent.
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This bias is important to note because different statistical
findings were identified between TSS and SSC when com-
parisons were made among other constituents and between
inlet and outlet waters. Because the SSC analytical method
is reported to produce more reliable results (Gray and others,
2000), statistical findings based on SSC results are consid-
ered more indicative of the BMP4 performance than TSS
results. However, because the TSS method is often the method
adopted for regulatory monitoring, statistical findings based on
TSS results also are discussed.

Suspended-sediment EMC:s in the inlet water of BMP4
ranged from 54.0 to 437 mg/L, with a median value of
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Figure 68. Event-mean (A) concentrations of
suspended sediment, in milligrams per liter, and
(B) percentages of suspended sediment finer than
63 microns, at best management practice 4 at the
south side of 1-95 near Walterboro, S.C., 2005-2006.

120 mg/L (fig. 68, table 15). The EMCs for SSC in the outlet
water were lower and less variable than those in the inlet
water, with a median of 48.0 mg/L. Suspended-sediment
EMCs were reduced significantly by BMP4 in the outlet water
as compared to the inlet water during the period of study
(Z-score = 2.9833, p-value = 0.0014; table 15). This statistical
finding indicated that BMP4 performed efficiently at reduc-
ing SSC in stormwater. Median EMCs of TSS of 90.0 and
44.5 mg/L for inlet and outlet waters, respectively, were about
half of the median SSC concentrations for BMP4 (fig. 69).
Lower median EMCs for TSS, when compared with median
EMC:s for SSC, could be explained by the underestimation
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2005-2006.
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Table 15. Summary statistics describing the comparison among event-mean concentrations in inlet and outlet waters of best
management practice 4 (BMP4), Colleton County, South Carolina, 2005-2006.

[>, greater than; pug/L, micrograms per liter; mg/L, milligrams per liter; NTU, nephelometric turbidity units; col/100 mL, colonies per 100 milliliters]

Comparison among
event-mean concentra-

Standard tions in inlet and outlet LA R LS S

Constituent Units  Location Median Mean deviation waters of BMP4
7 —
Number Inet> V-statistic Z-score Probability

outlet value

Dissolved cadmium  pg/L Inlet 0.05 0.08 0.05 12 No 1.353 0.088
ug/L Outlet 0.05 0.06 0.04 12

Total cadmium ug/L Inlet 0.51 0.57 0.23 12 Yes 76 0.001
ug/L Outlet 0.26 0.32 0.25 12

Particulate cadmium  pg/L Inlet 0.41 0.49 0.25 12 Yes 75 0.001
ug/L Outlet 0.17 0.26 0.25 12

Dissolved copper ug/L Inlet 9.55 13.8 11.5 12 Yes 61 0.046
ug/L Outlet 7.55 8.97 4.76 12

Total copper ug/L Inlet 34.1 40.4 20.7 12 Yes 76 0.001
ug/L Outlet 18.0 21.2 12.5 12

Particulate copper ug/L Inlet 20.8 26.7 15.4 12 Yes 78 0.000
ug/L Outlet 9.70 12.2 9.57 12

Dissolved lead ug/L Inlet 0.17 0.19 0.13 12 No 0.197 0.578
ug/L Outlet 0.17 0.39 0.80 12

Total lead ug/L Inlet 11.6 14.4 8.26 12 Yes 78 0.000
ug/L Outlet 4.69 6.99 7.01 12

Particulate lead ug/L Inlet 11.2 14.3 8.27 12 Yes 78 0.000
ug/L Outlet 4.52 6.59 6.27 12

Dissolved nickel ug/L Inlet 2.10 3.69 3.23 12 Yes 2.355 0.009
ug/L Outlet 1.84 231 1.33 12

Total nickel ug/L Inlet 6.47 6.27 3.37 12 Yes 77 0.001
ug/L Outlet 3.04 3.52 1.53 12

Particulate nickel ug/L Inlet 1.84 2.58 1.71 12 Yes 2.943 0.002
ug/L Outlet 0.85 1.22 1.44 12

Dissolved zinc ug/L Inlet 30.7 38.3 23.6 12 No 1.373 0.085
ug/L Outlet 28.0 32.7 14.9 12

Total zinc ug/L Inlet 404 527 345 12 Yes 75 0.001
ug/L Outlet 176 263 315 12

Particulate zinc ug/L Inlet 359 489 349 12 Yes 75 0.001
ug/L Outlet 137 231 310 12

Total ammonia plus ~ mg/L Inlet 6.70 14.0 16.3 12 Yes 2.914 0.002
Organic nitrogen mg/L Outlet 5.00 7.38 7.45 12

Total phosphorus mg/L Inlet 1.03 1.19 0.88 12 Yes 2.943 0.002
mg/L Outlet 0.65 0.73 0.53 12

Turbidity NTU Inlet 47.0 80.1 116 12 Yes 2.119 0.017
NTU Outlet 28.0 30.9 15.5 12

Total organic carbon  mg/L Inlet 38.0 433 35.0 12 Yes 77 0.001
mg/L Outlet 23.3 23.1 11.9 12

Total suspended solids mg/L Inlet 90.0 132 88.5 12 Yes 2747 0.003
as residue mg/L Outlet 44.5 56.3 51.8 12

Biochemical oxygen —mg/L Inlet 78.1 90.7 85.0 12 Yes 61 0.005
demand mg/L Outlet 24.6 38.8 534 12

Chemical oxygen mg/L Inlet 140 174 133 12 Yes 2.832 0.002
demand mg/L Outlet 95.0 90.8 53.5 12

Enterococci col/100 mL Inlet 11,700 12,000 8,700 12 Yes 1.887 0.030
co0l/100 mL Outlet 2,820 8,510 10,400 12

Escherichia coli col/100 mL Inlet 1,500 9,940 12,000 12 No 1.430 0.076
col/100 mL Outlet 700 4,140 7,740 12

Suspended sediment  percent Inlet 43.0 49.6 19.7 12 *Yes -3.023 0.001
finer than sand percent Outlet 64.0 67.4 19.3 12

Suspended sediment  mg/L Inlet 120 171 125 12 Yes 2.983 0.001
mg/L Outlet 48.0 60.6 57.9 12

Oil and grease mg/L Inlet 16.0 23.0 16.6 12 Yes 2.786 0.003
mg/L Outlet 5.00 6.79 6.04 12

! Probability that the hypothesis that the input and output concentrations are the same versus the alternative one-sided hypothesis that the concentration is
greater in the input than the output.

2 One-sided test such that the alternative hypothesis is that the percentage of suspended sediment finer than 63 micron is greater in the output than in the input.
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of suspended sediment discussed earlier (fig. 67). The less
variable EMCs for TSS were significantly different between
inlet and outlet waters (Z-score = 2.7467, p-value = 0.0030;
table 15), which relates to the findings based on SSC.

Turbidity has been used as a surrogate measure of the
suspended sediment or particulates in water. For BMP4, tur-
bidity values were correlated to TSS (rho = 0.76923, p-value
=0.0034) and SSC (rho = 0.70629, p-value = 0.0102) for the
period of study. For BMP4, the median event-mean turbidi-
ties in the inlet and outlet waters were very different (47.0 and
28.0 NTU, respectively, table 15). As observed with TSS, a
significant difference in turbidity was identified between inlet
and outlet waters, indicating that BMP4 was efficient at reduc-
ing EMCs for TSS and turbidity in stormwater.

The character, as well as concentration, of the SSC also

changed between the inlet and outlet waters in BMP4 (fig. 68).

The percentage of the suspended sediment finer than sand
(grain sizes less than 63 microns, such as silt and clay) was
highly variable in the inlet water of BMP4, with a median

of about 43 percent. This conversely indicates that about

57 percent of the sediment was sand-sized particles (fig. 68;
table 15). The predominant size fraction of suspended sedi-
ment in outlet water was finer than sand (median of 64 per-
cent) and significantly finer than the inlet waters (table 15;
Z-score = —3.0225, p-value = 0.0013). The change in the
character of the SSC indicated that BMP4 was more efficient
at capturing the sand-sized fractions of the suspended sediment
than the silt- and clay-sized fractions. This preferential reten-
tion of coarser grained sediment also could influence the lack
of retention of certain nutrients (such as phosphorus), bacteria,
and trace metals (such as lead and zinc) because of their ten-
dency to adsorb preferentially to the smaller grained sediment.

Examination of the grain-sized fractions of the accumu-
lated sediment within BMP4 in May 2006 further verified this
preferential retention of the larger grain-sized fractions. Only
about 3 percent of the sediment that accumulated in BMP4
was finer than 63 microns (clay and silt) (fig. 70), even though
an average of 50 percent of the suspended sediment from the
inlet waters was finer than 63 microns (fig. 68B). Addition-
ally, trace-metal concentrations were measured in the retained
coarser grained sediment and were zinc, copper, lead, nickel,
and cadmium, in order from greatest to least concentration, in
micrograms per gram (fig. 71A).

Event-mean loads for individual storm events were
computed for inlet and outlet waters. Stormwater reaching
the inlet of BMP4 had suspended-sediment loads that ranged
from 0.21 to 84.2 kg/event (median of 6.64 kg/event) (fig. 72;
table 16). Stormwater leaving the outlet of BMP4 had SSC loads
ranging from 0.06 to 23.5 kg/event (median of 3.49 kg/event).

SSC loads were statistically different between inlet and
outlet waters (Z-score = 2.9833, p-value = 0.0014; table 16).
Computation of that reduction indicated that BMP4, on
average for the sampled storm events, reduced SSC loads
from stormwater by 10.6 +/- 6.31 kg/event, or an average of
55.4 +/- 8.98 percent (fig. 73; Appendix D-1). Cumulatively,
BMP4 received 207 kilograms of suspended sediment during
the sampled storm events from 2005 to 2006. Of that 207 kg,
BMP4 was able to remove 127 kg (Appendix D-2).

In relation to other environmental and chemical factors,
SSC was not correlated significantly with hydrologic vari-
ables, such as rainfall, rainfall intensity, or stormflow. How-
ever, particulate forms of the trace metals were correlated with
SSC, suggesting particulate metals had similar transport as
suspended sediment through the structural BMP.

S 100 f R RRRE R R — T AT Ty
5 r ]
= wf K .
o n ]
= [ ]
N r ]
wn . -
@8 r .
Z - -
< [ ]
E 70 C ]
7} N A ]
Z 60f 1
I 4
— L 4
o S 4
4 sr ]
= N ]
= [ ]
[ZE 4
b n ]
@ r ]
= ]
E * g a GRAVEL ]
i CLAY SILT SAND 1 Figure70. Particle-size distribution
O - A . . .
w N 1 of sediment collected from within
w 4
= ok 1 structural best management
§ . A 1 practice 4 atthe south side of [-95
G oL AdAAT A A A i L .+ . ....d nearWalterboro, S.C., 2005-2006.
[+
0.001 0.01 0.1 1 10 100

SEDIMENT SIZE FRACTION, IN MICRONS



SEDIMENT MOISTURE AND TOTAL ORGANIC

TRACE-METAL CONCENTRATION, IN MICROGRAMS

CARBON, IN PERCENT; PHOSPHORUS, IN
MILLIGRAMS PER KILOGRAM OF SEDIMENT

PER GRAM OF SEDIMENT

1,000

o
S

0.1

0.01

1,000

100 +

0.1

° ° v
< Cadmium
< Copper
¢ Lead
* Lea
< <
) ¢
* . ¢ Nickel
© . P
*
. . . Zinc
°
° 3
3
<
© Percent
moisture
°
°
. o Phosphorus
° o | * Totalhorgamc
carbon
o 3
*
.
.

S EFN LTS EFTSE S S Pt

2005 \ 2006

Figure 71. Sediment chemistry determined from
samples collected from within best management
practice 4 at the south side of I-95 near Walterboro,
S.C., May 2005, October 2005, May 2006, and
October 2006.
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Figure 72. Event-mean loads of (A) suspended
sediment and (B) total suspended solids, in kilograms
per event, at best management practice 4 at the south
side of 1-95 near Walterboro, S.C., 2005-2006.
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management practice 4 at the south side of I-95 near
Walterboro, S.C., 2005-2006.
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Table 16. Summary statistics describing the comparison among event-mean loads in inlet and outlet waters of best management
practice 4 (BMP4), Colleton County, South Carolina, 2005-2006.

[>, greater than; g/event, grams per event; kg/event, kilograms per event]

Comparison among
event-mean loads in

o inlet and outlet waters Wilcoxon signed-rank test

Constituent Units Location Median Mean deviation of BMP4
Number titzise V-statistic  Z-score AL

outlet value

Dissolved cadmium glevent Inlet 0.01 0.01 0.01 12 No 1.312 0.095
glevent  Outlet 0.01 0.01 0.01 12

Total cadmium glevent Inlet 0.03 0.06 0.07 12 Yes 75 0.001
glevent  Outlet 0.02 0.03 0.04 12

Particulate cadmium glevent Inlet 0.02 0.05 0.06 12 Yes 70 0.006
glevent  Outlet 0.01 0.03 0.04 12

Dissolved copper g/event Inlet 0.48 1.16 1.25 12 No 54 0.133
glevent  Outlet 0.84 0.89 0.83 12

Total copper glevent  Inlet 2.26 3.90 4.58 12 No neg. infinity 1.000
glevent  Outlet 1.59 2.23 2.25 12

Particulate copper glevent Inlet 1.02 2.74 3.75 12 Yes 78 0.000
glevent  Outlet 0.71 1.33 1.56 12

Dissolved lead glevent Inlet 0.01 0.03 0.06 12 No 44 0.367
glevent  Outlet 0.01 0.05 0.07 12

Total lead glevent Inlet 0.53 1.65 2.31 12 Yes 78 0.000
glevent  Outlet 0.29 0.78 0.99 12

Particulate lead g/event  Inlet 0.52 1.61 227 12 Yes 78 0.000
glevent  Outlet 0.28 0.74 0.93 12

Dissolved nickel glevent Inlet 0.13 0.27 0.25 12 Yes 2.120 0.017
glevent  Outlet 0.12 0.2 0.19 12

Total nickel glevent Inlet 0.38 0.55 0.55 12 Yes 73 0.002
g/event  Outlet 0.25 0.35 0.35 12

Particulate nickel g/event Inlet 0.07 0.28 0.39 12 Yes 74 0.002
glevent  Outlet 0.04 0.14 0.21 12

Dissolved zinc glevent Inlet 2.10 4.13 4.39 12 Yes 65 0.021
glevent  Outlet 2.75 3.37 3.26 12

Total zinc g/event Inlet 21.8 62.7 89.1 12 Yes 72 0.003
glevent  Outlet 11.9 29.5 38.1 12

Particulate zinc glevent  Inlet 17.6 58.6 85.8 12 Yes 73 0.002
g/event  Outlet 8.89 26.1 359 12

Total ammonia plus kg/event Inlet 0.48 0.99 1.09 12 Yes 2914 0.002
organic nitrogen kg/event Outlet 0.39 0.66 0.68 12

Total phosphorus kg/event Inlet 0.06 0.11 0.11 12 Yes 74 0.002
kg/event Outlet 0.06 0.08 0.08 12

Total organic carbon kg/event Inlet 2.33 3.44 3.19 12 Yes 75 0.001
kg/event Outlet 1.88 231 2.25 12

Total suspended solids ~ kg/event Inlet 4.93 13.3 19.1 12 Yes 68 0.011
as residue kg/event Outlet 2.83 6.31 7.60 12

Biochemical oxygen kg/event Inlet 2.63 9.13 11.1 12 Yes 61 0.005
demand kg/event Outlet 1.34 4.51 6.43 12

Chemical oxygen kg/event Inlet 10.1 15.1 15.5 12 Yes 2.355 0.009
demand kg/event Outlet 4.58 9.08 10.7 12

Suspended sediment kg/event Inlet 6.64 17.3 24.9 12 Yes 2.983 0.001
kg/event Outlet 3.49 6.71 7.98 12

Oil and grease kg/event Inlet 0.89 2.84 5.38 12 Yes 70 0.006
kg/event Outlet 0.15 0.64 1.29 12

! Probability that the hypothesis that the input and output concentrations are the same versus the alternative one-sided hypothesis that the concentration is
greater in the input than the output.
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0il and Grease

Oil and grease concentrations in the stormwater leaving
BMP4 were frequently less than the LRL of 7 mg/L and are
reported as estimated or as < 7 mg/L (Appendix B). A greater
uncertainty in the results of the statistical analysis of oil and
grease concentrations existed because of the semi-quantitative
nature of the estimated values that were retained as actual val-
ues for this study. Additionally, censored values were reported
as 1.5 mg/L for the statistical analysis to represent half the
LT-MDL of 3 mg/L.

For the period of study, stormwater in the inlet of BMP4
had a median oil and grease concentration of 16.0 mg/L
and range of 9 to 59 mg/L (fig. 74; table 15). Oil and grease

concentrations in the stormwater in the outlet of BMP4 were
reduced significantly (Z-score = 2.7859, p-value = 0.0027)
from the inlet; more than 50 percent of the oil and grease
concentrations were below the LRL of 7 mg/L. Consequently,
outlet water had a median oil and grease concentration of only
5.00 mg/L. These results indicated that BMP4 was efficient at
reducing oil and grease concentrations in the stormwater enter-
ing the BMP from above quantifiable levels to below the LRL.
Grab samples also were collected periodically for analy-
sis for PAHs. The PAH concentrations represented a group of
organic compounds derived from the combustion of fuels and
leaching of asphalt. The oil and grease concentrations include
the PAHSs as just one component of all compounds derived
from oil and grease. The concentrations of all uncensored indi-
vidual PAH concentrations were summed to obtain the total
PAH concentrations for the inlet and outlet waters at BMP4

A (table 17). The total PAH concentrations in stormwater enter-
' ' ing the inlet and leaving the outlet of BMP4 ranged from 0.00
60 I~ * T g(;"":i;;mm“e 7 to 12.2 ug/L and from 0.00 to 3.29 ug/L, respectively.
= r —th Oil and grease loads in the stormwater entering the inlet
S _ sf - gg:: (median) < of BMP4 had a median value of 0.89 kg/event and a range
E E F —— 10th percentile of 0.02 to 19.1 kg/event for the study period (fig. 74; table
Zx 40 - 16). The stormwater leaving the outlet of BMP4 had oil and
% E L | grease loads that were more than half that of the inlet water
S gyl _|  (median of 0.15 kg/event; range of 0.02 to 4.64 kg/event).
% & | | As was determined for SSC and oil and grease concentra-
5 g 0k | tions, BMP4 was also effective at significantly reducing the
Sz oil and grease loads that entered the BMP (V-statistic = 70,
j a I | p-value = 0.0061). In fact, BMP4 reduced the oil and grease
e or | loads in stormwater by an average of 2.21 +/- 1.54 kg/event,
i 1 or59.4 +/- 11.3 percent (fig. 73; Appendix D-1). These results
0 1 ) indicated BMP4 was efficient at reducing oil and grease loads
INLET OUTLET . .
in the stormwater entering the BMP.
LOCATION OF SAMPLE
= B X X Table 17. Comparison of oil and grease concentrations and
% 0 - | total polycyclic aromatic hydrocarbon (PAH) concentrations
= * in the water from selected storms at BMP4, Colleton County,
b - 4 South Carolina, 2006.
% 15 - - [mg/L, milligrams per liter; ug/L, micrograms per liter]
o
= Oifand Qi and 7o pAW  Total PAH
S nr . Date grease grease (inlet (outlet
= of sample (inlet (outlet [wg/L]) [ng/L])
w i 1 [mg/L]) [mg/L])
% 51 « 4 April 26, 2006 52 1.5 3.68 3.27
=) | | August 31, 2006 16 1.5 0.00 0.00
g . : September 19, 2006 28 18 12.2 3.29
INLET OUTLET

LOCATION OF SAMPLE

Figure 74. Qil and grease (A) concentrations in grab
samples and (B)loads at best management practice 4 at
the south side of 1-95 near Walterboro, S.C., 2005-2006.



Nutrients

Stormwater entering the inlet of BMP4 had nutrient
EMCs similar to nutrient EMCs in the stormwater leaving
the outlet of BMP4 (fig. 75). Inlet water had a median TKN
concentration of 6.70 mg/L and a median TP concentration
of 1.03 mg/L (table 15). Outlet water had median TKN and
TP concentrations of 5.00 and 0.65 mg/L, respectively, which
were slight reductions from the inlet water concentrations. Not
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Figure 75. Event-mean concentrations of (A)total
Kjeldahl nitrogen and (B)total phosphorus at best
management practice 4 at the south side of 1-95 near
Walterboro, S.C., 2005-2006.
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only were the median values similar, ranges in the TKN and
TP concentrations in the inlet and outlet waters had consider-
able overlap. The TKN and TP concentrations in the inlet and
outlet waters at BMP4 were statistically significant (Z-scores
=2.9137 and 2.9429, respectively; p-values = 0.0018 and
0.0016, respectively). This finding indicated that BMP4 was
efficient at reducing nutrient concentrations in stormwater.

Median EMCs for TOC, BODS, and COD in the storm-
water entering the inlet of BMP4 were 38.0, 78.1, and
140 mg/L, respectively (table 15). The much higher EMC
for COD in comparison to the EMC for BOD, indicated that
organic decay processes were playing less of a role in oxygen
consumption than other biological and chemical processes.
Median EMCs for TOC, BODS, and COD in the stormwater
leaving the outlet of BMP4 were 23.3, 24.6, and 95.0 mg/L,
respectively. Median EMCs for TOC, BODS, and COD did
show a reduction between inlet and outlet waters of BMP4,
and statistical changes in concentrations were determined
(for TOC, V-statistic = 77 and p-value = 0.0005; for BODS,
V-statistic = 61 and p-value = 0.0049; and for COD, Z-score
= 2.8317 and p-value = 0.0023). These statistical changes
indicated that BMP4 was reducing EMCs for TOC, BODS, and
COD in stormwater.

In relation to environmental and chemical factors, EMCs
for TKN and TP entering and leaving BMP4 were correlated
significantly with hydrologic variables of rainfall intensity and
mean stormflow. Commonly associated constituents, EMCs
for TOC, COD, and BOD5 were correlated with EMCs for
TKN in the stormwater entering the inlet (exception of BODy)
and leaving the outlet of BMP4. However, EMCs for TP were
correlated only with TOC and COD in the inlet waters, but
were correlated significantly with TOC, COD, and BOD5 in
the outlet water. Additionally, most dissolved and total forms
of the trace metals were correlated with TKN and TP, indicat-
ing that nutrients had similar transport as organic carbon and
other oxygen consuming compounds and trace metals through
the structural BMP.

Overlap also was observed for the TP loads enter-
ing and leaving BMP4; the inlet and outlet waters had the
same median TP load of 0.06 kg/event (fig. 76; table 16).
Median TKN loads of the inlet and outlet waters of 0.48 and
0.39 kg/event, respectively, were almost identical; however,
the range in TP and TKN loads for the outlet water appeared
slightly reduced when compared to loads in the inlet water.
The TKN and TP loads for BMP4 were statistically differ-
ent between inlet and outlet waters for this study (for TKN,
Z-score = 2.9137 and p-value = 0.0018; for TP, V-statistic = 74
and p-value = 0.0017). These statistics indicated that BMP4
was efficient at reducing nutrient loads in stormwater.

Median TOC, BODS, and COD loads in the stormwater
entering the inlet of BMP4 were 2.33, 2.63, and 10.1 kg/event,
respectively (table 16). Median TOC, BODS, and COD loads
in the stormwater leaving the outlet of BMP4 were 1.88, 1.34,
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and 4.58 kg/event, respectively. Statistical differences in TOC,
BODS, and COD loads between inlet and outlet waters for
BMP4 were identified (for TOC, V-statistic = 75 and p-value
=0.0012; for BODS, V-statistic = 61 and p-value = 0.0049;
and for COD, Z-score = 2.3552 and p-value = 0.0093). These
statistics indicated that BMP4 was reducing TOC, BODS, and
COD loads in stormwater.
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Figure 76. Event-mean loads of (A)total Kjeldahl
nitrogen and (B)total phosphorus at best management
practice 4 at the south side of I-95 near Walterboro, S.C.,
2005-2006.

For the sampled storm events from 2005 to 2006, the
average amount of TKN load that was reduced by BMP4 was
0.34 +/- 0.15 kg/event, or about 31.3 +/- 7.89 percent (fig. 77;
Appendix D-1). The TP loads were reduced an average of
0.03 +/- 0.01 kg/event, or about 31.4 +/- 7.43 percent. Cumu-
latively for the sampled storm events, BMP4 received 11.9 kg
of TKN load and removed 4.02 kg (Appendix D-2). BMP4
received 1.26 kg of TP load and removed 0.36 kg of that load.
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Kjeldahl nitrogen and total phosphorus removed by best
management practice 4 at the south side of I-95 near
Walterboro, S.C., 2005-2006.



Indicator Bacteria

The E. coli and enterococci concentrations in samples
collected from stormwater entering and leaving BMP4
were not correlated in the inlet waters (rho = 0.37555,
p-value = 0.2849), but were for the outlet waters (rho
=0.826675; p-value = 0.0032) for the period of study. How-
ever, both fecal indicator bacteria ranged more than 4 orders
of magnitude in concentrations during the period of study.
Median concentrations of 1,500 and 11,700 col/100 mL for
E. coli and enterococci, respectively, for inlet water and 700
and 2,820 col/100 mL, respectively, for outlet water indicated
an overall decrease in fecal indicator bacterial concentra-
tions (fig. 78; table 15). A statistical difference in enterococci
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Figure 78. Concentrations of (A) Escherichia coli
and (B) enterococci in grab samples collected from
best management practice 4 at the south side of 1-95
near Walterboro, S.C., 2005-2006.
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concentrations between inlet and outlet waters for BMP4 was
identified (Z-score = 1.8869, p-value = 0.0296), indicating that
BMP4 was efficient at removing enterococci from stormwater.
Howeyver, statistical tests of the E. coli concentrations between
inlet and outlet waters indicated no significant change in these
concentrations (Z-score = 1.4297, p-value = 0.0764).

No significant relations between E. coli and hydrologic
variables were determined for the stormwater entering BMP4.
Enterococci concentrations also had no significant correla-
tion with hydrologic variables. Several environmental factors
potentially could influence fecal indicator bacterial concentra-
tions; one such factor is the accumulated sediment and organic
matter in the bottom of BMP4 that could serve as an additional
source of bacteria during storm events. That survival or growth
and then re-suspension process of enterococci and E. coli bac-
teria also could explain outlet water concentrations that were
periodically equal to or higher than the inlet water concentra-
tions (figs. 79 and 80).

Sediments removed from BMP4 during clean-out periods
were analyzed for viable colonies of enterococci and E. coli
in May 2005, October 2005 (E. coli only), and May 2006.
Enterococci concentrations were highly variable at 31 and
6,490 colonies per 100 grams of sediment for May 2005 and
2006, respectively (fig. 79). Although the sediment data were
limited, no strong correlation between sediment and water
concentrations was observed for enterococci; higher sediment
concentrations did not reflect higher water concentrations. The
E. coli concentrations were slightly less variable than entero-
cooci concentrations, ranging from 96 to 8,200 colonies per
100 grams of sediment (fig. 80). Again, no pattern between
sediment and water concentrations was observed for E. coli.

Escherichia coli concentrations in all but one inlet water
sample were greater than the SCDHEC-established one-time
maximum concentration of 104 col/100 mL. Enterococci and
E. coli concentrations in all inlet samples were greater than the
USEPA recommended criterion of 235 col/100 mL.
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Figure 79. Time-series plots of enterococci
concentrations in sediment and stormwater at best
management practice 4 at the south side of I-95 near
Walterboro, S.C., 2005-2006. [SCDHEC, South Carolina
Department of Health and Environmental Control]
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Figure 80. Time-series plots of Escherichia coli
(E. coli) concentrations in sediment and stormwater
for best management practice 4 at the south side of
[-95 near Walterboro, S.C., 2005-2006. [USEPA, U.S.
Environmental Protection Agency]



Metals

Concentration ranges of the targeted trace metals in
stormwater entering the inlet of BMP4 varied by 3 orders of
magnitude (figs. 81-83), and are listed in order of increasing
median concentration: total cadmium (0.51 pg/L), total nickel
(6.47 pg/L), total lead (11.6 pg/L), total copper (34.1 pg/L),
and total zinc (404 ug/L). Concentration ranges of the targeted
trace metals in the stormwater leaving the outlet of BMP4 had
similar variabilities and were in the same order of increasing
median concentration: total cadmium (0.26 pg/L), total nickel
(3.04 pg/L), total lead (4.69 ug/L), total copper (18.0 pg/L),
and total zinc (176 pg/L). Lead and zinc were predominantly
in particulate form in both inlet and outlet water samples
(figs. 82 and 83). Cadmium was mainly in the particulate form
(fig. 81). In general, the copper and nickel concentrations were
distributed fairly evenly between particulate and dissolved
forms (figs. 81 and 82, respectively).

Significant changes in trace-metal concentrations from
inlet to outlet waters were identified (table 15). The following
concentrations were statistically significant: total and particu-
late cadmium (V-statistics = 76 and 75, respectively; p-values
=0.0007 and 0.0012, respectively); dissolved, total, and
particulate copper (V-statistics = 61, 76, and 78, respectively;
p-values = 0.0461, 0.0007, and 0.0002, respectively); total
and particulate lead (V-statistics = 78 and 78, respectively;
p-values = 0.0002 and 0.0002, respectively); dissolved, total,
and particulate nickel (for dissolved nickel, Z-score = 2.3552
and p-value = 0.0093; for total nickel, V-statistic = 77 and
p-value = 0.0005; for particulate nickel, Z-score = 2.9429 and
p-value = 0.0016); and total and particulate zinc (V-statistics
=75 and 75, respectively; p-values = 0.0012 and 0.0012,
respectively). These statistics indicated that BMP4 was effi-
cient at reducing trace-metal concentrations in stormwater.

Total nickel EMCs in the stormwater entering the inlet
and leaving the outlet of BMP4 were less than the SCDHEC-
established CMC:s for freshwater aquatic life (table 8; fig. 82).
However, all EMCs for total copper in the inlet and outlet
waters of BMP4 were above the CMC of 3.8 ug/L (table 8;
fig. 81). For total lead and total cadmium EMCs in the storm-
water, about 50 to 60 percent of the EMCs entering the inlet
of BMP4 were greater than the SCDHEC-established CMCs
for freshwater aquatic life of 14 and 0.53 pg/L, respectively
(table 8; figs. 81 and 82). In the stormwater leaving the outlet
of BMP4, almost 90 percent of the samples had concentra-
tions of total lead and total cadmium that were less than their
CMCs, the same criterion for total lead and cadmium.
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The trace-metal loads had a similar pattern to that of
the trace-metal concentrations and are listed in order of
increasing median load: total cadmium (0.03 g/event), total
nickel (0.38 g/event), total lead (0.53 g/event), total copper
(2.26 g/event), and total zinc (21.8 g/event) for inlet water
(figs. 84-86; table 16). Outlet median loads were: total
cadmium (0.02 g/event), total nickel (0.25 g/event), total
lead (0.29 g/event), total copper (1.59 g/event), and total
zinc (11.9 g/event). Significant changes in trace-metal loads
from inlet to outlet waters were identified (table 16; fig. 87).
Total and particulate cadmium loads were significantly
reduced in the outlet water (p-values, 0.0012 and 0.0061,
respectively). The following loads for BMP4 were statisti-
cally different between inlet and outlet waters for this study:
particulate copper (p-score, 0.0002); total and particulate
lead (p-scores = 0.0002 and 0.0002, respectively); dissolved,
total, and particulate nickel (p-scores = 0.0170, 0.0024, and
0.0017, respectively); and dissolved, total, and particulate zinc
(p-scores = 0.0212, 0.0034, and 0.0024, respectively). These
statistics indicated that BMP4 was efficient at reducing trace-
metal loads in stormwater.

For the sampled storm events, the average amounts
of trace-metal loads that were reduced by BMP4 are listed
in order from least to greatest loads: total cadmium (0.02
+/- 0.01 g/event), total nickel (0.20 +/- 0.09 g/event), total lead
(0.86 +/- 0.54 g/event), total copper (1.68 +/- 0.89 g/event),
and total zinc (33.2 +/- 21.4 g/event) (fig. 87; Appendix D-1).
The average percentages of trace-metal concentrations and
loads removed by BMP4 were similar. The percentages of
loads removed are listed in order from least to greatest: total
nickel (36.2 +/- 7.43 percent), total copper (40.1 +/- 8.04 per-
cent), total cadmium (42.7 +/- 8.29 percent), total lead
(49.6 +/- 9.3 percent), and total zinc (50.6 +/- 9.13 percent).

For the sampled storm events at BMP4, stormwater enter-
ing the BMP had the following cumulative loads: 0.70 g of
total cadmium, of which 0.28 g were removed; 6.62 g of total
nickel, of which 2.40 g were removed; 46.8 g of total copper,
of which 20.1 g were removed; 19.7 g of total lead, of which
10.3 g were removed; and 752 g of total zinc, of which 398 g
were removed (Appendix D-2).

As mentioned previously, trace-metal concentrations
were measured in the retained coarser grained sediment and
were zinc, copper, lead, nickel, and cadmium, in order from
greatest to least concentration (units in microgram per gram)
(fig. 71). The sequence for the amount of trace-metal loads
removed between the inlet and outlet waters of BMP4 was:
zinc, copper, lead, nickel, and cadmium, in order from greatest
to least load.
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Figure 81. Event-mean concentrations of total (A) cadmium and (B) copper;
particulate (C) cadmium and (D) copper; and dissolved (E) cadmium and

(F) copper at best management practice 4 at the south side of [-95 near
Walterboro, S.C., 2005-2006. [SCDHEC, South Carolina Department of Health and
Environmental Control; CCC, criteria continuous concentration; CMC, criteria
maximum concentration]
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Figure 82. Event-mean concentrations of total (A)lead and (B) nickel; particulate
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(C)lead and (D) nickel; and dissolved (E)lead and (F) nickel at best management
practice 4 at the south side of 1-95 near Walterboro, S.C., 2005-2006. [SCDHEC,
South Carolina Department of Health and Environmental Control; CCC, criteria
continuous concentration; CMC, criteria maximum concentration]
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Figure 83. Event-mean concentrations of (A)total
zinc, (B) particulate zinc, and (C) dissolved zinc at best
management practice 4 at the south side of I-95 near
Walterboro, S.C., 2005-2006. [SCDHEC, South Carolina
Department of Health and Environmental Control,

CCC, criteria continuous concentration; CMC, criteria
maximum concentration]
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Figure 84. Event-mean loads of total (A) cadmium and (B) copper; particulate
(C) cadmium and (D) copper; and dissolved (E) cadmium and (F) copper at best
management practice 4 at the south side of 1-95 near Walterboro, S.C., 2005-2006.
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Figure 85. Event-mean loads of total (A)lead and (B) nickel; particulate (C)lead and
(D) nickel; and dissolved (E)lead and (F) nickel at best management practice 4 at the
south side of [-95 near Walterboro, S.C., 2005-2006.
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(B) particulate zinc, and (C) dissolved zinc at best
management practice 4 at the south side of I-95 near
Walterboro, S.C., 2005-2006.
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Walterboro, S.C., 2005-2006.
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Relation of Daily Traffic Counts to Inlet
Event-Mean Concentrations and Loads

The total traffic counts at BMP1, BMP2, and BMP3 had
minimal variability among seasons and among sites, ranging
from 61,599 at BMP1 for the fall season to 68,489 at BMP1
for the summer season (table 18). The greatest difference in
counts was observed at BMP4 when compared among sites
and between seasons; traffic counts ranged from only 6,210 in
the fall season to 16,269 in the summer season. Cars were the
most frequently counted vehicle (more than 50 percent of the
total) at all four sites, followed by pick-up or van at BMP1,
BMP2, and BMP3, and trucks at BMP4.

The lack of spread of the traffic count data among BMP1,
BMP2, and BMP3 and among seasons for each site prevented
analysis of the effect of traffic counts on loads at those sites.
The suspended-sediment and trace-metal loads at BMP4 were
compared to the suspended-sediment and trace-metal loads at
the other three BMP sites with higher traffic counts. Trace-
metal and suspended-sediment loads at BMP4 were equal to
or greater than loads at the other three sites, implying no direct
effect on traffic counts.

Comparison of Removal Efficiency
among BMPs

Individual BMP performance assessments from previous
sections determined the constituents in stormwater that were
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significantly reduced between the time they entered the inlet
and left the outlet of each BMP (table 19). If an EMC or load
in water entering the inlet of a BMP was statistically greater
than the EMC or load leaving the outlet of the BMP (desig-
nated by a greater-than sign in table 19), the BMP was con-
sidered successful at removing some amount of the EMC or
load. If no statistical difference was identified, then negligible
removal by the BMP was indicated (designated by an equal
sign in table 19). If the EMC or load in water entering the inlet
of a BMP was statistically less than the EMC or load leav-
ing the outlet of the BMP (designated by a less-than sign in
table 19), the BMP actually contributed some amount of load
to the stormwater that left the BMP during a storm event.

Only EMCs for SSC and TSS were reduced significantly
by all four BMPs. BMP1, BMP2, and BMP4 also reduced
oil and grease EMCs significantly. Increases in the percent-
ages of suspended sediment that was finer than 63 microns
(representative of the silt and clay fraction of sediment) leav-
ing the BMPs indicated that all four BMPs tended to retain
the sand-sized and coarser fraction in the BMP but released
additional silt- and clay-sized sediment during storm events.
BMP4 had the greatest number of significant reductions,
including all total and particulate metal concentrations. BMP1
and BMP2 were unable to significantly reduce nutrient (except
for TP for BMP1) and fecal indicator bacterial concentra-
tions significantly in stormwater. BMP3 reduced enterococci
bacteria, and BMP4 reduced nutrient and enterococci bacte-
rial concentrations.

Reductions in event-mean loads showed trends similar
to those of the EMCs. The SSC and TSS loads were reduced
significantly by all four BMPs. BMP1, BMP2, and BMP4

Table 18. Average daily traffic counts and vehicle classification at four structural best management practice (BMP) sites in Beaufort and

Colleton Counties, South Carolina.

[Due to rounding, percentage totals may not equal 100 percent]

Vehicle classification and counts (percentage of total)

BMP Date Counts or Pick-up; Total

site percentages  Motorcycle Car van ' Bus Truck Other counts

1 8/7/2006 — 8/14/2006 Counts 370 54,144 11,192 90.0 2,443 250 68,489
Percentage 0.54 79.06 16.3 0.13 3.56 0.37

10/16/2006 — 10/23/2006  Counts 286 49,648 8,465 66.0 2,442 692 61,599
Percentage 0.46 80.6 13.7 0.11 3.97 1.12

2 8/7/2006 — 8/14/2006 Counts 343 49,904 14,733 159 2,921 59.0 68,119
Percentage 0.50 73.3 21.6 0.23 4.29 0.09

10/16/2006 — 10/23/2006  Counts 279 49,334 13,827 128 3,437 207 67,212
Percentage 0.42 73.4 20.6 0.19 5.11 0.31

3 8/2/2006 — 8/9/2006 Counts 344 47,930 14,206 230 3,546 10.0 66,266
Percentage 0.52 72.3 21.4 0.35 5.34 0.02

10/16/2006 — 10/23/2006  Counts 214 44,981 14,389 251 6,266 96.0 66,197
Percentage 0.32 67.9 21.7 0.38 9.46 0.15

4 8/03/2006 — 8/10/2006 Counts 892 9,373 2,062 281 3,659 2.00 16,269
Percentage 5.49 57.5 12.7 1.73 22.5 0.01

10/16/2006 — 10/23/2006  Counts 379 3,250 745 119 1,711 6.00 6,210
Percentage 6.10 52.3 12.0 1.92 27.6 0.10
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Table 19. Summary of the Wilcoxon signed-rank tests used to evaluate the differences between event-mean concentrations and loads
of selected parameters in water entering the inlet and water leaving the outlet of four structural best management practices, Beaufort
and Colleton Counties, South Carolina, 2005-2006 (summarized from tables 5, 6, 9, 10, 12, 13, 15, and 16).

[SSC, suspended sediment concentration; SSC < 63 wm, suspended sediment smaller than 63 microns; TSS, total suspended solids; TKN, total Kjeldahl nitro-
gen; TP, total phosphorus; BOD,, biochemical oxygen demand; COD, chemical oxygen demand; >, concentration or load in inlet water greater than in outlet
water; <, concentration or load in inlet water less than in outlet water; =, no significant difference between concentration or load in inlet and outlet waters;
chemical abbreviation for metal or abbreviation for constituent having the significant difference—Cd, cadmium; Cu, copper; Entero, enterococci; Ni, nickel;

Pb, lead; Zn, zinc; NA, not applicable]

Site  SSC SSC Oiland  TKN, BOD,, Fecal_ Dissolved Total Particulate
<63 pm grease TP CcoD bacteria metals metals metals
'Event-mean concentrations
BMPl > < > > > (TP) = = > (Cd, Cu, Zn) > (all) > (Pb)
BMP2 > < > > = = = > (Cu) > (all) > (Cd, Pb, Ni, Zn)
BMP3 > < > = = >(COD) > (Entero) = > (all) > (all)
BMP4 > < > > > > > (Entero) > (Cu, Ni) > (all) > (all)
'Event-mean loads

BMP1I > NA > > > (TP) = NA > (Cd, Cu) > (Cd, Pb, Zn) > (Pb, Ni)
BMP2 > NA > > = = NA > (Cu) > (all) > (Pb, Ni, Zn)
BMP3 > NA > = = = NA = > (Cd) > (Cd, Pb, Zn)
BMP4 > NA > > > > NA > (Ni, Zn) > (Cd, Pb, Ni, Zn) > (all)

! Results for fecal bacteria and oil and grease concentrations are from a “first flush” grab sample.

significantly reduced oil and grease loads. Only BMP4 was
able to reduce nutrient loads significantly. An exception was
BMP1, which reduced the total phosphorus load.

Different environmental conditions can influence the
performance of structural BMPs, thereby contributing some
bias to the overall assessment for the BMPs. The investiga-
tion attempted to control as many of the conditions as pos-
sible. However, two factors that may have some influence on
the performance evaluation included different environmental
conditions related to the larger watershed size of BMP3
and greater inlet concentrations of constituents at BMP4.

As mentioned earlier, statistical comparison of hydrologic
conditions of the sampled storm events among the four BMPs
indicated that rainfall amounts and rainfall intensities were
similar (table 4). However, BMP3 had significantly greater
event-mean stormflow than the other BMPs. These findings
about the hydrologic conditions need to be kept in mind when
evaluating loads among these BMPs.

Secondly, a significant relation was determined among all
four BMPs between the inlet water concentrations for several
constituents (mainly metals, such as zinc and nickel) and the
percentage reduction for those constituents. The relation iden-
tified a tendency for the BMP devices to exhibit greater reduc-
tion at the greater inlet water concentrations and to exhibit
lower reductions at the lower inlet water concentrations. A
reported explanation for this is that there appears to be a limit
to which any BMP can reduce a concentration—often referred
to as its “irreducible concentration” (U.S. Environmental

Protection Agency, 2002b). Because the quantification of
efficiency for this study was based on reduction percent-

ages of these constituents between the stormwater entering
the inlet and leaving the outlet of the BMP, a BMP receiving
stormwater with larger inlet concentrations would appear to
have better efficiency than a similarly capable BMP receiving
stormwater with inlet concentrations near the irreducible con-
centration. To evaluate if this potential bias may have existed,
a statistical comparison of event-mean concentrations and
loads of constituents in the stormwater entering the inlet of the
four BMPs was conducted to identify which BMPs may have
introduced this bias (table 20). Final results of the statistical
comparison are summarized in table 20 with letters that iden-
tify differences among BMPs. BMPs that have no letters in
common with other BMPs are statistically different from the
other BMPs. If BMPs share at least one letter, those BMPs are
statistically similar. If one BMP has the letter “A” and another
BMP has the letter “B,” the BMP with the letter “A” is statisti-
cally greater than the BMP with the letter “B.”

No significant differences in inlet water EMCs were
identified among the four BMPs for total suspended solids or
suspended sediment (table 20). However, BMP4 had larger oil
and grease concentrations and larger total and particulate cop-
per, total and particulate cadmium, and total and particulate
zinc EMCs than the other three BMPs (tables 5, 9, 12, and 15).
Therefore, some bias can be expected when comparing perfor-
mances in reducing metal EMCs among the four BMPs.
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Table 20. Statistical summary of the comparison of inlet water event-mean concentrations and loads at selected best
management practices (BMPs) in Beaufort and Colleton Counties, South Carolina, 2005-2006.

Comparison of difference among inlet waters—

Kruskal-Wallis test statisti
ruskal-Wallis test statistics T

Constituont Degrees of Probability
Chi-squared 9 R-squared BMP1 BMP2 BMP3 BMP4
freedom value
Event-mean concentrations
Dissolved cadmium 10.071 3 0.243 0.018  Group A B B AB
N 13 12 12 12
Total cadmium 8.675 3 0.182 0.034  Group AB AB B A
N 13 12 12 12
Particulate cadmium 11.216 3 0.187 0.011  Group B AB AB A
N 13 12 12 12
Dissolved copper 5.027 3 0.082 0.170  Group A A A A
N 13 12 12 12
Total copper 8.965 3 0.269 0.030  Group B B B A
N 13 12 12 12
Particulate copper 16.318 3 0.322 0.001  Group B B B A
N 13 12 12 12
Dissolved lead 2.046 3 0.050 0.563  Group A A A A
N 13 12 12 12
Total lead 2.889 3 0.037 0.409  Group A A A A
N 13 12 12 12
Particulate lead 3.967 3 0.035 0.265  Group A A A A
N 13 12 12 12
Dissolved nickel 8.351 3 0.157 0.039  Group AB B AB A
N 13 12 12 12
Total nickel 5.765 3 0.062 0.124  Group A A A A
N 13 12 12 12
Particulate nickel 1.894 3 0.037 0.595  Group A A A A
N 13 12 12 12
Dissolved zinc 3.133 3 0.115 0.372  Group A A A A
N 13 12 12 12
Total zinc 14.405 3 0.365 0.002  Group B B B A
N 13 12 12 12
Particulate zinc 14.600 3 0.361 0.002  Group B B B A
N 13 12 12 12
Total Kjeldahl nitrogen  16.527 3 0.195 0.001  Group AB B AB A
N 13 12 12 12
Total phosphorus 13.832 3 0.165 0.003  Group INCONCLUSIVE
N 13 12 12 12
Turbidity 3.150 3 0.108 0.369  Group A A A A
N 13 12 12 12
Total organic carbon 10.850 3 0.176 0.013  Group AB B AB A
N 13 12 12 12
Total suspended solids 3.131 3 0.060 0.372  Group A A A A
as residue N 13 12 12 12
Biochemical oxygen 16.480 3 0.352 0.001  Group B B B A
demand N 13 12 12 12
Chemical oxygen 11.556 3 0.212 0.009  Group B B AB A
demand N 13 12 12 12
Enterococci 5.271 3 0.145 0.153  Group A A A A
N 12 11 12 10
Escherichia coli 8.383 3 0.169 0.039  Group B AB AB A
N 11 11 11 11
Suspended sediment 3.481 3 0.109 0.323  Group A A A A
finer than sand N 12 11 12 12
Suspended sediment 1.478 3 0.067 0.687  Group A A A A
N 13 11 12 12
Oil and grease 11.606 3 0.325 0.009  Group B B B A
N 13 12 12 12
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Table 20. Statistical summary of the comparison of inlet water event-mean concentrations and loads at selected best
management practices (BMPs) in Beaufort and Colleton Counties, South Carolina, 2005-2006.—Continued

Comparison of difference among inlet waters—

Kruskal-Wallis test statisti
ruskal-Wallis test statistics T

Constituent

Chi-squared 208"9830F o o uareg Probability BMP1  BMP2 BMP3  BMP4
freedom value
Event-mean loads

Dissolved cadmium 2.765 3 0.105 0.429  Group A A A A
N 10 12 12 12
Total cadmium 4.419 3 0.105 0.220  Group A A A A
N 10 12 12 12
Particulate cadmium 4.394 3 0.094 0.222  Group A A A A
N 10 12 12 12
Dissolved copper 2.207 3 0.085 0.531  Group A A A A
N 10 12 12 12
Total copper 4.179 3 0.158 0.243  Group A A A A
N 10 12 12 12

Particulate copper 10.415 3 0.091 0.015  Group INCONCLUSIVE
N 10 12 12 12
Dissolved lead 1.977 3 0.060 0.577  Group A A A A
N 10 12 12 12
Total lead 1.051 3 0.067 0.789  Group A A A A
N 10 12 12 12
Particulate lead 1.782 3 0.068 0.619  Group A A A A
N 10 12 12 12
Dissolved nickel 8.039 3 0.219 0.045  Group AB AB B A
N 10 12 12 12
Total nickel 3.745 3 0.085 0.290  Group A A A A
N 10 12 12 12
Particulate nickel 1.251 3 0.043 0.741  Group A A A A
N 10 12 12 12
Dissolved zinc 3.772 3 0.068 0.287  Group A A A A
N 10 12 12 12

Total zinc 9.065 3 0.132 0.028  Group INCONCLUSIVE
N 10 12 12 12

Particulate Zinc 8.811 3 0.126 0.032  Group INCONCLUSIVE
N 10 12 12 12
Total Kjeldahl nitrogen ~ 11.763 3 0.256 0.008  Group AB B B A
N 10 12 11 12
Total phosphorus 9.338 3 0.240 0.025  Group AB AB B A
N 10 12 11 12
Total organic carbon 8.053 3 0.203 0.045  Group AB AB B A
N 10 12 11 12
Total suspended solids 2.803 3 0.054 0.423  Group A A A A
as residue N 10 12 12 12
Biochemical oxygen 13.592 3 0.233 0.004  Group B B AB A
demand N 10 12 11 11

Chemical oxygen 9.457 3 0.122 0.024  Group INCONCLUSIVE
demand N 10 12 12 12
Suspended sediment 0.259 3 0.018 0.968  Group A A A A
N 10 12 12 12
Oil and grease 2.225 3 0.103 0.527  Group A A A A

N 10 12 12 12
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For constituents listed in table 19 that demonstrated
significant reductions by the BMPs, mean and geometric mean
efficiency ratios were computed to quantify the removal effi-
ciency of each BMP (U.S. Environmental Protection Agency,
2002b; table 21). Efficiency ratios are unitless—units desig-
nated in table 21 represent the original units of the properties
used to compute the ratio. The greater the efficiency ratio
(ER), the greater the amount of EMC or load reduced by the
BMP. In other words, as the ER approaches 1, the amount of
EMC or load reduced by the BMP from the original storm
EMC or load approaches 100 percent. Computed ERs were
not sufficiently diagnostic to determine statistical differences
among BMPs, so subsequent rankings of the BMPs may not
have represented statistically significant differences.

Mean ERs for EMCs of SSC varied among the four
BMPs, listed in order from greatest to least: BMP2 (0.93),
BMPI (0.83), BMP4 (0.65), and BMP3 (0.48; table 21).
Geometric mean ERs were similarly ranked. BMP2 had the
greatest efficiency ratios for EMCs of TSS (0.75), followed by
BMP4 (0.58), then by BMP1 (0.42).

For oil and grease concentrations, a simple comparison of
the ERs was not sufficient because (1) oil and grease con-
centrations are not event-mean concentrations (they are from
“first flush” grab samples); (2) oil and grease concentrations
frequently were present at estimated or censored values at
BMP1, BMP2, and BMP3, preventing accurate computations
of means and geometric means; and (3) the inlet concentra-
tions were found to be higher at BMP4. Computed mean ERs
for oil and grease were ranked from greatest to least: BMP4
(0.70), BMP1 (0.43), and BMP2 (0.38). BMP3 was not ranked
because BMP3 did not demonstrate statistically significant
removal of oil and grease concentrations (table 19).

Trace-metal EMCs and loads also required more than
a simple comparison of the ERs because of the significantly
larger inlet concentrations at BMP4. BMP4 consistently had
significant reductions in total and particulate trace-metal
EMC:s (table 19). Computed mean ERs for the total and par-
ticulate metals at BMP4 were relatively consistent and ranged
from 0.44 to 0.54. For particulate nickel EMCs, the mean
ER for BMP2 (0.66) was greater than the mean for BMP4
(0.53; table 21). Further evaluation of the BMP data, however,
identified that the trace-metal EMCs in the outlet water were
relatively similar among the BMPs, again, suggesting that all
BMPs were able to reduce the trace-metal EMCs to a certain
irreducible concentration.

As mentioned previously, differences among mean and
geometric mean ERs of the BMPs did not indicate conclu-
sively statistically significant differences among BMPs. Con-
sequently, a modified ISL method also was applied such that
reduction percentages for constituents whose EMCs and loads
were significantly different (table 19) were computed for indi-
vidual storms and used as input into a multiple comparison test
to determine if differences existed among BMPs (table 22).
Mean reduction percentages determined from the ISL method
also have been previously provided in the text and figures in
the individual BMP assessment sections. No statistical differ-
ences among the removal efficiency percentages for the four
BMPs were determined for EMCs of suspended-sediment,
EMCs of TSS, or oil and grease concentrations. These statisti-
cal findings indicated that the BMP rankings by mean ERs
were not significant and that no statistical differences existed
among the BMPs for EMCs of suspended-sediment, EMCs
of TSS, or oil and grease concentrations. Additionally, BMP4
generally had statistically greater removal efficiency for total
lead and total zinc than BMP1 and BMP3, but the removal
efficiency of BMP2 was often equal to that of BMP4.
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Table 21. Mean and geometric mean efficiency ratios for four structural best management practices (BMP), Beaufort and
Colleton Counties, South Carolina, 2005-2006.

[Note: Ratios are unitless. Designated units are for the parameter’s original concentration or load. Ratios that are significant are in bold; —, zero
values in the original data; mg/L, milligrams per liter; col/100 mL, colonies per 100 milliliters; ug/L, micrograms per liter; kg/event, kilogram per
event; g/event, gram per event]

Mean Geometric mean
Constituent Unit
BMP1 BMP2 BMP3 BMP4  BMP1 BMP2 BMP3  BMP4
Event-mean concentrations
Total suspended solids mg/L 0.42 0.75 0.34 0.58 0.33 0.52 0.34 0.59
Total Kjeldahl nitrogen mg/L 0.13 0.00 0.04 0.47 0.16 -0.02 0.03 0.39
Total phosphorus mg/L 0.22 0.32 0.09 0.39 0.22 0.15 0.08 0.41
Total organic carbon mg/L 0.19 0.03 0.08 0.47 0.18 0.05 0.05 0.39
Biochemical oxygen demand  mg/L -0.28 0.08 0.08 0.57 -0.49 0.06 0.10 0.68
Chemcial oxygen demand mg/L 0.07 —0.05 0.14 0.48 0.07 -0.08 0.14 0.47
Enterococci col/100 mL -0.73 0.15 0.44 0.29 -1.72 0.12 0.24 0.75
Escherichia coli col/100 mL -0.92 0.07 0.15 0.58 -0.89 -0.03 0.38 0.67
Total coliform col/100mL  -0.32 0.01 -0.01 0.08 -0.69 -0.16 -0.00 0.08
Dissolved cadmium ng/L 0.50 0.01 0.00 0.20 0.48 -0.02 0.01 0.19
Total cadmium ug/L 0.24 0.41 0.24 0.44 0.24 0.31 0.23 0.52
Particulate cadmium ug/L 0.12 0.52 0.31 0.48 0.15 0.42 0.34 0.58
Dissolved copper ug/L 0.40 0.21 0.01 0.35 0.34 0.22 -0.07 0.25
Total copper pg/L 0.17 0.22 0.16 0.48 0.18 0.19 0.13 0.48
Particulate copper ug/L -0.15 0.24 0.27 0.54 — — — 0.57
Dissolved lead ug/L -0.25 0.22 —0.19 -1.16 -0.21 0.19 -0.30 -0.10
Total lead ug/L 0.31 0.43 0.18 0.52 0.25 0.33 0.15 0.61
Particulate lead ug/L 0.33 0.44 0.20 0.54 0.39 0.32 0.17 0.62
Dissolved nickel ug/L 0.04 -0.09 0.06 0.37 0.04 -0.05 —-0.04 0.26
Total nickel ug/L 0.17 0.32 0.16 0.44 0.17 0.22 0.10 0.42
Particulate nickel ug/L 0.35 0.66 0.28 0.53 — 0.56 0.21 —
Dissolved zinc ug/L 0.27 —-0.03 0.01 0.15 0.19 —-0.01 -0.10 0.12
Total zinc ug/L 0.18 0.29 0.20 0.50 0.17 0.26 0.19 0.61
Particulate zinc ug/L 0.11 0.47 0.21 0.53 0.31 — -0.19 0.69
Oil and grease mg/L 0.43 0.38 -0.06 0.70 0.44 0.39 0.20 0.77
Suspended sediment finer than percent -0.54 -0.71 -0.30 -0.36 -0.75 -1.66 -0.38 -0.40
63 microns
Suspended sediment mg/L 0.83 0.93 0.48 0.65 0.58 0.73 0.44 0.66
Storm-event loads

Total suspended solids kg/event 0.44 0.41 0.22 0.53 0.22 0.51 0.34 0.60
Total Kjeldahl nitrogen kg/event 0.12 -0.03 —0.13 0.34 0.13 —0.03 0.00 0.40
Total phosphorus kg/event 0.20 0.02 -0.07 0.28 0.20 0.14 0.05 0.42
Total organic carbon kg/event 0.23 0.03 -0.03 0.33 0.11 0.04 0.01 0.40
Biochemical oxygen demand  kg/event -0.52 -0.07 -0.04 0.51 -0.61 0.04 -0.05 0.68
Chemcial oxygen demand kg/event -0.06 0.05 0.04 0.40 —-0.00 — 0.14 0.48
Dissolved cadmium g/event 0.17 0.30 -0.03 0.20 0.40 0.18 0.01 0.20
Total cadmium glevent 0.18 0.21 0.13 0.40 0.17 0.30 0.23 0.53
Particulate cadmium glevent 0.18 0.25 0.17 0.43 0.06 0.41 0.34 0.58
Dissolved copper glevent 0.21 0.28 -0.57 0.23 0.31 0.21 -0.07 0.26
Total copper glevent 0.10 0.13 0.02 0.43 0.11 0.18 0.13 0.49
Particulate copper g/event 0.02 -0.14 0.38 0.51 — — — 0.58
Dissolved lead glevent -0.18 0.24 -1.69 —0.48 —0.08 0.18 -0.30 -0.09
Total lead g/event 0.28 0.21 0.02 0.52 0.21 0.32 0.15 0.62
Particulate lead glevent 0.29 0.21 0.08 0.54 0.23 0.31 0.17 0.63
Dissolved nickel glevent -0.04 —-0.05 -0.07 0.25 —0.05 -0.07 -0.04 0.27
Total nickel glevent 0.14 0.12 0.05 0.36 0.10 0.21 0.10 0.43
Particulate nickel g/event 0.31 0.35 0.17 0.47 — 0.56 0.21 —
Dissolved zinc glevent 0.02 0.12 —0.25 0.18 0.12 -0.02 -0.10 0.13
Total zinc g/event 0.13 0.18 0.04 0.53 0.10 0.25 0.19 0.62
Particulate zinc g/event 0.18 0.22 0.07 0.55 0.07 — -0.15 0.69
Oil and grease kg/event 0.62 0.45 -0.21 0.78 — 0.38 0.17 0.77

Suspended sediment kg/event 0.84 0.71 0.26 0.61 0.62 0.70 0.35 0.66
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Table 22. Statistical summary of the comparison of percent efficiencies at selected best management practices (BMPs) in Beaufort
and Colleton Counties, South Carolina, 2005—2006.

Comparison of percent reduction between inlet and outlet

Kruskal-Wallis test statistics o e

Constituent D r Probabilit
Chi-squared - 3'°eS % p squared o 2oty BMP1 BMP2  BMP3 BMP4
freedom value
Event-mean concentrations

Dissolved cadmium 10.920 3 0.247 0.012 Group A B B AB
N 13 12 12 12
Total cadmium 5.362 3 0.136 0.147 Group A A A A
N 13 12 12 12
Particulate cadmium 7.664 3 -0.175 0.054 Group A A A A
N 13 12 12 12
Dissolved copper 4.742 3 0.089 0.192 Group A A A A
N 13 12 12 12
Total copper 7.499 3 0.231 0.058 Group A A A A
N 13 12 12 12

Particulate copper 8.430 3 0.150 0.038 Group INCONCLUSIVE
N 13 12 12 12
Dissolved lead 3.117 3 0.036 0.374 Group A A A A
N 13 12 12 12
Total lead 8.096 3 0.245 0.044  Group B AB B A
N 13 12 12 12
Particulate lead 7.522 3 0.198 0.057 Group A A A A
N 13 12 12 12
Dissolved nickel 9.710 3 0.195 0.021 Group AB B B A
N 13 12 12 12
Total nickel 6.628 3 0.172 0.085 Group A A A A
N 13 12 12 12
Particulate nickel 6.930 3 0.127 0.074 Group A A A A
N 13 12 12 12
Dissolved zinc 3.985 3 0.095 0.263 Group A A A A
N 13 12 12 12
Total zinc 10.398 3 0.277 0.016 Group B AB B A
N 13 12 12 12
Particulate zinc 6.212 3 0.151 0.102 Group B AB AB A
N 13 12 12 12
Total Kjeldahl nitrogen 13.328 3 0.292 0.004 Group AB B B A
N 13 12 11 12
Total phosphorus 7.772 3 0.145 0.051 Group A A A A
N 13 12 11 12
Turbidity 1.201 3 0.052 0.753 Group A A A A
N 13 12 12 12
Total organic carbon 13.314 3 0.255 0.004 Group AB B B A
N 13 12 11 12
Total suspended solids as 2.482 3 0.080 0.479 Group A A A A
residue N 13 12 12 12
Biochemical oxygen 16.125 3 0.276 0.001 Group B AB A A
demand N 13 12 12 11
Chemical oxygen demand 9.186 3 0.176 0.027 Group B AB AB A
N 13 12 12 12
Enterococci 7.462 3 0.074 0.059 Group A A A A
N 12 11 10 10
Escherichia coli 10.323 3 0.194 0.016 Group B AB A AB
N 11 11 11 11
Suspended sediment finer 3.151 3 0.192 0.369 Group A A A A
than sand N 12 11 12 12
Suspended sediment 1.633 3 0.045 0.652 Group A A A A
N 13 11 12 12
Oil and grease 6.180 3 0.163 0.103 Group A A A A
N 13 12 11 12
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Table 22. Statistical summary of the comparison of percent efficiencies at selected best management practices (BMPs) in Beaufort
and Colleton Counties, South Carolina, 2005-2006.—Continued

Comparison of percent reduction between inlet and outlet

Kruskal-Wallis test statistics o e

Constituent Dear r Probabilit
Chi-squared - 3'°eS % p squared o 2oty BMP1 BMP2  BMP3 BMP4
freedom value
Event-mean loads

Dissolved cadmium 7.465 3 0.202 0.059 Group A A A A
N 11 12 12 12
Total cadmium 8.477 3 0.195 0.037 Group B AB AB A
N 11 12 12 12
Particulate cadmium 10.440 3 0.232 0.015 Group B AB AB A
N 11 12 12 12
Dissolved copper 3.901 3 0.088 0.272 Group A A A A
N 11 12 12 12
Total copper 9.710 3 0.289 0.212 Group B B B A
N 11 12 12 12
Particulate copper 11.477 3 0.202 0.009 Group B AB AB A
N 10 12 11 12
Dissolved lead 2.23 3 0.043 0.526  Group A A A A
N 11 12 12 12
Total lead 8.785 3 0.267 0.032  Group B AB B A
N 11 12 12 12
Particulate lead 8.921 3 0.262 0.030 Group B AB B A
N 11 12 12 12
Dissolved nickel 11.149 3 0.252 0.011 Group B B B A
N 11 12 12 12
Total nickel 9.059 3 0.225 0.029 Group B AB B A
N 11 12 12 12
Particulate nickel 7.168 3 0.143 0.067 Group A A A A
N 11 12 12 12
Dissolved zinc 2.544 3 0.078 0.468 Group A A A A
N 11 12 12 12
Total zinc 12.005 3 0.332 0.007 Group B B B A
N 11 12 12 12
Particulate zinc 10.754 3 0.261 0.013 Group B AB AB A
N 11 12 12 12
Total Kjeldahl nitrogen 12.4 3 0.308 0.006 Group AB B B A
N 11 12 11 12

Total phosphorus 8.249 3 0.158 0.041 Group INCONCLUSIVE
N 11 12 11 12
Total organic carbon 15.581 3 0.321 0.001 Group B B B A
N 11 12 11 12
Total suspended solids as 4.256 3 0.126 0.235 Group A A A A
residue N 11 12 12 12
Biochemical oxygen 14.333 3 0.288 0.003 Group B AB A A
demand N 11 12 11 11
Chemical oxygen demand 10.979 3 0.176 0.0118  Group B AB AB A
N 11 12 12 12
Suspended sediment 2.178 3 0.058 0.536 Group A A A A
N 11 12 12 12
Oil and grease 6.357 3 0.164 0.096 Group A A A A
N 11 12 11 12
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Summary

From 2005 to 2006, the U.S. Geological Survey worked
cooperatively with the South Carolina Department of Trans-
portation in Beaufort and Colleton Counties, South Carolina,
to assess the performance of four different structural devices
that served as best management practices (BMPs). These
structural devices were installed to mitigate the effects of
stormwater runoff on waterways near State roads. The South
Carolina Department of Transportation is required to address
the quality of stormwater runoff from State-maintained road-
ways as part of the National Pollutant Discharge Elimination
System stormwater program mandated in the Clean Water Act.

The performance assessment of the four structural BMP
devices (identified as BMP1, BMP2, BMP3, and BMP4) was
based on stormflow measurements and chemical analyses
of stormwater-quality samples collected during a 20-month
period from March 2005 through October 2006 that repre-
sented a range of seasons and rainfall intensities. A total of
49 sample sets that included stormwater from the inlet and
outlet of each of the four structural devices were collected as
flow-weighted composites to provide event-mean concentra-
tions of suspended sediment, nutrients, and trace metals. Grab
samples were collected to provide the first flush concentra-
tions of oil and grease and fecal indicator bacteria.

A tiered statistical approach was used in the data analy-
ses. Performances of the four structural BMPs were assessed
individually based on how well the BMPs were able to reduce
selected constituents. Descriptive statistics and nonparametric
Wilcoxon signed-rank tests were applied to event-mean con-
centrations and loads in the water entering the inlet and in the
water leaving the outlet of each BMP for each constituent to
identify if significant reductions occurred. If significant reduc-
tions occurred, the BMP was considered efficient at reducing
the constituent. To quantify efficiency, a simplistic approach
was applied that computed mean and geometric mean effi-
ciency ratios for the significantly reduced constituents at
each BMP. Each BMP performance was ranked based on its
computed efficiency ratios; however, the computed efficiency
ratios were not sufficient to determine if statistical differences
occurred in the performances of the four BMPs. Consequently,
a more complex approach also applied statistical comparison
tests to reduction percentages computed for individual storms
(a modified approach to determine removal efficiency of
individual storm loads) to determine if differences in event-
mean concentrations, loads, and reduction percentages for
significantly reduced constituents occurred among the four
structural BMPs.

In some cases, the four BMPs had similar performance
characteristics. Overall, the four BMPs were efficient at reduc-
ing suspended-sediment event-mean concentrations and loads
in the stormwater entering the inlets of the BMPs to signifi-
cantly lower event-mean concentrations and loads before
discharging the stormwater from their outlet. The cumulative
suspended-sediment event-mean loads in stormwater entering

the inlet of each BMP from the sampled storms were 209 kilo-
grams (kg) for BMP1, 141 kg for BMP2, 469 kg for BMP3,
and 207 kg for BMP4 (a total of 1,026 kg or 1.13 tons). The
amount of load that BMPs removed is operationally defined as
the difference between the event-mean loads in the inlet water
and in the outlet water for each storm event. The following
cumulative suspended-sediment loads were removed: 175 kg
by BMP1, 103 kg by BMP2, 153 kg by BMP3, and 127 kg by
BMP4 (a total of 558 kg or 0.62 ton).

Additionally, all four BMPs tended to preferentially trap
the sand-sized fraction of the sediment, thereby releasing a
greater percentage of fine-grained (silt- and clay-sized frac-
tions) sediment in the water discharging from the outlet. This
preferential trapping of fine-grained sediment by the BMPs
could explain, at least in part, why some of the BMPs were not
successful at significantly reducing fecal bacteria, nutrients,
and total organic carbon, including associated constituents of
biochemical oxygen demand and chemical oxygen demand.
These constituents have a tendency to attach to the fine-
grained fractions of sediment. Bacterial analysis of the sedi-
ment identified residual pools of fecal bacterial colonies in all
four BMPs, which could have been re-suspended during storm
events and detected as an additional source of bacteria in water
leaving the BMP outlets. The fecal indicator concentrations
in the sediment and in the stormwater entering the inlet and
leaving outlet of all four BMPs were consistently greater than
established criteria (based on the South Carolina Department
of Health and Environmental Control single-sample maximum
level for enterococci or the U.S. Environmental Protection
Agency recommended levels for Escherichia coli.

BMP1, BMP2, and BMP4 significantly lowered oil and
grease concentrations in the stormwater before the water was
discharged to the outlet. However, for BMP1, BMP2, and
BMP3, oil and grease concentrations frequently were equal to
or less than the laboratory reporting level and were reported as
estimated or as less than 7 mg/L. Further evaluation assumed
that an “irreducible concentration” for these oil and grease
concentrations was the censoring level of 7 mg/L because all
values measured and reported less than this were only semi-
quantitative. Thus, the apparent poor performance of BMP3
could be attributed to oil and grease concentrations in storm-
water that entered the inlet and exited the outlet being less
than the irreducible concentration, which means that no further
reductions were possible.

Overall, all four BMPs were efficient at significantly
reducing total trace-metal event-mean concentrations. BMP3
and BMP4 were effective at reducing all particulate trace-
metal event-mean concentrations in stormwater entering the
inlet, and BMP4 was effective at reducing all particulate trace-
metal event-mean loads.

Because hardness-dependent aquatic-life criteria have
been established by the South Carolina Department of Health
and Environmental Control, the event-mean concentrations of
total metals in stormwater entering the inlet and leaving the
outlet of each BMP were compared with the freshwater crite-
ria for water with a hardness of 25 mg/L. For all four BMPs,



total nickel event-mean concentrations in the inlet and outlet
waters did not exceed the established criteria of 150 pg/L.
For all four BMPs, total copper event-mean concentrations in
the inlet and outlet waters did exceed the established criteria
of 3.8 ug/L. Total cadmium event-mean concentrations in the
inlet and outlet waters did not exceed the established criteria
of 0.53 pg/L for BMP1, BMP2, and BMP3. For all four BMPs,
a large percentage of the total lead and total zinc event-mean
concentrations in the inlet waters exceeded the established
criteria of 14 and 75 pg/L, respectively, but that percentage
was reduced in the outlet water by each BMP.

A significant relation was determined among all four
BMPs between the inlet water concentrations for several
constituents (mainly trace metals such as zinc and nickel) and
the reduction percentage. The relation identified a tendency for
the BMP devices to exhibit greater reduction when the inlet
water concentrations were larger and to exhibit less reductions
when the inlet water concentrations were smaller—previously
referred to as the irreducible concentration by the U.S. Envi-
ronmental Protection Agency. Because the quantification of
efficiency in this study was based on reduction percentages
of the constituents between the stormwater entering the BMP
inlet and leaving the outlet, a BMP receiving stormwater
with greater inlet concentrations would appear to have better
efficiency than a similarly capable BMP receiving stormwater
with inlet concentrations near the irreducible concentration.
Statistical assessments indicated that BMP4 had larger oil and
grease concentrations, total and particulate copper, total and
particulate cadmium, and total and particulate zinc event-mean
concentrations than the other three BMPs. Therefore, some
bias can be expected when comparing BMP performances in
reducing trace-metal event-mean concentrations among the
four BMPs.

For the significantly reduced constituents, dimension-
less efficiency ratios were computed to quantify the removal
efficiency of each BMP. Mean efficiency ratios for suspended-
sediment event-mean concentrations varied among the four
BMPs, and are listed from greatest to least: BMP2 (0.93),
BMP1 (0.83), BMP4 (0.65), and BMP3 (0.48). Geometric
mean efficiency ratios were similarly ranked. BMP2 had
the greatest efficiency ratio (0.75) for total suspended solids
event-mean concentrations, followed by BMP4 (0.58), then by
BMP1 (0.42).

For oil and grease concentrations, simple comparison
of the efficiency ratios was not sufficient because (1) oil and
grease concentrations are not event-mean concentrations but
rather were obtained from first flush grab samples; (2) oil and
grease concentrations frequently were present at estimated
or censored values in BMP1, BMP2, and BMP3, preventing
accurate computations of means and geometric means; and
(3) the inlet concentrations were found to be statistically larger
at BMP4. Computed mean efficiency ratios for oil and grease
are listed from greatest to least: BMP4 (0.70), BMP1 (0.43),
and BMP2 (0.38).

Trace-metal event-mean concentrations and loads also
required more than a simple comparison of the efficiency
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ratios because of the significantly higher inlet concentrations
at BMP4. BMP4 consistently had significant reductions in
total and particulate trace-metal event-mean concentrations.
Computed mean efficiency ratios for the total and particu-
late metals at BMP4 were relatively consistent and ranged
from 0.44 to 0.54. For particulate nickel, the mean efficiency
ratio for BMP2 (0.66) was higher than that for BMP4 (0.53).
Further evaluation of the BMP data, however, identified that
the trace-metal event-mean concentrations in the outlet water
were relatively similar among the BMPs, again in dictating
that all BMPs were able to reduce the trace-metal event-mean
concentrations to a certain irreducible level and that the BMPs
with the lower inlet concentrations and lower efficiency ratios
did not have significant reductions because the differences
between the inlet and outlet concentrations were similar.

Differences among mean and geometric mean efficiency
ratios of the BMPs did not conclusively indicate statistically
significant differences among the BMPs. Consequently, a
modified ISL method also was applied such that reduction
percentages for constituents with EMCs and loads that were
significantly different were computed for individual storms
and used as input into a multiple comparison test to determine
if differences occurred among BMPs. No statistical differences
among the removal efficiency percentages for the four BMPs
were determined for suspended-sediment event-mean concen-
trations, total suspended solids event-mean concentrations, or
oil and grease concentrations. These statistical findings indi-
cate that the BMP rankings by mean efficiency ratio were not
significant and that no statistical differences occurred among
the BMPs for these constituents. Additionally, BMP4 gener-
ally had statistically greater removal efficiency for total and
particulate cadmium, copper, lead, and zinc than did BMP1,
BMP2, and BMP3.

Statistical correlation tests were unable to identify a
single major factor that could explain the large variability in
inlet and outlet water concentrations and in removal efficien-
cies estimated by reduction percentage. Highly variable inlet
and outlet concentrations for each BMP that produced highly
variable reduction percentages were probably the result of
multiple interacting factors, particularly rainfall intensity, the
amount of rainfall between sampling events, traffic density,
and the period of time since the last maintenance (clean out) of
the BMP device.

Acknowledgments

The authors thank Ray Vaughan and Wendell Mulligan,
South Carolina Department of Transportation, for their
assistance in the collection of stormwater runoff data.

Ezekiel Miller and other Beaufort County Public Works
Stormwater Infrastructure personnel are acknowledged for
their maintenance of the BMPs. Mark Lowery, USGS, pro-
vided valuable assistance during sampling and data-collection
activities at the four BMP sites.



100

Selected References

American Public Health Association, 1998, Standard meth-
ods for the examination of water and wastewater (20" ed.):
Washington, D.C., American Public Health Association,
American Water Works Association, and Water Environment
Federation, 2130, p. 2-8-2-11.

American Society for Testing and Materials, 2002, D3977-97,
Standard test methods for determining sediment concentra-
tion samples, accessed June 13, 2005, at http://www.astm.
org/cgi-bin/SoftCart.exe/DATABASE.CART/REDLINE _
PAGES/D3977.htm?E+mystore

Anderson, T.W., and Darling, D.A., 1952, Asymptotic theory
of certain “goodness-of-fit” criteria based on stochastic pro-
cesses: Annals of Mathematical Statistics, v. 23, p. 193-212.

Barbaro, H., 2001, Effectiveness of stormwater Best Manage-
ment Practice along the Southeast Expressway, Boston,
Massachusetts, in Irwin, C.L., Garrett, P., McDermott, K.P.,
eds., Proceedings of the 2001 International Conference
on Ecology and Transportation: Raleigh, N.C. Center for
Transportation and the Environment, North Carolina State
University, p. 345-356.

Burton, E.D., Phillips, .R., and Hawker, D.W., 2005, Geo-
chemical partitioning of copper, lead, and zinc in benthic,
estuarine sediment profiles: Journal of Environmental Qual-
ity, v. 34, p. 263-273.

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, v. 8, p. 4549-4555.

Carter, R.W., and Davidian, Jacob, 1968, General procedure
for gaging streams: U.S. Geological Survey Techniques of
Water-Resources Investigations, book 3, chap. A6.

CDS, 2008, Contech: CDS brochure, accessed January 22,
2008, at http://www.contech-cpi.com/stormwater/products/
hydrodynamic_separation/cds/558/

Childress, C.J.O., Foreman, W.T., Conner, B.F., and Malo-
ney, 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.,
accessed June 13, 2005, at http://water.usgs.gov/owq/
OFR_99-193/0fr99_193.pdf

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.

Evaluation of Four Structural Best Management Practices for Highway Runoff in Beaufort and Colleton Counties

Cleseri, L.S., Greenberg, A.E., and Eaton, A.D., 1998,
Standard methods for examination of water and waste-
water (20" ed.): American Public Health Association,
American Water Works Association and the Water Environ-
ment Federation.

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 16, 2004, at http://sc.water.usgs.gov/
publications/pdfs/OFR-01-121-QW.pdf

CrystalStream, 2008, CrystalStream Technologies Web page,
accessed January 23, 2008, at http://www.crystalstream.
com/products/product_overview.php

Desmarais, T.R., Solo-Gabriele, H.M., Palmer, C.J., 2002,
Influence of soil on fecal indicator organisms in a tidally
influenced subtropical environment: Applied Environmental
Microbiology, v. 68, no. 3, p. 1165-1172.

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

Ellis, J.B., and Revitt, M., 1982, Incidence of heavy metals in
street surface sediments-solubility and grain size studies:
Water, Air, and Soil Pollution, v. 17, p. 87—100.

Faires, L.M., 1993, Methods of analysis by the U.S. Geologi-
cal Survey National Water Quality Laboratory—Determina-
tion 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,
sediments, storm drains, soil and seagulls at Baby Beach,
Dana Point Harbor, California, accessed May 30, 2007,
at http://www.ochealthinfo.com/docs/public/h20/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.

Garbarino, J.R., and Struzeski, T.M., 1998, Methods of analysis
by the U.S. Geological Survey National Water Quality Lab-
oratory—Determination of elements in whole-water digests
using inductively coupled plasma-optical emission spec-
trometry and inductively coupled plasma-mass spectrometry:
U.S. Geological Survey Open-File Report 98-165, 101 p.


http://www.contech-cpi.com/stormwater/products/hydrodynamic_separation/cds/558/
http://www.contech-cpi.com/stormwater/products/hydrodynamic_separation/cds/558/
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.crystalstream.com/products/product_overview.php
http://www.crystalstream.com/products/product_overview.php
http://www.ochealthinfo.com/docs/public/h2o/ASLO-Poster-2004.pdf
http://www.ochealthinfo.com/docs/public/h2o/ASLO-Poster-2004.pdf

Gray, J.R., Glysson, G.D., Turcios, L.M., and Schwarz, G.E.,
2000, Comparability of suspended-sediment concentration
and total suspended solids data: U.S. Geological Survey
Water-Resources Investigations Report 004191, 20 p.

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

Helsel, D.R., and Hirsch, R.M., 1992, Statistical methods in
water sources: U.S. Geological Survey Techniques of Water-
Resources Investigations, book 4, chap. A3, 512 p.

Hoffman, G.L., Fishman, M.J., and Garbarino, J.R., 1996,
Methods of analysis by the U.S. Geological Survey National
Water Quality Laboratory—In-bottle acid digestion of
whole-water samples: U.S. Geological Survey Open-File
Report 96-225, 28 p.

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 Environmen-
tal Quality, v. 34, p. 581-589.

Kennedy, E.J., 1984, Discharge ratings at gaging stations:
U.S. Geological Survey Techniques of Water-Resources
Investigations, book 3, chap. A10.

Knott, .M., Glysson, G.D., Malo, B.A., Schroeder, L.J., 1993,
Quality assurance plan for the collection and processing
of sediment data by the U.S. Geological Survey, Water
Resources Division: U.S. Geological Survey Open-File
Report 92-499, accessed June 10, 2008, at http.//pubs.
er.usgs.gov/pubs/ofr/ofr92499

Knox, A.S., Paller, M.H., Nelson, E.A., Specht, W.L., Halv-
erson, N.V., and Gladden, J.B., 2006, Metal distribution
and stability in constructed wetland sediment: Journal of
Environmental Quality, v. 35, p. 1948-1959.

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.

Marsh-McBirney, Inc., 2003, Using the Flo-Tote™ 3 Flowme-
ter System—Installation and Operation Manual: Maryland,
Marsh-McBirney, Inc., accessed June 10, 2008, at http://
www.marsh-mcbirney.com

McBride, M.B., 1989, Reactions controlling heavy metal solu-
bility in soils: Advance Soil Science v. 10, p. 1-56.

Morrison, M.A., and Benoit, G., 2005, Temporal variability
in physical speciation of metals during a winter rain-or-
snow event: Journal of Environmental Quality, v. 34, no. 5,
p. 1610-1619.

Selected References 101

Myers, D.N., Stoeckel, D.M., Bushon, R.N., Francy, D.S., and
Brady, A.M.G., 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/

National Oceanic and Atmospheric Administration, 2007,
National Climatic Data Center: National Oceanic and
Atmospheric Administration page, accessed April 1, 2007, at
http://www.ncdc.noaa.gov/oa/climate/climateinventories.html

Patton, C.J., and Truitt, E.P., 1992, Methods of analysis by
the U.S. Geological Survey National Water Quality Labo-
ratory—Determination of total phosphorus by a Kjeldahl
digestion method and an automated colorimetric finish
that includes dialysis: U.S. Geological Survey Open-File
Report 92-146, 39 p.

Patton, C.J., and Truitt, E.P., 2000, Methods of analysis by
the U.S. Geological Survey National Water Quality Labo-
ratory—Determination of ammonium plus organic nitrogen
by a Kjeldahl digestion method and an automated photo-
metric finish that includes digest cleanup by gas diffusion:
U.S. Geological Survey Open-File Report 00-170, 31 p.

Radtke, D.B., 2005, Bottom-material samples: U.S. Geologi-
cal Survey Techniques of Water-Resources Investigations,
book 9, chap. A8, accessed October 1, 2007, at http://pubs.
water.usgs.gov/twri9A8/

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. Geological Survey
Water-Resources Investigations Report 98—4001, 65 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 Laboratory:
U.S. Geological Survey Open-File Report 2005-1230, 28 p.

Smith, K.P., 2002, Effectiveness of three best management
practices for highway-runoff quality along the Southeast
Expressway, Boston, Massachusetts: U.S. Geological
Survey Water-Resources Investigations Report 2002—4059,
62 p., CD-ROM.

South Carolina Department of Health and Environmental Con-
trol, 2001, Water pollution control permits—2000 Code of
Regulations, State Register: v. 25, issue 1, R61-9, accessed
January 3, 2003, at http://www.Ipitr.state.sc.us/coderegs/
chap61/61-9.htm

South Carolina Department of Health and Environmental
Control, 2004, Water classifications and standards: South
Carolina Department of Health and Environmental Control,
Code of Regulations, State Register, Regulation 61-68,
accessed January 3, 2007, at http://www.scdhec.net/
environment/water/regs/r61-68.doc


http://pubs.er.usgs.gov/pubs/ofr/ofr92499
http://pubs.er.usgs.gov/pubs/ofr/ofr92499
http://pubs.water.usgs.gov/twri9A7/
http://www.ncdc.noaa.gov/oa/climate/climateinventories.html
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.net/environment/water/regs/r61-68.doc 
http://www.scdhec.net/environment/water/regs/r61-68.doc 

102 Evaluation of Four Structural Best Management Practices for Highway Runoff in Beaufort and Colleton Counties

Stephens, M.A., 1974, EDF Statistics for goodness of fit and
some comparisons: Journal of the American Statistical
Association, v. 69, p. 730-737.

Stormceptor, 2008, Stormceptor System: Stormwater qual-
ity treatment brochure, accessed January 17, 2008, at
http:/f'www.rinkerstormceptor.com/Technicallnformation/
Brochures/

Strecker, E.W., Quigley, M.M., and Urbonas, B.R., 2000,
Determining urban stormwater BMP effectiveness, in Pro-
ceedings from the National Conference on Tools for Urban
Water Resources Management and Protection, Chicago,
I11., February 7-10, 2000: U.S. Environmental Protection
Agency, EPA/625/R-00/001, p. 175-185.

Stumm, M., and Morgan, J.J., 1996, Aquatic chemistry
(3d ed.): New York, John Wiley & Sons, 1022 p.

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, 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, 2002a, Environmental
Technology Verification Program—Draft 4.1 of the proto-
col for the verification of stormwater source area treatment
technologies accessed January 15, 2003, at http://www.epa.
gov/etv/pdfs/vp/04_vp_stormwater.pdf

U.S. Environmental Protection Agency, 2002b, Urban storm-
water BMP performance monitoring—A guidance manual
for meeting the national stormwater BMP database require-
ment: U.S. Environmental Protection Agency, Office of
Water (4304T) report EPA-821-B-02-001.

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

U.S. Geological Survey, 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. Geological
Survey Techniques of Water-Resources Investigations,
book 9, chaps. A1-A9, accessed October 1, 2007, at
http://pubs.water.usgs.gov/twri9A

Vortechs, 2008, Contech: Vortechs Web page, accessed Janu-
ary 23, 2008, at http://www.contech-cpi.com/stormwater/
products/hydrodynamic_separation/vortechs/72/

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.

Wilde, F.D., ed., 2004, Cleaning of equipment for water
sampling (ver. 2.0): U.S. Geological Survey Techniques of
Water-Resources Investigations, book 9, chap. A3, accessed
October 2, 2007, at http://pubs.water.usgs.gov/twri9A3/

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


http://www.rinkerstormceptor.com/TechnicalInformation/Brochures/
http://www.rinkerstormceptor.com/TechnicalInformation/Brochures/
http://www.epa.gov/etv/pdfs/vp/04_vp_stormwater.pdf
http://www.epa.gov/etv/pdfs/vp/04_vp_stormwater.pdf
http://www.epa.gov/waterscience/criteria/nrwqc-2006.pdf on January 3
http://www.epa.gov/waterscience/criteria/nrwqc-2006.pdf on January 3
http://www.contech-cpi.com/stormwater/products/hydrodynamic_separation/vortechs/72/
http://www.contech-cpi.com/stormwater/products/hydrodynamic_separation/vortechs/72/
http://pubs.water.usgs.gov/twri9A3/
http://pubs.water.usgs.gov/twri9A5/

Appendixes A-D







Appendix A 105

Appendix A. Sample dates and times and rainfall conditions at four structural best management practice (BMP) sites in Beaufort and
Colleton Counties, South Carolina.

[EST, Eastern Standard Time; ft¥/s, cubic feet per second; in/hr, inch per hour; hr, hour; <, less than; >, greater than; E, estimated; —, no data]
B Time Inlet peak Inletevent Rainfall Amount Rainfall Rainfall Rainfall 72 Hours
Date Season site sampled flow mean flow started of rainfall intensity duration duration criteria
(EST) (ft¥/s) (ft¥/s) (EST) (inch) (in/hr)  (minutes) (hr) (<,>)
4/7/2005  Spring 1 1259-1345 0.71 0.31 1225 0.12 0.09 80 1.33 >72
2 1255-1340 0.52 0.21 1225 0.12 0.10 75 1.25 >72
3 1157-1303 1.20 0.80 1225 0.12 0.19 38 0.63 >72
4/26/2005  Spring 1 1556-1630 0.25 0.13 — — — — — —
8/27/2005 Summer 4 1305-1330 1.70 0.41 1245 0.31 041 45 0.75 >72
10/5/2005  Fall 4 1305-1419 0.03 0.02 1300 0.29 0.22 79 1.32 >72
12/5/2005  Fall 1 1524-1800 0.94 0.43 1530 1.19 0.48 150 2.50 <72 >24
3 1627-1800 5.91 2.85 1530 1.19 0.48 150 2.50 <72 >24
4 1400-1435 1.70 0.94 1400 0.14 0.24 35 0.58 <72 >24
12/15/2005 Fall 1 1428-1547 0.42 0.20 1430 0.13 0.10 77 1.28 >72
3 1500-1610 E 043 E 0.22 1430 0.13 0.08 100 1.67 >72
4 1325-1455 0.25 0.21 1315 0.1 0.07 90 1.50 >72
1/18/2006 ~ Winter 1 0150-0410 0.70 0.35 115 0.41 0.14 175 2.92 >72
4 2250-0150 0.80 0.34 2245 0.15 0.05 180 3.00 >72
2/2/2006 Winter 1 1547-1816 1.29 0.74 1530 1.5 0.54 166 2.77 <72 >24
2 1539-1825 0.87 0.28 1530 1.51 0.52 175 2.92 <72 >24
4 1510-1810 2.80 1.20 1515 1.12 0.37 180 3.00 <72 >24
3/21/2006  Winter 1 0834-1003 0.12 0.03 815 0.15 0.08 108 1.80 >72
2 0902-0944 0.20 0.12 815 0.15 0.10 89 1.48 >72
3 0902-1012 0.20 0.11 815 0.15 0.08 117 1.95 >72
4 0820-0940 3.80 0.60 805 0.32 0.24 80 1.33 >72
4/8/2006  Spring 1 1536-1806 0.80 0.30 1530 0.77 0.30 156 2.60 >72
2 1535-1755 1.50 0.75 1530 0.76 0.31 145 242 >72
3 1549-1732 2.80 1.60 1530 0.73 0.36 122 2.03 >72
4 1532-1756 0.54 0.21 1450 0.63 0.20 186 3.10 >72
4/26/2006  Spring 1 1725-1859 1.44 0.38 1730 0.78 0.53 89 1.48 >72
2 1725-1838 1.50 0.73 1730 0.76 0.67 68 1.13 >72
3 1725-1858 5.40 3.42 1730 0.78 0.53 88 1.47 >72
6/13/2006  Spring 1 0750-1045 E 0.20 E 0.07 745 0.13 0.04 180 3.00 >72
2 0750-1045 0.41 0.11 745 0.13 0.04 180 3.00 >72
3 0817-1130 E 0.92 E 0.63 745 0.26 0.07 225 3.75 >72
4 1010-1310 1.40 0.70 935 0.61 0.17 215 3.58 >72
7/6/2006  Summer 1 1820-2031 — — 1815 0.55 0.24 136 2.27 >72
2 1822-1855 0.16 0.10 1815 0.54 0.81 40 0.67 >72
3 1827-2000 E 2.50 E 1.45 1815 0.54 0.31 105 1.75 >72
4 18001855 0.15 0.07 1725 0.06 0.04 90 1.50 >72
8/9/2006  Summer 1 1905-2006 2.43 0.64 1815 0.68 0.37 111 1.85 <72 >24
8/24/2006  Summer 3 1535-1838 11.64 5.11 1500 2.7 0.74 218 3.63 >72
8/31/2006 Summer 1 0145-0210 — — 0:30 0.09 0.05 100 1.67 >72
2 1020-1205 0.30 0.17 9:30 0.19 0.07 155 2.58 >72
3 0957-1220 E 0.26 E0.15 9:30 0.19 0.07 170 2.83 >72
4 0211-0320 E 6.40 E 2.00 135 0.45 0.26 105 1.75 >72
9/7/2006  Summer 2 1615-1855 0.20 0.07 1515 0.37 0.10 220 3.67 <72 >24
3 1620-1825 0.69 0.30 1515 0.26 0.08 190 3.17 <72 >24
9/19/2006 ~ Summer 2 1540-1645 E2.11 E 1.33 1540 0.58 0.54 65 1.08 <72 >24
3 1550-1710 7.61 3.65 1540 0.59 0.44 80 1.33 <72 >24
4 1640-1705 0.03 0.02 1640 0.16 0.38 25 0.42 >72
10/27/2006 Fall 2 0720-0900 E 0.47 E 0.42 715 0.07 0.04 100 1.67 >72
11/7/2006  Fall 2 0435-0530 0.06 0.04 300 0.07 0.08 55 0.92 >72
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Appendix B. Constituents, reporting limits, and long-term detection limits for selected analyses used in the study.

Lab Code 2144
Description: COD-HACH (Chemical Oxygen Demand)
Analyzing Laboratory: USGS-National Water Quality Lab, Denver, CO

Parameter name Lab code Parameter code M CAS number LT-MDL RL Unit RL code

(Chemical oxygen demand (COD) 2144 00340 0X004 N/A 10 mg/L mrl

Container Requirements

125mL COD

Description: 125 mL Glass bottle, Bottle baked at 450 deg C by laboratory. Use unfiltered sample.

Treatment and Preservation: DO NOT RINSE BOTTLE. Prepare each sample to pH<2 with sulfuric acid (H2SO4), chill and maintain at
4 deg C: ship immediately

References

TWRI B5-A1/89

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. Al, 545 p.

Method ID: 1-3561-89

Lab Code 2187
Description: Turbidity, broad band light (400-680 nm), detectors at angles including 90+/-30 degs, NTRU
Analyzing Laboratory: USGS-National Water Quality Lab, Denver, CO

Parameter name Lab code Parameter code M CAS number LT-MDL RL Unit RL code

Turbidity 2187 63676 TS098 N/A 2 NTRU mrl

Container Requirements

500mL TBY

Description: 500 mL Polyethylene bottle. Use unfiltered sample to rinse bottles, chill collected sample
Treatment and Preservation: maintain at 4 deg.C, ship immediately. Dedicated bottle for lab code 2187
References

Std Meth 2130

Standard methods for the examination of water and wastewater (20th edition), 1998; Washington, D.C., American Public Health Association,
American Water Works Association, and Water Environment Federation, 2130, p. 2-8 to 2-11.

Method ID: 2130

Lab Code 2125
Description: EPA Method 1664, Oil & Grease
Analyzing Laboratory: USGS-National Water Quality Lab, Denver, CO

Parameter name Lab code Parameter code M CAS number LT-MDL RL Unit RL code

Oil and grease 2125 00556 101 3 7 mg/L Irl

Container Requirements

1L OAG - This test consumes the entire container.

Description: 1 L Glass bottle, amber

Treatment and Preservation: Bottle baked at 450 deg C by laboratory. DO NOT RINSE BOTTLE. Do not fill bottle beyond shoulder, add 2 mL
of concentrated or 4 mL of 1:1 sulfuric acid (H2SO4) and mix, to adjust pH to <2. Chill sample and maintain at 4 deg C, ship immediately

References

EPA 1664A

N-Hexane Extractable Material (HEM; Oil and Grease) and Silica Gel Treated by N-Hexane Extractable Material (SGT-HEM; Non-polar
Material) by Extraction and Gravimetry - Revision A (Approved at 40 CFR Parts 136 and 260, Not Approved at 40 CFR Part 141)

NWQL TM 96.08
Implementation of EPA Method 1664 for the Analysis of Oil and Grease or Total Petroleum Hydrocarbons in water, May 22, 1996
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Appendix B. Constituents, reporting limits, and long-term detection limits for selected analyses used in the study.—Continued

Schedule 1995
Description: BMP metals, SC District
Analyzing Laboratory(s): USGS - National Water Quality Laboratory, Denver, CO

Analyte Lab Code Pa;:aolgzter M |CAS Number L;?;I[:{zwzozf L?_f:\:rnlonlzg?_ﬁ Unit | RL Type | Container
cadmium, dissolved 1788 01025 G [7440-43-9 0.02 0.04 o/l |Irl IFA
cadmium, total 2376 01027 [ [7440-43-9 0.02 0.04 ] 0.009 | 0.018 Jug/L.|irl RA
copper, dissolved 3128 01040 G [7440-50-8 0.2 0.4 o/ |Irl IFA
copper, total 3129 01042 H 7440-50-8 0.3 0.6 0.6 1.2 g/l irl RA
lead, dissolved 1792 01049 G [7439-92-1 0.04 0.08 | 0.06 1.2 o/l |Irl IFA
lead, total 2380 01051 I [7439-92-1 0.03 0.06 o/l |irl RA
nickel, dissolved 3130 01065 G [7440-02-0 0.03 0.06 o/l Irl IFA
nickel, total 3131 01067 L [7440-02-0 0.08 0.16 o/ |irl RA
pH, laboratory 68 00403 A 0.1 pH mrl RU
specific conductance, laboratory |69 90095 A 2.6 S/cm |mrl RU
zinc, dissolved 3138 01090 G [7440-66-6 0.3 0.6 /L |irl IFA
zinc, total 3139 01092 D 7440-66-6 1.0 2 g/l irl RA

Container Requirements
Quantity Bottle
1 250mL FA
Description: 250 mL Polyethylene bottle, acid-rinsed
Treatment and Preservation: Filter through 0.45-um filter, use filtered sample to rinse containers and acidify
sample with nitric acid (HNO3) to pH < 2
1 250mL RA
Description: 250 mL Polyethylene bottle, acid-rinsed
Treatment and Preservation: Use unfiltered sample to rinse bottles, then acidify collected sample with nitric
acid (HNO3) topH <2
1 50mL RU

Description: Treatment and Preservation: 250 or 500 mL Polyethylene bottle, Use unfiltered sample to
rinse bottles

References

1. OFR 92-634

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.

Method ID: 1-2477-92

2. OFR 96-225

Hoffman, G.L., Fishman, M.J., and Garbarino, J.R., 1996, Methods of analysis by the U.S. Geological Survey National Water Quality Labora-
tory—In-bottle acid digestion of whole-water samples: U.S. Geological Survey Open-File Report 96-225, 28 p.

Method ID: 1-3486-95

3. OFR 98-165

Garbarino, J.R., and Struzeski, T.M., 1998, Methods of analysis by the U.S. Geological Survey National Water Quality Laboratory -- Determi-
nation of elements in whole-water digests using inductively coupled plasma- optical emission spectrometry and inductively coupled plasma-
mass spectrometry: U.S. Geological Survey Open-File Report 98-165, 101 p.

Method ID: 1-4471-97

4. TWRI B5-A1/89
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.

Method ID: I-2587-89 , 1-2781-89
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Appendix B. Constituents, reporting limits, and long-term detection limits for selected analyses used in the study.—Continued

Schedule 1040

Description: S1040 (NWQL schedule 1040)
Owner: CL

Analyzing Laboratory(s):

USGS-National Water Quality Lab, Denver, CO

Parameter
Analyte Lab Code Code M CAS Number | LT-MDL RL Unit | RLType | Container
Nitrogen, total ammonia + (1986 00625 KJOO8  [17778-88-0 0.05 0.1 mg/L Ir] IWCA
organic nitrogen
Phosphorus, total 1984 00665 KJO09  [7723-14-0 0.02 0.04 |mg/L Irl IWCA

CAS Registry Number® is a Registered Trademark of the American Chemical Society. CAS recommends the verification of the CASRNs
through CAS Client Services.

Container Requirements

Quantity Bottle
1 125mL WCA
Description: 125 mL Plain (translucent) polyethylene bottle, Use unfiltered sample to rinse bottles

Treatment and Preservation: acidify with 1 mL of 4.5N (4.5 normal) sulfuric acid (H2S04), chill and maintain at
4 deg C, ship immediately.

References

OFR 00-170

Patton, C.J., amd Truitt, E.P., 2000, Methods of analysis by the U.S. Geological Survey National Water Quality Laboratory—Determination
of ammonium plus organic nitrogen by a Kjeldahl digestion method and an automated photometric finish that includes digest cleanup by
gas diffusion: U.S. Geological Survey Open-File Report 00-170, 31 p.

Method ID: 1-4515-91

OFR 92-146

Patton, C.J., and Truitt, E.P., 1992, Methods of analysis by the U.S. Geological Survey National Water Quality Laboratory—Determination
of total phosphorus by a Kjeldahl digestion method and an automated colorimetric finish that includes dialysis: U.S. Geological Survey
Open-File Report 92-146, 39 p.

Method ID: 1-4610-91
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Appendix C-1. Water-quality data from four structural Best Management Practice sites,

January 2005 through November 2006...........c.ceeuveuneeererrernssesesesssssssess s sesssssessesesans 112
Appendix C-2. Sediment-quality data from four structural Best Management Practice sites,
January 2005 through November 2006...........c.oceureerueeneereeneereeeeiressesess e esseseesesesseenes 120
Explanation
> greater than
< less than
% percent

BMP1 intake U.S. Geological Survey (USGS) station identification number (STAID),
322518808039571; station name, BMP1 intake upstream side US Hwy 21 near
Beaufort, SC.

BMP1 outflow  USGS STAID, 322518808039572; station name, BMP1 outflow upstream side
US Hwy 21 near Beaufort, SC.

BMP?2 intake USGS STAID, 322517008039551; station name, BMP2 intake D/S side
US Hwy 21 near Beaufort, S.C.

BMP2 outflow USGS STAID, 322517008039552; station name, BMP2 outflow D/S side
US Hwy 21 near Beaufort, S.C.

BMP3 intake USGS STAID, 322525908038381; station name, BMP3 intake east corner
SC Hwy 802 near Beaufort, S.C.

BMP3 outflow  USGS STAID, 322525908038382; station name, BMP3 outflow east corner
SC Hwy 802 near Beaufort, S.C.

BMP4 intake USGS STAID, 324756508046271; station name, BMP4 intake S side
1-95 Rest Area near Yemassee, SC.

BMP4 outflow  USGS STAID, 324756508046272; station name, BMP4 outflow S side
1-95 Rest Area near Yemassee, SC.

°C degrees Celsius

col/100 mL colonies per 100 milliliters
E estimated

ft¥/s cubic feet per second

g/kg grams per kilogram

M detected value was below the minimum reporting level
mg/kg milligrams per kilogram
mg/L milligrams per liter

mL milliliters

mm millimeters

ug/g micrograms per gram
ug/L micrograms per liter

uS/cm at 25 °C  microsiemens per centimeter at 25 degrees Celsius
NTRU nephelometric turbidity units

Turbidity is from water, unfiltered, broad band light source (400—680 nm), detectors at multiple angles
including 90 +/— 30 degrees, ratiometric correction.



112 Evaluation of Four Structural Best Management Practices for Highway Runoff in Beaufort and Colleton Counties

Appendix C-1. Water-quality data from four structural best management practice sites, January 2005 through November 2006.

Date: Apr7  Apr26 Dec5 Dec15 Jan18 Feb2 Mar21 Apr8 Apr26 Jun13 Jul6 Aug9 Aug3l
2005 2005 2005 2005 2006 2006 2006 2006 2006 2006 2006 2006 2006
site: _BMPI _BMP1 _BMP1 _BMP1 _BMP1 _BMP1 _BMPI _BMPI _BMPI _BMP1 _BMP1 _BMP1 _BMP1
intake intake intake intake intake intake intake intake intake intake intake intake intake
Time: 1225 1610 1600 1500 0300 1650 0834 1651 1905 0917 2000 1835 0100
Parameter
Discharge, mean for storm event, ft*/s 0 0 0 0 0 0 0 0 0 E.0 0
Discharge, peak for storm event, ft*/s 0.71 0.25 0.94 0.42 0.7 1.3 0.12 0.8 1.4 E.20 2.4
Precipitation total, inches per storm 0.12 1.2 0.13 0.41 1.5 0.15 077 078 0.13 0.55 0.68 0.09
Precipitation, duration of storm event, minutes 80 150 77 175 166 108 156 89 180 136 111 100
Sampling method, code 55 55 55 55 55 55 55
Turbidity, NTRU 16 48 26 50 6.7 14 48 12 28 33 21 11 9.8
pH, water, unfiltered, field, standard units 7.1 6.7 7.2 6.3 6.2 6.5 7.6 6.4 5.9 6.8
pH, water, unfiltered, laboratory, standard units 6.2 6.5 7.8 6.9 7.7 7 7 7.1 6.7 6.7 6.8 7.4 6.7
Specific conductance, water, unfiltered, laboratory, 44 113 46 90 93 32 162 60 70 184 121 43 221
uS/ecm at 25 °C
Specific conductance, water, unfiltered, pS/cm at 25 °C 91 121 108 31 169 60 60 128 41 217
Temperature, air, °C 18.8 19.6 232
Temperature, water, °C 18.4 20.4 11.9 18.8 10.2
Hardness, water, mg/L as calcium carbonate 12 39 13 28 33 10 43 17 15 40 28 9 49
Calcium, water, filtered, mg/L 4.44 14.1 4.61 10.3 12 3.69 157 6.11 516 133 9.12 3.07 16.6
Magnesium, water, filtered, mg/L 0.289 0.885 0.34 0.685 0.727 0.214 1.02 0433 0392 151 1.38 0.385 1.93
Residue, total nonfilterable, mg/L 11 40 142 34 11 38 64 80 204 46 67 86 22
Ammonia plus organic nitrogen, water, 1.4 2] 1.1 1.7 1.1 1.4 5.5 2.3 1.7 5.6 2 0.92 2.6
unfiltered, mg/L as nitrogen
Phosphorus, water, unfiltered, mg/L 0.18 0.28 0.2 0.25 0.09 0.16 0.6 037 036 0.34 0.4 0.16 0.31
Organic carbon, water, unfiltered, mg/L 9.3 38.3 46.7 423 19.5 94 46 21.6 15.2 47.6 38 11.1 49.4
Biochemical oxygen demand, water, unfiltered, 66.1 37.1 12.1 77.3 6.8 3.7 206 539 4.5 24 8.9 4.7 15.2
5 days at 20 °C, mg/L
Chemical oxygen demand, high level, water, 60 150 70 150 60 30 200 120 80 170 130 50 140
unfiltered, mg/L
Enterococci, mEI MF method, water, col/100 mL 14,000 9,300 1,500 4,610 332 454 886 8,160 464 <10 6,870 630
Escherichia coli, Defined Substrate Technology, 1,300 2,300 860 75 440 370 30 20,000 3,400 190 820
water, most probable number per 100 mL
Fecal coliform, M-FC MF (0.7 micron) method, 6,000 36,000
water, col/100 mL
Total coliform, Defined Substrate Technology, >24,000 17,000 7,700 1,300 7,700 13,000 2,600 24,000 >24,00024,000 >24,000
water, most probable number per 100 mL
Cadmium, water, filtered, ug/L 0.05 0.15 E.03 0.07 0.07 E.03 0.13 0.09 0.06 0.16 0.16 0.04 0.11
Cadmium, water, unfiltered, ug/L 0.14 0.44 0.28 0.34 0.09 0.14 047 032 041 0.34 0.32 0.17 0.2
Copper, water, filtered, pug/L 4.5 15.3 3.7 6.1 9.8 44 21 11.6 5.4 259 10.6 2.4 19.8
Copper, water, unfiltered, recoverable, ng/L 11.6 26.4 15.7 20.5 9.8 9.1 33.7 23.8 23.9 29.5 17 9.7 19.8
Lead, water, filtered, ug/L 0.32 0.64 0.26 0.21 0.15 0.11 176 047 043 1.1 0.58 0.23 0.47
Lead, water, unfiltered, recoverable, pg/L 5.71 14.3 14 24.9 1.52 8.33 236 15 422 22.2 14 15.7 3.52
Nickel, water, filtered, ug/L 1.5 4.71 1.56 3.23 3.21 0.86 627 385 293 7.6 5.33 0.93 6.2
Nickel, water, unfiltered, recoverable, ug/L 2.73 7.69 4.96 5.61 3.05 238 11 6.17 10.2 9.76 7.68 2.94 6.49
Zinc, water, filtered, ug/L 21.4 52 16.9 29.1 24.4 14.6 7718 642 326 112 120 24 64.9
Zinc, water, unfiltered, recoverable, ug/L 52 146 105 128 30 61 209 151 152 172 152 76 77
Oil and grease, water, unfiltered, freon extraction, 12 15 8 11 7 8 E7 11 9 ES <7 <7 E4
gravimetric, recoverable, mg/L
9H-Fluorene, water, unfiltered, recoverable, ug/L M <33 <.33
Acenaphthene, water, unfiltered, recoverable, pg/L M <.28 <.28
Acenaphthylene, water, unfiltered, recoverable, pg/L <2 <.30 <.30
Anthracene, water, unfiltered, recoverable, ng/L <2 <.39 <.39
Benzo[a]anthracene, water, unfiltered, recoverable, ug/L M <.26 <.26
Benzo[a]pyrene, water, unfiltered, recoverable, pg/L M M <.33
Benzo[blfluoranthene, water, unfiltered, recoverable, ug/L M <40 <40
Benzo[ghi]perylene, water, unfiltered, recoverable, pg/L M M <.64
Benzo[k]fluoranthene, water, unfiltered, recoverable, ug/L M <45 <45
Chrysene, water, unfiltered, recoverable, ug/L M <33 <.33
Dibenzo[a,h]anthracene, water, unfiltered, recoverable, pg/L <3 <.70 <.70
Fluoranthene, water, unfiltered, recoverable, ug/L M M <.30
Indeno[1,2,3-cd]pyrene, water, unfiltered, recoverable, pg/L M M <.56
Nitrobenzene, water, unfiltered, recoverable, pug/L <2 <21 <21
Phenanthrene, water, unfiltered, recoverable, ug/L M M <32
Pyrene, water, unfiltered, recoverable, pg/L M M <35
Trihalomethanes, water, unfiltered, calculated, ug/L
Naphthalene, water, unfiltered, recoverable, ug/L M <.32 M
Suspended sediment, sieve diameter, 49 91 23 58 68 62 87 45 12 87 54 29 95
percent smaller than 0.063 mm
Suspended sediment concentration, mg/L 43 51 204 96 10 51 104 148 2390 65 92 158 15



Appendix C 113

Appendix C-1. Water-quality data from four structural best management practice sites, January 2005 through November 2006.—Continued

Date:

Site:

Time:
Parameter

Apr7 Apr26 Dec5 Dec15 Jan18 Feb2 Mar21 Apr8 Apr26 Jun13 Jul6 Aug9 Aug3l
2005 2005 2005 2005 2006 2006 2006 2006 2006 2006 2006 2006 2006
BMP1 BMP1 BMP1 BMP1 BMP1 BMP1 BMP1 BMP1 BMP1 BMP1 BMP1 BMP1 BMP1
outflow outflow outflow outflow outflow outflow outflow outflow outflow outflow outflow outflow outflow
1230 1610 1605 1510 0310 1650 0835 1652 1910 0918 2001 1836 0101

Discharge, mean for storm event, ft*/s

Discharge, peak for storm event, ft*/s

Precipitation total, inches per storm

Precipitation, duration of storm event, minutes

Sampling method, code

Turbidity, NTRU

pH, water, unfiltered, field, standard units

pH, water, unfiltered, laboratory, standard units

Specific conductance, water, unfiltered, laboratory,
uS/em at 25 °C

Specific conductance, water, unfiltered, uS/cm at 25 °C

Temperature, air, °C

Temperature, water, °C

Hardness, water, mg/L as calcium carbonate

Calcium, water, filtered, mg/L

Magnesium, water, filtered, mg/L

Residue, total nonfilterable, mg/L

Ammonia plus organic nitrogen, water,
unfiltered, mg/L as nitrogen

Phosphorus, water, unfiltered, mg/L

Organic carbon, water, unfiltered, mg/L

Biochemical oxygen demand, water, unfiltered,
5 days at 20 °C, mg/L

Chemical oxygen demand, high level, water,
unfiltered, mg/L

Enterococci, mEI MF method, water, col/100 mL

Escherichia coli, Defined Substrate Technology,
water, most probable number per 100 mL

Fecal coliform, M-FC MF (0.7 micron) method,
water, col/100 mL

Total coliform, Defined Substrate Technology,
water, most probable number per 100 mL

Cadmium, water, filtered, pg/L

Cadmium, water, unfiltered, ug/L

Copper, water, filtered, pg/L

Copper, water, unfiltered, recoverable, ng/L

Lead, water, filtered, pg/L

Lead, water, unfiltered, recoverable, ug/L

Nickel, water, filtered, ug/L

Nickel, water, unfiltered, recoverable, pg/L

Zinc, water, filtered, pg/L

Zinc, water, unfiltered, recoverable, pug/L

Oil and grease, water, unfiltered, freon extraction,
gravimetric, recoverable, mg/L

9H-Fluorene, water, unfiltered, recoverable, pg/L

Acenaphthene, water, unfiltered, recoverable, pg/L

Acenaphthylene, water, unfiltered, recoverable, ug/L

Anthracene, water, unfiltered, recoverable, ug/L

Benzo[a]anthracene, water, unfiltered, recoverable, ug/LL
Benzo[a]pyrene, water, unfiltered, recoverable, pg/L
Benzo[b]fluoranthene, water, unfiltered, recoverable, ug/LL
Benzo[ghi]perylene, water, unfiltered, recoverable, pg/L
Benzo[k]fluoranthene, water, unfiltered, recoverable, ug/L

Chrysene, water, unfiltered, recoverable, ug/L

Dibenzo[a,h]anthracene, water, unfiltered, recoverable, pg/L

Fluoranthene, water, unfiltered, recoverable, pg/L

Indeno[1,2,3-cd]pyrene, water, unfiltered, recoverable, pg/L

Nitrobenzene, water, unfiltered, recoverable, ug/L
Phenanthrene, water, unfiltered, recoverable, pg/L
Pyrene, water, unfiltered, recoverable, pg/L

Trihalomethanes, water, unfiltered, calculated, ug/L

Naphthalene, water, unfiltered, recoverable, ug/L
Suspended sediment, sieve diameter,

percent smaller than 0.063 mm
Suspended sediment concentration, mg/L

0 0 0 0 0 0 0 0 0 E.0 0
0.71 0.25 0.94 0.42 0.7 1.3 0.12 0.8 1.4 E.20 2.4
0.12 1.2 0.13 0.41 1.5 0.15 0.77 0.78 0.13 0.55 0.68 0.09
80 150 77 175 166 108 156 89 180 136 111 100
55 55 55 55 55 55 55
13 28 22 44 52 16 25 13 43 29 12 25 8.2
7 6.4 7.7 6 6.4 6.5 6.6 8.2 6.5 6 6.5
6.5 6.3 7.8 7 73 7 7 6.9 6.9 6.7 6.9 72 6.6

51 132 52 106 103 34 203 67 49 252 109 54 174

51 139 108 105 33 139 54 59 112 54 174
19 19.6 22.6
19.2 20.1 10.5 15.8 10.8
12 51 14 35 37 11 60 19 10 57 28 11 45

424 185 464 122 13.5 392 217 6.81 357 191 9.17 353 156

0355 1.13 0.51 1.02 0.883 0241 145 0.514  0.37 2.28 1.18 0.529  1.56
24 26 45 52 <10 32 46 80 71 40 22 30 <20

1.4 32 0.79 1.3 1.2 0.82 3.7 2.4 1.3 5.8 1.3 0.88 1.9

0.176  0.37 0.12 0.21 0.1 0.12 0.35 0.36 0.19 0.38 0.18 0.1 0.24
11.5 41.6 12.3 31.2 17.7 9.2 472 23.8 12.8 51.4 16.5 11.5 34.3
99.4 46.5 8.3 59 20 18.7 28.6 60.8 10.2 40.1 11.2 5.8 20.5

50 180 60 130 70 50 190 110 60 170 80 50 100

3,800 2,000 2,050 3,260 281 24,200 5,480 24,200 324 3,650 3,450 8,660
1,700 1,100 2,500 330 1,200 500 110 24,000 >24,000 310 570

8,100 25,000

>24,000 >24,000 12,000 8,200 >24,000 >24,000 24,000 24,000 9,800 24,000 >24,000

0.06 E.03 <.04 E.02 0.06 E.03 E.03 0.09 E.03 E.03 0.08 0.04 0.05
0.14 0.43 0.17 0.24 0.1 0.14 0.41 0.28 0.18 0.29 0.12 0.15 0.13
4.6 6.2 2.5 3.7 72 3.5 73 11.4 4.6 6 8.5 2.7 16.3
14.3 25.1 115 16.3 9.2 9.4 315 22.7 13.5 25.2 8.1 7.8 13.5
0.43 0.55 0.28 0.27 0.44 0.1 1.04 0.62 0.41 0.55 0.86 0.21 2.64

696 134 947 173 1.51 8.2 20.9 14 11.7 16.9 6.53 11 2.9
1.42 52 1.5 3.13 3.14 0.73 743 4.09 2.18 8.07 2.96 1.5 4.9
3.44 8.03 3.61 4.6 2.84 218 11 5.98 4 9.8 3.28 3.03 5.45
25.1 355 15.6 24.7 24.7 13.4 339 69 26.9 58.7 65.1 28.1 54.7
78 143 69 99 30 61 201 144 77 148 67 63 59
E3 8 E3 9 <7 7 E6 <7 E6 <7 E5 <7
M <33 <33
<2 <.28 <.28
<2 <.30 <.30
<2 <.39 <.39
M <.26 <.26
M <33 <33
M <40 <.40
M <.64 <.04
M <45 <45
M <33 <33
<3 <.70 <.70
M <.30 <.30
M <.56 <.56
<2 <21 M
M <.32 <32
M <35 <35
M <32 M
93 98 80 98 94 97 99 89 61 99 81 90
19 43 47 46 5 31 76 71 97 44 47 14
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Appendix C-1. Water-quality data from four structural best management practice sites, January 2005 through November 2006.—Continued

Apr7 Feb2 Mar21 Apr8 Apr26 Jun13 Jul6 Aug9 Aug31 Sep7 Sep19 O0ct27 Nov7

Rt 2005 2006 2006 2006 2006 2006 2006 2006 2006 2006 2006 2006 2006
Site: BMP2 BMP2 BMP2 BMP2 BMP2 BMP2 BMP2 BMP2 BMP2 BMP2 BMP2 BMP2 BMP2
intake intake intake intake intake intake intake intake intake intake intake intake intake
Time: 1210 1700 0920 1730 1900 0920 1936 1914 M2 1735 1612 0810 0505
Parameter
Discharge, mean for storm event, ft*/s 0 0 0 0 0 0 0 0 0 El E.0 0
Discharge, peak for storm event, ft*/s 0.52 0.87 0.2 1.5 1.5 0.41 0.16 0.3 02 E2.1 E.47 0.06
Precipitation total, inches per storm 0.12 1.5 0.15 0.76 0.76 0.13 0.54 0.19 037 E.S8 0.07 0.07
Precipitation, duration of storm event, minutes 75 175 89 145 68 180 40 155 220  E65.0 100 55
Sampling method, code 55 55 55 55 55 55
Turbidity, NTRU 17 13 37 23 27 22 40 34 30 14 25 9.3
pH, water, unfiltered, field, standard units 6.9 5.8 6.8 6.9 8.5 5.6 6.6 7.2 6.3 6.9 7.3
pH, water, unfiltered, laboratory, standard units 6 72 72 6 6.7 7 7.1 7.4 73 72 73 7.7
Specific conductance, water, unfiltered, 88 28 244 150 68 308 164 82 71 49 324 306
laboratory, uS/cm at 25 °C
Specific conductance, water, unfiltered, pS/cm at 25 °C 96 27 255 152 411 118 80 68 45 486 349
Temperature, air, °C 19 12.6 20.3 20.2
Temperature, water, °C 19.2 9.6 14.7 8.4 9.6
Hardness, water, mg/L as calcium carbonate 19 9 59 26 11 48 34 20 19 11 62 64
Calcium, water, filtered, mg/L 6.11 321 202 7.96 3.43 13.6 11.3 6.33 6.23 3.3 19.2 20.1
Magnesium, water, filtered, mg/L 0.822  0.179 2.06 1.6 0.631 349 1.46 0911 0.76  0.456 3.37 3.36
Residue, total nonfilterable, mg/L 180 38 82 94 83 44 1160 70 110 60 <20 <10
Ammonia plus organic nitrogen, water, 4.1 0.48 3.9 3.4 2.3 32 2.6 0.81 073 0.78 1.4 0.87
unfiltered, mg/L as nitrogen
Phosphorus, water, unfiltered, mg/L 0.67 0.09 0.51 0.65 0.32 0.39 2.18 036 021 0.26 0.27 0.18
Organic carbon, water, unfiltered, mg/L 35.5 7.1 46 38.9 23.9 40.1 51.4 19.8 13.3 12.3 33.6 25.9
Biochemical oxygen demand, water, unfiltered, 160 458 113 38.2 29.2 66.1 244 73 8.3 6.5 12 7
5 days at 20 °C, mg/L
Chemical oxygen demand, high level, 150 30 220 170 90 140 150 60 50 40 90 70
water, unfiltered, mg/L
Enterococci, mEI MF method, water, col/100 mL 620 2490 3870 51 676 17300 25000 1750 4610 8660 5790
Escherichia coli, Defined Substrate Technology, 190 1200 41 2500 6100 2900 10000 5200 1000 3700 7600
water, most probable number per 100 mL
Fecal coliform, M-FC MF (0.7 micron) >6000
method, water, col/100 mL
Total coliform, Defined Substrate Technology, 12000 >24000 370 24000 25000 25000 25000 25000 >24000 >24000
water, most probable number per 100 mL
Cadmium, water, filtered, ug/L 0.05 <.04 0.11 0.1 <.04 0.12 0.08 E.03 <04 E.03 0.05 0.07
Cadmium, water, unfiltered, ug/L 0.18 0.12 0.3 0.28 0.22 0.24 1.23 0.19 0.14 0.16 0.16 0.1
Copper, water, filtered, ug/L 8.7 3.4 18.5 20.5 3.4 14 10 8.3 4.5 5.6 13.8 13.9
Copper, water, unfiltered, recoverable, ug/L 14.7 72 29.2 24.5 13.9 21.7 44.6 13.2 10.8 9.2 222 16.9
Lead, water, filtered, ug/L 0.31 0.2 0.85 1.17 0.58 0.78 0.52 1.02 04 0.89 0.67 2.31
Lead, water, unfiltered, recoverable, ug/L 115 831 187 18.7 18.1 16.1 79.1 16.1 12.1 9.34 8.42 5.61
Nickel, water, filtered, ug/L 1.97 0.52 5.68 3.72 1.12 43 3.71 1.8 1.2 1.2 2.6 22
Nickel, water, unfiltered, recoverable, ug/L 4.82 1.78 7.85 5.25 3.38 597 215 3.46 3.02 232 3.41 247
Zinc, water, filtered, pg/L 43.6 9.4 72.8 96.2 17.5 69.7 41.8 31.8 12.7 229 27.7 31.1
Zinc, water, unfiltered, recoverable, ug/L 79 49 147 159 98 120 345 80 64 66 65 43
Oil and grease, water, unfiltered, freon extraction, 9 E6 13 8 15 12 E5 E5 7 E5 E6 10 8
gravimetric, recoverable, mg/L
9H-Fluorene, water, unfiltered, recoverable, pg/L M <33 <33 <33 <33 <.33
Acenaphthene, water, unfiltered, recoverable, ng/L <2 <28 <28 <28 <.28 <.28
Acenaphthylene, water, unfiltered, recoverable, ug/L <2 <.30 <30 <30 <.30 <.30
Anthracene, water, unfiltered, recoverable, ug/L <2 M <39 <39 <.39 M
Benzo[a]anthracene, water, unfiltered, recoverable, ug/L <2 <.26 M M M <.26
Benzo[a]pyrene, water, unfiltered, recoverable, pg/L M <33 M M M M
Benzo[b]fluoranthene, water, unfiltered, recoverable, ug/L M <.40 M M M M
Benzo[ghi]perylene, water, unfiltered, recoverable, pg/L M <.64 M M M <.64
Benzol[k]fluoranthene, water, unfiltered, recoverable, ug/L M <45 M M M <45
Chrysene, water, unfiltered, recoverable, ug/L <3 <33 M M M <.33
Dibenzo[a,h]anthracene, water, unfiltered, <3 <.70 <70 <70 <.70 <.70
recoverable, pg/L
Fluoranthene, water, unfiltered, recoverable, ug/L M M M
Indeno[1,2,3-cd]pyrene, water, unfiltered, recoverable, ug/L M <.56 <.56

Phenanthrene, water, unfiltered, recoverable, ug/L

Pyrene, water, unfiltered, recoverable, pg/L

Trihalomethanes, water, unfiltered, calculated, ug/LL

Naphthalene, water, unfiltered, recoverable, ug/L M M M M M M

Suspended sediment, sieve diameter, 52 58 79 60 74 28 2 5 6 75 79 42
percent smaller than 0.063 mm

Suspended sediment concentration, mg/L 78 53 88 119 97 143 6550 665 493 52 37 22

M M M

M M M
Nitrobenzene, water, unfiltered, recoverable, pg/L <2 <21 <21 <21 <21 <21

M M M

M M M

==
<
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Water-quality data from four structural best management practice sites, January 2005 through November 2006.—Continued

Date: Apr7 Feb2 Mar21 Apr8 Apr26 Jun13 Jul6 Aug9 Aug31 Sep7 Sep19 Oct27 Nov7
2005 2006 2006 2006 2006 2006 2006 2006 2006 2006 2006 2006 2006
Site: BMP2 BMP2 BMP2 BMP2 BMP2 BMP2 BMP2 BMP2 BMP2 BMP2 BMP2 BMP2 BMP2
outflow outflow outflow outflow outflow outflow outflow outflow outflow outflow outflow outflow outflow
Time: 1215 1700 0923 1740 1905 0923 1937 1915 113 1736 1613 0811 0510
Parameter
Discharge, mean for storm event, ft*/s 0 0 0 0 0 0 0 0 0 El E.0 0
Discharge, peak for storm event, ft*/s 0.52 087 0.2 1.5 1.5 0.41 0.16 0.3 0.2 E2.1 E.47 0.06
Precipitation total, inches per storm 0.12 1.5 0.15 0.76 0.76 0.13 0.54 0.19 0.37 0.58 0.07 0.07
Precipitation, duration of storm event, minutes 75 175 89 145 68 180 40 155 220 65 100 55
Sampling method, code 55 55 55 55 55 55
Turbidity, NTRU 22 94 30 20 24 18 26 31 25 13 19 6.1
pH, water, unfiltered, field, standard units 6.6 6 6.7 7.8 7.4 6.4 72 6.2 6.9 7.1
pH, water, unfiltered, laboratory, standard units 6 72 6.8 7 6.4 7 6.7 7.4 7.4 7.6 7.1 73
Specific conductance, water, unfiltered, 104 31 250 152 72 511 185 90 84 56 337 297
laboratory, uS/cm at 25 °C
Specific conductance, water, unfiltered, pS/cm at 25 °C 116 29 251 160 71 169 80 53 339 286
Temperature, air, °C 18.9 9.7 17.1
Temperature, water, °C 19.2 112 13 9.5 14.5
Hardness, water, mg/L as calcium carbonate 26 10 64 29 13 79 47 21 22 15 80 65
Calcium, water, filtered, mg/L 8.66 3.6 223 8.95 4.08 22 15.3 6.91 7.16 496 257 20.7
Magnesium, water, filtered, mg/L 1.16 0.234 2.07 1.7 0.607 5.74 2.19 1.03 091 0.556 3.8 3.13
Residue, total nonfilterable, mg/L 40 26 48 70 94 26 60 36 26 33 <19 <10
Ammonia plus organic nitrogen, water, 3.6 054 35 35 2 3.8 2.7 0.79 0.75 0.88 1.4 1
unfiltered, mg/L as nitrogen
Phosphorus, water, unfiltered, mg/L 0.61 0.1 0.42 0.66 0.31 0.44 0.37 0.29 0.15 0.27 0.35 0.2
Organic carbon, water, unfiltered, mg/L 39.5 6.5 38.6 39.6 15.3 48.5 433 18.9 13.9 10.6 32.3 28.8
Biochemical oxygen demand, water, unfiltered, 186 11.5 51.8 63.5 294 60.3 20.7 7.2 10.1 6.7 13 15
5 days at 20 °C, mg/L
Chemical oxygen demand, high level, 150 30 180 180 80 160 150 60 50 90 80
water, unfiltered, mg/L
Enterococci, mEI MF method, water, col/100 mL 1500 311 2100 41 1720 17300 17300 2490 4110 6870 6130
Escherichia coli, Defined Substrate Technology, 410 1400 97 2500 13000 6500 6100 3600 1700 1800 1100
water, most probable number per 100 mL
Fecal coliform, M-FC MF (0.7 micron) 1700
method, water, col/100 mL
Total coliform, Defined Substrate Technology, 6600 >24000 2900 24000 25000 25000 25000 25000 >24000 >24000
water, most probable number per 100 mL
Cadmium, water, filtered, ug/L 0.06 E.03 0.13 0.08 E.03 E.03 0.13 E.03 E.03 E.03 0.05 0.06
Cadmium, water, unfiltered, ug/L 0.14 0.11 0.25 0.24 0.22 0.2 0.32 0.11 0.09 0.11 0.1 0.07
Copper, water, filtered, ug/L 10.1 2 17.8 13.6 3.8 6.1 11.6 5.7 45 3.4 11.4 8.8
Copper, water, unfiltered, recoverable, ug/L 9.9 6.5 255 22 13.7 20 21.3 10.2 9.4 8 16.5 14.2
Lead, water, filtered, ug/L 0.26 0.17 0.88 0.51 0.61 0.87 0.81 0.6 0.29 0.47 1.54 0.6
Lead, water, unfiltered, recoverable, ug/L 5.26 7.68 127 15.3 15.4 15.1 18.3 11.8 75 7.73 6.23 4.13
Nickel, water, filtered, ug/L 2.28 0.54 5.53 4.04 1.21 4.67 5.56 1.7 1.2 0.96 2.6 2.4
Nickel, water, unfiltered, recoverable, ug/L 24 1.54 751 5.07 331 5.95 6.53 2.54 225 1.85 3.09 2.52
Zinc, water, filtered, pg/L 52.4 11.3 83 78.3 21.4 46.8 94.3 20.2 15.6 18.1 259 24.2
Zinc, water, unfiltered, recoverable, ug/L 52 44 123 138 91 104 157 55 46 49 42 33
Oil and grease, water, unfiltered, freon extraction, E6 E6 8 <7 E4 11 E5 E6 E5 ES E4 <7 E3
gravimetric, recoverable, mg/L
9H-Fluorene, water, unfiltered, recoverable, pg/L M <.33 <.33 <33 <.33 <33 <.33
Acenaphthene, water, unfiltered, recoverable, ng/L <2 <.28 <.28 <28 <.28 <28 <.28
Acenaphthylene, water, unfiltered, recoverable, ug/L <2 <.30 <.30 <.30 <.30 <.30 <.30
Anthracene, water, unfiltered, recoverable, ug/L <2 M <.39 <.39 M <.39 <.39
Benzo[a]anthracene, water, unfiltered, recoverable, ug/L M M <.26 M M <.26 <.26
Benzo[a]pyrene, water, unfiltered, recoverable, pg/L M M <33 M M <33 <.33
Benzo[b]fluoranthene, water, unfiltered, recoverable, ug/L M M <40 M M M M
Benzo[ghi]perylene, water, unfiltered, recoverable, pg/L M <.64 <.64 M M M <.64
Benzol[k]fluoranthene, water, unfiltered, recoverable, ug/L M M <45 M M M <45
Chrysene, water, unfiltered, recoverable, ug/L M M <.33 M M <33 <.33
Dibenzo[a,h]anthracene, water, unfiltered, <3 <.70 <.70 <.70 <.70 <.70 <.70
recoverable, pg/L
Fluoranthene, water, unfiltered, recoverable, pg/L M M M M M M <30
Indeno[1,2,3-cd]pyrene, water, unfiltered, recoverable, ug/L M <.56 <.56 M M M <.56
Nitrobenzene, water, unfiltered, recoverable, ug/L <2 <21 <21 <21 <21 M <21
Phenanthrene, water, unfiltered, recoverable, ug/L M M <32 M M <.32 <32
Pyrene, water, unfiltered, recoverable, pg/L M M M M M M <.35
Trihalomethanes, water, unfiltered, calculated, ug/LL
Naphthalene, water, unfiltered, recoverable, ug/L M <32 M M M M M
Suspended sediment, sieve diameter, 81 59 80 77 96 55 94 77 75 96 87
percent smaller than 0.063 mm
Suspended sediment concentration, mg/L 29 41 74 89 43 109 28 29 38 20 11
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Water-quality data from four structural best management practice sites, January 2005 through November 2006.—Continued

Date: Apr7 May4 Dec5 Dec15 Mar21 Apr8 Apr26 Jun13 Jul6 Jul6 Aug9 Aug24 Aug31 Aug31 Sep?
: 2005 2005 2005 2005 2006 2006 2006 2006 2006 2006 2006 2006 2006 2006 2006

site: BMP3 BMP3 BMP3 BMP3 BMP3 BMP3 BMP3 BMP3 BMP3 BMP3 BMP3 BMP3 BMP3 BMP3 BMP3
’ intake intake intake intake intake intake intake intake intake intake intake intake intake intake intake

Time: 1230 1230 1700 1535 0933 1730 1801 0948 1908 1910 1912 1708 1106 1108 1722

Parameter

Discharge, mean for storm event, ft*/s 0 3 E.0 0 2 3 EO El 5 E.0 0

Discharge, peak for storm event, ft*/s 1.2 5.9 E.43 0.2 2.8 5.4 E92 E25 12 E.26 0.69

Precipitation total, inches per storm 0.12 1.2 0.13 0.15 0.73 0.78 0.26 0.54 2.7 0.19 0.26

Precipitation, duration of storm event, minutes 38 150 100 117 122 88 225 105 218 170 190

Sampling method, code 55 55 55 55 55 55

Turbidity, NTRU 31 30 97 72 28 33 28 25 14 48 32

pH, water, unfiltered, field, standard units 6.8 4.5 7.1 7.4 6.8 6.9 7.1 9.4

pH, water, unfiltered, laboratory, standard units 6.3 7.8 7.6 6.7 6.8 6.3 6.9 6.6 7.7 7.4 6.9

Specific conductance, water, unfiltered, laboratory, 78 31 95 152 69 41 113 66 19 73 55
puS/em at 25 °C

Specific conductance, water, unfiltered, pS/cm 83 97 148 86 34 64 71 144
at 25 °C

Temperature, air, °C 19.5 9.2 13

Temperature, water, °C 19.5 11.8 10

Hardness, water, mg/L as calcium carbonate 28 10 35 52 24 11 41 20 6 26 19

Calcium, water, filtered, mg/L 10.5 3.68 13 19.1 8.98 394 152 7.2 2.06 9.42 7.22

Magnesium, water, filtered, mg/L 0.53 0.21 0.703 0.901 0427 0.193 0.736 0.383 0.103  0.487 0.327

Residue, total nonfilterable, mg/L 47 101 100 136 80 95 46 90 48 102 38

Ammonia plus organic nitrogen, water, unfiltered, 2.6 1.2 1.9 4.2 2.8 1.6 2.4 0.64 1.3 1
mg/L as nitrogen

Phosphorus, water, unfiltered, mg/L 0.293 0.21 0.35 0.52 0.37 0.28 0.28 0.15 0.26 0.17

Organic carbon, water, unfiltered, mg/L 32.6 13.2 34.1 59 37.2 16.5 50.6 7.9 25.7 15.9

Biochemical oxygen demand, water, unfiltered, 5 68.5 12.1 13.2 23 21.9 15 439 213 2 5.5 5
days at 20 °C, mg/L

Chemical oxygen demand, high level, water, 140 90 140 230 170 90 180 110 40 90 60
unfiltered, mg/L

Enterococci, mEI MF method, water, col/100 mL 12000 19900 6130 373 2140 2330 30 17300 512

Escherichia coli, Defined Substrate Technology, 5200 2900 10000 6500 6900 7300 360 1400 2400 20000
water, most probable number per 100 mL

Fecal coliform, M-FC MF (0.7 micron) method, 36000
water, col/100 mL

Total coliform, Defined Substrate Technology, >24000 >24000 24000 20000 >24000 25000 25000 25000 24000 25000
water, most probable number per 100 mL

Cadmium, water, filtered, ug/L 0.06 <.04 0.04 0.09 0.08 E.03 0.1 0.06 <04 E.02 E.03

Cadmium, water, unfiltered, ug/L 0.19 0.2 0.31 0.41 0.24 0.21 0.2 0.2 0.08 0.18 0.13

Copper, water, filtered, pug/L 7.7 22 5.1 16.2 12.1 4.6 14.4 16.3 1.5 6.6 4.8

Copper, water, unfiltered, recoverable, ng/L 18.2 13.1 222 394 219 12.8 20.7 13.5 6.4 17 11.2

Lead, water, filtered, pg/L 0.37 0.16 0.12 0.84  0.76 0.75 0.7 1.56 0.15 1.21 0.38

Lead, water, unfiltered, recoverable, ug/L 10.8 14.8 27.7 36.9 19 18.4 18.9 13.2 745 199 12.4

Nickel, water, filtered, ug/L 3.23 1.1 3.07 8.41 5.73 1.63 6.44 3.56 0.32 2 1.3

Nickel, water, unfiltered, recoverable, ug/L 3.65 421 6.31 14.9 7.84 4.11 8.18 5.14 1.62 4.63 2.9

Zinc, water, filtered, ug/L 29.5 9.3 14.1 415 565 16.3 43.6 87.8 5.7 12.9 10.1

Zinc, water, unfiltered, recoverable, ug/L 98 78 135 183 121 74 86 88 35 75 49

Oil and grease, water, unfiltered, freon extraction, E6 E6 11 ES E4 <7 E5 E5 E4 9 E6
gravimetric, recoverable, mg/L

9H-Fluorene, water, unfiltered, recoverable, pg/L <33 <33 <33

Acenaphthene, water, unfiltered, recoverable, pg/L M <.28 <.28

Acenaphthylene, water, unfiltered, recoverable, ug/L M <.30 <.30

Anthracene, water, unfiltered, recoverable, ug/L M <39 <39

Benzo[a]anthracene, water, unfiltered, M <.26 M
recoverable, pg/L

Benzo[a]pyrene, water, unfiltered, recoverable, ug/L M <33 M

Benzo|[b]fluoranthene, water, unfiltered, M <40 M
recoverable, pg/L

Benzo[ghi]perylene, water, unfiltered, M M M
recoverable, ug/L

Benzo[k]|fluoranthene, water, unfiltered, M <45 M
recoverable, ug/L

Chrysene, water, unfiltered, recoverable, pug/L M <.33 M

Dibenzo[a,h]anthracene, water, unfiltered, <.70 <.70 <.70
recoverable, pg/L

Fluoranthene, water, unfiltered, recoverable, ug/L M M M

Indeno[1,2,3-cd]pyrene, water, unfiltered, M <.56 M
recoverable, ug/L

Nitrobenzene, water, unfiltered, recoverable, pg/L <.21 <.21 <.21

Phenanthrene, water, unfiltered, recoverable, ug/L M <32 M

Pyrene, water, unfiltered, recoverable, pg/L M M M

Trihalomethanes, water, unfiltered, calculated, pg/L

Naphthalene, water, unfiltered, recoverable, pug/L <32 <32 M

Suspended sediment, sieve diameter, percent 94 60 91 69 91 63 96 28 30 42 36 78
smaller than 0.063 mm

Suspended sediment concentration, mg/L 49 126 103 215 85 127 47 255 215 83 167 55
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Appendix C-1. Water-quality data from four structural best management practice sites, January 2005 through November 2006.—Continued

Date: Sep19 Apr7 Dec5 Dec15 Mar21 Apr8 Apr26 Jun13 Jul6 Aug9 Aug24 Aug31 Sep7 Sep19 Sep19
’ 2006 2005 2005 2005 2006 2006 2006 2006 2006 2006 2006 2006 2006 2006 2006

site: BMP3 BMP3 BMP3 BMP3 BMP3 BMP3 BMP3 BMP3 BMP3 BMP3 BMP3 BMP3 BMP3 BMP3 BMP3
’ intake outflow outflow outflow outflow outflow outflow outflow outflow outflow outflow outflow outflow outflow outflow

Time: 1630 1235 1705 1536 0945 1740 1802 0958 1918 1913 1709 1115 1724 1631 1710

Parameter

Discharge, mean for storm event, ft*/s 4 0 3 EO 0 2 3 E.O El 5 EO 0 4

Discharge, peak for storm event, ft/s 7.6 1.2 59 E.43 0.2 2.8 5.4 E92 E25 12 E.26 0.69 7.6

Precipitation total, inches per storm 0.59 0.12 1.2 0.13 0.15 0.73 0.78 0.26 0.54 2.7 0.19 0.26 0.59

Precipitation, duration of storm event, minutes 80 38 150 100 117 122 88 225 105 218 170 190 80

Sampling method, code 55 55 55 55 55 55

Turbidity, NTRU 19 25 23 56 44 33 35 22 16 18 29 28 14

pH, water, unfiltered, field, standard units 6.4 6.8 6.7 72 7 6.9 6.8 6.6 6.9 6.9 6.1

pH, water, unfiltered, laboratory, standard units 6.8 6.3 7.8 75 6.8 73 6.5 72 6.7 7.4 7.7 6.7 6.6

Specific conductance, water, unfiltered, laboratory, 33 85 34 104 152 92 43 119 61 21 74 57 34
uS/cm at 25 °C

Specific conductance, water, unfiltered, 29 106 150 86 39 62 25 89 53 34
pS/cm at 25 °C

Temperature, air, °C 19.5 8.6 17.8

Temperature, water, °C 19.4 10.7 9.3

Hardness, water, mg/L as calcium carbonate 10 32 11 40 55 35 13 46 20 6 25 20 10

Calcium, water, filtered, mg/L 3.6 119 401 147 20.6 13 483 171 7.34 2.25 9.37 7.44 3.8

Magnesium, water, filtered, mg/L 0.208 0.581 0.236 0.789 0.895 0.555 0233 0.737 0.379 0.115 0.5 0326  0.212

Residue, total nonfilterable, mg/L 60 47 62 46 82 86 78 34 30 46 32 35 42

Ammonia plus organic nitrogen, water, unfiltered, 0.78 2.6 1 1.5 3.7 33 1.7 2.5 1.4 0.98 0.84 0.83 0.96
mg/L as nitrogen

Phosphorus, water, unfiltered, mg/L 0.15 0.297 0.16 0.29 0.36 0.44 0.28 0.29 0.2 0.2 0.16 0.14 0.2

Organic carbon, water, unfiltered, mg/L 143  36.1 13.5 26.4 50 39.3 18.3 41.3 254 9.5 20.4 13.6 13.1

Biochemical oxygen demand, water, unfiltered, 8.1 60 8.9 8.5 22.7 33.6 14.3 33.7 18.9 1.6 5.4 42 9.4
5 days at 20 °C, mg/L

Chemical oxygen demand, high level, water, 50 130 60 110 190 180 90 140 90 50 50 50 50
unfiltered, mg/L

Enterococci, mEI MF method, water, col/100 mL 2190 9300 6870 985 712 1500 4350 194 10500 223 801

Escherichia coli, Defined Substrate Technology, 860 1700 480 >24000 4400 7700 910 390 780 5800 6100 810
water, most probable number per 100 mL

Fecal coliform, M-FC MF (0.7 micron) method, 28000
water, col/100 mL

Total coliform, Defined Substrate Technology, 25000 >24000 20000  >24000 >24000 >24000 25000 25000 25000 25000 25000
water, most probable number per 100 mL

Cadmium, water, filtered, ug/L E02 006 E.02 E.02 0.08 0.09 <.04 0.08 0.07 E.02 E.02 0.06 E.03

Cadmium, water, unfiltered, ng/L 0.16 0.18  0.15 0.23 0.27 0.25 0.16 0.15 0.1 0.1 0.1 0.11 0.11

Copper, water, filtered, ug/L 2.9 74 2.7 2.8 13.7 14.2 3.6 10.3 17 7.9 6.3 43 3.7

Copper, water, unfiltered, recoverable, ng/L 7.6 13.6 10.1 16.1 28.3 23.3 12.7 17.4 11.9 7.4 10.7 10.4 8.8

Lead, water, filtered, ug/L 0.17 04 0.23 0.28 0.89 0.76 0.43 0.69 1.63 1.8 0.84 0.3 0.27

Lead, water, unfiltered, recoverable, ug/L 85 103 11.6 18.9 25.4 18.8 17.1 16.5 8.96 9.07 128 9.95 10.4

Nickel, water, filtered, pg/L 0.75 3.65 1.17 3.04 5.74 6.15 1.64 5.79 3.14 0.52 2.1 1.3 1.03

Nickel, water, unfiltered, recoverable, pg/L 1.99 5.19 3.06 5.59 9.18 7.44 3.98 7.22 3.76 1.9 3.13 245 2.38

Zinc, water, filtered, pg/L 104 338 10 113 38.7 69.3 14.9 36.7 62.8 18.2 16.2 10.8 12

Zinc, water, unfiltered, recoverable, ug/L 44 72 59 95 122 136 73 71 52 41 42 38 52

Oil and grease, water, unfiltered, freon extraction, E4 E4 E4 E6 E7 E3 E6 14 <7 <7 <7 <7 <7 21
gravimetric, recoverable, mg/L

9H-Fluorene, water, unfiltered, recoverable, pg/L <33 <33 M <33 <33 <33

Acenaphthene, water, unfiltered, recoverable, ug/L <.28 <.28 M <.28 <.28 <.28

Acenaphthylene, water, unfiltered, recoverable, pg/. ~ <.30 <.30 <.30 <.30 <.30 <.30

Anthracene, water, unfiltered, recoverable, pg/L <39 <39 M <39 <.39 <39

Benzo[a]anthracene, water, unfiltered, M <.26 M <.26 M M
recoverable, ug/L

Benzo[a]pyrene, water, unfiltered, recoverable, M <33 M <33 M M
pg/L

Benzo[b]fluoranthene, water, unfiltered, M <40 M <40 M M
recoverable, ug/L

Benzo[ghi]perylene, water, unfiltered, M <.64 M <.64 M M
recoverable, ug/L

Benzo[k]fluoranthene, water, unfiltered, M <45 M <45 M M
recoverable, ug/L

Chrysene, water, unfiltered, recoverable, pg/L M M M <.33 M M

Dibenzo|a,h]anthracene, water, unfiltered, <.70 <.70 <.70 <.70 <.70 <.70
recoverable, ug/L

Fluoranthene, water, unfiltered, recoverable, ug/L M M M M M M

Indeno[1,2,3-cd]pyrene, water, unfiltered, M <.56 M <.56 M M
recoverable, pg/L

Nitrobenzene, water, unfiltered, recoverable, ug/L <21 <21 <21 <21 <21 <21

Phenanthrene, water, unfiltered, recoverable, ug/L M <.32 M <.32 M M

Pyrene, water, unfiltered, recoverable, pg/L M M M M M M

Trihalomethanes, water, unfiltered,
calculated, ng/L

Naphthalene, water, unfiltered, recoverable, pg/L <32 <32 M <32 M M

Suspended sediment, sieve diameter, percent 77 96 92 99 93 85 97 89 62 97 91 83
smaller than 0.063 mm

Suspended sediment concentration, mg/L 52 41 59 84 97 93 38 41 72 30 38 54
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Water-quality data from four structural best management practice sites, January 2005 through November 2006.—Continued

Date: Aug27 Oct5 Dec5 Dec15 Jan18 Feb2 Mar21 Apr8 Jun13 Jul6 Aug31l Sep19
2005 2005 2005 2005 2006 2006 2006 2006 2006 2006 2006 2006
site: BMP4 BMP4 BMP4 BMP4 BMP4 BMP4 BMP4 BMP4 BMP4 BMP4 BMP4 BMP4
intake intake intake intake intake intake intake intake intake intake intake intake
Time: 1515 1440 1430 1415 0020 1640 0900 1644 1140 1915 0240 1652
Parameter
Discharge, mean for storm event, ft*/s 0 0 0 0 0 1 0 0 0 E2 0
Discharge, peak for storm event, ft*/s 1.7 0.03 1.7 0.25 0.8 2.8 3.8 0.54 1.4 0.15 E6.4 0.03
Precipitation total, inches per storm 0.31 0.29 0.14 0.1 0.15 1.1 0.32 0.63 0.61 0.06 0.45 0.16
Precipitation, duration of storm event, minutes 45 79 35 90 180 180 80 186 215 90 105 25
Sampling method, code 55 55 55 55 55
Turbidity, NTRU 12 19 17 140 48 16 46 84 70 430 24 55
pH, water, unfiltered, field, standard units 6.7 73 6.7 58 6.6 6.1 6.6 7 6.9
pH, water, unfiltered, laboratory, standard units 74 8 7.5 7.5 6.8 6.9 7.4 7.1 7.1 6.6 6.6 7.3
Specific conductance, water, unfiltered, laboratory, puS/ 80 102 101 284 220 70 89 560 110 373 93 101
cm at 25 °C
Specific conductance, water, unfiltered, uS/cm at 25 °C 69 317 233 67 75 332 374 81 93
Temperature, air, °C
Temperature, water, °C 18.4 14.4 14.9
Hardness, water, mg/L as calcium carbonate 23 27 23 58 47 15 17 69 30 110 24 24
Calcium, water, filtered, mg/L 8.64 10.2 8.57 21.9 17.4 5.77 6.24 25.7 11.5 39.6 9.07 9.14
Magnesium, water, filtered, mg/L 0.264 0.366 0.38 0.882 0.768 0.214 0.232 1.15 0.391 1.6 0.345 0.331
Residue, total nonfilterable, mg/L 34 80 76 96 54 58 216 118 258 280 84 235
Ammonia plus organic nitrogen, water, unfiltered, mg/L 2.7 6.3 5.4 15 13 33 59 53 9.4 42 45 7.1
as nitrogen
Phosphorus, water, unfiltered, mg/L 0.43 0.7 0.82 1.21 1.05 0.52 1 3.62 1.29 2.06 0.52 1.06
Organic carbon, water, unfiltered, mg/L 15.1 13.2 27.8 44.5 40.6 15.8 38.1 96.1 379 129 20 41.1
Biochemical oxygen demand, water, unfiltered, 5 days 28.9 424 81.8 51.6 90.4 178 297 78.1 127 3.2 19
at 20 °C, mg/L
Chemical oxygen demand, high level, water, unfiltered, 20 100 120 150 130 80 180 370 190 500 90 160
mg/L
Enterococci, mEI MF method, water, col/100 mL 25000 9210 4350 8300 1190 14100 14100 1520 17300 25000
Escherichia coli, Defined Substrate Technology, water, 12000 4900 >24000 95 280 >24000 1500 570 1500 25000 450
most probable number per 100 mL
Fecal coliform, M-FC MF (0.7 micron) method, water,
col/100 mL
Total coliform, Defined Substrate Technology, water, 25000 >24000 >24000 >24000 5800  >24000 >24000 25000 >24000 25000 25000
most probable number per 100 mL
Cadmium, water, filtered, ug/L 0.04 0.05 0.11 0.1 0.17 0.05 0.04 0.17 E.03 0.07 E.03 0.04
Cadmium, water, unfiltered, ug/L 0.26 0.46 0.44 0.55 0.46 0.35 1.01 0.57 0.84 0.72 0.36 0.84
Copper, water, filtered, ug/L 5.7 7.1 9.7 12.1 18.7 4 4.8 35.1 8.7 38.6 11.3 9.4
Copper, water, unfiltered, recoverable, pg/L 16.2 25.8 25.6 38.5 29.7 17.4 53.7 57.9 59 84.9 27.5 49
Lead, water, filtered, pg/L 0.18 E.08 0.18 0.09 0.19 0.14 0.21 0.22 0.16 0.09 0.58 0.1
Lead, water, unfiltered, recoverable, pg/L 7.59 14.5 9.29 9.96 6.23 8.1 274 8.07 28.7 14.2 13.2 26.1
Nickel, water, filtered, pg/L 1.54 2.21 2.09 4.65 6.36 1.2 1.37 8.24 1.71 11.1 1.7 2.1
Nickel, water, unfiltered, recoverable, ug/L 2.8 4.38 3.73 6.35 7.55 2.83 6.76 8.59 6.58 15 3.67 7.04
Zinc, water, filtered, ug/L 273 20.1 31.9 28 55 20.5 29.5 107 36.8 40 373 26.6
Zinc, water, unfiltered, recoverable, pg/L 164 441 351 336 232 303 1150 369 1130 438 468 947
Oil and grease, water, unfiltered, freon extraction, 9 59 30 16 10 52 12 12 20 16 12 28
gravimetric, recoverable, mg/L
9H-Fluorene, water, unfiltered, recoverable, ug/L M <.33 <33
Acenaphthene, water, unfiltered, recoverable, ng/L <2 <28 <.28
Acenaphthylene, water, unfiltered, recoverable, pg/L <2 <.30 M
Anthracene, water, unfiltered, recoverable, ug/L <2 <.39 M
Benzo[a]anthracene, water, unfiltered, recoverable, ug/L M <.26 M
Benzo[a]pyrene, water, unfiltered, recoverable, ug/L M <33 M
Benzo[b]fluoranthene, water, unfiltered, M <40 2
recoverable, pg/LL
Benzo[ghi]perylene, water, unfiltered, recoverable, pg/L M <.64 M
Benzo[k]fluoranthene, water, unfiltered, recoverable, pg/L M <45 M
Chrysene, water, unfiltered, recoverable, ug/L M <33 2
Dibenzo|[a,h]anthracene, water, unfiltered, <3 <.70 <.70
recoverable, ug/L
Fluoranthene, water, unfiltered, recoverable, ug/L M <.30 1
Indeno[1,2,3-cd]pyrene, water, unfiltered, M <.56 M
recoverable, pg/L
Nitrobenzene, water, unfiltered, recoverable, pg/L <2 <21 M
Phenanthrene, water, unfiltered, recoverable, pg/L M <.32 M
Pyrene, water, unfiltered, recoverable, pg/L M <.35 3
Trihalomethanes, water, unfiltered, calculated, pg/L
Naphthalene, water, unfiltered, recoverable, pug/L M <.32 M
Suspended sediment, sieve diameter, percent smaller 35 42 26 64 65 49 44 77 27 88 36 42
than 0.063 mm
Suspended sediment concentration, mg/L 54 77 114 135 68 64 284 104 329 437 126 257



Appendix C 119

Appendix C-1. Water-quality data from four structural best management practice sites, January 2005 through November 2006.—Continued

Aug27 Oct5 Dec5 Dec15 Jan18 Feb2 Mar21 Apr8 Jun13 Jul6 Aug31 Sep19

e 2005 2005 2005 2005 2006 2006 2006 2006 2006 2006 2006 2006
site: BMP4 BMP4 BMP4 BMP4 BMP4 BMP4 BMP4 BMP4 BMP4 BMP4 BMP4 BMP4
outflow outflow outflow outflow outflow outflow outflow outflow outflow outflow outflow outflow

Time: 1515 1440 1435 1416 0021 1641 0901 1645 1M 1920 0245 1653

Parameter

Discharge, mean for storm event, ft*/s 0 0 0 0 0 1 0 0 0 0 E2 0

Discharge, peak for storm event, ft*/s 1.7 0.03 1.7 0.25 0.8 2.8 38 0.54 1.4 0.15 E6.4 0.03

Precipitation total, inches per storm 0.31 0.29 0.14 0.1 0.15 1.1 0.32 0.63 0.61 0.06 0.45 0.16

Precipitation, duration of storm event, minutes 45 79 35 90 180 180 80 186 215 90 105 25

Sampling method, code 55 55 55 55 55 55

Turbidity, NTRU 14 17 21 50 42 25 43 62 26 30 11 30

pH, water, unfiltered, field, standard units 6.5 6.7 7.6 6.6 6.2 6.9 6.3 6.7 7 6.5

pH, water, unfiltered, laboratory, standard units 7.2 7.3 7.3 74 7 6.9 7.3 6.8 6.9 6.9 7 7

Specific conductance, water, unfiltered, laboratory, 79 90 103 214 189 71 89 286 110 137 75 98
uS/cm at 25 °C

Specific conductance, water, unfiltered, uS/cm at 25°C 73 88 218 202 66 75 233 141 67 93

Temperature, air, °C

Temperature, water, °C 19.1 22.8 11.4 16.5

Hardness, water, mg/L as calcium carbonate 21 25 23 46 44 16 17 50 32 41 19 25

Calcium, water, filtered, mg/L 8.1 9.33 8.71 17.2 16.5 6.03 6.31 18.4 11.9 15.1 7 9.2

Magnesium, water, filtered, mg/L 0.254  0.397 0.414 0.831 0.781 0.232 0.248 0.925 0.436  0.889 0.306 0.402

Residue, total nonfilterable, mg/L 13 27 47 34 60 62 210 48 42 22 32 78

Ammonia plus organic nitrogen, water, unfiltered, mg/L. 2 4.6 5.4 9.9 12 32 59 29 6.9 42 1.9 3.6
as nitrogen

Phosphorus, water, unfiltered, mg/L 0.34 0.53 0.74 0.73 0.9 0.53 0.94 2.21 0.81 0.11 0.32 0.57

Organic carbon, water, unfiltered, mg/L 11 10.3 23.5 26.9 33 16.1 30 51.8 249 16.7 10.1 23.1

Biochemical oxygen demand, water, unfiltered, 5 days 13.1 39.7 7.9 37.8 26.5 9.8 186 76.3 1.1 3.8 24.6
at 20 °C, mg/L

Chemical oxygen demand, high level, water, 20 60 100 90 110 90 160 200 100 50 10 100
unfiltered, mg/L

Enterococci, mEI MF method, water, col/100 mL >24200 2600 63 3040 201 496 11200 175 25000 17300

Escherichia coli, Defined Substrate Technology, water, 12000 700 63 110 290 3300 1200 480 86 25000 2300

most probable number per 100 mL
Fecal coliform, M-FC MF (0.7 micron) method, water,

col/100 mL
Total coliform, Defined Substrate Technology, water, >24000 >24000 24000  >24000 20000 7300 >24000 25000 10000 25000 25000
most probable number per 100 mL
Cadmium, water, filtered, ug/L 0.04 0.05 0.13 0.07 0.13 E.03 0.05 0.1 E.03 E.02 E.03 0.04
Cadmium, water, unfiltered, ug/L 0.18 0.22 0.33 0.24 0.36 0.34 1.04 0.27 0.19 E.04 0.2 0.41
Copper, water, filtered, ug/L 6.3 5.7 9.2 7.6 14.1 42 14.4 19.7 9.1 42 5.6 7.5
Copper, water, unfiltered, recoverable, pg/L 124 13.7 20.1 17.6 23.5 17.3 54.3 32.5 18.4 6.2 12.8 253
Lead, water, filtered, pg/L 0.16 0.09 0.16 E.05 0.12 0.24 2.93 0.18 0.25 <.08 0.33 0.26
Lead, water, unfiltered, recoverable, pg/L 2.93 4.72 6.16 3.23 5.92 7.94 273 3.75 4.65 0.54 4.65 12.1
Nickel, water, filtered, pg/L 1.54 2.04 2.08 3.18 4.84 1.21 1.46 4.96 1.64 2.15 0.98 1.6
Nickel, water, unfiltered, recoverable, ug/L 2.03 2.87 3.35 3.18 5.67 2.89 6.67 4.99 2.61 2.06 1.85 4.01
Zinc, water, filtered, ug/L 23.8 22.1 303 25.7 49.7 18.6 46.6 67.1 333 16.6 23.6 345
Zinc, water, unfiltered, recoverable, ug/L 67 133 223 99 205 278 1210 178 157 22 174 415
Oil and grease, water, unfiltered, freon extraction, E5 13 <7 ES E6 <7 <7 14 <7 <7 13 18
gravimetric, recoverable, mg/L
9H-Fluorene, water, unfiltered, recoverable, ug/L M <.33 <.33
Acenaphthene, water, unfiltered, recoverable, ng/L <2 <28 <28
Acenaphthylene, water, unfiltered, recoverable, pg/L <2 <.30 M
Anthracene, water, unfiltered, recoverable, ug/L <2 <.39 M
Benzo[a]anthracene, water, unfiltered, recoverable, ug/L M <.26 M
Benzo[a]pyrene, water, unfiltered, recoverable, ug/L M <33 M
Benzo[b]fluoranthene, water, unfiltered, recoverable, pg/L M <40 M
Benzo[ghi]perylene, water, unfiltered, recoverable, pg/L M <.64 M
Benzo[k]fluoranthene, water, unfiltered, recoverable, M <45 M
ug/L
Chrysene, water, unfiltered, recoverable, pg/L M <33 M
Dibenzo[a,h]anthracene, water, unfiltered, <3 <.70 <.70
recoverable, pg/L
Fluoranthene, water, unfiltered, recoverable, ug/L M <.30 M
Indeno[1,2,3-cd]pyrene, water, unfiltered, M <.56 M
recoverable, pg/L
Nitrobenzene, water, unfiltered, recoverable, pg/L <2 <21 M
Phenanthrene, water, unfiltered, recoverable, pg/L M <32 M
Pyrene, water, unfiltered, recoverable, pg/L M <.35 M
Trihalomethanes, water, unfiltered, calculated, ug/L
Naphthalene, water, unfiltered, recoverable, pug/L M <32 M
Suspended sediment, sieve diameter, percent smaller 40 65 56 96 76 54 45 88 77 97 52 63

than 0.063 mm
Suspended sediment concentration, mg/L 16 21 56 38 61 64 233 61 40 21 35 81
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Appendix C-2. Sediment-quality data from four structural best management practice sites, January 2005 through November 2006.

Date: May 42005  Oct 112005 May 4 2006 Nov 28 2006 May 4 2005 Oct 11 2005 May 4 2006
site: BMP2 BMP2 BMP2 BMP2 BMP1 BMP1 BMP1
intake intake intake intake intake intake intake

Time: 1130 1300 1130 1130 1310 1530 1310

Sample type: Sediment Sediment Sediment Sediment Sediment Sediment Sediment

Parameter

Moisture content, fraction of dry weight, % 29 33 29 22 5.7 32 6

Sampling method, code 55 55

Phosphorus, bed sediment, total, 130 320 1800 160 220
dry weight, mg/kg

Carbon (inorganic plus organic), bed sediment, 8.2 1.8 23 2.6 2.8
dry weight, %

Inorganic carbon, bed sediment, dry weight, % 0.4 0.39 0.58 0.7 0.3

Organic carbon, bed sediment, dry weight, % 7.8 1.4 1.7 1.9 2.5

Organic carbon, bed sediment, total,
dry weight, g/kg

Enterococci, mEI MF method, water, col/100 mL 1530 311 14100

Escherichia coli, Defined Substrate Technology, 50000 910 5200 3900 180
water, most probable number per 100 mL

Total coliform, Defined Substrate Technology, >24000 >24000 >24000 >24000 >24000
water, most probable number per 100 mL

Cadmium, bed sediment, recoverable, 0.16 0.41 0.2 0.11 0.17 0.22 0.2
dry weight, ug/g

Chromium, bed sediment, recoverable, 44 13 44 5.5 6.6 8 6.6
dry weight, ug/g

Cobalt, bed sediment, recoverable, 0.5 1.2 0.5 0.9 0.78 0.67 0.8
dry weight, ug/g

Copper, bed sediment, recoverable, 6 21 6 <6 59 7 59
dry weight, ug/g

Iron, bed sediment, total, dry weight, pg/g 1800 4200 1800 3200 2600 2100 2600

Lead, bed sediment, recoverable, dry weight, pg/g 11 35 11 10 150 19 150

Manganese, bed sediment, recoverable, 36 82 36 66 49 30 49
dry weight, ug/g

Mercury, bed sediment, recoverable, 0.011 <.007 0.008
dry weight, ug/g

Nickel, bed sediment, recoverable, 3.5 7.9 35 5 3.6 4.5 3.6
dry weight, ug/g

Zinc, bed sediment, recoverable, dry weight, ug/g 52 270 52 54 74 70 74

Bed sediment, dry sieved, sieve diameter, percent 1 1
smaller than 0.063 mm

Bed sediment, dry sieved, sieve diameter, percent 9 9
smaller than 0.125 mm

Bed sediment, dry sieved, sieve diameter, percent 72 64
smaller than 0.25 mm

Bed sediment, dry sieved, sieve diameter, percent 84 75
smaller than 0.5 mm

Bed sediment, dry sieved, sieve diameter, percent 92 85
smaller than 1 mm

Bed sediment, dry sieved, sieve diameter, percent 98 92
smaller than 2 mm

Bed sediment, dry sieved, sieve diameter, percent 100 94
smaller than 4 mm

Bed sediment, dry sieved, sieve diameter, percent 94
smaller than 8 mm

Bed sediment, dry sieved, sieve diameter, percent 95
smaller than 16 mm

Bed sediment, dry sieved, sieve diameter, percent 100
smaller than 63 mm

Bed sediment, fall diameter (deionized water), 0
percent smaller than 0.002 mm

Bed sediment, fall diameter (deionized water), 0
percent smaller than 0.004 mm

Bed sediment, fall diameter (deionized water), 0

percent smaller than 0.008 mm

Bed sediment, fall diameter (deionized water),
percent smaller than 0.016 mm

Bed sediment, fall diameter (deionized water),
percent smaller than 0.031 mm
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Appendix C-2. Sediment-quality data from four structural best management practice sites, January 2005 through

November 2006.—Continued

Date: Oct 25 2006 Oct 11 2005 May 4 2006 Oct 25 2006 Oct112005 May 4 2006 Oct 25 2006 May 4 2005
site: BMP1 BMP3 BMP3 BMP3 BMP4 BMP4 BMP4 BMP4
intake intake intake intake intake intake intake outflow
Time: 1320 1400 1230 1210 1000 0900 0945 0930
Sample type: Sediment Sediment Sediment Sediment Sediment Sediment Sediment Sediment
Parameter
Moisture content, fraction of dry weight, % 31 86 25 30 22 38 25 38
Sampling method, code 55 55
Phosphorus, bed sediment, total, 230 1000 190 90 140 190
dry weight, mg/kg
Carbon (inorganic plus organic), bed sediment, 2.6 23 0.74 1.2 0.7 52 3.1
dry weight, %
Inorganic carbon, bed sediment, dry weight, % 0.46 0.06 0.02 0.03 0.08 0.02 0.12
Organic carbon, bed sediment, dry weight, % 2.2 23 0.72 12 0.62 52 3
Organic carbon, bed sediment, total,
dry weight, g/lkg
Enterococci, mEI MF method, water, col/100 mL 256 3870 295 31 6490
Escherichia coli, Defined Substrate Technology, 98 3300 560 4600 96 8200 2500
water, most probable number per 100 mL
Total coliform, Defined Substrate Technology, 2200 >24000 24000 >24000 5500 >24000 >24000
water, most probable number per 100 mL
Cadmium, bed sediment, recoverable, 0.2 1.3 0.1 0.07 0.1 0.6 0.28 0.56
dry weight, ug/g
Chromium, bed sediment, recoverable, 11 37 2.5 5.6 7.2 17 50 17
dry weight, ug/g
Cobalt, bed sediment, recoverable, 0.8 3.7 0.3 0.4 0.81 1.6 2.1 1.6
dry weight, ug/g
Copper, bed sediment, recoverable, 11 70 5 3 11 42 34 42
dry weight, ug/g
Iron, bed sediment, total, dry weight, ug/g 2900 9900 900 1400 3900 6200 16000 6200
Lead, bed sediment, recoverable, dry weight, pg/g 41 91 43 6.4 74 19 10 19
Manganese, bed sediment, recoverable, dry 45 150 12 21 31 44 100 44
weight, pg/g
Mercury, bed sediment, recoverable, 0.016 0.007 0.013 0.018 0.008
dry weight, ug/g
Nickel, bed sediment, recoverable, 3.9 30 1.8 3.6 2.8 6.3 32 6.3
dry weight, ug/g
Zinc, bed sediment, recoverable, dry weight, pg/g 68 520 33 42 79 750 930 750
Bed sediment, dry sieved, sieve diameter, percent 1 3
smaller than 0.063 mm
Bed sediment, dry sieved, sieve diameter, percent 8 5
smaller than 0.125 mm
Bed sediment, dry sieved, sieve diameter, percent 93 28
smaller than 0.25 mm
Bed sediment, dry sieved, sieve diameter, percent 97 65
smaller than 0.5 mm
Bed sediment, dry sieved, sieve diameter, percent 99 92
smaller than 1 mm
Bed sediment, dry sieved, sieve diameter, percent 100 98
smaller than 2 mm
Bed sediment, dry sieved, sieve diameter, percent 100
smaller than 4 mm
Bed sediment, dry sieved, sieve diameter, percent
smaller than 8 mm
Bed sediment, dry sieved, sieve diameter, percent
smaller than 16 mm
Bed sediment, dry sieved, sieve diameter, percent
smaller than 63 mm
Bed sediment, fall diameter (deionized water), 1
percent smaller than 0.002 mm
Bed sediment, fall diameter (deionized water), 1
percent smaller than 0.004 mm
Bed sediment, fall diameter (deionized water), 1
percent smaller than 0.008 mm
Bed sediment, fall diameter (deionized water), 2
percent smaller than 0.016 mm
Bed sediment, fall diameter (deionized water), 2

percent smaller than 0.031 mm
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