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CONVERSION FACTORS AND ABBREVIATED WATER-QUALITY UNITS

Multiply By To Obtain
inch (in.) 25.4 millimeter
mile (mi) 1.609 kilometer
foot (ft) 0.3048 meter
acre 4.047x 102 square kilometer
square mile (mi2) 2.590 square kilometer
gallon per minute 192.5 cubic foot per day
cubic foot per month (ft3/mo) 0.02832 cubic meter per month

Temperature, in degrees Fahrenheit (°F) can be converted to degrees Celsius (°C) by use of the following equation:

°C=5/9 (°F- 32).

Abbreviated water-quality units: Chemical concentrations and water temperature are given in metric units. Chemical concentration is given
in milligrams per liter (mg/L) or micrograms per liter (ug/L). Milligrams per liter is a unit expressing the concentration of chemical
constituents in solution as weight (milligrams) of solute per unit volume (liter) of water. One thousand micrograms per liter is equivalent to
one milligram per liter. For concentrations less than 7,000 mg/L, the numerical value is the same as for concentrations in parts per million.

IV CONVERSION FACTORS AND ABBREVIATED WATER-QUALITY UNITS



Quality of Wisconsin Stormwater, 1989-94

By Roger T. Bannerman!, Andrew D. Legg?, and Steven R. Greb'

Abstract

Water-quality data were compiled from four
urban stormwater monitoring projects conducted
in Wisconsin between 1989 and 1994. These
projects included monitoring in both storm-sewer
pipes and urban streams. A total of 147 constitu-
ents were analyzed for in stormwater sampled
from 10 storm-sewer pipes and four urban
streams. Land uses represented by the storm-sewer
watersheds included residential, commercial,
industrial, and mixed. For about one-half the con-
stituents, at least 10 percent of the event mean con-
centrations exceeded the laboratory’s minimum
reporting limit. Detection frequencies were greater
than 75 percent for many of the heavy metals and
polycyclic aromatic hydrocarbons in both the
storm sewer and stream samples, whereas detec-
tion frequencies were about 20 percent or greater
for many of the pesticides in both types of sam-
ples. Stormwater concentrations for conventional
constituents, such as suspended solids, chloride,
total phosphorus, and fecal coliform bacteria were
greater than minimum reporting limits almost 100
percent of the time.

Concentrations of many of the constituents
were high enough to say that stormwater in the
storm sewers and urban streams might be contrib-
uting to the degradation of the streams. In this
report, constituents defined as potential contami-
nants are those for which the laboratory minimum
report limit was exceeded for at least 10 percent of
the sampled storm events, and for which at least
one event mean concentration exceeded an estab-
lished water-quality standard. Storm-sewer sam-
ples had event mean concentrations of lead,
copper, zinc, cadmium, and silver that frequently
exceeded Wisconsin’s acute toxicity criteria for
cold water fisheries. Wisconsin’s human cancer
criteria was exceeded almost 100 percent of the
time for polycyclic aromatic hydrocarbons in

stormwater samples from storm sewers and
streams. Maximum concentrations of diazinon
found in storm sewers exceeded recommended
levels of diazinon. Storm-sewer samples also
exceeded Wisconsin’s ground-water enforcement
standards for pesticides, PCB’s, phthalates, and
chloride. Defined by criteria in this report, poten-
tial contaminants included five metals (lead, zinc,
copper, silver, and cadmium), nine polycyclic aro-
matic hydrocarbons, Bis(2-ethylhexyl)phthalate,
four pesticides (DDT, atrazine, alachlor, and 2,4-
D), suspended solids, chlorides, total phosphorus,
BOD 5-day, and bacteria.

Wisconsin stormwater quality was similar
to stormwater quality monitored in other states.
Nearly one-half of median concentrations of con-
stituents in Wisconsin stormwater were within 30
percent of the medians from other states. The clos-
est agreement was seen for biochemical oxygen
demand, total phosphorus, and total recoverable
zinc. Similarities in stormwater quality for the
storm sewer and urban streams indicated the storm
sewers were a major source of water to the streams
during storm events. Concentrations of potential
contaminants in urban streams increased dramati-
cally during storm events as compared to baseflow
concentrations.

INTRODUCTION

Many of Wisconsin’s urban streams are highly
degraded (Masterson and Bannerman, 1994; Simonson
and Lyons, 1993). Fish populations and species diver-
sity have been greatly reduced in these streams, and the
quality of most of the streams makes them unsuitable
for recreational uses. In the 1940’s, brown trout could
be caught in the Menomonee River in Milwaukee; in
the 1990’s, urban reaches of the river support virtually
no sport fisheries (Jones, 1991; Lizhu and others,
1995). These findings are similar to findings in studies

I'Wisconsin Department of Natural Resources, Madison, Wis.
us. Geological Survey, Madison, Wis.
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of urban streams in other parts of the country (Pitt and
others, 1995). Strong relations have been identified
between the degree of urbanization in a watershed and
the extent of damage to the biological community in a
stream (Booth and Jackson, 1994; Schueler, 1994).
These relations suggest that urbanization is a major
reason why many Wisconsin streams are currently
degraded and why more streams could be degraded in
the future.

Urban runoff can adversely affect aquatic sys-
tems by altering a stream’s normal flow regime,
destroying fish habitat, and degrading water quality
(Horner and others, 1994). Urban runoff subjects
streams not only to higher flows during storm events,
but also to substantially reduced flows in between
storms. Higher flow can impair stream habitat by erod-
ing streambanks and scouring the streambed, while
decreased flows in the streams between storms makes
the habitat unsuitable for many aquatic animals. Sedi-
ment is a conventional constituent that not only buries
important habitat but also impairs important functions
of aquatic life, such as feeding. Potentially toxic con-
stituents, such as metals and polycyclic aromatic
hydrocarbons, could sufficiently stress aquatic life to
eliminate one or more species from the stream. Tem-
perature increases in the stream can also stress aquatic
life (Horner and others, 1994). Habitat destruction and
long-term exposure to potentially toxic constituents
have been cited as the two principal factors in the deg-
radation of urban streams (Field and Pitt, 1990; Gustav
and others, 1994). Investigators studying the effects of
stormwater disagree, however, about the relative
importance of each factor, especially the importance of
water quality in general, and individual potentially
toxic constituents in particular (Lee and Lee-Jones,
1994; Pitt and others, 1995).

Previous studies have found many types of con-
ventional and potentially toxic constituents in urban
runoff (U.S. Environmental Protection Agency, 1983;
Fram and others, 1987). Of special interest are the
many types of potentially toxic constituents found in
stormwater monitored around the country. Concentra-
tions of the more frequently detected constituents have
been used to evaluate relative importance of these con-
stituents to the quality of a stream. In the absence of
water-quality standards specifically developed for
stormwater, most stormwater-monitoring projects have
referred to surface-water-quality criteria for toxic sub-
stances to identify which potentially toxic constituents
could be a problem. Results from the Nationwide

2 Quality of Wisconsin Stormwater, 1989-94

Urban Runoff Program (NURP) for example, indicated
that concentrations of some metals, such as zinc and
copper, regularly exceeded surface-water-quality crite-
ria for toxic substances, whereas the concentrations of
some organic constituents occasionally exceeded the
criteria (U.S. Environmental Protection Agency,
1983).

Wisconsin’s efforts to control the effects of
urbanization on water quality are being managed
through several programs, including the Wisconsin
Nonpoint Source Program and the Wisconsin Pollutant
Discharge Elimination System (NPDES) Stormwater
Regulatory Program. These programs are intended to
protect receiving water from negative effects of future
development and to reduce the harmful effects of urban
runoff in existing urban areas. Understanding as much
as possible about the effects of urban runoff is impor-
tant to the successful implementation of these pro-
grams. Even without a complete knowledge of the
effects of the individual constituents, however, any
information about which constituents are most likely to
degrade the receiving waters, especially potentially
toxic constituents, can be used to improve the chances
of making sound management decisions.

Tailoring the best management practices
(BMP’s) to the factors most responsible for the prob-
lems in a stream will greatly increase the cost effective-
ness of efforts to implement stormwater-management
programs. With the projected cost of BMP installation
exceeding $30 million for some streams, the question
of how well the money is used becomes even more
important.

The purpose of this report is to describe the qual-
ity of urban stormwater in Wisconsin between 1989
and 1994. This description includes a summary of
event mean concentrations> and an evaluation of the
significance of the observed concentrations to the
health of a receiving water. Summary statistics, such as
medians, were determined for all those constituents for
which at least 10 percent of their event mean concen-
trations exceeded the laboratory minimum reporting
values. The most important part of the evaluation was
identifying a list of potential contaminants in Wiscon-
sin stormwater. A potential contaminant is defined as
any constituent whose concentration exceeded the min-
imum reporting value for a least 10 percent of the storm

3Event mean concentration is defined as the total constituent
load divided by the total runoff volume of stormwater (U.S. Envi-
ronmental Protection Agency, 1983).



Table 1. Urban stormwater-monitoring study sites among four projects in

Wisconsin
[Numbers in parentheses are standard industrial classification codes]
:;zzz:: Study-site name Number of samples collected

1 Urban Toxics Project (1989-90)
Monroe Street 13
Hastings Street 9
Wood Center 19
Noyes Creek 9
Underwood Creek 13

2 Nonpoint Source Evaluation Monitoring Project (1992-94)
Monroe Street 63
Syene Road 92
Lincoln Creek 33
Menominee River 61

3 Easy to Use Method for Industrial Monitoring Project (1993-94)
A (3714) 6
B (2821) 6
C (3561) 6
D (4215) 6

4 Lake Superior Demonstration Project (1993-94)
Third Street 12
Tower Avenue 12

events and which had a concentration, for at least one
storm event, that exceeded an established water-quality
standard. Both surface-water and ground-water-quality
standards were used to identify potential contaminants.
Other parts of the evaluation included comparing
median concentrations found in Wisconsin stormwater
with values measured in other states, comparing con-
stituent concentrations in low flow and in stormwater
in urban streams, presenting available stormwater bio-
assay results, and comparing constituent concentra-
tions in storm sewers and urban streams.

The report lists event mean concentrations mea-
sured as part of four separate stormwater monitoring
projects in urban areas around Wisconsin. Although
each project had a unique purpose, the sample collec-
tion techniques were the same for all the projects and
the same two laboratories were used to analyze most of
the samples. All the projects were done by the U.S.
Geological Survey (USGS), in cooperation with Wis-
consin Department of Natural Resources. The consis-
tent approach to all the projects provided a unique
opportunity to create a large data base for describing
the quality of Wisconsin stormwater. The projects were

completed between September 1989 and August 1994.
A total of 14 sites were monitored; stormwater samples
were collected at the outfalls of 10 storm sewers and
from four urban streams.

Description of Study Sites

A total of 14 monitoring sites are included in this
report (table 1). Thirteen of the study sites were in Wis-
consin, and one was in Marquette, Mich. (table 2). Nine
of the Wisconsin sites were in the Milwaukee metro-
politan area, three were in Madison, and the remaining
site was in the city of Superior. At 10 sites, water-qual-
ity samples were collected from storm-sewer outfalls.
Samples from the four remaining sites were collected
from urban streams. Stream study sites ranged from
1,325 to 76,898 acres. The storm-sewer study sites
were relatively small, ranging from only 1.4 to 288.3
acres.

Most of the common urban land use types were
present in the storm-sewer study sites. Three of the
storm-sewer sites (Monroe Street, Wood Center, and

INTRODUCTION 3
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Third Street) had mixed land-use types. Seven of the
storm-sewer sites represented a single land-use type;
four were light-industrial sites (A,B,C,&D), one was a
commercial site (Tower Avenue), one was a residential
site (Hastings Street), and one was an industrial park
(Syene Road). Most of the land in the stream study sites
is entirely urbanized, ranging from 100 percent for the
Lincoln Creek and Noyes Creek sites to 63 percent for
the Menomonee River site.

Acreage of each type of urban surface, such as
rooftops and streets, was digitized and entered into a
geographic information system data base (table 3).
Other information, such as percentage of impervious
area, is also available for most of the study sites (Ban-
nerman and others, 1993; Bannerman and others, 1983;
J.J. Steuer, USGS, written commun., 1995). Land-use
designations reflect differences in the percentage of
each source site. For example, residential sites had a
larger percentage of lawns than commercial sites. The
features that distinguished the industrial sites from the
industrial park were that each industrial site repre-
sented a single industry and did not include any city
streets. The “streets” in the industrial sites were not tra-
ditional streets but were distinguished from other
paved areas on the basis of where most of the truck traf-
fic was concentrated.

All the study sites were in the northern temperate
climate zone. Annual average precipitation for the
northern temperature climate zone was 31.8 in. for
water years 1961-90*. (This amount includes approxi-
mately 40 to 100 in. of snowfall annually.) The average
temperature was 43°F for the period 1895-1990. The
ground is generally frozen from mid-December until
early April (Pamela Naber-Knox, Wisconsin State Cli-
matologist, oral commun., 1995).

Data Collection

All urban water-quality data compiled in this
report were collected by the USGS. The reported value
for each sample represents the event mean concentra-
tion of a storm. An approximation of the event mean
concentration was calculated using flow-weighted
composite samples for each storm. As predetermined

“Water year in U.S. Geological Survey reports is the 12-
month period, October 1 through September 30. The water year is
designated by the calendar year in which it ends and which
includes 9 of the 12 months. Thus, the year ending September 30,
1990, is called the “1990 water year.”

runoff volumes are exceeded during a storm, auto-
mated samplers collect discrete samples that are com-
posited for analysis as an event mean concentration
(Bannerman and others, 1993). For the Urban Toxics
Project and the Nonpoint Source Evaluation Monitor-
ing Project, stormwater runoff was sampled year-
round.

The integrity of the sample-collection methods
was ensured by quality-assurance/quality-control pro-
cedures described in detail by Corsi and others (1995).
These procedures were followed with satisfactory con-
sistency throughout the projects.

Samples collected at urban runoff monitoring
sites were analyzed at either the Wisconsin State Labo-
ratory of Hygiene or the U.S. Geological Survey
National Water Quality Laboratory in Arvada, Colo.
U.S. Environmental Protection Agency (USEPA)
accredited methods were followed for sample analysis,
although these methods and corresponding analytical
detection limits have been adjusted through the years.

A different constituent list was selected for each
stormwater project. Altogether the projects analyzed a
total of 147 constituents (table 4). Samples for both the
Nonpoint Source Evaluation Monitoring and Lake
Superior Demonstration Projects were analyzed for all
but one of the conventional constituents, while a much
shorter list was selected for the other two projects. The
USEPA Priority Pollutant List was the basis for most of
the metals, inorganic, and organic constituents selected
for the Urban Toxics and Nonpoint Source Evaluation
Monitoring Projects. A much shorter list was adapted
from USEPA Priority Pollutants to be used in the
Industrial Monitoring and Lake Superior Demonstra-
tion Projects.

Polycyclic Aromatic Hydrocarbons (PAH’s)
analyzed prior to April 1994 are not included in this
data summary. Samples collected before April 1994
were analyzed using a method which over-measured
the actual PAH concentration, and which had a mini-
mum reporting limit that was too high. Minimum
reporting limits for most of the PAH’s decreased dra-
matically after April 1994. For example, the reporting
limit for benzo(a)pyrene changed from 5 pg/L to 0.002

pg/L.
STORMWATER QUALITY

Data from the four projects were used to deter-
mine summary statistics for concentrations of constitu-
ents that exceeded the minimum reported values for at
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Table 4. Constituents analyzed in stormwater from storm sewers and urban streams in Wisconsin

Constituent Project Number! Constituent Project Number!
Conventional constituents
pH (standard units) 24 Suspended solids 1,2,34
Chemical oxygen demand, COD 234 Total solids 234,
BOD, 5-day at 20°C 2,4 Nitrite plus nitrate, dissolved 2,3,4
Coliform, fecal (colonies/100 milliliters) 2,4 Nitrogen, ammonia, dissolved 2,3,4
Hardness, dissolved 2,4 Nitrogen, ammonia, organic, total? 2,3,4
Hardness, total 1,234 Phosphorus, total 2,3,4
Alkalinity, total as CaCos 24 Phosphate, ortho, dissolved 24
Sulfate, dissolved 4 Carbon, organic 1,24
Chloride, dissolved 24
Metals and cyanide
Antimony, total recoverable 1,234 Cyanide, total 1,2
Arsenic, total recoverable 1,2 Lead, total recoverable 1,2,34
Beryllium, total recoverable? 1,2,3 Lead, dissolved 2,4
Cadmium, total recoverable 1,234 Nickel, total recoverable 1,2,3
Cadmium, dissolved 2,4 Selenium, total recoverable 1,2
Chromium, total recoverable 1,2,3,4 Silver, total recoverable 1,234
Chromium, dissolved? 2 Zinc, total recoverable 1234
Copper, total recoverable 1,2,34 Zinc dissolved 24
Copper, dissolved 2,4
Pesticides, total

Alachlor 1,2 Methoxychlor 1,2
Aldrin 1,2 Methyl parathion 1,2
Ametryne 1,2 Methy] trithion? 1,2
Atrazine 1,2 Metolachlor 1,2
Captan 2 Metribuzin 1,2
Chlordane 1,2,4 Mirex 1,2
Chlorpyrifos 2 Naphthalenes, polychlorinated 1,2
Cyanazine 1,2 p.p’-DDD? 4
Dacthal 2 p.p’-DDE? 4
DDD 1,2 p,p’-DDT 24
DDE 1,2 Parathion 1,2
DDT 1,2 Pendimethalin 2
DE-ethyl atrazine? 2 Perthane 1,2
DE-isopropyl atrazine? 2 Phorate 1,2
DEF 1,2 Picloram 1,2
Diazinon 1,2 Prometon 1,2
Dicamba 1,2 Prometryne 1,2
Dieldrin 1,2 Propazine 1,2
Dimethoate 2 Propham 1,2
Disulfoton 2 Sevin 1,2
Disyston 1,2 Silvex 1,2
Endosulfan 1,2 Simazine 1,2
Endrin 1,2 Simetryne 1,2
Ethion 1,2 Toxaphene 1,2
Heptachlor 1,2 Trifluralin 1,2
Heptachlor epoxide 1,2 Trithion 1,2
Isophorone 1,2 24-D 1,2

6  Quality of Wisconsin Stormwater, 1989-94



Table 4. Constituents analyzed in stormwater from storm sewers and urban streams in Wisconsin—Continued

Constituent Project Number! Constituent Project Number'

Pesticides, total—Continued

Lindane 1,2 2,4,5-T 1,2
Malathion 1,2 2,4-DP 1,2
Methomyl 1,2
PCB’s and related compounds
2-Chloronapthalene 1,2 PCB 1,2
Halogenated aliphatics
Bis(2-chloroethoxy)methane 1,2 Hexachlorocyclopentadiene 1,2
Hexachlorobutadiene 1,2 Hexachloroethane 1,2
Ethers
4-Bromophenyl phenyl ether 1,2 Bis(2-chloroethyl)ether 1,2
4-Chlorophenyl phenyl ether 1,2 Bis(2-chloroisopropyl)ether 1,2
Monocyclic aromatics
1,2,4-Trichlorobenzene 1,2 2,4-Dinitrotoluene 1,2
1,2-Dichlorobenzene 1,2 2,6-Dinitrotoluene 1,2
1-3-Dichlorobenzene 1,2 Hexachlorobenzene 1.4
1,4-Dichlorobenzene 1,2 Nitrobenzene 1,2
Phenols and cresols
2,4,6-Trichlorphenol 1,2 4,6-Dinitroorthocresol 1,2
2,4-Dichlorophenol 1,2 4-Nitrophenol 1,2
2,4-Dimethylphenol 1,2 Parachlorometa cresol 1,2
2,4-Dinitrophenol 1,2 Pentachlorophenol 1,2
2-Chlorophenol 1,2 Phenol (6H-50H) 1,2
2-Nitrophenol 1,2
Phthalate esters
Bis(2-ethylhexy)phthalate 1,2 Di-n-butylphthalate 1,2
Diethyl phthalate 1,2 Di-n-octyl phthalate 1,2
Dimethyl phthalate 1,2 N-butylbenzyl phthalate 1,2
Polycyclic aromatic hydrocarbons
1,2,5,6-Dibenzanthracene 2,4 Benzo[k]fluoranthene 2,4
Acenaphthene 24 Chrysene 24
Acenaphthylene 24 Fluoranthene 24
Anthracene 24 Fluorene 2,4
Benzo[a]anthracene 2,4 Indeno pyrene 24
Benzo[a]pyrene 24 Naphthalene 2,4
Benzo[b]fluoranthene 2,4 Phenanthrene 2,4
Benzo[ghi]perylene 2,4 Pyrene 24
Nitrosamines

N-nitrosodi-n-propylamine 1,2 N-nitrosodiphenylamine 1,2
N-nitrosodimethylamine 1,2

IRefers to projects listed in table 1.
2Constituent was not analyzed for in Wisconsin stormwater from urban streams.
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least 10 percent of the samples. These projects repre-
sent the most reliable event mean concentrations col-
lected for Wisconsin stormwater between 1989 and
1994. Together the projects not only provided a signif-
icant number of event mean concentrations for each
constituent, but also integrate the event mean concen-
trations from many types of land uses (table 1).

A check of laboratory analytical techniques used
for each project indicated they were compatible enough
to combine the data from the projects. Any question-
able data were removed from the data set. Data for the
storm sewers and urban streams were compiled sepa-
rately.

Summary statistics by themselves did not
describe the potential impact of the stormwater on the
health of the receiving waters. Constituent levels were
compared to Wisconsin surface-water and ground-
water-quality standards to develop a list of contami-
nants that might adversely affect a receiving water.
Ground-water standards were included because the
construction of infiltration best management practices
could increase the chance of ground-water contamina-
tton by the stormwater. Other evaluations of the con-
stituent concentrations included a comparison of
Wisconsin stormwater concentrations with those from
other states, a comparison of storm sewer and urban
stream concentrations, presentation of stormwater bio-
assay results, and a comparison of stormwater and low-
flow concentrations in urban streams.

Frequency of Detection of Constituents

A frequency of detection of less than 10 percent
was chosen as the cutoff for constituents to be included
in the summary statistics and the evaluation of the
potential impact of those constituents on the health of
the receiving waters. Ten percent was judged to be a
low enough percentage to include all important con-
taminants but high enough to reduce the list of contam-
inants deserving some attention to a manageable
number. Similar analysis done by NURP investigators
also used 10 percent as a cutoff for constituents deserv-
ing more discussion. The resulting data set had to con-
tain at least three concentrations which were above the
minimum reporting limit for the determination of sum-
mary statistics. Only DE ethyl atrazine in the storm
sewers and total recoverable silver and 2,4-DP in the
streams did not meet this criteria. These constituents
were not included in the summary statistics.
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Storm Sewer Discharge

Forty-eight percent of the constituents found in
samples from the storm sewers were detected in 10 per-
cent or more samples (table 5). Most of the constituents
whose detection frequencies were greater than 10 per-
cent were among 4 of the 11 types of constituents: con-
ventional constituents, metals and inorganics, pesti-
cides, and PAH’s. The frequency of detection ranged
from 10 to 99 percent for metals, inorganic, pesticides,
and PAH’s. The range for conventional constituents
was from 88 to 100 percent. There were 76 constituents
which were not detected in at least 10 percent of the
samples. Most of these constituents were organic com-
pounds that had a detection frequency of zero.

Although there was a wide range of detection
frequency for the metals, inorganics, pesticides, and
PAH’s, each type of constituent tended to dominate
one or two of the four ranges of detection frequencies
(table 5). Event mean concentrations for PAH’s domi-
nated the 75 percent or more range of detection fre-
quency. High frequency of occurrences for PAH’s is
not unexpected because they are formed in any hydro-
carbon combustion process and may be released from
spills of petroleum products (National Research Coun-
cil of Canada, 1983). Important sources of PAH’s
include heat and power generation, refuse burning,
industrial activities, and vehicle emissions. Only naph-
thalene, a relatively low-molecular-weight and there-
fore more volatile PAH, was not detected at all. Some
loss of naphthalene could have occurred during sam-
pling.

In contrast to the combined results of the four
Wisconsin urban-runoff studies, results from the 28 cit-
ies monitored during NURP, and the NPDES monitor-
ing in the Dallas-Fort Worth, Texas area did not show
PAH’s at detection frequencies of 75 percent or greater
(U.S. Environmental Protection Agency, 1983; Brush
and others, 1994). Those data sets include fewer types
of PAH’s above minimum reporting limits, and the fre-
quency of detection for the ones found were always 10
to 19 percent. The minimum reporting limits in the
NURP and Texas NPDES studies might have been too
high to result in a high frequency of detection. This
problem was also experienced by investigators doing
the NPDES stormwater monitoring for cities in Wis-
consin.

Differences in the results for PAH’s points out
the need to update lists of frequently detected constitu-
ents as analytical technology evolves. Future monitor-



Table 5. Frequency of occurrence for constituents detected above minimum reporting limits
in at least 10 percent of the Wisconsin storm sewer stormwater samples

Detected in 75 percent or more of the samples

Chemical oxygen demand, COD (97)
BOD, 5-day at 20°C (99)

Coliform, fecal (colonies/100 mL) (94)
Hardness, dissolved (98)

Hardness, total (98)

Alkalinity, total as CaCo3 (100)
Sulfate, dissolved (85)

Chloride, dissolved (94)

Suspended solids (99)

Total solids (97)

Nitrite plus nitrate, dissolved (97)

Nitrogen, ammonia, dissolved (98)

Chromium, total recoverable (90)
Copper, dissolved (80)
Copper, total recoverable (97)
Lead, total recoverable (97)
Nickel, total recoverable (77)
Zinc, total recoverable (99)
Zinc, dissolved (98)
Benzo[a]anthracene (96)
Benzo[a]pyrene (97)
Benzo[b]fluoranthene (97)
Benzo[ghi]perylene (96)
Benzo[k]fluoranthene (97)

Nitrogen, ammonia, organic, total (88) Chrysene (93)
Phosphorus, total (98) Fluoranthene (97)
Phosphate, ortho, dissolved (99) Indeno Pyrene (93)
Carbon, organic (98) Phenanthrene (95)
Cadmium, total recoverable (76) Pyrene (96)
Detected in 50 to 74 percent of the samples
Arsenic, total recoverable (70) Atrazine (58)
Cadmium, dissolved (56) Bis(2-ethylhexyl)phthalate (51)
2,4-D (53) Anthracene (73)
Detected in 20 to 49 percent of the samples
Antimony, total recoverable (45) Dicamba (30)
Silver, total recoverable (24) Diazinon (47)
Lead, dissolved (23) Malathion (20)
Alachlor (35) Methoxychlor (23)
Chlordane (27) Metolachlor (27)
DDT (25) 1,2,5,6-Dibenzanthracene (25)
Detected in 10 to 19 percent of the samples
Cyanide (12) Heptachlor epoxide (10)
2,4-DP (11) Lindane (16)
Aldrin (10) Picloram (11)
Cyanazine (18) Prometone (14)
DDD (13) PCB (12)
DDE (17) Acenaphthene (18)
DE-ethyl atrazine (17) Acenaphthylene (18)
Endosulfan (10) Fluorene (18)
Hepetachlor (10)
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ing efforts might include additional constituents
because the technology probably will be developed
which will lower the minimum reporting limits for cer-
tain constituents. Reevaluation of target constituents
can be especially important if the previous minimum
reporting limits were greater than a concentration that
may be harmful to aquatic life.

Of the 16 metals and cyanide, 8 were detected in
75 percent or more of the samples. Measurable concen-
trations of total recoverable zinc, copper, and lead were
detected in 75 percent or more of the samples. Many
sources of these metals exist in urban areas. Galvanized
roofing materials are a source of zinc (Bannerman and
others, 1993), as are automobile tires (FHWA, 1984).
Copper is derived from man-made sources, such as
automobile brakes, but it has also been shown to origi-
nate from natural sources, as in the Santa Clara Valley
in California (Cooke and others, 1994). Even though
lead has been removed from most gasoline, some
sources of the metal exist. For example, high concen-
trations of lead can be found in engine oil, and lead is
still used in road paint.

Comparison of NPDES monitoring results from
Texas with the Wisconsin stormwater-monitoring
results showed the same number of total recoverable
metals in 75 percent or more of the samples. In the
NURP data sets, more of the metals were at lower fre-
quencies of detection, but most were still found in more
than 10 percent of the samples. Measurable concentra-
tions of dissolved zinc and copper have been frequently
detected in stormwater samples from both Wisconsin
and Santa Clara Valley (Cooke and others, 1994).

Twenty-one pesticides were detected at a fre-
quency between 10 and 60 percent. Lawn-care activi-
ties may be a source for many of these pesticides. A
banned pesticide, DDT, and a restricted-use pesticide,
chlordane, were detected in the stormwater. (DDT is
still being used in large quantities in other countries.)
Chlordane was also detected by NURP and by the
NPDES monitoring in the Dallas-Fort Worth, Texas
area. Diazinon concentrations exceeded minimum
reporting limits in 47 percent of the samples for Wis-
consin. Diazinon detections were in the range of 50 to
75 percent for data collected in Texas. In a survey of
homeowners in Madison, Wis., diazinon was the most
commonly used insecticide among the homeowners
who used an insecticide (Kroupa and Associates,
1995). Two herbicides commonly used for lawn care,
2,4-D and dicamba, were detected in about 50 percent
of Wisconsin stormwater samples. These same two
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pesticides were also frequently detected in storm-sewer
discharge to a lake in Minneapolis, Minn. (Wotzka and
others, 1994). More surprising was the high detection
frequency for four herbicides not registered for lawn
care in urban areas. Atrazine, alachlor, cyanazine, and
metolachlor are some of the most commonly used her-
bicides on major row crops, such as corn and soybeans.
These four herbicides were detected in runoff from 43
percent of the monitored events in the Minneapolis
study. Analysis of rainfall in Minnesota indicates that
these herbicides are being transported in the atmo-
sphere and deposited in urban areas by rain (Lin and
others, 1994).

Urban Streamwater

Fifty percent of the constituents tested for in
urban-streamwater samples were detected at frequen-
cies of 10 percent or greater. Similar to the storm sew-
ers, nearly all of the constituents detected for at least 10
percent of the samples were represented by four types:
conventional constituents, metals and inorganics, pes-
ticides, and PAH’s. Frequency of detections ranged
from 10 to 100 percent for the metals, inorganic, and
organic constituents and 92 to 100 percent for the con-
ventional constituents. As with the storm-sewer sam-
ples, the constituents were divided into four ranges of
detection frequencies (table 6). Metals, PAH’s, and
conventional constituents were the only types of con-
stituents whose concentrations exceeded minimum
reporting limits in 75 percent or more of the samples.
Pesticides were the most represented type of constitu-
ent at detection frequencies of 20 to 49 percent. Not
only did streams and storm sewers have the same types
of constituents detected in samples at least 10 percent
of the time, but many of the constituents fell into the
same frequency ranges. This was especially true for the
constituents detected in 75 percent or more of the sam-
ples. Most of the constituents not meeting the 10 per-
cent cutoff were organic compounds with a detection
frequency of zero.

Constituent Concentrations

Statistical Analysis of All Data

Summary statistics were determined for the con-
stituents detected in at least 10 percent of the stormwa-
ter samples collected from both storm sewers and



Table 6. Frequency of occurrence for constituents detected above minimum reporting limits in
at least 10 percent of the Wisconsin urban stream stormwater samples

Detected in 75 percent or more of the samples

Chemical oxygen demand, COD (92)
BOD, 5-day at 20°C (96)

Coliform, fecal (colonies/100 mL) (94)
Hardness, dissolved (98)

Hardness, total (100)

Alkalinity, total as CaCo5 (100)
Sulfate, dissolved (100)

Chloride, dissolved (98)

Suspended solids (98)

Total solids (97)

Nitrite plus nitrate, dissolved (98)
Nitrogen, ammonia, dissolved (97)
Phosphorus, total (97)

Phosphate, ortho, dissolved (92)
Carbon, organic (95)

Arsenic, total recoverable (91)

Chromium, total recoverable (86)

Copper, total recoverable (93)
Lead, total recoverable (93)
Nickel, total recoverable (100)
Zinc, total recoverable (86)
Zinc, dissolved (98)
Anthracene (88)
Benzo[a]anthracene (100)
Benzo[a]pyrene (100)
Benzo[b]fluoranthene (100)
Benzo[ghi]perylene (100)
Benzo[k]fluoranthene (100)
Chrysene (100)

Fluoranthene (100)

Indeno Pyrene (100)
Phenanthrene (90)

Pyrene (100)

Detected in SO to 74 percent of the samples

Antimony, total recoverable (50) Fluorene (67)
Cadmium, dissolved (50) Naphthalene (50)
Cadmium, total recoverable (54) 2,4-D (53)
Copper, dissolved (74) Atrazine (59)
1,2,5,6 Dibenzanthracene (65) DDD (53)
Acenaphthene (62) DDE (53)
Acenaphthylene (69) DDT (47)
Detected in 20 to 49 percent of the samples
Alachlor (24) Malathion (32)
Aldrin (27) Mirex (20)
Diazinon (38) Naphthalene (20)
Dicamba (35) Perthane (20)
Dieldrin (20) Prometone (22)
Endosulfan (20) Simazine (22)
Endrin (20) Toxaphene (20)
Heptachlor (20) PCB (20)

Heptachlor epoxide (20)

Bis(2-ethylhexyl)phthalate (33)

Detected in 10 to 19 percent of the samples

Lead dissolved (16)
Silver total recoverable (14)
2,4-DP (13)

Chlordane (10)
Methoxychlor (19)
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urban streams (tables 7 and 8). All the statistics were
calculated for event mean concentrations. For a mea-
sure of central tendency, the median and mean were
calculated. Coefficients of variation were used to repre-
sent the variability between storm events and site-to-
site variability. The minimum reporting limits were
provided by the two laboratories responsible for the
analysis.

The inclusion of many censored values (mea-
surements below the minimum reporting limit) in the
calculation of summary statistics required a log-proba-
bility regression procedure be used to estimate the
mean of data sets containing less-than values. The
method estimates the censored values on the basis of a
lognormal probability distribution and uses the esti-
mated values and the uncensored data for estimation of
a mean (Helsel and Hirsch, 1995). No estimated values
were used to determine the median; the data were
ranked in ascending order. If more than 50 percent of
the concentrations were less-than values, the median
was given the minimum reporting limit.

Log normality tests performed for selected con-
stituents, with a few exceptions, characterized the
event mean concentration as log normally distributed.
Similar results have been reported by other investiga-
tions (U.S. Environmental Protection Agency, 1983;
FHWA, 1990). Data that was log normally distributed
was considered best represented by the median. When-
ever possible, medians were used to evaluate the effect
of stormwater on water quality.

If the stormwater concentrations are used to cal-
culate the cumulative effects of seasonal or annual
loadings, the means are probably a more accurate sta-
tistic to use to calculate loadings. Loadings have been
used to assess the impact of stormwater on lakes and to
determine the critical sources of each constituent.
Because the means were always higher than the medi-
ans, the mean might better represent the loading for
storms with much higher concentrations. Means also
have been used to calculate loadings in stormwater
models, such as the Source Loading and Management
Model (SLAMM) (Pitt, 1994).

The coefficients of variability seemed high for
many of the constituents. About 46 percent of the coef-
ficients of variation for storm sewers were approxi-
mately two or greater. To help understand the source of
high variability, an analysis was done on the site-to-site
variability.
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Site-to-Site Variability

An analysis of variance (ANOV A) (Helsel and
Hirsch, 1995) test was done to determine whether the
geometric means of the constituent concentrations
were significantly different among two or more of the
storm-sewer sites. If the means were significantly dif-
ferent, a Tukey multiple-comparison test was done to
determine which sites were significantly different from
each other (Helsel and Hirsch, 1995). To make the
sample sizes more nearly equivalent between sites, the
industrial-site data were aggregated, and the data from
the three mixed sites also were aggregated. Data for
suspended solids, total phosphorus, total recoverable
zinc, copper, and lead were tested for significant differ-
ences. Total phosphorus data were not tested for all the
sites because total phosphorus was not available for
Hastings Street. Results from the ANOV A test showed
significant differences between sites for all the constit-
uents. Variability in the summary statistics would have
been reduced by not aggregating the data.

Definite patterns were found amongst the geo-
metric mean data (fig. 1). The Tukey test indicated that
the commercial sites, mixed sites, and the industrial
park tended to have similar geometric means. The res-
idential site and industrial sites have similar geometric
means. For all the constituents, either the residential
site or the industrial sites had significantly lower geo-
metric means than all other sites. The significantly
higher geometric means were generally among the
commercial, mixed, and industrial-park sites. These
results agree with box plots of the same data (fig. 1).

If more sites were available for each type of land
use, these tests could be used to determine the differ-
ences between land uses. At best, the results represent
a preliminary look at which land uses tend to have the
highest or lowest event mean concentrations of con-
taminants. Other stormwater-monitoring projects have
evaluated differences between land uses, but multiple
sites represented each land use in those projects. For
example, 4 to 39 sites represented each land use in the
NURRP study. Results from NURP showed no signifi-
cant differences in event mean concentrations between
land uses except for open space. In contrast, metals
concentrations in stormwater from residential and
commercial sites were found to be significantly differ-
ent than those from heavy industrial sites in Santa Clara
Valley (Cooke and others, 1994).



Table 7. Summary statistics for event mean concentrations of constituents with detection frequencies of at least 10 percent at
Wisconsin storm-sewer-monitoring sites
[CV, coefficient of variation; mg/L, milligrams per liter; pg/L., micrograms per liter; mL, milliliter; <, less than]

Minimurm Number of
Constituent rel?m:ting samples Maximum Minimum Median' Mean cv
limits
Conventional constituents (m; nless otherwise noted
pH (standard units) 0.1 131 8.11 5.63 73 724 0.0579
Chemical oxygen demand, COD S 97 310 <5 48 69 .86
BOD, 5-day at 20°C 1 112 210 <1 9.4 18 1.5
Coliform, fecal (colonies/100 mL) 10 54 370,000 <10 6,500 30,000 2.3
Hardness, dissolved 6 173 220 <6 26 33 79
Hardness, total 6 209 900 3 51 87 13
Alkalinity, total as CaCos 5-1 82 149 2 345 40.7 .66
Sulfate, dissolved 1 26 23 <1 9 9.1 67
Chiloride, dissolved .01-1 94 1,000 <.01 10 64 2.5
Suspended solids 2 247 1,850 <2 120 237 1.31
Total solids 10 167 2,810 <10 256 386 1.06
Nitrite plus nitrate, dissolved .01 147 73.6 <.01 493 1.1 5.5
Nitrogen, ammonia, dissolved .005-.01 102 1.3 <.01 24 3 .83
Nitrogen, ammonia, organic, total 2 34 34 <2 1 1.8 1.9
Phosphorus, total .01-.02 204 3.8 <.02 29 45 .49
Phosphate, ortho, dissolved .002 137 3.31 <.002 .09 178 1.93
Carbon, organic total 5 100 66 <5 11 16 .89
Metals and inorganics (ug/L)
Antimony, total recoverable 1-5 74 4 <1 <1 1.2 6
Arsenic, total recoverable 1-10 71 5 <1 1 1.1 9
Cadmium, total recoverable 2-1 197 7 <2 5 .89 1
Cadmium, dissolved 2 89 3.8 <2 .08 3 2
Chromium, total recoverable 1-3 164 90 <3 7 11 1.1
Copper, total recoverable 1-3 223 210 <3 18 26 .96
Copper, dissolved 1-3 120 33 <3 5 6.5 9
Cyanide, total .01 59 .09 <01 <.01 .005 2.5
Lead, total recoverable 1-3 230 570 <1 24 48 1.4
Lead, dissolved 1-3 120 13 <1 <3 .87 1.8
Nickel, total recoverable 1-10 81 52 <1 5 83 1.1
Silver, total recoverable 5-5 129 52 <5 <5 1.9 3.6
Zinc, total recoverable 10 249 1,500 <10 150 200 .86
Zinc, dissolved 10 135 840 <10 70 89 1
Pesticides

Alachlor A-17 79 2.9 <1 <.25 36 1.4
Atrazine 1-15 79 6.5 <1 .1 26 32
Chlordane 05-3 98 1 <.05 <1 .086 23
Cyanazine 1-.55 79 1.9 <0.1 <0.1 0.13 2.3
DDD 01-.1 52 1 <01 <.01 .01 2.6
DDE .01-.1 52 1 <.01 <.01 .01 2.7
DDT 01-.1 52 1 <01 <.01I 013 2.1
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Table 7. Summary statistics for event mean concentrations of constituents with detection frequencies of at least 10 percent at
Wisconsin storm-sewer-monitoring sites—Continued

Minimum

Constituent reporting Number of Maximum Minimum Median' Mean Ccv
limits samples
Pesticides ntinued
Diazinon .01-1 87 22 <01 <1 1 71
Dicamba .01-2.9 83 5 <01 <22 .06 1.8
Endosulfan .01-.1 52 1 <.01 <.01 .013 2
Heptachlor 01-.1 52 1 <01 <.01 .013 2
Heptachlor epoxide 01-.1 52 A <01 <01 .013 2
Lindane 01-4 80 1 <01 <.01 .0084 2.8
Malathion .01-1.2 86 I.1 <01 <2 023 5.4
Methoxychlor .01-2 80 5 <01 <.04 .023 3
Metolachlor OI-1.1 48 7 <.l <l 12 1.4
Picloram 0I1-1 54 2 <01 <l .036 1.3
Prometon 1 42 5 <.l <1 .045 2
2,4-D .01-7.8 83 10 <0.01 0.1 .99 1.9
2,4-DP 01-1 54 1.2 <.01 <l .07 3.2
PCB’s and related compounds (ug/L)
PCB .01-1 52 | <0.1 <0.1 0.11 23
Phthalate esters (ug/L)
Bis(2-ethylhexy)phthalate 5 49 150 <5 5 13 2.1
Polycyclic aromatic hydrocarbons (ug/L)

Acenaphthene .05-3.4 26 6 <0.05 <34 0.31 3.8
Acenaphthylene .05-8.2 22 27 <.05 075 1 .63
Anthracene .05-.12 26 19 <12 23 1.2 32
Benzo[a]anthracene .003 25 23 <.003 0.9 2.1 22
Benzola]pyrene 002 30 16 <.002 1.3 23 1.4
Benzo[b]flouranthene .0045 30 23 <.0045 14 27 1.6
Benzo[ghi]perylene .0047-.01 26 15 <.0047 1 2 1.6
Benzo[k]flouranthene .0034 29 14 <.0034 .88 1.7 1.5
Chrysene .023 30 24 <.023 14 2.8 1.6
Fluoranthene .0087-.01 30 88 <.009 32 8.6 1.9
Fluorene .05-.6 25 7 <.05 <6 41 35
Indeno Pyrene .02 28 17 <.02 1.4 24 1.4
Phenanthrene 17 24 52 <17 1.6 4.6 25
Pyrene .00065-.01 27 66 <.007 18 58 22

'Medians were below the minimum reporting values when more than 50 percent of the observations were less than the minimum reporting limit.
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Table 8. Summary statistics for event mean concentrations of constituents with detection frequencies of at least 10 percent

in four urban Wisconsin streams
[CV, coefficient of variation; mg/L, milligrams per liter; ptg/L, micrograms per liter; mL, milliliter; <, less than]

. Mlnimym Number of
Constituent re;'_:or_tmg samples Maximum Minimum Median’ Mean cv
limits
Conventional constituents (mg/L)
pH (standard units) 1 113 8.4 6.8 792 7.9 0.0369
Chemical oxygen demand, COD 5-25 38 120 5 38 40 53
BOD, 5-day at 20°C 1 82 22 <1 6.5 7.5 .59
Coliform, fecal (colonies/100 mL) 10 32 800,000 <10 12,000 42,000 34
Hardness, dissolved 6 178 480 <6 200 200 54
Hardness, total 6 213 460 <6 220 230 43
Alkalinity 5-1 69 255 51 129 135 425
Chloride, dissolved 011 93 1,000 5 64 120 14
Suspended solids 12 131 1,120 <2 107 152 1.05
Total solids 1-10 109 2,100 196 472 533 .501
Nitrite plus nitrate, dissolved 01-.005 101 1.53 0.289 695 9.68 443
Nitrogen, ammonia, dissolved 002-.01 92 87 <.005 .088 .14 1
Phosphate, ortho, dissolved 001-.01 114 109 <.002 0275 .0283 V)|
Phosphorus, total 001-.02 124 .81 <01 18 21 69
Carbon organic total 1-5 21 48 32 13 16 73
Metals and inorganics (ug/L)
Antimony, total recoverable 1 22 3 <1 <1 .94 .69
Arsenic, total recoverable 1 22 3 <1 1 1.4 51
Cadmium, total recoverable 2-1 90 9 <2 <1 .57 19
Cadmium, dissolved .04-2 56 2.6 <04 <2 14 29
Chromium, total recoverable 1-3 90 60 <3 6 8.9 1
Copper, total recoverable 1-3 131 140 <3 14 17 98
Copper, dissolved 1-3 94 11 <3 38 4 5
Lead, dissolved 1-3 94 2 <1 <1 .76 49
Lead, total recoverable 1-3 131 340 <3 17 27 1.4
Nickel, total recoverable 1-10 22 36 3 7 9.5 81
Zinc, total recoverable 10 130 670 <10 77 93 95
Zinc, dissolved .5-10 84 160 <10 26 33 5
Pesticides (ug/1)

Alachlor 1-7 34 .54 <1 <l .081 15
Aldrin .01-.1 15 1 <01 <01 .025 1.6
Atrazine A 34 5 <1 A3 A8 76
DDD .01-1 15 1 <.01 .01 .026 1.5
DDE .01-1 15 1 <01 .01 .026 15
DDT 01-1 15 1 <.01 <l .027 15
Diazinon .01-1 34 12 <.01 <5 .018 1.5
Dicamba 01-8 34 49 <.01 <.01 .062 15
Methoxychlor .01-1 31 1 <.01 <.04 .012 24
Prometon .1 18 .36 <1 <1 .067 1.3
24-D 01-2 34 41 <.01 22 .85 1.2
Simazine 1 18 5.9 <1 <1 .38 3.7
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Table 8. Summary statistics for event mean concentrations of constituents with detection frequencies of at least 10 percent

in four urban Wisconsin streams—Continued

. Minimf'm Number of
Constituent reqonrtmg samples Maximum Minimum Median! Mean cv
limits
Phthalate esters (ug/L)
Bis(2-ethylhexy)phthalate 5 15 23 <5 <5 4.5 13
Polycyclic aromatic hydrocarbons (ug/L)

1,2,5,6-Dibenzanthracene .01-.05 20 1.3 <.05 .18 32 1.2
Acenaphthene .05 16 .87 <.05 .08 14 1.5
Acenaphthylene .05 16 .27 <.05 .075 A .63
Anthracene .05 16 15 <.05 25 1.2 3.1
Benzo[a]anthracene .003 16 4.8 .09 .56 .99 12
Benzo[alpyrene .002 16 43 .07 78 1.1 1.1
Benzo[b]fluoranthene .0045 16 52 .07 1 14 1.1
Benzo[ghilperylene .0047-.01 16 39 .07 .59 98 1.2
Benzo[k}fluoranthene .0034 16 49 .06 .57 1 1.3
Chrysene .02 16 6.4 .16 93 1.6 1
Fluoranthene .0087-.01 12 11 31 28 34 .89
Fluorene .05-.6 12 37 <.05 12 13 73
Indeno pyrene .02 16 44 .05 62 | 1.2
Naphthalene .05 16 13 <.05 054 .058 .55
Phenanthrene 17 16 13 .07 1 2 1.6
Pyrene .0065-.01 16 13 27 22 3.2 1

IMedians were below minimum reporting values when more than 50 percent of the observations were less than the minimum reporting limit.

Potential Contaminants

A list of potential contaminants was developed
for Wisconsin stormwater. The purpose of the list is to
target the constituents most likely to affect the health of
both surface waters and ground water. At this early
stage in our understanding of how each constituent
might affect the receiving waters, it was decided to
exclude as few of the constituents as possible. Future
studies will hopefully make it possible to shorten the
list. These thoughts led to a relatively conservative cri-
terion for potential contaminants. The criterion for
potential contaminants is a constituent detected in at
least 10 percent of the samples and a constituent that
exceeds a water-quality standard for at least one storm-
water sample.

Ground-water-quality standards were considered
in the criterion because infiltration of stormwater, espe-
cially by the implementation of infiltration best man-
agement practices, is a potential threat to ground-water
quality. Constituents such as chloride, are already
increasing in drinking-water wells (City of Madison,
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1994). Calculated leaching rates for selected metals,
pesticides, and PAH’s indicated that these constituents
have some degree of mobility in the soil column (Arm-
strong and Llano, 1992). As a group, metals, such as
lead and copper, had much lower leaching rates
through the unsaturated soil zone than the PAH’s and
pesticides, such as diazinon and 2,4-D. Opportunities
for ground-water contamination will increase as many
more infiltration devices are constructed.

Probability distributions (Helsel and Hirsch,
1995) of event mean concentrations for storm-sewer
and stream samples were compared to both surface-
water- and ground-water-quality standards for Wiscon-
sin. Levels of metals, inorganics, pesticides, PAH’s,
Bis(2-ethylhexyl)phthalate, and PCB’s were compared
to surface-water-quality criteria listed in a Wisconsin
Administrative Code entitled “Surface Water Criteria
for Toxic Substances” (Wisconsin Department of Nat-
ural Resources, 1989, NR105). Results of the compar-
ison show that the probability of two metals, nine
PAH’s, and DDT exceeding the water-quality criteria
in the stormwater from storm sewers is very high
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Figure 1. Differences in concentrations of selected constituents of urban stormwater in Wisconsin, by land use.
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(table 9). Event mean concentrations observed nation-
wide during NURP also exceeded water-quality crite-
ria for metals and PAH’s. Although the metal criteria

are compared to total recoverable metals concentration,
the event mean concentration of dissolved copper, zinc,
and cadmium also exceeded the criteria with probabil-
ities of 23, 89, and 3 percent, respectively.

Streamwater, like storm-sewer event mean con-
centrations, had a high probability of exceeding water-
quality criteria for PAH’s and DDT; unlike storm sew-
ers, streamwater had a low probability of exceeding
any acute toxicity criteria for metals.

For a number of the constituents detected in
more than 10 percent of the samples, including pesti-
cides such as diazinon and atrazine, surface-water-
quality criteria have not been established. It has been
recommended, however, that the diazinon concentra-
tion in the aquatic environment not exceed 0.80 pg/L
(Arthur and others, 1983). The mean diazinon concen-
tration found in the storm-sewer samples was 0.11
ug/L, and the maximum was 2.2 ug/L. The probability
of the diazinon event mean concentration in the storm
sewer exceeding the recommended level was 4 percent.

Bacteria, suspended solids, and total phosphorus,
and 5-day BOD were conventional constituents that
also exceeded recommended levels in surface water.
Fecal coliform counts for both storm sewer and streams
exceeded the Wisconsin recreational body-contact bac-
teria standard of 400 counts per 100 mL in almost all
samples (Wisconsin Department of Natural Resources,
1989, chap. NR102). Suspended-solids, 5-day BOD
and total-phosphorous concentrations exceeded Wis-
consin’s permitted effluent limits (Wisconsin Depart-
ment of Natural Resources, 1987, chap. NR-210) for
about 97, 5, and 9 percent of the storm-sewer samples,
respectively (table 9).

Although Wisconsin does not have an approved
surface-water standard for chloride, trends of increas-
ing chloride concentration indicate chloride has the
potential to be a problem in Wisconsin surface waters.
Records kept by the city of Madison show the chloride
concentrations in Lakes Mendota (9,842 acres) and
Wingra (345 acres) increased from 3 and 5 mg/L,
respectively, to 32 and 75 mg/L, respectively, from
1940 to 1994 (City of Madison, 1994). Chloride con-
centration in Lake Mendota has been increasing about
1 mg/L each year for the last 10 years.

The probability of event mean concentration
exceeding the enforcement level of the ground-water-
quality standards was determined for metals, inorgan-
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ics, PAH’s, PCB’s, phthalates, pesticides, and conven-
tional constituents (Wisconsin Department of Natural
Resources, Chap. NR140, 1994). Six of the constitu-
ents analyzed in storm-sewer samples exceeded the
ground-water standard for at least one storm event
(table 9). Two of the constituents, Bis(2-ethyl-
hexyl)phthalate and chloride, exceeded the ground-
water standard in stormwater from both storm sewers
and urban streams. Event mean concentrations for
PCB’s and Bis(2-ethylhexyl)phthalate exceeded the
standard more frequently than the other constituents. If
chloride concentrations from earlier stormwater stud-
ies had been compared to the ground-water standard,
the frequency of chloride exceeding the standard would
have been greater. For example, higher maximum con-
centrations of chloride, 7,000 mg/L., were observed in
stormwater samples collected in 1977 from a freeway
interchange in Milwaukee, Wis. (Bannerman and oth-
ers, 1979).

Twenty-five constituents in storm sewer samples
met the criteria for potential contaminants (table 9).
Stormwater samples from urban streams had 16 con-
stituents meeting the criteria. Many of the potential
contaminants were found in both streams and storm
sewers. These include metals, PAH’s, DDT,
Bis(2ethylhexy)phthalate, chloride, suspended solids,
and fecal coliform. Potential contaminants exceeding
the criteria for toxic substances can be grouped into
five types of constituents—metals, PAH’s, pesticides,
phthalates, and PCB’s. The five types of conventional
constituents identified as potential contaminants
include total phosphorus, suspended solids, fecal
coliform, BOD 5-day, and chloride. With the identifica-
tion of these 25 potential contaminants, Wisconsin
stormwater management efforts could be directed
toward BMP’s which would target these contaminants.

Bioassay Results

Much concern has been raised about the validity
of using current surface-water-quality criteria for toxic
substances as a way of assessing the water-quality
effects of stormwater on the receiving stream (Lee and
Lee-Jones, 1993). A primary reason for this concern is
that many of the constituents are not in a bioavailable
form. The USEPA is considering changing the metals
criteria such that they are based on dissolved concen-
trations and not total recoverable concentrations. Dis-
solved concentrations of zinc and copper in Wisconsin



Table 9. Probability of event mean concentration of constituents in Wisconsin stormwater

exceeding Wisconsin surface-water- and ground-water-quality standards
[--, no value; mL, milliliter]

Probability of exceedance, in percent

Constituent

Storm sewers Streams

Acute toxicity criteria for coldwater fish cgmmunitiesl

Cadmium, total recoverable 11 0
Copper, total recoverable 87

Lead, total recoverable 18 0
Silver, total recoverable 20 -
Zinc, total recoverable 91 7

Human cancer criteria for public water supply/coldwater fish cgmmunitiesl

Benzo[a]anthracene 98 100
Benzo[a]pyrene 99 100
Benzo[b]fluoranthene 100 100
Benzo[ghi]perylene 99 100
Benzo[k]fluoranthene 99 99
Chrysene 100 100
Indeno pyrene 100 99
Phenanthrene 100 99
Pyrene 100 100
DDT 98 100
Effluent limitations?
Total phosphorus (Great Lakes) 9 0
Suspended solids (7-day average) 97 100
BOD 5-day (7-day average) 5 0
Water-quality standards?
Fecal coliform (400 counts/100 mL) 96 99
Ground-water-quality standards: Enforcement standards*
Bis(2 ethylhexy)phthalate 60 44
Atrazine 2 0
Alachlor 2 0
2,4-D 2 0
PCB 42 0
Chloride 4 9

Wisconsin Department of Natural Resources, 1989, chap. NR 105
2Wisconsin Department of Natural Resources, 1987, chap. NR 210
3Wisconsin Department of Natural Resources, 1989, chap. NR 102
“Wisconsin Department of Natural Resources, 1994, chap. NR 140
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storm-sewer samples also exceeded the acute toxicity
criteria for metals.

The application of water-quality criteria to
stormwater concentrations is questionable. Existing
water-quality criteria were developed with reference to
continuous point-source discharges. High flows in
Wisconsin storm sewers usually last much less than 24
hours, and, on the average, rainfall occurs every 4 to 5
days. To overcome the limitations of using water-qual-
ity criteria to evaluate the effects of stormwater on a
stream, investigators can use a multilayered monitoring
approach (Pitt, 1991). This multilayered approach
includes evaluating the habitat, water quality, sediment
quality, biological community, and toxic responses of
each stream.

Toxicological tests were used to enhance the
comparison of water-quality criteria between the
Urban Toxics Project and the Nonpoint Source Evalu-
ation Monitoring Project. Acute bioassay tests were
completed for 51 of the flow-composite samples col-
lected from the Urban Toxics Project. In four of the
samples, mortality of the zooplankton Ceriodaphnia
dubia was almost 100 percent within 24 hours. This
sample set consisted of one sample each from Monroe
Street and Noyes Creek, and two samples from Wood
Center. In one Wood Center sample, mortality of
Daphnia magna was 75 percent. No effort was made to
determine which constituents were responsible for the
Daphnia magna mortality. None of the samples from
any of the sites caused any significant mortality of fat-
head minnows. Even though metals concentrations
exceeded the acute toxicity criteria, most of the sam-
ples did not cause significant mortality during the bio-
assays.

Preliminary results from in-place toxicological
testing at the Lincoln Creek Nonpoint Source evalua-
tion monitoring site indicates that the effects of storm-
water are probably more chronic in nature (Kleist,
1995). Acute bioassay testing on Lincoln Creek during
runoff events resulted in little short-term mortality of
juvenile fathead minnows and Daphnia magna (Ram-
check and Crunkilton, 1995); however, the minnows
began to die after 14 days of exposure to high- and low-
flow water. By the end of the test, 60 to 90 percent mor-
tality was observed for the test fish. After 14 days, 70
to 100 percent mortality was observed for Daphnia
magna. About 10 more days of exposure was required
to cause mortality in minnows exposed to low-flow
water only. Long-term tests would be needed to qualify
toxicological effects of stormwater.
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Concentrations of one or more of the constitu-
ents in excess of water-quality criteria may have
caused the toxicity to the test organisms. One potential
source of these contaminants during low flow was the
highly contaminated bottom sediments. Many of the
potential contaminants in stormwater were found at
high concentrations in bottom sediments (Masterson
and Bannerman, 1994). Additional studies are being
done at the Lincoln Creek Nonpoint Source evaluation
monitoring site to determine the contribution of the
bottom sediments to the toxicity of the base flow.

Data Comparisons

Comparisons with Results from Other Areas

Medians of event mean concentrations for seven
constituents in stormwater from storm sewers were
compiled from NURP and the NPDES data from the
Dallas-Fort Worth, Texas area for comparison with the
results from Wisconsin (table 10). All the monitoring
efforts used similar sampling techniques. A substantial
number of the medians were about the same. Nearly
one-half of the NURP and NPDES medians were
within 30 percent of the Wisconsin medians. Most of
the remaining medians differed by less than 200 per-
cent. The best agreement was seen for BOD 5-day,
total phosphorus, and total recoverable zinc.

The largest difference was between NURP and
Wisconsin lead concentrations; this difference is prob-
ably the result of lead removal from gasoline during the
approximately 10-year period between the NURP and
Wisconsin studies. This hypothesis is supported by dif-
ferences in event mean concentrations of heavy metals
collected at Hastings Street and Wood Center between
1980 and 1990. The median event mean concentrations
of lead collected during NURP (in 1980) at Hastings
Street and Wood Center were 50 and 450 png/L, respec-
tively (Bannerman and others, 1983). Median event
mean concentrations in samples collected about 9 years
later at the same sites by the Urban Toxics Project were
reduced to 13 and 112 pg/L, respectively. No signifi-
cant changes were seen, however, in the median event
mean concentrations of zinc, copper, and suspended
solids for the same sets of samples.

Similar concentrations of six pesticides were
found in urban stormwater in Wisconsin and Minneap-
olis (Wotzka and others, 1994). Maximum event mean
concentrations of dicamba, 2,4-D, alachlor, atrazine,



Table 10. Comparison of event mean concentrations of selected constituents in Wisconsin storm-sewer samples with those

in storm-sewer samples from other states

[BOD, biochemical oxygen demand; mg/L, milligrams per liter; pg/L, micrograms per liter; NURP, National Urban Runoff Project]

Medians of event mean concentrations

Suspended Phosphorus, Orthophosphate, Copper,total Zinc, total Lead, total
Location (:'3,?_) solids total dissolved recoverable recoverable recoverable
(mgiL) (mglL) (mg/L) (ugiL) (ugll) (uglL)
All sites
Texas' -- - -- -- -- - -
NURP? 9 100 0.33 0.12 34 160 144
Wisconsin 94 120 29 .028 18 150 24
Residential
Texas 73 78 0.33 0.21 8 60 13
NURP 10 101 .38 .14 33 135 144
Wisconsin 6* 47 233 a 7 50 10
Commercial
Texas 6.6 52 0.14 0.06 8 80 30
NURP 93 69 2 .08 29 226 104
Wisconsin 8.2 232 29 .03 33 200 54
Industrial
Texas 75 104 0.21 0.09 12 130 29
NURP - -- - -- - - --
Wisconsin 7.8 109 28 .07 19 170 21

IBrush and others, 1994.
2U.S. Environmental Protection Agency, 1983.
3Bannerman and others, 1983.

cyanazine, and metolachlor were about the same in
samples from the storm sewer draining into Lake Har-
riet in Minneapolis and from the four storm sewers
monitored for pesticides in Wisconsin (table 7). Diazi-
non concentrations were determined for 26 sites during
the NPDES monitoring in Texas. Median event mean
concentrations for residential, commercial, and indus-
trial sites in Texas were (.55, 0.10, and 0.05 pg/L,
respectively. Because the median event mean concen-
tration for Wisconsin was below the minimum report-
ing limit, only the mean value was available for
comparison. The mean, 0.11 pg/L, is in the range of the
diazinon concentrations in Texas stormwater.

Comparison of Storm Sewer and Urban Stream
Concentrations

A statistical comparison of storm sewer and
stream event mean concentrations was done for eight
potential contaminants: suspended solids, total phos-
phorus, total recoverable zinc, total recoverable lead,
total recoverable copper, fecal coliform counts,

benzo[a]pyrene, and fluoranthene. A Wilcoxon rank-
sum test showed that differences between the storm-
sewer and stream concentrations were statistically sig-
nificant for all the constituents except the PAH’s. The
relatively low number of concentrations available for
PAH’s might have made the statistical test insensitive
to the differences between the stream and storm-sewer
concentrations. PAH concentrations were compared
using 30 values for storm sewers and 16 values for
streams, while 247 suspended solids concentrations
were available for storm sewers and 131 for streams.

These data are plotted in box plots (fig. 2). All
the storm-sewer medians and means, except for fecal
coliform counts, were slightly higher than those for the
streams. Event mean concentrations of most constitu-
ents would be expected to be higher in stormwater from
storm sewers, because of the dilution that can occur in
a stream. Although differences in the concentrations
were statistically significant, the magnitude of most of
the medians was similar. For example, the median sus-
pended-solids concentrations for storm sewers and
streams were 120 and 107 mg/L, respectively. Total
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recoverable zinc concentrations were farthest apart,
with a median of 150 pg/L for the storm sewers and 77
ug/L for the streams.

Comparison of Stream Concentrations During
Storms and Low-Flow Conditions

Concentrations of six of the potential contami-
nants were much higher in Lincoln Creek during storm
events than during low flow (fig. 3). Lincoln Creek is
one of the urban streams monitored during the Non-
point Source Evaluation Project. Low-flow samples
were collected about every two weeks in Lincoln
Creek. Stormwater concentrations for zinc and
benzo(a)pyrene were about 5 and 100 times greater
than low-flow concentrations, respectively. A lack of
overlap between distributions of concentrations in the
box plots for high-flow and low-flow periods indicate
that the differences are substantial. Stormwater sub-
stantially increases the concentration of potential con-
taminants in Lincoln Creek.

SUMMARY AND CONCLUSIONS

The U.S. Geological Survey, in cooperation with
the Wisconsin Department of Natural Resources, has
compiled a comprehensive data base of urban storm-
water constituents. This is the most reliable data base
available for Wisconsin stormwater between 1989 and
1994. This compilation lists the many types of constit-
uents that were detected in at least 10 percent of Wis-
consin stormwater samples as part of four urban water-
quality studies performed in Wisconsin between 1989
and 1994. Almost any stormwater sample collected
from Wisconsin storm sewers would be expected to
contain some type of metal or PAH. Much of the time,
these two types of constituents would probably be
accompanied by one or more pesticides. Some agricul-
tural herbicides would most likely be found along with
the urban pesticides. Conventional constituents, such
as suspended solids, would be found in all the samples.
The high frequency of detection for these constituents
indicates there are sources of these constituents in, or
around, Wisconsin urban areas.

Water-quality standards cannot replace in-situ
studies as an indicator of the effects of stormwater on
receiving waters, but comparison of observed storm-
water quality with water-quality standards is a useful
interim approach to targeting the most likely constitu-
ents needing some control. Event mean concentrations
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of several types of constituents exceeded water-quality
standards for Wisconsin surface and ground water. The
25 potential contaminants that exceeded water-quality
standards are five metals (lead, zinc, copper, silver, and
cadmium), nine PAH’s, PCB’s, Bis(2-ethylhexyl)ph-
tha-late, bacteria, chlorides, BOD, suspended solids,
total phosphorus, and four pesticides (alachlor, atra-
zine, 2,4-D, and DDT). This list of potential contami-
nants probably is not unique to Wisconsin. Studies in
other states have found the same constituents with high
detection frequencies and the event mean concentra-
tions of some constituents exceeding water-quality
standards.

Urban streams can be expected to reflect the
quality of Wisconsin stormwater. Similarities in the
types and levels of constituents found in storm sewers
and urban streams indicate that many streams become
little more than stormwater conveyance system during
storm events. The degree of urbanization should influ-
ence both the quantity and quality of stormwater in
urban streams. Concentrations of potential contami-
nants have shown a 100 fold increase during storm
events for one urban stream.

More work needs to be done to describe the role
of each potential contaminant in the quality of Wiscon-
sin stormwater. Ongoing in-situ toxicological testing in
Wisconsin will hopefully reveal more about the rela-
tive importance of selected metals and PAH’s to the
uses of an urban stream. More in-situ testing is also
needed on lakes and ground water. Ground-water test-
ing might focus on measuring in-situ concentrations
and soil leaching rates of potentially toxic constituents,
such as metals, PAH’s, and pesticides. Although the
impacts of the conventional constituents appear to be
more obvious, especially for suspended solids, it could
be helpful to know more about acceptable levels of
these constituents in stormwater and their importance
relative to the potentially toxic constituents.
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