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Organic Waste Compounds in Streams: Occurrence and 
Aquatic Toxicity in Different Stream Compartments, Flow 
Regimes, and Land Uses in Southeast Wisconsin, 2006–9

By Austin K. Baldwin,1 Steven R. Corsi,1 Kevin D. Richards,2 Steven W. Geis,3 and Christopher Magruder4 

Abstract
An assessment of organic chemicals and aquatic toxic-

ity in streams located near Milwaukee, Wisconsin, indicated 
high potential for adverse impacts on aquatic organisms that 
could be related to organic waste compounds (OWCs). OWCs 
used in agriculture, industry, and households make their way 
into surface waters through runoff, leaking septic-conveyance 
systems, regulated and unregulated discharges, and com-
bined sewage overflows, among other sources. Many of these 
compounds are toxic at elevated concentrations and (or) 
known to have endocrine-disrupting potential, and often they 
occur as complex mixtures. There is still much to be learned 
about the chronic exposure effects of these compounds on 
aquatic populations. 

During 2006–9, the U.S. Geological Survey, in coop-
eration with the Milwaukee Metropolitan Sewerage District 
(MMSD), conducted a study to determine the occurrence 
and potential toxicity of OWCs in different stream compart-
ments and flow regimes for streams in the Milwaukee area. 
Samples were collected at 17 sites and analyzed for a suite of 
69 OWCs. Three types of stream compartments were repre-
sented: water column, streambed pore water, and streambed 
sediment. Water-column samples were subdivided by flow 
regime into stormflow and base-flow samples.

One or more compounds were detected in all 196 samples 
collected, and 64 of the 69 compounds were detected at least 
once. Base-flow samples had the lowest detection rates, with 
a median of 12 compounds detected per sample. Median 
detection rates for stormflow, pore-water, and sediment 
samples1 were more than double that of base-flow samples. 
Compounds with the highest detection rates include polycyclic 
aromatic hydrocarbons (PAHs), insecticides, herbicides, and 
dyes/pigments. 

1 U.S. Geological Survey, Wisconsin Water Science Center
2 U.S. Geological Survey, Iowa Water Science Center
3 Wisconsin State Laboratory of Hygiene
4 Milwaukee Metropolitan Sewerage District

Elevated occurrence and concentrations of some com-
pounds were detected in samples from urban sites, as com-
pared with more rural sites, especially during stormflow 
conditions. These include the PAHs and the domestic waste-
water-indicator compounds, among others. Urban runoff and 
storm-related leaks of sanitary sewers and (or) septic systems 
may be important sources of these and other compounds to the 
streams. The Kinnickinnic River, a highly urbanized site, had 
the highest detection rates and concentrations of compounds of 
all the sampled sites. The Milwaukee River near Cedarburg—
one of the least urban sites—and the Outer Milwaukee Harbor 
site had the lowest detection rates and concentrations. 

Aquatic-toxicity benchmarks were exceeded for 12 of 
the 25 compounds with known benchmarks. The compounds 
with the greatest benchmark exceedances were the PAHs, both 
in terms of exceedance frequency (up to 93 percent for some 
compounds in sediment samples) and magnitude (concentra-
tions up to 1,024 times greater than the benchmark value). 
Other compounds with toxicity-benchmark exceedances 
include Bis(2-ethylhexyl) phthalate (a plasticizer), 2-Methyln-
apthalene (a component of fuel and oil), phenol (an antimicro-
bial disinfectant with diverse uses), and 4-Nonylphenol (sum 
of all isomers; a detergent metabolite, among other uses). Ana-
lyzed as a mixture, the suite of PAH compounds were found to 
be potentially toxic for most non-base-flow samples. 

Bioassay tests were conducted on samples from 
14 streams: Ceriodaphnia dubia in base-flow samples, Cerio-
daphnia dubia and Hyallela azteca in pore-water samples, and 
Hyallela azteca and Chironomus tentans in sediment samples. 
The greatest adverse effect was observed in tests with Chi-
ronomus tentans from sediment samples. The weight of Chi-
ronomus tentans after exposure to sediments decreased with 
increased OWC concentrations. This was most evident in the 
relation between PAH results and Chironomus tentans bioas-
say results for the majority of samples; however, solvents and 
flame retardants appeared to be important for one site each. 
These results for PAHs were consistent with assessment of 
PAH potency factors for sediment, indicating that PAHs were 
likely to have adverse effects on aquatic organisms in many of 
the streams studied. 
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Introduction
The occurrence and effects of organic waste compounds 

(OWCs) in streams has garnered increasing attention in recent 
years, both within the scientific community and in the popular 
press (Kolpin and others, 2002; Richardson and Ternes, 2005; 
Blue, 2012). OWCs are natural or synthetic chemicals derived 
from domestic, agricultural, and industrial wastewater sources. 
OWCs include fire retardants, fuel by-products, polycyclic 
aromatic hydrocarbons (PAHs), herbicides, antimicrobial 
disinfectants, and flavors and fragrances, among others. These 
compounds enter the environment through a number of path-
ways, including washing into streams from impervious sur-
faces and agricultural fields, industrial discharges into the air 
or water, leaching into the groundwater from unlined landfills, 
discharges from wastewater-treatment plants, combined sewer 
overflows, leaking septic systems, and leaking municipal 
sanitary and storm sewer systems (Kolpin and others, 2002; 
Gilliom and others, 2006; Phillips and others, 2012). 

Numerous recent studies have focused on the health 
effects of OWCs on aquatic communities (Thorpe and others, 
2001; U.S. Environmental Protection Agency, 2003; Barber 
and others, 2007; Vandenberg and others, 2012; Kemble and 
others, 2013). Although environmental concentrations tend 
to be low (generally, in the range of micrograms per liter or 
nanograms per liter), exposure is often chronic, spanning 
entire life cycles. Many of the OWCs sampled in this study are 
known or suspected endocrine-disrupting chemicals (EDCs), 
meaning they possess hormone-like activity that can disrupt 
normal endocrine function. EDCs have been shown to disrupt 
sexual development, brain development, and the immune 
system, among others (Vandenberg and others, 2012). In 
aquatic environments, EDCs and other OWCs usually occur 
as complex mixtures, which may have additive or synergistic 
effects (Sumpter and Jobling, 1995; Marinovich and others, 
1996; Thorpe and others, 2001; U.S. Environmental Protec-
tion Agency, 2003; Vandenberg and others, 2012). Chronic, 
multigenerational exposure of low-concentration mixtures of 
OWCs may result in incremental and irreversible impacts to 
aquatic communities (Daughton and Ternes, 1999). 

In 2006, the U.S. Geological Survey (USGS) and the 
Milwaukee Metropolitan Sewerage District (MMSD) began a 
cooperative study of OWCs in Milwaukee area streams and in 
the Milwaukee Harbor. The goal of the study was to provide 
an assessment of OWCs and toxicity in different stream 
compartment and flow regimes, including surface water during 
base flow and stormflow, streambed pore water, and streambed 
sediment. During 2006–9, 196 samples were collected from 
17 sites: 14 stream sites, 2 harbor sites, and 1 stream/harbor 

transition site (table 1; fig. 1). Water samples were analyzed 
for 69 OWCs; sediment samples were analyzed for 57 OWCs. 
Additionally, water column, pore-water, and sediment samples 
from the 14 stream sites were analyzed for aquatic toxicity 
(AqT) using bioassays.

This study can assist watershed managers in prioritiz-
ing management and remediation efforts by describing 
OWC occurrences at different sites and in different stream 
compartments and flow regimes, and by identifying fre-
quently occurring compounds and their potential toxicity to 
aquatic communities. 

Purpose and Scope

This report presents results of an assessment of OWCs 
and AqT in different stream compartments (stream water, 
sediment pore water, and bed sediment) and flow regimes 
(stormflow and base flow) in aquatic ecosystems within the 
MMSD service area. Occurrence and concentrations of OWCs 
are analyzed by sampling site, stream compartment, and flow 
regime. AqT is assessed by comparing measured concentra-
tions to benchmark values, and by bioassays. This study was 
part of the Watercourse Corridor Study—Phase III, a coopera-
tive effort among the MMSD, WDNR, SEWRPC, USGS, and 
local universities. Data from this study builds on data collected 
during 2004–5 as part of the Watercourse Corridor Study—
Phase II (Thomas and others, 2007).

Description of Study Area 

Most sampling sites were within the MMSD planning 
area. In total, 17 sites were sampled: 14 stream sites, 2 sites in 
the Milwaukee Harbor (Middle Harbor Milwaukee Outer Har-
bor Site (OH-03) and Middle Outside Harbor Breakwater Lake 
Site (OH-14)), and 1 stream/harbor transition site (Milwaukee 
River at the mouth at Jones Island (MRJ)). The stream/harbor 
transition site, MRJ, receives water from the Milwaukee, Kin-
nickinnic, and Menomonee River watersheds, as well as Lake 
Michigan. Basin-drainage areas of the stream sites (including 
MRJ) range from 9.56 to 872 square miles (mi2), with annual 
mean discharges from 13.2 to 735 cubic feet per second 
(ft3/s) (Scudder Eikenberry and others, 2010; U.S. Geological 
Survey, 2011). The sampled basins span a broad range of land 
uses and urban influence, with 10.4 to 96.0 percent urban land 
use. Of the harbor sites, OH-14 is located outside the break 
wall and OH-03 is located inside the break wall, approxi-
mately midway between the break wall and the mouth of the 
Milwaukee River. 
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Figure 1.  Location of sampling sites, drainage basins, and land-use areas used in the study. (Sampling site abbreviations are defined  
in table 1.)
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Water and Sediment Sampling: Design 
and Collection 

Whole-water and sediment samples were collected for 
analysis of OWCs as well as for AqT bioassays. Sampling for 
OWCs was conducted during 2007–9, and was a collaborative 
effort between USGS and MMSD field personnel. Sampling 
for AqT was conducted during May 2006 and July–August 
2007. Table 1 outlines the types and numbers of samples col-
lected at each of the 17 sites. 

Sampling Design

The 17 sites were sampled at different intensities, 
and at some sites only certain sample types were collected 
(table 1). Of the 14 stream sites, 5 were sampled at low 
intensity: 1 base-flow water column, 1 streambed pore-water, 
and 1 streambed-sediment sample per site, all analyzed for 
both OWCs and AqT. These sites were Milwaukee River 
at Milwaukee (MRM), Root River near Franklin (RRF), 
Menomonee River at Menomonee Falls (MMF), Willow 
Creek at Maple Road, near Germantown (WCG), and Parnell 
Creek near Dundee (PCD). Another five of the stream sites 
were sampled at middle intensity, with the same sampling 
schedule as the low-intensity sites but with additional OWC 
samples of streambed sediment and base-flow water column. 
The middle-intensity stream sites were Lincoln Creek 47th 
Street at Milwaukee (LCM); Little Menomonee River at 
Milwaukee (LMM); Underwood Creek at Wauwatosa (UCW); 
Honey Creek at Wauwatosa (HCW); and Root River at Grange 
Avenue, at Greenfield (RRG). The 4 high-intensity stream 
sites—Menomonee River at Wauwatosa (MRW); Kinnickin-
nic River at South 11th Street, at Milwaukee (KRM); Oak 
Creek at South Milwaukee (OSM); and Milwaukee River near 
Cedarburg (MRC)—followed the same sampling schedule as 
the middle-intensity sites, but with the addition of 6–12 storm-
flow samples collected for OWC analysis. At the two harbor 
sites (OH03 and OH14) and the stream/harbor transition site 
(MRJ), samples were collected from the water column only, 
and analysis was limited to OWCs. 

All streambed-sediment and streambed pore-water 
samples were collected during spring and summer months, 
as were the 1 to 2 base-flow water-column samples analyzed 
for both OWCs and AqT. At the middle- and high-intensity 
stream sites, base-flow water-column samples for OWCs were 
collected quarterly, for a total of 9 to 10 samples over a 2-year 
period. At the high-intensity stream sites, stormflow water-
column OWC samples were collected based on availability of 
runoff events rather than on a set schedule. Runoff events were 
less frequent at the more rural site (MRC) allowing collec-
tion of fewer stormflow samples than at the more urban sites. 
A total of 6–12 stormflow samples were collected per high-
intensity sampling site. 

Sample-Collection Methods

In accordance with USGS protocols (U.S. Geological 
Survey, variously dated), samples were collected and pro-
cessed in a manner consistent with minimal contamination of 
organic compounds. Glass, Teflon, or stainless-steel equipment 
was used during sample collection and processing, whenever 
possible. Water samples were neither filtered nor acidified. 
Samples were sent to the USGS National Water Quality Labo-
ratory (NWQL) for analysis of OWCs and to the Wisconsin 
State Laboratory of Hygiene for AqT bioassays.

Base-flow water-column samples from stream sites were 
collected using the equal-width-increment (EWI) method 
(Edwards and Glysson, 1999). Approximately 10 subsamples 
were collected at equal widths across the stream cross section 
using a DH-81 with a Teflon nozzle and a 1liter (L) Teflon 
bottle. Subsamples were composited in a 14-L Teflon churn 
and then churned into a 1L baked amber-glass bottle for 
analysis. At the three harbor and stream/harbor transition sites, 
samples were collected using a single dip of the baked amber-
glass bottle. 

Stormflow samples were collected using refrigerated 
automated samplers with Teflon-lined sample lines and up to 
four 10-L glass bottles. The automated samplers were con-
trolled by dataloggers programmed to collect flow-weighted 
composites throughout the storm-runoff period. The 10-L 
bottles were composited in a Teflon churn and then the sample 
was churned into a 1-L baked amber-glass bottle for analysis. 

Streambed pore water was collected by inserting a vented 
Teflon probe 10–15 centimeters (cm) into the sediment and 
using a peristaltic pump to pull the surrounding pore water out 
through the vents, as described in Lutz and others (2008). An 
acrylic disc was attached to the sampler, and the sampler was 
inserted to the point where the disc made contact with the top 
of the bed sediment. This disc helped to minimize intrusion 
into the pore water from the water column during sampling. At 
each site, subsamples of approximately 2 L of pore water were 
collected at three to five locations, composited in a 14L Teflon 
churn, and then churned into a 1-L baked amber-glass bottle. 

Streambed sediment was collected by inserting a 2-inch 
(in.) diameter Teflon core approximately 2 in. into the sedi-
ment, inserting a stiff Teflon sheet under the bottom of the 
core, and gently lifting the sheet and core out of the water. 
Sediment was collected at three to five locations per site, com-
posited in a stainless-steel bucket, and mixed with a stainless-
steel spoon. Fine sediments (silts) were targeted at all sites, 
when available. Sediment samples for OWC analysis were put 
through a stainless-steel sieve using a stainless-steel spoon to 
remove any gravel or large organic debris. The AqT samples 
were not sieved. After being composited, the sediment samples 
were put in baked amber-glass bottles for analysis. 
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Analytical Methods
Following collection, whole-water and sediment samples 

were shipped on ice overnight to the USGS NWQL for 
analysis of OWCs (analysis schedule 4433 for water and 5433 
for sediment samples), and delivered to the Wisconsin State 
Laboratory of Hygiene for bioassay toxicity tests. 

Organic Waste Compounds

Whole-water and sediment samples were analyzed at 
the NWQL for 69 and 57 compounds, respectively (table 2, 
in back of report). The compounds were chosen because they 
are good indicators of domestic or industrial wastewater, 
and (or) because they are associated with human or envi-
ronmental health risks (Kolpin and others, 2002; Zaugg and 
others, 2007). Approximately one-third of the compounds 
are known or suspected endocrine disruptors (The Endocrine 
Disruption Exchange, Inc., 2011). 

Compounds in water samples were extracted using 
continuous liquid-liquid extraction and methylene chloride 
solvent, then determined by capillary-column gas chromatog-
raphy/mass spectrometry (GC/MS; Zaugg and others, 2007). 
Compounds in sediment samples were extracted using a 
pressurized solvent-extraction system, then determined by 
capillary-column GC/MS (Burkhardt and others, 2006).

The NWQL spikes of these compounds in reagent and 
surface water, and in sand, river sediment, and topsoil, show 
variable recovery performance. Percent recovery and vari-
ability data for each compound are listed in Zaugg and others 
(2007) and Burkhardt and others (2006). 

For most compounds, the NWQL sets the reporting limit 
(RL) at 2–10 times higher than the minimum detection limit 
(MDL; table 2; Oblinger Childress and others, 1999). The 
RLs may be elevated because of interferences, especially in 
sediment samples. Reasons for interferences are discussed in 
Zaugg and others (2007) and Burkhardt and others (2006). 
Measured concentrations below the RL are still reported by the 
lab but are assigned an “estimated” (“E”) qualifier. The “E” 
qualifier also may be assigned if the concentration is below 
the lowest calibration standard [(usually 0.2 micrograms per 
liter (µg/L)], or if there are matrix interferences. Further, some 
compounds have been permanently assigned an “E” quali-
fier because historically quality-assurance criteria have not 
been met. In terms of qualitative identification of a compound 
(detection as opposed to nondetection), results with the “E” 
qualifier generally can be considered reliable, with reliability 
decreasing as the measured concentration nears or falls below 
the MDL (Oblinger Childress and others, 1999; Zaugg and 
others, 2007). In this report, concentrations reported with the 
“E” qualifier are considered detections. 

Bioassays for Toxicity Testing in Sediment

Sediments were tested for toxicity along with formulated 
laboratory sediment as the laboratory control. Solid-phase 
sediment-toxicity tests were performed using the amphipod, 
Hyalella azteca, and the larval stage of the midge, Chironomus 
tentans (C. tentans). These two organisms, which burrow and 
come into direct contact with the sediments, are recommended 
by the U.S. Environmental Protection Agency (EPA) for use 
in sediment-toxicity testing (U.S. Environmental Protection 
Agency, 1994). 

Sediments were stored at 4 degrees Celsius (°C) in the 
dark. Prior to testing, the sediment was thoroughly homog-
enized (by mixing) using a large stainless-steel spoon. A 
synthetic laboratory-control sediment was prepared contain-
ing 77 percent sand, 17 percent clay, 5 percent organic matter 
(composted cow manure), and 1 percent buffer (calcium 
carbonate). Homogenized sediment was placed in test beakers 
with dechlorinated tap water, with a sediment to overlying 
water ratio of 1:1.75. After allowing the sediments to settle for 
24 hours, organisms were randomly added to the test beakers. 
Test beakers were randomly placed in a walk-in environmental 
chamber at 23 ± 1°C with a 16:8-hour light:dark cycle. Test 
conditions are summarized in appendix 1.

Juvenile Hyallela azteca (H. azteca) and larval C. tentans 
were ordered from Aquatic Research Organisms (Hampton, 
New Hampshire) to be the appropriate age at test initiation 
(7–14 days old for H. azteca and 9 days old for C. tentans). 
Ten individuals were randomly placed in each 400 millili-
ter (mL) polypropylene test beaker with eight replicates per 
sediment site. Overlying water was replaced twice daily, and 
organisms were fed daily (1.5 mL yeast/fish food/cereal leaves 
(YFC) leaves for H. azteca and 4 milligrams Tetramin® flake 
fish food for C. tentans). Dissolved oxygen, pH, and tempera-
ture of the overlying water were recorded daily. On day 10, 
the organisms were recovered from the sediment to determine 
the number of survivors in each replicate. The organisms then 
were subjected to ultraviolet (UV) light for a period of 2 hours 
following the procedure for PAH photoactivation described by 
Ankley and others (1994). This procedure at times can provide 
information on additional adverse impacts owing to PAH 
photoactivation in the organisms. Surviving individuals were 
transferred to 100 mL beakers containing 30 mL of dechlo-
rinated tap water. The beakers were set below the UV bulbs 
(UVA-340, Q-Panel Lab Products, Cleveland, Ohio, USA) so 
that the bottom of each beaker was approximately 8.5 cm from 
the bottom of the UV bulb. After 2 hours of UV exposure, the 
beakers were removed to record post-UV survival. One rep-
licate from each treatment was kept away from the UV light 
during the 2-hour exposure to serve as controls. Both surviv-
ing and dead organisms then were removed from the beakers 
and placed in tared aluminum weigh pans to determine dry 
weight. Pans were placed in an oven for a minimum of 2 hours 
at 110°C prior to weighing. C. tentans then were ashed at 
550°C overnight to determine ash-free dry weight. The weight 
of inorganic material (ash weight) was subtracted from the 
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total dry weight to determine weight of organic matter. Sur-
vival and ash-free dry weight were used as final endpoints for 
C. tentans test. Ash-free dry weight is referred to as “weight” 
throughout this report. Survival and dry weight were used as 
final endpoints for H. azteca tests.

Bioassays for Toxicity Testing in Water

Surface- and pore-water samples were stored at 4°C upon 
delivery from the field. Aliquots were removed daily to pre-
pare test solutions. Samples were warmed in a water bath to 
the appropriate test temperature. Toxicity tests were performed 
without dilution using the C. dubia chronic test (U.S. Envi-
ronmental Protection Agency, 2002). Test-chamber conditions 
were 25°C with a 16:8-hour light:dark cycle. The organisms 
were fed with each daily renewal a combination of YFC and 
the green algae Selenastrum capricornutum. Production of 
young was recorded daily, and the tests were terminated after 
80 percent of controls released their third brood (6 to 7 days). 
Survival and production of young (reproduction) were used as 
final endpoints for this test.

Additionally, pore-water samples were assayed using a 
48-hour H. azteca acute test. Each treatment consisted of 10 
replicates, each containing 2 H. azteca organisms in 30 mL of 
water and 1 square centimeter (cm2) of Nitex® mesh for sub-
strate. Organisms were fed YFC daily. Survival was recorded 
at the end of the 48-hour exposure and was used as the final 
endpoint for this assay. 

Quality Assurance/Quality Control 
Quality-assurance/quality-control (QA/QC) samples were 

collected during both laboratory and field activities to assess 
data quality and identify possible contamination. The NWQL 
QA/QC samples included blanks, reagent spikes, and surro-
gates. A blank consists of analyte-free water that is analyzed 
alongside environmental samples to ensure there is no con-
tamination from the lab. A reagent spike is water with a known 
concentration of the analytes being measured. A reagent spike 
also is analyzed alongside environmental samples to mea-
sure the performance of the analytical methods. At least one 
laboratory blank and reagent spike accompany each set of 18 
or fewer environmental samples being analyzed at the NWQL 
(Zaugg and others, 2007). 

Surrogates are compounds that are physically and (or) 
chemically similar to the other compounds being measured. 
The NWQL adds surrogate compounds to each OWC sample 
prior to analysis. Surrogate recovery rates, reported as per-
centages, are used to measure the accuracy of the analytical 
method and identify sample-processing problems and matrix 
effects. The four surrogates added to water samples were 
bisphenol A-d3, caffeine-13C, decafluorobiphenyl, and flu-
oranthene-d10, with median recovery rates of 84, 75, 60, and 
74 percent, respectively. Overall, the recovery rates in water 

samples ranged from 13 to 162 percent, with a median of 71 
and standard deviation of 21. The same surrogates were added 
to OWC sediment samples, minus caffeine-13C. Median 
recovery rates in sediment samples were 83 for bisphenol 
A-d3, 23 for decafluorobiphenyl, and 82 for fluoranthene-
d10. Overall, the recovery rates in sediment samples ranged 
from 0 to 266 percent, with a median of 60 and standard 
deviation of 44. 

Field QA/QC activities consisted of one replicate water-
column sample collected for OWCs during base-flow condi-
tions at MRC. A replicate sample is collected concurrently 
with an environmental sample to determine the variability in 
sample-collection and processing procedures. Of the 69 com-
parisons (compounds) between the 2 samples, 10 compounds 
were detected in both samples; for 9 of those compounds, the 
detections were below 0.2 µg/L. The tenth compound, cho-
lesterol, had estimated detections of 0.45 and 0.89 µg/L, for 
a relative percent difference of 66. For 22 compounds, there 
were estimated detections in 1 sample but not the other, but 
in only 5 of those were the detections greater than 0.2 µg/L, 
and those were still below the reporting level as set by the 
other sample. 

No OWC field blanks were collected for this study. The 
lack of field blanks decreases confidence in the concentrations 
detected in the environmental samples, especially detected 
concentrations at or below the RL. Other studies sampling 
OWCs have reported low concentration detections of a 
number of compounds in field blanks, including naphthalene, 
phenanthrene, benzo[a]pyrene, benzophenone, bisphenol A, 
methyl salicylate, N,N-diethyl-meta-toluamide (DEET), isoph-
orone, phenol, 4-Nonylphenol (sum of all isomers; hereafter 
NP), triphenyl phosphate, and Tris(2-chloroethyl) phosphate 
(Phillips and others, 2005; Phillips and Chalmers, 2009; Wilki-
son and others, 2002; Kingsbury and others, 2008). Three of 
these compounds stand out as having fairly high (greater than 
25 percent) detection frequencies in base-flow samples in this 
study: phenanthrene (51 percent), DEET (58 percent), and Tris 
(2-chloroethyl) phosphate (42 percent). Therefore, low-con-
centration detections of these compounds, as well as others, 
should be cautiously interpreted.

Data Analysis

Organic Waste Compounds

Individual OWC compounds were aggregated into 
15 classes: antioxidants, dyes and pigments, fire retardants, 
PAHs, plasticizers, fuels, solvents, herbicides, insecticides, 
antimicrobial disinfectants, detergent metabolites, flavors 
and fragrances, human drugs (nonprescription), sterols, and 
miscellaneous (table 2). The classes are consistent with those 
used in the Watercourse Corridor Study—Phase II (Thomas 
and others, 2007), and were originally based on aggregations 
by Sullivan and others (2005). 
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A number of the analyses in this report are based on 
whether or not compounds were detected in the environmen-
tal samples. Results reported as “estimated” were consid-
ered detections, regardless of their concentration. Detection 
frequencies were analyzed for individual compounds as well 
as for classes of compounds. For individual compounds, 
detection frequencies were computed as the percentage of 
samples with detections of those compounds. For classes, 
detection frequencies were determined by whether any one of 
the compounds in a class was detected in a given sample. For 
example, if any one of the six compounds in the PAH class 
were detected in a sample, that would be considered a detec-
tion of the PAH class. 

Analyses in this study use estimated concentrations at 
their reported value, whether above or below the RL for that 
compound. Median, mean, and maximum detected concentra-
tions were computed for individual compounds using detected 
concentrations only. Class concentrations were computed for 
each sample by summing the detected concentrations within 
each class, using zeros for compounds without detections. 
Total sample concentrations were computed by summing all 
detected concentrations, using zeros for compounds without 
detections. Inadequate sample numbers prevented the use 
of nondetect-estimation methods such as those described by 
Helsel (2012). 

To assess how the total concentration of each compound 
class varied by sample type, total class concentrations were 
computed for each sample using detected concentrations only, 
with zeros for nondetections. The total class concentrations 
then were averaged by site to give equal weight to each site, as 
different sites had different numbers of samples. 

A subset of 20 compounds considered to be domestic-
wastewater indicators was analyzed to assess contributions 
from that source. These are compounds commonly associated 
with sanitary-sewer and septic-system leaks and overflows, 
though other sources are possible. These compounds are 
indicated in table 2 and include all of the fire retardants and 
detergent metabolites, most of the flavors/fragrances, and the 
antimicrobial disinfectant triclosan. Total concentrations of 
these 20 domestic-wastewater indicator compounds were com-
puted by summing the detected concentrations in each sample, 
using zeros for nondetections. 

The AqT criteria and guidelines (hereafter cumula-
tively referred to as benchmarks) for OWCs were compiled 
and compared to concentrations in environmental samples. 
For the majority of the compounds in this study, AqT 
benchmarks have not been established. Benchmarks from 
the EPA and other sources, such as the Canadian Council 
of Ministers of the Environment were found for 25 of the 
compounds sampled. 

Toxicity quotients (TQ) were computed for individual 
OWC compounds with AqT benchmarks. The TQ provides a 
unitless measure of the scale of the benchmark exceedance, 
and is computed by dividing the measured concentration of 
a compound by the lowest of the compound’s benchmarks. 

mean) then were computed for each 
compound, using samples with detected concentrations only. 

The potential combined toxicity of the six PAH com-
pounds was assessed using an equilibrium-partitioning 
method developed by the EPA (U.S. Environmental Protec-
tion Agency, 2003; 2010). Using the measured concentrations 
and compound-specific multipliers and divisors, acute- and 
chronic-potency ratios are computed for each PAH com-
pound in a sample. The potency ratios then are summed for 
an acute- and chronic-potency factor, which if greater than 
1.0 indicates potential toxicity to aquatic organisms. Because 
only 6 PAH compounds were analyzed in this study, rather 
than the 27 compounds used in the EPA method, and because 
the potency ratios for each compound are additive, the 
resulting potency factors likely are conservative. Based on a 
previous study, which analyzed 17 PAHs in sediment at these 
same streams (Corsi and others, 2011), it is estimated that the 
potency factors presented in this study likely would be 1.4 to 
1.6 times greater had the same 17 PAHs been sampled.

The OWC-focused analyses in this report omit samples 
from the five low-intensity sampling sites (MRM, RRF, MMF, 
WCG, and PCD) because of the low sample numbers at those 
sites (table 1). This includes all analyses discussed in the sec-
tion titled “Occurrence of OWCs.” These sites are included 
in analyses focused on the AqT bioassays, in the section titled 
“Adverse Impacts on Aquatic Life.” 

Mean toxicity quotients (TQ

Toxicity in Stream Compartments 

Resulting toxicity endpoints were normalized by the 
laboratory-control results and presented as a percent of labora-
tory control. Standard errors of replicates are presented on all 
graphs as a representation of uncertainty in bioassay sample 
results. A specific threshold of adverse effect is difficult to 
define owing to many factors that influence aquatic organisms. 
An adverse effect is likely if the result is below 50 percent; if 
the value falls between 100 and 50 percent, the likelihood of 
an adverse effect increases with a decreasing value. Exami-
nation of the range of the error bars on the graphs also can 
provide information on the likelihood of differences in sample 
results from the laboratory control (overlapping with 100 per-
cent) and from other samples (overlapping with correspond-
ing-error bars). For sediment-toxicity results, likely adverse 
effects were observed, so further analysis was done to explore 
association with the corresponding OWC-sample results. 
These sediment OWC-sample results were aggregated by 
chemical class as previously discussed. Concentrations could 
not be compared directly among categories for association 
to the AqT data because consistent toxicity-benchmark data 
were not available from comparable laboratory testing for the 
various OWC compounds, and the actual concentration levels 
that could possibly affect AqT in different categories likely are 
very different. As an attempt to address this inconsistency, the 
sites were given a ranking from lowest to highest concentra-
tion for each OWC category that was considered a potential 
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contributor to toxicity. This included the following categories: 
detergent metabolites, fire retardants, fuel, insecticides, PAHs, 
and solvents. Rank summations were computed for all one, 
two, and three class combinations of these rankings. Scatter 
plots and Pearson correlation coefficients of the rank sum-
mations as compared to C. tentans weight were generated for 
final analysis. For example, when considering three of the 
categories to explain bioassay results, the rankings for the 
three categories were summed for each site giving a potential 
rank-sum from 3 to 42. Lacking consistent toxicity-benchmark 
data among different categories precluded more sophisti-
cated and relevant analysis such as a summation of toxicity 
units (ratio of sample concentrations to toxicity-benchmark 
concentrations). 

Occurrence of Organic Waste 
Compounds 

At least 1 compound was detected in all 196 samples 
collected with as many as 41 of the 69 compounds detected in 
1 of the stormflow samples (table 3). As a group, the base-
flow samples had the lowest detection rate, with a median 
of 12 compounds detected per sample. The stormflow and 
pore-water samples had medians of 26 and 28 detections per 
sample, respectively. The sediment samples had a median of 
22 detections per sample but were tested for only 57 com-
pounds instead of 69. Figure 2 shows the percent of com-
pounds detected for samples collected at the middle- and 
high-intensity sampling sites. 

Detection Frequencies of Classes of OWCs

Of the 69 compounds analyzed, 64 were detected in at 
least 1 sample (all sample types combined), and all 15 of the 
classes were detected [(tables 4a, 4b, 5a, and 5b (in back of 

Table 3.  Detection statistics for organic waste compounds, by sample type, all sites combined, southeast Wisconsin, 2006–9.

Sample type
Number of 
samples

Number of 
compounds 

analyzed

Minimum 
number of 

compounds 
detected,  

per sample

Median number of 
compounds detected,  

per sample

Maximum number of 
compounds detected,  

per sample

Base flow 107 69 1 12 37

Stormflow 39 69 11 26 41

Pore water 10 69 18 28 37

Sediment 28 57 7 22 28

report)]. The five compounds not detected in any sample are 
all from different classes. 

The base-flow samples had class-detection frequencies 
from 25 to 75 percent for all but two classes (fig. 3). The two 
classes with base-flow detection frequencies above 75 per-
cent were PAHs (80 percent) and herbicides (88 percent). 
None of the classes had base-flow detection frequencies 
below 25 percent. 

At the four high-intensity sampling sites—MRC, MRW, 
OSM, and KRM—class-detection frequencies in storm-
flow samples averaged 1.3 to 2.0 times higher than those in 
base-flow samples. Eleven of the 15 classes had stormflow-
detection frequencies above 75 percent, and 5 classes (dyes/
pigments, PAHs, solvents, herbicides, and insecticides) had 
stormflow-detection frequencies above 90 percent. The only 
class with a stormflow-detection frequency below 25 percent 
was the miscellaneous class (fig. 3). These results indicate that 
urban storm water is an important source of OWCs to Milwau-
kee area streams. 

The pore-water samples, which were collected during 
base-flow conditions, had higher detection frequencies than 
base-flow samples for all classes except human drugs. The 
three compounds in the human-drug class were not detected 
in pore-water samples. Ten of the 15 classes had pore-water 
detection frequencies above 75 percent, and 7 classes (anti-
oxidants, dyes/pigments, PAHs, fuels, herbicides, insecticides, 
and flavors/fragrances) had pore-water detection frequencies 
above 90 percent. Human drugs was the only class with a 
pore-water detection frequency below 25 percent.

None of the classes had sediment-detection frequencies 
in the range of 25 to 75 percent, a notably different occur-
rence distribution from the base-flow samples. Ten of the 
15 classes had sediment-detection frequencies of 75 percent or 
above, and 7 classes (dyes/pigments, PAHs, fuels, insecticides, 
antimicrobial disinfectants, flavors/fragrances, and sterols) had 
detection frequencies above 90 percent. Five of the classes had 
sediment-detection frequencies below 25 percent, and two of 
those (herbicides and nonprescription human drugs) were not 
detected in sediment samples. 
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Several of the classes with low sediment-detection fre-
quencies had high-detection frequencies in the water samples, 
especially herbicides and fire retardants. The one class in 
which the sediment samples had a markedly higher-detection 
frequency than the water samples was the antimicrobial disin-
fectants, with detection frequencies of 96 percent in sediment 
samples and 50 percent or below in water samples. The high-
detection frequency of antimicrobial disinfectants in sediment 
samples can be attributed to the wood preservative p-Cresol. 
The source of p-Cresol may be creosote-treated railroad ties 
and guardrail posts (Thomas, 2009).

The PAHs were the most frequently detected class 
overall, occurring in 100 percent of the stormflow, pore-water, 
and sediment samples, and in 80 percent of the base-flow 
samples. In the stormflow, pore-water, and sediment samples, 
all six of the PAH compounds had detection frequencies above 
60 percent, and four had detection frequencies ranging from 
90 to 100 percent. Overall, the miscellaneous class was the 
least-frequently detected. 

Detection Frequencies of Individual OWCs

Detection frequencies for some classes were domi-
nated by only one or two of the compounds within that 
class. Two of the three compounds in the antioxidants class 
had low-detection frequencies (0 to 40 percent), but the 
third compound, Bisphenol A, was detected in more than 
75 percent of all stormflow, pore-water, and sediment samples 
(tables 4a, 4b, 5a, and 5b). Detections in the plasticizers class 
(five compounds) were dominantly DEHP (sediment samples) 
and Tris(2-chloroethyl) phosphate (all water-sample types). 
Four of the six compounds in the insecticides class had detec-
tion frequencies below 20 percent; the high-detection fre-
quency of insecticides can be attributed to Carbazole and, to a 
lesser extent, DEET. The detergent metabolite-class detections 
were mostly NP (4-Nonylphenol, also used in pesticide and 
asphalt formulations) and, to a lesser extent, 4-Cumylphe-
nol. In the nonprescription human-drug class, base-flow and 
stormflow-detection frequencies were mostly caffeine.

For some of the classes, most or all of the compounds 
were detected at high frequencies. All six of the PAH com-
pounds (anthracene, benzo[a]pyrene, fluoranthene, naph-
thalene, phenanthrene, and pyrene) had very high-detection 
frequencies in stormflow, pore-water, and sediment samples, 
and three of the six had high-detection frequencies in base-
flow samples (tables 4a, 4b, 5a, and 5b). Three of the four 
compounds in the fuels class (1-Methylnapthalene, 2-Meth-
ylnapthalene, and 2,6Dimethylnapthalene) were detected in 
the majority of stormflow, pore-water, and sediment samples. 
Detection frequencies for all compounds and sample types are 
listed in tables 4a, 4b, 5a, and 5b.

Concentrations of OWCs

The median detected concentrations of most compounds 
were higher in stormflow and pore-water samples than in 
base-flow samples. Median concentrations in stormflow 
samples were greater than those in base-flow samples by a 
factor of 2 or more for 23 compounds and by a factor of 10 or 
more for 5 compounds (fluoranthene, phenanthrene, pyrene, 
isophorone, and acetophenone; tables 4a, and 4b), indicating 
that urban runoff is likely a source of many of the compounds 
to the stream. Conversely, median concentrations in base-
flow samples were greater than those in stormflow samples 
by a factor of two or more for three compounds: dichlorvos, 
HHCB, and 1,4-Dichlorobenzene. Median pore-water concen-
trations were comparable to stormflow concentrations for most 
compounds. 

Five compounds had median detected concentrations 
greater than 0.5 µg/L in base-flow samples: the herbicide 
pentachlorophenol, the detergent metabolite 4-Nonylphenol 
diethoxylate, and the sterols beta-sitosterol, beta-stigmastanol, 
and cholesterol (tables 4a, and 4b). The highest detected 
concentration of the base-flow samples was 115 µg/L (esti-
mated), for the non-crop herbicide, dichlorophenyl isocyanate, 
at LMM. The source of the herbicide may have been weed 
control along the railroad, which crosses the stream at the 
sampling location. 

In stormflow samples, 13 compounds had median 
detected concentrations greater than 0.5 µg/L, and 5 com-
pounds had median detected concentrations greater than 
1.0 µg/L: the antioxidant 5-methyl-1H-benzotriazole, the plas-
ticizer DEHP, the solvent isophorone, the detergent metabolite 
4Nonylphenol diethoxylate, and the sterol beta-sitosterol. The 
three compounds with the highest stormflow concentrations 
were all PAHs: fluoranthene (25.6 µg/L, estimated), phenan-
threne (26.3 µg/L, estimated), and pyrene (25.6 µg/L, esti-
mated), all from the same KRM sample. 

PAH concentrations in stormflow samples were directly 
related to the percentage of the basin in urban land use (fig. 4). 
The median total PAH (tPAH) concentration from stormflow 
samples at the most urban site (KRM) was 83 times greater 
than at the least urban site (MRC). Likewise, the magnitude 
of the difference between tPAH concentrations in base-flow 
as opposed to stormflow samples appears to be related to the 
percentage of the basin in urban use. The difference between 
the median base-flow and median stormflow concentration at 
MRC was less than 1.0 µg/L (dependent upon value used for 
nondetections), compared to a difference of approximately 
14 µg/L at KRM. 

In pore-water samples, 11 compounds had median 
detected concentrations greater than 0.5 µg/L, and 5 com-
pounds had median detected concentrations greater than 
1.0 µg/L: the PAH fluoranthene, the herbicide dichlorophenyl 
isocyanate, and the sterols beta-coprostanol, beta-sitosterol, 
and cholesterol (tables 4a, and 4b). The compound with the 
highest concentration in pore-water samples was p-Cresol, 
measured at 119 µg/L (estimated) in a sample from HCW. 
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In sediment samples, the median detected concentrations 
of most compounds (36) were less than 100 micrograms per 
kilogram (µg/kg) (tables 5a, and 5b). Eleven compounds had 
median detected concentrations greater than 500 µg/kg, and 
six had median detected concentrations greater than 1,000 µg/
kg: four PAHs (benzo[a]pyrene, fluoranthene, phenanthrene, 
and pyrene) and two sterols (beta-sitosterol and cholesterol). 
Fluoranthene had the highest detected concentration of all 
compounds in sediment samples, measured at 14,900 µg/kg in 
a sample from MRW. 

By summing the detected concentrations within each 
OWC class and for each sample (hereafter referred to as class 
concentrations), some general patterns become apparent. 
Figure 5A and B show maximum class concentrations for each 
sampling location and sample type. Maximum class concen-
trations above 1 µg/L are much more common in the storm-
flow and pore-water samples than in the base-flow samples 
(fig, 5A). Herbicide maximum concentrations are uniformly 
high across the three water-sample types, but completely 
undetected in the sediment samples (fig, 5B). Most of the high 
herbicide concentrations can be attributed to one compound, 
dichlorophenyl isocyanate, a noncrop herbicide commonly 
used in urban areas. PAH maximum concentrations are high 
in the stormflow, pore-water, and sediment samples, but less 
than 1 µg/L in the base-flow samples. Solvents have high 
maximum concentrations in the stormflow samples but not in 
any other sample type. Sterols have high, uniform maximum 
concentrations across all sample types and sites. Sterols have 
been shown to be effective tracers of wastewater (Maldonado 
and others, 1999; Wilkison and others, 2002), but they also 
can occur naturally from plants or carnivores. Among the 
water samples, the fuels, human drugs (nonprescription), and 

miscellaneous classes were the only ones with no concentra-
tions greater than 1 µg/L. 

Class concentrations in each sample were averaged, by 
site, to give equal weight to sites with different numbers of 
samples. The resulting site-averaged class concentrations, 
plotted in figure 6, show that for most classes base-flow con-
centrations tend to be lower than stormflow and pore-water 
concentrations. This is especially true of the PAHs, dyes/
pigments, and solvents. The miscellaneous class is the only 
one for which base-flow class concentrations are greater than 
stormflow class concentrations. This indicates that nonpoint-
source runoff and (or) wastewater leakage associated with 
storm events may be important sources of OWCs to the 
streams. 

Site-averaged stormflow and pore-water class concentra-
tions are comparable for most classes, with some exceptions 
including plasticizers and solvents, for which stormflow 
concentrations are higher, and flavors/fragrances and the 
miscellaneous class, for which pore-water concentrations are 
higher. In sediment samples, site-averaged class concentra-
tions are highest for the PAHs and sterols and lowest for fire 
retardants, solvents, herbicides (not detected), human drugs 
(not detected), and the miscellaneous class.  

Domestic Wastewater Indicators

Most of the compounds sampled in this study are associ-
ated with either nonpoint-source runoff (such as herbicides, 
insecticides, PAHs, and fuels) or industrial or domestic waste-
water. To identify OWC contributions primarily from domestic 
human wastewater sources (for example, from leaking sanitary 
sewers and septic systems), a subset of 20 compounds con-
sidered to be likely indicators of those sources were analyzed. 
These compounds are indicated in table 2 and include all of 
the fire retardants and detergent metabolites, most of the fla-
vors/fragrances, and the antimicrobial disinfectant triclosan. 

All pore-water and stormflow samples had detections of 
one or more of the domestic wastewater indicator compounds, 
with a median of 5.5 compounds in pore-water samples and 4 
in stormflow samples. Domestic wastewater-indicator com-
pounds were detected in 79 percent of base-flow samples, with 
a median of 2 compounds per sample, and in 89 percent of 
sediment samples, with a median of 3 compounds per sample. 
The maximum number of domestic wastewater-indicator com-
pounds detected in a sample was 11, in a sample from MRJ, 
possibly because of its proximity to the effluent discharge of 
the Jones Island Water Reclamation Facility (wastewater treat-
ment plant), approximately 1,000 feet (ft) away.

The total sample concentrations of the 20 domestic 
wastewater-indicator compounds are plotted by site and 
sample type in figure 7. Samples from most sample types, and 
especially stormflow samples, show a general trend of increas-
ing total concentrations with increasing urban area. Total 
concentrations generally were lower in base-flow samples 
than in stormflow or pore-water samples. For both base-flow 
and stormflow samples, the site with the highest median total 
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Figure 5.  Class-detection frequencies and maximum class concentrations for each site. A, Stormflow, base-flow, and pore-water 
samples. B, Sediment samples. (Site abbreviations are defined in table 1; n, number of samples; ≤, less than or equal to; ≥, greater than 
or equal to; <, less than)—Continued

concentration was KRM. MRJ had the second highest median 
total concentration among the base-flow sampled sites.

Among the pore-water samples, the highest total con-
centration of domestic wastewater-indicator compounds was 
from one of the two samples from LMM. That sample had a 
total concentration of 17.2 µg/L, of which 17.15 µg/L came 
from only two compounds— 4-Cumylphenol and 4-Nonylphe-
nol—both detergent metabolites. The other pore-water sample 
collected at that site, 1 year later, had a total concentration of 
0.13 µg/L. Of the sediment samples, the highest median total 
concentrations were from sites MRW (2,974 µg/kg) and HCW 
(2,970 µg/kg).

OWCs and Sampling Sites

OWCs were detected at all sampled streams and har-
bor sites. The site where the fewest number of compounds 
were detected was the harbor site OH-14, with 22 of the 69 
compounds detected at least once. The site where the most 

compounds were detected was KRM, with 59 of the 69 com-
pounds detected at least once. 

In order to compare detected concentrations among sites, 
the detected concentrations for each sample were summed, 
using zeros for nondetections. Figure 8 shows the median sum 
concentration for each site and sample type, as well as the 
percentage of parameters detected for each site and sample 
type. The median sum concentration for base-flow samples 
was less than 5 µg/L at all sites. At the four sites where storm-
flow samples were collected, the median sum concentrations 
ranged from 4.4 µg/L at MRC to 40.9 µg/L at KRM. For the 
pore-water samples, the median sum concentrations ranged 
from 5.6 µg/L at UCW to 136 µg/L at HCW. The high value 
at HCW can be attributed mostly to one compound, p-Cresol, 
which was measured at 119 µg/L (estimated). P-Cresol has 
numerous applications, including in antimicrobial disinfec-
tants, antioxidants, dyes, plastics, and pesticides. Median sum 
concentrations for sediment samples ranged from 4,889 µg/kg 
at MRC to 46,526 µg/kg at KRM. 
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Figure 8.  Summary of the distribution of organic waste compounds in the Milwaukee Metropolitan Sewerage District (MMSD) 
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For most sites, the percentage of compounds detected 
at least once was lower for pore-water and sediment samples 
than for base-flow and stormflow samples. However, this 
is biased by the small number of pore-water and sediment 
samples as compared to the other sample types. For base-flow 
samples, the percentage of compounds detected at least once 
ranged from 32 percent at OH-14 to 69.6 percent at MRJ. The 
range for stormflow samples was from 44 percent at MRC to 
79.7 percent at KRM. MRC was the only stormflow sam-
pling site where a greater percentage of the compounds were 
detected in the base-flow samples than in the stormflow sam-
ples (57 as opposed to 44 percent). As MRC is the least urban 
of the stormflow sampling sites, this indicates that storm-water 
runoff is an important source of OWCs to urban streams but 
less so to rural ones. The difference also may be related to the 
greater number of base-flow as opposed to stormflow samples 
collected at MRC (nine base-flow samples compared to six 
stormflow samples), and (or) to dilution during storm events. 
Unlike most of the other sites, MRC has several wastewater-
treatment plants discharging upstream. These plants likely 
input OWCs to the stream constantly, and those inputs would 
be most concentrated during base-flow conditions. 

For pore water, the percentage of compounds detected 
at least once ranged from 28 percent at UCW to 54 percent 
at KRM. Sediment samples varied the least, ranging from 
35 percent of the compounds detected at MRC to 54 percent 
at KRM. Overall, the site with the highest OWC concentra-
tions and detection frequencies was KRM. For both detection 
rates and median sum concentrations, KRM had the highest or 
second-highest values for each of the four sample types. MRJ, 
the stream/harbor transition site, also had high concentrations 
and detection frequencies. Though only base-flow samples 
were collected there, those samples had a higher percentage of 
compounds detected at least once, and a higher median sum 
concentration than the base-flow samples at any other site, 
including KRM. This may be in part because of MRJ’s loca-
tion near the confluence of the Kinnickinnic, Menomonee, and 
Milwaukee watersheds, as well as its proximity to the Jones 
Island Water Reclamation Facility (wastewater-treatment 
plant) effluent discharge. 

More maximum compound concentrations were 
measured in samples from KRM than from any other site 
(tables 4a, 4b, 5a, and 5b). In stormflow samples, the maxi-
mum measured concentrations for 43 of the 69 compounds 
were from KRM samples; the site with the second-highest 
number of maximum compound concentrations in stormflow 
samples, OSM, had only 8. Maximum compound concentra-
tions in pore-water and sediment samples were dominantly 
from KRM samples as well, with 18 and 16 compounds, 
respectively. Maximum compound concentrations in base-flow 
samples were more evenly distributed among sites, with MRJ, 
UCW, and KRM having the most (9, 9, and 8, respectively) 
and RRG, MRW, and MRC having the least (2, 2, and 1, 
respectively). 

The stream sites with the lowest OWC concentrations 
and detection frequencies were MRC (the least urban site) and 

UCW. For both stormflow and sediment samples, the median 
sum concentrations at MRC were approximately an order of 
magnitude less than at KRM. In the Milwaukee River Har-
bor, detections and concentrations decreased with increasing 
distance from the mouth of the river. Harbor site OH-14 had 
the lowest median sum concentration and the lowest percent of 
compounds detected, followed by harbor site OH-03, followed 
by the stream/harbor transition site MRJ.

Adverse Impacts on Aquatic Life
The potential impacts of OWCs on aquatic life are 

assessed by (1) discussion of EDCs, (2) comparisons of OWC 
concentrations to known toxicity benchmarks, and (3) analysis 
of toxicity bioassay results.

Endocrine-Disrupting Compounds

Of the 69 compounds sampled in this study, 27 are known 
or suspected endocrine disruptors (table 2; The Endocrine 
Disruption Exchange, Inc., 2011). Endocrine disruptors are 
compounds that possess hormone-like activity and have the 
potential to disrupt normal endocrine function by interfering 
with hormone signaling. Research has shown that exposure 
to EDCs can result in adverse reproductive, developmental, 
neurologic, immunologic, carcinogenic, and ecologic effects 
(National Research Council, 1999; Vajda and others, 2008; 
Vandenberg and others, 2012).

Known or suspected EDCs were found in all pore-water, 
stormflow, and sediment samples, and in more than 90 percent 
of base-flow samples. The median number of EDCs per sam-
ple was 8.5 for pore-water, 9 for stormflow, 4 for base-flow, 
and 6.5 for sediment samples. The maximum number of EDCs 
in a sample was 15, found in a stormflow sample from MRW. 

In base-flow samples, the highest EDC-detection rates 
were found at two of the harbor sites, OH03 and MRJ. As 
discussed in previous sections, this may be related to the 
proximity of those sites to the Jones Island Water Reclamation 
Facility (wastewater-treatment plant) effluent discharge.

OWCs and Toxicity Benchmarks

Of the 69 OWCs sampled, 25 have known AqT bench-
marks (tables 4a, 4b, 5a, and 5b). These benchmarks are based 
on individual compounds, rather than the complex mixtures 
of 20 to 40 different compounds observed in environmental 
samples in this study. Likewise, benchmarks often are based 
on exposure times of 10 days or less (U.S. Environmental Pro-
tection Agency, 2002; 2003), whereas environmental exposure 
to these compounds may be measured in weeks or months. For 
these reasons, comparisons to single-compound benchmarks 
may underestimate the potential for adverse effects on aquatic 
organisms (Gilliom and others, 2006). 



20    Organic Waste Compounds in Streams: Occurrence and Aquatic Toxicity, Southeast Wisconsin, 2006–9

Figure 9 shows compounds with toxicity-benchmark 
exceedances in one or more sample type. In water samples 
(stormflow, base flow, and pore water), the compounds with 
the most frequent benchmark exceedances were PAHs: anthra-
cene, benzo[a]pyrene, fluoranthene, phenanthrene, and pyrene. 
Benchmarks for these five PAH compounds were exceeded 
in 50 to 95 percent of all stormflow and pore-water samples, 
and in 17 to 53 percent of all base-flow samples (phenanthrene 
excluded). In stormflow and pore-water samples, the highest 
mean toxicity quotients (TQmean, computed by dividing the 
mean detected concentration by the lowest of the benchmarks) 
were for pyrene, with values of 97 and 101, respectively. This 
means that of the stormflow and pore-water samples with 
pyrene detections, the mean concentration was approximately 
100 times the AqT-benchmark value. The highest toxicity 
quotient observed also was for pyrene, in a stormflow sample 
from KRM, with a value of 1,024. The higher detection fre-
quencies and higher mean toxicity quotients of PAHs in storm-
flow samples as compared to base-flow samples indicates 
urban runoff may be an important source of these compounds 
to the stream. 

Aside from the PAHs, compounds with toxicity-
benchmark exceedances in water samples include DEHP 
in stormflow and base-flow samples, NP in stormflow and 
pore-water samples, and bromacil and carbaryl in base-flow 
samples (fig. 9). 

Most of the compounds with AqT exceedances in water 
samples also had exceedances in sediment samples (fig. 9). 
Benchmarks for the six PAH compounds were exceeded in 
64 to 93 percent of all sediment samples, with TQmean values 
from 3.0 to 79 in samples with detected concentrations. Other 
compounds with benchmark exceedances in sediment samples 
were DEHP (54 percent of samples, TQmean of 3.8), 2-Meth-
ylnapthalene (61 percent of samples, TQmean of 2.8), p-Cresol 
(14 percent of samples, TQmean of 0.5), phenol (46 percent 
of samples, TQmean of 4.4), and NP (29 percent of samples, 
TQmean of 0.9). 

While toxicity benchmarks for individual compounds are 
useful, aquatic organisms often are exposed to tens or hun-
dreds of compounds at once; therefore, quantifying the toxic-
ity of mixtures of compounds may provide a more realistic 
assessment. A number of authors have developed methods to 
compute the toxicity of mixtures of PAHs, including MacDon-
ald and others (2000) and more recently the U.S. Environmen-
tal Protection Agency (2003; 2010). 

The EPA method computes an acute and chronic toxicity-
potency factor for each sample (each mixture of PAH com-
pounds). Acute toxicity refers to toxicity to aquatic organisms 
over a short exposure time, usually a few days or less, whereas 
chronic toxicity is over a longer exposure time. Both the acute 
and chronic potency factors use a toxicity benchmark of 1, 
where potency factors greater than 1 are considered potentially 
toxic. None of the base-flow water-column samples showed 
potential toxicity using the EPA method (fig, 10A). In contrast, 
three of the four streams sampled during stormflow condi-
tions showed potential PAH toxicity under chronic-exposure 

conditions, and two of the four streams showed potential 
toxicity under acute-exposure conditions (fig, 10C). 

In sediment and pore-water samples, potential toxicity 
under chronic-exposure conditions was seen at seven of nine 
and four of nine sites sampled, respectively (figs. 10B and D). 
The EPA calculation for sediment requires knowledge of the 
organic content of the sample. Because that information was 
not available, a range of 1.5 to 7.0 percent organic content 
was assumed, based on the range of organic content seen in 
samples from the same and nearby streams in a previous study 
(Corsi and others, 2011). Most of the sediment samples were 
either above or below the chronic-toxicity benchmark regard-
less of the organic content assumed. 

For comparison to the EPA method previously described, 
probable effect concentration (PEC) quotients were computed 
for sediment samples using the method described by MacDon-
ald and others (2000). Generally, the MacDonald and the EPA 
methods agreed on which samples were above and below the 
toxicity benchmark. 

Toxicity Bioassays 

The greatest adverse effect in samples from different 
stream compartments was observed in C. tentans assays from 
sediment samples (figs. 11, 12, and 13). Results from water-
column sample assays indicated that C. dubia survival was 
at least 80 percent of the laboratory-control survival, and the 
mean young produced (reproduction) was at least 59 percent 
of that from the laboratory control. The three samples that had 
the lowest weights for C. dubia in water-column assay results 
were from MRC, MRM, and WCG (64, 59, and 67 percent of 
the laboratory control, respectively; fig. 11). Results from the 
OWC analysis did not indicate an obvious reason that repro-
duction results from these three sites should be different than 
the other sample results. MRC and MRM are the only two 
sites with wastewater-effluent discharges upstream.

Results from pore-water sample assays indicated that sur-
vival of C. dubia and H. azteca was at least 80 percent of the 
laboratory-control survival in all samples (fig. 12). The mean 
C. dubia young produced for one sample was as low as 45 per-
cent (at site RRF), with all other sites resulting in 70 percent 
or greater of the laboratory-control results. Examination of the 
OWC pore-water sample results for site RRF did not indicate 
that concentrations were greater than samples with no adverse-
toxicity result. It does not appear that low C. dubia reproduc-
tion in the assay from the site RRF sample can be explained 
by concentrations of measured parameters for this study.



Adverse Impacts on Aquatic Life    21

NA NA

NA NA

Pe
rc

en
ta

ge
 o

f s
am

pl
es

 e
xc

ee
di

ng
 to

xi
ci

ty
 b

en
ch

m
ar

ks

An
th

ra
ce

ne

Be
nz

o[
a]

py
re

ne

Flu
or

an
th

en
e

Ph
en

an
th

re
ne

Py
re

ne

Na
ph

th
al

en
e

Bi
s(2

-e
th

ylh
ex

yl)
 p

ht
ha

la
te

2-
M

et
hy

ln
ap

th
al

en
e

Br
om

ac
il

Ca
rb

ar
yl

p-
Cr

es
ol

Ph
en

ol

4-
No

ny
lp

he
no

l

Compound name

0

20

40

60

80

20

40

60

80

Base-flow samples (n = 107)

Sediment samples (n = 28)

Stormflow samples (n = 39)

Pore-water samples (n = 10)

100

100
An

th
ra

ce
ne

Be
nz

o[
a]

py
re

ne

Flu
or

an
th

en
e

Ph
en

an
th

re
ne

Py
re

ne

Na
ph

th
al

en
e

2-
M

et
hy

ln
ap

th
al

en
e

Br
om

ac
il

Ca
rb

ar
yl

p-
Cr

es
ol

Ph
en

ol

4-
No

ny
lp

he
no

l

Bi
s(2

-e
th

ylh
ex

yl)
 p

ht
ha

la
te

Mean toxicity quotient
EXPLANATION

< 1.0
1.0 - 9.9
10 - 99
≥ 100

Figure 9.  Compounds with exceedances of toxicity benchmarks for one or more sample type. Bar heights indicate the percentage of 
samples exceeding the lowest benchmark listed in tables 4 and 5. Bar color indicates the maximum toxicity quotient (concentration/
benchmark) observed for each compound. Compounds in red are known or suspected endocrine disruptors according to The Endocrine 
Disruption Exchange, Inc. (2011). (n, number of samples; <, less than; ≥, greater than or equal to; 4-Nonylphenol is the sum of all isomers; 
NA, no known toxicity benchmark)



22    Organic Waste Compounds in Streams: Occurrence and Aquatic Toxicity, Southeast Wisconsin, 2006–9

as
su

m
in

g 
1.

5 
pe

rc
en

t o
rg

an
ic

 c
on

te
nt

as
su

m
in

g 
7.

0 
pe

rc
en

t o
rg

an
ic

 c
on

te
nt

EX
P

LA
N

A
TI

O
N

ch
ro

ni
c

to
xi

ci
ty

 
ab

ov
e

be
nc

hm
ar

k

M
RC

10 1

0.
1

0.
01

KR
M

6
6

M
RW

12
12

11
11

OS
M

10
10

Ac
ut

e

Ch
ro

ni
c

n 
=

Potency factor for PAH mixture (six compounds)

St
re

am
 s

ite
s 

(le
as

t t
o 

m
os

t u
rb

an
, l

ef
t t

o 
rig

ht
)

to
xi

c 
ab

ov
e

be
nc

hm
ar

k

Ha
rb

or
 s

ite
s

M
RC

LM
M

M
RW

RR
G

LC
M

M
RJ

OH
-0

3
OH

-1
4

HC
W

KR
M

OS
M

o

UC
W

x o

x o

9
9

10
10

9
9

9
9

9
9

9
9

9
9

9
9

9
9

8
8

9
9

8
8

n 
=

Potency factor for PAH mixture (six compounds)

St
re

am
 s

ite
s 

(le
as

t t
o 

m
os

t u
rb

an
, l

ef
t t

o 
rig

ht
)

to
xi

c 
ab

ov
e

be
nc

hm
ar

k

M
RC

M
RW

RR
G

LC
M

LM
M

UC
W

HC
W

KR
M

OS
M

St
re

am
 s

ite
s 

(le
as

t t
o 

m
os

t u
rb

an
, l

ef
t t

o 
rig

ht
)

to
xi

c 
ab

ov
e

be
nc

hm
ar

k

A
. S

to
rm

flo
w

C.
 B

as
e 

flo
w

B
. S

ed
im

en
t

EX
P

LA
N

A
TI

O
N

10
0 10 1

0.
1

0.
01

0.
00

1

0.
1

0.
011

M
RC

LM
M

M
RW

KR
M

OS
M

RR
G

LC
M

Ac
ut

e

Ch
ro

ni
c

HC
W

UC
W

to
xi

c 
ab

ov
e

be
nc

hm
ar

k

St
re

am
 s

ite
s 

(le
as

t t
o 

m
os

t u
rb

an
, l

ef
t t

o 
rig

ht
)

D
. P

or
e 

w
at

er

1010
0

1.
2

1.
0

0.
8

0.
6

0.
4

0.
2

0.
0

EX
P

LA
N

A
TI

O
N

Ac
ut

e

Ch
ro

ni
c

xo
75

th
 p

er
ce

nt
ile

m
ed

ia
n

25
th

 p
er

ce
nt

ile

ad
ja

ce
nt

ad
ja

ce
nt

de
ta

ch
ed

ou
ts

id
e

EX
P

LA
N

A
TI

O
N

Fi
gu

re
 1

0.
 

Po
ly

cy
cl

ic
 a

ro
m

at
ic

 h
yd

ro
ca

rb
on

s 
to

xi
ci

ty
. A

, S
to

rm
flo

w
 s

am
pl

es
. B

, S
ed

im
en

t s
am

pl
es

. C
, B

as
e-

flo
w

 s
am

pl
es

. D
, P

or
e-

w
at

er
 s

am
pl

es
. A

 s
am

pl
e 

w
ith

 a
 p

ot
en

cy
 

fa
ct

or
 g

re
at

er
 th

an
 1

 is
 c

on
si

de
re

d 
to

xi
c,

 b
as

ed
 o

n 
ca

lc
ul

at
io

ns
 d

ev
el

op
ed

 b
y 

th
e 

U.
S.

 E
nv

iro
nm

en
ta

l P
ro

te
ct

io
n 

Ag
en

cy
 (2

01
0)

. A
cu

te
 a

nd
 c

hr
on

ic
 to

xi
ci

ty
 w

er
e 

ca
lc

ul
at

ed
 fo

r 

w
as

 u
se

d 
be

ca
us

e 
th

e 
ac

tu
al

 o
rg

an
ic

 c
on

te
nt

 w
as

 n
ot

 k
no

w
n.

 (S
ite

 a
bb

re
vi

at
io

ns
 a

re
 d

efi
ne

d 
in

 ta
bl

e 
1;

 P
AH

, p
ol

yc
yc

lic
 a

ro
m

at
ic

 h
yd

ro
ca

rb
on

; n
, n

um
be

r o
f s

am
pl

es
)

ea
ch

 s
am

pl
e,

 u
si

ng
 d

iff
er

en
t c

om
pu

ta
tio

ns
 (o

nl
y 

ch
ro

ni
c 

to
xi

ci
ty

 is
 s

ho
w

n 
fo

r s
ed

im
en

t s
am

pl
es

). 
Fo

r t
he

 s
ed

im
en

t-s
am

pl
e 

ca
lc

ul
at

io
ns

, a
n 

ex
pe

ct
ed

 ra
ng

e 
of

 o
rg

an
ic

 c
on

te
nt

 



Adverse Impacts on Aquatic Life    23

0

20

40

60

80

100

120

0

20

40

60

80

100

120

PC
D

M
RC

M
RM

W
CG

M
M

F

LM
M

OS
M

M
RW RR

F

UC
W

RR
G

LC
M

KR
M

HC
W

Pe
rc

en
t o

f c
on

tro
l

Ceriodaphnia dubia Reproduction

Ceriodaphnia dubia Survival

Sample site (least to most urban, left to right)

Figure 11.  Water-column bioassay results for 14 sites in the 
Milwaukee area, 2006–7. Error bars indicate the standard error 
of replicates for each result. (Site abbreviations are defined 
in table 1.)

Survival observed in sediment assay results for C. tentans 
was as low as 15 percent of that from the laboratory control 
at site LCM, but survival was 62 percent or greater of the 
laboratory control for all other samples (fig. 13). Weight of C. 
tentans was as low as 11 percent of the laboratory control for 
site LCM. Survival of H. azteca was at least 70 percent and 
weight was at least 97 percent of the laboratory control for 
all samples. Results for survival of both organisms were not 
substantially different after UV treatment (fig. 13). 

C. tentans weights were analyzed with respect to OWC-
analysis results as an attempt to explain adverse effect as 
defined in the section “Toxicity in Stream Compartments.” 
Correlation coefficients of C. tentans weight to rank summa-
tions were all negative, indicating a clear increase of toxic-
ity as OWC contamination increased in sediment samples 
(table 6). Scatter plots of the rank sums and C. tentans weight 
showed that three sites (HCW, LMM, and LCM) were per-
sistent outliers in this relation. Less toxicity was observed 
in the samples from HCW and LMM than would have been 

Figure 12.  Pore-water assay results for 14 sites in the 
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table 1.)

predicted by any of the rank summations. More toxicity was 
observed in the LCM sample than would have been predicted 
by rank summations. This is not unexpected for the LCM 
sample since it was collected at a different time than the bioas-
say sample owing to laboratory complications. It is uncertain 
why the data from HCW and LMM appear different than other 
sites. Correlation coefficients computed without these outliers 
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Figure 13.  Sediment assay results for 14 sites in the Milwaukee 
area, 2006–7. Error bars indicate the standard error of replicates 
for each result. (Site abbreviations are defined in table 1; UV, 
ultraviolet; NS, not sampled)

improved for all except three of the class combinations. The 
classes that produced the best correlation (r = −0.97) of rank 
summations to C. tentans weight without outliers were PAHs, 
solvents, and fire retardants (fig. 14, table 6). The classes that 
produced the best correlation (r = −0.74) of rank summations 
to C. tentans weight using all sites including outliers were 
fuels, solvents, and fire retardants. 

Most of the top 10 correlation coefficients using all sites 
or with the 2 outliers removed included PAHs, fuels, or both 
as categories. Other common variables included for the top 10 
correlation coefficients were detergent metabolites, solvents, 
and fire retardants. Solvents and fire retardants were detected 
at only one site each (PCD and LMM, respectively), but inclu-
sion of these two classes substantially improved explanation 
of C. tentans weight in sediment-assay variability (correlation 
coefficient closer to 1.0).

This comparison of OWC-category rankings with sedi-
ment bioassay results indicates a strong correlation between 
sediment toxicity and OWC presence. PAHs explain much of 
the variability in this relation and often were shown to exceed 
toxicity benchmarks in the potency-factor assessment for 
PAHs, so it is reasonable to assume that PAHs play a role in 
the observed toxicity. Still, there are strong cross-correlations 
between PAHs with fuels and insecticides (r = 0.79 and 0.95 
for concentrations and r = 0.91 and 0.94 for ranks, respec-
tively). This indicates a possibility that there could be influ-
ence from other OWCs or that the adverse effects observed 
could be owing to a mixture of these OWCs.
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Figure 14.  Relation between Chironomus tentans weight and 
rank summations of concentrations of polycyclic aromatic 
hydrocarbons, solvents, and fire retardants in sediment samples. 
(Site abbreviations are defined in table 1.)



Adverse Impacts on Aquatic Life    25

Table 6.  Pearson correlation coefficients of Chironomus tentans weight to rank summations of concentrations of classes of organic 
waste compounds in sediment samples, southeast Wisconsin, 2006–9.

[OWC, organic waste compound; HCW, Honey Creek at Wauwatosa; LMM, Little Menomonee River at Milwaukee; LCM, Lincoln Creek 47th Street at 
Milwaukee; PAH, polycyclic aromatic hydrocarbon; top ten correlation coefficients are shown in bold]

OWC classes included

Pearson correlation coefficients of  
Chironomus tentans

All sites
Sites without  

persistent outliers  
(HCW, LMM, and LCM)

Detergent metabolites

−0.49 −0.81
Fire retardant −.55 −.86
Fuel −.61 −.82
Insecticide −.49 −.82
PAH −.53 −.82
Solvent −.5 −.82
Fire retardant Fuel −.66 −.89
Fire retardant Insecticide −.54 −.88
Fire retardant PAH −.58 −.88
Fire retardant Solvent −.56 −.88
Fuel Insecticide −.55 −.81
Fuel PAH −.57 −.82
Fuel Solvent −.64 −.86
Insecticide PAH −.5 −.82
Insecticide Solvent −.52 −.86
PAH Solvent −.57 −.88

Fire retardant

−.32 −.42
Fuel −.69 −.88
Insecticide −.53 −.87
PAH −.56 −.86
Solvent −.26 −.33
Fuel Insecticide −.59 −.85
Fuel PAH −.61 −.86
Fuel Solvent −.74 −.92
Insecticide PAH −.52 −.85
Insecticide Solvent −.58 −.95
PAH Solvent −.64 −.97

Fuel

−.59 −.75
Insecticide −.52 −.77
PAH −.54 −.78
Solvent −.62 −.78
Insecticide PAH −.51 −.78
Insecticide Solvent −.56 −.82
PAH Solvent −.58 −.84

Insecticide

−.43 −.77
PAH −.45 −.78
Solvent −.47 −.84
PAH Solvent −.5 −.85

PAH
−.47 −.77

Solvent −.54 −.87
Solvent −.03 −.02
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Summary and Conclusions
During 2006–9, the U.S. Geological Survey, in coopera-

tion with the Milwaukee Metropolitan Sewerage District, sam-
pled a suite of 69 organic waste compounds (OWCs) in differ-
ent stream compartments and flow regimes in Milwaukee area 
streams and in the Milwaukee Harbor. Three stream compart-
ments were represented: water column, streambed pore water, 
and streambed sediment. Water-column samples were divided 
by flow regime into surface water during base-flow conditions 
and surface water during stormflow conditions. OWC data 
should be interpreted cautiously as laboratory recovery rates 
vary (see Quality Assurance/Quality Control section).

OWCs were detected in all 196 samples collected, with as 
many as 41 different compounds detected in a single sample. 
Of the 69 compounds analyzed, 64 were detected at least once. 
The lowest detection rates were in the base-flow samples, 
with a median of 12 compounds detected per sample. Median 
detection rates for stormflow, streambed pore-water, and 
streambed-sediment samples were approximately double those 
of the base-flow samples. The compound classes with the 
highest detection rates were the polycyclic aromatic hydrocar-
bons (PAHs), insecticides, herbicides, and dyes/pigments. 

The compound classes with the highest detected concen-
trations were the PAHs (water and sediment samples) and the 
herbicides (water samples only). Sterols also had relatively 
high detection frequencies and concentrations in both water 
and sediment samples, but some of those compounds are 
naturally occurring and not necessarily human-derived. The 
PAH concentrations show a clear urban gradient in stormflow 
samples, with concentrations increasing with increasing urban 
area. However, the urban gradient is less clear in base-flow 
PAH concentrations, indicating that urban runoff is an impor-
tant source of PAHs to the streams. Total concentrations of 
the 20 domestic wastewater-indicator compounds also show 
an urban gradient in stormflow samples, indicating increased 
sanitary and (or) septic system leaks or releases during storm-
flow conditions, as compared to base flow. 

The Kinnickinnic River (KRM)—one of the most urban 
sites—had some of the highest detection frequencies and 
concentrations in all sample types. Sites with the lowest 
detection frequencies and concentrations were the least urban 
stream sites: Milwaukee River near Cedarburg (MRC), and 
Middle Outside Harbor Breakwater Lake Site (OH-14). The 
Milwaukee River at the mouth at Jones Island (MRJ) site had 
some of the highest detection frequencies and concentrations 
of endocrine-disrupting chemicals and domestic wastewater-
indicator compounds, likely in part because of its proximity 
to the Jones Island Water Reclamation Facility (wastewater- 
treatment plant) effluent discharge point. 

Aquatic-toxicity benchmarks were exceeded for 12 of 
the 25 compounds with known benchmarks. The compounds 
with the greatest benchmark exceedances were the PAHs, 
both in terms of exceedance frequency (up to 93 percent 
for some compounds in sediment samples) and magnitude 

(concentrations up to 1,024 times greater than the benchmark 
value). Other compounds with toxicity-benchmark exceed-
ances include Bis(2-ethylhexyl) phthalate (a plasticizer), 
2-Methylnapthalene (a component of fuel and oil), phenol (an 
antimicrobial disinfectant with diverse uses), and 4-Nonylphe-
nol (sum of all isomers; a detergent metabolite, among other 
uses). Analyzed as a mixture, the suite of PAH compounds 
were found to be potentially toxic in stormflow samples from 
three of four sites, in pore-water samples from four of nine 
sites, and in sediment samples from seven of nine sites. Base-
flow samples showed low potential for PAH toxicity when 
those compounds were analyzed as a mixture. These results 
indicate that the likely source of PAHs to the stream is urban 
nonpoint runoff during storm events, and that the PAHs then 
collect in the streambed sediments. 

Bioassay tests were conducted on base-flow samples, 
pore-water samples, and sediment samples, with the greatest 
adverse effect in Chironomus tentans assays from sediment 
samples. The sediment bioassay results were highly correlated 
with OWC results. There was a relation between PAH results 
and bioassay results for the majority of samples; however, 
solvents and flame retardants appeared to be important for one 
site each as well. 

From an aquatic toxicity standpoint, PAHs are prominent 
in this study as compounds that likely have an adverse effect 
on aquatic organisms. This is evident from evaluation of the 
computed potency factors as well as results from direct bioas-
say testing. Additional insight on impacts to aquatic organisms 
may be gained if more aquatic-life criteria were available 
to help evaluate these data. In addition, if longer duration, 
chronic-toxicity information were made available, it may be 
valuable to perform a long-term assessment of the impacts of 
these compounds on aquatic life.
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Table 5a.  Organic waste compounds sampled and summary of analytical results of sediment samples, southeast  
Wisconsin, 2006–9.—Continued

[OWC, organic waste compound; µg/kg, micrograms per kilogram; ND, not detected; -, not applicable; e, estimated; PAH, polycyclic aromatic hydrocarbon; 
red compound names indicate known or suspected endocrine disruptors, according to The Endocrine Disruption Exchange, Inc. (2011)]

OWC class Compound name
Detection 
frequency 
(percent)

Median 
detected 

concentration
 (µg/kg)‡

Maximum 
detected 

concentration

Value 
(µg/kg)

Site* 

Antioxidants
3-tert-Butyl-4-hydroxyanisole (BHA) 0 ND ND -
Bisphenol A 81 e98.42 e1,500 LMM

Dyes/pigments 9,10-Anthraquinone 96 625 1,630 LMM

Fire retardants

BDE congener 47 (tetrabromodiphenyl ether)** 0 ND ND -
Tributyl phosphate** 4 e20.4 e20.4 OSM
Tris(2-butoxyethyl) phosphate** 11 e161 e324 HCW
Tris(dichloroisopropyl) phosphate (Fyrol FR 2)** 4 e3.13 e3.13 MRW

PAHs

Anthracene 93 364 1,690 KRM
Benzo[a]pyrene 96 1,230 3,360 KRM
Fluoranthene 100 4,370 14,900 MRW
Naphthalene 71 88.5 278 KRM
Phenanthrene 100 2,320 7,630 MRW
Pyrene 100 3,460 10,600 MRW

Plasticizers

Bis(2-ethylhexyl) phthalate (DEHP) 75 567 1,930 KRM
Diethyl phthalate 4 88.9 88.9 LMM
Triphenyl phosphate 4 e37.7 e37.7 KRM
Tris(2-chloroethyl) phosphate (Fyrol CEF) 0 ND ND -

Fuels

1-Methylnaphthalene 75 e25.4 129 KRM
2,6-Dimethylnaphthalene 93 e30.3 e136 KRM
2-Methylnaphthalene 68 48.9 167 KRM
Isopropylbenzene (cumene) 4 e2.34 e2.34 LMM

Solvents Isophorone 18 e13.6 e21.5 LCM

Herbicides

Atrazine 0 ND ND -
Bromacil 0 ND ND -
Metolachlor 0 ND ND -
Prometon 0 ND ND -

Insecticides

Carbazole 93 324 810 KRM
Chlorpyrifos 0 ND ND -
Diazinon 0 ND ND -
N, N-diethyl-meta-toluamide (DEET) 0 ND ND -

Antimicrobial disinfectants
p-Cresol (para-Cresol) 96 e192 2,670 KRM
Phenol 61 e105 e753 UCW
Triclosan** 0 ND ND -
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Table 5a. Organic waste compounds sampled and summary of analytical results of sediment samples, southeast  
Wisconsin, 2006–9.—Continued

[OWC, organic waste compound; µg/kg, micrograms per kilogram; ND, not detected; -, not applicable; e, estimated; PAH, polycyclic aromatic hydrocarbon; 
red compound names indicate known or suspected endocrine disruptors, according to The Endocrine Disruption Exchange, Inc. (2011)]

OWC class Compound name
Detection 
frequency 
(percent)

Median 
detected 

concentration
 (µg/kg)‡

Maximum 
detected 

concentration

Value 
Site* 

(µg/kg)

Detergent metabolites

Flavors and fragrances

Human drugs, nonprescription

Sterols

Miscellaneous

 4-tert-Octylphenol monoethoxylate**
4-Cumylphenol**
4-Nonylphenol (sum of all isomers)**
4-Nonylphenol diethoxylate**
4-Nonylphenol monoethoxylate**
4-Octylphenol (4-normal-Octylphenol)**
4-tert-Octylphenol diethoxylate**
4-tert-Octylphenol**
3-Methyl-1H-indole (skatol)
Acetophenone
Acetyl hexamethyl tetrahydro naphthalene (AHTN)**
Benzophenone**
Camphor**
d-Limonene**
Hexahydrohexamethyl cyclopentabenzopyran (HHCB)**
Indole
Isoborneol**
Isoquinoline**
Menthol
3-beta-Coprostanol
beta-Sitosterol
beta-Stigmastanol
Cholesterol
1,4-Dichlorobenzene

4
54
82
14
11
0
0

21
86
50
0
0
0

18
11
89
0
4
0

57
96
82
96
18

e114
112

e907
e606
e373

ND
ND

e29.4
e21.4
e46.6

ND
ND
ND

e29.7
e15.4
237

ND
e6.0
ND

e229
e3,670

e577
e1,380

e57.2

e114
1,270

e3,100
e1,520

e463
ND
ND
e48.5
74.9

e220
ND
ND
ND
e59.5
e16.3
717
ND
e6.0

ND
e937

e13,200
e2,450
e4,420

e72.3

KRM
LMM
MRW
MRW
MRW

-
-

KRM
KRM
KRM

-
-
-

LCM
LCM
LCM

-
HCW

-
KRM
LCM
MRW
KRM
LCM

‡ Determined from only those samples with detections.
* Site abbreviations are defined in table 1.
** Indicates compounds considered by the authors to be domestic wastewater-indicator compounds likely from sanitary sewer sources.
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Table 5b.  Organic waste compounds with known aquatic toxicity benchmarks for sediment samples, southeast Wisconsin, 2006–9.

[OWC, organic waste compound; µg/kg, micrograms per kilogram; EPA, U.S. Environmental Protection Agency; --, no data; PAH, polycyclic aromatic 
hydrocarbon; ISQG, interim sediment quality guideline; AET, apparent effects threshold; PEL, probable effect level; red compound names indicate known or 
suspected endocrine disruptors, according to The Endocrine Disruption Exchange, Inc. (2011)]

OWC class Compound name

EPA 
freshwater 
sediment 
screening 

benchmark† 
(µg/kg)

Sediment toxicity bench-
marks from other sources

Percentage 
of samples 
exceeding 

lowest 
benchmark

Value
 (µg/kg)

Criteria type 
and source

PAHs

Anthracene 57.2 46.9 ISQGD 82

Benzo[a]pyrene 150 31.9 ISQGD 89

Fluoranthene 423 111 ISQGD 93

Naphthalene 176 34.6 ISQGD 64

Phenanthrene 204 41.9 ISQGD 93

Pyrene 195 53 ISQGD 93

Plasticizers
Bis(2-ethylhexyl) phthalate (DEHP) 180 750 AETF 54

Diethyl phthalate 603 -- -- 0

Fuels
2-Methylnaphthalene 20.2 201 PELD 61

Isopropylbenzene (cumene) 86 -- -- 0

Herbicides Atrazine 6.62 -- -- 0

Insecticides
Chlorpyrifos 0.52 -- -- 0

Diazinon 2.39 -- -- 0

Antimicrobial disinfectants
p-Cresol (para-Cresol) 670 -- -- 14

Phenol 420 48 AETF 46

Detergent metabolites 4-Nonylphenol (sum of all isomers)** -- 1,400 ISQGD 29

Miscellaneous 1,4-Dichlorobenzene 599 -- -- 0

† U.S. Environmental Protection Agency, 2012b.
** Indicates compounds considered by the authors to be domestic wastewater-indicator compounds likely from sanitary sewer sources.
D Canadian Council of Ministers of the Environment, 2012.
F Buchman, 2008.
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Appendix 1.  Summary of Test Conditions for Conducting Sediment-Toxicity Tests1.

Parameter Conditions

Test type Whole sediment toxicity test with renewal of overlying water

Temperature 23 ± 1 degree Celsius

Light quality Wide-spectrum fluorescent lights

Illuminance About 500 to 1,000 lux

Photoperiod 16 light : 8 dark

Test chamber 400 milliliter polypropylene beaker

Sediment volume 100 milliliter

Overlying water volume 175 milliliter

Renewal of overlying water 2 volume additions per day

Age of organisms Third instar larvae or 9 to 12 days (Chironomus tentans)

7 to 14 days (Hyallela azteca)

Number of organisms/ 
chamber 10

Number of replicates/ 
treatment 8

Feeding 1.5 milliliter yeast/fish food/cereal daily to each test chamber (Hyallela azteca)

1 milliliter Tetramin flake fish food to each test chamber (1 milliliter contains 4 milligrams of dry solids)  
(Chironomus tentans)

Aeration None, unless dissolved oxygen in overlying water drops below 40 percent of saturation

Overlying water Dechlorinated tap water

Test chamber cleaning If screens become clogged during a test, gently brush the outside of the screen

Overlying water quality Hardness, alkalinity, conductivity, pH, and ammonia at the beginning and end of a test.  Temperature, pH, 
and dissolved oxygen daily.

Test duration 10 days

Endpoints Survival and growth (dry weight)

Test acceptability Minimum mean control survival of 70 percent (Chironomus tentans)

Minimum mean control survival of 80 percent (Hyallela azteca)

1 U.S. Environmental Protection Agency, 1994.
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