ZUSGS

science for a changing world

Prepared in cooperation with the
Milwaukee Metropolitan Sewerage District

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

Scientific Investigations Report 2013—-5104

U.S. Department of the Interior
U.S. Geological Survey



Cover: All photos provided by Milwaukee Metropolitan Sewerage District.

Upper left: Fishing the falls on the Milwaukee River at Estabrook Park, Milwaukee, Wis.
Lower left: Kayakers explore the Milwaukee Estuary, Milwaukee, Wis.
Upper right: Children play on the banks of the Menomonee River at Lime Kiln Park, Menomonee Falls, Wis.

Lower right: Diners enjoy the sunshine at an outdoor café along the Riverwalk, downtown Milwaukee, Wis.



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, Steven R. Corsi, Kevin D. Richards, Steven W. Geis, and
Christopher Magruder

Prepared in cooperation with the
Milwaukee Metropolitan Sewerage District

Scientific Investigations Report 2013-5104

U.S. Department of the Interior
U.S. Geological Survey



U.S. Department of the Interior
SALLY JEWELL, Secretary

U.S. Geological Survey
Suzette M. Kimball, Acting Director

U.S. Geological Survey, Reston, Virginia: 2013

For more information on the USGS—the Federal source for science about the Earth, its natural and living
resources, natural hazards, and the environment, visit http.//www.usgs.gov or call 1-888—ASK-USGS.

For an overview of USGS information products, including maps, imagery, and publications,
visit http://www.usgs.gov/pubprod

To order this and other USGS information products, visit http.//store.usgs.gov

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

Although this report is in the public domain, permission must be secured from the individual copyright owners to
reproduce any copyrighted materials contained within this report.

Suggested citation:

Baldwin, A.K.,, Corsi, S.R., Richards, K.D., Geis, S.W., and Magruder, C., 2013, Organic waste compounds in streams:
occurrence and aquatic toxicity in different stream compartments, flow regimes, and land uses in southeast
Wisconsin, 2006-9: U.S. Geological Survey Scientific Investigations Report 2013-5104, 46 p.



Contents
ADSTIACT ..ottt R et s bbbt 1
INEFOAUCTION. .ttt 2
PUIPOSE @NA SCOPE vttt ettt sttt ettt nensns 2
DeSCription Of STUAY ATBA ..cucvceeeceeciectieieeeees sttt s st s s ss st s s aensns 2
Water and Sediment Sampling: Design and ColleCtion ... 5
SAMPING DESIGN oottt 5
Sample-Collection MENOOS .......ccceviucececeseee st ssnes 5
ANAIYVEICAI MENOMAS. ...ttt b st en s s s 6
Organic Waste COMPOUNGS ..ottt sss st sttt sss st st st snssessnssens
Bioassays for Toxicity Testing in Sediment
Bioassays for Toxicity TeStiNg iN WaALer ........cceeuirvereeesesse ettt ssssessesnnans
Quality Assurance/QUality CONTIOL ...ttt sttt essensens
LD L I A T YOO
Organic Waste COMPOUNGS .......oceecvieriiecesctestseese st esse s ssse st sssss st essesansans
Toxicity in Stream COMPArMENTS ...c..ovuiuieieeeieeire ettt
Occurrence of Organic Waste COMPOUNTS ......cc.evuerureiiereceesineiseie sttt st sssssess st esssessessns

Detection Frequencies of Classes of OWCs
Detection Frequencies of Individual OWCs
Concentrations 0f OWWES .......cc.cuuiuveiieeeeeciesieise sttt st
Domestic WasteWater INAICALOIS ..ot ssssenens
OWCS and SAMPING SItBS......vuiereeeeeeereerieeiseiseessssssess sttt ssssssssnens
Adverse IMpacts 0N AQUATIC LIfE ..ottt ssesssssnsessen
Endocrine-Disrupting CoOmMPOUNGS .....c.cuevevieetecceetesseee et sss st sssssesaees
OWCs and Toxicity Benchmarks
TOXICITY BIOASSAYS wvuvrreeeeereeeresreeesesessesessesessesesssessssesesssssssssssesessssssssssesssssssensessessssanssssesnssnssnsesans
SUMMArY and CONCIUSIONS......cucceiecteccectsetse ettt s e nas
ACKNOWIBAGMENTES ...ttt bbb a s s s s st b s st an e
RETEIENCES CIBM. ...ttt b bbb
Appendix 1. Summary of Test Conditions for Conducting Sediment-Toxicity Tests ........c......... 46




Figures

1. Map showing location of sampling sites, drainage basins, and land-use areas

USEA INThE STUY ce.oeieeccce bbb bbb 4
2. Graphs showing percent of compounds detected per sample, organized by

SIte AN SAMPIE TYPE ettt 10
3. Graphs showing frequency of detection of organic waste compounds, by

class, for €aCh SAMPIE TYPE ....ucvuvecececcc et naen 1
4, Graph showing total detected concentrations of polycyclic aromatic

hydrocarbons (PAHs) in stormflow and base-flow samples.......c.cccccoceoeeereciecicceccrreeeennne. 13
5. Graphs showing class-detection frequencies and maximum class concen-

10.

11.

12.

13.

14,

trations for each site. A, Stormflow, base-flow, and pore-water samples.
B, SeAIMENT SAMPIES ...ttt ses et sseesssss s essessnssnsessessnsnsessees 14

Graphs showing total detected class concentrations for each sample type .................. 16

Graphs showing total detected concentration per sample of 20 domestic
wastewater-indicator compounds commonly associated with sanitary sewer

ANA SEPLIC SOUMCES ..ttt bbb s s s s st es st n s taen 17
Map showing summary of the distribution of organic waste compounds in the
Milwaukee Metropolitan Sewerage District (MMSD) planning area, Wisconsin .......... 18

Graphs showing 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. ..ot 21

Boxplots showing polycyclic aromatic hydrocarbons toxicity. A, Stormflow samples.

B, Sediment samples. C, Base-flow samples. D, Pore-water samples. A sample with a
potency factor greater than 1is considered toxic, based on calculations developed

by the U.S. Environmental Protection Agency (2010). Acute and chronic toxicity were
calculated for each sample, using different computations (only chronic toxicity is
shown for sediment samples). For the sediment-sample calculations, an expected
range of organic content was used because the actual organic content was

L0100 1 OO 22

Graphs showing water-column bioassay results for 14 sites in the Milwaukee
area, 2006-7. Error bars indicate the standard error of replicates for each result......... 23

Graphs showing pore-water assay results for 14 sites in the Milwaukee area,

2006-7. Error bars indicate the standard error of replicates for each result................... 23
Graphs showing sediment assay results for 14 sites in the Milwaukee area,
2006-7. Error bars indicate the standard error of replicates for each result................... 24

Graph showing relation between Chironomus tentans weight and rank summations
of concentrations of polycyclic aromatic hydrocarbons, solvents, and fire
retardants in SEAIMENT SAMPIES ... eneen 24



Tables

1. Site characteristics, land use, and types of samples collected, southeast

WiSCONSIN, 20069 ..ottt bbbt 3
2. Organic waste compounds sampled, their classes, and possible uses, southeast

WiSCONSIN, 20069 ......ooveecececreecteeseee ettt sttt s st b s s s s s s st s s s s s anbesanas 30
3. Detection statistics for organic waste compounds, by sample type, all sites

combined, southeast Wisconsin, 2006—9...........cccoueurereernreneeereseeeseesessessse s ssessessssesnnans 9
4, QOrganic waste compounds sampled and summary of analytical results of water

samples, southeast Wisconsin, 2006—9 ...........ocurrereneereneensineereeesiseeseeeee e ssssseseens 36
5. Organic waste compounds sampled and summary of analytical results of sediment

samples, southeast Wisconsin, 2006—9 ..........cccceuuerreerreeerreeeeinee e sse e 42

6. Pearson correlation coefficients of Chironomus tentans weight to rank summations
of concentrations of classes of organic waste compounds in sediment samples,
southeast Wisconsin, 20089 ...t esseseens 25



Vi

Conversion Factors

Inch/Pound to SI

Multiply By To obtain

Length

inch (in.) 2.54 centimeter (cm)

inch (in.) 25.4 millimeter (mm)

foot (ft) 0.305 meter (m)

Area
square mile (mi?) 259 hectare (ha)
square mile (mi*) 2.59 square kilometer (km?)
Flow rate
cubic foot per second (ft*/s) 0.028 cubic meter per second (m*/s)
SI to Inch/Pound
Multiply By To obtain

Length

centimeter (cm) 0.394 inch (in.)
Volume

liter (L) 33.82 ounce, fluid (fl. 0z)

liter (L) 2.113 pint (pt)

liter (L) 1.057 quart (qt)

liter (L) 0.264 gallon (gal)

liter (L) 61.02 cubic inch (in%)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

°F=(1.8x°C)+32

Horizontal coordinate information is referenced to the Wisconsin Transverse Mercator (WTM)
Projection and the North American Datum of 1983 (NAD 83), with 1991 adjustment.

Concentrations of chemical constituents in water are given in micrograms per liter (ug/L).

Concentrations of chemical constituents in sediment are given in micrograms per kilogram

(Hg/kg).



Acronyms and Abbreviations

AqT
CAS

C. dubia
C. tentans
DEET
DEHP
EDCs
EPA
EWI
GC/MS
H. azteca
HCW
KRM
LCM
LMM
MDL
MMF
MMSD
MRC
MRJ
MRM
MRW
NP
NwaL
0H-03
OH-14
0SM
owc
PAH
PCD
QA/QC
RL

RRF
RRG
SEWRPC
tPAH
TQ
ucw
USGS
uv
WCG
WDNR
YFC

aquatic toxicity

Chemical Abstracts Service

Ceriodaphnia dubia

Chironomus tentans
N,N-diethyl-meta-toluamide

Bis(2-ethylhexyl) phthalate
endocrine-disrupting compounds/chemicals
U.S. Environmental Protection Agency
equal-width increment

gas chromatography/mass spectrometry
Hyallela azteca

Honey Creek at Wauwatosa

Kinnickinnic River at S. 11th Street, at Milwaukee
Lincoln Creek 47th Street at Milwaukee

Little Menomonee River at Milwaukee
minimum detection limit

Menomonee River at Menomonee Falls
Milwaukee Metropolitan Sewerage District
Milwaukee River near Cedarburg

Milwaukee River at the mouth at Jones Island
Milwaukee River at Milwaukee

Menomonee River at Wauwatosa
4-Nonylphenol (sum of all isomers)

National Water Quality Laboratory

Middle Harbor Milwaukee Quter Harbor Site
Middle Outside Harbor Breakwater Lake Site
Oak Creek at South Milwaukee

organic waste compound

polycyclic aromatic hydrocarbon

Parnell Creek near Dundee

quality assurance/quality control

reporting limit

Root River near Franklin

Root River at Grange Avenue, at Greenfield
Southeastern Wisconsin Regional Planning Commission
total concentration of polycyclic aromatic hydrocarbons
toxicity quotients

Underwood Creek at Wauwatosa

U.S. Geological Survey

ultraviolet

Willow Creek at Maple Road, near Germantown
Wisconsin Department of Natural Resources
yeast/fish food/cereal leaves

vii






Organic Waste Compounds in Streams: Occurrence and
Aquatic Toxicity in Different Stream Compartments, Flow
Regimes, and Land Uses in Southeast Wisconsin, 20069

By Austin K. Baldwin," Steven R. Corsi,' Kevin D. Richards,? Steven W. Geis,* and Christopher Magruder*

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
samples 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.

"'U.S. Geological Survey, Wisconsin Water Science Center
2 U.S. Geological Survey, lowa Water Science Center
* Wisconsin State Laboratory of Hygiene

* 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 20069, 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. AqQT 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 (mi?), with annual
mean discharges from 13.2 to 735 cubic feet per second
(ft’/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
intable 1.)



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 (OHO3 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.
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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 (ug/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



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 (cm?) 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
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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 pg/L. The tenth compound, cho-
lesterol, had estimated detections of 0.45 and 0.89 pg/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 pg/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
OWC:s 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 toxicity quotients (TQ__ ) 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,
WCQG, 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.”

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



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. fentans 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
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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.

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

Minimum
Number of number of Median number of Maximum number of
Number of
Sample type compounds compounds compounds detected, compounds detected,
samples
analyzed detected, per sample per sample
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
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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 ng/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 pg/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 pg/L, and 5 com-
pounds had median detected concentrations greater than
1.0 pg/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 pg/L, estimated), phenan-
threne (26.3 pg/L, estimated), and pyrene (25.6 pg/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 pg/L (dependent upon value used for
nondetections), compared to a difference of approximately
14 ng/L at KRM.

In pore-water samples, 11 compounds had median
detected concentrations greater than 0.5 ng/L, and 5 com-
pounds had median detected concentrations greater than
1.0 pg/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 ug/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 (ng/kg) (tables 5a, and 5b). Eleven compounds had
median detected concentrations greater than 500 pg/kg, and
six had median detected concentrations greater than 1,000 pg/
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 pg/kg in
a sample from MRW.

By summing the detected concentrations within each
OWTC class and for each sample (hereafter referred to as class
concentrations), some general patterns become apparent.
Figure 54 and B show maximum class concentrations for each
sampling location and sample type. Maximum class concen-
trations above 1 pg/L are much more common in the storm-
flow and pore-water samples than in the base-flow samples
(fig, 54). 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 pg/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

Occurrence of Organic Waste Compounds 13

miscellaneous classes were the only ones with no concentra-
tions greater than 1 pg/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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concentration was KRM. MR 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 pg/L, of which 17.15 pg/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 pg/L. Of the sediment samples, the highest median total
concentrations were from sites MRW (2,974 ng/kg) and HCW
(2,970 pg/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 pg/L at all sites. At the four sites where storm-
flow samples were collected, the median sum concentrations
ranged from 4.4 ng/L at MRC to 40.9 ug/L at KRM. For the
pore-water samples, the median sum concentrations ranged
from 5.6 pg/L at UCW to 136 pg/L at HCW. The high value
at HCW can be attributed mostly to one compound, p-Cresol,
which was measured at 119 pg/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 ng/kg
at MRC to 46,526 ng/kg at KRM.
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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
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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, OHO03 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).
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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 (TQ__ , 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 TQ_ 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, TQ_of 3.8), 2-Meth-
ylnapthalene (61 percent of samples, TQ_of 2.8), p-Cresol
(14 percent of samples, TQ_ of 0.5), phenol (46 percent
of samples, TQ,__of 4.4), and NP (29 percent of samples,
TQ,.,, 0f0.9).

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, 104). 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. 108 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.
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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
intable 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. fentans 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
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Figure 12. Pore-water 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.)

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.

1 1 1 T
LMM
120 |-MRC Wee HCW

100~ RRF ucw |
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Chironomus tentans weight as percent of laboratory control

Summation of rankings

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.)
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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

Chirenomus tentans

Sites without

All sites persistent outliers
(HCW, LMM, and LCM)
—-0.49 —0.81
Fire retardant =55 —.86
Fuel —.61 —.82
Insecticide —.49 —.82
PAH =53 —.82
Solvent =3 —.82
Fire retardant Fuel —.66 -.89
. Fire retardant Insecticide —-.54 —.88
Detergent metabolites .
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
=32 -42
Fuel -.69 -.88
Insecticide -.53 -.87
PAH -.56 —-.86
Solvent -.26 -.33
Fire retardant Fuel Insecticide -.59 -85
Fuel PAH —.61 —.86
Fuel Solvent -.74 -.92
Insecticide PAH -.52 -.85
Insecticide Solvent -.58 =95
PAH Solvent —.64 -.97
-.59 =75
Insecticide =52 =17
PAH -.54 -.78
Fuel Solvent —.62 =78
Insecticide PAH =51 -.78
Insecticide Solvent -.56 -.82
PAH Solvent —.58 —.84
—.43 =77
Insecticide PAH 4 —78
Solvent -47 —.84
PAH Solvent =5 -85
PATL —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 (PAHSs), 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 PAHSs 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.

Acknowledgments

Technical Reviewers

Patrick Phillips, U.S. Geological Survey New York
Water Science Center, Troy, N.Y.

Donald Wilkison, U.S. Geological Survey Missouri
Water Science Center, Lee’s Summit, Mo.

Editorial Reviewer

Bonnie J. Stich, Editor, U.S. Geological Survey Sci-
ence Publishing Network, Louisville, Ky.

Graphics

Jennifer Bruce, U.S. Geological Survey Wisconsin
Water Science Center, Middleton, Wis.

Michelle Lutz, U.S. Geological Survey Wisconsin
Water Science Center, Middleton, Wis.



Data Collection

David Graczyk, U.S. Geological Survey Wisconsin
Water Science Center, Middleton, Wis.

Eric Waldmer, Milwaukee Metropolitan Sewerage
District, Milwaukee, Wis.

Susan Sutherland, Milwaukee Metropolitan Sewer-
age District, Milwaukee, Wis.

Meredith Welling, Milwaukee Metropolitan Sewer-
age District, Milwaukee, Wis.

Mark Munzenmaier, Milwaukee Metropolitan Sew-
erage District, Milwaukee, Wis.

Ken Wardius, Milwaukee Metropolitan Sewerage
District, Milwaukee, Wis.

Jean Bourne, Milwaukee Metropolitan Sewerage
District, Milwaukee, Wis.

Approving Official

Kevin Breen, Bureau Approving Official, U.S.
Geological Survey Office of Science Quality and
Integrity, New Cumberland, Pa.

References Cited

Ankley, G.T., Collyard, S.A., Monson, P.D., and Kosian, P.A.,
1994, Influence of ultraviolet light on the toxicity of sedi-

ments contaminated with polycyclic aromatic hydrocarbons:

Environmental Toxicology and Chemistry, v. 13, no. 11,
p. 1791-1796.

Barber, L.B., Lee, K.E., Swackhamer, D.L., and Schoen-
fuss, H.L., 2007, Reproductive responses of male fathead
minnows exposed to wastewater treatment plant effluent,
effluent treated with XADS resin, and an environmentally
relevant mixture of alkylphenol compounds: Aquatic Toxi-
cology, v. 82, no. 1, p. 36-46.

Blue, Laura, 2012, Flame fighting chemicals abundant in
house dust and sofas: Time Magazine, November 29, 2012.
Accessed February 21, 2013, at http://healthland.time.
com/2012/11/29/flame-fighting-chemicals-abundant-
in-house-dust-and-sofas/.

Buchman, M.F., 2008, NOAA Screening Quick Reference
Tables: Seattle, Wash., Office of Response and Restoration
Division, NOAA OR&R Report 08-1, 34 p.

References Cited 27

Burkhardt, M.R., Zaugg, S.D., Smith, S.G., and ReVello, R.C.,
2006, Determination of wastewater compounds in sedi-
ment and soil by pressurized solvent extraction, solid-phase
extraction, and capillary-column gas chromatography/
mass spectrometry: U.S. Geological Survey Techniques and
Methods, book 5, chap. B2, 40 p.

Canadian Council of Ministers of the Environment, 2012,
Canadian Environmental Quality Guidelines, accessed
November 20, 2012, at http.//ceqg-rcqe.ccme.cay.

Corsi, S.R., Klaper, R.D., Weber, D.N., and Bannerman, R.T.,
2011, Water- and sediment-quality effects on Pimephales
promelas spawning vary along an agriculture-to-urban land-
use gradient: Science of the Total Environment, v. 409,
no. 22, p. 4847-4857.

Daughton, C.G., and Ternes, T.A., 1999, Pharmaceuticals
and personal care products in the environment—Agents of
subtle change?: Environmental Health Perspectives, v. 107,
supp. 6, p. 907-938.

Edwards, T.K., and Glysson, G.D., 1999, Field methods for
measurement of fluvial sediment: U.S. Geological Survey
Techniques of Water-Resources Investigations, book 3,
chap. C2, 89 p.

Gilliom and others, 2006, The quality of our Nation’s waters—
Pesticides in the Nation’s streams and ground water,
1992-2001 (rev. 2007): U.S. Geological Survey Circular
1291, 172 p., accessed April 2012, at http://pubs.usgs.gov/
cire/2005/1291/pdf/circ1291.pdf.

Helsel, D.R., 2012, Statistics for censored environmental data
using Minitab and R (2d ed.): Hoboken, New Jersey, Wiley,
344 p.

Kemble, N.E., Hardesty, D.K., Ingersoll, C.G., Kunz, J.L.,
Sibley, P.K., Calhoun, D.L., Gilliom, R.J., Kuivila, K.M.,
Nowell, L.H., and Moran, P.W., 2013, Contaminants in
stream sediments from seven United States metropolitan
areas—Part 11, Sediment toxicity to the amphipod Hyalella
azteca and the midge Chironomus dilutus: Archives of
Environmental Contamination and Toxicology, v. 64, no. 1,
p. 52-64.

Kingsbury, J.A., Delzer, G.C., and Hopple, J.A., 2008, Anthro-
pogenic organic compounds in source water of nine com-
munity water systems that withdraw from streams, 2002—5:
U.S. Geological Survey Scientific Investigations Report
2008-5208, 66 p.

Kolpin, D.W., Furlong, E.T., Meyer, M.T., Thurman, E.M.,
Zaugg, S.D., Barber, L.B., and Buxton, H.T., 2002, Pharma-
ceuticals, hormones, and other organic wastewater contami-
nants in U.S. streams, 1999-2000—A national reconnais-
sance: Environmental Science & Technology, v. 36, no. 6,
p. 1202-1211.



28 Organic Waste Compounds in Streams: Occurrence and Aquatic Toxicity, Southeast Wisconsin, 2006-9

Lutz, M.A., Brigham, M.E., and Marvin-DiPasquale, Mark,
2008, Procedures for collecting and processing streambed
sediment and pore water for analysis of mercury as part of
the National Water-Quality Assessment Program: U.S. Geo-
logical Survey Open-File Report 20081279, 67 p.

MacDonald, D.D., Ingersoll, C.G., and Berger, T.A., 2000,
Development and evaluation of consensus-based sediment
quality guidelines for freshwater ecosystems: Environmen-
tal Contamination and Toxicology, v. 39, p. 20-31.

Maldonado, Cristina, Dachs, Jordi, and Bayona, J.M., 1999,
Trialkylamines and coprostanol as tracers of urban pollu-
tion in waters from enclosed seas—The Mediterranean and
Black Sea: Environmental Science & Technology, v. 33,
no. 19, p. 3290-3296.

Marinovich, M., Ghilardi, F., and Galli, C.L., 1996, Effect of
pesticide mixtures on in vitro nervous cells—Comparison
with single pesticides: Toxicology, v. 108, no. 3,

p. 201-206.

National Hydrologic Dataset, 2010, U.S. Geological Survey,
accessed January 10, 2012 at http://nhd.usgs.gov/.

National Land Cover Database, 2001, Multi-Resolution Land
Characteristics Consortium, NLCD2001 Land Cover Ver-
sion 2.0, accessed May 16, 2012 at http://www.mrlc.gov/
nled01 data.php.

National Research Council, 1999, Hormonally active agents
in the environment: Washington, D.C., National Academy
Press, 430 p.

Oblinger Childress, C.J., Foreman, W.T., Connor, B.F., and
Maloney, T.J., 1999, New reporting procedures based on
long-term method detection levels and some considerations
for interpretations of water-quality data provided by the
U.S. Geological Survey National Water Quality Laboratory:
U.S. Geological Survey Open-File Report 99-193, 19 p.

Palumbo and others, 2012, Aquatic life water quality criteria
derived via the UC Davis method: I. Organophosphate
insecticides: Reviews of Environmental Contamination and
Toxicology, v. 216, p. 1-49.

Phillips, P.J., and Chalmers, A.T., 2009, Wastewater effluent,
combined sewer overflows, and other sources of organic
compounds to Lake Champlain: Journal of the American
Water Resources Association, v. 45, no. 1, p. 45-57.

Phillips, P.J., Chalmers, A.T., Gray, J.L., Kolpin, D.W.,
Foreman, W.T., and Wall, G.R., 2012, Combined sewer
overflows—An environmental source of hormones and

wastewater micropollutants: Environmental Science &
Technology, 46, no. 10, p. 5336-5343.

Phillips, P.J., Stinson, B., Zaugg, S.D., Furlong, E.T., Kolpin,
D.W.,, Esposito, K.M., Bodniewicz, B., Pape, R., and Ander-
son, J., 2005, A multi-disciplinary approach to the removal
of emerging contaminants in municipal wastewater treat-
ment plants in New York state, 2003—2004, in Proeedings of
the 78th Annual Water Environment Federation Technical
Exhibition and Conference: Washington, D.C.,

October 29-November 2, 2005, p. 5095-5124.

Richardson, S.D., and Ternes, T.A., 2005, Water analysis—
Emerging contaminants and current issues: Analytical
Chemistry, v. 77, no. 12, p. 3807-3838.

Scudder Eikenberry, B.C., Bell, A.H., Sullivan, D.J., Lutz,
M.A., and Alvarez, D.A., 2010, Biological water-quality
assessment of selected streams in the Milwaukee Metropoli-
tan Sewerage District Planning Area of Wisconsin, 2007:
U.S. Geological Survey Scientific Investigations Report
2010-5166, 28 p.

Southeastern Wisconsin Regional Planning Commission,
1995, Land use inventory, 1995, Wisconsin Transverse
Mercator (WTM 83/91) projection.

Southeastern Wisconsin Regional Planning Commission,
2000, SEWRPC digital land use inventory, 2000, Wisconsin
Transverse Mercator (WTM 83/91) projection: Machine-
readable files on CD-ROM.

Sullivan, P.J., Agardy, F.J., and Clark, J.J.J., 2005, The envi-
ronmental science of drinking water: Burlington, Mass.,
Butterworth-Heinemann, 368 p.

Sumpter, J.P., and Jobling, Susan, 1995, Vitellogenesis as a
biomarker for estrogenic contamination of the aquatic envi-
ronment: Environmental Health Perspectives, v. 103,
supp. 7, p. 173—178, accessed April 1, 2013, at http://www.
ncbi.nlm.nih.gov/pmc/articles/PMCI1518861/.

The Endocrine Disruption Exchange, Inc., 2011, TEDX list
of potential endocrine disruptors, accessed February 28,
2012, at http.//www.endocrinedisruption.com/endocrine.
TEDXList.overview.php.

Thomas, J.C., Lutz, M.A., and others, 2007, Water-quality
characteristics for selected sites within the Milwaukee
Metropolitan Sewerage District planning area, Wisconsin,
February 2004—September 2005: U.S. Geological Survey
Scientific Investigations Report 2007-5084, 187 p.

Thomas, K.A., 2009, Organic compounds in Truckee River
water used for public supply near Reno, Nevada, 2002-5:
U.S. Geological Survey Fact Sheet 2009-3100, 6 p.



Thorpe, K.L., Hutchinson, T.H., Hetheridge, M.J., Scholze,
Martin, Sumpter, J.P., and Tyler, C.R., 2001, Assessing the
biological potency of binary mixtures of environmental
estrogens using vitellogenin induction in juvenile Rainbow
Trout (Oncorhynchus mykiss): Environmental Science &
Technology, v. 35, no. 12, p. 2476-2481.

U.S. Environmental Protection Agency, 1994, Methods for
measuring the toxicity and bioaccumulation of sediment-
associated contaminants with freshwater invertebrates:
Washington, D.C., EPA/600/R-94/024, 133 p.

U.S. Environmental Protection Agency, 2002, Short-term
methods for estimating the chronic toxicity of effluents and
receiving waters to freshwater organisms (4th ed.): Wash-
ington, D.C., EPA-821-R-02-013, 335 p.

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

U.S. Environmental Protection Agency, 2008, Procedures
for the derivation of equilibrium partitioning sediment
benchmarks (ESBs) for the protection of benthic organ-
isms—Compendium of tier 2 values for nonionic organics:
Washington, D.C., Office of Research and Development,
EPA/600/R-02/016, PB2008-107282 [variously paged].

U.S. Environmental Protection Agency, 2010, Explanation
of PAH benchmark calculations using EPA PAH ESB
approach, 6 p., accessed February 10, 2012, at http.//www.
epa.gov/bpspill/water/explanation-of-pah-benchmark-
calculations-20100622.pdf.

U.S. Environmental Protection Agency, 2012a, National
recommended water quality criteria—Aquatic life criteria
table, accessed November 20, 2012, at http://water.epa.gov/
scitech/swguidance/standards/criteria/current/index.cfin.

U.S. Environmental Protection Agency, 2012b, Mid-Atlantic
risk assessment—Freshwater sediment screening bench-
marks, accessed November 20, 2012, at http://www.epa.gov/
reg3hwmd/risk/eco/btag/sbv/fwsed/screenbench.htmitable.

U.S. Geological Survey, 1989, Digital Line Hydrography,
1:100,000 scale, accessed January 10, 2011, at https.//Ita.
cr.usgs.gov/DLGs.

References Cited 29

U.S. Geological Survey, 2011, Water-data report 2011—
04087170 Milwaukee River at mouth at Milwaukee, Wis.,
accessed February 28, 2013, at http://wdrwater.usgs.gov/
wy2011/pdfs/04087170.2011.pdf.

U.S. Geological Survey, variously dated, National field man-
ual for the collection of water-quality data: U.S. Geologi-
cal Survey Techniques of Water-Resources Investigations,
book 9, chaps. A1-A9, available online at http.//pubs.water.
usgs.gov/twri9A.

Vajda, A.M., Barber, L.B., Gray, J.L., Lopez, E.M., Woodling,
J.D., and Norris, D.O., 2008, Reproductive disruption in
fish downstream from an estrogenic wastewater effluent:
Environmental Science & Technology, v. 42, no. 9,

p- 3407-3414.

Vandenberg, L.N., Colborn, Theo, Hayes, T.B., Heindel, J.J.,
Jacobs, D.R., Jr., Lee, Duk-Hee, Shioda, Toshi, Soto, A.M.,
vom Saal, F.S., Welshons, W.V., Zoeller, R.T., and Myers,
J.P., 2012, Hormones and endocrine-disrupting chemi-
cals—Low-dose effects and nonmonotonic dose responses:
Endocrine Reviews, v. 33, no. 3, p. 378-455.

Wilkison, D.H., Armstrong, D.J., and Blevins, D.W., 2002,
Effects of wastewater and combined sewer overflows on
water quality in the Blue River Basin, Kansas City, Mis-
souri and Kansas, July 1998—October 2000: U.S. Geological
Survey Water-Resources Investigations Report 024107,
162 p.

Wisconsin Department of Natural Resources, 1998, WIS-
CLAND Iland cover (WLCGW930)-1992, Wisconsin
Transverse Mercator (WTM83/91) projection: Wisconsin
Department of Natural Resources, machine-readable files on
CD-ROM.

Wisconsin Department of Natural Resources, 2002, 1:24,000
hydrography, version 2, Wisconsin Transverse Mercator
(WTMB&83/91) projection.

Zaugg, S.D., Smith, S.G., and Schroeder, M.P., 2007, Deter-
mination of wastewater compounds in whole water by
continuous liquid-liquid extraction and capillary-column
gas chromatography/mass spectrometry: U.S. Geological
Survey Techniques and Methods, book 5, chap. B4, 30 p.



isconsin, 2006-9

, Southeast W

ici

ic Toxi

Occurrence and Aquati

Organic Waste Compounds in Streams

30

jonpoid uonsnquiod “(Jany [9SIp IO duI[0seS ul

sooe1 A[uo) jjeydse pue 1e) [e0d Jo juouoduwio)) 0s ¥070 0-00-621 duaifd
jonpoxd UonsnquIod [10 9pNId IO Jong [9SAIp . e
‘1e Jo Juduodwos ‘sorsojdxd Jurmioejnuey 08 ¢o 8710-¢8 SuarpuEnedd
ourjoses Jo (yuooted (] noqe) ) .
juouodwod Jofew ‘quarodar yrow guedrun,g 0s ¢o eocle duaretpydeN
HVd
jonpouid uonsnquiod ‘(Jany [9SIp IO duI[0SeS ul o o SUSIILEION
sooe1 A[uo) jjeydse pue 1e) [20d Jo juouodwo)) 0s £oco 0+90C w &
jonpoid uonsnquiod . o
U01BISAT JOOUBD UL PIsn ‘HVd pare[n3ay 08 ¢o 87205 duaihdfejozuog
1onpoid uonsnquiod 10 9pnId o o SR
“Tosarp “1e} Jo yuauodwoos ‘oAneAIasald poopy 0s 5020 Lre1-ocl s
e o +( A 101K,9)
juepIeIat el 001 $07T0  8L8VLOE eydsoyd (jAdoxdostoroyorp)siiy,
JUEPIEOI QU] 0ST 5 2resrm G, Gegrrms ot € H%.o Mm.o €-15-8L xoreydsoyd (JAypoekxoing-g)siiy,
6¥°0 €0 820 9C°0 ¢C0 1C°0 C0 ’ SsjuepIe}ox
SIL
juepIe}ol SWeRy ‘JuaSe Surueojnuy 0S S$0°C0 8-€/-9C1 «oreydsoyd [Anquiy,
O S A e Sy S . «(1oyR
2 14 0¢ §0°6€0°€0C0 [-€P-9¢€¥S [Kusydipowoiqenay) £ 10u0Su0d g
jue[[odal paiq o o suoumnbeInEy-AT ¢ syjuowFrd
QUOWIBAT} PIIS ‘SI[1IXAY/QAP SULINIOBJNUBIA 08 50720 1-69v8 : HUV-0T 6 /S9KQ
juepIe}I W YUepIxonue o o
‘suIsal ayeuoqieoAjod Jurmoeynuen 0s 0T ¥o 750708 v [ouoydsig
SIOOIOp puB 9ZJAIJNUE UI JUBPIXONUY 'U 0C°91 ‘T 9-G8-9¢€1 9]0ZBIN0ZUq-H [ -[AYRIN-S SjuEpIXONuUY
dAnea1dsard [e1ouas ‘queprxonuy 0S1 70  S-9I-€10ST (VHE) 910S1UBAXOIPAY--[AINg-119)-¢
$(6/6d) (1/6H)
sojdwes sajdwes aqunu ssefo
1532un0s 10 sasn punodwod 3|qissod Juawipag 1918 Ansibaa aweu punodwo?)
: SY9 IMO

|1aAa] Bunoday

[(1107) "ouT ‘eSueyoxs uondnisiq duLOOpUL oY, 0} SUIPIOdIE ‘s10}dNISIP SULIOPUL Po3dadsns 1o umouy| 9jedIpur soweu punodwos par

‘uey) 1918AI3 ‘< SU0qIed0IpAY dnewoIe J1[oAdA10d ‘Hv{ ‘pazAleue jou ‘eu fweiSory 19d swerSororw /31 19917 Jod swerdoorwu /81 (901A10G s10RNSqQY oIy ‘S ‘punodwiod a)sem d1uesdio ‘HOM O]

"6-900¢ ‘UISUOISIAN ISBAYINOS ‘sasn a|qissod pue ‘sasse|d 418yl ‘pajdwes spunodwod sysem ojuebig -z ajqel



31

Table 2

ONUTWOYJUE ATRULIOJOA TOSBAIZIP JUOAJOS BU SR $-81-LT1 (D ¥Ad) 2uaylR0Io[OeNa],
SIUQAJOS

ursal ‘uooIis ‘1o ‘onseyd onboey 10§ JuaAJOS 0S S'0°T0 1-65-8L quotoydosy

Jauutyy on e oo

jured pue sjonj ‘ouojooe/joudyd SuLmnjoejnue 001 §0720 877886 (uaumo) suazuaqyidoadosy

[10 9pNID 10 [Ny [9SAIP ‘DuIjoseS Jo Jud01dd G-7 0S S0°C0 9-/6-16 uareypydeujAyIoN-7
sfong

(ourjoses ur 9oe1}) QUISOIIY/[SAIP UT JUISAI 0S S0°T0 0-2#-18S suoreyydeujAypowq-9°g

[10 9pnId 10 ‘[ang [asa1p ‘ourjoses Jo juadrad G- 0S S'0°C0 0-21-06 JuoreyydeujAyioN- |

JUBPILIOT SWIR] ‘TOZIOTISe]] 001 $0°T0 8-96-S11 (44D [01&4) areydsoyd (JAYIe0I0yo-g)SLi],

JuEpIe)AI JWR o L

‘oded Suygoor ‘ysiuy ‘xem ‘ursal Iozionse[ 0% 5070 998511 dreqdsoyd Ausyduy,

sreonnasewreyd ‘sorjowso)) BU $'0°C0 0-€6-LL yenIo [AYYALI], SIOZIONSE[J
upadse ‘sapronoasut o e e e O (o 0. orerewnud 1Kwot
SO1}OWIS00 OS[E D[qIxay 210w sonsed SaYeIN 001 S0 °6£0TE09C0 TC0CTO 99-¥8 JE[EYIYCATATI ST
[Au1A o jusuodwod e o ( e o e
Jofew ‘sursax pue szowkjod 10§ 1ZINSE[] (14 86 79T 1C0CTCO L718-LTI dHAA) *rereyiyd (JAXSY[AY)e-C)SIe
$(6/6d) (1/6)
sojdwes sajdwes aqunu ssefo
1532un0s 10 sasn punodwo 3|qissod Juawipag 1918 Ansibaa aweu punodwo?)
: SY9 IMO

|1aAa] Bunoday

[(1107) "ouf ‘a8ueyoxg uondnisiq SULIDOPUH dY], 0} FUIPIOIIL ‘S10}dNISIP SULIOOPUD Pa3oadsns 10 umouy| 21edIpul saureu punodwod par
‘uey) 191813 ‘< SU0qIed0IpAY dnewoIe J1[oAdA10d ‘Hy{ ‘pazAleue jou ‘eu fweiSony 19d swerSororw /31 19917 Jod swerdororu “/8M (901A10G s10RNSqQY oIy ‘S ‘punodwiods a)sem druesdio ‘HOM O]

panuIu0)—6-900g ‘UISUOISIAA ISEBYINOS ‘sasn a|qissod pue ‘sasse|d Jiay) ‘pajdwes spunodwod aisem aluebig g ajqel



isconsin, 2006-9

, Southeast W

ici

ic Toxi

Occurrence and Aquati

Organic Waste Compounds in Streams

32

(ooumysIsal [e1qOIOTWL

paxmboe 10J UIOU0D) [BIGOIOIWIIUL JUBIOIJUISI(] 0% 0120 §rE08¢E #UIPSOPHL
YSemyinour ‘soqy o o SJUBIOQJUISIP
O1AYJUAS JO SULINIOBINUBW “OPIOTWI]S “JUBIIJUISI 0§ 5020 0567801 1ouedd [eIQOIOIWITIUY
JUB)ODJUISTP R e 1) 1)~
‘STROTIIAYD JOYJO QAJOSSIP ‘DANBAIOSAId POOAL 05t 010 51901 (josa1d-p.pd) josaiy-d
Jud[[odar ojmbsow ‘sasn UeqIn ‘aproroasuy 001 ST0T0 €C9vEl (L) oprwren|o)-nou-[AYRIP-N ‘N
(szeI00 Bn& siac pu el 01°C0 L) SOOI
[903SOAI] U0 sajisered JO [01UOI “OPION}OISU] :
S S 0¢ $0°T0 S-Iy-gge uouzelq
‘oFesn [ernoLIdeuou Jud01d ()< ‘OpIoNoAsu] c
SOPION}0ISU]
(100T JO Se pajoLsal SN JNSAUWOP) e ol
[0U0D WL} Pue }s3d O1ISAWOP “OPIANIASU] L5 5020 e88-126C sojuddioryd
muzﬁmot@:ﬁ P 0s $0°T0 8-¥L-98 9lozeqIen
‘soAISO[dx0 ‘SoAp FurjorINUBIA ‘OPIonIASu]
dougsisiod moj ‘sasn uapred pue do1d ‘Opronoasuy 'U 0'1°C0 7-ST-€9 [Areqre))
dopyoe] Cr e Gy
q 03 Joud parpdde ‘(A[uo doiouou) oprorqroHq 0% 916070 0-81-0151 Hopmoid
[OUOD }IULIS) e T T ST SO —oo-
saneAtosaxd poos ‘aprorSuny “ApIIGISH eu TEOTILTOL S0 $-98-L8 (dDd) 1oueydodofyoriuog
OBEUIEIp [EINOLIBE 0¢ S0T0  TSHSITIS N EEE AN
Jo J03e01pUl (9p1onsad osn [e10uds) opIoIqIoH
Jay/g108 ‘suoSoyped ySiq mepjiw e o
‘(opronsad asn [e10Ua3) APIdIFUN ‘OPIOIQIOH ol §070 T6I-LE8LS IAXEIEN SPIOIGIH
ap1o1q1ay dord-uou e ‘uoanip Jo jeperddq 'U 079160 €-9€-701 dreueAoost [Auaydosoyoiq
ysniq/sse1d uo a3esn doro-uou 005 9050 970 ‘20 6-Ob-blE —
Juodsad ()8< (apronsad osn [e10uds) op1oIqIoH :
Kem jo sjy3u1 peodjrel pue Aemy3iy pue puejdoio uo .
Pasn pue [01JUOI PAIM JOJ JATIII[IS ‘OPIIQIdH 001 ¢o 6-veeiol SHizehv
$(6/6rl) (1/6)
sojdwes sajdwes 1aqunu ssefo
Jsaainos 1o sasn punodwoa a|qissod Juawipag 1918 Ansibal aweu punodwo) MO
: sV

|1aAa] Bunoday

[(1107) "ouT ‘eSueyoxs uondnisiq duLOOpUL oY, 0} SUIPIOdIE ‘s10}dNISIP SULIOPUD Po3dadsns 1o umouy| ajedIpur soweu punodwos par

‘uey) 1918AI3 ‘< SU0qIed0IpAY dnewoIe J1[oAdA10d ‘Hv{ ‘pazAleue jou ‘eu fweiSory 19d swerSororw /31 19917 Jod swerdoorwu /81 (901A10G s10RNSqQY oIy ‘S ‘punodwiod a)sem d1uesdio ‘HOM O]

panuIu0)—6-900g ‘UISUOISIAA ISEBYINOS ‘sasn a|qissod pue ‘sasse|d Jiay) ‘pajdwes spunodwod aisem aluebig g ajqel



33

Table 2

911[0qE)dUW JUSTIANOP JIUOIUON 0S 01 %0°C0 6-99-0%1 x[oudydi£100-110)-f,
9)1[0qeIoU JUIFIAOP JTUOTUON 0S 0T°S0°CE0 VN «91B[AXO0a1p [oudyd(K10()-119)-f
9)1[0qeoU JUITIAOP JTUOTUON 0S 0'1°C0 +-97-908 1 «(Jouayd[f100-putiou-1) joudydi£100-f
)110qeIdW JUFIONOP OIUOTUON 00S 0791 8-S€-+01 we[Axoyoouowr [0udydjAUON-f
sojjoqelow
JuadIoleq
Q)I[0qE)dU JUSTIANOP JIUOIUON 000°T 0STE  €¥8-LTH0T xere[AxoyaIp jousydjAuoN-
2)I[0qE)OU JUSTISIOP JIUOTUON 0SL 0691  €SI-TS8%8 «(SI9WOSI [[& Jo wns) jouayd[AuoN-1
911[0qE)dUW JUSTIANOP JIUOIUON 0¢ 0'1°T0 y79-66S xloudydjAun)-f
9)1[0qeoU JUIFIAIOP JTUOTUON 0ST I VN «e[AXOIo0uOoW [oudyd(A10()-119)-
$(B>y/6r) (1/61)
sojdwes sajdwes aqunu ssefo
1532un0s 10 sasn punodwo 3|qissod Juawipag 1918 Ansibaa aweu punodwo?)
: SY9 IMO

|1aAa] Bunoday

[(1107) "ouf ‘a8ueyoxg uondnisiq SULIDOPUH dY], 0} FUIPIOIIL ‘S10}dNISIP SULIOOPUD Pa3oadsns 10 umouy| 21edIpul saureu punodwod par
‘uey) 191813 ‘< SU0qIed0IpAY dnewoIe J1[oAdA10d ‘Hy{ ‘pazAleue jou ‘eu fweiSony 19d swerSororw /31 19917 Jod swerdororu “/8M (901A10G s10RNSqQY oIy ‘S ‘punodwiods a)sem druesdio ‘HOM O]

panuIu0)—6-900g ‘UISUOISIAA ISEBYINOS ‘sasn a|qissod pue ‘sasse|d Jiay) ‘pajdwes spunodwod aisem aluebig g ajqel



in, 2006-9

Isconsin

, Southeast W

ici

ic Toxi

Occurrence and Aquati

Organic Waste Compounds in Streams

34

yseayynowr yuawu] ‘sdop ysnod ‘sanaresi) 0§ S0 ¥'0°CTE0°6T0TO [-8L-68 [OYIUeIN
uondros
9)1[0gE)oU SUNOIIU ATRWLL] Bl 0180 9-96-981 auIuno) -o1duou
‘s3nip uewny
o|qepeidsporq o Gt on. SuoIlE
/3[1qoW AIOA “On3aInIp ‘sageIoAdq Juenung 50720 08085 IO
SO0URISEIJ PUB SIOAB[] 001 S0°CT0o €-59-611 sourjournbosy
sjue)oJuIsIp pue A1owngiad ur doueISer] 0S S0°CT0 S-9L-+C1 +]09UI0qOS]
99JJOO UI QOURITEL] JUSIPAITUI AU IPIONSIJ 001 $0°C0 6-CL-0T1 alopuy
Iojem punoi3 ur o o «(dDHH) uel
judysisiod (oSesn peardsopim) ooueiFey snjA 0§ 50720 §-s0ceed -Kdozuaqeyuado[oLd [AyjowexayoIpAYexdH
[eJIATJUR ‘[RIqOIdIWIIUE ‘QpIoISuny ‘sjponpotd o o SUBLUOWIA-
PpIoysnoy pue pooj Ul d9dueISelj pue SULIOAR] SO 05 §0720 §7LT6865 * e sooueSery
pue SI0AB[]
SIUUIUIO ‘JUBIOPO ‘TOAR]] 0S S'0°C0 7-7T9L sloydwe)
sdeos pue sownygiod 10 9ALRXI] 0S S0v0°TOo 6-19-611 xouousydozuog
I9jeMpunois ul I o +*(NLHV)
judysisiad ‘(93esn peardsopim) soueidesy ysn 05 §070  Lrilsvllc ouoreyiydeu oIpAyend) [Ayowexay [A190y
muwNHONVUO_ A Ceen ¢ N ¢ N fen Coe _ _ auouaudol1dd
ul JOAR[J ‘000BqO} pue JUd3I9)9p Ul doueIFer] 051 §0 70 LEO T€0 €0 T0 09886 a0y
JIe) [BOD PUB SOI9J UI [OU)S ‘9oueISel] 0S 01°C0 I-4€-€8 (10183[S) S[0pPUI-H [-[AYION-€
$(6/6rl) (1/6)
sojdwes sajdwes 1aqunu ssefo
Jsaainos 1o sasn punodwoa a|qissod Juawipag 1918 Ansibal aweu punodwo) MO
: sV

|1aAa] Bunoday

[(1107) "ouT ‘eSueyoxs uondnisiq duLOOpUL oY, 0} SUIPIOdIE ‘s10}dNISIP SULIOPUD Po3dadsns 1o umouy| ajedIpur soweu punodwos par

‘uey) 1918AI3 ‘< SU0qIed0IpAY dnewoIe J1[oAdA10d ‘Hv{ ‘pazAleue jou ‘eu fweiSory 19d swerSororw /31 19917 Jod swerdoorwu /81 (901A10G s10RNSqQY oIy ‘S ‘punodwiod a)sem d1uesdio ‘HOM O]

panuIu0)—6-900g ‘UISUOISIAA ISEBYINOS ‘sasn a|qissod pue ‘sasse|d Jiay) ‘pajdwes spunodwod aisem aluebig g ajqel



35

Table 2

*$90INOS 19MIS AIejiues woly A[oyI] spunoduiod 10JedIpul-Idjemalsem d1ISAWOP q 0} SIOYINE dy) Aq PAIdPISU0d spunodwo)) |

"L00T ‘s10y30 pue 33nez |

"SOOUDIRJIDIUI JO 3SNLBIIQ PAJLAJ[D A[SNOLIEA d1am s3[dues JuSWIPIs JO S[9Ad] Sunioday ,

SSAISO[dX3 BU 0T -GT- (WI0JOWO0Iq) SUBYIOWOWOI]L
/A1eyiun 9onpoidAq UORUIZO JOJBMIISBAN 50720 sesl 3 4 w aHL
snoou
uoro] SuIqIosqe-A () 25eI12Aq ‘poOy ‘JudWIUI] e S0 °St0°C0 8-9¢-611 ae[Aoryes [N ~[[OSIy
JueIOpOdp Juedruny Jueodal YIoN 0S S'0°C0 L-9%-901 QUIZUIQOIOTYII(-#° ]
[o101s Jue|d € OS[E “I0JEOIPUI [£30) & U 0s¢ STOTYT 118071 ‘1670 'S80 ‘80 G-88-LS [0133S3[0Y D
Joded Suisodwiooop ‘dysem [[iw-dind ‘[o10)s Jue|d 008 PTOTLTOTETSOT 6080  8-L¥-99761 Jouesewsng-eaq
S[010)S
[0193s Jue]d 008 TESIT60TOTOT ST 80 S-9-€8 [019)50}1S-B19q
J0YeJIpUL [€39] SI0ATUIET) 008 0T91°S1T1°80 6-89-09¢ [oueisordo)-e1ag-¢
$(B>y/6r) (1/61)
sojdwes sajdwes aqunu ssefo
1532un0s 10 sasn punodwo 3|qissod Juawipag 1918 Ansibaa aweu punodwo?)
: Sv0 Mo

|1aAa] Bunoday

[(1107) "ouT ‘eSueyoxs uondnisiq duLOOpUL oY, 0} SUIPIOdIE ‘s10}dNISIP SULIOPUL Po3dadsns 10 umouy| ajedIpul soweu punodwos par

‘uey) 191813 ‘< SU0qIed0IpAY dnewoIe J1[oAdA10d ‘Hy{ ‘pazAleue jou ‘eu fweiSony 19d swerSororw /31 19917 Jod swerdororu “/8M (901A10G s10RNSqQY oIy ‘S ‘punodwiods a)sem druesdio ‘HOM O]

panuIu0)—6-900g ‘UISUOISIAA ISEBYINOS ‘sasn a|qissod pue ‘sasse|d Jiay) ‘pajdwes spunodwod aisem aluebig g ajqel



isconsin, 2006-9

, Southeast W

ici

ic Toxi

Occurrence and Aquati

Organic Waste Compounds in Streams

36

NI ‘101 NI ‘9°$T9 MON €Yo LT6'09  SOL'0d 6L¥0°09 06 001 IL oIk
NI ‘659 NI €929 MON ‘EVE0 IS6°0° 61502 78002 06 001 IS SuaIurUaY
DY ‘L8109 NI 9270 ¥1-HO ‘71709 [L80°0° LOLO0® 18200 0L L9 6 audpeyiydeN
SHVd
NI ‘911 NI ‘9°$T9 MODN 1590 19 L2602 190709 06 00T 9L suayjueIon]{
NI ‘€T'L NI ‘88°89 MON P1°09 0¥°0 w0 Lyp0°09 001 S6 €C auaikd[e]ozuog
NI 0°T NI 91°S MIN ‘955003 ¢81°0°  8I1'09 CPI009 06 YL 4 JuddEIUY
oy (o ‘aa7 . . . ##(C 4 1014]) apeydsoyd
DT T¥90°0° NI €T°0 MDN 89T0 29170°0°  $8L0°0°  CI90°0° 09 6y 0€ (14do1dos1o1o[yoIp)SIIL
MO0 ‘€19 NI ‘G190 DY Vel ¢86'09  68€°0°  89T09 09 9 0¢ xx1eydsoyd (jAypakxoing-g)siiy,
SJUBPILIAT 11 ]
NI “Pi1°09 NI ‘6912 NI TY v1¥0°0° €0 6€50°0° 0¢ YL e sx2reydsoyd [Ainquiy,
w5 (10130 [Auoydipowoiqenoy)
aN aN aN aN anN aN 0 0 0 1 10ua3u00 Qe
NI ‘€1°C NI ‘86T NDT91+°0 0€°09 SY°0 160°09 001 S6 9y auoumberyuy-0[‘6 siuewgid/sek(q
ININT ‘L' AR NANE INDTT1€0° 69C0°  vPI'0°  €90°0° 001 1L, 144 Vv [ouaydsig
INDT ‘6LE°0° RIS A NI 9€°S 8LT0° STI9  6£C0° (V% €€ e SlozEnaza SIUEpIXOnuY
“HI-TAWON-§ S
(VHE)
aN aN aN aN aN aN 0 0 0 S[0STURAXOIPAT--]AINE-119}-€
lajem Moy Mo} 18)em Mo} moj
13jem alod MOpuLI0)S Mo} aseg
alod -wio)g  aseg alod -uuo)g aseg
«9Us pue ‘(7/6n) +(7/60) (Juaasad) aweu punodwo) $sejd JMO0
uoneHuUIIU0I uoneHUIIU0I sal1ouanbayy
pajoa)ap wnwixep pajo2)ap uelpap uonoaaQ

"6-900¢ ‘UISUODSIAN ISEAYINOS ‘sa|dwes Jalem Jo synsal [eanAjeue Jo Alewwns pue pajdwes spunodwod aisem ojuehig

[(1107) ouf “@3ueyoxy uondnisi(] SuLIOOPUH Y], 0} SUIPIOIOE
¢$10)dnIsIp QULIOOPUD Pa3dadsns 10 umouy| 9)ed1pul saweu punodwod pal {u0qIed0IPAY dnewoIe d1[9KdA10d ‘Hyd ‘parewnIse @ (pajooldp jou ‘gN ‘1031 1od swersororw “J/31 ‘punodwods 9)sem o1uesdio ‘HM 0]

‘ep a|qe]



37

Table 4a

DU ‘190709 aN aN 190°0° aN aN 01 0 0 [Axe[eIoN

ININT ‘€92 MIN ‘L1190 ININT ‘S119 IS°Le 8C°0° 06100 06 L9 ¥9 apeuekoost [Kudydoroyai
SopIoIqIoH

ININT “29°2° NI “6LE°0° ININT ‘T'92 90 €91°0°  TITOd 0¢ 8¢ 91 [rorwiolg

ININT “Lib°09 DU vl €0-HO ‘S6L°0 8G€0°0°  €TI'0°  TLYO'0° 06 oy 69 suIzeny

NI ‘9110709 MIN 6910709 INDT ‘1820702 8L00°0° S600°0° T800°0° (0% 81 (7 (O¥Hd) duayie0Io[yoenIL,
SJUSA[OS

MOH ‘€190°09 NSO ‘T'SI9 MY ‘98€0°0° 1€€0°0° e LTI00° 09 001 (4 auoioydosy

aN NI ‘1800702 aN aN 180000 AN 0 € 0 (Sudumo) suazuaqjhdoidosy

NI ‘601709 NI “LLEO ¥1-HO ‘8109 TTEO'0°  8LEO'0°  TETO09 09 9 91 oudreydeuAyon-¢
s[ong

NI “€€L0°09 NI “6LE°0 #1-HO ‘65102 6S10°0°  T€TO'0° 1009 001 143 0¢ ouseypydeujfyowiq-9°g

NI 76L0°09 NI ‘61€°0 ¥1-HO ‘T€1°0° 68€0°0° CTI€0'0° 1010°0° 09 6S 81 audpeyiydeulAyoN-1

INSO L8L0°02 NSO ‘810 MOH ‘L8°0 °6¥0°0°  STI'0° TTSO'09 06 06 (47 (1 1034

dreydsoyd (JAy32010[y9-7)SLL],

MOH ‘187009 NI ‘911700 MDOH ‘S550°09 8610°0° T1€¥0°0° 9¥C0°0° 0¢ 4% 14 apeydsoyd jAusydury,
an MIN “T8T0 [N “IST°09 aN 9%50°0°  9T€0°0° 0 Sl S1 2)enId JAYIeLLL, SIezronse[d

aN MIN 910 €0-HO ‘€0 aN 1ST0° 120 0 9T S ajereyyyd [Aparq

o 1A Sence . : (dHAQ)
aN NI +'C ¥1-HO "60£°0° aN [ ) A 0 €C (@ overeyiyd (JAXoqIApa-7)sig
lajem Moy Mo} Ja)lem  moj  moj
1ajem alod MOJjulI0)S Mmojj aseg
alod -uno0ls aseg alod -uno)§ aseg
«9Us pue ‘(7/6n) +(7/60) (Juaasad) aweu punodwo) SSejd JMO0

uoeIUAIU0D

pajaajap wnwixep

uo1eIUAIU0D

pajoajap ueipapy

salauanbay
uonoalaQ

panuIu0)—6-900g ‘UISUOISIAA 1SEBYIN0S ‘sajdwes Jalem Jo synsal [eanAjeue jo Alewwns pue pajdwes spunodwod alsem aluehiQ

[(1107) -ou] “@3ueyoxy uondnisi(] SULIOOPUH Y], O} SUIPIOIOE
¢s10)dnIsIp QULIOOPUD Pa3dadsns 10 umouy| 9)ed1pul saweu punodwod pal {u0qIed0IpAY dnewoIe d1[9K0A10d ‘Hyd ‘parewnIse @ (pajooldp jou ‘N ‘103 1od swersororw “J/31 ‘punodwods 9)sem o1uesdio ‘HM 0]

‘ep a|qel



isconsin, 2006-9

, Southeast W

ici

ic Toxi

Occurrence and Aquati

Organic Waste Compounds in Streams

38

s 5(SIOWOSI [[ JO wns)

ININT ‘S°C19 NI “18°€9 LN THP 09 96¢°0° 1L°0°  $61°09 0L YL (4 jouaydjAuoN-
WINT S9°F NI “695°0 NSO ‘9€+0°0° 6S60°09  6SS0°0° 662009 09 9% 8 wxlOuUdAWn)-f  sdyjoqelow JudBISRQ
‘1o o0 ‘o 0o s x9IB[AX0yIO0UOW
an NI ‘01 N ‘12170 an £99°0 1170 0 01 4 TG
an DU “TLI0 02 IWINT ‘291709 AN TL90°0° LSSO'0° 0 € Ml 4% UBSOOLLL,
. e R ) ) ) SJUBJOQJUISIP
MOH ‘€€9 N ‘61570 ¥1-HO ‘115°0 ILT0°  T91°09 90 0€ 1€ 01 [ouayd [PIqoIINUY
MOH ‘6119 NI “SHT°0 NI TLTO 961°09 8990°0° 184009 0S €€ 91 (Josax)-p.ind) 10sa1)-d
oMy . o . : } (199@
=] 2} 2} 2]
SO N ‘9LL°0 NSO ‘€670 SOT°09 966002 8€£S0°0 06 78 8¢ S A
an NSO ‘S¥20°0° O 917709 aN  SPT00d  LIT0P 0 € 4 SOAIO[YI(]
an an an an an aN 0 0 0 uouIZer(
SOPIoNOasU]
an NSO ‘810709 aN aN 810°0° AN 0 € 0 sojuAdiory)
O 9€°1 N 98T MON “€L60°09 LLT'0®  6£1°09 807009 001 L8 0€ 9[0zeqIR)
an AN ‘601709 MDN ‘STT 09 AN  #080°0° 686009 0 81 € [A1eqIe)
NSO ‘607009 N “T6L0°0° NSO ‘S6%0°0° ¥020°0°  96¥0°0°  90£0°09 0S Sl 91 uojowoIg
NI “96L0°0° NI ‘9T°€2 WOT ‘10°€9 9990°09  LSP0°  9TL09 or LL ST (dDd) 1oudydouoyorjudg SOPIOIqIOH
ININ'T ‘THT 09 DU “8€°1 €0-HO 90L°0 €850°09  LLTO0®  90TO'0° ov 9 8¢ I0[YoR[0IIN
19jem MOJ} MOJ} 19)em Moy} MOJ}
13)em alod MOpw0)S MOJ} 3segq
alog -wio)g aseg alod -wlio)S aseg
«9Us pue ‘(7/6n) +(7/60) (Juaasad) aweu punodwo) SSejd JM0

uoeIUAIU0D

pajaajap wnwixep

uoieNUIIU0I
pajoajap ueipapy

salauanbay

uonaajaq

panuIu0)—6-900g ‘UISUOISIA 1SEBYIN0S ‘sajdwes Jalem Jo synsal [eanAjeue jo Alewwns pue pajdwes spunodwod alsem aluehiQ

[(1107) -ouf “@3ueyoxy uondnisi(] SULIOOPUH Y], O} SUIPIOIOL
¢$10)dnIsIp QULIOOPUD Pa3dadsns 10 umouy| 9)ed1pul saweu punodwod pal {u0qIedoIpAY dnjewoe d1[9K0A10d ‘Hyd ‘parewnIse @ (pajooldp jou ‘N ‘1031 1od swersororw “J/31 ‘punodwods 9)sem o1uesdio ‘HM 0]

‘ep a|qe]



39

Table 4a

DY ‘6890°0° NI “S60°0° aN 6890°0°  S60°0° aN €1 € 0 #xdUI[ournbosy
AN aN aN aN AN anN 0 0 0 #%[09UI0QOS]
DU 201 NI 90709 NI ‘810709 660  LEEO09 1600709 0¢ 01 01 a1opuy
. ) . ) o ) . ) «x(dDHH) ueikdozuaqejuado[dAd
INY 2620700 AN 7770702 [N 7570 ¥$C0°0°  $¥2C0°0°  S190°0° 0¢ €l §3 [AyIoWEXayOIPAYEXaL]
Y ‘T180°0° NI “T#1°09 MON TET 00 ¥990°09 Iv1°0° 1€1°09 0¢ € I xxUSUOWIT-p

sooueISelj pue SIOAR[]
OUY GLS0 NI “TLT09 INDT 99270 96S0°09  €LL0O°0°  €1¥0°09 00T (4 S1 xloydue)
DU ‘18L0°0° NSO ‘L£60°0° [N 911709 §950°0°  99S0°0°  69L0°0° 0$ £3 L #xduoudydozuog

an an [N 5090709 an aN  €0T0°0° 0 0 L or(NLHY) 29[t den
0IpAyena) [Aypowexay [£100y
aN NI ‘8170 NI T8€0°0° aN 0’0 T8E0'09 0 S I auousydojooy
MOH S'1 NI “TL00°0° NSO ‘S110°03 $S€0°0°  1L00°0° $S00°0° 09 8 € (1orex]s) ojopul-H [-[AYRN-¢
aN NI °L850°0° €0-HO ‘C€0°09 aN ¥S¥0°0°  TE€0'09 0 S I #x[0UYd[K100-110)-1
aN NI °LL' TR NI “6LL°03 aN 9Ty’ 09 9609 0 1T € #xNBIAx0YAIP [oudyd[K1(0-118)-f,
xx(10uSYdI100-[ewiIOu-p) S9MTOqRIOW JUTINNO
aN aN aN aN anN aN 0 0 0 jousydi£10- 1oq a
‘00co 0o w5 de[AXOIo0UOW
aN aN [N “895°0 an an 1670 0 0 0l (T TN
NI “6¥L°09 NI 96°19 [YIN “€0°€d 799°0° 90°19 6’19 0¢ 01 S B[0P [oudyd]KUON-f,
lajem Moy Mo} Ja)lem  moj  moj
1ajem alod MOJjulI0)S Mmojj aseg
alod -uno0ls aseg alod -uno)§ aseg
«9Us pue ‘(7/6n) +(7/60) (Juaasad) aweu punodwo) SSejd JMO0
uoneuU3dU0I uoneuadU0d sajouanbayy
pajaajap wnwixep pajoajap ueipapy uonaajaqg

[(1107) -ou] “@3ueyoxy uondnisi(] SULIOOPUH Y], O} SUIPIOIOE
¢s10)dnIsIp QULIOOPUD Pa3dadsns 10 umouy| 9)ed1pul saweu punodwod pal {u0qIed0IpAY dnewoIe d1[9K0A10d ‘Hyd ‘parewnIse @ (pajooldp jou ‘N ‘103 1od swersororw “J/31 ‘punodwods 9)sem o1uesdio ‘HM 0]

panuIu0)—6-900g ‘UISUOISIAA ISEaYINOS ‘sajdwes Jalem Jo synsaJ |eanAjeue jo Alewwns pue pajdwes spunodwod sisem ojuebig ey ajqe]



, 2006-9

isconsin

, Southeast W

ici

ic Toxi

Occurrence and Aquati

Organic Waste Compounds in Streams

40

'SUONOAIP YA safdures asoyy Auo woly pauruIelR( 4,

'SOIINOS JOMIS ATejues woly AJoy1] ‘Spunoduwiod 10JeoIpul-IojeMalSeM J1SOUWIOP 9q 0] SIOYINE dY) £q PaIdpIsuod spunodwiod sajeosrpuy

‘] 9[qE) Ul POUYAP Ik SUONBIAIGQE IS |

3 . O 3 . o 3 . D . o . o . o AEHOMOEO.HLV
MOH +10°0 NSO "T€10°0 NI 662070 LI10°0°  ¥I110°0 7100 0¢ 8 94 SUBIOWOWOIQI]
aN NSO ‘8510°0° MIN “90T0°09 aN 8G10°0°  90¢0°0° 0 € [ ape[Aores [ASN SODEUETSOSTA
ININ'T “€L0°09 NSO ‘S¥20°0° YN ‘801709 L6T0°0°  £€600°0° S6£0°0° 0s 8 I AUIZUdQOIOIYIId-* [
DYY ‘€9°9d NI SS9 ININ'T “81°99 6519 L1602 98509 06 LL €L [OI31S3[0YD)
NI ‘126709 NI “€6L°09 NSO ‘ST'1 LY'03  €6L0°  ¥99°0° 0s € L Jougjsewi3ng-ejoq
S[019)S
NI ‘ST NI ‘80°$° DU ‘s1°¢€2 LO'T® V19 ¥T6°09° 0L IL 144 [019)S0IIS-B19q
N €019 MIN 91729 ININT 9T €019 695°0°  Trr0° 01 83 81 Joueisordo)-1aq-¢
aN NI LIE0 MODH ‘I€°0 aN 091°0°  10¥0°0° 0 9¢ S [OUIN
o . a0 0o 0o SUIUO uonduosarduou
aN NI 61€°0 [IN"STE0°0 aN €580°0° 66200 0 0l (4 unoy ‘sSnup uewny
aN NI TIL0 INDT°99°0 aN 6v1'0°  SOI°0° 0 LA, 49 SUERED
lajem moyy moy lajem  mop Moy
lajem alod Mool Moy aseg
alod -wio)g  aseg alod -uuo)g aseg
«9)s pue ‘(7/6n) +(7/60) (Juaosad) aweu punodwo) SSejd JM0
uoneUIIU0D uoneHUIIU0I sa1ouanbayy
pajaajap wnunxep pajo2)ap uelpap uonaajaq

[(1107) ou] “@3ueyoxyg uondnisi(] SULIOOPUH Y], O} SUIPIOIOE

¢$10)dnIsIp QULIOOPUD Pa3dadsns 10 umouy| 9)ed1pul saweu punodwod pal {uoqIedoIpAY dnewoe d1[9K0A10d ‘Hyd ‘parewIse 9 (pajooldp jou ‘gN ‘103 1od swersororw “J/31 ‘punodwods 9)sem oruesdio ‘HM O]

panuIu0)—6-900g ‘UISUOISIAA ISE8YINOS ‘sajdwes Jalem Jo synsaJ |eanAjeue jo Alewwns pue pajdwes spunodwod sisem ojuebig ey ajqe]



q

Table 4b

‘800 ‘uewyong
“Z10T ‘S19Y10 puB OquIN[ed 4

"Z10T ‘YUSUIUOIIAUF Y} JO SIAISTUIIA JO [IOUNO)) UBIPBUR)) |

e[0T ‘AoUdSy U01)00)01] [BIUSWUONIAUY ‘S’ ,

€007 ‘Aouddy uona9)0I] [BIUSWUONAUY ‘S’ ¢

'8007 “AoudSy uo199}01d [BIUSTUUOIAUY ‘S’ v

'SOIINOS JOMIS ATejues woly AJoy1] ‘Spunoduwiod J10JeoIpul-IdjeMalSem J1SIWOP 9q 0} SIOYINE oY) £q PaIdpIsuod spunoduwod sajesrpuy |,

0 0 0 40T€ 100€°C = == (WLI0JOUIOIq) SUEYIOUWIOWIOILI], SRR
0 0 0 W76 4081 = = SUAZUDQOIOYII-H | .
0T 8¢ 0 a0'T - 299 08¢ +(SIOWOSI [[e Jo wns) joudydjAuoN-{ SoH[OqeIOW JUdTISR
0 0 0 081 400C°01 = = [OUdYd  SIUBIOQJUISIP [BIGOIIIWNUY
0 0 0 al0’ a oL1 oLl uoutzel(J
0 0 0 ac0’ a0’ STH0° 5€80° souAdiory) SOpIonoesuy
0 0 I al’ a€'€ 51T oI'C [A1eqIE))
0 0 0 = = 5S1 561 (dDd) 1ousydoioqyoeiuag
0 0 0 a8'L = = = I0[YoB[ORN -
0 0 I a0’S = = = [roeworg
0 0 0 a8'1 = = = suizeny
0 0 0 St 40€8 - - (D¥Ad) uayjeoIo[yoEnAL A0S
0 0 0 1026 4000°LTT - - suosoydos]
0 0 0 - - vOTh VvOVI°T (ouowmno) sudzuaqAdordosy
0 0 0 40€€ - - - suareyyydeuApoN-g spong
0 0 0 AT JLE = == oudeyiydeulApoN-1
0 0 0 4011 4008°T - - apererpyd [AyIeIQ S
0 € I G 100% - - (dHAQ) sverepyd (JAxaylAyse-g)sig o
06 6 €S aST0’ = al’01 all oudikg
0S IS 0 at’ 40€ al’61 al’6L audIyIURUSY ]
0 0 0 al'l 4061 a€61 €08 sudreyiydeN —
06 6 9% a0’ 1086°€ all’L 49'6C audjueIONn] |
06 6 61 aS10’ HT alS6" a86'€ sudikd[e]ozuog
06 L L1 aClo’ J€1 al’ 0T al 98 SUAIBIPUY
13)em alod mojuuiolg Mojj aseg A._\m-: A._\m_: A._\mq: A._\m-:
aluoay9 anay auoay9 amay
aweu —-::ca:—ou SSe|2 MO0

yewyauaq Ayoixe) anenbe
)samo| buipaaaxa sajduwies jo abejuaaiag

$321N0S 131}0 W0}
sylewyouaq Ayoixo) anenby

Yd3 woy
sysewyauaq Apaixo) anenby

[(1107) ou] “@Sueyoxy uondnisiq suLopuy Yy [, 03 Surpi0ode ‘s10)dnisip auLvopu pejoad
-SNS JO UMOUY 9)BdIpuUl Soweu punodwod pal {u0qredoIpAy onewore o1[9Ko4jod ‘Hvd ejep ou ‘-- Aouogy Uo01309101 [BIUWUOIIAUY ‘SN VdH 1031 Jod swerdotomu “7/31 ‘punodwos a)sem o1uedio ‘HOM O]

"6-900 ‘UISUODSIAA 1SBBYINOS ‘sajdwes 181eMm 10} SyJewyauaq AJoIxol onenbe umouy yym spunodwod alsem oluebig  qy ajqel



42 Organic Waste Compounds in Streams: Occurrence and Aquatic Toxicity, Southeast Wisconsin, 2006-9

Table 5a. Organic waste compounds sampled and summary of analytical results of sediment samples, southeast

Wisconsin, 2006-9.

[OWC, organic waste compound; pg/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)]

Maximum
Detection dT;d;;“d dete(t:teg
OWC class Compound name frequency . concentration
(percent) concentration Value
(ng/kg)* Site*
(ng/kg)
L 3-tert-Butyl-4-hydroxyanisole (BHA) 0 ND ND -
Antioxidants )
Bisphenol A 81 €98.42 el,500 LMM
Dyes/pigments 9,10-Anthraquinone 96 625 1,630 LMM
BDE congener 47 (tetrabromodiphenyl ether)** ND ND -
. Tributyl phosphate** 4 e20.4 e20.4 OSM
Fire retardants .
Tris(2-butoxyethyl) phosphate** 11 el6l e324 HCW
Tris(dichloroisopropyl) phosphate (Fyrol FR 2)** 4 e3.13 e3.13 MRW
Anthracene 93 364 1,690 KRM
Benzo[a]pyrene 96 1,230 3,360 KRM
Fluoranthene 100 4,370 14,900 MRW
PAHs
Naphthalene 71 88.5 278 KRM
Phenanthrene 100 2,320 7,630 MRW
Pyrene 100 3,460 10,600 MRW
Bis(2-ethylhexyl) phthalate (DEHP) 75 567 1,930 KRM
. Diethyl phthalate 88.9 88.9 LMM
Plasticizers .
Triphenyl phosphate e37.7 e37.7 KRM
Tris(2-chloroethyl) phosphate (Fyrol CEF) ND ND -
1-Methylnaphthalene 75 e25.4 129 KRM
Fuel 2,6-Dimethylnaphthalene 93 e30.3 el36 KRM
uels
2-Methylnaphthalene 68 48.9 167 KRM
Isopropylbenzene (cumene) 4 e2.34 €234 LMM
Solvents Isophorone 18 el3.6 e2l.5 LCM
Atrazine ND ND -
o Bromacil ND ND -
Herbicides
Metolachlor ND ND -
Prometon ND ND -
Carbazole 93 324 810 KRM
. Chlorpyrifos ND ND -
Insecticides o
Diazinon ND ND -
N, N-diethyl-meta-toluamide (DEET) ND ND -
p-Cresol (para-Cresol) 96 el92 2,670 KRM
Antimicrobial disinfectants Phenol 61 el05 e753 UCW
Triclosan™** 0 ND ND -



Table 5a 43
Table 5a. Organic waste compounds sampled and summary of analytical results of sediment samples, southeast
Wisconsin, 2006-9.—Continued
[OWC, organic waste compound; pg/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)]
Maximum
Detection dh:;d;l“d detecteq
OWC class Compound name frequency . concentration
(percent) concentration Value
(ng/kg)t ! Site*
(ng/kg)
4-tert-Octylphenol monoethoxylate** 4 ell4 ell4 KRM
4-Cumylphenol** 54 112 1,270 LMM
4-Nonylphenol (sum of all isomers)** 82 €907 e3,100 MRW
. 4-Nonylphenol diethoxylate** 14 €606 el,520 MRW
Detergent metabolites
4-Nonylphenol monoethoxylate** 11 e373 e463 MRW
4-Octylphenol (4-normal-Octylphenol)** 0 ND ND -
4-tert-Octylphenol diethoxylate** 0 ND ND -
4-tert-Octylphenol** 21 e29.4 e48.5 KRM
3-Methyl-1H-indole (skatol) 86 e2l.4 74.9 KRM
Acetophenone 50 e46.6 €220 KRM
Acetyl hexamethyl tetrahydro naphthalene (AHTN)** ND ND -
Benzophenone** ND ND -
Camphor** ND ND -
Flavors and fragrances .
d-Limonene** 18 e29.7 e59.5 LCM
Hexahydrohexamethyl cyclopentabenzopyran (HHCB)** 11 el5.4 el6.3 LCM
Indole 89 237 717 LCM
Isoborneol** ND ND -
Isoquinoline** €6.0 €6.0 HCW
Human drugs, nonprescription Menthol ND ND -
3-beta-Coprostanol 57 €229 €937 KRM
beta-Sitosterol 96 e3,670 e13,200 LCM
Sterols .
beta-Stigmastanol 82 e577 e2,450 MRW
Cholesterol 96 el,380 e4,420 KRM
Miscellaneous 1,4-Dichlorobenzene 18 e57.2 e72.3 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; pg/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)]

EPA

Sediment toxicity bench- Percentage
freshwater marks from other sources of samples
sediment .
OWC class Compound name . exceeding
screening Lo
benchmarkt Value Criteria type lowest
(ng/kg) (pg/kg) and source benchmark
Anthracene 57.2 46.9 ISQGP 82
Benzo[a]pyrene 150 31.9 ISQGP 89
Fluoranthene 423 111 ISQGP 93
PAHs
Naphthalene 176 34.6 ISQGP 64
Phenanthrene 204 41.9 ISQGP 93
Pyrene 195 53 ISQGP 93
Bis(2-ethylhexyl) phthalate (DEHP) 180 750 AETF 54
Plasticizers
Diethyl phthalate 603 -- -- 0
2-Methylnaphthalene 20.2 201 PELP 61
Fuels
Isopropylbenzene (cumene) 86 -- -- 0
Herbicides Atrazine 6.62 -- -- 0
Chlorpyrifos 0.52 -- -- 0
Insecticides
Diazinon 2.39 -- -- 0
p-Cresol (para-Cresol) 670 -- -- 14
Antimicrobial disinfectants
Phenol 420 48 AETF 46
Detergent metabolites 4-Nonylphenol (sum of all isomers)** -- 1,400 ISQGP 29
Miscellaneous 1,4-Dichlorobenzene 599 - - 0

T 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.

¥ Buchman, 2008.
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Appendix 1. Summary of Test Conditions for Conducting Sediment-Toxicity Tests'.

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

Sediment volume

Overlying water volume

Renewal of overlying water

Age of organisms

Number of organisms/
chamber

Number of replicates/
treatment

Feeding

Aeration

Overlying water

Test chamber cleaning
Overlying water quality
Test duration

Endpoints

Test acceptability

400 milliliter polypropylene beaker

100 milliliter

175 milliliter

2 volume additions per day

Third instar larvae or 9 to 12 days (Chironomus tentans)
7 to 14 days (Hyallela azteca)

10

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)

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

Dechlorinated tap water

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

Hardness, alkalinity, conductivity, pH, and ammonia at the beginning and end of a test. Temperature, pH,

and dissolved oxygen daily.

10 days
Survival and growth (dry weight)
Minimum mean control survival of 70 percent (Chironomus tentans)

Minimum mean control survival of 80 percent (Hyallela azteca)

!'U.S. Environmental Protection Agency, 1994.
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