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1.0
INTRODUCTION

This document presents the aguatic ecological risk assessment (ERA) for the Sheboygan
River and Harbor site in Sheboygan, Wisconsin, prepared for the U.S. Environmental
Protection Agency (USEPA), Region V.

The Sheboygan River and Harbor Superfund site is located in east-central Wisconsin,
extending approximately 14 mi (22 km) from slightly upstream of the Sheboygan Falls
Dam to the river mouth and harbor at Lake Michigan. This areawas designated as a
Superfund site in 1986 primarily based on elevated concentrations of polychlorinated
biphenyls (PCBs) detected in sediment and fish from the Sheboygan River. Three
potentially responsible parties (PRPs) were identified: Tecumseh Products Company,
Kohler Company, and Thomas Industries. 1n 1990, Diecast Corporation was identified as
an additional PRP (WDNR 19953).

ERAs are an integral part of the remedial investigation and feasibility study process
designed to support risk management decisions at Superfund sites (USEPA 1997). ERAS
evaluate the likelihood that adverse ecological effects are occurring or may occur as a
result of exposure to one or more stressors (USEPA 1992). Adverse responses can range
from sublethal responsesin individual organismsto aloss of ecosystem function

(USEPA 1997). This ERA is prepared in accordance with the interim final USEPA
guidance document for designing and conducting ERAs at Superfund sites

(USEPA 1997).

11 BACKGROUND

Historically, the primary contaminants of concern (COCs) in the Sheboygan River are
PCBs. A primary source of this contamination to theriver is the Tecumseh Products
Company, a die-casting plant adjacent to the river in Sheboygan Falls (Figure 1-1).
Contamination of fish by PCBswas initialy identified in 1977 by the State of Wisconsin
during its statewide monitoring program (WDNR 19953d). In 1978, concentrations in fish
3 mi (5 km) upstream from the harbor were found to exceed the U.S. Food and Drug
Administration (FDA) action level, resulting in the issuance of food consumption
advisories (Environ 1995). In 1987, a waterfowl consumption advisory was issued based
on exceedances of the FDA action level (WDNR 1995a). Investigations of the river
showed the highest concentrations of PCBs in sediment immediately downstream from
Tecumseh. Tecumseh used hydraulic fluids containing PCBs from about 1966 to 1971,
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and materials containing Aroclor 1248 and 1254 were inadvertently released onto soils
near the site. Tecumseh excavated 2,050 m® of PCB-contaminated soil in 1979 (WDNR
19953a). From 1989 to 1991, sediment from areas of the river most contaminated with
PCBs was removed or armored. The first round of removal and armoring was done as
part of the alternative specific remedial investigation process to pilot test remediation
aternatives. The second round of removal actions was part of an emergency process to
remove deposits where PCB concentrations posed risks to human health. Deposits
containing elevated PCB concentrations are still present in the Sheboygan River.

Additional potential point sources of contamination to the Sheboygan River are the
Kohler Company Landfill and aformer coal gasification plant. The Kohler landfill was
operated between 1950 and 1975 for the disposal of chrome plating sludges, enamel
powder, hydraulic cils, solvents, and paint wastes. The landfill was designated as a
federal Superfund sitein 1984. Results of aremedial investigation of the landfill
completed in 1991 showed that landfill wastes contained volatile organic compounds,
polycyclic aromatic hydrocarbons (PAHS), phenolic compounds, PCBs, and trace
elements including chromium, cadmium, lead, copper, antimony, and zinc (WDNR
1995a). These studies did not establish a pathway to the river from the landfill.

The former coal gasification plant, located along the east bank of the river (Figure 1-1),
was operated from 1872 to 1929 by the Wisconsin Public Service Corporation (WDNR
1995a). The plant is the suspected source of PAHs detected in sediments of the
Sheboygan River near the Pennsylvania Bridge and the Eighth Street Bridge

(WDNR 1995b). Thomas Industries, one of the PRPs for the Sheboygan River and
Harbor site, is a manufacturer of paint spraying equipment (WDNR 1995a). Information
on potential contaminant sources from Thomas Industries was not available.

1.2 OBJECTIVES

In the Superfund program, ERAS provide the risk information necessary for risk managers
to make informed decisions regarding substances designated as hazardous under the
Comprehensive Environmental Response, Compensation and Liability Act of 1980
(CERCLA; see 40 CFR 302.4). According to the Office of Solid Waste and Emergency
Response Directive 9285.7-17, ERAs are prepared 1) to identify and characterize the
current and potential threats to the environment from a hazardous substance rel ease, and
2) to identify cleanup levels that would protect natural resources from risk

(USEPA 1997).

Thus, objectives of this ERA are twofold: 1) to evaluate risk posed to aquatic organisms
and piscivorous birds and mammals exposed to toxic substances in the Sheboygan River
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and Harbor, and 2) to derive concentrations of PCBs and other COCs in sediment that
would be protective of the Sheboygan River ecosystem as assessed through surrogate
receptor species. In addition, this ERA includes recommendations regarding the
monitoring that will be needed to establish a baseline prior to remedia action and to
assess long-term remedy effectiveness (Appendix H).

The focus of this ERA isto estimate the present level of risk to the aquatic organisms and
piscivorous birds and mammals of the Sheboygan River and Harbor from exposure to
contaminated sediments, water, and biota. To estimate risk, tissue and sediment data from
recent studies, including the 1994-1995 Sheboygan River food chain and sediment
contaminant assessment conducted by the Wisconsin Department of Natural Resources
(referred to herein as the WDNR food chain study, 1996a) and data collected specifically
for this ERA, are evaluated in combination. In addition, other relevant data collected on
Sheboygan ecological communities by WDNR in recent years are included to provide an
overall context for the ERA. Thus, the recommendations made regarding protective
sediment concentrations and future monitoring needs reflect what is currently known
about the aquatic and piscivorous species in the Sheboygan River and Harbor aguatic
€cosystem.

To address flood plain soils that have aso been contaminated within the site, USEPA is
conducting aterrestrial ERA using the American robin as the surrogate species.
Earthworm and soil samples were collected for the robin study in November 1997. In
combination, this ERA and the terrestrial assessment address contamination in
environmental media of the river and harbor and in the floodplain soils. The combination
isimportant because of the dynamic interchange between floodplain soils and the river.

1.3 DOCUMENT ORGANIZATION

Thisreport is organized in eight sections. Section 1.0 provides an introduction to the risk
assessment, background information on the site, and objectives of the ERA. Section 2.0
presents results from the problem formulation phase of the ERA, including discussions of
resources at risk; selection of COCs; fate, transport and ecotoxicity of COCs; selection of
receptors of concern (ROCs); profiles of ROCs; the conceptual site model; assessment
and measurement endpoints; and risk hypotheses. Section 3.0 presents the eval uation of
risk to benthic invertebrates using the sediment quality triad (Triad) approach.

Section 4.0 evaluates concentrations of PCBs in sediment and fish tissue, examines the
relationship between PCB concentrations in sediment and fish tissue, and characterizes
risk to fish. Section 5.0 presents results of the food web model and evaluates risk to
piscivores. Section 6.0 discusses protective sediment concentrations for ROCs. Section
7.0 discusses overall ecological significance to the Sheboygan River and Harbor.
References are contained in Section 8.0.
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Figures and tables are bound separately in Volume 2.

The following appendices are bound separately in Volume 3:

Appendix A: Analytical Data ¥4 laboratory data from the 1997 ERA and the
WDNR food chain study

Appendix B: Toxic Equivalent Calculations

Appendix C: Laboratory Report, Freshwater Sediment Toxicity Testing
Program

Appendix D: Benthic Community Data
Appendix E: Life History of Limnodrilus hoffmeisteri and L. cervix

Appendix F: Parameterization of the Time-Dependent Food Web
Bioaccumulation Model

Appendix G: Impacts on Lake Michigan Salmonids
Appendix H: Recommendations for Long-Term Monitoring
Appendix |: Analytical Methods

Appendix J: Taxonomic Methods
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2.0
PROBLEM FORMULATION

The problem formul ation focuses the risk assessment and establishes the goals, breadth,
and major issues for consideration (USEPA 1992,1997). This section presents the fina
problem formulation. It contains sections on resources potentially at risk; the selection of
COCs and their fate, transport, and ecotoxicity; the selection of ROCs and species
profiles; and a conceptual modd with compl ete exposure pathways, assessment and
measurement endpoints, the study rationale, and risk hypotheses. The study rationale
section presents an overview of the toxic equivalency factor (TEF) theory and the
rationale for the additional field sampling conducted in August 1997 to supplement past
studies.

2.1 ENVIRONMENTAL SETTING

The Sheboygan River and Harbor site covers 14 mi (22 km) of the river from Sheboygan
Falls to Lake Michigan, including Sheboygan Harbor at the river mouth. The Sheboygan
River basin drains a total of about 725 km? and includes 2 major tributaries, the Onion
and Mullet Rivers (WDNR 19953). Land use upstream of the siteis primarily
agricultural and related open space. Adjacent to the site, land is used primarily for
industrial, residential, and recreational purposes. The Sheboygan River within the study
area can generally be characterized as a warm water stream with fairly low gradients and
shallow, turbid water with naturally high concentrations of suspended solids. Visibility is
generaly less than 30 cm and the water color is brown.

A variety of aquatic habitats are present within the river study area. The Sheboygan River
and Harbor site was divided into six river segments for the purposes of study design and
data evaluation for the food chain study conducted by WDNR (1995b). These segment
designations were also used for this ERA. The segment descriptions are as follows (see
also Figure 1-1):

Segment 1 % Reference area, upstream of Sheboygan Falls Dam: Other than
agricultural inputs, there are no known industrial sources of contaminants to this area.
Contaminants measured in sediment from this area were expected to be representative of
background levels. This segment has an average width of 22 m with typical riffle, pool,
and run habitats. Pools are generally between 0.5 and 1.5 m deep; the amount of rocky
substrates and fish cover are considered good for fish habitat (WDNR 1996b).
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Segment 2 % Estimated river mile (RM) 13.9 to 11.2, from Sheboygan Falls Dam
downstream to River Bend Dam: This segment includes the Tecumseh Plant, and
historically has had higher concentrations of PCBs than any other segments. Aquatic
habitat in this segment is dominated by long slow runs with very few riffle areas due to
the impounded nature of the segment. This river segment is generally between 20 and

30 m wide with water depths ranging from 0.6 to 1.2 m. The riparian zone in much of
this segment is thick scrub brush and deciduous forest, with substantial forest canopy over
theriver.

Segment 3% RM 11.2 t0 9.9, between River Bend Dam and Waelderhaus Dam:
Sediment in this areais contaminated with lower concentrations of PCBs than in
Segment 2. This areais an important depositional zone downstream from the PCB
source. The aquatic habitat is similar to that of Segment 2, described above.

Segment 4 % RM 9.9 to 5.0, from Waelderhaus Dam to the area where the Kohler
Company settling pond discharges to theriver: Concentrations of PCBsin the
sediment of Segment 4 are lower than Segments 2 and 3, and similar to Segment 5 based
on historical data. This segment was not sampled for the ERA because of similarities to
Segment 5 with respect to sediment contamination and limited accessibility. This segment
is characterized predominantly by riffles and runs with sediment deposited intermittently
in athin layer along the river banks. The width averages 30 m and water depthis
generally between 15 and 60 cm.

Segment 5 % RM 5.0 to 1.6, from the Kohler Company settling pond discharge to the
14th St. Bridge: This segment includes the Kohler Company historic discharge mixing
zone and the Kohler Landfill Superfund site. Contamination by metalsis generally higher
from RM 0 to 3 than in upstream portions of theriver. River Segment 5isalong, free
flowing segment, 20 to 30 m wide in the upper section between RM 5 and Esslingen Park
and 30 to 60 m wide in the lower section between Esslingen and Kiwanis Parks. The
upper section is dominated by riffle, pool, and run habitats generally less than 1.5 m deep.
Runs are dominated by rubble and gravel substrates considered to provide good to
excellent fish habitat and cover. The lower section of Segment 5 flattens, widens, and
deepens as the river approaches Lake Michigan; very few riffle areas are present in this
area.

Segment 6 % RM 1.6 to O, from the 14th St. bridge to Sheboygan Harbor in Lake
Michigan: This segment includes the former coal gasification plant site at approximately
RM 1.1. Concentrations of PCBs in sediment are lower than in upstream segments, and
PAH contamination is high adjacent to the former coal gasification site. Contamination
by metals is generally higher from RM 0 to 3 than in upstream portions of the river. The
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segment is generally between 50 and 80 m wide and 2 and 7 m deep. Flows are slow and
much of the shoreline is devel oped with light industry, marinas, and residential areas.
Thisareais asubstantial depositional zone due to the slow moving water.

2.2 RESOURCES POTENTIALLY AT RISK

Potential ecological receptor species considered for this ERA are benthic invertebrates,
fish, and birds and mammals that depend on aquatic resources of the Sheboygan River.
This section provides a general description of benthic invertebrates, fish, birds, and
mammals that reside in or around the Sheboygan River.

2.21 Benthic Species

The benthic and epibenthic community in riffles of the study area are dominated by
several families within Ephemeroptera (mayflies), Trichoptera (caddis flies), Coleoptera
(aguatic beetles), Diptera (midges), and Pelecypoda (freshwater clams). The soft
depositional zones are dominated by oligochaete worms. An important epibenthic
crustacean found in the study areais the species of crayfish Orconectes virilis

(WDNR 1990, 1993).

The oligochaetes represent the group most likely to be potential receptors due to their
ubiquitous distribution and numerical dominance within the benthic community, ingestion
of ninetimes their body weight of sediment per day (Slepukhina 1984), and multi-year life
spans. They are also an important group trophically, serving as an important food source
for numerous fish in theriver.

Oligochaetes are common in mud and debris substrate in streams and lakes. The most
abundant populations are found in organically enriched environments, athough they
occupy awide niche (Pennak 1978). Many oligochagete species are pollution tolerant
(Pennak 1978; Lauritsen et al. 1985). Regionally, oligochaete dominated communities
have been documented at the south end of Green Bay, Wisconsin, near the mouth of the
Fox River (Howmiller and Scott 1977), and throughout the organically enriched areas of
Lake Michigan (Lauritsen et al. 1985).

2.2.2 Fish

Fisheries surveys have identified year-round populations of warm-water resident fish
species and seasonal populations of cold-water anadromous fish species in the Sheboygan
River that are potential receptors of contamination (WDNR 1996b). The three damsin
the study area do not have fish passage facilities and therefore restrict the movement of
fish between stream segments. However, resident species can be swept from upstream
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segments to downstream segments during periods of high flows or flooding. Therefore,
many of the resident fish are found in all segments of the river while anadromous fish are
restricted to Segments 4, 5, and 6 below the Waelderhaus Dam (Nelson pers.

comm. 1997).

WDNR conducted a fish community survey of the Sheboygan River in 1994 that
evaluated fish and habitat indices in Segments 1 and 5 in the study area and five other
segments upstream of the study area (WDNR 1996b). Fish habitat was evaluated using
the Fish Habitat Rating - Rivers system (Simonson et a. 1994), and the fish community
was evaluated using the Index of Biotic Integrity (IBI; Lyons 1992). The evaluation
methods consider the physical attributes of the river and composition of the fish
community; they do not consider chemical contamination. The survey concluded that the
quality of fish habitat was good to excellent and the IBI rating was good in both
segments.

2.2.2.1 Resident Fish

The major resident fish species observed in the study area during a fish community survey
conducted in 1994 are presented in Table 2-1 (WDNR 1996b). This survey sampled
River Segments 1 and 5 in the study area.

Two of the most common groups of resident fish in the Sheboygan River study area are
the centrarchids (sunfish and bass) and cypriniformes (carps, minnows, and suckers). The
maost common centrarchids were smallmouth bass and rock bass; these species have been
observed in all segments sampled in the study area. Other centrarchids observed, though
not as commonly, included several sunfish such as bluegill, pumpkinseed, and black
crappie (WDNR 1996b). The centrarchids are nearshore spring spawners that are often
associated with aguatic vegetation, structure, or pools downstream of riffles. Y oung-of-
the-year appear in late spring to summer and all life stages are present within the river.

Y oung-of-the-year and young juveniles are expected to have the least amount of
movement within the river during normal flows, but this has not been studied or
confirmed. Thereis also evidence to suggest that the younger life stages are more likely to
be swept substantial distances downstream during flood events (Nelson pers.

comm. 1997). The smaller centrarchids such as black crappie and rock bass are
opportunistic benthic and pelagic feeders, feeding on a variety of benthic organisms,
aquatic insects, crustaceans, and small fish. The smallmouth bassis a piscivorous
predator that primarily feeds on larger fish or macroinvertebrates such as crayfish (Scott
and Crossman 1973).

Several large species of cypriniformes including common carp, white sucker, and redhorse
were numerically very common and abundant in total biomass in both segments sampled
in the study areain 1994 (WDNR 1996b). Carp were found in avariety of habitats
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including deeper riffles, runs, and pools with or without structure. White sucker and
redhorse were most often observed in deeper pools just below riffles not associated with
vegetation or structure. All of these species are spring spawners and all life stages can be
expected in the study area. Carp, sucker, and redhorse are primarily large benthic feeding
fish that live and feed in direct contact with the sediments (Scott and Crossman 1973).

Severa small minnows were numerically dominant in the fish survey conducted in 1994
and included common shiner, sand shiner, and horneyhead chub (WDNR 1996b). During
the WDNR food chain study longnose dace were also observed. These species can be
expected in most segments of theriver. They prefer riffle environments and feed primarily
on small benthic and epibenthic invertebrates (Scott and Crossman 1973).

Other larger piscivores such as walleye, northern pike, and channedl catfish were not
commonly observed in theriver. Walleye and channd catfish, both of which are common
lake residents, may be more common in segments below the Waelderhaus Dam, while
northern pike have been observed in several segments upstream of the study areain quiet,
shallow water with agquatic vegetation. All of these species are spring spawners and all
life stages are likely to be found in the river, although walleye and catfish may be transient
as adults. Walleye and northern pike are upper-trophic level predators that feed primarily
on fish. Channel catfish are opportunistic benthic feeders, although larger adults can be
piscivorous (Scott and Crossman 1973). Lake trout, alake-dwelling salmonid, was
documented in Segment 6 in 1976 and 1984 (WDNR 1997) but this speciesis not
expected to reside in the lower river for extensive periods because of its preference for
deep lake environments.

2.2.2.2 Anadromous Fish

Two groups of anadromous fish are present in the Sheboygan River—Pacific salmonids
which include coho salmon, chinook salmon, and steelhead trout; and the clupeids
(herring), which include alewife and gizzard shad.

The Pecific salmonids are not indigenous to the Great Lakes and are maintained by a
stocking program administered by WDNR. Juveniles are released into the lower river
below Wael derhaus Dam where they rear until they reach smolt size, then they migrate to
the open waters of Lake Michigan where they spend their adult life. After 2to 5 yearsin
the lake, the salmonids return to the lower river during spawning runs. However, suitable
spawning habitat is not present in the lower river, thus successful spawning does not
occur. In the spring, three strains of steelhead trout are planted in the lower river —late
summer, early winter, and spring varieties; the seasonal designation indicates the time at
which the spawning run occurs in the river. Chinook and coho salmon return to the lower
river during the fall months. This management program would indicate that either planted
juveniles or adults on spawning runs are present in the lower river year-round
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(Eggold pers. comm. 1997). Juvenile salmonids are opportunistic, feeding on benthic
invertebrates and insects. Adultsin the lake are top predators in the aquatic food web,
feeding primarily on alewife and other forage fish. Adults do not feed during their
spawning runsin the river (Scott and Crossman 1973).

In 1987, WDNR discontinued its stocking program because of sediment contamination by
PCBs. 1n 1990, the agency initiated a salmonid PCB accumulation study to assess the
viability of reintroducing a salmonid stocking program. Juvenile steelhead trout and coho
salmon were released in the river below the Wael derhaus Dam and were sampled at
intervals and analyzed for PCBs. PCB tissue analyses were aso conducted on the
returning coho salmon and steelhead trout. The results indicated that higher
concentrations of PCBs accumulated in juveniles released in the lower river in the fall
than in reference areas; these fish resided in the river through the winter and outmigrated
during the spring. PCBs did not accumulate in juvenile fish that were stocked in the
spring and that quickly outmigrated. Total PCB concentrations in skin-on fillets of sub-
adult and adult coho salmon and steelhead trout in the Sheboygan River did not differ
significantly from concentrations in sub-adult and adults returning to areference river
(Eggold et al. 1996). Because of these results, the salmonid stocking program (spring
release) in the Sheboygan River was reintroduced in 1994 (Eggold pers. comm. 1997).

223 Birds

A list of bird species associated with aquatic habitats of the river is presented in
Table2-2. Mot of the migratory waterfowl specieslisted in Table 2-2 are found
primarily in the harbor area (e.g., Northern pintail, Northern shoveler, lesser scaup). The
harbor area also supports bird species associated with open areas, such as gulls, terns,
cormorants, and, more rarely, ospreys (Patnode pers. comm. 1998a). Other waterfowl
species are year-round residents, such as mergansers, mallards, black ducks, and Canada
geese, and can be found throughout the study area. The maost common bird species
associated with upriver habitats are swallows and wood ducks. Both kingfishers and
great blue herons can be found throughout the study area, but they are not as abundant as
most of the species listed above because of their larger home range requirements. The
only known colony of black-crowned night herons in the Sheboygan River basin is found
in the study area near New Jersey Avenue (Pathode pers. comm. 1998a). The only
threatened or endangered terrestrial species known to inhabit the Sheboygan River and
Harbor areais the American peregrine falcon (Katsma pers. comm. 1997). An active
peregrine falcon nest exists near the Edgewater Power Plant at the mouth of the river.
There are no officially recognized critical wildlife refuges within the Sheboygan River
area (Patnode pers. comm. 1997).

In 1979 and 1985, WDNR collected several species of birds within the riparian zone of
the Sheboygan River adjacent to the study area and analyzed tissues for PCBs (Katsma
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pers. comm. 1997). Concentrations ranged from 100 to 200 mg/kg in tissues collected
from herons, kingfishers, and sandpipers.

WDNR has collected tree swallows for the past three years, analyzing tissues for PCBs.
Tree swallows feed heavily on aguatic insects emerging from theriver. In the study ares,
tree swallows were found to accumulate as much as 2 to 3 mg/kg of PCBs in 10 days by
feeding on emergent insects. PCB concentrations between 3 and 10 mg/kg were
observed in eggs. In 1995, impaired hatching and induction of liver enzymesin 12 day
old nestlings were documented. Growth and juvenile development were generally normal
if clutches got past the hatching stage. Tree swallows are now being banded to document
movement of adults. Data indicate that if one or two nests fail, the birds will move
upriver to another site (Patnode pers. comm. 1997).

2.2.4 Mammals

A list of mammal species associated with aquatic habitats of the river is presented in
Table2-2. Muskrat and raccoon are the most common mammalian species associated
with aquatic habitats. Beaver and mink are very rare below the Waelderhaus Dam
(Patnode pers. comm. 1998a). According to WDNR (1995a) mink populations are well
below what would normally be expected for the available habitat, and in fact no mink
were captured during a trapping study conducted along theriver. Itislikely that mink
observed in the study area either originally escaped from fur farms, or have emigrated into
the area from noncontaminated areas. Wildlife experts at WDNR believe that sufficient
habitat exists to support a moderate wild mink population (Patnode pers. comm. 1997).
Threatened or endangered mammal species are not expected to be found within the study
area (WDNR 19954). Historical datafor concentrations of PCBs measured in wildlife
from the Sheboygan River area are presented in Table 2-3.

2.2.5 Reptiles

In 1996, WDNR began a snapping turtle study, examining PCB concentrations in eggs
and performing enzyme and histopathology studies. PCB concentrations in eggs collected
from the lower Sheboygan River have ranged from 8 to 28 mg/kg compared to less than
0.1 mg/kg in eggs collected from the upper basin. Hatching success at the male-
determining temperature was reduced in clutches with total PCB concentrations higher
than 15 mg/kg. Gross deformities have been observed in 2 turtles, but were not correlated
with PCB concentrations. Liver enzyme activity in 8-month-old, PCB-contaminated
hatchlings is significantly suppressed. Two clutches collected above Sheboygan Falls
have been contaminated. To better understand and monitor movement of the adult
females, eight have been radio-equipped. Approximately 180 hatchlings have been
tagged with microchips and returned to the site of female capture and egg collection.
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Recapture and sampling of these individualsis planned to monitor survival, growth, and
PCB bioaccumulation (Pathode pers. comm. 1998b).

2.3 CONTAMINANT OF CONCERN SELECTION

This section describes the process of selecting COCs for benthic invertebrates, fish, birds,
and mammals. Separate approaches were used for each group of organisms; specific
methods and results for each group are described in this section.  The initial list of
contaminants considered for the ERA included PCBs, PAHS, metals, pesticides, and
dioxins and furans.

2.3.1 Pesticides, Dioxins, and Furans Analysis

Data collected on pesticides, dioxins, and furans for the 1997 ERA were used for
selecting COCs because limited data were available from previous studies. Pesticides
were not detected in sediment in 1987 (BBL 1990) and were only detected at very low
concentrations (5.8 ng/kg dieldrin and 7.3 ng/kg DDE) in one of the 18 sediment samples
collected and analyzed for this ERA in 1997 (Appendix A-1, Table A1-2). The quality
assurance and quality control (QA/QC) review of the data indicated that the identification
of pesticides in this sample may have been due to coelution with specific PCB congeners
eluting at the same retention time (Appendix A-2). Because of their tenuous
identification, and because pesticides were very rarely identified in sediment, the decision
was made to eliminate them as COCs and to focus efforts for the ERA on contaminants
expected to pose the greatest risk.

Dioxins and furans were also eiminated during the COC screening process. During
historical sampling, two sediment samples were collected and analyzed for dioxins and
furansin 1987. In one of those sediment samples, only 2,3,7,8-TCDD was analyzed, but
was not detected at a detection limit of 120 ng/kg wet weight (ww) (BBL 1990). Inthe
other sediment sample, collected from 6 to 8 ft deep in the harbor, tetra- through octa-
chlorinated dioxin congeners were not detected at a detection limit of 250 nmg/kg ww
(BBL 1990). Although sediment benchmarks are not available for the protection of
benthic invertebrates, these detection limits are orders of magnitude higher than proposed
sediment benchmark concentrations of 0.06 nmg/kg dry weight (dw) and 0.10 ng/kg dw
associated with low and high risk to fish, respectively (USEPA 1993a). Thus, the
potential for impacts on benthic invertebrates from dioxins and furans could not be
eliminated from consideration based on historical data. Thus, a phased sampling
approach was conducted as part of the August 1997 ERA sampling effort to explore the
concentrations of dioxins and furans in a cost-effective manner.
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Three composite smallmouth bass samples collected from Segment 2 were analyzed for
dioxin/furan congeners as part of this ERA to determineif dioxins and furans should be
retained as COCs and analyzed in al fish and sediment samples. These samples were
chosen because the highest concentrations of PCBsin fish and sediment have been
reported in Segment 2, and dioxins and furans have been reported as contaminantsin
some PCB mixtures (DeVault et al. 1989; Eitzer 1993; Hebert et al. 1994).

The fish tissue results were cal culated using the toxic equivalent (TEQ) approach. A TEQ
is developed for each sample as the sum of the dioxin-like toxicity of the PCB congeners
and dioxin/furan congenersto yield a single concentration equivalent to the toxicity of a
similar concentration of 2,3,7,8-TCDD (Equation 2-1).

TEQ = SUM(TEFi[Congener]i) Eqg. 2-1

Where TEQ is the weighted sum of dioxin-like toxicity, TEF is the toxic equivaency
factor (TEF) for Congener i, and [Congener]i is the wet weight concentration of a dioxin-
like congener measured in tissue and sediment.

The TEQ approach is based on results of numerous studies of laboratory animals and cell
culture bioassays which demonstrate that some of the most toxic planar hal ogenated
hydrocarbons cause similar adverse effects but have different potencies. In this approach,
a comparison of the toxicities of key planar halogenated hydrocarbons with the toxicity of
2,3,7,8-TCDD isusedto develop a TEF. A number of sets of TEFs are available; those
selected for this ERA are presented in Tables 2-4 and 2-5. Therationale for TEF selection
is described below.

For fish, studies on early-life-stage rainbow trout mortality have been conducted to
determine TEFs for dioxin-like PCB congeners by injecting graded doses of the congeners
into newly fertilized eggs (Walker and Peterson 1991; Zabel et a. 1995a). In these
studies, TEFs were calculated as 2,3,7,8-TCDD LD50/congener LD50. These TEFs were
used in this ERA because they were derived for rainbow trout based on in vivo
measurement of a population-relevant toxicity endpoint ¥ larval survival following egg
exposure. For congeners not included in these two studies, TEFs from the World Health
Organization (WHO 1997) were used. The WHO compilation represents the work of an
international program designed to devel op internationally-agreed-upon TEFs.

For mammals and birds, TEF schemes were applied to concentrations of PCB congeners
intheir diets. No TEF systemis available specifically for mink (Leonards et al. 1995).
From the studies conducted to determine which TEF system is the best predictor of
toxicity in mink, it was concluded that none of the available systems stands out above
another. The various TEF systems including the system developed by Safe (1993), the
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International TEFs (Ahlborg et al. 1994), and the H4IIE bioassay system all provide
similar results (Leonards et al. 1995; Tillitt et al. 1996).

While all the TEF systems for mammals provide similar results when evaluating
reproductive effectsin mink, the International TEFs were used in this assessment. The
International TEFs were selected because 1) they were developed using a consensus
approach and a broad data base of results from 1,146 studies, 2) the tests from which the
TEFs were devel oped underwent rigorous scrutiny and evaluation, and 3) the TEFs were
designed for use in risk assessments with endpoints that are ecologically relevant such as
embryo mortality in in vivo studies (Ahlborg et al. 1994; Tillitt pers. comm. 1997). This
last point is significant because mink are highly sensitive to adverse reproductive effects
when exposed to elevated PCB concentrations (Eisler and Belisle 1996; Wren 1991).

It should be noted, however, that thereis a poor correlation between species sensitivity to
reproductive toxicity and endpoints which have been documented as mediated by aryl
hydrocarbon (Ah) receptors, such as P4A501A1 induction (Moore and Peterson 1996). For
example, at a given dose, rodents (which are commonly used in testing) experience a
higher induction of 7-ethoxyresorufin-Odeethylase (EROD) activity than mink but
undergo less severe reproductive impacts than mink. Therefore, TEFs derived using the
traditional “animal models’ (i.e., rats and mice) are likely to underestimate toxicity in
mink.

A set of TEFs has been developed specifically for birds. Researchers have shown that
results of the H4IIE bioassay correlate well with hatching success of double-crested
cormorants (Tillitt et al. 1992) and other piscivorous birds (Giesy et a. 1994b).
However, another bioassay has recently been developed to measure EROD activity in
chick embryos which have been shown to be highly sensitive to dioxins and related
compounds (Brunstrém 1990). The chick embryo hepatocyte (CEH) bioassay was
developed to derive the 2,3,7,8-TCDD equivalent concentrations in eggs of wild herring
gulls and great blue herons (Kennedy et al. 1996). This study demonstrated that the
responses of two biological endpoints, EROD induction and porphyrin accumulation,
were highly correlated with the 2,3,7,8-TCDD equivalent concentrations cal culated using
the TEFs derived from the CEH bioassay.

The TEFsidentified in Kennedy et al. (1996) were used in this ERA to quantify exposure
and characterize risk to great blue herons because 1) the bioassay was developed to
evaluate the relative potency of 2,3,7,8-TCDD equivalent contaminants for birds, and 2)
the TEFs developed from the CEH bioassay and used to evaluate adverse effectsin the
great blue heron were highly correlated with the measured biological effects.
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Using the method described above, the dioxin/furan TEQ concentrations based on fish
TEFsin the 1997 ERA ranged from 0.94 to 1.3 ng/lkg ww and the total TEQ
concentrations ranged from 11 to 21 ng/kg ww (Table 2-6). These concentrations are
lower than 50 ng/kg ww, a screening concentration for fish tissue proposed by USEPA to
represent low risk to fish (USEPA 19934). The contribution of the dioxin/furan TEQ
concentration to the total TEQ concentration ranged from 6.3 to 8.5% in the three fish
samples (Table 2-6). Because of their relatively low contribution to the total TEQ
concentration, dioxins and furans were not carried through the risk assessment as COCs
for fish. Since additional fish and sediment were not analyzed for dioxins and furans,
potential risks to benthic invertebrates from these compounds were not evaluated further.
Because of the low concentrations found in fish, the likelihood of risks to benthic
invertebrates was not sufficient to warrant the high cost of dioxin and furan analysisin
additional sediment samples.

Dioxins and furans were not considered COCs for birds and mammals because of the
relatively low contribution of dioxins and furans to the total TEQ concentration based on
either bird or mammal TEFs. As shown in Tables 2-7 and 2-8, dioxins and furans
contributed less than 1% to the total TEQ concentrations for birds and mammals, and
therefore would not contribute significantly to the total risk.

2.3.2 Screening of Contaminants of Concern for Benthic Invertebrates

Historical sediment data used for the benthic invertebrate screening are presented in
Table2-9. Although removal actions have been conducted in some areas of theriver, it
was not clear from the documents avail able which samples were collected from areas that
had been remediated. Therefore all data were included for screening. This approachis
also protective in case remedies did not remove contaminants.

Contaminants considered potential COCs included metals, PCBs, and PAHs. A
contaminant was considered a COC if its maximum on-site concentration detected in the
sediments of the Sheboygan River exceeded the sediment benchmark concentration.
Threshold effects level (TEL) values from USEPA (1996a) were used as sediment
benchmarks to evaluate direct sediment exposure to benthic organisms (Table 2-10).
These TEL s were derived from freshwater exposures of Hyalella azteca using 28-day
survival, growth, and reproductive endpoints. TELS were calculated as the geometric
mean of the lower 15th percentile concentrations of the effects data and the 50th percentile
concentration of no-effectsdata. The TEL values were selected as protective COC
screening criteria because they are considered to represent sediment concentrations rarely
associated with adverse effects to benthic organisms.

All potential COCs had maximum concentrations that exceeded their respective

benchmarks and therefore were retained as COCs for benthic organisms. The metals
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included as COCs were arsenic, cadmium, chromium, copper, lead, mercury, nickel, silver,
and zinc. Concentrations of PCBs and PAHSs in the sediments exceeding the screening
criteria were widespread and of high magnitude. Metal concentrations exceeded the
benchmarks at fewer locations and at |ower magnitude.

2.3.3 Screening of Contaminants of Concern for Fish

Metals, PCBs, and PAHs were also potential COCs for fish. COCs were retained if the
95% upper confidence limit (UCL) concentrations of contaminants in fish from site-
related areas exceeded mean concentrationsin fish from reference areas by more than 1.5
times. Data used for screening fish for PCBs were PCB congener data for smallmouth
bass collected for this ERA in 1997. For metals, data used were those collected by
WDNR in 1994 for white sucker in areference areaand in Segment 6 (Schrank et al.
1997), because this was the most compl ete data set available for metalsin fish.

The 95% UCL concentrations for PCBs in fish from Segments 2, 3, and 5 were
substantially higher than mean concentrations from the reference area, so PCBs were
retained as COCs (Table 2-11). The only metals detected in fish from the reference area
or Segment 6 were copper, mercury, and zinc. The 95% UCL concentrations of metals
detected in fish from the site area did not exceed the respective mean concentrationsin
reference area fish enough to warrant inclusion of any metals as COCs for fish.

PAHs were not analyzed in fish collected for the WDNR food chain study in 1994 or for
this ERA. PAHs are expected to be extensively metabolized by fish (Eisler 1987a).
However, arecent study reported higher concentrations of PAH biliary metabolitesin
white suckers collected from the lower Sheboygan River compared to white suckers
collected from an upstream reference location (Schrank et al. 1997). The white suckers
collected from the lower river also showed biochemical indicators of exposure to PAHS.
Therefore, PAHs were retained as COCs for fish.

234 Screening of Contaminants of Concern for Birds and Mammals

For mammals and birds, potential COCs were mercury, PCBs, and PAHS, per discussions
with USEPA and WDNR. PCBs were automatically included as COCs because of the
elevated fish tissue and sediment concentrations at the study site. Mercury and PAHs
were evaluated using a two-phased screening approach to determine if they should be
retained.

Thefirst screening phase was conducted to compare site-specific sediment and tissue
concentrations with reference area concentrations. If the COC was not eliminated based
on the background screen, it was carried through to the next screening phase. The second
phase, arisk-based approach, was conducted using the approach presented in Sample et
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al. (1996), which involves calculating dietary benchmarks for potential COC and receptor
species combinations. |If the site-specific tissue concentration exceeded the dietary
benchmark, the contaminant was considered a COC and carried through the ERA.

Mercury and PAH sediment and tissue data from WDNR's food chain study, including
data on emergent and larval invertebrates and crayfish, and sediment and fish data from
the 1997 ERA were used in the screening process. In addition, mercury data for white
suckers collected from a reference area and from Segment 6 were used (WDNR 1997;
Schrank et al. 1997).

2.3.4.1 Phase | Screening: Background Comparison

Initially, the site-specific 95% UCL concentration of mercury and PAHs in the sediments
were compared to the concentrations from the reference area as shown in Table 2-12. It
was not possible to calculate the 95% UCL for PAHs for river Segments 2 and 3 for data
collected in 1997 because only one sample was collected in each of these segments. In
this case, the measured concentrations of PAHs, as shown in Table 2-12, were used for
comparison to the reference area.

Results of the sediment screening approach indicated that both mercury and PAHs should
be evaluated by screening the site-specific tissue concentrations against reference area
concentrations. The 95% UCL concentration of mercury in the sediments measured in
Segment 2 exceeded the mean reference area concentration measured both in the WDNR
food chain study and in the 1997 ERA (Table 2-12). Additionally, the 95% UCL
concentrations of PAHs exceeded the mean reference area concentrations in most river
segments.

The tissue screening assessment was conducted in the same manner as the sediment
screening. For each river segment represented, the site-specific 95% UCL concentrations
of mercury and PAHSs in tissues were compared to the mean concentrations in the reference
area.

Based on the results of the tissue screening (Table 2-13), mercury was eliminated from
further analysis. The site-specific tissue concentrations in larval insects and fish exceeded
the reference area concentrations by a maximum of 1.4 times, which was not considered
high enough to warrant Phase Il screening. However, individual PAH concentrationsin
invertebrate tissue from the site exceeded the reference area concentrations by as much as
9 times, as shown in Table 2-14, so PAHs were retained for comparison to benchmarks.
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2.3.4.2 Phase Il Screening: Dietary Benchmark Comparison

In Phase Il of the screening process a dietary benchmark was calculated for PAHs for
mammals. Water data were not evaluated in the assessment because data were not
available. This screening process follows the general method used in the Sample et al.
(1996) benchmark screening assessment approach. The dietary benchmark is a PAH
concentration in the piscivore diet that is equivalent to a no observed adverse effects level
(NOAEL) as shown in Table 2-15. Initialy afood factor was calculated using food
ingestion and body weight parameters (Table 2-15). Food ingestion rates were calcul ated
by devel oping a site-specific diet using literature and site-specific information, and
incorporating the energetic requirements of the piscivoresin relation to the energy content
of their prey (USEPA 1993b; Tables 2-16 and 2-17). A PAH dietary benchmark was
calculated specifically for mink, the mammalian species selected as an ROC for this ERA
(Section 2.5).

Before the PAH dietary benchmark was devel oped, the literature was searched for dietary
toxicity test-based NOAELs for mink. A NOAEL equivaent concentration for the
piscivore diet was then derived for PAHs (Table 2-18). This assessment, while highly
conservative, is appropriate for selecting COCs for a receptor species and was devel oped
based on the following assumptions:

ROCs reside at, and therefore forage exclusively from, the contaminated site
100% of the food ROCs consume is contaminated
100% of the COC is bioavailable

ROCs consume 100% of each tissue type, thereby consuming only the most
contaminated tissue

NOAELs were not available for every PAH for mink. The only PAH dietary study
available for mammals (mice) was conducted with benzo(a)pyrene. Since NOAEL s were
not available for all PAHs for mammals, the NOAEL for benzo(a)pyrene was used to
calculate the mink dietary benchmark to which all PAH tissue concentrations would be
compared (Table 2-18).

To screen for mink, the maximum site-specific PAH tissue concentrations in prey were
compared to the mammal dietary benchmark. Because this benchmark screening
approach is highly conservative, the maximum value was used rather than the 95% UCL
tissue concentration. Asaresult of this screening, PAHs were not included as COCs for
mink because the maximum tissue concentrations in prey items (Table 2-14) were less
than the mammalian dietary benchmark (Table 2-15).
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It was not possible to calculate a dietary benchmark for the great blue heron since an
acceptable dietary toxicity test using PAHs was not available for birds. Sinceit was not
possible to screen PAHSs for the great blue heron using the benchmark screening approach,
they were screened in a qualitative manner. The ranges of PAH concentrations measured
in emergent and larval invertebrates collected from the Sheboygan River during the food
chain study were 0.0011 to 0.044 mg/kg ww and 0.0071 to 0.038 mg/kg ww,
respectively. (PAHs were undetected in crayfish at a detection limit of 0.007 mg/kg ww
and were not measured in fish.) These concentrations are at least 3 orders of magnitude
lower than the concentrations reported to cause hepatic effects in mallards (Patton and
Dieter 1980), although the mixture fed to mallards in the Patton and Dieter (1980) study
contained only 3 of the PAHs measured in tissues collected from the Sheboygan River.
Furthermore, since consumption of aquatic insects alone will not likely result in adverse
effectsin great blue heron because aquatic insects do not constitute a significant portion
of the prey itemsin the great blue heron diet, PAHs were eliminated as COCs for birds.

Asaresult of the phased COC screening, PCBs were the only COCs that were evaluated
in the ERA for birds and mammals.

2.3.5 Summary of Contaminants of Concern Selected for the ERA

Table 2-19 summarizes the COCs evaluated in this ERA for each receptor group. PCBs
are considered COCs for benthic invertebrates, fish, birds, and mammals. Effects of
PAHs will be evaluated for benthic invertebrates and fish. Metals are considered COCs
for benthic invertebrates only.

24 CONTAMINANT FATE, TRANSPORT, AND ECOTOXICITY

This section contains transport and fate information for selected COCs. Section 2.4.2
presents ecotoxicity information for COC and ROC combinations identified in
Table 2-19.

241 Contaminant Fate and Transport

The ultimate fate and transport of contaminants in the Sheboygan River system will
depend on awide range of characteristics of the river system and on the physical and
chemical properties of the individual contaminants. In the following discussion, a brief
overview of potentially important physical characteristics of the Sheboygan River is
presented followed by a more detailed discussion of the fate and transport of the classes of
contaminants that have been selected as COCs—PCBs, PAHSs, and metals.
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2.4.1.1 Characteristics of the Sheboygan River

Water Flow % Dissolved contaminant concentrations and compounds associated with
dissolved organic matter in the water column will be transported rapidly throughout the
system as aresult of the river flow.

The Sheboygan River has amean annual discharge of approximately 7.3 m*/sec

(258 cubic feet per second [cfg]) based on data collected from 1942 to 1986. Recorded
flows at the U.S. Geological Survey (USGS) gauging station have ranged from a
minimum of 0.028 m*/sec (1 cfs) in August 1922 to a maximum flow of 217 m*/sec
(7,680 cfs) in March 1975 (David 1990).

The Sheboygan River is subject to seasonal flooding with peak flows typically occurring
in March and April. Figures 2-1athrough 2-1h show annual hydrographs of the river
measured at Sheboygan from 1989 through 1997. Unusually high flows of 3,000 to
4,000 cfs were recorded in April 1993 and June 1996 and 1997.

Transport of contaminants associated with dissolved organic carbon can also be
important. Relatively high dissolved organic carbon concentrations were measured in the
Sheboygan River between April 1994 and October 1995 (average dissolved organic
carbon = 8.0 mg/L). The presence of dissolved organic carbon has been shown to
increase the mobility of organic contaminants such as PCBs (Brownawell and

Farrington 1986) and decrease the bioavailability of these contaminants (McCarthy et

al. 1985).

Sediment Transport % In addition to water flow, sediment particles are resuspended
and transported downstream. The suspended particulate loading also follows a seasond
pattern with the highest concentrations of suspended material measured during the spring
floods in March and April when increased flow rates result in sediment resuspension.

The Sheboygan River is characterized by alternating riffle areas and deposits of fine
sediments along the shorelines with coarser sediments midstream. Some deposits are
quite large, in particular above the River Bend and Wael derhaus Dams, near Kiwanis
Park, and near the Eighth Street Island in Sheboygan. During large storms and flood
events, these deposits may be resuspended and redistributed within the river or
transported into the harbor. The Sheboygan River deposits approximately 23,000 m?® of
sediment a year into the harbor (David 1990).

Atmospheric Transport ¥ The atmosphere can function either as a source or asink
for contamination in ariver system. The relative concentrations of volatile compounds
(e.g., mono- and dichlorobiphenyls) in the water column and the atmosphere will
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determine the importance of atmospheric deposition as a potential source of
contamination relative to losses of volatile compounds due to evaporation.

In the following sections, the relative importance of specific transport and exposure
pathways will be discussed for each group of compounds.

2.4.1.2 Polychlorinated Biphenyls

PCBs are a class of 209 different compounds referred to as congeners. PCB congeners
are chlorinated biphenyls with one to ten chlorines attached to a biphenyl nucleus. The
chemical and physical properties of the individual congeners are largely determined by the
number of chlorines and the positions of the substituted chlorines. As the degree of
chlorine substitution increases, the aqueous solubility and vapor pressure of the specific
congeners decrease.

The fate and transport of PCBs in environmental systemsis controlled by distribution or
partitioning of PCBs between sediment, suspended particul ates, surface water, and biota.
The observed partitioning of nonionic organic chemicals, such as PCBs, is dueto
sorption to organic phases, including porewater dissolved organic carbon and sedimentary
organic matter. The extent to which congeners are associated with organic matter relative
to their dissolved agueous concentrations is related to their levels of chlorination. The
more chlorinated congeners have stronger tendencies to be associated with particulate and
dissolved organic matter than the less chlorinated congeners.

PCBs were marketed as Aroclors, complex mixtures of individual PCB congeners.
Aroclors are named according to their average chlorine content. For example, Aroclor
1248 contains 48% chlorine by weight and Aroclor 1254 contains 54% chlorine by
weight. The different chlorine concentrations of each Aroclor are reflected in its congener
composition. For example, Aroclor 1221 contains a larger proportion of less chlorinated,
di- and trichlorobiphenyls relative to Aroclor 1254 which contains a higher proportion of
the more chlorinated, penta- and hexachlorobiphenyls.

From 1959 to 1971 PCB-containing hydraulic fluids were used at the Tecumseh Products
site by either Die Cast Corporation or Tecumseh Products. From 1959 through 1969,
these fluids contained Aroclor 1248 and from 1970 to 1971 afluid was used which
contained a mixture of Aroclor 1254 and 1248. Among other operational activities,
Tecumseh Products constructed a dike sloping 45 degrees into the river using
contaminated soil from the Tecumseh plant. These activities introduced PCBs into the
river system and the PCBs have been redistributed throughout the river by natural
processes.
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Bioaccumulation of PCB congeners occurs as aresult of the partitioning of the congeners
between an organic phase (the organism's lipid content) and aqueous solution. Therefore,
bioaccumulation is highly dependent on the organism's lipid content and trophic level, and
on the hydrophobicity of the PCB congener. Octanol-water partition coefficients for
PCBs range from log Ko 4.09 to 8.18 (Hawker and Connell 1988). Connell (1991) has
shown that bioaccumulation can be predicted from octanol-water partition coefficients
when the K, lies between 2 and 6. Chemicals with log Kow<2 usually bioaccumulate
more than would be expected from their Koy vValues; chemicals with log Kqw >6 tend to
bioaccumulate less than expected (Connell 1991).

Biomagnification occurs when the concentration of a chemical increasesin increasing
trophic levels. Thomann (1989) extensively evaluated the relationship between the Ko,y of
achemical and its potential for biomagnification. Thomann concluded that
biomagnification through the food chain is unlikely to occur for chemicals with log

Kow < 5, but islikely for chemicals with log Koy between 5 and 6.5. Biomagnification
remains important for chemicals with log Kqw Values up to 8, although other factors, such
astop predator growth rates and bioconcentration by phytoplankton, take on greater
significance (Thomann 1989). If metabolization occurs, then these correlations are not
applicable.

Although PCBs are generally persistent, they can be degraded in situ to alimited extent
by resident microorganisms. Evidence for anaerobic reductive dechlorination of PCBs,
similar to that reported by others (Brown et al. 1987a,b; Quensen et al. 1988; Rhee et

al. 1993), has been reported for the Sheboygan River (David 1990; Sonzogni 1990;
Sonzogni et al. 1991). Dechlorination reactions appear to be occurring only in sediments
with total PCB concentrations greater than 50 mg/kg (David et al. 1994).

2.4.1.3 Polycyclic Aromatic Hydrocarbons

PAHSs are a class of nonpolar organic contaminants characterized by their highly aromatic,
fused ring structures. Environmental sources of PAHs include petroleum products and
combustion residue (i.e. soot particles). Because of their low aqueous solubilities
(0.0003 to 34 mg/L) and high octanol-water partition coefficients (log Koy = 3.4- 7.6),
PAH compounds in aquatic systems tend to be associated with sediments and biota.

In the Sheboygan River, the fate and transport of PAHs will be largely controlled by
sediment organic carbon content and dissolved organic carbon concentrations in the water
column and sediment porewater. The extent to which an individual PAH compound will
tend to be associated with either sediment or dissolved organic carbon depends on the
relative hydrophobicity of the compound which can be predicted from its molecular
weight.
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Lower molecular weight PAHsS % three aromatic rings or less % are more water soluble
and more easily degraded. Higher molecular weight compounds will tend to predominate
in sediments where they are subjected to burial, resuspension, and degradation reactions.
The available literature suggests that higher molecular weight PAHs are degraded by
microbes slower than lower molecular weight PAHs. Half lives for these compounds
range from months to years. Furthermore, biodegradation probably occurs more slowly in
aquatic systems than in soil (Clement 1985).

Uptake of PAH compounds by aquatic biotais rapid. However, PAH compounds are also
quickly metabolized and eliminated from most fish. Invertebrates, especially mollusks, do
not metabolize PAHSs as efficiently and may accumulate high tissue concentrations

(Eider 1987a; Varanasi et al. 1989). Bioconcentration factors for those species that do
not metabolize PAHSs tend to increase as the molecular weights and the octanol-water
partition coefficients of the PAHs increase.

2.4.1.4 Metals

Key factors that affect the partitioning and speciation, and thus the bioavailability, of
sediment metals include Eh (redox conditions), pH, porewater hardness, and the organic
carbon content of the sediment. The redox conditions, pH, and the porewater
concentration of dissolved organic carbon influence the oxidation state and the dissolved
speciation of the metal. Metals exhibit arange of binding affinities with both organic and
inorganic phases present in the sediment resulting in varying concentrations of dissolved
versus particulate metals. In addition, metals exhibit arange of stability constants with
dissolved ligands which determines the ratio of complexed to fregly dissolved speciesin
solution.

Total sediment metals concentrations are generally not predictive of the bioavailability of
these trace elements. Concentrations of certain metalsin porewaters have been correlated
with biological effects (Di Toro et al. 1990). For severa divalent metals, akey
partitioning phase controlling cationic metal activity and toxicity in sediments appears to
be acid volatile sulfide (AVS; DiToro et a. 1990, 1992; Carlson et al. 1991; Allen et al.
1993; Ankley et al. 1993). Simultaneoudly extracted metals (SEM) and AVS
measurements can be made to assess the potential bioavailability of SEM metals %
cadmium, copper, lead, nickel, and zinc.

The model states that if the AVS concentration is greater than the SEM concentration,
toxicity will not be observed (DiToro et al. 1990). In other words, if the SEM/AV S ratio
islessthan 1 or SEM minus AV Sislessthan 0, then sufficient AV S exists to bind all
SEM and adverse effects in benthic invertebrates are not expected. In contrast, if the
SEM/AVSratiois greater than 1 or SEM minus AVSis greater than O, sufficient AVSis
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not available to bind all the SEM; therefore, benthic organisms may be exposed to toxic
concentrations of metals.

The biocavailability of metals that form stable complexes with organic compoundsis
particularly complex. For example, methylmercury compounds are extremely toxic and
are efficiently bioaccumulated through aquatic food chains (Wiener and Spry 1996).
Methylmercury is formed in aquatic sediments due to microbial methylation of inorganic
mercury.

24.2 Ecotoxicity of Contaminants of Concern

This section discusses ecotoxicity of the COCs selected for each potential ecological
receptor group. Relevant toxicological endpoints of PCBs are presented for benthic
invertebrates, fish, birds, and mammals. For PAHSs, endpoints are discussed for benthic
invertebrates and fish. Relevant toxicological endpoints of metals are presented for
benthic invertebrates.

2.4.2.1 Polychlorinated Biphenyls

Benthic Invertebrates¥s PCBs have awide variety of effects on aquatic organisms.
There are significant interspecies differences in sensitivities to PCBs, even among species
that are closaly related taxonomically (Eisler 1986a). Most studies of the effects of PCBs
on benthic invertebrates have shown effects on mortality, growth, and reproductive

impai rment.

Fish%a Effects of PCBs on fish include mortality, growth-related effects, behavior
responses, biochemical alterations, and adverse reproductive effects. Of particular
concern are the effects of dioxin-like PCB congeners, which have the same toxic
mechanism as 2,3,7,8-TCDD (Walker and Peterson 1991; Zabel et a. 1995a).
2,3,7,8-TCDD and these dioxin-like PCB congeners cause early life stage mortality
associated with blue-sac disease, which involves subcutaneous yolk sac edema (Wisk and
Cooper 1990; Walker et a. 1991).

In addition, numerous field studies have reported increased mortality, pathologic
anomalies, and biochemical changesin feral fish collected from ecosystems where PCBs
have been reported and correlated with PCB tissue burdens (Niimi 1996). These
observations include reduced hatchability and poor survival of larvae taken from fera
organisms and reared in the laboratory (Mac and Schwartz 1992; Ankley et a. 1991).
Thisimpact is clearly important from an ecological perspective. Other impacts, such as
behavioral responses and biochemical alterations, are more difficult to interpret, although
some biochemical alterations may adversely affect reproduction (Sivargjah et a. 1978;
Chen et al. 1986; Thomas 1988).
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Birds%: A substantial amount of research demonstrates that adverse reproductive effects
occur in piscivorous bird populations exposed to PCBs and dioxins in the Great Lakes
Region (Jones et al. 1993, 1994; Tillitt et al. 1992; Giesy et a. 1994a,b). The bulk of the
research has focused on double-crested cormorants because deformities were first
discovered in this species. Some work has recently been done to evaluate reproductive
effects of PCBsin the great blue heron (Sanderson et al. 1994, 1997). Piscivorous birds
display a number of symptoms similar to those observed in other avian species exposed to
planar halogenated hydrocarbons in the laboratory including altered biochemical
homeostasis, physical deformities, fetotoxicity, and teratogenesis.  In addition to embryo
mortality, PCBs cause edema and beak malformations often recognized as crossed beaks
in double-crested cormorants (Firestone 1973; Schrankel et al. 1982; Brunstrém and
Darnerud 1983: al as cited in Brunstrém 1990).

Mammals%. Wildlife, especially mink, are particularly susceptible to adverse effects
from exposure to specific PCB congeners, including the non-ortho and mono-ortho
substituted PCBs, because their mechanism of action is similar to 2,3,7,8-TCDD
(Leonards et a. 1995). Residues from PCBs can cause mortality or serious reproductive
complications in mammals. Other clinical signs of PCB toxicity include anorexia, liver
and kidney degeneration, and gastric ulcers, which have been observed in mink fed PCB-
contaminated coho salmon (Wren 1991).

2.4.2.2 Polycyclic Aromatic Hydrocarbons

PAHSs vary substantially in their toxicity to aguatic organisms. Lower molecular weight
PAHSs (2- and 3-ring compounds) such as naphthal ene, fluorene, phenanthrene, and
anthracene are acutely toxic to aquatic organisms. Acute toxicity increases with
increasing alkyl substitution on the lower molecular weight compounds (Van Luik 1984).
Many of the higher molecular weight compounds with 4- 7 aromatic rings, such as
chrysene and benzo(a)pyrene, are less toxic but demonstrably carcinogenic, mutagenic, or
teratogenic to awide variety of organisms including fish, amphibians, birds, and
mammals (Moore and Ramamoorthy 1984; Eisler 1987a). Among aguatic organisms,
acute toxicity is most pronounced among crustaceans and least among tel eosts

(Eidler 19874).

Benthic Invertebrates ¥, Effects of PAHs observed in benthic invertebrates include
inhibited reproduction, delayed emergence, sediment avoidance, and mortality (Eisler
1987a; Landrum et al. 1991). In astudy of PAH toxicity to the amphipod Diporeia, the
mechanism identified as most likely responsible for observed acute toxic responses to
PAHs was narcosis (Landrum et a. 1991). Generally, aguatic invertebrates are less able
to metabolize PAHs than aquatic vertebrates, although metabolization rates vary widely
within and between phyla (Meador et al. 1995).
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Fish % PAHs are generally hydrophobic compounds and must be metabolized to more
water-soluble forms before they are excreted. In most fish, PAHs are rapidly taken up,
metabolized, and excreted so that concentrations found in edible tissues are generally low.
The major route of elimination is through excretion into bile. The biotransformation and
excretion rates can vary widely among fish species (Meador et al. 1995). Fish exposed to
PAHs may be induced to produce higher levels of enzymes capable of transforming PAHs
to more excretable but occasionally more carcinogenic metabolites (O’ Connor and
Huggett 1988).

Because fish rapidly metabolize and excrete PAHS, fish tissue residue concentrations of
parent PAH compounds do not provide a useful measure of exposure to fish (Varanasi et
al. 1989). Determining concentrations of PAHs in sediment is a useful measure of
exposure because PAH-contaminated sediment has been linked to adverse effectsin fish,
including reproductive impairment, immune dysfunction, increased incidence of liver
lesions, and other histopathological endpoints (Malins et al. 1987; Johnson et al. 1988;
Varanasi et a. 1992). Finerosion and liver abnormalities have also been observed in fish
exposed to extracts from PAH-contaminated sediments (Fabacher et al. 1991). Other
studies report sublethal effects on the cellular immune system (reduced macrophage
activities) in fish exposed to PAH-contaminated sediments that could result in increased
susceptibility to disease (Weeks and Warinner 1984,1986; Weeks et a. 1986). The most
common diseases generally affect the liver, although cataracts and pollution-related
disorders of the skin and gills may also occur (O’ Connor and Huggett 1988).

2.4.2.3 Metals

Benthic Invertebrates¥s Toxicity of metals to benthic organisms ranges widely from
dlight reduction in growth rates to mortality. Mollusks are generally less sensitive than
other aguatic phyla (Leland and Kuwabara 1985). The most sensitive life stages of
benthic organisms are generally the embryonic and larval stages. In freshwater, increasing
water hardness decreases the toxicity of cadmium, chromium, copper, lead, nickel, silver,
and zinc. Theform of metal also effects toxicity; for example, methylmercury is more
toxic than inorganic mercury. The combination of metalsin the environment may result
in additive, synergistic, or antagonistic effects, with the overall effect depending on the
toxicity of the metals in question, the specific physical and chemical conditions of the site,
and internal synergistic or antagonistic effects within organisms. Table 2-20 presents the
general ecotoxicological effects of specific metals on benthic organisms.
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2.5 RECEPTOR OF CONCERN SELECTION

Thefollowing eight criteria were considered in the selection of ROCs (not in order of
importance):

Trophic level

Feeding regime % bottom feeder vs. pelagic vs. piscivore
Sensitivity to COCs

Siteuse

Availability of site data

Human or ecological importance

Availability and appropriateness of toxicological data

Based on the above criteria, Six ROCs were selected 3% benthic invertebrates, smallmouth
bass, white sucker, longnose dace, great blue heron, and mink. The following paragraphs
provide rationale for the selection of these receptors.

Benthic invertebrate species were selected primarily because of their ecological
importance and their sensitivity to COCs. Diverse and abundant benthic communities are
necessary to maintain healthy aquatic populations farther up the food chain. Benthic
species are sensitive to awide array of contaminants. Particularly sensitive generawithin
the benthic community, such as amphipods, are among the first speciesto disappear in
polluted areas (Lamberson et al. 1992). Toxicological datafor many benthic invertebrate
species are widely available. Many contaminants in sediment of the Sheboygan River
have been shown to exceed benthic TELsin past studies (Table 2-10).

Three species of fish were selected as ROCs from different trophic levels and representing
different feeding preferences. The smallmouth bass is representative of an upper-trophic-
level, pelagic fish that is common at the site and is of human importance because of
recreational fisheries. White sucker represents a bottom feeder, and longnose daceis an
insectivore. A primary consideration in selecting these three specific species was the
availability of data from the WDNR food chain study.

Salmonids were also considered as potential ROCs because 1) steelhead trout, chinook
salmon, and coho fry are stocked in the lower river, 2) al are sensitive to the COCs, and
3) some historical dataexist. However, they were not included because of 1) their low
site usage %2 they leave the river soon after spring stocking in April and 2) the results of
the 1987- 1990 study in which juvenile and adult salmonids were analyzed and it was
found that contaminant concentrations were not significantly higher than those found
basinwide (Eggold pers. comm. 1997). These findings resulted in the removal of the
anadromous fisheries ban. Instead of including salmonids as potential ROCs, it was
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decided to qualitatively discuss potential impacts to salmonids using historical data that
arereadily available (Appendix G) and to consider this information in the evaluation of
ecological significance (Section 7.1).

While the Sheboygan River habitats support a variety of wildlife species, this ERA
focuses on piscivorous species. Great blue heron were chosen by USEPA to represent
piscivorous avian species primarily because they have been sighted feeding within the
study area. This species is susceptible to bioaccumulation of contaminants becauseit is at
the top of the food chain, consuming fish and other aguatic organisms. A substantial
amount of information is available showing that adverse reproductive effects and
deformities occur in piscivorous bird species from exposure to PCBs and dioxins in the
Great Lakes Region (Jones et al. 1993, 1994; Tillitt et al. 1992; Giesy et a. 1994a,b).

Mink were chosen by USEPA based on the observation that habitat types within the
Sheboygan River watershed would be expected to support mink, but populations are well
below what would normally be expected for the available habitat (WDNR 1995a). Mink
are carnivorous, semi-aquatic animals on the top of the food chain, and thus may be
expected to accumulate contaminants from ingestion of contaminated prey species. Mink
are known to be extremely sensitive to PCBs and a decline of their populationsin the
United States and other regions of the world has been directly attributed to hal ogenated
hydrocarbons (Giesy et al. 1994c; Osowski et al. 1995). Toxicological data are readily
available for mink.

2.6 RECEPTOR OF CONCERN PROFILES

Benthic Invertebrates¥s Benthic communities present within the Sheboygan River
provide considerable biomass to support ecological food webs and are important
processors of organic matter and sediments. The benthic and epibenthic communities are
largely immobile and reside in direct contact with the sediments and porewaters.
Oligochaetes feed off detritus, while a small proportion of other benthic invertebrates are
grazers, scraping algae off rocks.

Smallmouth Bass (Micropterus dolomieu)¥: Smallmouth bass are an abundant
speciesin Segments 1, 2, 3, and 5 of the Sheboygan River and are commonly used as a
monitoring species for PCB accumulation in the watershed. Asreportedin

Section 2.2.1.2, smallmouth bass are upper trophic level predators that feed on larger fish
or invertebrates such as crayfish. One study in lowa found that the diet of the adult
smallmouth bass included 20% insects, 30.5% crayfish, and 39% fish. The fish included
severa species of minnows, sunfish, darters, madtom catfish, and lampreys (Wydoski and
Whitney 1979).
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Severa studiesindicate that adult smallmouth bass tend to establish home ranges that
they occupy on a seasonal basis (Ridgway and Shuter 1996; Todd and Rabeni 1989;
Gerber and Haynes 1988) to year-round (Munther 1970). Home ranges for smallmouth
bass populations in the Sheboygan River have not been investigated; however, atagging
study to track the movement of adult smallmouth bass was attempted. After atwo month
period, tagged fish could no longer be recovered in the location of capture suggesting that
most of the fish had left the area (Nelson pers. comm. 1997). Definite patterns of diel
activity have been documented in another watershed and were found to be affected by
seasonal changes in water temperature. Fish remained in restricted home ranges for most
of the year but tended to dispersein the spring. Seventy-five percent of these fish returned
to their home ranges during the same year. Fish movements tended to be greater when
temperatures were highest, averaging 120 m/day at 4°C and 980 m/day at 27.5°C (Todd
and Rabeni 1989). Smallmouth bass prefer water temperatures between 21 and 27°C
(Wydoski and Whitney 1979). In two tributary streams of Lake Ontario, smallmouth bass
tended to establish home ranges, where they resided throughout the summer, downstream
from spring spawning areas (Gerber and Haynes 1988). This study also displaced fish
from their home ranges and found that 26% of the fish returned to original home ranges.
In the Snake River in Washington, 76% of tagged adults remained in the same area where
they were originally tagged. Most of the rest of the fish moved less than 1,200 m from the
tagging area (Munther 1970).

Movement of fish during different flow regimes has been examined to alimited extent.
Todd and Rebeni (1989) found that during flood events in the Jacks Fork River, the
movements of adult smallmouth bass did not differ from those observed during normal
discharges. Simonson and Swenson (1990) studied critical stream velocities for young-
of-year smallmouth bass. The study found that young recently risen from nest gravel
(7-9 mm) were displaced from field nest sites and from laboratory flumes at stream
velocities aslow as 8 mm/sec. Nestsin areas of higher stream velocities (15 mm/sec)
failed to produce young. For larger young fish (16- 71 mm), flows between 80 and

130 mm/sec did not result in downstream displacement.

These studies indicate that adult smallmouth bass in the Sheboygan River may establish a
home range from the spring through the summer months, but may also range widely,
particularly if water temperatures exceed about 27°C. Although it appears that homing
behavior appears to be common in the species, the incidence of straying or establishing
new home ranges has ranged from about 25% in studies where fish were tagged on home
ranges to over 70% in studies where fish were displaced.

It is also expected that juvenile or young-of-year smallmouth bass have smaller residential
areas and may be quite restricted in their movements during normal flow conditions.
However, there is also evidence that during very high flow or flood events, the smaller
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fish may be more easily displaced well downstream, including transport over dams (Lyons
pers. comm. 1997a; Nelson pers. comm. 1997).

White Sucker (Catostomus commersoni)¥: White sucker are an abundant species
in Segments 1, 2, 3, and 5 of the Sheboygan River, and have been used as a monitoring
species for PCB accumulation. Ecological hedlth effects in the watershed have also been
evaluated using this species. In the study area, the species was most often associated with
deeper pools downstream of riffles. Adult white sucker are a benthic dwelling, benthic
feeding species that generally lives and feeds in direct contact with the sediments (Scott
and Crossman 1973). The small downward pointing mouth and large protruding lips
make the species uniquely adapted to “vacuum” feed on the river bottom, ingesting
amphipods, larval aquatic insects, clams, snails, and plant material. One study found the
percentage composition of the gut content of individual specimens to include 5-90%
Chironomidae, 2- 70% Trichoptera, 5- 98% Entomostraca, and 5-85% Mollusca (Scott
and Crossman 1973). Detritus can also be a component of the diet, but the quantity in
white sucker foreguts was inversely related to benthic microcrustacean densities. The
species can apparently separate detritus from invertebrates, suggesting that detritusis not
ingested incidentally, but intentionally when preferred invertebrate prey are scarce
(Ahlgren 1990).

Home ranges of white sucker have not been well studied; no such investigations have
been conducted in the Sheboygan River (Nelson pers. comm. 1997). In some watersheds,
the species has displayed distinct spawning migrations from lake to tributariesin the
spring. In others, there do not appear to be large movements. The species can spawnin
both streams and lakes (Scott and Crossman 1973). Based on their widespread
occurrence in several segments of the Sheboygan River, it would be expected that white
sucker between or above the dams would spawn, rear, and spend their lives within a
segment. However, it is not known whether specimens below the Wael derhaus Dam are
long-term residents.

Longnose Dace (Rhinichthys cataractae)¥: Longnose dace are a common species
in Segments 1, 2, and 5 of the Sheboygan River (WDNR 19964). The speciesis ariffle
dweller preferring shallow, swift sections of streams. The species shape and small gas
bladder are adapted to living among the stones on the bottom of swift streams. The diet
of the longnose dace consists primarily of aquatic insect larvae and some algae.
Conceivably, the algae are taken incidentally with the insects. Blackfly larvae that livein
the swift sections of streams make up alarge part of the longnose dace diet in some
waters. Other insects include mayflies, stoneflies, and midges (Wydoski and

Whitney 1979). The small size of the species, less than 4 in., would suggest afairly small
home range, but this has not been confirmed. The species has been documented to spend
much of the spring and summer in riffles, but in some rivers they disappear from these
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shallow areas during the fall and winter, possibly moving to nearby, deeper pools when
temperatures are cold.

The limited data would suggest that longnose dace in the Sheboygan River would occupy
riffles from the spring to the fall and possibly move to pools during the winter as a refuge
from cold temperatures. Thereis no evidence to indicate that the species has large
seasonal movements. Populationsin Segment 2, which is between dams and has only one
substantial riffle, may be quite restricted in their movements.

Great Blue Heron (Ardea herodias) % The great blue heron is a semi-aquatic
wading bird whose distribution ranges from the coasts of southeast Alaska and northern
British Columbia, through Canada and the U.S., and south to Belize and Guatemala.
Spring migrants return to Illinois, Wisconsin, and central Minnesota in early February and
continue moving into the U.S. and Canada through May. The great blue heron favors
natural wetlands and riverbanks, but will nest on ocean shores, in brackish marshes and
lagoons, and on lakes. These birds nest mostly in colonies of several hundred pairs and
prefer isands or wooded swamps where they are isolated from predators, though they will
also nest in hearty grasses or shrubs near water (Butler 1992).

Great blue herons feed by wading slowly in waters along shorelines to catch fish

(Butler 1992). Other methods of feeding include probing % quickly moving thetip of the
bill in and out of the water and substrate, pecking % picking items up from the substrate,
plunging, hovering, standing, and even hopping to startle hard-to-find prey into moving.
They hunt by sight both night and day and will often stand and wait for prey to approach
them. Herons often feed in groups unless resources are limited (Kulshan 1978).

Because great blue heron are primarily fish eaters, their abundance in a particular habitat
is positively influenced by the presence of small fish in shallow areas. The species of fish
a heron chooses as prey depends on the size of the fish and the habitat in which the heron
isforaging. A study of apopulation of heronsin Wisconsin found that herons mostly
select fish under 25 cm in length as prey (Kirkpatrick 1940). However, the size of fish
caught by the herons has been shown to vary with habitat. Herons foraging in streams
and rivers tend to catch alarger size range of fish, 823 cm and 8-33 cm, respectively,
while heron foraging in lakes tend to capture fish from 20 to 28 cmin length

(Alexander 1977).

Amphibians, invertebrates, reptiles, small mammals, and other birds may also be present
in the diet of the great blue heron, especially in winter when the herons may move upland
and forage in wet meadows and pastures (Butler 1992; Kulshan 1978). Small mammals,
such as rodents, can play alargerolein the diet of the great blue heron in early spring
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when the heron has just returned for the breeding season. This may be partially aresult of
till-frozen lakes and rivers (Collazo 1985).

Mink (Mustela vison) 3% Mink are widespread through most of North America. This
nocturnal, semi-aguatic, predatory mammal is associated with stream banks and
riverbanks, lake shores, freshwater and saltwater marshes, and marine shore habitats. The
amount of available wetland habitat determines mink distribution. Wetlands with
irregular, diverse shorelines and dense vegetation provide the most suitable mink habitats
(Allen 1986). Den availability may limit the number of mink a wetland area can support.
Mink dens are found in cavities or rock piles above the water line, and in cavities of tree
roots at the water's edge (Gerell 1967).

The home ranges of mink follow the shape of the water body on which they live. The size
of the homerangeis directly affected by the amount and density of vegetative cover, so
when vegetation is sparse, the home range is greatly expanded (Allen 1986). Females
tend to use a more restricted area than males, whose foraging areas may overlap except
during the breeding season from late February to early April (Linscombe et al. 1982).

The home range may also be adapted depending on prey availability.

A great deal of work has been done to characterize and quantify the mink diet during
different seasons and for mink from various locations. It is apparent that the importance
of the prey items depends on the location and the season in which the dietary data were
collected (Linscomb et al. 1982). Fish are an important part of the mink diet and are
consumed in substantial quantities most of the year, though mink have a hard time
catching fish in summer when waters are warmer (Erlinge 1969). Erlinge (1969) found
that fish comprised between 70 and 80% of the mink’s diet in a Swedish river in autumn,
winter, and spring. However, during summer, fish made up only one-third of the food
consumed. Frogs and crayfish are also consumed in large quantities by mink, particularly
during warmer months when fish consumption decreases. Drought conditions aid in the
availability of crayfish, while dry stream beds make it more difficult for mink to find frogs
(Gerrell 1967; Korschgen 1958). Birds are a so frequently preyed upon during the
summer months (Gerrell 1967; Erlinge 1969). Mink will consume blackbirds, songbirds,
and particularly waterfowl, including brooding females, ducklings, and eggs (Sargeant et
al. 1973). Mink also consume small mammals during times when fish are most difficult
to capture (Burgess and Bider 1980; Cowan and Reilly 1973).

2.7 CONCEPTUAL MODEL

The conceptual mode describes how biota are exposed to site-related contaminants. The
ultimate goal of the model isto clearly show complete exposure pathways and define
assessment and measurement endpoints consistent with the transport, fate, and
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toxicological characteristics of the COCs. Figure 2-2 presents an overview of the
conceptual model and this section describes its components.

2.71 Complete Exposure Pathways

In this section, potential exposure pathways are evaluated to determine which pathways
are complete and important at the site. An exposure pathway is completeif a contaminant
can travel from the source to ecological receptors and can be taken up by the receptors via
one or more exposure routes (USEPA 1997). Often many pathways are complete, but are
of varying importance. It is therefore important to identify the key pathways that reflect
maxi mum exposures within the ecosystem and constitute exposure pathways to ecological
receptors sensitive to the contaminant (USEPA 1997). Asdescribed in Section 2.3,
pathways of PCBs, PAHSs, and metal to benthic invertebrates are relevant at this site. For
fish, pathways of PCBs and PAHs are of key concern, and for piscivore species, pathways
of PCBs areimportant.

For benthic invertebrates, direct contact with water or sediment by the gills or integument
are the primary exposure pathways (USEPA 1997). For lower trophic-level fish, diet and
direct contact with water or sediment by the gills are the primary exposure pathways
(USEPA 1997). For higher trophic-level fish, diet can be an important exposure pathway
for COCs that are bioaccumulated or biomagnify, such as certain PCB congeners. The
aquatic food web for the Sheboygan River is presented in Figure 2-3, which shows the
number of levels through which bioaccumulation, and possibly biomagnification, may
occur. Uptake of PCBs from diet is the most important pathway for consumers higher in
aquatic food chains (Thomann 1981; Oliver and Niimi 1988), although uptake from
direct contact with sediment can also occur (Thomann et a. 1992). Also, direct
bioconcentration from PCBs in water may be significant.

The primary exposure pathway for mammalian and avian species is through consumption
of prey that have bioaccumulated site-related PCBs (Figure 2-3). Incidental sediment
ingestion during feeding may also be an important exposure pathway for mink. Fish,
emergent macroinvertebrates, and crustaceans serve as exposure points via trophic
transfer of contaminants to receptor species. For instance, mink consume 