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To All Interested Parties:

The U.S. Environmental Protection Agency (USEPA) is pleased to release the Revised Baseline
Ecological Risk Assessment (Revised ERA), which is part of Phase 2 of the Reassessment Remedial
Investigation/Feasibility Study (Reassessment RI/FS) for the Hudson River PCBs Superfund Site. The
Revised ERA evaluates current and future risks to ecological receptors posed by PCBs in the Hudson River
in the absence of remediation of PCBs in sediments of the Upper Hudson River. The Revised ERA shows
that risks to fish-eating birds and mammals are above USEPA’s levels of concern.

On June 1-2, 2000, USEPA, through its contractor, Eastern Research Group (ERG), convened a
panel of independent scientific experts to conduct a peer review of the August 1999 Baseline Ecological Risk
Assessment for the Upper Hudson River and the March 2000 Responsiveness Summary for that report. In
conjunction with this Revised ERA, USEPA 1s issuing a Response to Peer Review Comments on the
Ecological Risk Assessment. The November 2000 Response to Peer Review Comments describes how
USEPA incorporated the peer review comments or provides the technical rationale for not incorporating a
comment.

The Revised ERA combines into a single report the August 1999 ERA, the March 2000
Responsiveness Summary, and the November 2000 Response to Peer Review Comments. The Revised ERA
also includes revisions to the December 1999 ERA for Future Risks in the Lower Hudson River and August
2000 Responsiveness Summary for that report. USEPA is using the results of the Revised ERA to establish
acceptable PCB exposure levels for ecological receptors, which will in turn be used to develop remedial
alternatives for the PCBs in the sediments of the Upper Hudson River.

If you need additional information regarding the Revised ERA or the Reassessment RI/FS, please
contact Ann Rychlenski at 212-637-3672.
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N Lo, SV o
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Emergency and Remedial Response Division
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Revised Ecological Risk Assessment
Hudson River PCBs Reassessment
Executive Summary
November 2000

This document presents the Revised Baseline Ecological Risk Assessment (Revised ERA)
for the Hudson River, which is pat of Phase 2 of the Reassessment Remediad
Investigation/Feasibility Study (Reassessment RI/FS) for the Hudson River PCBs sitein New Y ork.
The Revised ERA gquantitatively evaluates the current and future risks to the environment in the
Upper Hudson River (Hudson Falls, New Y ork to Federal Dam at Troy, New York) and Lower
Hudson River (Federal Dam to the Battery in New Y ork City) posed by polychlorinated biphenyls
(PCBSs) in the absence of remediation. This report uses current U.S. Environmental Protection
Agency (USEPA) policy and guidance as well as additional site data and analyses to follow up
USEPA’s 1991 interim baseline risk assessment.

A baseline ERA for current and future risks in the Upper Hudson River and future risksin
the Lower Hudson River was issued by USEPA in August 1999 (USEPA, 1999c¢) and an associated
Responsiveness Summary wasissued in March 2000 (USEPA, 2000b). An ERA for Future Risks
in the Lower Hudson was issued in December 1999 (USEPA, 1999¢) and a Responsiveness
Summary followed in August 2000 (USEPA, 2000c). On June 1-2, 2000, USEPA, through its
contractor, Eastern Research Group (ERG), convened a panel of independent scientific experts to
conduct apeer review of the baseline Ecological Assessment (ERA) for theHudson River PCBs Site,
consistent with the Agency’s Peer Review Handbook (USEPA, 1998a). Based on comments
received during the Peer Review, USEPA is issuing this Revised ERA in conjunction with a
Response to the Peer Review Comments. The Revised ERA, in addition to incorporating to Peer
Review comments, has been modified to incorporate al previous ERA reports into one report and
update data, as appropriate.

USEPA uses ecological risk assessments to evaluate the likelihood that adverse ecol ogical
effects are occurring or may occur as a result of exposure to one or more chemical or physical
stressors. The Superfund ecological risk assessment processincludesthe following: 1) identification
of contaminants of concern; 2) development of a conceptual model, which identifies complete
exposure pathways for the ecosystem; 3) identification of assessment endpoints, which are
ecological valuesto be protected; 4) development of measurement endpoints, which are the actual
measurements used to assess risk to the assessment endpoints; 5) the exposure assessment, which
describes concentrations or dietary doses of contaminants of concern to which the selected receptors
are or may be exposed; 6) the effects assessment, which describes toxicological effects due to
chemical exposure and the methods used to characterize those effects to the receptors of concern;
and 7) risk characterization, which compares the results of the exposure assessment with the effects
assessment to evaluate the likelihood of adverse ecologica effects associated with exposure to
chemicals at asite.

The Revised ERA indicates that PCBsin the Hudson River generally exceed levelsthat have
been shown to cause adverse ecological effects in piscivorous birds and mammals, and that those
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levelswill continue to be exceeded in the Upper Hudson through 2018 (the entire forecast period).
Piscivorous birds and mammals are a so at risk, to alesser extent, in the Lower Hudson River. The
results of the Revised ERA will help establish acceptable exposure levels for use in developing
remedia aternatives for PCB-contaminated sediments in the Upper Hudson River, which is Phase
3 (Feasibility Study) of the Reassessment RI/FS.

Contaminants of Concern

The contaminants of concern identified for the Site are PCBs. PCBs are a group of synthetic
organic compounds consisting of 209 individual chlorinated biphenyls called congeners. Some PCB
congeners are considered to be structurally similar to dioxin and are called dioxin-like PCBs. Toxic
equivalency (TEQ) factors, based on the toxicity of dioxin, have been developed for the dioxin-like
PCB congeners. PCBs have been shown to cause adverse reproductive and developmental effects
inanimals. Ecological exposureto PCBsis primarily an issue of bioaccumulation rather than direct
toxicity. PCBs bioaccumulate in the environment by both bioconcentrating (being absorbed from
water and accumulated in tissue to levels greater than those found in surrounding water) and
biomagnifying (increasing in tissue concentrations as they go up the food chain through two or more
trophic levels).

Site Conceptual Model

The Hudson River PCBs siteis the nearly 200 miles (322 km) of river from Hudson Falls to
the Battery in New York City. Asdefined inthe ERA, the Upper Hudson River isthe 40 mile (64
km) stretch from Hudson Falls to the Federa Dam at Troy. The Lower Hudson River extends
approximately 160 miles (258 km) from the Federal Dam to the Battery.

TheHudson River ishometo awide variety of ecosystems. These ecosystems differ between
the Upper Hudson River and the Lower Hudson River. The Upper Hudson River is non-tidal,
consists of a series of pools separated by dams, and is entirely freshwater. In contrast, the Lower
Hudson River istidal, does not have dams, and is freshwater in the vicinity of the Federal Dam,
becoming brackish and increasingly more saline towards the Battery. Spring runoffs and major
storms can push the salt front well below the Tappan Zee Bridge, and sometimes south to New Y ork
City. Both the Upper and Lower Hudson have deep water environments as well as shallow
nearshore areas with aquatic vegetation.

PCBs were released from two General Electric Company facilities located in the Upper
Hudson River at Hudson Falls and Fort Edward, New Y ork. Many of these PCBs adhered to river
sediments. As PCBs in the river sediments are released slowly into the river water, these
contaminated sediments serve as a continuing source of PCBs. During high flow events, the
sediments may be deposited on the floodplain and PCBs may thereby enter the terrestrial food chain.
High flow events may aso increase the bioavailability of PCBs to organismsin the river water.

Animals and plantsliving in or near the river, such as invertebrates, fish, amphibians, and

The 25-year forecast period is appropriate for the ERA based on receptor life spans.
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water-dependent reptiles, birds, and mammals, may be directly exposed to the PCBs from
contaminated sediments, river water, and air, and/or indirectly exposed through ingestion of food
(e.g., prey) containing PCBs.

Assessment Endpoints

Assessment endpoints are explicit expressions of the actua environmental values that are to
be protected, operationally defined by an ecologica entity and its attributes. They focus a risk
assessment on particular components of the ecosystem that could be adversely affected due to
contaminants at the site. These endpoints are expressed in terms of individua organisms,
populations, communities, ecosystems, or habitats with some common characteristics (e.g., feeding
preferences, reproductive requirements). The assessment endpoints for the ERA were selected to
include direct exposure to PCBs in Hudson River sediments and river water through ingestion and
indirect exposure to PCBs via the food chain. Because PCBs are known to bioaccumulate, an
emphasis was placed on indirect exposure at various levels of the food chain to address PCB-related
risks at higher trophic levels. The assessment endpoints that were selected for the Hudson River are:

. Sustainability of a benthic community structure, which is afood source for local fish and
wildlife
. Sustainability (i.e., survival, growth, and reproduction) of local fish (forage, omnivorous, and

piscivorous) populations

. Sustainability (i.e., survival, growth, and reproduction) of local insectivorousbird populations

. Sustainability (i.e., survival, growth, and reproduction) of local waterfowl populations

. Sustainability (i.e., survival, growth, and reproduction) of local piscivorous bird populations

. Sustainability (i.e., survival, growth, and reproduction) of local insectivorous mammal
popul ations

. Sustainability (i.e., survival, growth, and reproduction) of local omnivorous mammal

populations, and

. Sustainability (i.e., survival, growth, and reproduction) of local piscivorous and semi-
piscivorous mammal populations.

Measurement Endpoints
M easurement endpoints provide the actual measurements used to eval uate ecological risk and

are selected to represent mechanisms of toxicity and exposure pathways. Measurement endpoints
generally include measured or modeled concentrations of chemicals in water, sediment, fish, birds,
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and/or mammalss, laboratory toxicity studies, and field observations. The measurement endpoints
identified for the Revised ERA are:

1)

2)

3)

4)

5)

6)

7)

Benthic community indices, such as richness, abundance, diversity and biomass;
Concentrations of PCBs in fish and invertebrates to evaluate food-chain exposure;
Measured and modeled total PCB body burdens in receptors (including avian receptor eggs)
to determine exceedance of effect-level thresholds based on toxicity reference values (TRV'S)

including a probabilistic dose-response analysis for selected receptors,

Measured and model ed TEQ-based PCB body burdens in receptors (including avian receptor
eggs) to determine exceedance of effect-level thresholds based on TRV,

Exceedence of criteriafor concentrations of PCBsin river water that are protective of fish and
wildlife;

Exceedence of guidelines for concentrations of PCBs in sediments that are protective of
aguatic health; and

Field observations.

Representative Receptors

The risks to the environment were evaluated for receptors that were selected to be

representative of various feeding preferences, predatory levels, and habitats (aguatic, wetland,
shoreline). Individual assessment endpoints are evaluated with at a minimum of one “model”
(receptor) species. The following receptors were selected for the Revised ERA:

Aquatic Invertebrates

Fish

Benthic macroinvertebrate community (e.g., aquatic worms, insect larvae, and isopods)

Pumpkinseed (Lepomis gibbosus)

Spottail shiner (Notropis hudsonius)
Brown bullhead (Ictalurus nebulosus)
White perch (Morone americana)

Y ellow perch (Perca flavescens)
Largemouth bass (Micropterus salmoides)

Striped bass (Morone saxatilis)
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Birds

. Tree swallow (Tachycineta bicolor)

. Mallard (4nas platyrhychos)

. Belted kingfisher (Ceryle alcyon)

. Great blue heron (Ardea herodias)

. Bald eagle (Haliaeetus leucocephalus)
Mammals

. Little brown bat (Myotis lucifugus)

. Raccoon (Procyon lotor)

. Mink (Mustela vison)

. River otter (Lutra canadensis)

Exposure Assessment

The Exposure Assessment describes complete exposure pathways and exposure parameters
(e.g., body weight, prey ingestion rate, home range) used to cal cul ate the concentrations or dietary
doses to which the assessment endpoint may be exposed due to chemical exposure. USEPA
previously released reports on the nature and extent of contamination in the Hudson River as part
of the Reassessment RI/FS (e.g., February 1997 Data Evaluation and Interpretation Report, July 1998
Low Resolution Sediment Coring Report, January 2000 Revised Baseline Modeling Report, and
associated responsiveness summaries). The Reassessment RI/FS documents provide current and
future (i.e., measured and modeled) concentrations of PCBs in fish, sediments and river water, and
form the basis of the site data collection and analyses that were used in conducting the ERA.
Exposure parameters were obtained from USEPA references, the scientific literature, and directly
from researchers.

Effects Assessment

The Effects Assessment describes the methods used to characterize particular toxicological
effects of PCBs on aguatic and terrestrial organisms due to chemical exposure. These measures of
toxicological effects, called TRV, provide abasis for estimating whether the chemical exposure at
asiteislikely to result in adverse ecological effects.

In conducting the ERA, TRVs were selected based on Lowest Observed Adverse Effects
Levels (LOAELSs) and/or No Observed Adverse Effects Levels (NOAELSs) from laboratory and/or
field-based studiesreported in the scientific literature. These TRV s examine the effects of PCBs and
dioxin-like PCB congeners on the survival, growth, and reproduction of fish and wildlife speciesin
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the Hudson River. Reproductive effects (e.g., egg maturation, egg hatchability, and survival of
juveniles) were generally the most sensitive endpoints for animals exposed to PCBs.

Risk Characterization

Risk Characterization examines the likelihood of adverse ecological effects occurring asa
result of exposure to chemicals and discusses the qualitative and quantitative assessment of risksto
ecological receptorswith regard to toxic effects. Risks are estimated by comparing the results of the
Exposure Assessment (measured or modeled concentrations of chemicals in receptors of concern)
to the TRVs developed in the Effects Assessment. The ratio of these two numbers is called a
Toxicity Quotient, or TQ.

TQsequa to or greater than one (TQ > 1) aretypically considered to indicate potential risk
to ecological receptors, for example reduced or impaired reproduction or recruitment. The TQs
provide insight into the potential for adverse effects upon individual animalsin the local population
resulting from chemical exposure. If a TQ suggests that effects are not expected to occur for the
average individual, then they are probably insignificant at the population level. However, if aTQ
indicates risks are present for the average individual, then risks may be present for the local
population.

To integrate the various components of the ERA, the results of the risk characterization and
associated uncertainties were evaluated to assess the risk of adverse effects in the receptors of
concern as aresult of exposure to PCBs originating in the Hudson River. This approach considers
both the results of the TQ analysis and field observations for each assessment endpoint.

Sustainability of a Benthic Community Structure, Which Serves as a Food Source For Local Fish
and Wildlife

Benthic community structure as afood source for local fish populations was assessed using
three lines of evidence. Overall, there was no strong evidence of adverse effects due to PCBs at the
community level.

Sustainability (i.e., Survival, Growth, and Reproduction) of Local Fish (Forage, Omnivorous, and
Piscivorous) Popul ations

Risksto local fish populations were evaluated using seven lines of evidence. Collectively,
they indicate that current (1993) and future PCB exposures may reduce or impair the survival,
growth, and reproductive capability of resident omnivorous (e.g., brown bullhead) and piscivorous
fish (e.g., largemouth bass) in the Upper Hudson River and piscivorous fish (e.g., largemouth bass,
striped bass) in the Lower Hudson River.

Current fish body burdens exceed most TRVs (i.e., TQ > 1) in the Upper Hudson River for
all species. Fishinthe Lower Hudson River showed limited exceedance at current levels. Future
body burdensin fish on total PCB (Tri+) basis are expected to exceed TRV sthrough 2018 (the entire
forecast period) in the Upper Hudson River for severa of the upper trophic level fish species.
Concentrations on alipid-normalized TEQ basis showed fewer exceedances. There is a moderate
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degree of uncertainty in the modeled body burdens used to evaluate exposure. The lower river
modeling results are considered to have a greater degree of uncertainty than the upper river results.

Measured and modeled concentrations of PCBs in river water and sediment in the Upper
Hudson River and show exceedences of their respective criteria and guidelines for protection of fish
through 2018 (the entire forecast period). Measured concentrations of PCBs in river water and
sediment in the Lower Hudson River typically exceed some criteriaand guidelines for protection of
fish; however, fewer sediment guidelines or water criteria/guidelines are exceeded in the lower river
than the upper river during the modeling period (1993 - 2018).

Sustainability (i.e., Survival, Growth, and Reproduction) of Local Insectivorous Bird Populations

Risksto insectivorous birds, using the tree swallow asamodel, were evaluated using six lines
of evidence. Callectively, they indicate that current and future concentrations of PCBs are not of a
sufficient magnitude to impair reproduction of insectivorous birds. However, anomalous nesting
behavior has been observed in tree swallows in the Upper Hudson River and these behaviors may
adversely affect reproductive capability. PCB concentrations detected in tree swallow samples were
significantly higher than concentrations known to cause reproductive and developmental impairment
in other birds. There is a moderate degree of uncertainty in the calculated doses of PCBs in tree
swallow diet and the concentrations of PCBsin eggs. Thereisalow degree of uncertainty associated
with the tree swallow TRV's, which were derived from field studies of Hudson River tree swallows.

Measured and modeled concentrations of PCBs in Upper and Lower Hudson River water
exceed criteria and guidelines developed for the protection of wildlife through 2018 (the entire
forecast period).

Sustainability (i.e., Survival, Growth, and Reproduction) of Local Waterfowl Popul ations

Risks to waterfowl, using the mallard duck as a model, were evaluated using six lines of
evidence. Collectively, they indicate that current and future concentrations of PCBs are not of a
sufficient magnitude to impair reproduction of waterfowl, but modeled dietary doses and egg
concentrations under current and future conditions exceed some benchmarks.

Calculated dietary doses of PCBs and concentrations of PCBs in eggs based on 1993 data
typically did not exceed their respective TRV's, except at Stillwater (RM 168). TQsfor thedioxin-like
PCBs are consistently higher than TQs for total PCBs and exceed one at most locations for both the
body burden and egg concentrations. There is a moderate degree of uncertainty in the dietary dose
and egg concentration estimates.

Measured and modeled concentrations of PCBs in Upper and Lower Hudson River water
exceed criteria and guidelines developed for the protection of wildlife through 2018 (the entire
forecast period).

The large number of mallards observed along the Hudson River indicate that mallard
popul ations are stable along theriver.
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Sustainability (i.e., Survival, Growth, and Reproduction) of Local Piscivorous Bird Popul ations

Risks to piscivorous birds, using the belted kingfisher, great blue heron, and bald eagle as
models, were evaluated using six lines of evidence. Collectively, they indicate that current and future
concentrations of PCBs may reduce or impair the survival, growth, and reproductive capability of
piscivorous birds in the Upper and Lower Hudson River. Calculated concentrations of total PCBs
in eggs exceed most TRV sfor the Upper and Lower Hudson River through 2018 (the entire forecast
period). On a TEQ basis al calculated body burden and egg concentrations of the bald eagle
exceeded TRV sfor the duration of the modeling period, as did the majority of the belted kingfisher
and great blue heron exposures. Thereis amoderate degree of uncertainty in the calculated dietary
doses and concentrationsin eggs. Given the magnitude of the mgjority of the TQs, they would have
to decrease by an order of magnitude or more to fall below 1 for piscivorous birds in the Upper
Hudson River.

The probabilistic dose response anaysis showed femae eagles a8 RM 189 show
approximately a45% probability of experiencing at least a 50% reduction in fecundity in 1993 going
down to about a 10% reduction in fecundity in 2015. Female eagles at RM 168 in 1993 show
approximately a 30% probability of experiencing a 20% reduction in fecundity, which decrease to
low probabilities (<10%) of experiencing small reductions (<5%) in fecundity by 2015. Female
kingfishers showed similar results.

Measured and modeled concentrations of PCBs in Upper and Lower Hudson River water
exceed criteria and guidelines developed for the protection of wildlife through 2018 (the entire
forecast period).

The bald eagle is on both federal and NY State lists of threatened and endangered species.
Therefore, individua (rather than population) level effects could adversely affect the Hudson River
populations. Based on the results in this report, Hudson River bald eagles are considered to be at
risk.

Sustainability (i.e., Survival, Growth, and Reproduction) of Local Insectivorous Mammal
Populations

Risks to insectivorous mammals, using the little brown bat as a model, were evaluated using
four lines of evidence. Collectively, they indicate that current and future concentrations of PCBs
may reduce or impair the survival, growth, and reproductive capability of insectivorous mammals
in the Upper Hudson River. To a lesser degree, current and future exposures may have similar
adverse effects on insectivorous mammals in the Lower Hudson River. Modeled dietary doses for
the little brown bat exceed TRV's under current and future conditions in the upper and lower river,
particularly from the Thompson Island Pool to Stillwater. TRVs are exceeded for ailmost all
comparisons for the duration of the modeling period (1993-2018) at all locations on a TEQ basis.
There is amoderate degree of uncertainty in the calculated dietary doses.

Measured and modeled concentrations of PCBs in Upper and Lower Hudson River water
exceed criteria and guidelines developed for the protection of wildlife through 2018 (the entire
forecast period).
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Sustainability (i.e., Survival, Growth, and Reproduction) of Local Omnivorous Mammal Popul ations

Risksto omnivorous mammals, using the raccoon asamodel, were evaluated using four lines
of evidence. Callectively, they indicate that current and future concentrations of PCBs may reduce
or impair the survival, growth, and reproductive capability of individuals who feed extensively near
the Upper Hudson River. To alesser degree, current and future exposures may have smilar adverse
effects on omnivorous mammalsin the Lower Hudson River. Modeled dietary dosesfor the raccoon
exceed TRVson aTEQ basis under current and future conditions in the Upper Hudson River, but
only limited exceedances are seen (in the upper river) on atotal PCB basis. There is a moderate
degree of uncertainty in the calculated dietary doses.

Measured and modeled concentrations of PCBs in Upper and Lower Hudson River water
exceed criteria and guidelines developed for the protection of wildlife through 2018 (the entire
forecast period).

Sustainability (i.e., Survival, Growth, and Reproduction) of Local Piscivorous Mammal Populations

Risksto piscivorous mammalswere evaluated using four lines of evidence. Collectively, they
indicate that current and future concentrations of PCBs are of a sufficient magnitude to prevent the
reproduction of piscivorous mammals in the Thompson Island Pool area and reduce or impair the
survival, growth, and reproductive capability of mammalsin the Upper and Lower Hudson River.
Modeled dietary doses for the mink and river otter exceed all TRV'sunder current conditions on a
total PCB and TEQ basis at al stations in the Upper and Lower Hudson River, with one exception.
Measured PCBs in mink and otter liver also exceeded TRVs. Toxicity quotients were up to three
orders of magnitude above one. Future modeled dietary doses of PCBsin mink exceeded all TRVs,
with the exception of some of the LOAELs from RM 154 to RM 50 on atotal PCB basis and the
LOAEL at RM 154 after 2006 on a TEQ basis. Future modeled dietary doses of PCBs (total and
TEQ basis) for the river otter exceeded all NOAEL and LOAEL comparisons (1993-2018) at al
locations in the upper and lower river by up to three orders of magnitude. Given the magnitude of
the majority of the TQs, they would have to decrease by an order of magnitude or more to fall below
one. Thereisamoderate degree of uncertainty in the calculated dietary doses.

The probabilistic dose response analysis indicates that in 1993, female mink at RM 189 and
168 show a high probability (90 to 100%) of experiencing a severe reduction (>80%) in fecundity,
and femalesat RM 154 still show a high probability (>95%) of experiencing at least a 50% reduction
in fecundity. In 2015, mink at RM 189 till show a high probability (>95%) of experiencing
substantially reduced (>50%) fecundity. River otters show even more severe effects. In 1993, female
river ottersat RM 189, 168 and 154 show high probabilities (80 to 100%) of experiencing severe
decreases (>90%) in fecundity, in comparison to otters that are not exposed to PCBs. In the year
2015, female ottersat RM 189 still show high probabilities (>70%) of experiencing severely reduced
(100%) fecundity. River otters at RM 168 still show high probabilities (>80%) of experiencing a
substantial decrease (>80%) in 2015, while ottersat RM 154 show a 30% probability of experiencing
at least a 50% reduction in fecundity.
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Measured and modeled concentrations of PCBs in Upper and Lower Hudson River water
exceed criteria and guidelines developed for the protection of wildlife through 2018 (the entire
forecast period).

The results of the point estimate toxicity quotients and probabilistic dose response analysis
combined with field observations suggesting reduced mink and river otter populations in the upper
river indicate that these animals are experiencing adverse effects at the population level, and that
these effects are likely to persist into the future.

Uncertainty

At each step of the risk assessment process there are sources of uncertainty. Uncertainty
exists because of lack of knowledge (e.g., TRVS) and variability (e.g., fish tissue concentrations).
Quantifiable sources of uncertainty were included to the extent possible in sensitivity and uncertainty
analyses. The results showed that even at the 5" percentile, predicted toxicity quotients for the bald
eagle egg, belted kingfisher egg, mink and river otter did not fall below one for any location or year,
except for mink at RM 154 in 2015.

Conclusions

The results of the risk assessment indicate that upper trophic level receptorsin close contact
with the Hudson River are at an increased ecological risk as a result of exposure to PCBs in
sediments, water, and/or prey. This conclusion isbased on a TQ approach, in which measured or
modeled body burdens, dietary doses, and egg concentrations of PCBs were compared to
appropriate TRVs, and on field observations. On the basis of these comparisons, avian and
mammalian piscivorous receptors are at risk. In summary, the major findings of the report are:

. Piscivorous fish (e.g., largemouth bass and striped bass) and omnivorous fish (e.g., brown
bullhead) in the Hudson River may be adversely affected (i.e., reduced survival, growth,
and/or reproduction) from exposure to PCBs. Forage fish are unlikely to be affected outside
of the Thompson Island Pool.

. Birds and mammals that feed on insects with an aguatic stage spent in the Hudson River,
such as the tree swalow and little brown bat, may be adversely affected (i.e., reduced
survival, growth, and/or reproduction), particularly insectivorous mammals living in the
Thompson Island Pool area.

. Waterfowl feeding on animals and plants in the Hudson River are unlikely to be adversely
affected (i.e., reduced survival, growth, and/or reproduction) from exposure to PCBs.

. Omnivorous animals, such as the raccoon, that derive alarge portion of their food from the
Hudson River may be adversely affected (i.e., reduced survival, growth, and/or reproduction)
from exposure to PCBs.

. Birds and mammalsthat eat PCB-contaminated fish from the Hudson River, such asthe bald
eagle, belted kingfisher, great blue heron, mink, and river otter, are at risk at the population
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level. PCBs may adversely affect the survival, growth, and reproduction of these species.
Piscivorous mammals are at the greatest risk due to their feeding patterns.

Fragile populations of threatened and endangered species, represented by the bald eagle, are
particularly susceptible to adverse effects from PCB exposure.

PCB concentrations in water and sediments in the Upper and Lower Hudson River generally
exceed standards and criteria and guidelines established to be protective of the environment.

The risks to fish and wildlife are greatest in the Upper Hudson River (in particular the
Thompson Idland Pool) and decrease as PCB concentrations decrease down river. Based on
modeled future PCB concentrations, piscivorous species are expected to be at considerable
risk through 2018 (the entire forecast period).
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1.0 INTRODUCTION

1.1  Purpose of Report

This report is pat of the Phase 2 invedigaion of Hudson River polychlorinated
biphenyl (PCB) contamination. This invedtigation is being conducted under the direction of
the United States Environmental Protection Agency (USEPA) and is pat of a three-phase
Resssessment  Remedid  Invedtigation/Feasbility Study (Resssessment RI/FS) to reassess
USEPA’s 1984 interim No Action decison with respect to the PCB-contaminated sediments
in the Upper Hudson River. For purposes of the Reassessment RI/FS, the area of the Upper
Hudson is defined as the river bed between the Fenimore Bridge a Hudson Fals (just south
of Glens Fals) and the Federd Dam a Troy. However, te Hudson River PCBs Superfund
Ste encompasses the Hudson River from Hudson Fals to the Battery in New York Harbor, a
gretch of nearly 200 river miles (322 km). Fgure 1-1 presents a map of the genera ste
location and the Hudson River dranege basn, and the Upper and Lower Hudson are shown
in Fgures 12 and 1-3, respectively.

In December 1990, USEPA issued a Scope of Work (SOW) for resssessng the
interim No Action decison for the Hudson River PCBs ste.  The scope of work indicated
that the Reassessment RI/FS would be conducted in three phases:

Phase1 - Interim Characterization and Evaudion;
Phase 2 - Further Site Characterization and Andysis, and
Phase 3 - Feaghility Study.

In August 1991, USEPA issued a Phae 1 Report destribing the results of Phase 1
dudies (USEPA, 1991b). The Phase 1 Report contans a compendium of background
materid, discusson of findings, and prdiminary assessment of risks  The Phase 2 work
began in December 1991 (upon approvad of the earlier Phase 2A Sampling Pean) and is
scheduled to be completed by the end of 2000. Six mgor reports have been released from the
Phase 2 investigation, spedificaly:

@ Volume 2A: Database Report - October 1995;

@ Volume 2B: Preliminary Modd Cdibration Report - October 1996;

(©)] Volume 2C:. Daa Evdudion and Interpretation Report (DEIR) - February
1997;

(3A) Vadume 2C-A: Low Resolution Sediment Coring Report - July 1998,

@) Volume 2D: Basdine Modding Report (BMR) - May 1999 and Revised BMR
January 2000;

® Volume 2E: Basdine Ecologicd Risk Assessment (ERA) - August 1999 and
ERA Addendum December 1999; and
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©) Volume 2F. Upper Hudson River Human Hedth Risk Assessment (HHRA) -
Augus 1999 and MidHudson River Humen Hedth Risk Assessment -
December 1999.

The Responsveness Summaries were rdeased as follows the first three volumes of
the Phase 2 Report (Volumes 2A to 2C) - December 1998, Low Resolution Sediment Coring
Report (Volume 2GA) - February 1999, Basdine Modding Report - February 2000 (Volume
2D), and ERA and HHRA (Volumes 2E and 2F) - March 2000, ERA and HHRA Addendums
(Voumes 2E-A ad 2FA) - August 2000. The Daebase for the Hudson River PCBs
Reassessment RI/FS was most recently updated in October 2000 (USEPA, 2000e).

The Comprehensve Environmenta Reponss, Compensation, and  Liability  Act
(CERCLA) authorizes USEPA to protect public hedth and wefare and the environment from
releeses or potentiad releeses of hazardous substances.  The Nationd Oil and Hazardous
Subgances Pollution Contingency Plan (NCP) (USEPA, 1990) cdls for a basdine risk
assessment to determine whether contaminants identified a a Ste pose a current or future risk
to human hedth and the environment in the absence of any remediation. The results of the
basdine risk assessment will be consdered in developing remedid dternativesin the FS,

This Revissed ERA is a revison of the Basdine ERA and ERA Addendum, basd
upon public comments and comments from the peer reviewers received during the ERA Peer
Review conducted on June 1 and 2, 2000 (USEPA, 2000d). The basdine ERA and ERA
Addendum followed USEPA guidance (USEPA, 1997b and USEPA, 1998b) and te Phase 2
Ecologicd Risk Asessment Scope of Work (ERASOW)  (USEPA, 1998¢ and
Responsveness Summary for the ERASOW (USEPA, 1999), in which USEPA  responded
to dl dggnificant written comments recelved on the ERASOW.  This Revissd ERA
incorporates al Hudson River Resssessment RI/FS documents related to the ERA (ie.,
USEPA, 1998e 1999a 1999c, 1999, 2000b, 2000d, and 2000€) to provide an integrated and
updated document. This Revised ERA dso follows USEPA guidance (USEPA, 1997b and
USEPA, 1998h).

1.2  Site History

During an approximatdy 30-year period ending in 1977, two Gengrd Electric (GE)
fadlities, one in Fort Edward, NY and the other in Hudson Fdls NY, used PCBs in the
manufecture of eectricd cgpacitors. Edimates of the total quantity of PCBs discharged from
the two plants to the Hudson River from the 1940s to 1977 range from 209,000 to 1,330,000
pounds (95000 to 603,000 kg) (USEPA, 1991b). In 1977, manufecture, processng, and
digribution commerce of PCBs within the US were redtricted under provisons of the Toxic
Substances and Control Act (TSCA).

In addition to direct discharges from the two cgpacitor production plants GE may
have indirectly contributed additiond PCBs to the watershed and ultimately to the river as a
result of its practice of digpoang manufacturing westes in nearby landfills and possbly
wastewater collecion sysems (sewers and municipd wastewater trestment plants). More
recently, additiond discharge of PCBs into the Hudson River continues to occur as a
conseguence of migration of PCBs from the overburden or bedrock & GE's Hudson Fdls and
Fort Edward dants and adjoining aress.
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Many of the PCBs discharged to the river adhered to sediments and accumulated
downgtream with the sediments as they sdttled in the impounded pool behind the former Fort
Edward Dam (River Mile [RM] 195), as wel as in other impoundments farther downstream.
Because of its deteriorating condition, the Fort Edward Dam was removed in 1973. During
ubssquent  soring  floods, PCB-contaminated  sediments were scoured and  transported
downdream. A subgtantid portion of these sediments was stored in rdlatively quiescent arees
of the river. These areas, which were surveyed by the New York State Department of
Environmental  Conservation (NYSDEC) in 1976-1978 and 1984, have been described as
PCB hot spots. Exposed sediments from the former ol behind the dam, cdled the "remnant
depogts," have been capped by GE under a consent decree with USEPA.

Although commercid uses of PCBs were redricted in 1977, loading of PCBs derived
from the GE plants to the Hudson River continued, due primarily to eroson of contaminated
remnant deposits, discharges of PCBs via bedrock fractures from the GE Hudson Fdls plant,
and eroson from contaminated deposts above the weter line near the GE Fort Edward plant
outfdl. Cgpping of the remnant deposits (in the area of RM195 to RM196) was completed in
1991. In September 1991, higher PCB concentrations were detected in Hudson River water.
The higher levels have been dtributed to the collapse of a wooden gate dructure within the
abandoned Allen Mill located adacent to the GE Hudson Fals cgpacitor plant (RM ~197)
(OBrien and Gere, 1993). As reported by GE, the gate had kept water from flowing through
a tunnd cut into bedrock bdow the mill, which contained oil-phase PCBs that migrated there
via subsurface bedrock fractures During 1993 to 1995, extensve PCB contamination was
detected in water conduits within the mill and gpproximately 45 tons of PCBs and 3,340 tons
of sediment were eventudly removed (OBrien and Gere, 1995). In 1994, GE documented
the presence of PCB dense non-aqueous phese liquid (DNAPL) seeps in a dewatered portion
of the river bottom a Bakers Fdls adjacent to the Hudson Fals plat Ste.  GE indituted a
number of mitigetion efforts that have resulted in a decling, but not total cessaion, of these
seeps (O'Brien and Gere, 1995).

USEPA issued a Record of Decidon (ROD) for the stein 1984. The ROD sdected:
An interim No Action decison concerning river sediments;

Inplace capping, contanment, and monitoring of remnant depost
sediments; and

A ddaled evdudion of the Waterford Water Works to see if an upgrade
or dterations to the facilities were needed to the public weter supply.

In December 1989, USEPA began a reassessment of the interim No Action decision
for the Hudson River sediments based on, among other things the CERCLA five-year
reevauaion requirement for remedies that leave contamingtion on Ste the specification of
future evauaions of the interim No Action decison contaned in the 1984 ROD; and a
request from the NY SDEC that USEPA reassess the interim No Action decision.

The 1984 ROD does not address PCB DNAPL seeps near the GE Hudson Fals plant,

which were unknown & the time GE is conducting remedid activities a the GE Hudson
Fdls Plant Site under an Order on Consent between the NY SDEC and GE.
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1.2.1 Summary of PCB Sources to the Upper and Lower Hudson River

Extend PCB sources, incduding the GE plants the remnant deposts and other
sources in both the Upper and Lower Hudson River, are discussed in the Phase 2 Data
Evduation and Interpretation Report (DEIR) (USEPA, 19973).

Other sources of PCBs have dso exised within the Upper Hudson River valey.
Thee indude dectric utilites and manufecturers who may have purchased equipment
containing PCBs paper mills (from pgper production as wedl as from dectricd equipment),
other industries, trangportation sources, and dectricd component scavengers.  In addition to
these moreor-less direct inputs of PCBs the Upper Hudson is dso being affected by
redigribution of earlier discharges, landfilling of dredged materid or contaminated soil is an
example of a modified PCB source derived from hidoricd rdesses  Also, PCBs were
higoricdly introduced throughout New York State by pgper mills recyding carbonless copy
paper (dso known as NCR paper) which contained Aroclor 1242. The totd discharge of
PCBs during 1977 and 1978 from dl recyce mills in New York Stae was edimaed & a
maximum of 20 kglyear (45 Iblyear), with less than 23 kglyear (5 Iblyear) to the Hudson
River from Bekers Fdls to Troy (NYSDEC, 1978). This is, however, an inggnificant amount
compaed to GEs edimated 14 kgday (30 Ib/day) or 5000 kglyear (11,000 Iblyear)
discharges & Fort Edward and Hudson Fdls during the early 1970s (Tofflemire and Quinn,
1979).

The DEIR (USEPA, 19978) identified PCB-contaminated dStes near the Upper
Hudson River, induding riverbank sediments (remnant depodts), dredge ool aress,
indudrid dtes, dump dtes, and munidpd landfills These indude the following dStes on
NY SDEC's Regidiry of Inactive Hazardous Waste Digposal Sites

NiagaraMohawk Power Corporation — Queensbury
Generd Electric Company - Hudson Fals Flant and Vidinity
Generd Electric Company - Fort Edward Plant and Vicinity
Moreau Landfill

Kingsbury and Fort Edward Municipd Landfills

Other "dump Stes' indude South Glens Fdls Dragdrip, GE Moreau (formerly Cgputo
Dump), West Glens Fdls Containment Ste, and Old Fort Edward Landfill. These sStes have
ether been remediated or ae currently under remediation and do not represent potentia
loadings of PCBs to the Hudson River, or insufficient data currently exist to estimate impacts
to the Hudson River.

Other sources of PCBs incdlude GE's remnant deposts, New York State Department
of Trangportation's (NYSDOT) dredge spoil Stes, tributaries to the Hudson River, point
sources to the NY/NJ Harbor in the lower river (e.g., sewage treatment plant influent and
effluent), and sources tha ae not directly messured (e.g., Stormwater, amospheric
depostion, and leachae). However, the area of the dSte upstream of the Thompson Idand

Dam (i.e., the source conddered in this assessment) represents the primary source of PCBs to
the freshwater Hudson, as described in the next section.
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1.2.2 Summary of Phase 2 Geochemical Analyses

As a reault of its geochemicd andyses, USEPA concuded that the sediments of the
Thompson Idand Pool gdrongly impact the waer column, generating a significat PCB  load
to the waer column whose congener pattern can often be seen throughout the Upper Hudson.
Usng dde-scan sonar geophysicd techniquess USEPA dso found a number of aess of
cohesve sediment at locations that closdly resemble the Kot spot aress defined previoudy by
NYSDEC. These hot spot-related sediments appear to be intact despite the time between the
NYSDEC dudies and USEPA’s Phase 2 invedigation. Given the grong link between PCBs
in sediment and water, the large inventory of PCBs in the Upper Hudson, and the apparent
lack of subgtantid reduction in PCB concentrations via in situ degradation, it is unlikdy that
the PCB levds in the water column downsreem of the Thompson Idand Dam  will
subgantialy decline beyond current leves until the active sediments are depleted of ther
PCB inventory or remediated.

The decrease in PCB inventories in the more contaminated sediments of the
Thompson Idand Pool and from severd of the dudied hot spots bdow the Thompson Idand
Dam, dong with the indication of an inventory gain in the coarse sadiments of the Thompson
Idand Pool, indicate that PCBs ae being redigributed within the Hudson River sysem.
These results show that the sability of the sediment deposits cannot be assured.

Burid of contaminated sediment by cdeaner materid is not occurring universaly.
Burid of more PCB-contaminated sediment by less contaminated sediment has occurred a
limited locations, while dgnificant portions of the PCB inventories a other /ot spots have
been rerdeased to the environment. It is likdy that PCBs will continue to be rdeased from
Upper Hudson River sediments.

Petterns of contamination found throughout the Hudson dl contain the “finger print”
o CGE-rdated contamination. In the freshwater Hudson, GE-rdated contamination represents
80 to 100 percent of the in-place and water-borne contamination. In the Upper Hudson, this
percentege is quite dose to 100 percent. In the sdine Hudson, GErdated contamination
represents perhaps 50 percent of the in-place and recently deposited PCB inventory.

1.2.3 Extent of Contamination in the Upper Hudson River

This section summarizes the current conditions of the Upper Hudson River with
respect to PCB contamination of the sediment, water, and fish. Sixteen years after USEPA’S
interim No Action decison, PCB concentrations remain devated in the Hudson River in dl
three environmentd media  Concentrations generdlly decresse with disance down river,
away from the origind source aress of the GE Hudson Fdls and Fort Edward plants. While
some changes have occurred during this period, in generd, conditions have not improved
subgtantidly from about 1995 to the present.

1.2.3.1 PCBs in Sediment

Areas of devated sediment concentrations, i.e., hot spots, ae found in depogtiond
areas throughout the Upper Hudson River. This section discusses the extent of PCBs in
sediments as characterized by the NYSDEC 1976-1978 Sediment Survey, the NYSDEC 1984
Sadiment Survey, the Generd Electric 1991 Sediment Composite Survey, the USEPA 1992
High Rexlution Sediment Coring Program, the USEPA 1994 Low Resolution Sediment
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Coring Program, the Generd Electric 1998 Sediment Composte Survey, and the Generd
Electric 19981999 Sediment Coring Program.

The Thompson Idand (TI) Pool (RM194.61885) contains 20 of the 40 hot spots
idertified by NYSDEC in 1977 and 1984 (Brown et al., 1988) and Macolm Rrnie (MA,
1992). The sediments exhibit a high degree of heterogendty with respect to the digribution
of PCBs. Hidoricdly, the highest sediment concentrations have been observed within the
cohesve sadiments of the Tl Pool and are generdly lower within the non-cohesive sediments.
The maximum concentration of PCBs measured was approximatey 2000 mg/kg. The average
concentration of PCBs in surficid sediments (025 cm) in 1991 for the area between RM 186
and RM 194 was 42 mg/kg.

Thompson Idand Dam to Northumberland Dam near Lock 5 (RM 188.5-1834)
contains 15 of the 40 NYSDEC-defined Kot spots. The maximum concentration of PCBs
found in the Hudson River, gpproximady 4,000 mgkg, was messured in a thin section of
core from Hot Spot 28 in this section of the river. The average concentraion of PCBs in
aurficid sediments (325 cm) in 1991 for this section of the river was goproximetdy 26

mg/kg.

Northumberland Dam to Federd Dam a Troy (RM 183.41539) contans 5 of the 40
NY SDECdefined hot spots. The average concentration of PCBs in surficid sediments (0-25
cm) in 1991 for this section of the river was goproximately 9 mg/kg.

1.2.3.2 PCBs in the Water Column

The dominant sources of PCB load to the water column of the Upper Hudson River
may be separated into two groups. (1) PCBs-contaminated oil in bedrock seeps from the GE
Hudson Fdls plat and other dischages upstream o Rogers Idand;, and (2) PCB-
contaminated sediments that accumulated behind the former Fort Edward Dam and were
remobilized and trangported downdream. The sediments of the Tl Pool are the mgor source
of PCBs to the water column during low flow conditions from May to October, which
includes the period of greatest biologicd activity.

USGS monitoring of PCBs in the water of the Upper Hudson River began in 1977. In
the Thompson Idand Pool, the data of PCB concentrations in water indicate significant gains
in PCB load. The concentrations may be conveted to load esimaes by integration with the
flow series, usng a ratio edimator. The PCB load from the TI DamWest sampling dation
above Tl Dam for the period of January 1998 to March 2000 is edimated to be gpproximeately
103 kg/day. Edimaing load gain across the Tl Pool as the difference in loads & Rogers
Idand and TI DamWes yidds an edimate for this time period of a gan of 0.86 kg/day.
During this same period, gpproximatdy 0.07 kg/day totd PCB load derived from upstream of
Bakers Fdls, and about 0.10 kg/day from the Bakers Fals area.  The recent rate of apparent
load gain across the Tl Pool is higher than the edimated load gain over the period of record
from April 1991 to Mach 2000 of 0.81 kg/day, indicaing that PCB load continues to be
generated from the T1 Pool at an approximeately congtant rate.

Samples collected a the TID-West dation above the TI Dam are believed to be higher
than the PCB concentraions that are actudly transported across the Dam in the center
channd due to reduced laterd mixing. PCB concentrations in the channe gppear to be on the
order of 50 to 80 percent of the TID-West concentrations.  After adjusting for this potentia
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bias, the load generated fram the Tl Pool dill is on the order of 05 to 0.7 kg/day, and
represents the main source of PCB load present at the T1 Dam.

During the summer of 1998 (June-September), the average concentration a Tl Dam
Wes dation was 134 ng/L. Concentrations from January 1996 through March 2000 averaged
90 ng/L. Fve obsarvationsin excess of 300 ng/L were noted during the winter of 1999-2000.

In recent years GE has dso resumed monitoring a the Route 29 bridge in
Schuylerville.  The average concentration a Schuylerville during the summer of 1998 (June-
September) was 804 ng/l.  From August 1997 to May 2000, the concentrations averaged
756 ng/L. PCB concentrations in the water column bedow Schuylerville tend to reflect the
same loads present a  Schuylerville with a reduction in concentration associated with

tributery dilution.

Evduation of thee daa (USEPA, 19978 indicates that annud PCB loads a
Stillwater (reflecting dl upsream sources) were gpproximatdy 3,000 kglyr in 1977-79, ad
1000 kglyr in 1980-84, then dedined to about 200 kglyr by 1991. From 1980 to 1991, the
upstream loads a Rogers Idand gppear to have declined from about 500 kglyr to less than
200 kglyr. The dedining trend in loads a Stllwater primarily reflects the washout of readly
erodible PCB-contaminated sediments left by the removd of the Fort Edward Dam and
shows agradud increase in the relative importance of sources upstream of Rogers 1dand.

1.2.3.3 PCBs in Fish

PCB concentrations observed in fish are a result of exposure to PCBs in water and
aurface sediment, through ether an aguaic food chain or a benthic food chain, respectively.
Because biota integrate exposures over time, they provide a time-averaged indicator of trends
in exposure concentrations.

NYSDEC cortinues to collect and andlyze fish tissue data from many locations in the
Upper Hudson River (Table 1-1). Converted to a Tri+ PCB bass (trichlorinated and higher
congeners represent totd PCBs in biota, discussed in Section 1.4), the concentrations in the
Tl Pool in 1998 averaged about 28.6 mgkg (wet weight) in carp, and about 161 mgkg (wet
weight) in largemouth bass  The maximum PCB concentrations measured were 83.2 mg/kg
(wet weight) in cap, and 404 mgkg (wet weight) in largemouth bass. Concentraions a
Stillwater averaged about 41.3 mg/kg (wet weight) in cap and 69 mgkg (wet weght) in
largemouth bass and the maximum concentrations measured were 1059 mg/kg (wet weight)
in carp and 32.3 mg/kg (wet weight) in largemouth bass.

Because PCBs tend to accumulate in faty tissues it is ds0 useful to examine
concentrations on a lipid bads as shown in Table 1-2.  The lipid-based Tri+ concentrations
for 1998 ae gengdly Smilar to those obsarved from 1995 to 1997 in both the Tl Pool and
the Stllweater/Coveville reach, with little evidence for a condgtent decline. In paticular, the
largemouth bass results appear to have been nearly stable throughout the 1990s.

The PCB principd components andyss contained in the Basdine ERA has shown
that fish body burdens decline with river mile to about the same degree as the changes in the
PCB concentration in sediment (USEPA, 1999c, Appendix K).  Smilaly, the average
molecular weight of the PCB body burden in fish samples increased with distance from the
Upper Hudson River source aress.  Differences in totd PCB concentration among species
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was shown to be dgnificant based on feeding guild (i.e., food source). However, when
normdized to lipid content, the interspecies differences disgppeared and the largest changes
in PCB concentration coincided with river mile.  Similaly, the molecular weight of the PCB
body burdens in fish was not found to vary by feeding guild but smply by river mile  These
results indicate that PCB upteke and biomegnification of individud congeners in fish is
largely rdaed to distance downstream and not to trophic leve.

Table 1-3 summarizes hdf-life data for the three species discussed above, plus ydlow
perch. For example, based on condgent Tri+ PCB data for 1995 through 1998 or 1999, the
hdf-life for brown bullhead in the TI Podl is 50 years, and the hdf-lives for largemouth bass
and pumpkinseed ae increedng.  In the Stllwater reach the hdf-life of brown bullhead is
increedng, the hdf-life of largemouth bass is aout 42 years, and the hdf-life of
pumpkinseed is about 2.8 years

The condgent Tri+ PCB data indude both Arodor-based data reported by NYSDEC
and direct esimates of Tri+ from homologue-based andyses from NEA Laboratories that are
induded in the NYSDEC database.  In addition to the condsent PCB Tri+ deta, Table 1-2
dso incdudes the trends from NYSDEC-reported lipid-based total PCBs (NY SDEC-collected
data only) and Aroclor 1254 concentrations without correction to a congdent Tri+ bass
These daa are incdluded for comparison; however, it is believed that andytica changes in
1990 and 1992 may digtort the interpretation of trends.

1.3 Data Sources

PCB contamination in the Hudson River has been examined in many dudies over the
last couple of decades (e.g., Normandeau Associates, 1997, Macolm Firnie, 1978; O'Brien
and Gere, 1993; and Exponent, 1998a and 1998b). These sudies have identified aress of the
river with large PCB depodts, examined PCB concentretions in fish and invertebrates,
invedigated the hidoricd depodtion of PCBs and evduated various remedid options to
address the PCBs.  The data that were sdected for use in the Revised ERA (Figure 1-4) and
the raionde behind their sdection are described below. PCB daa used in this report are
contained in the Database for the Hudson River PCBs Resssessment RI/FS Redesse 5.0
(USEPA, 2000¢).

The Revised ERA rdies primaily upon USEPA daa collected during the Phase 2
sampling, which was conducted specificdly to obtan daa to be used in the Reassessment
reports.  Although many other sudies have been peformed, data from the Phase 2 program
are used asthe preferred data set because:

The Phase 2 data is exhaustive, providing information on both the Upper and
Lower Hudson River;

Samples in dl marices (ie., sediment, water, fish, and invertebrates) were
andyzed for PCBs,

PCBs were andyzed at the congener-specific level by the same laboratory for dl
matrices (i.e., sediment, water, fish, and invertebrates);

Samples were collocated (to the maximum practica extent) to provide an overdl
picture of PCB digtribution; and
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Daa were vdidaied under protocols developed specificdly for this project (e.g.,
see Appendix | of USEPA 1999c¢).

The Phase 2 ecologicdl sampling program was conducted in August 1993 to obtain
data for this assessment. This effort collected collocated surficid sediment (O to 5 cm),
benthic invertebrates, and fish for PCB congener-gpecific andyss a 19 locations in the
Upper Hudson River and the Lower Hudson River (see Fgures 1-2 and 1-3). Benthic
invertebrates were identified and counted to provide data for a community-evd andyss
Fish andyzed for the risk assessment were collected by NYSDEC and the Nationd Oceanic
and Atmospheric Adminigration (NOAA), who dso provided 1995 fish daa that ae used in
this report.  Detalled destriptions of the sampling gations and the ecologicd fiedld sampling
effort are provided in Appendices A and B of USEPA 1999, respectively.

Data from the DEIR (conducted as part of the Hudson River PCBs Reassessment) are
a0 usad in this report.  Water column flow-averaged and transect samples collected from 14
dations between April 1993 to September 1993 (USEPA, 1997a) are used to cdculate water
column concentrations for 1993, High reolution sediment samples (USEPA, 1997a)
provided additional information on PCB congener concentrations in Hudson River sediments.

When there was not enough information avalable from the Phase 2 dudy to
characterize a medium, other data sources, such as the NYSDEC fish database were used, as
described below.

NYSDEC/NOAA Data - NYSDEC and NOAA collected resdent fish a 16 of the
ecologicd sampling daions (310 fish per location) in 1993 for PCB congener-
goecific andyds.  In 1995, NOAA conducted an additiond dudy (35 fish per
location) to build on the congener data and the historica database for resdent fish
edtablished in the 1993 sudy (NOAA, 1997). Daa from both collections are used in
this evduation.

NYSDEC has conducted higoricd monitoring of totd PCB concentraions in Hudson
River fish dnce the 1970s Fish were callected on an annud basis from 1975 to 1988.
In 1988, fish sampling frequency ghifted to biannud collections NYSDEC higorica
daa provide Arodor 1016, 1254, and in some years Arodor 1221 and 1242
concentrations. Typicdly, agpproximady 20 fish samples are avalable from four or
five locations in the river (RM189, RM168, RM152, RM113, and sometimes RM155
or RM67). In addition to PCB data, NYSDEC dso provided daia on the didribution
of biologica receptors covered in this report.

USFWS Data - The United Saes Fish and Wildife Service (USFWS) has
conducted a detailed study on PCB congener concentrations in tree swalows breeding
in the Upper Hudson River (McCaty and Secord, 19993 McCaty and Secord,
199%%b; and USFWS, 1997). USFWS tree swdlow, mdlard, wood duck, and eagle
data (some collected in conjunction with NY SDEC) are indluded in this report.

NYSDOH Data - The FISHRAND biocaccumulation food chan modd used data on
water column invertebrates from New York State Department of Hedth (NYSDOH)
dudies done as pat of the Hudson River PCB Reclamaion Demondration Project
(Smpson et al, 1986). NYSDOH samples were andyzed for Aroclors 1016 and
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1254. Totd PCB vdues were obtaned by summing the individud vaues for these
two Aroclors.

General Electric Data - GE has conducted many sudies on PCB contamination in
the Hudson River. In 1998, GE commissoned a report on macroinvertebrate
communities and digts of sdected fish species in the Upper Hudson River (Exponent,
1998b). This sudy was used in conjunction with other research to characterize
dietary preferences for the fish receptors examined in this report. Vegetation mapping
in Thompson Idand Pool peformed by GE (Exponent, 19988) was conddered in the
habitat characterization of that area.

1.4 Technical Approach and Ecological Assessment in the Superfund
Process

The Revised ERA is pat of a focused evduation directed specificaly a reassessng
the interim No Action decison related to the presence of PCBs in Hudson River sediments.
This resssessment is required under the CERCLA provison for five-year reviews for
remedid actions & gStes where hazardous subgtances, pollutants, or contaminants reman on-
dte above leves that dlow for unlimited use and unredricted exposure.  The Resssessment
RI/FS was initisted in 1989, prior to the issuance of Agency guidance on ecologicad risk
asessment.  The Ecologicd Risk Assessment Guidance for Superfund was published in 1997
(USEPA, 1997b) and Guiddines for Ecologicd Risk Assessmett was published in 1998
(USEPA, 1998b). The conceptua agpproach used in the Revised ERA is condgent with
avalable guidance and an effort was made to incorporate guidance as it became avalable.
The approach relied on the input of a number of affected and interested parties to help define
the problem, consgent with what is currently referred to as Problem Formulation, and to
develop a scope of sudy.

As pat of resssessing the interim No Action Decison, two mgor key technicd
questions were identified pertinent to ecological issues:

What are the ecologica risks associated with PCBs in sediments under the current “no
action” basdine conditions?

How will these basdine risks change in the future if “no action” is taken with respect to
PCBsin the sediments?

The primary objective of this Revised ERA is to answer these quedtions in order to
support the needs of the Reassessment RI/FS.  Because of the focused nature of the
Reassessment RI/FS, a mmber of technica decisons were made which serve to dructure and
focus the Revised ERA. Mog of these decisons were reeched after discusson among
technicd team members and with input from technicd and manegerid personnd  from
USEPA, NOAA, NYSDEC, USFWS, and NYSDOH. Technicd issues were dso discussed
with representatives of GE.  This section of the report discusses a number of key technicd
decisons that were made in order to support the goa's and objectives of the reassessment.

1. The baseline ERA considers current and future exposures and risks. It is
well recognized that exposure to PCBs in aguatic sysems can vary tempordly. In
the case of the Hudson, consderable effort has been focused on how exposure
may change over a period of years Because of the importance of time as a factor
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in characterizing exposure and risk, this ERA incorporates reasonebly foreseesble
future conditions under a “no-action” dternative into the assessment.  These
reasonably foreseegble conditions are represented by modds that cgpture many of
the factors influencing the fate and transport of PCBs and thus, future exposure of
ecological receptors to PCBs.  “Current” (i.e. 1993) exposures are characterized by
exiging daa found in Dadbase Rdease 50 (USEPA, 2000e). “Future” (i.e.,
1993-2018) exposures are characterized by the HUDTOX modd for water and
sediment, and FISHRAND for invertebrates and fish (USEPA, 2000a).

2. The ERA considers spatial and temporal dimensions at scales that are
appropriate for the assessment of local populations and for decision making.
Spatid and tempord dimensons for andyses were sdected based on severd
citeria induding: 1) ecologica condderdtions concerning the areas that may be
used by locd populations of fish and wildlife and 2) the level of detail that can be
resolved practicadly with avalable fae and trangport modes and that can be
ressonably supported by the underlying data  In planing the ecologicd risk
asesament, numerous technica discussons were held concerning the degree of
resolution needed for sediments (within river segments) as well as the extent of
individud river segments (and associaed dhordines). Detall was balanced againgt
the extent to which actud exposure conditions were known as wel as the degree
of resolution thet can be practicaly achieved through modeling future conditions.

3. The assessment focuses on particular categories of PCBs that can be
supported by the available data and are amenable to modeling. Seection of
PCB categories to measure, modd, and assess was based on risk assessment
congderations as wdl a on practicd condderations relaled to modding
requirements. For the ecologica risk assessment, this led to a decison to evauate
totd PCBs as represented by "tri and highe™ chlorinated compounds as wdl as
sdected congener's. The "tri and higher” group is expected to include the PCB
compounds that are mog toxic to fish and wildlife and is therefore conddered to
reflect a category that captures most of the toxicity associaed with PCB
compounds.  Higoricd quantitetion of PCBs in biota was done on an Aroclor
bass an andyds of these data show tha the sum of particular Aroclors is
equivdent to the Tri+ and higher congeners (USEPA, 2000a) and that the Tri+
congeners represent totd PCBs in biota  Information on sdected congeners (i.e.,
those used as pat of the toxic equivdency methodology) is dso used to evalae
risk to fish and wildlife.

1.5 Report Organization

This Revised ERA fdlows Ecological Risk Assessment Guidance for Superfund,
Process for Designing and Conducting Ecological Risk Assessments (ERAGS) (USEPA,
1997y. The ERAGS guidance is composed of eght deps as shown in Fgure 1-5. The firgt
two deps congding of screening-levd problem formulation, ecologica  effects  evaudion,
exposure edimate, and preiminary risk cdculaions were completed in the Phase 1 Report
(USEPA, 1991b). Steps 3 and 4 encompassing further problem formulation, study design and
the data qudity objectives (DQO) process were addressed in the Find Phase 2 Work Plan and
Sampling Flan (USEPA, 1992b) and Sep 5, veification of the fidd sampling design, was
completed in the Phase 2B Sampling and AndyssQudity Assurance Project Plan (USEPA,
19939). The ecologicd fidd sampling program was completed in August 1993; however, the
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Revised ERA indudes data avalable through the firg pat of 2000 collected by other
agencies (i.e., NYSDEC, USFWS).

A revised Scope of Work was issued in 1998 (USEPA, 1998¢) to bring the previoudy
rdessed documents up to daie with the 1997 ERAGS guidance  In April 1999, a
responsveness summay weas issued to address comments submitted on the Scope of Work
(USEPA, 1999a). This Revised ERA focuses on Steps 6 and 7 of the ERAGS process
andyss of ecologicd exposures and effects and risk  charecterization, including an
uncertainty andyss.  Step 8, Risk Management, occurs after the completion of the ERA and
is the respongibility of the USEPA ste risk manager.

Due to the naiure of the avalable data, the ecologicd risk assessment for the Hudson
River follows a determinidtic risk evauation with a probadligic evduation usd to evauae
the sengditivity of key parameters.

In kegping with ERAGS, the format of this Revised ERA isasfollows:

Chepter 1, the Introduction, provides background on the purpose of the report, Hudson
River PCBs dte higory, gte invedigaion and avalable data, and ecologica risk
assessment in the Superfund process.

Chapter 2, Problem Formulation, presents the dte characterization, contaminants of
concen  (COCs), conceptua  modd, assessment and messurement  endpoints,  and
representetive receptors.

Cheapter 3, the Exposure Assessment, discusses obsaved and modded PCB
concentrations (based on the results of the RBMR), identifies exposure pathways for
receptors, and sdects exposure parameters for each of the avian and nammadian receptors
used for food chain modding.

Chapter 4, the Effects Assessment, is divided into two pats. The firg part provides an
oveview of PCB dructure and toxicity. In the second hdf of the chepter, toxicity
reference vaues (TRVS) ae sekected for each receptor based on laboratory and fidd
studies.

Chepter 5, the Risk Characterization, uses the exposure and effects assessments to
provide a quatitaive edimate of risk to receptors. The results of the messurement
endpoints ae used to evduae the asessment endpoints sdected in the problem
formulation phase of the assessment.

Chapter 6, the Uncertainty Andyss, discusses various uncertainties associated with the
assessment and presents a sensitivity analysis on the exposure and risk modds

Chapter 7, Conclusons, presents the conclusons of the risk assessment.  This section
integrates the results of the risk characterizetion with the uncertainty anadysis to provide
perspective on the overd| confidence in the assessment.

This report is presented in two books that address potentid current and future
ecologica risks in the Upper and Lower Hudson River. Book 1 contains the report text and
Book 2 presents the tables and figures. Appendices to these books were reeased as part of

12 TAMSMCA



the August 1999 ERA and December 1999 ERA Addendum. Since the few changes made to
the gppendices are incorporated into the firsd two books of this report, the gppendices
contained in USEPA 1999c and 1999 ae not beng reissued with this report. A lig of the
gopendices in those documents, which are considered part of this Revised ERA follows.

August 1999 ERA:

APPENDIX A Site Description and Characterization

APPENDIX B Ecologicd Fidd Sampling Program

APPENDIX C Life History and Ecology of Dominant Macroinvertebrate Receptors
APPENDIX D Life Higory and Ecology of Fish Receptors

APPENDIX E Life History and Ecology of Avian Receptors

APPENDIX F Life History and Ecology of Mammalian Receptors

APPENDIX G Thresatened, Endangered and Specid Concern Species

APPENDIX H Benthic Macroinvertebrate Community Andyss

APPENDIX | Data Usability Report for PCB Congeners Ecologica Study
APPENDIX J Data Supporting TEQ Andysis

APPENDIX K Examination of Exposure Pathways Based on Congener Paiterns
December 1999 ERA Addendunt

APPENDIX A - Conveson from Tri+ PCB Loads to Dichloro through Hexachloro

Homologue Loads a the Federd Dam
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2.0  PROBLEM FORMULATION

Problem Formulation for a basdine risk assessment is reflected as "Step 3" of the
USEPA's Ecologica Risk Assessment Process for Superfund (1997b) as shown in Figure 1-5.
Problem Formulation establishes the gods, breadth, and focus of the assessment. Receptors are
identified and Assessment Endpoints are edtablished. Through Problem Formulation, the
questions and issues that will be addressed are defined based on identifidble potentially complete
exposure pathways and ecologicd effects A key aspect of Problem Formulation is the
devedlopment of a conceptud mode tha illustrates the reationships among sources, pathways,
and receptors.

For the Hudson River PCBs Reassessment RI/FS, Problem Formulation has been an
ongoing process that was initiated in the early 1990s (forma meetings began in 1993) and
culminated in the 1998 ERA SOW that was reviewed by agencies, GE, and other interested
paties. While not formaly refered to as Problem Formulaion, most of the issues that are
consdered Step 3 of an assessment were discussed with various agency personnel, other
agencies (e.g., NOAA, USFWS, NYSDEC), and GE. These discussons occurred during a
number of technicd and public meetings. Much of the discussion involved various aspects of the
conceptua model(s) for exposure pathways, the methods by which exposures would be
determined, and the selection of receptors.

2.1 Site Characterization

The Hudson River PCBs Site is defined as the nearly 200 miles (322 km) of river from
Hudson Fdls to the Battery in New York Harbor. The Upper Hudson River, in the context of the
Reassessment RI/FS and this basdine ERA, is the 40-mile (64-km) stretch from Hudson Fdls to
Federa Dam (Figure 1-2). The Lower Hudson River extends from Federa Dam to the Battery
(Figure 1-3) and is didinguished from the Upper Hudson River by different physcd and
hydrologic regimes.

The Upper Hudson is an entirdy freshwater reach of the river that supports a variety of
aguatic and terrestrid wildlife.  Large quantities of rdatively high concentrations of PCBs have
been found in the sediments of the Thompson Idand Pool (TI Pool) (about RM188.5-195) stretch
of the Upper Hudson River (e.g., USEPA, 1998c; 1997d). Severa tributaries, including Snook
Kill and Maoses Kill, enter the Hudson River at the TI Pool.

The Lower Hudson River is tidd, in contrast to the Upper Hudson River, and includes
freshwater, brackish, and edtuarine habitats. Mogt of the unique ecologicd aress in the river
(e.g., Sgnificant habitats) and threatened and endangered species found in the Hudson River are
found in the lower river. The following sections describe the habitats, fauna, threstened and
endangered species, and dgnificant habitats in the Hudson River. Plae 1 provides detaled
wetland habitat maps and bathymetry of the Hudson River. Information shown on these maps is
taken from Nationd Wetland Inventory (NWI), NYSDEC wetlands (based on 6 NYCRR Part
664), and NOAA nautical charts. Wetland descriptions of the NWI and NY SDEC classfications
can be found in Cowardin et al. (1997) and NYSDEC (1980), respectively. Tables 2-1 to 2-6
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contain species ligs (common and scientific names) of fish, amphibians, reptiles, breeding birds,
and mammals of the Hudson River.

2.1.1 Habitat Descriptions

The following habitat descriptions are based primaily on Ecological Communities of
New York State (Rechke, 1990). Primary groups of organisms and environmental characteristics
ae used as an index to habitat conditions (Reschke, 1990). For edtuarine, paudtring, and
terredtrid sysems vegetation is used as the primay group of organisms, while for riverine
sysems fish are used as the primary group of organisms. Pate 1 shows Nationd Wetland
Inventory (NWI) and NYSDEC wetlands dong the river dong with the bathymetry. The upper
river can be found on sheets 1-4 of Plate 1 and the lower river is on sheets 4-16 of Plate 1.

2.1.1.1 Upper Hudson River Habitats

Main Channel Stream — is the aguatic community of a large, quiet, base level sections
of dreams where there are no didinct riffles. Man channd dreams usudly have clealy
diginguished meanders. They ae characterized by consderable depostion, with a relativdy
minor amount of eroson. Although the middle of the man channd is too deegp for agudic
macrophytes to occur, the shallow shores and backwaters typicaly have rooted macrophytes.
Mosses in the genus Fontinalis are characterigic of shdlow areas. Two exotic weeds, Eurasian
milfal (Myriophyllum spicatum) and water chestnut (Trapa natans) ae common aong shores
and backwaters. Characteristic fishes are deep-bodied fishes such as suckers (Catostomids) and
shad and warmwater fishes such as pickerd, northern pike, smadlmouth bass, and largemouth
bass.

Riverine Cultural Subsystems— this grouping incdudes communities that are ether
crested and maintained by human activities, or are modified by human influence to such a degree
that the stream flow, morphology, water chemistry, or the biologica composition of the resident
community is subgtantidly different from the character of the subdtrate or community as it
exiged prior to human influence.  Culturad riverine communities found in the Upper Hudson
River include acidified streams and canas.

Palustrine System — the padudrine sysem condsts of nontidd perennid wetlands
characterized by emergent vegetation. Paustrine subsystems found aong the upper river include
deep emergent marsh and shallow emergent marsh, as described below.

Deep Emergent Marsh — a marsh community that occurs on minerd soils or fine-
graned organic soils, the subdrate is flooded by waters that are not subject to violent wave
action. Water depths can range from 6 in to 6.6 ft (15 cm to 2 m); water levels may fluctuate
seasondly but the subdrate is rady dry, and there is usudly danding water in the fdl.
Characterigtic vegetation include emergent aguetics such as yedlow pond-lily (Nuphar luteum),
white water-lily (Nymphaea odorata), cattails (Typha latifolia, T. angustifolia), oft-sem bulrush
(Scirpus tabernaemontanii), hard-stem bulrush §. acutus), bur-reed Sparganium eurycarpum),
arow aum (Peltandra virginica), and wild rice (Zizania aquatica). Marshes that have been
disurbed are frequently dominated by aggressve weedy species such as purple loosestrife
(Lythrum salicaria) and common reed (Phragmites australis).
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Characterigic animas include American bittern, least hittern, red-winged blackbird,
marsh wren, Virginiarail, pied-billed grebe, bullfrog, and painted turtle.

Shallow Emergent Marsh — a marsh community that occurs on minerd soils or fine-
graned organic soils. This marsh is better drained than a degp emergent marsh; water depths
may range from 6 in to 3.3 ft (15 cm to 1 m) during flood stages, but the water leve usudly
drops by mid to late summer and the subdrate is exposed. Characteridtic vegetation include
blugoint grass (Calamagrostis canadensis), reed canary grass (Phalaris arundinacea), rice
cutgrass (Leersia oryzoides), mannagrass (Glyceria canadensis), sedges (Carex stricta, C.
lacustris), three-way sedge (Dulichium arundina), bulrushs (Scirpus cyperinus, S. atrovirens),
swvedflag (Acrosus americanus), wild iris (Iris versicolor), water smartweed (Polygonum
amphibium), mash bdlflower (Campanula aparinoides), and tufted loosestrife (Lythrum

thrysiflora).

Palustrine Cultural Subsystems - this group includes communities that are ather
created and maintained by human activities, or are modified by human influence to such a degree
that the physcd conformation of the subdrate, the hydrology, or the biologica compostion of
the resdent community is subgantidly different from the character of the subdtrate, hydrology,
or community as it exiged prior to human influence. Culturd padudrine communities found in
the Upper Hudson River include farmed land that may have been partidly drained or impounded.

Forests- Hardwood forests are found dong the Hudson River. These include ash-maple
floodplain forests (e.g., green and black ash, red maple, and dippery €m) and black locust
forests found aong the banks of the river near Saratoga Nationd Historic Park (SNHP, 1981).

2.1.1.2 Lower Hudson River Habitats

A number of didinct ecologicd communities ae found in the Lower Hudson River,
including tida river, brackish subtidd aquatic bed, brackish tidd marsh, brackish intertidd
shore, brackish intertidd mudflats, freshwater swamp, freshwater subtidd aguatic  bed,
freshwater tidd marsh, freshwater intertidd shore, and freshwater intertidd mudflats. Brief
descriptions of these communities based on Reschke (1990) are provided below.

Tidal River - refers to the aguatic community of continuoudy flooded subdrates that
support no emergent vegetation. These habitats are found dong the Lower Hudson River, from
Troy to New York City. Within the Lower Hudson River there are two zones, the deepwater
zone includes sections of the lower river with water depths grester than six feet at low tide and
the shdlows zone includes submerged aress less than ax feet a low tide that lack rooted aguatic
vegetation. Hence, vegetation is limited to phytoplankton in the upper layers of the water
column. In the river there is veticd sdinity gradient, with a surface layer of freshwater (dinity
less than 0.5 parts per thousand [ppt]) floating over a deeper layer of brackish water (sdinity 0.5
and 18.0 ppt). Plate 1 shows the generd sdinity digtribution based on NWI classfications dong
the lower river (Plate 1. Sheets 4 —16). Sdinities a any one place in the river may fluctuate as
the tides flow in and out because the “sdt wedge’ of the brackish water dternaively rises and
fdlswith the tides.
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The tidd river community is composed of abundant animd life supported by organic
materid originating in the watershed. Characterigtic fishes include year-round residents as well
as seasond migrants or anadromous species that enter the river as adults to spawn and return to
the ocean afterwards. The progeny of these anadromous fish occupy the river as nursery area for
the remainder of the year or longer. Fish found in the deepwater community include Atlantic
tomcod (Microgadus tomcod), hogchoker (Trinectes maculatus), ranbow smet (Osmerus
mordax), Atlantic gsurgeon (Acipenser oxyrhynchus) and shortnose sturgeon (Acipenser
brevirostrum). Characterigic fish of the shdlows include driped bass (Morone saxatilis),
American shad (dlosa sapidissima), banded killifish (Fundulus diaphanous), spottal shiner
(Notropis hudsonius), tessdllated darter (Etheostoma olmsteadi), and pumpkinseed (Lepomis
gibbosus). Fishes that occur in both deepwater and shalows include bay anchovy (4nchoa
mitchilli), blueback herring (Alosa aestivalis), white perch (Morone americana), and dewife
(Alosa pseudoharengus) (Gladden et al., 1988). Fish predators can capture fish near the water's
surface .g., bad eagles, osprey) or below the surface of the water (e.g., cormorants, loons, and
diving ducks).

Brackish Subtidal Aquatic Bed- is the aguaic community of continuoudy flooded
substrates with rooted aguatic vegetation. The water is brackish (sdinity between 0.5 and 18.0
ppt) and is usudly less than sx feet deep at low tide. Characteristic plant species are waterweed
(Elodea nuttallii), coontall (Ceratophyllum demersum), naad (Najas guadalupensis), Sago
pondweed (Potamogeton pectinatus), horned pondweed Cannichellia palustris), and widgeon
grass (Ruppia maritime). A common weedy exotic is Euragan milfoil (Myriophyllum spicatum).
This community is found dong the Hudson River from Newburgh to New York City (e.g.,
Piermont Marsh).

Freshwater Subtidal Aquatic Bed- is the freshwater (sdinity less than 0.5 ppt) aquatic
community of continuoudy flooded subdrates with rooted aquatic vegetation. The water is
usudly less than sx feet deep a low tide. Characteristic plant species are waterweed (Elodea
nuttallii), water celery (Vallisneria americana), naiads (Najas guadalupensis and N. minor), and
pondweed (Potamogeton perfoliatus). Two exotic weeds, Eurasan milfoil (Myriophyllum
spicatum) and water chestnut (Trapa natans) are common in the Hudson River aguatic beds
This community is found along the Hudson River from Troy to Newburgh.

Brackish Tidal Marsh- this includes sections of the Hudson River where sdinities range
from 0.5 to 18.0 ppt, and the water is less than Sx feet deep a high tide. The plant community
condsts of a mixture of sat marsh and freshwater marsh tidd marsh species, with no species
attaining dominance over extendve aress, dthough some species are localy abundant in patches.
The vegetation in a brackish tidd marsh is dense and dominated by tal grasses. Characteristic
plants are narrow-leaved catall (Typha angustifolia), arrow aum (Peltandra virginica),
pickerdlweed (Pontederia cordata), water smartweed (Polygonum punctanum), common reed
(Phragmites australis), marsh fern (Thelypteris palustris), wild rice (Zizania aquatica), 0ft-sem
bulrush (Scirpus tabernaemontanii), river bulrush (S. fluviatilis), dwarf spikerush (Eleocharis
parvula), arowhead (Sagittaria latifolia), lilaeopss (Lilaeopsis chinensis), rose-mdlow
(Hibiscus mosheutos), yellow iris (ris pseudocorus), and satmarsh fleabane (Pluchea ordorata).
Purple loosestrife (Lythrum salicaria) 1sacommon weed in brackish marshes.
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Tidd marshes provide important feeding and breeding areas for many resdent and
trangent agudic and terredrid animas.  Fsh (e.g., killifish, daters, mummichogs, sunfish, and
carp) come into marshes at high tide to feed on invertebrates such as cladocerans, copepods,
ostracods, and chironomids. A variety of amphibians, reptiles, birds, and mammals feed on the
fish and invertebrates found in marshes. Hudson River tidd marshes support many bird species
and large populations of nesting birds, which includes a high densty of breeding marsh hirds.
Characterigtic birds include red-winged blackbird, swamp swalow, marsh wren, yelow warbler,
common ydlowthroat, song sparrow, Virginiarail, American goldfinch, and eastern kingbird.

Brackish tidd marshes are found dong the Hudson River from Newburgh to New York
City. The downsgtream limit of brackish marsh communities begins where cordgrass (Spartina
alterniflora) no longer dominaes tida creek or river banks and the upstream limits extend to
where the green seaweed Entermorpha intestinalis can no longer be found. Brackish tidd
marshes can be digtinguished from freshwater tidd marshes by the lack of species redricted to
freshwater, such as spatterdock (Vuphar luteum), sweetflag @corus americanus), and blue flag
(Iris versicolor), and a decrease in the cover of sedges (Carex spp. and Cyperus Spp.).

Brackish Intertidal Mudflats- is a sparsdly vegetated community, characterized by low-
growing, roseite-leaved aguetics. The community occurs on exposed intertidd mudflats where
water sdinity ranges from 0.5 to 18.0 ppt. This community is best developed where the mudflats
are nearly level so that broad expanses are exposed at low tide. The rosette-leaved aquatics are
completely submerged at high tide, and they are usuadly coated with mud. Characterigtic species
are spongy arrowhead (Sagittaria calycina), strap-leaf arrowhead (Sagittaria subulata), mudwort
(Limosella australis), three-square bulrush (Scirpus americanus), and water celery (Vallisneria
americana). Brackish intertidd mudflats are found dong the Hudson River from Newburgh to
New York City.

Brackish Intertidal Shore — is a community of the intertida gravelly or rocky $ores of
brackish tida rivers and creeks where water sdinity ranges from 0.5 to 18.0 ppt. Brackish
intertidal shoreis found aong the Hudson River from Newburgh to New Y ork City.

Freshwater Tidal Swamp- is a forested or shrub-dominated tidal wetland tat occurs in
lowlands aong large river sysems characterized by gentle dope gradients coupled with tidd
influence over condderable disances. The swamp subdrate is aways wet and is subject to
semidiurnd flooding by fresh tidd weter.

The characteridtic trees are green ash (Fraxinus pennsylvanica), black ash (F. nigra), red
maple (Acer rubrum), dippery dm Ulmus rubra), American hornbeam Carpinus caroliniana),
and sometimes northern white cedar (Thuja occidentalis). Common shrubs and vines ae aders
(Alnus serrulata, A. rugosa), spicebush (Lindera benzoin), arrowwood (Viburnum recognitum),
slky dogwood (Cornus amomum), gray dogwood (C. Foemina), red-oser dogwood (C. sericea),
Virginia cregper (Parthenocissus quinquefolius), and poison ivy (Toxicodendron radicans).
Characteristic groundlayer species are rice cutgrass (Leersia oryzoides), sendtive fern (Onoclea
sensibilis), clearweed (Pilea pumila), <potted jewelweed (Impatiens capensis), cOmMMON
monkeyflower (Mimulus ringens), knotweeds Polygonum spp.), skunk cabbage Symplocarpus
foetidus), hog peanut (Admphicarpae bracteata), groundnut (Apios americana), wild yam
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(Dioscorea villosa), sedge Carex grayi), Jack-inthe-pulpit @risaema triphyllum), and svamp
milkweed (Asclepias incarnata). This community is found dong the Hudson River from Troy to
Newburgh.

Freshwater Tidal Marsh is a marsh community that occurs in shdlow bays, shods, and
a the mouth of tributaries of large tidd river sysems, where the water is usudly fresh (sdinity
less than 0.5 ppt) and less than sx feet deep a high tide The vegetation is dominated by
aguatics that are emergent a high tide. Typicdly there are two zones in a freshwater tidd marsh:
a low-eevation area dominated by short, broad-lesf emergents bordering mudflats or open water,
and adightly higher levation area dominated by tall grasses.

Characterigic plants of the low eevation broad-leaf emergent zone include spatterdock,
pickerdweed, arowleaf, and fowl mannagrass (Glyceria striata). Under the canopy of
emergents there may be a sparse understory of rosette-leaved aquatics, such as narrow-leaved
arrowheads and mud plantain Heteranthera reniformis). Characteristic plants of the higher zone
include narrowleaf cettal, river bulrush, bureed (Sparganium eurcarpum), wild rice, and blue

flag.

Other characterigtic plants that occur in both zones include arowheed, rice cutgrass,
water-hemp, spotted jewelweed (Impatiens capensis), esuary beggar-ticks (Bidens bidentoides),
swedflag (Acorus americanus), softstem bulrush, sedges, and cyperus (Cyperus spp.). Purple
loosestrife and common reed are common exatics in this community.

Characterigtic birds include marsh wren, red-winged blackbird, svamp sparrow, Virginia
ral, song sparow, ydlow warbler, least bhittern, American goldfinch, willow flycatcher, and
common yellowthroat. Freshwater tidd marshes are found adong the Hudson River from Troy to
Newburgh.

Freshwater Intertidal Mudflats - is a sparsdy vegetated community, characterized by
low-growing, rosette-leaved aguetics The community occurs on exposed intertidd mudflats
where the water is fresh (sdinity less than 0.5 ppt). This community is best developed where the
mudflats are nearly levedl s0 that broad expanses are exposed at low tide. The plants are
completely submerged in three to four feet of water a high tide, and they are usualy coated in
mud. Characteristic species are strap-leaf arrowhead, mud- plantain Heteranthera renifromis),
grass-leaf  arowhead, iff arowhead  (Sagittaria rigida), three-square bulrush  (Scirpus
americanus), golden club (Orontium aquaticum), and wild rice. Freshwater intertidd mudflats
are found aong the Hudson River from Troy to Newburgh.

Freshwater Intertidal Shore — is a community of the intertidal gravelly or rocky shores
of freshwater tidd rivers and creeks. Vegetation may be very sparse. Characteristic species
include heartlesf plantain, eduary beggar-ticks, water-hemp, smartweed, cardind  flower
(Lobelia  cardinalis), Pennsylvania bittercress  (Cardamine pennsylvanica), mud-hyssop
(Gratiola neglecta), golden club, and an exotic black mustard (Brassica niger). Freshwater
intertidal shore isfound aong the Hudson River from Troy to Newburgh.
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Estuarine Cultural Subsystems- this grouping includes communities that are ether
created and maintained by human activities, or are modified by human influence to such a degree
that the physcal conformation of the subdtrate, or the biologicd compostion of the resident
community is subgantidly different from the character of the subdrate or community as it
exiged prior to human influence.  Culturd communities found in the Lower Hudson River
include eduarine channd/atificd impoundment; eduaine impoundment marsh; edtuarine
dredge spoil shore; and estuarine riprap/artificia shore.

2.1.2 Hudson River Natural History

The Hudson River is home to a wide variety of fish and wildlife species. Many of these
animds feed on the abundant vegetation and invertebrates found in the Hudson River. Much of
the primary production of organic matter by photosynthesis is accomplished by the phyto-
plankton. In the Lower Hudson River there is a gradient with respect to species composition and
abundance that correponds to sdinity (Boyce Thompson Inditute, 1997). Common
phytoplankton include diatoms (e.g., Asterionella spp. Coscinodiscus spp., Cyclotella Spp.,
Melosira  Spp., Skeletonema pp.), green adgee (e.g., Pediastrum Spp., Scenedesmus SPp.,
Ankistrodesmus pp.), dinoflagellates Ceratium spp., Prorocentrum pp.), and blue-green agae
(Anacystis pp., Anabaena FPp.). The maximum gross primary productivity is highest in the
brackigh/satwater region just north of New Y ork City (Boyce Thompson Ingtitute, 1997).

Invertebrates

The zooplankton community of the Hudson River is diverse and includes copepods e.g.,
Acartoa tonsa, Eurytemona affinis), young snals (e.g., Valvata sincera), water fleas (e.g.,
Bosmina longirostris, Daphanosoma Sp., Moina .), and immature barnacles (e.g., Balanus
$Pp.).

The Upper Hudson River benthic macroinvertebrate community is composed of
freshwater invertebrates, dominated by groups such as isopods, oligochaetes, and chironomids.
The Lower Hudson River invertebrate community has a greater diverdty of organisms because
of the range of sdinities found there. The upper reaches of the Lower Hudson above RM 50 are
dominated by freshwater arthropods and oligochaetes. The middle reaches from RM 25 to RM
50 have a mixture of freshwater and marine forms and the lower reaches below RM 25 support a
typicd marine assemblage including marine oligochaetes, polychaetes, and crustaceans. In the
lower river decapods, such as the penagid shrimp (Penaeus spp.) and blue crab Callinectes
sapidus) ae found. Profiles of the dominant macroinvertebrate species/groups found in the
Hudson River are provided in Appendix C of USEPA 1999c.

An unwdcome invertebrate in the Hudson River is the zebra mussd (Dreissena
polymorpha). 1t was firgt detected near Catskill in the Lower Hudson River in May 1991 (Strayer
et al., 1996) and its digribution is strongly controlled by the digtribution of suitable subdtrata
The highest densities (average 17,000/n?) are found on rocks in deep (> 5 m) water. Even
though such deep-water rocky areas cover only 7% of the estuary, they support 95% of the zebra
mussd population (Strayer er al., 1996). Zebra mussds are not a mgor problem in the Upper
Hudson River, probably dueto lack of suitable substrata.
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Fish

The Hudson River supports a diverse assemblage of fish.  Fsh in the river can be
classfied according to predominant habitat or the habitat in which they reproduce. Table 2-1
contans a lig of Hudson River fishes dong with ther predominant habitat (i.e., freshwater,
freshwater/brackish, sdtwater, anadromous, and catadromous). Many commercidly vauable fish
and shdlfish species including driped bass, shad, Atlantic sturgeon, and blue crab use the
esuary for spawning and as a nursery ground. The nutrient-rich brackish water portion of the
eduary provides food composed primarily of immature and mature invertebrates, such as shrimp,
polychaetes, copepods, crabs, barnacles, oysters, and clams. Estuarine spawners include the bay
anchovy, hogchoker, and mummichogs. Freshwater and anadromous species include the
Atlantic tomcod, Atlantic surgeon, shortnose surgeon, American shad, dewife, blueback
herring, white perch, and driped bass. Marine spawners include the American ed, Atlantic
menhaden, bluefish, weekfish, longhorn sculpin, and winter flounder.

NY SDEC (1989) collected data on the digtribution of fish and their use of habitats in the
Hudson River Estuary from Troy to Saugerties, NY. The daa were combined with existing
information to describe generdized fish didribution, aggregations, and patterns of habitat use
(Table 2-2). Fsh didribution in the Hudson Estuary is habitat dependent for most resident
gpecies.  The habitat with the greatest diversity of fish was vegetated backwaters, while that with
the highest fish abundance (in soring) was the tallwater behind Federd Dam a Troy. Fish
abundance changed seasondly between habitats, and shdlow water habitats had higher fish
abundance in summer and fdl than soring.  Offshore fish aggregeations were most diverse around
rock piles and least diverse in the main channd.

Herpetofauna

Amphibians hatch from eggs lad in water and live for a time as aguatic larvee before
metamorphosng into ar-bregthing terrestrid animas.  Even as adults, amphibians require moist
conditions for survivd. Though mogt have lungs, they aso exchange oxygen through their skin.
For the trander to happen efficiently, their skin must be mois. Amphibians found dong the
Hudson River based on the New York State Amphibian and Reptile Atlas 1990-1998 (NY SDEC,
1999h) are listed in Table 23 and include sdamanders, toads, and frogs. Amphibians that have
been sighted in Saratoga Nationa Historic Park, Saratoga County, NY (SNHP, 2000) are marked
with an asterisk.

The amphibian populaions of the lower river are farly low (Stanne et al., 1996). This
may be due to: 1) cydes of exposure and flooding in the tidd zone may pose difficulties for adult
amphibians and certainly are problematic for their eggs, which must say wet; 2) dthough
sometimes found in dightly brackish water, amphibians avoid sdt water and are absent from the
lower portions of the river; 3) intertida waters are subject to high temperatures in summer and
ice scour in the winter, conditions that threaten any animd that can not leave or burrow in the
mud; 4) many predators e.g., large fish, herons, and snapping turtles) prowl these areas and may
limit populations, and 5) some amphibians are very sendtive to pollutants.
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Reptiles found adong the Hudson River incude turtles, snekes, and lizards (NY SDEC,
1999b), as listed in Table 24. As is the case with amphibians, many reptiles common in wetland
habitats dsawhere dong the Hudson River are much less common in the river's tidd wetlands
(Stanne et al., 1996). Representative species of turtles include the snapping turtle and painted
turtle. Snakes found aong the river include the water snake and garter snake.

Birds

Among the Hudson River's vertebrates, birds are second only to fish in overal numbers
and they rivd fish in thar divergty (Stane er al, 1996). The highly productive estuary
produces large supplies of food for birds to feed on. The Hudson River dso serves as a flyway, a
route that birds follow as they migrate north in soring and south in the fal. Birds exploit dl the
habitats available in the Hudson River ecosystem, and are active in dl seasons.

A lig of breeding birds found aong the Hudson River based on Andrle and Carall
(1988) is provided in Table 25. Birds sighted in Saratoga NHP (SNHP, 2000) are marked with
an aderik. There are many other birds that may aso be sighted dong the river, but have not
been confirmed to breed dong the river. Examples of birds found dong the river, grouped as
svimming, wading, perching birds of wetland habitats, and wide-ranging river birds (Stanne et
al., 1996) are summarized below.

Swimming birds include many commonly seen waterfowl, such as ducks geese, and
swans, and adso gulls, cormorants, and coots.  Surface-feeding ducks are found in shdlow
wetlands and feed on underwater vegetation and invertebrates by tipping up or dabbling
(scooping up water and food and dlowing the water to drain out the Sdes of their bills). These
ducks are numerous in the spring and fdl during migration, but only the mdlard and black ducks
winter in any dgnificant numbers.  Diving ducks (e.g., greater scaup, bufflehead, and common
merganser) are adgpted for swimming underwater and feed on a variety of aguatic organisms
including plants, clams, mussels, crabs and other crustaceans, and fish. Large numbers of diving
ducks are seen during spring and fal migrations, and many winter on the Lower Hudson, staying
south of the ice cover or using openings in the ice for underwater feeding.

Wading birds stay aong the river's edge following the tide in and out over the shordline,
tidd flas, and marshes. These birds include shorebirds, herons, egrets, bitterns, and rails.
Shorebirds (e.g., killdeer, spotted sandpiper, grester yelowlegs) feed mainly on invertebrates,
such as worms, crustaceans, insects, and mollusks. Herons ¢.g., great blue heron, green heron),
egrets .g., showy egret), and bitterns .g., least bittern) have long, dagger like bills adapted for
caiching fish and other smdl animads. Many of these gpecies nest dong the river. Although
many wading birds nest and rase ther young aong the Hudson River, few overwinter on the
river snce much of their preferred habitat is covered inice.

Perching birds of wetland habitats include thrushes, blackbirds, wrens, finches, sparrows,
flycaichers, swalows, and jays, which al belong to the largest order of birds, the passerines, or
perching birds. Mot feed on insects and other smal invertebrates, but some aso eat seeds.
Most are migratory, but many species breed dong the river. Common summer birds include the
marsh wren, red-winged blackbird, and swamp sparrow.
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Wide-ranging river birds include raptors, kingfishers, and gulls. Mog typicdly hunt over
the open water. Of the raptors (.e., eagles, hawks, facons, and owls) found dong the river the
bald eagle and osprey are most dependent on the river because fish is their preferred food. The
bald eagle, a federd-listed threatened species and a NY S-listed endangered species, is monitored
by NYSDEC. The belted kingfisher is the only kingfisher found dong the Hudson River. They
catch amdl fish usng their strong, dagger like bills. Gulls €.g., herring gull, great black-backed
gull) are opportunistic feeders, feeding upon fish, mollusks, crustaceans, human food scraps, and
even other birds and smal mammas. Gulls can be seen in al seasons dong the river.

Mammals

Many mammas are found close to the Hudson River and teke advantage of the resources
provided by it. However, only a few mammalian species live and eproduce by the river. A ligt
of mammads potentidly found aong the Hudson River is provided in Table 2-6. Mammas
sghted in Saratoga NHP (SNHP, 2000) are marked with an agterisk. Herbivores, such as
whitetail deer and smdl rodents (e.g., meadow vole, white-footed mouse) can be found feeding
adong marshes. The muskrat is a rodent that commonly inhabits both the freshwater and brackish
marshes of the Hudson River. They build houses of plant dems and mud, but may dso live in
burrows excavated along the shordine. Muskrats feed on plants, favoring cattalls Mammas in
families of squirrds (e.g., chipmunk, red squirrel, woodchuck), hares and rabbits (e.g., cottontail,
snowshoe hare), and moles (eastern mole, star-nosed mole) may aso feed near the river. The
maost common omnivore found aong the river is the raccoon.

A variety of insectivores, such as shrews and bats, are found aong the river. Shrews
(e.g., short-tailled shrew, masked shrew) feed mainly on insects and other invertebrates living in
the ground. Bats (e.g., little brown bat, eastern pipisrelle) feed on insects, many of which are
emergent insects with an aguatic life sage.

Large predatory mammas found dong the Hudson include canids g.g., coyote, gray fox,
red fox), and members of the weasd family, including both species commonly found in wetland
habitats (mink and river otter) and species more commonly found in other habitats .g., striped
skunk, longtall weasd). The mink and river otter stay close to the water, denning dong the
shordline, and feeding largely on fish. These animas and other large carnivores, often active at
night, are dusive and seldom seen (Stanne et al., 1996).

Marine mammas, such as whdes, dolphins, and seds are found a the mouth of the
Hudson River and are rarely seenintheriver.

2.1.3 Threatened and Endangered Species

The federa Endangered Species Act (16 USC Sections 1531-1544) divides animds and
plants in danger of extinction into two categories, “threatened” and “endangered.” Endangered
species are faced with imminent extinction. Threatened species are in less danger, but require
gpecid protection to maintain their populations. There is dso a caegory of species of specid
concern. These species have no legd protection but are listed because the dability of ther
populations is unknown. The USFWS encourages government agencies and appropriate parties
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to condder these species during evaluations. The USFWS was contacted to obtain a list of listed
or proposed endangered or threatened species potentidly found in or near the Hudson River
(USFWS, 2000).

New Yok State dso maintans its own separate lit of animads and plants that are
consdered endangered, threstened, or of specia concern at the dtate level. The New York State
Natural Heritage Program was contacted to obtain a current listing of rare or state-lised animds
and plats, ggnificant naurd communities, and other ggnificant habitats found within a one-
mile corridor on ether sde of the Hudson River (NYSNHP, 2000). All threastened, endangered
and specia concern species listed in Table 27 have been sghted in and dong the Lower Hudson
River, and some of them (e.g., bad eagle and short-eared owl) are dso found in the Upper
Hudson River Vdley, as noted in the table.  Profiles of threstened and endangered species found
in and aong the Hudson River are provided in Appendix G of USEPA 1999c.

The habitats of the Hudson River support a number of rare plant species. NYS-liged
threatened plant species found aong the Hudson River include estuary beggar-ticks (Bidens
bidentoides), golden sed (Hydrastis canadensis), heartleaf plantain (Plantago cordata), Southern
ydlow flax (Linum medium var. texanum), and swamp cottonwood (Populus heterophylla).
NYS-lised endangered plant species found in its vicinity are American waewort (Elantine
americana), blunt-lobe grape fern (Botrychium oneidense), sdtmarsh bulrush (Scirpus novae-
angliae), and water pigmyweed Crassula aquatica). NYS rare plant species of specid concern
found include Bickndl's sedge (Carex bicknelli), clustered sedge (Carex cumulata), Davis
sedge (Carex davisii), false hop sedge (Carex lupiformes), glaucous sedge (Carex Flaccosperma
var. glaucodea), lllinois pinweed (echea racemulosa), marsh straw sedge(Carex hormathodes),
mock-pennyroya (Hedeoma hispidum), Schwenitz's flatsedge (Cyperus schweinitizii), dender
crabgrass (Digitaria filiformis), Smooth bur-marigold (Bidens laevis), spongy arrowhead
(Sagittaria calycina var. spongiosa), sSvamp lousewort (Pedicularis lanceolata), violet lespedeza
(Lespedeza violacea), and weak stellate sedge (Carex seorsa). Furthermore, two federd species
of specid concern, handsome sedge (Carex formosa) and micrantherum (Micrantherum
micranthemoides) are found in the vicinity of the Hudson River.

The Karner blue butterfly (Lycaeides melissa samuelis), a federa and NYS-liged
endangered species, is the only protected invertebrate found aong the Hudson River, athough
severd rare dragonflies and the tawny emperor butterfly are so found near theriver.

The shortnose sturgeon (cipenser brevirostrum) is a federd and NY S-listed endangered
gpecies found in the Lower Hudson River. No threatened fish species or  fish species of specid
concern are found in the Hudson River, dthough the rare bluespotted sunfish may occur dong
theriver.

NYS-liged threstened reptiles found aong the Hudson River include Blanding's turtle
(Emydoidea blandingii) and the timber rattlesnake (Crotalus horridus). The bog turtle is dso a
federd-listed threatened species. NYS-lised endangered species of herpetofauna potentidly
found dong the Hudson River are the northern cricket frog (Acris crepitans) and bog turtle
(Clemmys muhlenbergii). NYS reptile species of gpecid concern found in and near the Hudson
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River are spotted turtle (Clemmys guttata), wood turtle (Clemmys insculpta), diamondback
terrapin (Malaclemys terrapin), and fence lizard (Sceloporous undulatus).

The Hudson River Vdley is home to many bird species, incduding a number of threatened
and endangered species and species of gpecia concern. The bdd eagle (Haliaeetus
leucocephalus) 1S a federd-listed threatened species and a NY S-listed endangered species. The
osprey (Pandion haliaetus), northern harrier Circus cyaneus), and red-shouldered hawk Buteo
lineatus) are NY S-lisged threatened species found in the Hudson River Vdley. The peregrine
fdcon (Falco peregrinus) is liged as endangered by both the federd and NYS governments.
NYS species of special concern found n the vicinity of the Hudson River are the least bittern
(Ixobrychus exilis), Cooper's hawk  (Accipiter cooperii), upland sandpiper (Bartramia
longicauda), short-eared owl (sio flammeus), barn owl (Tyto alba), king ral Rallus elegans),
common nighthawk (Chordeiles minor), eastern bluebird (Sialia sialis), grasshopper sparrow
(Ammodramus savannarum), and vesper sparrow (Pooecetes gramineus).

The only federd-lided mammd known to occur dong the Hudson River is the
endangered Indiana bat (Myotis sodalis) (USFWS, 2000). The eastern woodrat (Neotoma
magister) IS a NYS-liged endangered mamma that has been sghted dong the Hudson River.
There are no federal or State-lisgted threstened mammas or mammas of specid concern found
aong or in the vicinity of the Hudson River.

The Revised ERA does not evauate specific risks to most threatened and endangered
gpecies, but risks to organiams that have smilar habitats and feeding Strategies can be used to
infer risks to threatened and endangered species at the individud, rather than population, level.
The Hudson River Natura Resources Damage Assessment will evauae injuries to bird species,
paticularly federd or State listed threatened and endangered species .g. bad eagle, peregrine
falcon), species hat have been shown to be sengtive to PCBs or other hazardous substances of
concern f.g. black-crowned night heron, wood duck), and species that are consumed by humans
(e.g., waterfowl) (Hudson River Natural Resources Trustee Council, 1998).

2.1.4 Significant Habitats

New York Stat€'s Coastd Management Program (CMP) has a policy amed a the
protection of fish and wildlife resources of Satewide sgnificance. The specific policy statement
is as follows “Sgnificant coastd fish and wildlife habitats will be protected, preserved, and
where practica, restored so as to maintain ther viability as habitats” NYSDEC evauates the
dggnificance of coadd fish and wildife habitats and following a recommendation from
NY SDEC, the Department of State (DOS) designates and maps specific areas under the authority
of the Coagtd Management Program’s enabling legidation, the Waterfront Revitdization and
Coastd Resources Act (Executive Law of New York, Article 42). These desgndions are
subsequently incorporated into the Coastd Management Program under authority provided by
the Federal Coastal Management Act.
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Thirty-four (34) dtes in the tida portion of the Hudson River have been designated as
Sgnificant Coadtd Fish ad Wildlife Habitats under the NYS Coastd Management Program
(NYSDOS, 1987). Five additiona sStes have been identified as containing important plant and
anima communities to bring the totad number of stes to 39, liged in Table 2-8 (NYSDOS and
the Natue Consarvancy, 1990). These areas are unique, unusud, or necessary for continued
propagation of key species. Habitats (and their associated communities) present in significant
habitats include freshwater and brackish water shdlows, mudflats, marshes, swamp foredt,
deepwater, and creeks. Many areas provide spawning aress for fish and are used as resting and
feeding aress for migratory birds A summary of important resources a each Hudson River
ggnificant habitat, including community types, rare species, and resource vaue is provided in
Table 2-9.

Four of the dgnificant habitets comprise the Hudson River Nationd Estuarine Research
Resarve (NERR), administered by NYS in partnership with NOAA. These areas and severd
other NYSDOS-desgnated dgnificant habitats were sampled during the ecological risk
assessment fiedld sampling effort (see Plate 1 for locations in Stockport Flats (NERR) RM 123;
Tivali Bays (NERR) RM 100; Iona Idand (NERR) — RM 40; Piermont Marsh (NERR) RM 24;
Shad Idand RM 135; Roger’s Idand RM 118; Esopus Meadows RM 88; and Moodna Creek RM
58).

2.1.5 Human Use of the River

The Hudson River is an important source of energy, natura resources, and trangportation
to populations dong the river, much as it has been to prehistoric and hitoric populations of the
region. During the thousands of years following the find northerly retreat of the Wisconsn
Glacier gpproximately 14,000 years ago, the river and its drainages gradudly transformed the
landscape, providing a rich habitat and supporting a substantial prehistoric population.  During
the formaive years of Americas historic settlement, the Hudson River often proved to be of
vita logisticd importance and was the ste of numerous militay engagements During the 17"
through 19" centuries, this region was gradualy settled by European immigrants who cleared the
land, established towns, and built a variety of indudtries dong the river. Efforts to maximize the
indugtrid use of the river led to the condruction of locks, dams, gates, channds, and reated
structures.

In 1609, the Englishman Henry Hudson was looking for a quick passage to China as he
sdled dong Americas North Atlantic coast.  Hudson thought he found what he was looking for
when he entered New York Bay and what is now the river named for him. He and his crew,
saling a ship cdled the HAf Moon, traveled about 150 miles up the river near what is now
Albany before redizing it would not lead them to ther detination of choicer Hudson had been
hired for the journey by a Dutch trading company, the Dutch East India Company, and his
explorations led to the area first being settled by the Dutch.

The 60-mile (96.5 km) Champlain Cana was completed in 1825. This cand linked the
Hudson River a Troy, New York with the southern end of Lake Champlain a Whitehal, New
York. During the heyday of the Champlain Cand, between 1823 and the early 20" century,
thousands of cand boats passed between Lake Champlain and the Hudson River, transporting
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rav materids and finished products, linking the farmers and merchants of the Hudson Valey
with the rest of the world. Cana boats were by far the most common type of working craft;
these boxy vessds efficiently and inexpensvely trangported heavy cargoes, and a the same time
served as home for cand boatmen and their families.

The fird& American school of landscape painting is known as the Hudson River School.
In 1825, a young atis named Thomas Cole arived in the Hudson Vadley dong the Lower
Hudson. He was @ptivated by the scenery and began a sketching trip through the Hudson River
Vdley. His subsequent paintings celebrating nature ingpired other artists to do the same.  Their
dyle of dramatic and uniquely American landscapes became known as the Hudson River School
of Painting, which flourished from 1825 to 1870.

Recently, the Hudson River has been designated an American Heritage River, which is an
initictive desgned to more effectivdly use the federd government's many resources.  Through
this program, environmental, economic, and socid concerns will be addressed in a plan that is
desgned and driven by the locd community. The American Heritage Rivers initiaive is
intended to help communities revitdize their rivers and the banks dong them--the dreets, the
higoric buildings, the naturd habitats, the parks-to hep ceébrate ther hisory and ther
heritage.

A dte file search of the records of the New York Office of Parks, Recredtion, and
Historic Preservation (OPRHP), the New York State Museum, and the Nationa Register of
Historic Places was conducted in 1990 in the Towns of Moreau and Fort Edward. The search
resulted in the documentation of 20 culturd resources (Collamer & Associates, Inc., 1990),
including three prehistoric dStes (one of which was a drdified, multi-component seasond
campsite); one dte dating to the French and Indian War; one multi-component prehistoric Site
adso containing French and Indian War and Revolutionary War encampments, the Fort Edward
Blockade, the Satterlee Lane Higtoric Depodts, eight historic houses or former houses, the
historic Ferry Landing; a mid- to late-19'" century mill (Allen Mill); the site of a ferry house and
blockhouse; and the location of the Roya Blockhouse It is likdy that smilar types of culturd
resources are present aong other portions of the Hudson River. In addition, the Saratoga
Nationa Historic Park lies on the western bank of the Hudson River in the Town of Stillwater.

2.2 Contaminants of Concern

To focus on the charge of reassessng the 1984 No Action decison of the USEPA
concerning PCB-contaminated sediments in the Upper Hudson River, the contaminants of
concern (COCs) are limited to PCBs. This decison is consgtent with the overadl purpose of the
reassessment, as PCBs are the chemicals that are the basis for the Reassessment RI/FS, and alow
the risk assessment to focus on the contaminants of greatest concern, as supported by NY SDEC
fish analyses summarized below.

In 1997, NYSDEC analyzed totd DDT, totd chlordane, tota endrin, total endosulfan,
diddrin, ddrin, mirex, totd heptachlor, totd hexachlorobenzene, toxaphene, meoxychl,
individud polycyclic aomatic hydrocarbons (PAHSs), cadmium, mercury, dioxins and
dibenzofurans in fish collected from above Federa Dam (RM 201) to the George Washington
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Bridge (RM 12). Fish species andyzed were brown bullhead, largemouth bass, pumpkinseed,
smdlmouth bass, yellow perch, white perch, sriped bass, white catfish, and American ed. For
the most part, concentrations of these contaminants were relatively low or below detection limits
(Soan, 1999). Mercury is present in most locations and in al species with some largemouth
bass, smdlmouth bass, and driped bass individuds above 1 pat per million (ppm), the federd
action levd. Totd DDT is about 0.5 ppm in some species. The action level for DDT is 5 ppm
and the guideline for protection of piscivorous wildlife is 0.1 ppm. With few exceptions, PAHs
were below detection limits at the bcations sampled (.e., RMs 189, 175, 147, 112, 27, and 12).
Phenanthrene was found a 5 parts per billion (ppb) in two samples, a white cafish and a
largemouth bass at Catskill (RM 112) and fluorine was detected at 10 ppb at the Tappan Zee
Bridge (RM 27). Although concentrations of dioxins and dibenzofurans are rdaively low, they
are of some concern to fisheating wildlife, but not to the same degree as PCBs (Soan, 1999).

Oveadl, NYSDEC concluded that levels of these contaminants are not as problematic as the
concern caused by PCBs.

Consgent with the focus of the Reassessment RI/FS, this evauation examines risks
posed by the presence of in-place PCBs in sediments. PCBs are described as individud
congeners, Aroclors, and totd PCBs in this ERA. Tota PCBs ae represented by the
trichlorinated and higher congeners (designated Tri+) for the purposes of fate, transport and
biocaccumulation modeling. Analyses conducted as part of the RBMR (USEPA, 2000a) show that
the trichlorinated and higher PCB congeners approximate total PCBsin biota.

PCBs are a group of 209 distinct chemica compounds, known as congeners, that contain
one to ten chlorine aoms attached to a biphenyl molecule. Homologue groups are named
according to the number of chlorine aoms present g.g., monochlorobiphenyls have one chlorine
atom, dichlorobiphenyls have two chlorine atoms). Most PCBs manufactured were made up of
complex mixtures of congeners.

PCBs were used in a variety of products including: didectric fluids in capacitors and
transformers, printing inks, pladicizer in paints, cabonless paper, coolants, lubricants,
adhesves, and duding agents. Ther chemicd and physcd dability and dectricd insulating
properties accounted for their widespread usage, but these same characterigics make them
persstent in the environment. Monsanto Corporation produced more than 95% of the PCBs used
in the US and marketed them under the trade name of Aroclor. Aroclor products were sold from
1930 to 1977, when the TSCA ban on PCB sales became effective.

The most widely marketed mixtures included Aroclors 1016, 1221, 1242, 1248, 1254,
and 1260. Chlorination levels of PCB formulations differed markedly (Eider, 1986). Among
the Aroclor formulations, the second haf of the number indicated the percent of chlorine by
weight in the mixture. For example, Aroclor 1242 is 42% chlorine by weight. The exception to
this nomenclature is Aroclor 1016, which is 41% chlorine by mass, not 16%. The difference
between 1242 and 1016 reflects differences in homologue compostion rather than percent
chlorine. Pentechlorinated (i.e., five chlorine aoms) and higher homologues comprise
gpproximately 6.5% of Aroclor 1242 in contrast to Aroclor 1016, which has a compostion of
only about 0.5% pentachlorinated or higher PCBs.
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Water solubility decreases as chlorination increases, for example at 75 °F (24 °C), the
water solubility of Aroclor 1242 is less than 1 mg/L while that of Aroclor 1260 is less than 0.1
mg/L (Mackay et al., 1992). As water solubility decreases, the tendency to accumulate in lipids
increases, with the exception of the mogt highly chlorinated PCBs. The more highly chlorinated
PCB congeners are in evidence throughout the Hudson River, especidly in fish. PCBs have been
detected as contaminants in a variety of environmentd and biologicd media including ar, water,
soils, sediments, plants, domestic animas, wildlife, and human adipose tissue, milk, and serum.
Processes that govern PCB didributions in the environment and biologicd fate and transport
processes are discussed in Section 2.3.1.

According to scientists at GE, at least 80 percent of the total PCBs discharged during the
production of electrica capacitors are beieved to have been Aroclor 1242, with lesser amounts
of Aroclors 1254, 1221, and 1016. However, the Aroclors that were discharged varied over time,
with Aroclor 1254 being 75 percent or more of the totd until about 1955; Aroclor 1242 being at
least 95 percent of the discharges from 1955 through 1971; and Aroclor 1016 being close to 100
percent of the discharge from 1971 through 1977 (Brown et al., 1984).

Since the cessation of manufacturing discharges, extensve evidence has been found to
document continued leskage of PCBs into the Hudson River beginning in 1983. The largest
known leskage event occurred during 1991 to 1993, apparently initisted by a partid failure of a
gate dructure in 1991 at the abandoned Allen Mill a Bakers Fdls, which is located on the river
adjacent to the GE Hudson Fdls plant (see Section 1.2). Congener patterns in PCB loads at
Rogers Idand indicate the presence of freshly released Aroclor 1242, consgtent with the
observed leakage of nonagueous phase PCB-bearing oils from the bedrock benesth the GE
Hudson Fdls plant Ste.

2.3 Conceptual Model

A dte conceptual model identifies the source, media, pathway, and route of exposure
evauated in the ecologica risk assessment, and the relationship of the measurement endpoints to
the assessment endpoints (USEPA, 1997b). It serves as a communication tool that illustrates the
mgor pathways by which ecologica receptors might be exposed to PCBs associated with
releases from the GE facility. Prdiminary conceptual models were presented to various agencies
and to GE during the early 1990s to identify the exposure pathways that would be included in
modding and ultimaey in the risk assessments. Comments on these early conceptud models
were incorporated. For example, the exposure pathways linking the river with sdected wildlife
species were added to the conceptuad mode as a result of comments received during this initia
review process.

The exposure modds initisted during the modeling efforts were eventudly deveoped
into an integrated dte conceptud modd for the ERA (Figure 2-1). In this modd, the initid
sources of PCBs are rdeases from the two GE facilities located in Hudson Fdls and Fort
Edward. PCB releases into the Hudson River began in the 1940s and continue to date. Releases
were reduced after the hat in PCB production in 1977, and over the lagt few years with the
remedid measures taken by GE around the old Allen Mill.
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PCBs enter the Hudson River and adhere to sediments or are redistributed into the water
column. PCBs present in the water and sediment can be accumulated by plants, invertebrates,
and fish and trandferred through aguatic food webs Some wildlife species rdy partidly or fully
on aguatic plants and animas for food and, therefore, PCBs present in aguatic biota can adso be
trandferred to these wildlife species and the species that prey on them. PCBs may dso enter the
terrestrid  food chain through sediments deposited on the floodplan during high flow events.
Such high flow events may adso increese the avalability of cortaminants to organiams in the
water column (Petty er al., 1993). Organisms moving between the river and shore may dso
provide a pathway for PCB transfer to the terrestridl ecosystem.

Animds and plants living in or near the river, such as invertebrates, fish, amphibians, and
water-dependent  reptiles, birds, and mammas, ae potentidly exposed to the PCBs from
contaminated sediments, surface water, and/or prey. Species representing various trophic levels
living in or near the river were sdected as species modds to evaduate assessment endpoints.
Species selected as moddls are intended to be representative of other species at the same trophic
level that share smilar ecological characterigtics. These groups of species are often referred to as
guilds By evauating a representative member of a guild and by accounting for the predominant
guilds, the uncertainty associated with mising an important species group or pahway is
reduced. Input received from interested parties indicated that the ERA should be @mmprehensve
and should condder the mgor guilds of species tha rely on the river for habitat or food.
Emphasis was given to fish and wildlife that are higher in the food chain; risk to plants or
microorganisms are not conddered in this assessment. This reflects experience with the types of
effects associated with exposure to PCBs as wdl as the fact that the chemicals are biomagnified
from one trophic level to the next. Fsh and wildlife that are higher in the food chain are more
likely to be exposed © higher concentrations of PCBs than are animds lower in the food chain.
The pathways by which these species could be exposed to PCBs are discussed in the following
section.

2.3.1 Exposure Pathways in the Hudson River Ecosystem

Ecological receptors (i.e., fish and wildlife) may be exposed to PCBs via vaious
pathways. A complete exposure pathway involves a potentia for contact between the receptor
and contaminant dther through direct exposue to the media or indirectly through food.
Pahways ae evduated by conddeing information on contaminant fate and transport,
ecosystems at risk, and the magnitude and extent of contamination (USEPA, 1997b).

Chemicd fate and trangport and the magnitude and extent of contamination have been
covered extendgvely in previoudy released Phase 2 reports, such as the Revised Basdine
Modeling Report (USEPA, 2000a), Data Evauation and Interpretation Report (USEPA, 1997a),
and Low Resolution Sediment Coring Report (USEPA, 1998c). Therefore, the chemica fate and
transport discussion in this report is limited to the processes that govern PCB digtributions in the
environment and biological fate and transport.

2.3.1.1 Processes That Govern PCB Distributions in the Environment

A chdlenge to developing a modding framework for PCB bioaccumulation is that PCBs
condst of 209 individud congeners, each of which exhibits varying degrees of bioaccumulation
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potenti, depending on the degree and subgtitution of chlorination. In generd, the higher
chlorinated congeners tend to preferentidly accumulate in biota

Studies that have measured PCBs as individua congeners have provided ingghts into the
bioaccumulation processes for waer column- and sediment-based communities.  Severd
researchers have noted that whether or not totd PCB levels increase with pogtion in the food
chain, chlorine content of PCB body burdens tends to increase (Smith ez al., 1985; Oliver and
Niimi, 1988; Van der Oost et al., 1988; MacDondd et al., 1993). Congener patterns of caged
fathead minnows and ferd brown bullhead from the area around Thompson Idand Pool in the
Hudson River were generdly smilar, sharing 60 percent of their 20 most abundant pesks, but the
bullhead had higher concertrations of hexa- and heptachlorobiphenyls (Jones et al., 1989). The
fish contained 17 pesks that were not detectable in water samples. It has been noted that when
young bluefish enter the Hudson River from offshore, heavier, more chlorinated congeners were
accumulated to a greater level than lighter, less chlorinated congeners (LeBlanc and Brownawell,
1994).

A vaiety of factors control accumulation of PCB congeners (Shaw and Conndl, 1984;
Jones et al., 1989; Kadlec and Bush, 1994; Ankley et al., 1992; LeBlanc and Brownawell, 1994,
Bright ez al., 1995; Willman et al., 1998). Accumulaion of PCB congeners is influenced both
by the tendency of the congener to adsorb onto a surface as well as the tendency to partition into
organic-rich matrices (e.g., organic carbon in sediment, particulate organic carbon in the water
column and lipid in biota). These factorsinclude:

1. Individud PCB congener charecteridtics, including solubility and partition coefficients,
degree of chlorination, and stereochemistry.  Shaw and Conndl (1984) found that more planar
molecules are more drongly absorbed that those with more regular shapes, that is, the
gereochemistry of the molecule has the greatest influence on adsorption. Degree of chlorination,
by contrast, has a greater influence on patitioning into organic-rich matrices, up to a K,,, of
approximately 7 and decreasing thereefter.

2. Characterigtics of the fish, including lipid content of gills, blood, and tissue cardiac output;
ventilation volume gill suface aea; epithdium layer of gill; agueous dagnant layer of gill;
ability to biotransform PCBs; and, excretion rates.

3. Environmentd factors, including temperature, pH, light, current, suspended particles, and
dissolved organic compounds.

2.3.1.2 Biological Fate and Transport Processes

Biologicd fate and transport processes occur when an organism is exposed to a
contaminant.  Bioaccumulation is the net result when upteke of a chemicd by a biologica
organism exceeds the depuration of the chemica from the organism (NOAA, 1997b). Upteke
may occur directly from the water, sediment, soil, and ar, or indirectly through the ingestion of
food containing the chemicd. Bioconcentration is the process by which a chemicd is taken up
(by absorption only) from water and is accumulated to levels grester than those found in
surrounding water.  Biomagnification is the increase in tissue concentrations of a biocaccumulated
chemicd asthe chemica passes up through two or more trophic levels (NOAA, 1997b).
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Physicd characteristics, such as the octanol-water-partition coefficient (Koy), influence
the fate of the PCB molecule once it enters an organism. K, iS a measure of the tendency of a
substance to partition from the water into the less polar organic solvent octanol (representative of
lipid). The higher the Koy, the greater the tendency to partition to lipophilic substances and the
greater the bioconcentration, as shown by a higher bioconcentration factor (BCF). The BCF is
the raio of the concentration in the biologica tissue to the dissolved water concentration. The
less-chlorinated homologue groups are more readily metabolized and/or excreted than the more
highly chlorinated congeners because PCBs with few chlorine molecules fit more reedily into
binding dtes of metabolic enzymes. The log Ko increases with percent chlorine, for example
the Kow Of Aroclor 1242 (42% chlorine) is 5.6 and the K, of Aroclor 1260 (60% chlorine) is 6.8
(Mackay et al., 1992).

Ankley et al. (1992) demondrated biosdectivity due to specific lipophilic characteristics
of different homologue groups in a study of measured concentrations of PCB homologues and
totd PCBs in fidd-collected and laboratory fish and oligochaetes.  Although the sediment
contained mainly trichlorobiphenyls, both the fidld and lab oligochagtes and fish were
tetrachlorobiphenyl dominant, indicating that the less chlorinated homologue groups are readily
metabolized and/or excreted. Concentrations of the more highly chlorinated PCB homologues in
field oligocheetes were greater or equd to concentrations found in the sediment, while
concentrations of less chlorinated congeners were lower apparently due to metabolization or
excretion.

Assmilation and depuraion of PCB congeners is related to their chlorine content.
Generdly, as the number of chlorine aoms increases, the maximum uptake aso increases.
Although the equilibrium uptake of the less chlorinated congeners is reached quickly (within
hours in mammas), they ae dgnificantly metabolized and/or excreted. More chlorinated
congeners, such as hexachlorobiphenyls, can take days to months to reach ther maximum
dorage in fat tissue (USEPA, 1980). Aroclor 1254 can bioconcentrate in a reatively short
period of time, as its congeners are poorly excreted. Elimination of PCBs can be influenced by
growth, biotransformetion, and materna transfer (Sjm et al., 1992). In a long-term study on the
dimingion of PCBs in eds (dAnguilla anguilla) under natura conditions, the hdf-lives of
particular congeners were on the order of years and no dimination was observed for the more
chlorinated congeners, mainly hexachlorobiphenyls through octachlorobiphenyls, during the
aght-year sudy (De Boer et al., 1994).

PCBs have dso been found to accumulate in predatory fish tissues a higher
concentrations than the concentrations in the surrounding water would predict (Thomann and
Connolly, 1984), a process known as biomagnification. Depending upon the podtion of an
aguatic organism within the aquatic food web, exposure may be intensfied through food sources
as organisms consume other organisms that have bioaccumulated PCBs in the lipid portion of
their tissues. Because of the important role of food as an exposure pathway, the feeding ecology
of a fish gpecies is a key agpect in diginguishing between the relaive contribution of the water
column and sediments to body burdens of PCBs.
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Direct Uptake from Water

For fish, direct uptake of PCBs from water occurs primarily across the gills.  No
sgnificant evidence exigts for absorption through the epidermis (Shaw and Conndll, 1984).

The dgnificance of direct uptake from water of PCBs has been debated. Based upon
laboratory studies, Shaw and Connell (1984) argued that uptake via the gills is the mgor route
for accumulation of PCBs. Some fidd dudies have indicated that water column uptake could
account for PCB concentrations observed in biota, if PCB concentrations were normaized for
lipid content of the organiam (e.g., Claytonet al., 1977).

Other researchers have continued to examine the potential for bioconcentration through
the gills to account for PCB concentrations. Caged rainbow trout that were fed clean,
commercid food gppeared to accumulate PCBs directly from contaminated waters of the St
Lawrence River (Kadlec, 1994; Kadlec and Bush, 1994). Barron (1990) noted that smple
evauations of upteke directly from the water column have assumed that bioconcentration is
controlled by the hydrophobicity of the compound, as measured by its octanol-water partition
coefficient and argued that bioconcentration appears to be independent of octanol-water partition
coefficients when the coefficient is smdl or when the molecule to be accumulated is large.
Other factors that affect bioconcentration include molecular shape, degree to which the
compound is bound to dissolved organic matter, lipid content of the gills, Sze of the organiam,
blood flow, variations in enzyme content and activity, and exposure temperature and ionic
content.

Uptake from Sediments

PCBs tend to bind to fine grained sediments, probably due to the larger surface area
(Phillips, 1986) and/or fraction of organic carbon in sediment paticles. Bioavalability of
contaminants is dependent on a number of factors including contaminant and organic carbon
concentrations.

Direct contact with and ingestion of contaminated sediment and associated pore water are
the primary routes of exposure for benthic infauna that live in close association with or are
buried in the sediment. Depogt-feeding organiams that feed by ingesting sediment, such as
oligocheetes, dso ingest contaminants that are bound to the sediment. Epifaund organisms
living on the surface of the sediment receive exposure from both the sediment and the overlying
water.

Equilibrium partitioning (EQP) has been suggested to be the mgor factor controlling
bicaccumulation in sediment-based benthic communities (Bierman, 1990). EQP assumes that
chemicds in interditid waer ae the mgor source of toxicity to sediment dweling organiams
and tries to predict chemica concentrations in water from bulk sediment concentrations. EQP is
edimated by multiplying the Ko by the percent carbon in the sediment to derive an organic
cabon normdized patition coefficient (Koc) which is used in turn to derive a quantifying
patition coefficent (Kp). PCBs ae continudly being relessed from the sediment into the
interdtitial or pore water, from which uptake by benthic organisms occurs. EQP does not
consider body-wal absorption and ingestion effects.
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Bierman (1990) predicted bicaccumulation factors based upon equilibrium partitioning to
account for concentrations of hydrophobic organic contaminants in animds a the lower and
middle parts of the food chain from the Great Lakes. Animas modeled on fidd data included
oligochaetes, chironomids, amphipods, sculpin, smdl smdt, and large smet.  Ankley et al
(1992) compared fidd and laboratory data and confirmed that for oligochaetes, concentrations of
PCBs in sediments could be used to predict concentrations of PCBs in organisms, but that for
other species, food or ingestion of contaminated food or posshbly ingestion of contaminated
paticles could affect concentrations.  Equilibrium partitioning has been suggested to be the
major factor controlling bicaccumulation in sediment-based benthic communities.

A steady-date food chain mode with a benthic invertebrate component was developed to
account for both water column and sediment sources of contaminants (Thomann et al., 1992).
This modd considered four exposure routes for ingestion of particulate contaminants sediment
organic carbon, overlying plankton, interstitia water, and overlying water. Applying the moded
to an amphipod-sculpin food web in Lake Ontario (Oliver and Niimi, 1988), Thomann and his
colleagues (1992) found that accumulation was based primarily upon a benthic food web rather
than upon direct uptake from the water column. They noted however, that including the
overlying water and phytoplankton as a food source was necessary to explain the fidd data
Conddering only interditid water and sediment particles as contaminant sources did not explain
the observed concentrations.

Uptake via Food

Feld sudies and modeling efforts have indicated that biomagnification through the food
chain is an important component for bicaccumulation. Soan et al., (1985), for example,
suggested that the presence of higher chlorinated Aroclor mixtures in fish of the Lower Hudson
River might reflect a food chan comporent to bicaccumulation. Usng exiding fidd data
Thomann (1981, 1989) derived seady-dtate food chan modes, consdering upteke of
contaminants from both water and food sources through severa trophic levels. The modds
indicated that food assmilation, excretion, and net weight gan were important characteritics
that determined bicaccumulation levels. They adso demondrated that for top predators, such as
Hudson River driped bass, dmog dl the observed PCB body burden could be attributed to a
food source. In Lake Michigan lake trout, only 2 to 3 percent of the PCB accumulation could be
predicted from water column concentrations usng an age-dependent modd (Thomann and
Connolly, 1984), while transfer through the food chain accounted for up to 99 percent of the
body burden of PCBsin Lake Michigan lake trout.

Many researchers have tested, refined, or eaborated upon Thomann's food chain models.
One test of the gpproach examined PCB accumulation in young-of-the-year bluefish which enter
the Hudson River Esuary from rdaively uncontaminated offshore waters and grow quickly
(LeBlanc and Brownawell, 1994). Connadlly et al., (1985) considered growth rates, respiration
rates, food assmilaion efficiency, predator-prey relationships, PCB assmilation efficency, and
bioconcentration factors for PCBs when they applied a modd to existing data from the Hudson
River sysem. They predicced PCB levels in Hudson River driped bass, assuming various
reductions in concentrations of PCBs in the water column. They aso began efforts to incorporate
lipid and non-lipid components of the striped bass into the modd. Pizza and O'Connor (1983)
conducted laboratory experiments to determine rates of PCB accumulation from the gut and
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eimination from the body in young-of-the-year driped bass from the Hudson River. An EPA
modd, Food and Gill Exchange of Toxic Substances, or FGETS, has been used to predict
average concentrations of contaminants in the food web over time g.g., Woolfolk et al., 1994).
This modd incorporates bioconcentration of contaminants from the water column and
biomeagnification in the food chain.

Gobas and his colleagues (Gobas, 1993; and Gobas et al., 1995 and 1999) examined the
roles of food digestion, food &bsorption, and rates of gill dimination and metabolic
transformation upon bioaccumulation. The model has recently been updated to include exposure
from both water and sediment sources, and a pharmacokinetic module. The mechanistic mode
relied on in this ERA (FISHRAND) is based on the aforemertioned studies (Gobas, 1993; and
Gobas et al., 1995 and 1999).

2.3.1.3 Spatial and Temporal Issues in Congener-specific Uptake

A number of competing factors govern the environmenta fate of individua congeners.
In generd, the physcd-chemicd properties of the congeners together with the physiologica
characteristics and metabolic pathways of biota dictate uptake profiles. Metabolic modification
in ether the organism or its prey items could strongly influence congener signatures and lead to
tempora changes in congener profiles. That is, congener sgnatures of PCBs are generdly a
reflection of differentid rates of enzyme-mediated hydroxylation and excretion (Bright et al.,
1995). For example, there is some evidence that BZ #77, which is readily accumulated in fish
and birds, has been shown not to bioaccumulate in otter in a field study (Leonards et al., 1998).
By contrast, these authors found that BZ#126 contributed 30 to 50% to total TEQ concentrations
in fish, while the same congener contributed 60 to 80% in otter, suggesting enrichment. BZ#169
was a so enriched.

In generd, congeners with less ortho-subditution (or higher meta- and para- chlorine
subdgtitution) typicaly have higher Koy vaues (Willman et al., 1997; Fisk et al., 1998). These
ae the congeners tha theoreticdly should demondrate the lowest eimination and greatest
bioaccumulation potentid. A laboratory study involving juvenile rainbow trout evauated
gxteen meta- and para-substituted congeners (BZ#18, BZ#28, BZ#44, BZ#52, BZ#66, BZ#101,
BZ#105, BZ#118, BZ#128, BZ#138, BZ#153, BZ#187, BZ#189, BZ#195, BZ#206, and
BZ#209) to determine whether there were any observable and sgnificant relationships between
bicaccumulation parameters and the K,,, of these congeners (Fisk et al., 1998). The authors
found that dl of these congeners (except BZ#118) biomagnified in fish, and that the estimated
hdf-lives showed dgnificant curvilinear rdaionship with Ko (increesng up to a Koy of
approximately 7 and theresfter decreasing), consstent with the observations of other authors.
The assmilaion efficiency did not rdate as wdl to the Koy as did the hdf-lives and
biomagnification factors. However, Kqys for the congeners are obtained from other sources and
were determined under ecific conditions, and may not be representative of the apparent Koy in
this study that might differ from literature Kous.

A fidd sudy in Cambridge Bay, Northwest Territories (Bright er al., 1995) found that the
percent compogtion of totd PCB leves in four-horn sculpin livers contributed by BZ#77 and
BZ#126 was relatively condant regardless of totd PCB concentration, suggesting that for a
given species increased exposure to PCBs does not lead to increased relative concentrations of
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these congeners.  Limited data aso found that these congeners were diminished rather than
enriched relative to the totd PCB concentration in this particular food web. They found no
ggnificant difference in the congener didribution of the whole body as compared to the liver,
and they found that the seven dominant congeners (68 to 92% of tota PCBs in sculpin species)
contained chlorines on the para postions and that none showed adjacent unsubstituted meta and
para Stes. There was no evidence for metabolism of ortho- and meta-unsubstituted congeners,
athough this has been shown to be the case in some marine mammals (Bright et al., 1995; Boon
et al., 1994).

A fidd dudy in the Canadian arctic (Norstrom et al., 1988) concluded that polar bears
gppear able to metabolize PCB congeners in which there are nonchlorinated para postions,
adjacent nonchlorinated ortho-meta postions, or both ortho pogtions are chlorinated in one ring.

Willmen et al. (1997) found that mono-ortho and nonrortho congeners were not
sysematicdly enriched within a sediment-plankton-fish foodweb in a freshwater estuary. In
fact, many coplanar congeners, including BZ #77, were depleted with increasing trophic level.

Note that there are numerous uncertainties associated with the kinds of field studies
described here.  Organisms identified as prey may not be representative of the organisms actudly
consumed, and the exposure zones may be different for the top level predator and its prey items.
In generd, the uncertainties are of a aufficient magnitude that this andyss consders congener
profiles in the overdl Tri+ mixture to be reaively condgtent over time. The fidd data show that
the congener most likely to be preferentidly retained over time is BZ#126, which is the congener
that is typicdly a concentrations below the detection leve in the Hudson River. Thus the
assumption of BZ#126 at the detection level would appear to be protective and an overestimate
rather than an underestimate of the contribution this congener makes to the total PCB mixture.

2.3.2 Ecosystems of the Hudson River

As discussed in Section 2.1, the Hudson River is home to a wide variety of ecosystems.
Broad categories of ecosystems present in the river include nonttidal freshwater (RM 154 to RM
195 above Federd Dam); tidd freshwater (from RM 153 to ~RM 60 from Federal Dam to
Newburgh and below); and estuarine (RM 60 to RM 0 from Newburgh to the Battery). These
aquatic ecosystems are consdered to be the primary ecosystems a risk and are therefore the
focus of this ecologicd risk assessment. However, in addition to the aguatic communities
associated with the Hudson River, many species found in floodplain and upland communities are
aso dependent on the river. These trandtion zones between aguatic and terrestria  habitat
provide pathways for PCB transfer via the food chain or floodplain sediments. PCBs may be
intermittently depodted in nearshore aress that are irregularly flooded during high flow events.
Areas that are regularly flooded, such as intertidal aress in the Lower Hudson River, are exposed
to contaminantsin the river on a continua basis

Animds found in these trandtion habitals incdlude a diverse assemblage of mammas
(e.g., shrews and meadow voles), birds ¢.g., passerines, raptors), reptiles, amphibians, and soil
invertebrates (e.g., earthworms, burrowing insect larvag). Many river bank and floodplain
gpecies depend on prey, such as insects with aguatic larva dtages, that use the river and are
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exposed to river PCBs during part of their life cyde. Animas with a partid aquatic life higory
have been shown to transport PCBs into terrestrial environments (Larsson, 1984). Upper trophic
levedl avian and mammdian species living in habitets near the river are also exposed to PCBs
originating in the Hudson River.

The degree and spatia extent of PCB contamination in floodplain soils have not been
extengvely invedigated. Neverthdess, over the lag 50 years, some PCBs have likely been
deposited adong the Hudson River shordine however there are insufficient data avalable to
characterize the nature and extent of PCBs in floodplain soils. Congstent with the primary focus
of the Reassessment RI/FS, the Revised ERA does not quantitatively estimate PCB exposure
from floodplain soils, but does discuss exposure to PCB soils as a source of uncertainty in
Chapter 6.

2.3.3 Aquatic Exposure Pathways

Aquatic and semi-aquatic organisms, such as fish, invertebrates, amphibians, and reptiles
are exposed to PCBs through drect uptake from water; uptake from sediment; and/or uptake via
food (including plants), as described in Section 2.3.1.2. Exposure is dependent on timing e.g.,
life-stage), feeding preferences, and length of time of exposure.

Organisms exposed to PCBs primarily via the water column include lower trophic leve
pelagic or planktonic species that live suspended or swvimming in the water column.

Uptake from sediment is dependent on a number of factors induding contaminant and
organic carbon concentrations.  Habitat sdection of aguatic organisms plays a role in the
potentid exposure to PCBs in sediments.  Organisms that prefer fine-grained sediments may be
exposed to higher concentrations of PCBs, particulaly in aress with Aot spots, such as the Tl
Pool. Direct contact with and ingestion of contaminated sediment and associated pore water are
the primary routes of exposure for benthic infauna that live in close association with or are
buried in the sediment. Epifaund organiams living on the surface of the sediment recave
exposure from both the sediment and the overlying water.

Uptake via food is an important component of biocaccumulation. For example, the
presence of higher chlorinated Aroclor mixtues congeners in fish of the Lower Hudson River
suggests a food chain bioaccumulation component (Sloan et al., 1985). In food chain modes
usng exiding fidd data, dmog dl of the exising PCB body burden in top predetors, such as
Hudson River driped bass, could be attributed to a food source (Thomann, 1989; Thomann,
1981). In a modding study of factors influencing PCB accumulation in Lake Michigan trout,
transfer through the food chain accounted for up to 99% of the PCB body burden (Thomann and
Connally, 1984). Ingestion of contaminated food was shown as an important factor in the
accumulation of PCBs throughout the food web in afreshwater |ake (Van der Oost ef al., 1988).

Many aguatic receptors consume macrophytes, including submerged aquatic vegetation,
and phytoplankton. In addition, many fish species use the areas in and around submerged
aquatic vegetation as habitat areas.  Exponent (1998a) documented the occurrence and
relationship of submerged aguatic vegetation and fish communities during a survey of the Upper
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Hudson River in 1998. Macrophytes and submerged aguatic plants can accumulate PCBs
through a direct reationship with dissolved concentrations in the water (Gobas er al., 1991;
Lovett-Doust et al., 1997a; Swackhamer and Skoglund, 1993) or through root upteke via
sediment sources (Richard et al., 1997, Lovett-Doust et al., 1997b). Submerged aguatic
vegetation can dter the oxygen content and pH of the water, and has been shown to affect
nutrient cycling, sediment deposition, and sequedtration of contaminants (Stewart et al., 1992).

2.3.4 Terrestrial Exposure Pathways

Teredrid and semi-terrestrid  animds, such as  amphibians, reptiles, birds, and
mammals, can be exposed to PCBs via food uptake (including plants); surface water ingestion;
incidenta sediment ingestion; contact with floodplain sediments/'soils; and/or, inhaation of air.

PCBs enter the terredtrial food chain primarily via food uptake of contaminated prey.
Surface water ingestion and incidental sediment ingestion may aso contribute to the dietary
ingestion of PCBs. Terredtrid animas, such as piscivorous birds, mink, otter, raccoon, and little
brown bat, may come into contact with contaminated floodplain soils and/or river sediments
while burrowing or foraging. All terredtrid animas may inhade voldilized PCBs  As mentioned
previoudy, floodplain soils are not evaluaed in this report because this Reassessment RI/FS
focuses on contaminated sediments in the Hudson River. The inhaaion exposure pathway is not
consdered any further for the same reason.

Uptake via food conditutes the primary PCB exposure pathway for terrestrid animals
living in the Hudson River waershed. PCB-contaminated prey incdlude 1) animds that spend
ther entire life in the Hudson River, such as fish g.g., largemouth bass, pumpkinseed) and some
aquatic invertebrates (e.g., oligochaetes, amphipods, mollusks); 2) animds that spend a portion
of ther life cyde in the Hudson River and the remainder on land, such as aquatic insects (e.g.,
chironomids, odonata, tricoptera); 3) animas that are entirdly aguatic but migrate in and out of
the Hudson River (e.g., driped bass and eds); 4) animds that are entirdy terrestrid, but
consume contaminated prey e.g., reptiles, smdl birds, and mammals) that have been exposed to
PCBs originging in the Hudson River; and 5) meacrophytes and terredtria plant matter in
floodplain aress that may have been exposed to PCB-contaminated sediment or water. Because
of the number of ways that PCBs can be tranderred from aguatic organisms to terrestrid
organisms, thereis the potentia for digpersal of PCBs to neighboring ecosystems.

Terredtrid animads, including vertebrates and invertebrates, may use the Hudson River as
a regular or intermittent drinking water source. PCBs present in the surface water are ingested
into the organism where they have the potentia to accumulate.

Animas tha feed near the river, manly birds and mammas may inget sediment during
prey capture and ingestion. The quantity of sediment ingested varies according to feeding
method and prey sdectivity. Once ingested, contaminants in the sediment may be absorbed or
retained by an organism or may reman adsorbed to the sediment and be excreted with body
wades. Sediment may aso be incidentally ingested during non-feeding related behaviors such as
grooming and cleaning.
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The metabalic rate of an animd may dso affect exposure to PCBs.  Species with higher
metabolic rates may accumulate higher concentrations of PCBs than species with lower rates.
Animds that generate heat to maintain their body temperature, known as endotherms, generaly
have higher metabolic rates than animas tha regulate their body temperaure largely by
exchanging heat with their surroundings, known as ectotheems.  Therefore, endothermic birds
and mammads living in terestrid communities dong the river may be even more exposed to
PCBs originating in river sediments than ectothermic aguetic organisms, such as fish and
amphibians. Smilaly, smdl passerine insectivorous birds or mammas may accumulate PCBs
a higher rates than larger piscivorous birds or mammas, so that their PCB body burdens
goproach those of higher trophic level species. In addition, metabolic rate affects the ingestion
rate such that, in order to sustain a high metabolic rate, endotherms need to eat more food or food
with ahigher caoric vaue (e.g., high in fa).

Consgent with the primary focus of the Reassessment RI/FS, the andyss focuses
specificdly on the exposure and risk associaed with in-place sediments. It is anticipated that
these PCBs are most likely to pose greatest future risk to aguatic receptors or terrestrial receptors
such as birds and mammds that rely on aquatic receptors for food. While floodplains may be
influenced by PCBs in the aguatic environment, the extent to which this regime may be modified
in the future by processss involving in-place sediments is expected to be less than exposure
within the river itsdf. A dealed examinaion of this issue is beyond the scope of the
reassessment.

2.4 Assessment Endpoints

Asessment endpoints were developed from the conceptud modd, by considering input
received from interested parties, and from experience a other stes contaminated with PCBs.
Assessment endpoints are explicit expressons of the actuad environmentd vaues that are to be
protected, operationaly defined by an ecologica entity and its attributes (USEPA, 1998b). They
are expressed in terms of the ecologica receptor (e.g., a species, community of organisms, or
other ecosystem component) and an atribute (e.g., survivd or reproduction). Most of the
asessment endpoints developed for this ERA evduate risks to local populations of fish and
wildlife species. Therefore, the assessment endpoints are expressed in terms of particular species
(representative  of larger quilds) and population atributes such as surviva, growth, and
reproduction. A population is a group of organisms of the same species, generdly occupying a
contiguous area and which are cgpable of interbreeding (USEPA, 1989). A community is
composed of an association of species in the same area. Communities interact continuoudy with
the nonliving components of the environment in an ecosysem. Energy and matter flow through
ecosystems by means of complex systems known as food chains and food webs. Food chains are
hierarchicdly aranged into trophic levels that generdly consst of primary producers (plants),
primary consumers (herbivores), secondary consumers (carnivores), and tertiary consumers (top
carnivores) (USEPA, 19894) as shown in the conceptual modd (Figure 2-1).

The assessment endpoints selected are:

Sudanability of a benthic invertebrate community that can serve as a food source for
locdl fish and wildlife.
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Sudanability (i.e., surviva, growth, and reproduction) of:

- local forage fish populations;
- locd omnivorous fish populations, and
- local piscivorous fish populations.

0 Sugtanability (i.e., survival, growth, and reproduction) of local wildlife induding:

- insectivorous birds;

- waterfowl;

- semi- piscivorous/piscivorous birds,

- insectivorous mammadls,

- omnivorous mammds, and

- Sami- piscivorous/piscivorous mammals.

The sdected assessment endpoints aong with respective measurement endpoints are
liged in Table 2-10.

2.5 Measurement Endpoints

Measurement endpoints (also known as measures of effect and measures of exposure) are
the actud measurements or estimates used to evauate each of the assessment endpoints and are
the bads for evduaing risk. The ERA reies primaily on evduatlng exposure to fish and
wildlife usng ether measured (for current conditions) or modded (for current and future
conditions) concentrations of PCBs. The emphasis placed on measures of exposure reflects the
need to evauate the current conditions and the degree and rate of change in these conditions
under the no-action dterndive. Predictions of future exposure levels — while uncertan — are
more amenable to modding than are responses in locad populaions or ecosystems, especidly
when these populaions ae influenced by many other factors The emphass on evauating
curent and future exposure dso reflects the fact that historicd management decisons
concerning the river have focused on PCB body burdens in fish. As a result, the assessment has
focused on documenting exposure concentrations in water, sediment, invertebrates, and fish and
on modeling the tempora change in these concentrations. Because the assessment relies strongly
on future predictions of exposure, the effects assessment relies primarily on literature that report
on the types of effects that may occur at various exposure levels.

The Revised ERA is not an impact statement. It does not attempt to document the actua
degree to which reductions in reproduction, growth or surviva have or are occurring. Instead it
focuses primarily on the question of whether PCB exposures are at levels that could impair §.e.,
pose a rik to) one or more asessment endpoints. The sudainability of fish and wildlife
populations depends on many factors that interact with one another over time. The Revised ERA
does not attempt to predict how these factors may change in the future or how PCBs may interact
with them in influencing surviva, growth, or reproduction. It does consder whether PCBs might
reduce the fitness of the population thereby making it more susceptible to population decline
gther due to PCBs done or in combination with other factors that may negatively affect the
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population in the future. Although the Revised ERA is not an impact assessment, it makes use of
obsarvations on hiological conditions in the river and for the wildlife species that rely on the
river for habitat and food. Such data (athough limited) serve as a useful redity check on the
assessment and aso provide information on exposure levels that could be harmful to biota.

Because of the complexity and inherent variability associated with ecosystems, there is
adways a certain amount of uncertainty associated with estimating risks. Measurement endpoints
typicadly have specific srengths and weeknesses related to the factors discussed above.
Therefore, it is common practice to use more than one measurement endpoint to evauate esch
assessment endpoint, when possble.  Measurement endpoints consdered in this analyss relative
to the assessment endpointsinclude:

Assessment Endpoint: Sustainability of a benthic invertebrate community, which is a food
source for local fish and wildlife

Does the benthic community structure reflect the influence of PCBs?

Measurement Endpoint 1: Feld observations of benthic community abundance and
composgition in relation to measured PCB concentrations and habitat characteristics.

Do measured and modeled sediment PCB concentrations exceed guidelines for the
protection of aquatic health?

Measurement Endpoint 2: Measured average and 95% upper confidence limit and
modeled average PCB concentrations in sediment compared to sediment benchmarks
such as NOAA Sediment Effect Concentrations for PCBs in the Hudson River (NOAA,
1999a), NYSDEC Technicd Guidance for Screening Contaminated Sediments (1999a),
Persaud et al. (1993), Ingersoll er al. (1996), and Washington Department of Ecology
(1997) for protection of aguetic life.

Assessment Endpoint: Sustainability (i.e., survival, growth, and reproduction) of local fish
populations (forage, omnivorous, piscivorous)

Do measured and/or modeled total PCB body burdens in local fish exceed toxicity
reference values for adverse effects on fish reproduction?

Measurement Endpoint 1: Measured and modeled median and 95" percentile PCB body
burdens in fish for each river segment over 25 years to determine exceedance of effect-
level thresholds based on toxicity reference vaues (TRV) derived in Chapter 4.

Do measured and/or modeled PCB body burdens expressed on a TEQ basis in local fish
exceed toxicity reference values for adverse effects on fish reproduction?

Measurement Endpoint 2: Measured and modeled TEQ-based median and 95" percentile

PCB body burdens in fish for each river segment over 25 years to determine exceedance
of effect-level thresholds based on toxicity reference vaues (TRV) derived in Chapter 4.
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Do measured and modeled PCB water concentrations exceed criteria and/or guidelines
for the protection of wildlife?

Measurement Endpoint 3: Measured median and 95" percentile and modeled median
PCB concentrations in water (freshwater and sdine) compared to chronic NYS Ambient
Water Qudity Criteria (AWQC) for the protection of benthic aquatic life (NYSDEC,
1998c).

What do the available field-based observations suggest about the health of local fish
populations?

Measurement Endpoint 4: Avalable fidd observations on the presence and reative
abundance of fish species within the Hudson River as an indication of the ability of the
gpecies to maintain populations.

Assessment Endpoint: Sustainability (i.e.,, survival, growth, and reproduction) of local
insectivorous birds

Do measured and modeled total PCB dietary doses to insectivorous birds exceed toxicity
reference values for adverse effects on reproduction?

Measurement Endpoint 1: Measured average and 95% upper confidence limit ad
modeled totad average PCB dietary doses to the tree swallow to determine exceedance of
effect-level thresholds based on toxicity reference values (TRV) derived in Chapter 4.

Do measured and modeled TEQ-based dietary doses of PCBs to insectivorous birds
exceed toxicity reference values for adverse effects on reproduction?

Measurement Endpoint 2: Measured average and 95% upper confidence limit and
modeled TEQ-based PCB dietary doses to the tree swalow for each river segment over
25 years to determine exceedance of effect-levd thresholds based on toxicity reference
vaues (TRV) derivedin Chapter 4.

Do modeled total PCB concentrations in insectivorous bird eggs exceed toxicity
reference values for adverse effects on reproduction?

Measurement Endpoint 3: Modded totd average and 95% upper confidence limit PCB
concentrations in tree swalow eggs to determine exceedance of effect-level thresholds
based on toxicity reference values (TRV) derived in Chapter 4.

Do modeled TEQ-based PCB concentrations in insectivorous bird eggs exceed toxicity
reference values for adverse effects on reproduction?

Measurement Endpoint 4: Modeled TEQ-based average and 95% upper confidence limit
PCB concentrations in tree swalow eggs for each river segment over 25 years to
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determine exceedance of effect-level thresholds based on toxicity reference vaues (TRV)
derivedin Chapter 4.

Do measured and modeled whole water concentrations exceed criteria and/or guidelines
for the protection of wildlife?

Measurement Endpoint 5: Measured average and 95" percentile and modeled average
PCB concentrations in water (freshwater and saline) compared to chronic NYS Ambient
Water Quality Criteria (AWQC) for the protection of wildlife (NY SDEC, 1998c).

What do the available field-based observations suggest about the health of local
insectivorous bird populations?

Measurement Endpoint 6: Avalable fidd observaions on the presence and reative
abundance of insectivorous bird species dong the Hudson River as an indication of the
ability of the species to maintain populations.

Assessment Endpoint: Sustainability (i.e., survival, growth, and reproduction) of local
waterfowl

Do modeled total PCB dietary doses to waterfowl exceed toxicity reference values for
adverse effects on reproduction?

Measurement Endpoint 1: Moddled tota average and 95% upper confidence limit PCB

digtary doses to the mdlard duck to determine exceedance of effect-levd thresholds
based on toxicity reference values (TRV) derived in Chapter 4.

Do modeled TEQ-based dietary doses of PCBs to waterfowl exceed toxicity reference
values for adverse effects on reproduction?

Measurement Endpoint 2: Modded TEQ-based average and 95% upper confidence limit
PCB dietary doses to the mallard duck for each river segment over 25 years to determine
exceedance of effect-level thresholds based on toxicity reference vaues (TRV) derived in
Chapter 4.

Do modeled total PCB concentrations in waterfowl eggs exceed toxicity reference values
for adverse effects on reproduction?

Measurement Endpoint 3: Modded tota average and 95% upper confidence limit PCB

concentrations in malard duck eggs to determine exceedance of effect-levd thresholds
based on toxicity reference vaues (TRV) derivedin Chapter 4.
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Do modeled TEQ-based PCB concentrations in waterfowl eggs exceed toxicity reference
values for adverse effects on reproduction?

Measurement Endpoint 4: Modeled TEQ-based average and 95% upper confidence limit
PCB concentrations in mdlard duck eggs for each river ssgment over 25 years to
determine exceedance of effect-level thresholds based on toxicity reference vaues (TRV)
derivedin Chapter 4.

Do measured and modeled whole water concentrations exceed criteria and/or guidelines
for the protection of wildlife?

Measurement Endpoint 5: Measured and modeled average and 95% upper confidence
limit PCB concentrations in whole water (freshwater and sdine) compared to chronic
NYS Ambient Water Qudity Criteria (AWQC) for the protection of wildlife (NY SDEC,
1998c).

What do the available field-based observations suggest about the health of local
waterfowl populations?

Measurement Endpoint 6: Avalable fidd observations on the presence and redative
abundance of waterfowl aong the Hudson River as an indication of the &bility of the
species to maintain populations.

Assessment Endpoint: Sustainability (i.e., survival, growth, and reproduction) of Hudson
River semi-piscivorous/piscivorous bird species

Do modeled total PCB dietary doses to semi-piscivorous/piscivorous birds exceed
toxicity reference values for adverse effects on reproduction?

Measurement Endpoint 1: Modeed tota average and 95% upper confidence limit PCB
digtary doses to the beted kingfisher, great blue heron, and bad eagle to determine
exceedance of effect-levedl thresholds based on toxicity reference values (TRV) derived in
Chapter 4.

Do modeled TEQ-based dietary doses of PCBs to semi-piscivorous/piscivorous birds
exceed toxicity reference values for adverse effects on reproduction?

Measurement Endpoint 2: Modded TEQ-based average and 95% upper confidence limit
PCB dietary doses to the belted kingfisher, great blue heron, and bald eagle for each river
segment over 25 years to determine exceedance of effect-level thresholds based on
toxicity reference vaues (TRV) derived in Chapter 4.
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Do modeled total PCB concentrations in semi-piscivorous/piscivorous bird eggs exceed
toxicity reference values for adverse effects on reproduction?

Measurement Endpoint 3: Modded tota average and 95% upper confidence limit PCB
concentrations in the eggs of the beted kingfisher, great blue heron, and bad eagle to
determine exceedance of effect-level thresholds based on toxicity reference vaues (TRV)
derivedin Chapter 4.

Do modeled TEQ-based PCB concentrations in piscivorous bird eggs exceed toxicity
reference values for adverse effects on reproduction?

Measurement Endpoint 4: Modeled TEQ-based average and 95% upper confidence limit
PCB concentrations in the eggs of the belted kingfisher, great blue heron, and bad eagle
for each river segment over 25 years to determine exceedance of effect-leve thresholds
based on toxicity reference vaues (TRV) derivedin Chapter 4.

Do measured and modeled whole water concentrations exceed criteria and/or guidelines
for the protection of wildlife?

Measurement Endpoint 5: Measured and modeled average and 95% upper confidence
limit PCB concentrations in water (freshwater and sdine) compared to chronic NYS
Ambient Water Qudity Criteria (AWQC) for the protection of wildlife (NYSDEC,
1998c).

What do the available field-based observations suggest about the health of local semi-
piscivorous/piscivorous bird populations?

Measurement Endpoint 6: Avalable fidd observations on the presence and rdative
abundance of piscivorous avian species aong the Hudson River as an indicaion of the
ability of the species to maintain populations.

Assessment Endpoint: Sustainability (i.e., survival, growth, and reproduction) of local
insectivorous mammals

Do modeled total PCB dietary doses to local insectivorous mammals exceed toxicity
reference values for adverse effects on reproduction?

Measurement Endpoint 1: Modded totd average and 95% upper confidence limit PCB
dietary doses to the little brown bat to determine exceedance of effect-levels based on
toxicity reference values (TRV) derived in Chapter 4.

Do modeled TEQ-based PCB dietary doses to local insectivorous mammals exceed
toxicity reference values for adverse effects on reproduction?

Measurement Endpoint 2: Measured and modded TEQ-based average and 95% upper
confidence limit PCB dietary doses to the little brown bat for each river segment over 25
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years to determine exceedance of effect-levd thresholds based on toxicity reference
vaues (TRV) determined in Chapter 4.

Do measured and modeled whole water concentrations exceed criteria and/or guidelines
for the protection of wildlife?

Measurement Endpoint 3: Measured and modeded PCB concentrations in water
(freshwater and sdine) compared to chronic NYS Ambient Water Quadlity Criteria
(AWQC) for the protection of wildlife (NY SDEC, 1998c).

What do the available field-based observations suggest about the health of local wildlife
populations?

Measurement Endpoint 4: Avalable fidd observaions on the presence and reative
abundance of insectivorous mammas dong the Hudson River as an indication of the
ability of the species to maintain populations.

Assessment Endpoint: Sustainability (i.e., survival, growth, and reproduction) of local
omnivorous mammals

Do modeled total PCB dietary doses to local omnivorous mammals species exceed
toxicity reference values for adverse effects on reproduction?

Measurement Endpoint 1: Modeled tota average and 95% upper confidence limit PCB
dietary doses to the raccoon to determine exceedance of effect-levels based on toxicity
reference vaues (TRV) derived in Chapter 4.

Do modeled TEQ-based PCB dietary doses to local omnivorous mammals exceed toxicity
reference values for adverse effects on reproduction?

Measurement Endpoint 2: Measured and modeled TEQ-based average and 95% upper
confidence limit PCB dietary doses to the raccoon for each river segment over 25 years to
determine exceedance of effect-level thresholds based on toxicity reference vaues (TRV)
determined in Chapter 4.

Do measured and modeled whole water concentrations exceed criteria and/or guidelines
for the protection of wildlife?

Measurement Endpoint 4: Measured and modeed PCB concentrations in water

(freshwater and sdine) compared to chronic NYS Ambient Water Qudity Criteria
(AWQC) for the protection of wildlife (NY SDEC, 1998c).
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What do the available field-based observations suggest about the health of local wildlife
populations?

Measurement Endpoint 5: Avalable fied observaions on the presence and reative
abundance of the omnivorous wildlife species dong the Hudson River as an indicaion of
the ability of the species to maintain populations.

Assessment Endpoint: Sustainability (i.e., survival, growth, and reproduction) of local semi-
piscivorous/piscivorous mammals

Do modeled total PCB dietary doses to local semi-piscivorous/piscivorous mammals
exceed toxicity reference values for adverse effects on reproduction?

Measurement Endpoint 1: Modeed totd average and 95% upper confidence limit PCB
dietary doses to the mink and river otter to determine exceedance of effect-levels based
on toxicity reference vaues (TRV) derived in Chapter 4.

Do modeled TEQ-based PCB dietary doses to local semi-piscivorous/piscivorous
mammals exceed toxicity reference values for adverse effects on reproduction?

Measurement Endpoint 2: Measured and modeled TEQ-based average and 95% upper
confidence limit PCB dietary doses to the mink and river otter for each river segment
over 25 years to determine exceedance of effect-levd thresholds based on toxicity
reference values (TRV) determined in Chapter 4.

Do measured total PCB concentrations in local semi-piscivorous/piscivorous mammals
exceed toxicity reference values for adverse effects on reproduction?

Measurement Endpoint 3: Measured totd PCB concentrations in the liver of mink and

river otter as compared to concentrations at which impared reproduction and growth
have been observed.

Do measured and modeled whole water concentrations exceed criteria and/or guidelines
for the protection of wildlife?

Measurement Endpoint 4: Measured and modeled PCB concentrations in water
(freshwater and sdine) compared to chronic NYS Ambient Water Qudity Criteria
(AWQC) for the protection of wildlife (NY SDEC, 1998c).

What do the available field-based observations suggest about the health of local wildlife
populations?

Measurement Endpoint 5: Avalable fidd observations on the presence and rdative

abundance of the semi-piscivoroug/piscivorous mammas dong the Hudson River as an
indication of the ability of the species to maintain populations.
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Effect level concentrations are represented by toxicity reference vaues (TRVS). Toxicity
quotients are exceeded when the modeled dose or concentration is greater than the toxicity
reference value expressed either as a dose or concentration (i.e., toxicity quotient [TQ] exceeds
1). Toxicity quotients are cdculated on a totd PCB (trichlorinated and higher) and dioxin-like
toxic equivdency (TEQ) bads. The totd PCB and TEQ-based toxicity quotients are used as
separate measurement endpoints.  The totd PCB toxicity quotients carry dightly more weight,
since datawere not available for dl dioxin-like congeners, as described in Section 3.1.2.

Exceedance of a TRV is conddered indicative of a risk to a population function (e.g.,
aurvivd, growth, or reproduction) which could reduce the fitness of the loca population to
sugtain itsdf. Reduced fitness could render the population more susceptible to other naturd
and/or man-made stresses or could dow a population’s recovery following a decline. PCBs
themsdves are among the dresses imposed upon the loca population and may act done or in
concat with other dresses the population may encounter in the future. Caculaion of the
modeled dietary dose, egg concentration, and/or body burden is described in Chapter 3 and
seection of the toxicity reference valuesis discussed in Chapter 4.

The potentiad risks to population functions are evauated for each representative receptor
by consdering the species life-history and the degree to which exposures exceed the toxicity
reference vaues. While the magnitude of an exceedance does not trandate directly into the
degree to which a population function may be impared (e.g, a percent reduction in
reproduction), it does influence the confidence thet can be placed in the conclusons. Where
exposure levels greaily exceed toxicity reference vaues (e.g., orders of magnitude) there is
greater confidence that there is a risk to population functions than where toxicity reference
vaues ae dightly exceeded. The spatid extent of local populations is based on species ranges
aong the Hudson River.

As described earlier, direct observations of fish and wildlife populations can dso provide
indght into the risks or impacts associated with higtoricad reeases of chemicds to the
environment. Such information can be used for retrospective assessments where contamination is
expected to either remain the same or decrease.

As with any measurement endpoint, direct observations offer certan srengths and
limitations for risk assessment purposes. Direct observations begin with the ecologica receptor
(population, community, or system) and attempt to determine if tha receptor is exhibiting effects
(i.e., reduced reproduction). This is often accomplished by comparing the potentidly affected
receptor to reference or control populations or sysems. Tempora information (e.g., trends in
abundance or reproductive status) may adso be used to evaduate the reationship between the
timing of observed effects and the occurrence and timing of the stress. Possible cause and effect
relationships are judged usng a series of criteria (e.g., Hill, 1965). Observational Sudies are
typicaly epidemiol ogica-type assessments.

The mgor drength of observationa dudies is that the receptor is examined directly and
the results have a “red world” fed. People often have higher confidence in information that
reflects actud conditions as compared to projections or characterizations that incorporate
assumptions.
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The mgor weskness of observationd studies is that they may not be a sendtive detector
of potentidly important environmenta effects and they do not reflect the degree to which the
population is vulnereble to future dresses or the ability of the species to recover from a
population decline. This is because naturd sysems are variable and effects may occur over time
scaes larger than those captured by the observations. It is dso because the receptor may be
affected by a variety of factors unrdated to the stressor of interest (e.g., fishing ban, prey
avalability). Further, in the case of chemicd exposures, there may be a number of sources of
exposure that cannot be easily appropriately attributed from a direct examination of the receptor
done. Long-term trend data can be hdpful in reducing wesknesses associated with using
observationa approaches.

Higtoricd sudies of Hudson River fish populations have focused primarily on the Lower
Hudson River, primarily in support of power plant impact sudies (Klauda et al., 1988; Beebe
and Savidge, 1988; Central Hudson and Gas et al., 1999). These quantitative studies have been
conducted since the late 1960s and were extensve during the 1970s. In contrast, studies in the
upper river (above the Federd Dam) are rdatively limited but include collection of fish for
examination of PCB body burden andysis.

Population-level information on wildlife bordering the Hudson is dso limited. There are
many obsarvations related to the presence of species in different areas of the Hudson but
relatively little data on population trends or population parameters. What information is available
issummarized in the risk characterization chapter.

2.6 Representative Receptors

Wildlife species were sdected by USEPA based on discussons with representatives of
New York State, NOAA, and U.S. Fish and Wildlife Service. Incluson of species was aso
guided by comments received on the ERA Scope of Work. Sdection was adso based on
experience a other dtes with respect to what is known concerning the sengtivity of species to
PCBs. The societd relevance of sdected species was dso consdered.  Experience has shown
that this last factor is extremey important for providing a bass for decison meking tha is
ultimately acceptable to the public.

Receptors were sdected to represent animas from different trophic levels, a variety of
feeding types, and a diversty of habitats that may be exposed to PCBs from the Hudson River.
Specific fish, avian, and mammalian species were sdected for evaudion as surrogate species for
modeling the range of species likely to be exposed to PCBs in the Hudson River. During the
development of the ERA, USEPA invited and incorporated input from stakeholders and the
generd public on vaued species in the Hudson River, which resulted in adding the river otter as
areceptor species (see USEPA, 2000Db).

While various fish and wildlife species are identified and evauated, this assessment is
applicable to a broad range of animds, as shown in Table 2-11. The selected receptor species
serve primarily as recognizable surrogate models for the hundreds of different species that may
be exposed to PCBs in Hudson River sediments and emphasizes species that are likely to receive
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the highest doses of PCBs (e.g., piscivores). An assessment of exposure to each and every
species would not be practicd. However, if the range of exposures can be captured by a subset
of species that fill various ecologicd niches, then confidence can be achieved that lesser known
or exposed species have been adequately consdered. The following subsections describe the
receptors selected to represent the ecosystem at risk by class (.e., fish, birds, mammas), with the
exception of benthic invertebrate communities.

2.6.1 Macroinvertebrate Communities

Benthic macroinvertebrate communities were selected for evauation because they inhabit
the sediments where PCBs eventudly accumulate. As a result, they can experience longer-term
exposures. Because these animals ae rdatively sessle (they are not carried great distances in the
water column and they do not migrate to a large degree), they are useful for indicating possble
effects of chemicds that may be accumulated in sediments. The invertebraie animds tha
comprise these communities, such as various insect larvae, crustaceans, other arthropods,
mollusks, and worms, provide an important source of food for fish and wildlife. Hence, the
benthic macroinvertebrate community is important to the functioning of the erire aguatic
community (e.g., fish). Different benthic macroinvertebrates provide the food base for the
different gze fish (e.g., chironomids are important food for developing bass, but are too smadl
once the fish reach a cetan sze). Profiles of the dominant macroinvertebrate species/groups
found in Hudson River the are provided in Appendix C of USEPA 1999c.

Species found exclusvely in the Lower Hudson River, such as blue crab and zebra
mussals, may have a large effect on resources in that portion of the river. However, in light of
the purpose of the Reassessment RI/FS, which is to evaluate the need to address PCB-
contaminated sediments in the Upper Hudson River, USEPA determined that the invertebrate
community as a food source for locd fish and wildlife was a more relevant assessment endpoint
than the hedlth of crayfish, blue crab and zebra mussds as individuad species.

2.6.2 Fish Receptors

The Hudson River is home to more than 200 species of fish (Stanne et al., 1996). Eight
fish species, representing a range of trophic levels, are evauated in the ERA (Tables 21 and 2-2;
see Appendix D in USEPA, 1999c for profiles). These species feed on a variety of prey and are
divided into forage fish, piscivorous'semi-piscivorous fish, and omnivorous fish. These fish
gpecies are sdected as surrogate models to provide a general estimate of PCB  bioaccumulation
potential according to trophic status and are designed to be protective of potentiad PCB exposures
to other, less common species. The fish species sdected as receptor species include spottall
shing  (Notropis hudsonius); pumpkinseed (Lepomis gibbosus); brown bullhead (Ictalurus
nebulosus); white perch (Morone americana); yelow perch Perca flavescens); largemouth kass
(Micropterus salmoides); and, striped bass (Morone saxatilis).
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Fish species were sdlected for modding based on a consideration of ecologica risk as
well as a condderation of human hedth risk. This list of fish species was reviewed by personne
from various date and federd agencies and discussed with representatives from GE.  Severd
criteria were gpplied for sdecting fish species and these were discussed with personnd from the
various agencies.

Lower trophic levd forage fish, such as the gpottail shiner and pumpkinseed, feed
primarily on invertebrates, plants, and detritus.  Omnivorous fish, such as the brown bullhead,
feed indiscriminately upon benthic organiams, emergent vegetation, and, in some cases, smadl
amounts of other fish. Ydlow perch and white perch are consdered semi-piscivorous in thet they
consume primarily invertebrates but will consume smdl amounts of other fish. Fsh tha
generdly feed primaily on other fish (piscivorous), include the largemouth bass and sriped
bass. These fish generdly feed a higher trophic levels than forage fish. Detalled profiles of the
fish species are found in Appendix D of USEPA, 1999c.

2.6.3 Avian Receptors

Five avian receptors (tree swalow (Tachycineta bicolor), mdlad (4nas platyrhychos);
belted kingfisher (Ceryle alcyon); great blue heron @rdea herodias); and bald eagle (Haliaeetus
leucocephalus) were selected to represent various trophic levels and habitat use of the numerous
year-round residents and migratory bird species found aong the Hudson River (Tables 2-5).
Detaled life higory profiles of the species listed below are provided in Appendix E of USEPA,
1999c.

The tree swalow is a migratory bird that breeds dong the Hudson River. As an agrial
insectivore, the Hudson River tree swdlow feeds primarily on flying insects during the breeding
season. USFWS studied the uptake of PCBs and their affect on nesting colonies dong the Upper
Hudson River (USFWS, 1997) and is currently andyzing data on PCB concentrations in tree
swallow adults, nestlings, and eggs (Stilwell, 2000).

The mdlad is a suface-feeding duck that feeds by dabbling and filtering through
sediments for food. Mdlards feed primarily on aguatic vegetation, seeds, and agquatic
invertebrates.  In goring, femdes shift from a largdy herbivorous diet to a diet of mainly
invertebrates to obtain protein for thelir prebasc molt and then for egg production. The animd
diet continues throughout the summer as many femaes lay cutches to replace destroyed nests.
Ducklings dso consume mainly aguatic invertebrates, particularly during the period of rapid
growth. The mdlard is ayear-round resdent of the Hudson River (Stanne et al., 1996).

The bdted kingfisher is a medium-sized bird thet generdly feeds on fish that svim near
the surface or in shdlow water (USEPA, 1993b). The kingfisher may aso feed on crayfish, and
in times of food shortages it can feed on a variety of invertebrates and vertebrates.  Kingfishers
nest in burrows that they excavate in embankments. Only a smdl number of kingfishers spend
the winter near the Hudson River.

The great blue heron is the largest wading bird found adong the Hudson River. Its long
legs, neck, and hill are adapted for wading in the shdlow water and stabbing prey. Fish are the
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preferred prey of great blue herons, but they aso eat amphibians, reptiles, crustaceans, insects,
birds, and mammas (USEPA, 1993b). There are currently two breeding colonies dong the
Hudson River, one in the Upper Hudson River and one in the Lower Hudson River. Other grest
blue herons may feed dong the Hudson River, either during migration or as pat of feeding
forays from other breeding colonies.

The adult bad eagle is a didinctive bird with a white head and white tal. In 1997 the
datus of the bald eagle was changed from a federdly-listed endangered species to a federdly-
listed threstened species. The bad eagle ranges in size from 30 to 43 in (75 to 108 cm), with
femdes being lager in dze than the males. Bad eagles are opportunistic feeders, taking
advantage of whatever food source is most abundant and easy to scavenge or capture (USEPA,
1993b). They feed on a variety of prey including fish, smdl birds, manmds, and carion. Bad
eagles build large gick nests near the water. There is substantid use of the Hudson River by
overwintering bad eagles. NYSDEC has used satdlite tracking to follow bad eagles dong ther
migration routes (Nye, 1999). In conjunction with the eagle tracking, NYSDEC and USFWS
are measuring chemical contaminant loads in both eagles and prey dong the Hudson River (Nye,
2000; Secord, 2000; Stilwell, 2000).

The bald eagle was sdlected, rather than the osprey, to serve as a receptor species for
piscivorous hirds feeding on large fish g.g., largemouth bass). A short profile of the osprey was
provided in Appendix G (Threatened, Endangered, and Specia Concern Species) of the ERA
(USEPA, 1999c). A careful reading of this profile provides some of the reasons why the osprey
was not sdlected as a receptor species, and additiona reasons why the osprey was not sdlected
are as follows 1) There are no known osprey breeding sites dong the Hudson, in comparison to
bald eagles who have started to breed dong the Hudson River in recent years, 2) Ospreys are
extremdy sengtive to organochlorine pesticide residues, which could confound PCB effects, 3)
There are documented occurrences of the bad eagle aong the Hudson River in the NY Natura
Heritage database (NY SDEC, 1999, 2000), while there are no ligings of the osprey for the same
area; 4) NYSDEC and USFWS have been collecting Hudson River bad eagle blood, egg, and
prey samples for PCB tissue andyss (Stilwel, 2000), while osorey samples are not being
andyzed; 5) As noted in the ERA Responsveness Summary (USEPA, 2000b), the bald eagle
was sdected rather than other birds of prey because it is on both the federd (threatened) and
New York State (endangered) threatened and endangered species lists and there have been recent
sghtings of it dong the Hudson River. In any event, even if the osprey had been sdected, the
risks are expected to be smilar to those caculated for the bald eagle receptor model because of
gmilar exposure parameters and toxicity.

2.6.4 Mammalian Receptors

The potentid mammalian receptors found dong the Hudson River dso represent various
trophic levels and habitats (Table 2-9). The four mammas sdected to serve as representative
receptors in this assessment are the Ittle brown bat (Myotis spp.); raccoon (Procyon lotor); mink
(Mustela vison); and, river otter (Lutra canadensis). Detaled profiles of these species are
provided in Appendix F of USEPA 1999c.
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Bats in New York State feed entirdy on insects (NYSDOH, 1997). Some of their prey,
such as aguatic invertebrates, spend the firs pat of ther lives in water bodies, such as the
Hudson River, where they would be exposed to PCB contamination via sediments and the water
column. Little brown bats are nocturna and feed in open forest canopies, open shordines, and
basins of rivers, lakes, streams, and wetlands.

The raccoon is a medium-Szed opportunisic omnivore commonly found throughout
North America Raccoons exploit seasondly abundant food including aguatic invertebrates, fish,
berries, fruit, or refuse.  Although smaller prey items are preferred, raccoons can catch and feed
upon larger prey, such as watefowl and smadl mammds and ae dgnificant waerfowl egg
predators (Doutt et al., 1977).

The mink is a sndl canivore that is widdy digtributed throughout North America
Generdly, mink are opportunigtic in therr feeding habits and prey varies according to seasond
abundance of prey and habitat. They feed on a vaiety of prey induding fish, aguatic
invertebrates, and smal mammals,

The river otter is a medium-sized carnivore that has higoricdly lived in or near water
bodies throughout North Americar  Otters feed primarily on fish and supplement ther diet with
aquatic invertebrates (particularly crayfish), birds, mammas, and turtles  Prey depends on
availability and ease of capture. River otters are primarily nocturna, but may be active in the
ealy morning and late afternoon in remote aeas. They are active dl winter except during the
mogt severe periods, when they take shelter for afew days.

The sdected wildlife species serve primarily as recognizable surrogates for the many
different species that may be exposaed to PCBs in the Hudson River. An assessment of exposure
to each and every species would not be practical. However, a subset of species that fill various
ecologica niches was sdected to capture a range of exposures, to provide confidence that PCB
exposures to lesser known or recognizable species have been adequately considered.
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3.0 EXPOSURE ASSESSMENT

Risks of PCBs within the river to invertebrates, fish, and wildlife depends on the
magnitude, extent, and duration of exposure. These characteristics of exposure are examined and
quantified within the Exposure Assessment. The Revised ERA evduates exposure to fish and
wildlife usng ether measured (for current conditions) or modeled (for current and future
conditions) concentrations of PCBs. Emphass is placed in the Revissd ERA on measures of
exposure in order to evauate current conditions as well as the degree and rate of change in these
conditions under the no-action aternative.

Modeling is required to predict these future exposure levels and combinations of fate and
trangport as wel as bicaccumulation and food chan modds were applied for that purpose.
Exposures are characterized as either media concentrations, dietary doses, body burdens, and/or
egg concentrations depending on the representative receptor. Exposure concentrations are based
on ether measurements or edimates of the PCB concentrations modeled under Ste-specific
assumptions and expressed as elther total PCBs (Tri+) or dioxin-like toxic equivaencies (TEQS).

The 1993 USEPA/NOAA Phase 2 dataset was used a each of the sampling locations to
obtain measurements for water, sediment, benthic invertebrates, and forage fish. This dataset
represents the most complete, recent synoptic dataset for each of the media for tota PCBs and
the individua congeners. In addition, the NYSDEC dataset was used for piscivorous fsh. There
are only limited measurements avalable for the avian and mammdian receptors condsting of a
few samples for mink, river otter, tree swalows, and malard duck. There are no measurements
for great blue heron, beted kingfisher, bad eagle, little brown bat, and raccoon. However,
USFWS is currently collecting additiond data on greet blue heron (nestlings and prey), bad
eagle (blood, eggs, and prey), and tree swdlow (adults, nestlings, and egg), some of which are
discussed in Section 3.6 and others are expected to be available in early 2001. NYSDEC is
currently collecting and mink and river otter data, which are anticipated to be available in 2001.

Exposures were evaluated for various segments of the river. These ssgments differ in
PCB exposure concentrations. They adso vary somewhat in habitat type and ecologica receptors.
The biggest differences are between the Upper and Lower Hudson River ddineated by Federa
Dam a Albany. The Upper Hudson River is characterized by a series of pools divided by dams
and locks (Figure 22). Thompson Idand Pool (TI Poal) is one of these pools and is the location
where the highest concentrations of PCBs occur in sediments. It is dso a primary focus for the
Reassessment.  Therefore, extendve daia have been gathered for this segment of the river.
Exposure concentrations of PCBs generdly decrease in the Upper Hudson pools below the TI
Pool. The river below the Federa Dam is tidd and supports freshwater, estuarine, and
anadromous marine species. The didtribution of these species within the Lower Hudson depends
on sdinity and the behavior of the species. For example, the striped bass is an anadromous fish
and uses the Lower Hudson as a spawning and nursery ground. Adults swim from the sdtwater
to the eduarine and freshwater segments of the river to spawn and larvae and juvenile fish
eventualy migrate back down river. Current conditions in the Tl Pool, other pools in the Upper
Hudson and in the Lower Hudson were evaduated using information in the vidnity of the
ecological sampling gations (Figure 1-2 and 1-3 and Plate 1).
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A subset of Upper Hudson pools and Lower Hudson locations were selected to model
exposures for predicting future conditions. The sdection process took into account gradients in
PCB concentrations, spatid factors for individuas and/or loca populations of ecologica
receptors, and technicd/practicd condraints associated with physca fae and transport
modeling. Future exposures were evauated for three pools in the Upper Hudson: 1) the Tl Pool
which extends gpproximately from Fort Edward at River Mile (RM) 195 down to the Thompson
Idand Dam (RM 1885); 2) the Stillwater reach which extends from the Northumberland Dam
(RM 183.4) to the Stillwater Dam (RM 168.2); and the Waterford reach which extends from the
Lock 1 Dam (RM 159.4) down to the Federd Dam (RM 153.9). These three pools or reaches
cover a 41 mile gretch of river (RM 195 to RM 153.9). Within each of these pools, exposures
were predicted and averaged a a patid scde of five miles. This scde reflects the baance of the
concentration, ecologica, and modeling factors described above. The pools ddineate to some
degree locd populations of fish dthough there could be movement of individuals among pools
and recruitment from upper pools to lower pools. The sdected pools are dso large enough and
digributed dong the river for a sufficient length (41 miles) that they are appropriate for
evaduating exposures to wildlife bordering the river. Certan wildlife forage over larger spatid
scales while others use smaller scales (receptor Tables 321 to 3-25 and 3-67 to 3-70). However,
the gspatial dimensions sdected to represent exposure are judged to provide a good basis for
considering exposures dong various reaches of the Upper Hudson for both fish and wildlife,

The Lower Hudson River is not segmented into discrete pools ¢.e., there are no dams or
locks), but is tidd throughout and exhibits a gradient in sdinity from freshweter to estuarine and
eventudly near-marine sdinities where the river flows into the New York Harbor. Predictions of
exposure in the Lower Hudson are based on the Farley modd, described later in this chapter.
Four five-mile segments of the Lower Hudson were used for the Exposure Assessment. These
were located at RM 152 (encompassing RM 1535 - 123.5); RM 113 (encompassing RM 1235 -
93.5); RM 90 (encompassing RM 935 - 63.5); and RM 50 (encompassing RM 63.5 - 335). This
covers the Hudson from below Albany to Ossning, ariver length of about 120 miles.

The Exposure Assessment is organized as follows:

Quantifying PCB mixtures and TEQs,

Egimating current and future exposures,

Exposure concentrations in water and sediments;

Exposure to benthic invertebrates;

Exposureto fish;

Exposure to avian wildife;

Exposure to mammadian wildlife;

Uncertainty and sengtivity in exposure; and

Examination of exposure pathways based on congener patterns.

3.1 Quantifying PCB Mixtures and TEQs

As discussed in Chapter 2, PCBs ae mixtures of compounds tha vay in
physicochemica properties and toxicity. In order to edimae current and potentid future
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exposures to invertebrates, fish, and wildlife and relate such exposures to available information
on toxic effects, decisons were nade about how to represent the PCB mixtures. These decisions
took into account differences among the various anayticd methods used to characterize PCBs in
theriver.

Total PCB concentrations based on observed data in sediment, whole water, benthic
invertebrates, and fish are described as arithmetic averages. The exposure point concentrations
(EPC) in this ERA are based on the time- and space-dependency of the PCB concentrations in
fish, invertebrates, sediment, and water. The EPC for PCBs in each d these media is based upon
modeled projections of future concentrations in each medium (dthough the modds are based
upon a large monitoring record). As a result, the typicd approach adopted in Superfund risk
asessments of caculating an upper confidence limit on a mean concentration ¢.e., 95% UCLM),
in some indances no longer drictly gpplies.  One reason for its ingpplicability is that the 95%
UCLM cdculation is based upon the notion that the estimate of the mean exposure point
concentration from a finite sample st is uncertain and is a function of the number of samples
available to estimate the true mean. However, when a modd is used to predict the EPC there is
no corollary to sample size; with a modd an admost unlimited number of mode- predicted vaues
can be caculated. As the number of mode-projected concentration estimates increases (in time
or space), the modd mean and modd 95% UCLM converge to the same vaue because the 95%
UCLM reflects datisicd uncertainty rather than uncertainty in the modding edimates
themsdves. Only if modd inputs are varied to reflect environmenta variability of the modd
input parameters, and repeated model estimates of the mean are obtained over the range of
parameters, can an average and 95% upper confidence limit on the modeled means be calculated.

Totd PCB concentrations are expressed in terms of the Tri+ and higher PCB congeners.
TEQ exposure concentrations are estimated by multiplying individua congener concentrations
by the appropriate weighted TEF (see Table 4-2) and summing them.

Observed PCB concentrations are best described by lognorma distributions (USEPA,
1999c). Lognormaity was determined by log-transforming observed concentrations and running
dandard normdity tests. The formula to esimate 95% upper confidence limits for lognorma
digtributions is given by Gilbert (1987):

é_ H 1- aS U .
UL,.. = ExpaX +0.50s° + ¢ Equation 3-1
0.95 D gX m H q
where:
C = aithmetic average of the individuad naud  logtransformed
concentrations from the data;

53 = variance of the naturd log-transformed data;
S = sample standard deviation of the naturd log-transformed data;
Hia = H;:-a isafunction of the sandard deviation of the log-transformed data or

modd results and the number of samplesin the data set or number of
smulationsin the modding. H. 5 was taken from a standard table of
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caculated vaues (Gilbert, 1987) or linearly interpolated between vaues
given in the table where necessary; and

n = the number of samplesin the data set.

3.1.1 Quantifying PCB mixtures as Tri+ PCBs

Selection of PCB categories to measure, model, and assess was based on risk assessment
congderaions as well as on practical condderations related to modeling requirements. For the
ecologica risk assessment, this led to a decision to evauate totad PCBs as represented by “tri and
higher” chlorinated compounds as wdl as sdected congeners. The “tri and higher” group is
expected to include the PCB compounds that are most toxic to fish and wildlife and is therefore
consdered to reflect a category that captures most of the toxicity associated with PCB
compounds. Higtorica quantitation of PCBs in biota was done on an Aroclor bass, an andyss
of these data show that the sum of particular Aroclors is equivalent to the Tri+ and higher
congeners and that the Tri+ congeners represent total PCBs in biota (see, RBMR USEPA, 2000a,
Book 3, Chapter 4). The fate and trangport of PCBs in the river and future environmenta
concentrations were predicted as Tri+ usng the HUDTOX modd described later in this chapter.
Tri+ was used as a common metric for representing exposure levels in water, sediments, and
biota. It is acknowledged that the composition of PCBs within the Tri+ group can vary due to
differences in fate and transport as wdl as accumulation into biota The implications of such
variations is discussed later in this chapter. However, use of a PCB Tri+ metric for exposure is
conggtent with much of the available toxicologica literature for PCB effects expressed as totd
PCBsor Aroclors.

3.1.2 Quantifying Toxic Equivalencies (TEQ)

An objective of the Exposure Assessment is to estimate exposure concentrations or doses
that can be rdated to the toxicity of the compounds. As discussed in the next chapter (Chapter 4),
PCBs may dicit a vaiety of effects incduding those that are mechanidicdly smilar to dioxin,
dthough the potency is much less There are twelve individud PCB congeners that are thought
to dict toxidty via a dioxin-like mechanism. A methodology has been established, known as
Toxic Equivdency (TEQ)/ Toxic Equivdency Fectors (TEF) methodology (TEQ/TEF), that
quantifies the toxicities of PCB congeners reative to the toxicity of the potent dioxin 2,3,7,8
TCDD (see Van den Berg et al., 1998 for review). It is currently accepted that the carcinogenic
potency of dioxin is effected by its ability to bind to the aryl hydrocarbon receptor (AhR). In
fact, dioxin is thought to be the most potent known AhR ligand (NOAA, 1999b). It is a0
generdly accepted that the dioxin-like toxicities of PCB congeners are directly correlated to their
ability to bind the AhR. Thus, the TEQ/TEF methodology provides a toxicity measurement for
dl AhR-binding compounds based on ther rdative toxicity to dioxin. Since 2,3,7,8-TCDD has
the grestest affinity for the AhR, it is assgned a TCDD-Toxicity Equivalent Factor of 1.0. PCB
congeners are then assigned a TCDD-TEF rdaive to 2,3,7,8-TCDD, based on experimentd
evidence. For example, if the rdative toxicity of a particular congener is one-thousandth that of
TCDD, it would have a TEF of 0.001. The potency of a PCB congener is estimated by
multiplying the tissue concentration of the congener in question by the TEF for that congener to
yidd the toxic equivdent (TEQ) of dioxin. Findly, a TEQ for the whole mixture can be
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determined from the sum of the cdculated TEQs for each AhR-binding congener. The World
Hedth Organization has derived TEFs for a number of PCB congeners (Van den Berg ef al.,
1998). The toxicologica aspects of the method are further described in Chapter 4.

The 1993 EPA dataset provides monitoring data for eeven of the individual congeners
(with appropriate cavests as described later in the chapter) However, the models used in this
assessment (HUDTOX and FISHRAND for the Upper Hudson River and the Farley model and
FISHRAND for the Lower Hudson River) are not designed to predict future concentrations for
eech of the individud dioxin-like congeners. There are not enough data avalable to cdibrate
and condran the models for each of these congeners. Approaches used to predict future
concentrations on a TEQ basis are described later in this Exposure Assessment.

There are a number of data qudity issues that needed to be addressed in order to make
use of the avalable congener information in risk assessment. The TEQ congeners (listed in
Tables 3-1 and 4-2) include: BZ#77, BZ#81, BZ#126, BZ#169, BZ#105, BZ#114, BZ#118,
BZ#123, BZ#156, BZ#157, BZ#167, and BZ#189. Of these congeners, BZ#118 was explicitly
evduated in the detalled data usability conducted for the ecologicd program (Appendix | of
USEPA, 1999¢). The data usability report (Appendix | of USEPA, 1999¢) for the ecologica
sampling program (sediments, fish, and invertebrates) focused on the 12 "principa” congeners,
i.e., BZ#1, BZ#4, BZ#38, BZ#10, BZ#18, BZ#19, BZ#28, BZ#52, BZ#101, BZ#118, BZ#138,
and BZ#180.

Of the 11 other TEQ congeners, one - BZ#81 - was not anadyzed or reported by Aquatec.
Of the remaining 10 TEQ congeners, two (BZ #169 and 114) were "non-target” congeners, one
(BZ#156) is an "additionad cdibrated congener”, and the remaning seven (BZ#77, BZ#126,
BZ#105, BZ#123, BZ#157, BZ#167, and BZ#189), as well as BZ#118, are target congeners.
Quantitetion of the two nontarget congeners is therefore edtimated in al samples (but is
gopropriate for comparison of concentrations of ether of those congeners with data for that
congener in other samples anadlyzed by Aquatec Laboratories), since no cdibration standards
were analyzed for these two congeners.

Four of the TEQ congeners (BZ#77, BZ#105, BZ#118, and BZ#126) were part of the
uite of matrix spike compounds. No issues specific to any of these congeners were noted;
dthough it was noted that recoveries were uniformly high in one of the invertebrate sample

groups.

BZ#77 was one of the congeners for which more than 10% of the sediment data were
rgected due to dud column imprecison (13% of the sediment BZ#77 data were regected).
Twelve percent of the BZ#189 data were rgected in the invertebrate samples for the same
reeson. No other TEQ congeners were rgected in any of the three ecologicd media at
frequencies of 10% or more.

Reaults for BZ#118 were qudified in a smdl percentage (less than 2%) of the fish
samples (both the USEPA and NOAA fish) due to blank contamination, and dso in two of the
invertebrate samples. No other TEQ congeners were qudified in any of the other samples for
blank contamination.
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Other than noted above, there were no issues associated with TEQ congener data quality
evident from the data usability report. It is noted that, overal, a high percentage of the
ecologicd data (62%) were qudified as estimated, primarily due to detection a concentrations
below the cdibrated quantification limit and/or exceedances in the dud column precison criteria
(see USEPA, 1999c Appendix | p. 1-33). These data were determined to be usable for the
ecologica risk assessment given the data qudity objectives of the sampling program, which were
edablished in the Phase 2B Sampling and Andyss Pan/Qudity Assurance Project Plan
(USEPA, 19933). A redively smdl percentage of the PCB data (925 of the 59,063 congener
measurements, or 1.6%) were rgiected due to exceedence of quality control criteria (see, USEPA,
1999c Tables1-9to I-12).

There are two important issues in esimatiing TEQ-based PCB concentrations from the
Phase 2 dataset:

1. BZ#81 was not quantitated; and,

2. BZ#126 is typicdly present a the detection levd in fish tissue samples, and because
the samples required dilution, detected values are often less than the reported
detection levd.

As mentioned above, BZ#81 was not evduated in the andyticad program. Because
BZ#81 was not quantitated, this congener is excluded from TEQ-based estimates of PCB
concentrations.  This clearly under represents the potentid influence of BZ#81 in the overdl
andyss. This is mogt ggnificant for the avian receptors, as the TEF for BZ#81 is equd to the
TEF for BZ#126 (0.1, the highest TEF for any congener). For fish, the TEF for BZ#81 is an
order of magnitude less than the highest TEF (which is dso for BZ#126). For mammads, the
TEF for BZ#81 is three orders of magnitude lower than the highest TEF (BZ#126) and equd to
the TEF for BZ#77.

In addition, BZ#126 is often quantitated at the detection level.  For the purpose of this
analysis, the reported detection level of BZ#126 was used. This contrasts with how non-detect
vaues were addressed in the rest of the ERA. In al other analyses, non-detects were assumed to
be zero if more than 85% of the samples from a given location were below the detection limit. If
concentrations above the detection limit were detected in more than 85% of the samples, non+
detect samples were assumed to have concentrations at one-hdf of the non-detect value (see,
*Vaue 2 in USEPA, 2000e). As a result of conddering the frequency of detection (i.e.,
congener presence), USEPA used vaues that were less consarvative than usng one-hdf the
detection limit for al non-detect samples. The effect of usng haf the detection limit, or setting
BZ#126 equdl to zero, is discussed in the uncertainty anayss.

To evduate the impact of usng BZ#126 a the detection levd and usng BZ#126 as a
surrogate for BZ#81, the following andyss was conducted. First, dl the TEQ-based fish
concentrations were compiled and the individua fishrbased TEF applied (setting al non-detects
equa to the detection levd). These vaues were then summed and each individua congener
expressed as a proportion of the TEQ sum for that sample  The results for each individua
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sample are presented in Appendix J of USEPA 1999c. Because the USFWS tree swallow dataset
quantitated BZ#81, this same procedure was again followed using this dataset (only 1995 was
used because the 1994 dataset did not quantitate as many congeners) and again applying the fish
based TEF. Table 32 in Appendix J (USEPA 1999¢) presents the results obtained by applying
the fidrbased TEF to the tree swalow TEQ congener concentrations and expressng the results
as proportions of the total TEQ for each individual sample.

Table 3-1 shows the comparison of the TEQ-proportion for each individuad congener on
an average bags from the fishbased andyss usng the Phase 2 dataset (USEPA and NOAA fish
data) and the USFWS data. The results presented in this table demonstrate that an a TEQ basis,
Bz#77, BZ#31, BZ#105, BZ#118 and BZ#126 comprise nearly 97% of the tota TEQ
concentration. For the fishbased resaults, the proportion of BZ#126 (even at the detection level)
is much higher than the USFWS-based results, and in fact roughly equa to the sum of BZ#126
and BZ#81 from the USFWS dataset. This analyss shows that it is a reasonable assumption to
use the Phase 2 dataset in evauating TEQ-based exposures. The exact magnitude of the error
introduced by the omisson of BZ#31 and setting BZ#126 equa to the detection leve is not
known, but this andyds suggedts it is on an order of magnitude bass. The fraction of the Tri+
concentration for each medium that is represented by TEQs is provided in Table 3-2. The
methodology used to calculate these fractionsis discussed in Section 3.3.3.

3.2 Estimating Current and Future Exposures

The ERA examines risks associated with current conditions as wel as how these risks
will change over time. Current exposure conditions rdy on a combination of measurements and
modes, which will be discussed for each of the mgor groups of representative receptors. Fate
and transport models are used to predict future exposure levels on water and sediments.
Bioaccumulation models are used to trandate these future exposure levels into body burdens of
PCBs for invertebrates and fish. These estimates of body burdens are aso used to predict future
exposures to wildlife that use invertebrates and fish as food sources.

Predictive modds play an important role in the exposure assessment and much of the
effort in the Reassessment has been focused on developing, cdibrating, and gpplying these
models. The moddls that are used to describe the fate and transport and bicaccumulation of PCBs
in the river are described below.

3.2.1 Upper Hudson River Models

Future risks in the Upper Hudson River are characterized using the HUDTOX and
FISHRAND modds, as described in the Revised Basdine Modding Report (RBMR) (USEPA,
20008). A large body of information from dgte-specific fidd measurements (documented in
Hudson River Database Release 5.0), laboratory experiments and the scientific literature was
gynthesized within the modds to devdop the PCB transgport and fae and the PCB
bioaccumulation models. Data for these modds were teken from numerous sources including
USEPA, NYSDEC, NOAA, US Geological Survey (USGS), and Genera Electric. The proposed
modeling approach and preiminary demondrations of modd outputs were made available for
public review in the Preliminary Modd Calibration Report, which was issued in October 1996.
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The modeling framework was revised based on a peer review held in September 1998 and public
comment, as wel as the incorporation of additiond data The basdine modding effort and
results were documented in the Basdine Modding Report (BMR) issued in May 1999 (USEPA,
1999b). USEPA decided to revise the BMR to reflect changes to the models based on public
comment and additiona analyses that were conducted. The Revised BMR (USEPA, 2000a)
included mode refinements, additiond years of data, longer mode forecasts, vdidaion to an
independent dataset, and additional modd sengitivity andyses.

The Upper Hudson River Toxic Chemicd Modd (HUDTOX) was developed to smulate
PCB transport and fate br 40 miles of the Upper Hudson River from Fort Edward to Troy, New
York. HUDTOX is a trangport and fate model, which is based on the principle of conservetion of
mass. The fate and trangport model smulates PCBs in the water column and sediment bed, but
not in fish. It balances inputs, outputs and internal sources and sinks for the Upper Hudson River.
Mass balances are congructed first for water, then solids and bottom sediment, and findly PCBs.
Externd inputs of water, solids loads and PCB loads, plus vadues for many internd modd
coefficients, were specified from fiedd obsarvations Once inputs are specified, the remaning
internd modd parameters are cdibrated so that concentrations computed by the modd agree
with field observations The forecast basdine conditions used in this revised risk assessment
were revised to a congtant load condition at Rogers ISand of 16 kg/day. This load was based on
the 1996-1999 GE monitoring data obtained at Rogers Idand and nomindly corresponds to a
concentration of 13 ng/L a this location. The origind ERA (USEPA, 1999¢) assumed a congtant
concentration at Rogers Idand of 10 ng/L. Modd cdculations of forecasted PCB concentrations
in water and sediment from HUDTOX are used as inputs for the forecasts of the FISHRAND
bioaccumulation mode.

The FISHRAND modd is based on the peer-reviewed uptake modd developed by Gobas
(1993) and Gobas et al. (1995) and provides a mechanigtic, process-based, time-varying
representation of PCB biocaccumulation. This is the same form of the modd that was used to
develop criteria under the Great Lakes Initigtive (USEPA, 19953). The FISHRAND modd
incorporates didributions insead of point esimates for input parameters, and caculates
digributions of fish body burdens from which particular point estimates can be obtained, for
example, the 25" percentile, median, or 95th percentile. FISHRAND was used to predict all
future fish PCB body burdens, with the exception of striped bass, used in this assessment. The
Revised Basdine Modding Report was the subject of an external peer review during 2000 and
found to be generally acceptable with some revisons.

3.2.2 Lower Hudson River Models

Four separate models are used to caculate the exposure point concentrations in the lower
river. The HUDTOX fate and trangport model for the upper river provides the flux of PCBs over
the Federad Dam into the Lower Hudson River. These results represent an externd input to the
Lower Hudson River fae and trangport mode (i.e., the Farley mode). The Farley fate-and-
transport modd (Farley et al., 1999) developed at Manhattan College specificaly for the Lower
Hudson River is used to generate the water and sediment concentrations for the Lower Hudson
River risk assessments. The Farley bioaccumulation modd (updated per Cooney, 1999) is then
goplied to yidd PCB concentrations in striped bass. The water and sediment concentrations from
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the Farley fate-and-transport model are dso input for the FISHRAND biocaccumulation modd  to
generate the lower river concentrations for pumpkinseed, spottail shiner, yelow perch, brown
bullhead, largemouth bass and white perch (i.e., al other fish gpecies examined in this report).

3.2.2.1 Use of the Farley Models

The modd segmentation for the Farley fate, trangport and bicaccumulation modds is
shown in Figure 31. Water column segments 1 to 14 correspond to the Lower Hudson between
RM 1535 and 14. There are 30 water column segments in al, which are combined into five food
web regions. Food web regions 1 and 2 cover the spatid extent of the Lower Hudson River risk
assessments. The sediment and dissolved water column concentrations of PCBs obtained for
esch of the segments of the fate-and-transport modd are averaged by food web region utilized by
the bioaccumulation modd. Detalled descriptions of the models are given in Farley et al., 1999.
Few changes were needed to make the models usable for this effort.

Unlike the HUDTOX modd developed for the Upper Hudson, the Farley modd is based
on five separate homologue groups, dichloro to hexachloro homologues and requires externd
load edtimates for each group. (The HUDTOX modd uses the sum of the trichloro and higher
homologues [Tri+], totd PCBs and five individua congeners) In the origind andyss by Farley
et al. (1999) there were few bases on which to estimate future loads at the Federd Dam and so0
the origind modd was only run until the year 2001.

In this application, the flux over the Feder Dam for each homologue is derived from the
flux of Tri+ PCBs given by the HUDTOX modd. The HUDTOX model was developed for the
Upper Hudson River and is described in the Revised Basdine Modding Report (USEPA,
20008). The HUDTOX mode results used to estimate externd loads for the Lower Hudson were
obtained from LTI (LTI, 1999a and 1999b). In order to use the Tri+ flux given by the HUDTOX
modd, a bass for converson of the Tri+ load to individud homologue loads was required. This
was accomplished through the use of Tri+ to homologue converson factors for each homologue
group. These factors were determined by andyzing the availdble USEPA and Genera Electric
(GE) water column data. Table 33 provides the means of converson for each homologue during
both the calibration and forecast periods. The complete andlyss can be found in Appendix A of
the ERA Addendum (USEPA, 1999).

The Farley models were origindly designed to run for a 15 year period, 1987-2002.
Because a 70-year forecast of concentrations is required for the human hedlth risk assessments,
the modds are run in 15 year increments with the find conditions in each modd segment and
each modeled species becoming the initia conditions for the next 15 years. For this assessment,
only the model output from the period 1993 to 2018 was required.

The mgjor externa PCB load to the Lower Hudson, i.e., the load from the Upper Hudson,
was origindly esimaied usng the 70-year forecast from the HUDTOX modd in the BMR
(USEPA, 1999b), assuming a condant concentration a Rogers Idand of 10 ng/L (LTI, 1999a
and 1999b). The concentrations at the Federd Dam were obtained from HUDTOX under this
condition and the annual Tri+ PCB load to the Lower Hudson River caculated. However, based
on recent data, a constant load condition a Rogers Idand of 16 kg/day, corresponding to a
concentration of 13 ng/L, was used in this assessment. The ratios of the annud Tri+ PCB loads
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from this model run to the annua load estimates used in the ERA Addendum (USEPA,1999%)
provide a means of comparing the edimates and adjusting the Lower Hudson River modd
predictions without rerunning the fate, transport and bicaccumulation modds. These annud
ratios are multiplied by the origind Lower Hudson River water, sediment and fish modded
concentrations (USEPA, 1999¢) to generate the current estimated concentrations. Although it is
unlikely that the models would exhibit a purdy linear response to the magnitude of the Upper
Hudson River PCB load, this method provides a first order gpproximation of the actual response.
The prior and current predicted annual loads and their ratio are presented in Table 33a. For the
entire period ecologicd modeing period (1993-2018) the ratio of the predictions remains close
to one with the ratio ranging from 0.98 to 1.18, with the exception of 1998 which has a ratio of
2.3. This ratio is unreasonably high and results from high flow events that occurred in 1998. The
concentrations from 1994 are subgtituted for this year, because using the ratio results in higher
concentrations than previous years where the loadings were even greater than in 1998.

In addition to examining the forecast from the Farley modds, an examination of the
Farley modd results was dso peformed for the caibration period 1987 to 1997. In this
examination, the origina cdibration curve developed by Farley et al. was compared with mode
results produced usng the HUDTOX modd loads to the Lower Hudson. In this fashion, the
effects of any differences in Upper Hudson load assumptions could be examined.

Differences from the application of the ISHRAND modd to the upper river to the lower
river are:

Waer and sediment concentrations estimated from the Farley fate-and-transport
model are used,

The percent lipid digribution (based on data) is Sgnificantly different for the lower
river largemouth bass with an average lipid content of 2.5% in the lower river versus
1.3% in the upper river;

The total organic content vaue for sediment segments used in the Farley fate-and-
trangport model is used; and,

The K,y vaues specified in USEPA (2000a) for the Upper Hudson River below the
Thompson Idand Dam are gpplied to the lower river.

These adjustments are required to make the FISHRAND moded specific to the Lower Hudson
River.

3.2.2.2 Estimation of Striped Bass Body Burdens in the Lower Hudson

The Farley bioaccumulation mode was used to estimaie PCB levels for driped bass
which migrate up to food web region 2. The mode does not provide striped bass concentrations
in region 1. In order to estimate sriped bass body burdens for the human hedlth and ecologica
risk assessments in region 1, the largemouth bass body burdens estimated from the FISHRAND
model are multiplied by the ratio of driped bass to largemouth bass body burdens. Observed
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griped bass and largemouth bass concentrations from NYSDEC data are used to congtruct the
raio a river miles 152 and 113. The averaged concentrations for each year and pecies are
shown in Table 3-4. White perch concentrations are aso presented in the table for comparison.

A comprehensve discusson of the models used to create a 70-year forecast for the
Lower Hudson River is contained in the ERA Addendum (USEPA, 1999¢).  Appendix A:
Converson from Tri+ PCB loads to dichloro through hexachloro homologue loads a Federd
Dam of the ERA Addendum is incorporated by reference into this Revised ERA. In generd, fish
body burdens egtimated by the models tended to fall below actua measurements by about 16
percent. The modd results were able to capture the generad trend of decreasing PCB
concentration with time and distance down river, but not year-to-year variability. The agreement
is congdered sufficient for usein thsERA  and the Revised HHRA.

3.3 Exposure Concentrations in Water and Sediments

Invertebrates, fish, and wildlife can be exposed to PCBs present in water and sediments.
Current conditions for exposure are based on available measurements from the USEPA Phase 2
dataset, which represents the most complete synoptic measurements of any dataset. Future
conditions were evaluated using the modes described below. Modeled concentrations of water
and sediments are used later in the Exposure Assessment to derive body burdens for PCBs in
invertebrates and fish.

3.3.1 Measured Concentrations in Water and Sediments

Water column data were collected a 14 locations in the Hudson River over the course of
one year (USEPA, 1998c; 19974). These locations are not the same as the ecologica program
sampling locetions (Plate 2). Spatidly, data were averaged over water column sampling stations
to represent a water concentration for a particular reach encompassed by an ecologica sampling
dation, and tempordly, this assessment uses summer-averaged water column concentrations of
PCBs as the basis for modding exposure to aguatic organisms and for comparison to water
qudity benchmarks. For example, water samples collected between April and September a
three locations in the Tl Pool were used to obtain a Tl Pool average water concentration.
Stillwater average water concentrations were estimated from water samples collected a RM
181.3 and 168.3 during April, June, and August. The area just above the Federd Dam (RM 154)
was characterized by water samples collected from RM 156.5 in April, May, June, July, August,
and September. Samples collected in April and August from RM 151.7 and 125 were used to
obtain average water concentrations for ecologica sations at RM 1435 and 137.2. RM 1224,
RM 1138, and RM 100 were characterized by average water column concentrations over RM
125 and RM 77 from April and September. The fina four ecologicd Sations were characterized
by average water column concentrations a& RM 77 in April and September.  Water
concentrations are expressed on a whole water basis (particulate plus dissolved) and are shown in
Table 35. All water samples were above the detection limit. RM 77 is just above the sdtfront
0 these concentrations may not adequately reflect concentrations in the more sdine waters
leading to the mouth of the harbor.
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Table 3-5 aso provides whole water concentrations of PCBs described as TEQs.
Different TEFs are gpplied to the water concentrations depending on whether the receptor is
mammadian or avian. The TEF used is a weighted TEF from the analyss contained in Appendix
J of USEPA 1999c. Consequently, separate columns are provided for avian and mammdian
based TEQ water column concentrations.

Sediment data were collected a 19 locations in the Hudson River during the 1993
USEPA ecologicd sampling program (see Appendix B of USEPA 1999¢). Sediment samples
were taken in the most biologicaly active zone of 0 to 5 cm (0 to 2 inches). Five samples from
each location were andyzed on a PCB congener bads, from which Aroclor, homologue totdls,
and total PCB concentrations were obtained. Table 3-6 provides average sediment
concentrations for three Upper Hudson River locations and nine Lower Hudson River locations
(note that data from stations within the T1 Pool were combined).

Table 3-6 dso provides observed sediment concentrations described as TEQ. Different
TEFs ae applied to the sediment concentrations depending on whether the receptor is
mammdian or avian. The TEF used from Table 3-2 is a weighted TEF from the andyds
presented previoudy. Consequently, separate columns are provided for aviatr and mammdian
based TEQ sediment concentrations.

3.3.2 Modeled Concentrations in Water and Sediments

The HUDTOX modd was used to predictc whole water and dissolved water
concentrations of PCBs for the period 1993 to 2018. Detalls of specific model assumptions and
parameters can be found in the Revised Basdline Moddling Report (USEPA, 2000a). Table 37
provides the predicted average whole water concentrations on a Tri+ total PCB basis.

Table 37 dso provides the predicted average whole water concentrations expressed on a
TEQ bass. These vadues were obtained by multiplying the Tri+ predictions in Table 37 by the
toxic eguivdency weighting factors in Table 3-2 to describe the proportion of the Tri+ tota
expressed asa TEQ.

The HUDTOX modd was used to predict sediment concentrations of PCBs for the period
1993 to 2018. Details of specific model assumptions and parameters can be found in the Revised
Basdine Modding Report (USEPA, 20008). Table 38 provides the predicted average sediment
concentrations on a Tri+ totd PCB bass and Table 3-9 provides organic carbon normdized
sediment concentrations.

3.3.3 Estimating Future Baseline TEQ Concentrations

Table 3-8 provides the predicted average sediment concentrations expressed on a TEQ
basis for birds and mammas. These vaues were obtained by multiplying the Tri+ predictions in
the fird seven columns of Table 3-8 by the toxic equivaency weighting factors to describe the
proportion of the Tri+ tota expressed as a TEQ. As discussed previoudy, the HUDTOX and
FISHRAND modds do not predict individua PCB congener concentrations in environmental
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media.  The following method was used to esimate future TEQ concentrations using the results
from the FISHRAND bioaccumulation mode!:

1) Divide individua congener concentrations (i.e, BZ#77, BZ#126, BZ#169, BZ#105,
BZ#114, BZ#118, BZ#123, BZ#156, BZ#157, BZ#167, and BZ#189) by the Tri+
tota PCB concentration for each sample (whole water, dissolved water, sediment,
benthic invertebrate, and fish) in the 1993 USEPA dataset. Non-detects in samples
were set equd to the detection level based on the rationae described previoudy;

2) Next, multiply these fractions by the TEF for each individuad congener and biota
category (fish, avian, and mammd) and average across the Upper Hudson River,
Lower Hudson River, and entire river; and,

3) Findly, sum across the congeners to obtain the TEF weighting factor to gpply to
future predicted concentrations.

This process provides the fraction of the Tri+ concentration for each medium that is
represented by TEQs (Table 3-2). A different fraction is obtained depending on the receptor
caegory (fish, avian, mammdian) and for each of the media (water, sediment, benthic
invertebrate, fish, avian, mammdian). The “TEF-based factor” (derived for each individud
location) was the same within the upper river and the same within the lower river, but different
between the two sections. This weighted TEF fraction is gpplied to future Tri+ predictions under
the assumption that while absolute concentrations change, the congener didribution is reatively
consigtent from year to year.

3.4 Exposure to Benthic Invertebrates

Benthic invertebrates accumulate PCBs from water, including sediment porewaer and
the overlying water, from ingestion of sediment particles, or from ingestion of particulate matter
(phytoplankton and detritdl materid) in the overlying waer a the sediment/water interface
(Thomann et al., 1992). Benthic invertebrates dso provide an important food source for demersa
(bottom-feeding) fish, such as the brown bullhead and shortnose sturgeon, and represent a
portion of the diet of other fish pecies, including largemouth bass and white perch.

Benthic invertebrate concentrations for 1993 are obtained from the measurements in the
USEPA Phase 2 dataset. Predicted digtributions of benthic invertebrate concentrations for the
period 1993 to 2018 are edtimated in the FISHRAND modd assuming steady-state conditions
between the lipid content of invertebrates and the organic carbon of sediment (see Equation 3-2).

3.4.1 Observed Benthic Invertebrate Concentrations

Daa on benthic invertebrate communities and PCB body burdens were collected at the
ecologicd monitoring dtetions, dl located in the main sem of the river (Figures 1-2 and 1-3).
PCB concentrations were andyzed in benthic invertebrate communities and for identifisble taxa
when sufficient mass was avallable. Totd PCB concentrations are averaged using al samples to
obtain exposure point concentrations for fish, birds, and mammas tha may be consuming

67 TAMS/MCA



invertebrates as prey items. Statidica tests (t-tests) showed no dgnificant difference in PCB
concentrations between benthic invertebrate species; thus, it was gppropriate to consder overdl
benthic invertebrate concentrations as representative of any particular species.  The congener
anadyss presented in Appendix K of USEPA 1999c dso supports this assumption. Table 3-10
provides average benthic invertebrate concentrations used in this anayss.

Table 3-10 adso provides observed benthic invertebrate concentrations described on a
TEQ bass. Different TEFs are gpplied to the benthic invertebrate concentrations depending on
whether the receptor is mammadian or avian. The TEF used from Table 3-2 is a weighted TEF
from the andysis presented previoudy. Consequently, separate columns are provided for avian
and mammdian-based TEQ benthic invertebrate concentrations.

3.4.2 Modeled Benthic Invertebrate Concentrations

Benthic invertebrate concentrations of PCBs for the period 1993 to 2018 were predicted
assuming equilibrium partitioning between organic carbon in sediment and lipid in  benthic
invertebrates. Digtributions were assigned for organic carbon and lipid in benthic invertebrates:

Cinvert = Cseé * Lipinvert Equation 3-2
where:
Crwvert = the concentration of PCB in an organism (nmg/g wet weight);
Cseqd = the concentration of PCB in sediment (nmy/g wet weight);
TOC = Totd organic carbon in sediment (fraction); and
Lipinvert = Percent lipid in invertebrates (fraction)

Table 3-11 provides the predicted average benthic invertebrate concentrations expressed
on a totd PCB basis. Table 3-11 dso provides the predicted average benthic invertebrate
concentrations expressed as TEQs. These vaues were obtained by multiplying the predicted
benthic invertebrate concentration by the appropriate TEF for that receptor species from the
andysis presented in Section 3.1.2.

3.5 Exposure to Fish

Fish are exposed to PCBs in water and sediments both directly as wdl as indirectly
through the food chain. PCB concentrations in fish are described as wet weight or lipid
normdized tissue concentrations. Data from mades and femaes were combined to provide an
estimate of exposure for each species.
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To address the importance of nearshore habitats for fish species (such as pumpkinseed,
spottall shiner, brown bullhead, white perch, and ydlow perch) usng the avalable data, water
column concentrations in the Thompson Idand Pool were weighted toward nearshore aress.
However, water column concentrations for locations downstream of Thompson Idand Pool were
averaged across the river. Laerd gradients are of greater importance in the lower Thompson
Idand Pool and of less importance downstresm of Thompson Idand Pool because (1)
downsgtream dams have generdly smadler, narrower pools plus higher flows, so laterd mixing
would be increased; (2) the laterd gradient in the Thompson Idand Podl is strong when flows are
low because upstream water is relatively clean; because the lower reaches receive the reatively
contaminated Thompson Idand Pool water as their upstream water, the laterd gradients are not
as grong; (3) the dendty of hot spots and surface sediment concentrations are generdly lower
downgtream, thus the laterd gradient should be less, and (4) laterd gradients are likely enhanced
by the numerous shalow macrophyte beds in the Thompson Idand Poal.

Body burdens in fish may change seasondly as lipid pools in the fish increase or decrease
and as the activity of the fish changes with changes in water temperaiure. There may aso be
seasonal  differences in exposure concentrations that reflect temperature as well as the activity of
invertebrates used as food items or which mix sediments. This Exposure Assessment focuses on
warmer water periods (late spring to early fdl) when fish are expected to be most active and
when spawning occurs for most of the fish species congdered in this assessment. Thus, the
estimates of PCB body burdens reflect this time of the year.

3.5.1 Observed Fish Concentrations

Fish have been collected ad analyzed for PCB concentrations on a number of occasions.
To represent “current exposures’ data are used for body burdens in fish collected a 16 of the
ecologicd sampling locations dong the Hudson River. Only three sampling locations in the T
Pool, sdected specificdly for the benthic invertebrate community study, were not sampled for
fish. Sample szes are too smdl to estimate average and 95% UCL PCB concentrations for each
species based on the USEPA Phase 2 dataset. Thus, we consider acomposte forage fish (less
than 10 cm in Sze) usng the USEPA Phase 2 datasst and provide individud species PCB
concentrations from the NYSDEC dataset. These PCB concentrations for the composite forage
fish are provided in Table 3-12 with aviat+ and nammdiatbased TEQs. Table 313 provides
wet weight and lipid-normdized concentrations for largemouth bass, brown bullhead, and white
and ydlow perch for river miles 113, 168, and 189 for the years 1993 through 1996. Tables 3
13a and 13b provide 1998 NYSDEC upper river sampling data for wet weight and lipid-based
concentrations, respectively.  Figures 3-2 and 3-3 provide wet weght and lipid-normdized
average PCB concentrations in severad species across severd river miles based on the NYSDEC
data

Average largemouth bass concentrations a¢ RM 189 range from 94 to 28 ppm wet weght
from 1993 to 1996, respectively. The corresponding maximum concentrations range from 346 to
57 ppm over that same time period. Average brown bullhead concentrations range from 26 to 16
ppm wet weght from 1993 to 1996, respectively, with the corresponding maximum
concentrations ranging from 104 to 19 ppm wet weight. Average wet weight concentrations at
RM 168, near Stillwater, are 17 to 13 ppm for largemouth bass and 13 to 9 ppm for brown
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bullhead. Maximum concentrations are 38 to 29 ppm for the largemouth bass and 27 to 19 ppm
for brown bullhead. In the Lower Hudson River, average and maximum largemouth bass
concentrations & RM 113 range from 11 to 9 ppm wet weight and 34 to 27 ppm wet weight,
respectively, from 1993 to 1996.

Table 3-14 provides observed striped bass concentrations for severd river miles from the
NYSDEC sampling program. Striped bass are not typicaly observed in the Upper Hudson
River, dthough individud fish may be cgpable of crossing into the Upper Hudson River a
Federd Dam. Wet weight concentrations in the Lower Hudson River during 1996 range from 1.3
ppm wet weight &t RM 12 to 4.9 ppm wet weight at RM 152, just below Federad Dam.

The observed fish concentrations for al species except pumpkinseed and spottall shiner
in both the USEPA Phase 2 and NYSDEC sampling programs are given as sandard fillets.
Since ecologicd receptors do not diginguish between dandard fillets and whole fish, and
toxicity reference vaues for fish are typicdly based on whole body wet weight concentrations,
the observed wet weight concentrations require an adjustment to reflect the difference between
the standard fillet and the whole body. As PCBs are known to partition into lipid, the converson
was accomplished by evduating whole body versus standard fillet lipid content to obtan a
multiplier for those species for which data were avalable. (USEPA, 1997d). For largemouth
bass, this ratio is 2.5 and for brown bullhead, the factor is 1.5. These values were discussed with
NYSDEC and thought to be comparable to vadues for Hudson River fish. For those fish species
for which the ratio of lipid in the whole fish rdative to the standard fillet could not be obtained
(i.e., white perch and yelow perch), the observed and modeled body burdens expressed on a
fillet bass were used in this assessment. Note tha this is likdy to underestimate wet weight
concentrations in the whole body but has no effect on lipid-normaized concentrations.

For the lower Hudson River observed data are used to compare to toxicity reference
vaues for striped bass for 1993 — 1996.

3.5.2 Modeled Fish Concentrations

Fish concentrations of PCBs for the period 1993 to 2018 were predicted using the
FISHRAND mode (USEPA, 2000a), with the exception of the striped bass which was predicted
usng the Farley et al. (1999) model. Phase Il fish data were of limited e in development of
the FISHRAND mode because dl the largemouth bass were too smal to be piscivorous and in
fact, were smdler than their prey (pumpkinseed). Therefore, primarily NY SDEC data were used
in FISHRAND. Tables 315 through 319 provide the 25" and 95" percentile values as well as
the median of the predicted digtribution for each of the receptor fish species (largemouth bass,
brown bullhead, white perch, ydlow perch, and striped bass) expressed on a wet weight basis for
Tri+ total PCBs at the upper and lower river modeling locations.

As described above, the model is designed to predict PCB concentrations in the standard
fillee of piscivorous fish. As PCBs ae known to partition into lipid, the converson was
accomplished by evduating whole body versus standard fillet lipid content to obtain a multiplier
for those species for which data were available (USEPA, 1997d). For largemouth bass, this ratio
is 2.5 and for brown bullhead, the factor is 1.5. These values were discussed with NY SDEC and
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thought to be comparable to values for Hudson River fish. For those fish species for which the
ratio of lipid in the whole fish redive to the standard fillet could not be obtained (i.e., white
perch and yedlow perch), the observed and modeled body burdens expressed on a fillet bass
were used in this assessment.  Note that this is likely to underestimate wet weight concentrations
in the whole body but has no effect on lipid-normalized concentrations. No factors were required
for the pumpkinseed and spottail shiner as these were modeled on awhole body basis.

To obtan an expected vdue (mean) and dandard deviation from the FISHRAND
probabilistic model, the following procedure was used:

1. Takethe model-predicted 25, 50", and 95™" percentiles;

2. Logtransform the mode output for the 25", 50" and 95 percentiles and plot the
rellts agang the inverse of the norma cumulative digribution, yieding a draight

line

3. Obtain the parameters of the regresson to estimate a m and geometric standard
deviation (GSD) where mequals the intercept * GSD and GSD equas 1/dope; and,

4. Obtain the mean (expected value, or E[x], of the distribution) as E[x]=e"®* /2
where s equasthe GSD.

3.6 Exposure to Avian Wildlife

3.6.1 Measured Concentrations in Birds

USFWS conducted PCB monitoring in tree swalow eggs and nestlings during 1993 and
1994 (USFWS, 1997) and is currently andyzing sample from tree swalows, great blue herons,
bald eagles, and bad eagle prey collected from 1997-1999. A summay of some of ther results
is provided in Table 3-20a. One mdlard sample from river mile 173 was presented in the
USFWS database. USFWS, NYSDEC, and the United States Geologicd Survey (USGS) are
currently andyzing bald eagle, great blue heron, and tree swdlow tissue, egg and prey samples.
Seveard preiminary reports are avalable (USGS, 2000a; 2000b; 2000c; and 2000d) that
summarize the results of the data collected thus far. The reports provide results for congener
gpecific PCBs in bald eagle blood (USGS, 2000a), dioxins and furans in bad eagle fat, plasma,
and prey items (USGS, 2000b), tota PCBs and sdected congeners in great blue heron nestling
brains, tree swdlow nedtlings, and tree swalow adults (USGS, 2000c), and dioxins, furans, non
ortho PCBs in bald eagle blood (USGS, 2000d). These results are not directly comparable to the
toxicity reference vaues derived in Chapter 4 which are expressed as dietary doses in mg/kg-day
based on the way in which data are typicdly presented in the studies. However, these data
(Table 3-20a) show that totd PCBs in the brans of great blue heron nestlings obtained from
Cadtleton Idand in the Lower Hudson River range from 35 to 560 ng/g wet weight (USGS,
2000c). One great blue heron sample, obtained from Saratoga National Historic Park, measured
1,000 ng/g total PCBs wet weight. Totd PCB concentrations in tree swalow nestlings obtained
from various locations in the Upper Hudson River valey during 1998 and 1999 ranged from
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1,800 to 12,000 ng/g total PCBs wet weight, with the highest concentrations seen at the Specia
Area 13 and Remnant 4 Stes. . Lower Hudson River concentrations were lower, ranging from
170 to 890 ng/g totd PCBs wet weight. Adult tree swalows from the Upper Hudson River
ranged from 2,300 to 16,000 ng/g wet weight (USGS, 2000c).

The bald eagles were obtained primarily from locations in the Lower Hudson River
(roughly RM 80 to 138) and tota PCB concentrations ranged from 471 to 14,240 ng/g in serum
and 214 to 755 ng/g in whole blood. One sample, taken near Lock 1in the Upper Hudson
River (approximately RM 159.4), showed total PCB concentrations of 1,009 ng/g in serum.

During the early 1980's, NYSDEC conducted some limited monitoring throughout New
York State of PCBs in the tissues of peregrine facons, great blue heron, mdlard ducks, and
severa other species. However, these data are not adequate to assess potential exposures and
effects from Hudson River sources. The toxicity reference vaues derived in this assessment are
expressed as dietary doses in mgkg-day, which are not directly comparable to specific tissue
concentrations.

3.6.2 Avian Exposure Models

Avian receptors aong the Hudson River are exposed to PCBs primarily through ingestion
of contaminated prey (i.e., die), surface waer ingestion, and incidenta ingestion of sediments
(see Section 2.3.4). Intake is caculated as an average daly dosage (ADD) vaue, expressed as
mg PCB/kg/day. The ADD from each of the three caculated exposure pathways are summed to
develop the totad ADD of PCBs from riverine sources. The equation is provided as.

ADDRiver = ADDDiet + ADDWater + AddSedimem Equalon 3_3
where:

ADDRgijver = Potential average daily dosage of PCBs to receptor from Hudson River
sources (mg/kg/day);

ADDpje = Aveage daly dossge of PCBs via dietay sources of fish and
invertebrates (mg/kg/day);

ADDyyater = Average daily dosage of PCBs viadrinking water (mg/kg/day); and

ADDsegiment = Average daly dosage of PCBs via incidentd ingestion of sediments
(mg/kg/day).

The direct ingestion of surface water for drinking and the incidenta ingestion of
sediments are generic  exposure pathways that were developed based upon alometric
relationships and guidance described in USEPA (1993b) and Nagy (1987). Ingestion rates are
derived based upon body weight, free living metabolic rate, and diet compogtion. Dietary
exposure differs between receptors since the percentage of diet derived from the Hudson River,
type of prey consumed (eg. fish or invertebrates), and sSze sdectivity of prey species varies

) TAMS/MCA



with the receptor. The equations used to cdculate intakes for each of exposure pathways are
provided below. Parameters used for the tree swdlow, mdlard, belted kingfisher, great blue
heron and bald eagle, are summarized in Tables 3-21 to 3-25.

3.6.2.1 Surface Water Ingestion Pathway

The receptor-specific average dally dosage rate ADD waer (Mg/kg/day) is derived as the
quotient of the mass of PCBs ingested on a daly bass and the body mass of the species being
evauated:

PCB fe tzr, W] eceptor /) - .
ADDWater — ( Surfacewa Recep ) (FE) Equa‘_lon 3_4
BWBird
where:

ADDwater = Daly dose of PCBs from consuming Hudson River surface water
(mglkg/day); | |

PCBsurfacewater = Mean PCB exposure concentration (mg/L) in surface water;

Wl Receptor = Water ingestion rate (L/day) for avian receptor;

FE = Ared forage effort (unitless) as fraction of home or forage range;
and,

BWReceptor = Body weight (kg) of receptor.

Given the gze of the Hudson River dte, exposure to Hudson River-derived PCB sources
(water, sediment, biota) was consdered continuous, and the ared foraging effort factor (FE) for
al receptors was st to a vdue of 1.0. Many of the avian receptors have both resdent and
migratory populations in the Hudson River Valey. Resdent populations are conddered to be at
greater risk (due to breeding and growth) and therefore are evaluated in the exposure assessment.

The water ingestion rate (WI) (L/day) was edimated from the following equation
(USEPA, 1993b):

WI 3,49 = (0.0582% B ") Equation 3-5
where:
Wi girq) = Bird specific water ingestion rate (L/day); and
BW = Body weight of avian receptor (kg).

PCBs ingested on a daly bass ae cadculated for both the mean and 95% UCL
concentration of PCBsin surface water (mg/L).

3.6.2.2 Incidental Sediment Ingestion Pathway

Incidentad ingestion of Hudson River sediments by avian receptors may occur through
feeding and non-feeding activities, such as cleaning and preening of the feathers. The equation
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for this pathway is conddered on a dry weight basis for evduaion and accounts for only the
fraction of the total diet represented by abiotic materid (USEPA, 1993b). The incidenta
ingestion is cdculated as.

ADDSediment = (PCBSediment FSMedia IRToml) " FE Equ&tion 36
BWBird
where:

ADDsegiment = Average/95% UCL daly dose of PCB via incidentad ingestion of
sediments (mg/kg/day dry wt.);

PCBseiment = Mean PCB concentration (mg/kg dry weight) in sediment;

FSmedia = Fraction of abiotic mediain diet (%0);

IRTotal = Totd food ingestion rate (kg/day dry wt); estimated using
IRrota (kg/day) = 0.0582(BW)%%>! (USEPA, 1993b);

FE = Ared foraging effort (1.0); and

BWReceptor = Body weight (kg) of receptor.

The fraction of incidental sediment ingestion in the diet is specific to each of the avian
endpoint receptors. Most incidental ingestion occurs during feeding (Beyer et al., 1994) and the
greatest potentid for this exposure pathway occurs while feeding on aguatic benthic
invertebrates in the river. Therefore, receptors having a diet including an important benthic
invertebrate component, such as the madlard, are likely to have higher incidenta exposures than
species preferring to feed on fish, such as the belted kingfisher, great blue heron, and bald eagle.
Incidental sediment ingestion for the mdlard, an omnivore that consumes a large percentage of
aquatic invertebrates (50%), has been estimated to be 2.0 % (Beyer et al., 1994).

Quantitative estimates of percent compostion of sediments in the diet of the tree
swvalow, beted kingfisher, great blue heron and bad esgle were not avalable.  Therefore,
incidental sediment ingestion for these species was estimated based on their feeding patterns.
The diet of the tree swdlow consgts entirdy of flying insects captured in flight. Since the
svalows have no direct contact with submerged sediments, the incidental sediment ingestion
pathway is conddered incomplete and a vaue of % diet compostion of sediment is gpplied.
The bad eagle and beted kingfisher feed manly on fish they caich swvimming near the surface
or in shdlow water (USEPA, 1993b). The belted kingfisher generdly nests in banks near a body
of water, while the bad eagle usudly nests in trees, but may adso nest on diffs (Andrle and
Carroll, 1988). The incidentd ingestion of sediments was conddered negligible for the bad
eagle and a value of 0% (on adry weight basis) was applied. Since the belted kingfisher contects
bank sediment during nesting and grooming, avaue of 1% (on a dry weight basis) was applied.

Great blue herons fish in shdlow waters (up to 0.5 m) with a firm subgtrate (USEPA,
1993b). They capture fish by thrusting the besk into the fish's sde or back (Eckert and Kardus,
1983). Based on the great blue heron’s fishing technique, a vaue of 2% (on a dry weight bags)
was gpplied based on incidental ingestion during feeding and grooming.
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3.6.2.3 Dietary Exposure Pathway

Hudson River avian receptors are exposed to PCBs in ther diet primarily through
consumption of fish and agudtic invertebrates. In the absence of information on feeding habits
and dietary compogtion of Hudson River receptor populations, avalable literature and
discussons with NYSDEC wildlife specidists were used to develop dietary profiles for Hudson
River populations. Given the tendency of PCBs to be biomagnified within aguatic food webs,
exposure point concentrations for fish were divided into forage fish species and larger
piscivorous fish species. Benthic macroinvertebrates are consdered as a single dietary source,
inclusve of dl taxa

To evauate the dietary sources of PCBs to avian receptors, a totd daily dietary ingestion
rae (kg/day on a wet weight bads) for each receptor was referenced from the available literature
or deveoped usng the fidd metabolic rate (FMR) (kca/g-day) and the average metabolizable
energy (MEave) content (kcal/kg) of fish and invertebrates based on USEPA guidance (USEPA,
1993b). Totd daly dietary ingestion rates for dl the avian receptors were caculated using the
fidd metabolic rate, the typicd diet compogtion for the Hudson River populations, and the
average metabolizable energy content of the diet.

A fidd metabolic rate was edtimated for avian receptors based upon the dlometric
relationship developed by Nagy (1987) and USEPA (1993b):

FMR = 2.601(BW )% Equation 3-7
where:
FMR = Feld metabolic rate (kca/day);
BW = Body weight of avian receptor (gm); and

The metabolizable energy content for fish and benthic macroinvertebrates is cdculated as the
product of the gross energy content (kca/g) and percent assmilaive efficiency of the dietary
item by avian consumers (USEPA, 1993b):

ME =GE x AE Equation 3-8

where:
ME = Metabolizable energy content of dietary component (kca/gm wet wt);
GE = Grossenergy content of dietary component (kcal/gm wet wt); and
AE = Asamilaion efficiency vaue for diet component (unitless).

Gross energy contents of 1.2 kcd/gm for fish, 1.1 kcd/gm for benthic invertebrates
(based on isopods and amphipods), and 1.5 kca/gm for flying insects (based on beetles) were
used (USEPA, 1993b). Assmilation efficiencies of 79% and 77% were used for fish and
invertebrate prey, respectively (USEPA, 1993b).
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The digtary ingedtion rate for each of the avian receptors is cdculated as the quotient of
the receptor-specific FMR and MEa e for the specific diet:

FMR Receptor - .
Total — 0.001 Equation 3-9
ME

" BW,

Receptor

IR

Ave

where:
IR Total = Species-specific total ingestion rate for avian receptor (kg/day);
FMRReceptor = Species-specific fidd metabalic rate (kcd/day) for avian receptor;
ME ave = Average metabolizable energy content of dietary component
(kca/gm wet wt);
BWReceptor = Body weight of avian receptor (gm); and
0.001 = Converson term from grams to kilograms (kg/gm).

This anayss assumes that dl fish and benthic macroinvertebrate prey are obtained from
the Hudson River.

The modded fish component of the avian receptor diet consders two digtinct fish
trophic levels defined by sze, based upon the tendency for PCBs to bioaccumulate to a greater
degree in longer-lived, higher-trophic level species. Smdl fish (< 10 cm) include planktivorous/
insectivorous forage fish, such as minnows and sunfish, and large fish (> 25 cm) include
benthic/piscivorous fish, such as catfish and bass. This approximation is gppropriate for purposes
of determining exposure because the expose is expressed as an average concentration in fish of a
given sze. Different age dasses of fish have different feeding drategies, but  within a particular
age-class, feeding drategies are smilar.  For example, largemouth bass dove 25 cm in length dl
feed amilarly, but differently from fish smdler than that Sze range (see Appendix A of USEPA,
2000a).

Ingestion rates of forage fish and benthic/piscivorous fish ae based upon Sze
selectiveness observed in the diet (see Appendix E of USEPA, 1999¢). The average daily dosage
of PCBsto the avian receptor from the fish-derived portion of the diet is expressed as.

_ (PCBFish ’ IRT()tal ’ PDFish) e

ADD,, , = FE Equation 3-10
B WReceptor
where:

ADDgisy = Average daly digtary dose of PCBs from ingegtion of fish
(mg/kg/day wet w);

PCBrisn = Average concentration of PCBs observed in fish
tissue (mg/kg wet wi);

IRTotal = Totd ingestion rate for avian receptor (kg/day, wet wt);

PDrish = Fraction of tota diet of avian receptor represented by
forage and/or large fish (unitless);

FE = Ared forage effort as fraction of home range of the
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endpoint (unitless); and
BWReceptor = Body weight (kg) of avian receptor.

The modeled benthic invertebrate portion of the avian receptor diet follows an gpproach
gmilar to that outlined for fish, with the exception that al invertebrate body burdens are deemed
comparable and do not consder feeding group-specific bioaccumulative effects. The average
daily dosage for the invertebrate portion of the avian receptor diet is expressed as.

ADD]nver, - (PCB[nvert [RTotal PD[nvert) e FE Equaion 3_11
B WReceptor
where:

ADD;nvert = Average/95% UCL daly dietary dose of PCBs from ingestion of
benthic invertebrates (mg/kg/day wet wt);

PCBinvert = Mean/95% UCL of PCB concentration in invertebrate tissue
(mg/kg wet wi);

IRTotal = Totd ingestion rate for avian receptor (kg/day);

PDnvert = Fraction of total diet of avian receptor represented by benthic
invertebrates (unitless);

FE = Ared forage effort as fraction of home or forage range (unitless);
and,

BWReceptor = Body weight of avian receptor (kg).

The mdlard duck feeds on both aquatic invertebrates and plants (USEPA, 1993b). This
andyss assumes a macrophyte compartment as a surrogate for the vegetative portion of the diet.
Macrophyte concentrations are estimated by:

Concmacro = (Kowx Conciss X Lipidmacro) Equation 3-12
where:
CoNCmacro = Concentration of PCBs in phytoplankton (mg/kg);
Kow = Octanol-weter partition coefficient;
CONCiss = Concentration of PCBs in dissolved water (mg/L); and
Lipidmacro = Organic fraction of macrophytes expressed as lipid (assumed a

1%).

This relationship has been shown to provide reasonable estimates of concentrations in
macrophytes and submerged aguatic plant metter (Gobas et al., 1991; Swackhamer and
Skoglund, 1993; Lovett-Doust et al., 1997a). Linear relationships between the plant-water and
fidrwater bioconcentration factors and the octanol-water partition coefficient have been
demondrated, indicating that plant-water and fish-water exchanges are largely controlled by the
chemicd’s tendency to partition between the lipids of the plants and water. Uptake of PCBs
from sediment sources may dso be dgnificant but there is less quantitative information available
to characterize this redionship. Equation 3-12 is likdy to provide protective estimates of
bioconcentration.

77 TAMS/MCA



Scientific literature and wildlife biologists were consulted to determine the dietary
compogtion of avian receptors in the Hudson River Valey. Geographica preference for diet-
related information followed the order: Upper and Lower Hudson River Vadley, other regions of
New York State (NYS), populations from the northeastern United States, and populations from
other regions of the contiguous United States. Wherever possible, multiple data sources are used
to define the diet composition.

Tree swdlow diets for the Hudson River Vdley were based upon bolus sampling
conducted by Secord and McCarty (USFWS, 1997) on the Hudson River near Saratoga Springs,
NY. Secondary sources for diet compostion included Robertson et al. (1992) and McCarty
(1999). A diet of 1009 flying insects with partid aguetic life higtories is used in the exposure
assessment.

Mdlad diet information for Hudson River or NYS populations in regiond proximity
were not avalable. Diet studies provided in USEPA (1993b) were reviewed and evduated for
seasonal or habitat specific trends. Malards feed agpproximately equaly on invertebrates and
vegetation during the soring and summer.  The invertebrate component of their diet decreases
during the fdl and winter. No fish were documented in the diets summarized in USEPA
(1993b), and therefore fish are not consdered in the malard exposure assessment. Based upon
going and summer feeding patterns, a 50% aguatic invertebrate component, and a 50%
vegetation component are used in the exposure assessment.

The primary sources used for the beted kingfisher diet ae south-central NYS
populations (Gould, unpublished data provided in Sdyer and Lagler, 1946) and Davis (1982).
Secondary sources include Bull (1998) and Brooks and Davis (1987). The belted kingfisher diet
is consdered to consst exclusvely of forage fish species and agudtic invertebrates. Dietary
percentages of 78% fish (as forage fish) and 22% aguatic invertebrates are agpplied in the
exposure assessment.

Data on great blue heron diet information in Hudson River or NYS were not available.
The primary sources of diet information for the grest blue heron include Alexander (1977) for
Michigan populations and Hoffman (1978) for southwestern Lake Erie populations. Diets are
derived exclusvely from aguatic sources for both studies.  Secondary sources for dietary
information include Eckert and Kardus (1983) and Krebs (1974). The heron diet is assume to
conss of 98% fish (composed primarily of forage fish and smdl numbers of piscivorous fish),
1% aquatic invertebrates, and 1% nortriver related diet sources.

Bdd eagle digary informaion for Hudson River resdent populations was primarily
based upon Nye (1999b) and Bull (1998). Secondary sources for information included Nye and
Suring (1978) and diet studies provided in USEPA (1993b). Diet compostion can be highly
vaiable however, winter diets in the Lower Hudson River populations appear to be dominated
by fish. Fish species captured tend to be larger species and the diet is redtricted to larger fish.
Eagles overwintering north of Federa Dam may feed extensvely on waterfowl (Nye, 2000). In
the absence of data on PCB concentrations in waterfowl, a diet of 100% fish (as piscivorous
fish) derived from the river is aoplied to both upper and lower river eagles in the exposure
assessment.
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3.6.2.4 Behavioral and Temporal Modifying Factors Relating to Exposure

Potentia behaviora and temporad modifying characteridtics reating to PCB exposure to
avian receptors were conddered when cdculating exposure.  The vaues account for ether a
species-gpecific  behaviord  (e.g., home range) or tempord reationsip (e.g., migrdion,
hibernation) resulting in discontinuous exposure duration.  Modifying factors typicdly range in
vaue from 0 to 1.0, with 1.0 representing a continuous exposure duration.

Home range condders the sze of the habitat associated with the territorid characterigtics
of the receptors. The sze of the Hudson River ste, combined with a preference for riverine
environments, resulted in a vaue of 10 (i.e., continuous spatid exposure duraion) for dl
receptors. The river segments selected for evauation are large enough to encompass the foraging
aress of loca populaions of avian species. These species will integrate exposure over tempord
and spatia scaes as approximated by the modding.

Migration consders both spatid and tempora displacement of a receptor in regard to
changing seasond factors, such as dwindling food supplies or severity of weather. The mdlard,
belted kingfisher, bad eagle and great blue heron have both resident (i.e., year-round) and
migrant populations in the Hudson River Vdley. It is assumed that the resdent populations of
these receptors are most at risk and therefore remain continually exposed on a tempora basis.
The tree swdlow migrates dong the Hudson River and is temporaly exposed only during spring
and summer resdency. However, tree swalows breed aong the banks of the Hudson River and
the young are reared and grow to near adult Size prior to the autumn migration and therefore a
tempord exposure factor of one is applied.

3.6.2.5 Biomagnification Factors for Predicting Egg Concentrations

Biomagnification factors (BMFs) from the literaiure are used to predict the concentration
of totd PCBs and TEQ in the eggs of piscivorous hirds from the mean concentration in fish.
Biomagnification factors ae typicdly based on fidd dudies in which measured egg
concentrations are compared to synoptic measured sediment, benthic invertebrate, or fish
concentrations.  The same uncertainties that apply to the fidd studies of biocaccumulation are dso
applicable here: it is not known whether the denominator of the caculated BMF ratios represent
the true exposure concentrations that led to the accumulation of PCBs in the eggs of avian
receptors.

Total PCB Biomagnification Factors

Table 3-26 provides a summay of biomagnification factors from the literature. A
biomagnification factor of 30 has been used to predict totd PCB concentrations in piscivorous
bird eggs from concentrations in prey fish (USEPA, 1998a). The only vaue obtained from field
data specificdly for bad eagles is 28, as presented in Giesy et al., (1995). This vaue (28) was
used for the beted kingfisher and bad eagle in this assessment. No information was provided on
uncertainty or varigbility in this etimate. A mean factor of 8 was obtained for the great blue
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heron (Habrook et al., 1999) with a range from 0.3 to 44, and is used for that species in this
report.  Biomagnification factors across dl species for totd PCBs are rdatively smilar, ranging
from 8 to 53 on amean basis, suggesting aless than order of magnitude range in BMFs.

A biomegnification factor of 3 is used to edimae benthic invertebrate to egg
concentrations for the tree swallow for total PCBs based on the USFWS data (Table 3-268). The
range from the observed data was 0.4 to 11.7 based on 11 samples. The USFWS data provided
one mdlad sample from which to edtimate a biomagnification factor. From this a
biomagnification factor of approximately 3 on atotd PCB basis was obtained.

TEQ Biomagnification Factors

Table 3-26 dso provides a summary of TEQ biomagnification factors from the literature.

A biomagnification factor of 19 has been used to predict tota PCB concentrations in piscivorous
bird eggs from concentrations in prey fish (Kubiak and Best, 1993). This vdue is for TCDD-
equivdents from northern pike to bad eagle. No further information was provided, and nothing
was daed about uncertainty in this estimate. Giesy er al. (1995), referring to the BMF of 19,
dates that “the uncertainty in the BMF accumulation of TCDD-EQ from fish to the eggs of bad
esgles is not as great as that for estimates of the NOAEC,” and they estimate the uncertainty in
the NOAEC as being two orders of magnitude. Braune and Norstrom (1989) provide a TCDD
BMF of 21 with an apparent sandard deviation of 5 for dewife to herring gull eggs. USEPA
(1994) provides a value of 200, based on Dr. Giesy’'s comments on the report, based on a
maximum observed bald eagle egg concentration as compared to an average forage fish
concentration.  This information suggests the range of BMFs across dl species is less than one to
200. Basad on these data, a TEQ biomagnification factor of 19 was used for the belted
kingfisher, grest blue heron, and bald eagle.

A biomagnification factor of 7 was used to edtimate benthic invertebrate to egg
concentretions for the tree swallow on a TEQ bassusng USFWS data (Table 326a8). The
range from the observed data was 2.2 to 20.2 based on 7 samples. The USFWS data provided
one mdlad sample from which to edimae a biomagnification factor.  From this, a
biomagnification factor of 7 on a TEQ basis was obtaned. These biomagnification factors are
based upon a diet of mixed insects. Birds that preferentialy feed on odonata (i.e., dragonflies
and damsdflies) are likdy to accumulate higher levels of PCBs as the BMFs for this group
range up to an order of magnitude greater than for total insects.

3.6.3 Exposure Estimates for Avian Wildlife on a Total (Tri+) PCB Basis

Tree Swallow

Tables 327 and 328 provide the expected average daily dose and 95% UCL daily dose,
respectively, on a total PCB basis for the tree swallow from water and dietary sources based on
1993 data for water and benthic invertebrate concentrations. Table 3-29 and 3-30 present the
expected average dally dose in the upper and lower river, respectively, for the modding period
1993 — 2018. These tables dso al show the predicted egg concentrations based on a totad PCB
biomagnification factor derived from the Phase 2 dataset.
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Mallard Duck

Tables 3-31 and 3-32 provide the expected average daily dose and 95% UCL daily dose
on a totd PCB bass for the mdlard duck from water, sediment and dietary sources based on
1993 data for water, sediment, and benthic invertebrate concentrations. Table 3-33 and 3-34
present the expected average dally dose in the upper river and lower river, respectively, for the
modeling period 1993 — 2018. These tables also show the predicted egg concentrations based on
a totd PCB biomagnification factor derived from the Phase 2 dataset. These biomagnification
factors are based upon a diet of mixed insects. Birds that preferentidly feed on odonata are
likely to accumulate higher levels of PCBs, as the BMFs for this group range up to 27 percent
greater than for total insects.

Belted Kingfisher

Tables 3-35 and 3-36 provide the expected average daily dose and 95% UCL daily dose
on a total PCB basis for the belted kingfisher from water, sediment, and dietary sources based on
1993 data for water, sediment, benthic invertebrate, and forage fish concentrations. Tables 337
and 3-38 present the expected average daily dose in the upper river and lower river, respectively,
for the modding period 1993 — 2018. These tables aso show the predicted egg concentrations
based on atotal PCB biomagnification factor obtained from the literature (Giesy et al., 1995).

Great Blue Heron

Tables 3-39 and 3-40 provide the expected average daily dose and 95% UCL daily dose
on a tota PCB basis for the great blue heron from water, sediment, and dietary sources based on
1993 data for water, sediment, benthic invertebrate, and forage fish concentrations. Tables 3-41
and 3-42 present the expected average daily dose for the modeling period 1993 — 2018 for the
upper and lower river, respectivey. These tables dso show the predicted egg concentrations
based on atotal PCB biomagnification factor obtained from the literature (Halbrook ez al., 1999).

Bald Eagle

Tables 3-43 and 3-44 provide the expected average daily dose and 95% UCL daily dose
on a total PCB bass for the bad eagle from water and dietary sources based on 1993 data for
water and piscivorous fish concentrations. Tables 3-45 and 3-46 present the expected average
daily dose for the modeing period 1993 — 2018 for the upper and lower river, respectively.
These tables dso show the predicted egg concentrations based on a biomagnification factor
obtained from the literature (Giesy et al., 1995).

3.6.4 Exposure Estimates for Avian Wildlife on a TEQ Basis

Tree Swallow
Tables 347 and 348 provide the expected average daily dose and 95% UCL daily dose

on a TEQ basis for the tree swalow from water and dietary sources based on 1993 data for water
and benthic invertebrate concentrations. Tables 3-49 and 350 present the expected average daily
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dose for the modeing period 1993 — 2018 for the upper and lower river, respectively. These
tables dso dl show the predicted egg concentrations based on a TEQ-based biomagnification
factor derived from the Phase 2 dataset.

Mallard Duck

Tables 3-51 and 3-52 provide the expected average daily dose and 95% UCL daily dose
on a TEQ PCB badss for the mdlard duck from water, sediment and dietary sources based on
1993 data for water, sediment, and benthic invertebrate concentrations. Tables 3-53 and 3-54
present the expected average daily dose for the modeling period 1993 — 2018 for the upper and
lower river, respectively. These tables dso al show the predicted egg concentrations based on a
TEQ-based biomagnification factor derived from the Phase 2 dataset.

Belted Kingfisher

Tables 3-55 and 3-56 provide the expected average daily dose and 95% UCL daily dose
on a TEQ PCB basis for the beted kingfisher from water, sediment, and dietary sources based on
1993 data for water, sediment, benthic invertebrate, and forage fish concentrations. Tables 357
and 3-58 present the expected average daily dose for the modeling period 1993 — 2018 for the
upper and lower river, respectively. These tables dso dl show the predicted egg concentrations
based on a TEQ-based biomagnification factor obtained from the literature (Giesy et al., 1995).

Great Blue Heron

Tables 3-59 and 3-60 provide the expected average daily dose and 95% UCL daily dose
on a TEQ PCB basis for the great blue heron from water, sediment, and dietary sources based on
1993 data for water, sediment, benthic invertebrate, and forage fish concentrations. Tables 3-61
and 3-62 present the expected average daily dose for the modding period 1993 — 2018 for the
upper and lower river, respectively. These tables dso dl show the predicted egg concentrations
based on a TEQ-based biomagnification factor obtained from the literature (Giesy et al., 1995).

Bald Eagle

Tables 3-63 and 3-64 provide the expected average daily dose and 95% UCL daily dose
on a TEQ PCB bads for the bad eagle from water and dietary sources based on 1993 data for
water, and piscivorous fish concentrations. Tables 3-65 and 3-66 present the expected average
dailly dose for the modeling period 1993 — 2018 for the upper and lower river, respectively.
These tables dso dl show the predicted egg concentrations based on a TEQ-based
biomagnification factor obtained from the literature (Giesy et al., 1995).

3.7 Exposure to Mammalian Wildlife

3.7.1 Observed Mammalian Concentrations

The New York State Toxic Substances Monitoring Program (1982) and Foley et al.
(1988) provide limited data on PCB concentrations in mink and otter livers from three locations
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within the Hudson River watershed area.  These concentrations are summarized in Table 320b.
NYSDEC is currently collecting mink, otter, and muskrat data, including concentrations of PCBs
in blood and liver and population estimates (Mayack, 20004). Preiminary results suggest that
highest concentrations are found for animas with home ranges directly on the Hudson River
(Loukmas, 2000).

3.7.2 Mammalian Wildlife Exposure Models

The exposure equation to caculate mammadian daly dose is the same as that used for
birds (Equation 3-3), and is equa to the sum of diet, water, and sediment exposure. The direct
ingestion of surface water for drinking and the incidental ingestion of sediments are generic
exposure pathways that were developed based upon adlometric relationships and guidance
described in USEPA (1993b) and Nagy (1987). Ingestion rates are derived based upon a single
variable, body weight, which is expressed as kilograms or grams wet weight. Dietary exposure
is the most varigble pathway, since the percentage of mammaian receptor diet derived from the
Hudson River, type of prey consumed (i.e., fish or invertebrates), and Sze sdectivity of prey
species differs between receptors.  The equations used to caculate intakes for each exposure
pathway are discussed below. Parameters used for the little brown bat, raccoon, mink, and river
otter are summarized in Tables 3-67 to 3-70.

3.7.2.1 Surface Water Ingestion Pathway

For mammdian receptors, the water ingestion rate (NWI) (L/day) was estimated from
the following equation (USEPA, 1993D):

WI ygammay = (0.099* BV *) Equation 3-13

where:
Wlmammay = Receptor-specific water ingestion rate (L/day); and
BW = Body weight of mammaian receptor (kg).

PCBs ingested on a daily basis are cdculated as the product of the concentration of PCBs
in surface water (mg/L) and the water ingestion rate (L/day). The receptor-specific average daily
dosage rate ADD water (Mg/kg/day) is caculated using Equation 3-4.

Given the sze of the Hudson River Ste, exposure to Hudson River derived PCBs sources

(water, sediment, biota) was considered continuous and the ared foraging effort factor (FE) for
al mammdian receptors was set at avalue of 1.0 for al parameters.

3.7.2.2 Incidental Sediment Ingestion Pathway

Incidental ingestion of Hudson River sediments by mammadian receptors may occur
through feeding and non-feeding activities, such as cdeaning and grooming of the fur. The
equation for this pathway is conddered on a dry weight basis for evauation and accounts for
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only the fraction of the total diet represented by abiotic materid (USEPA, 1993a). The
incidenta ingestion is cdculated usng Equation 3-6.

The fraction of incidenta sediment ingestion in the mammdian diet is specific to each of
the endpoint receptors. Mogt incidentd ingestion occurs during feeding (Beyer et al., 1994) and
the greatest potentid for this exposure pathway occurs while feeding on aguatic benthic
invertebrates. Therefore, mammdian receptors, such as the raccoon, that have diets inclusive of
an important benthic invertebrate component are likely to have higher incidentd exposures to
PCBs via sediment ingestion than largely piscivorous species.

Incidental sediment ingestion for the raccoon, an omnivore that consumes a large
percentage of aquatic invertebrates, has been estimated to be 9.4% (Beyer et al., 1994).
Quantitative estimates of percent compostion of sediments in the diet of the little brown bat,
mink, and river otter were not avalable  Therefore, incidenta sediment ingestion for these
receptors was estimated based on their feeding patterns. The diet of the little brown bat conssts
entirdy of flying insects captured in flight. Since bais have no contact with submerged
sediments, they are not consdered to ingest any sediment in their diet. The mink and the otter
ae lagdy piscivorous and incidental ingestion of sediments during feeding is conddered to be
limited. An incidentd sediment ingestion vaue of 1% (on a dry weight basis) was used to cover
incidental sediment ingestion during feeding and grooming for both receptors.

3.7.2.3 Dietary Exposure Pathway

Hudson River mammadian receptors are exposed to PCBs in their diet primarily through
the consumption of fish and aguetic invertebrates. In the absence of information on feeding
habits and dietary compodtion of Hudson River receptor populations, avalable literature and
discussons with NYSDEC wildlife specidists were used to develop dietary profiles. Given the
tendency of PCBs to be biomagnified within aguatic food webs, modded exposure point
concentrations for fish were divided into forage fish species and larger piscivorous fish species.
Benthic macroinvertebrates are consdered as asingle dietary source, inclusive of al taxa

To evduate the dietary sources of PCBs to mammaian receptors, a totd daly dietary
normdized ingestion rate (kg/day on a wet weight basis) for each receptor was referenced from
the avalable literature or developed usng the fidd metabolic rae (FMR) (kcd/day) and the
average metabolizable energy (ME ave) content (kcal/kg) of fish and invertebrates based on
USEPA guidance (USEPA, 1993b). Totd daly dietary ingestion rates for the little brown bat
(Fenton and Barclay, 1980), mink (Bleavins and Aulerich, 1981) and river otter (Harris, 1968;
USEPA, 1993a) were based on published literature (see Appendix F in USEPA, 1999c). An
edimated daly dietary ingestion rate was developed for the raccoon using the fidd metabolic
rate, the typicd NYS diet compostion of the raccoon, and the average metabolizable energy
content of the diet.
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A fidd metabolic rate was estimated for the raccoon (a non-herbivore) based upon the
alometric relationship developed by Nagy (1987):

FMR =0.6167" (BW,)*** Equation 3-14
where:
FMR = Field metabolic rate (kcal/g-day); and
BW = Body weight of mammalian receptor (gms).

The metabolizable energy content for fish and benthic macroinvertebrates is caculated as
the product of the gross energy content (kcal/g) and percent assmilative efficiency of the dietary
item by mammalian consumers as provided in Equation 3-8.

The dietary ingestion rate for each of the mammaian receptors is caculated as the
quotient of the receptor-specific FMR and MEa e for the specific diet according to Equation 3-9.

This anadlyss assumes that fish and benthic mecroinvertebrates consumed by mammalian
receptors are obtained only from the Hudson River. Therefore, the average daly dosage (ADD)
of diet derived sources of PCBsto mammalian receptors is expressed as.

ADD,,., = ADD,., + ADD, . . Equation 3-15
where:

ADDpiet = Cumulative average/95% UCL daly dose of PCBs from diet
(mgkg/day): o o

ADDgis = Average/95% UCL daly dietary dose of PCBs from ingestion of
fish (mg/kg/day); and,

ADD;nvert = Average/95% UCL daly dietary dose of PCBs from ingestion of
invertebrates (mg/kg/day).

The fish component of the modded mammadian receptor diet consders two digtinct fish
trophic levels, defined by size, based upon the tendency for PCBs to bicaccumulate to a grester
degree in longer-lived, higher trophic-level species. Smdl fish (< 10 cm) incdude
planktivorous/insectivorous forage fish, such as minnows and sunfish, and large fish (> 25 cm)
include benthic/piscivorous fish, such as catfish and bass. Mammadian receptor ingestion rates
of forage fish and benthic/piscivorous fish are based upon sze selectiveness observed in the diet
(see Appendix F in USEPA, 1999c). The average daily dosage of PCBs to receptors from the
fish-derived portion of the diet is provided in Equation 3-10.

The benthic invertebrate portion of the modded mammdian diet follows an approach
gmilar to that outlined for fish, with the exception that al invertebrate body burdens are deemed
comparable and do not consder feeding group-specific bioaccumulative effects. The average
dally dosage for the modded mammadian invertebrate portion of the diet is given in Equetion 3
11.

The sdentific literature and wildlife specidists were consulted for identifying the dietary
composition of mammalian receptors in the Hudson River sudy area.  As with avian receptors,
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the geogrephicd preference for diet-rdlated information for receptor populaions followed the
order: Upper and Lower Hudson River Vdley, other regions of NYS, populations from the
northeastern United States, and populations from other regions of the contiguous United States.
Wherever possible, collaborative information from secondary sources was used to better define
the diet compostion which the receptor populaions would be expected to consume. Prey
consumption rates were sdlected to reflect the generd regiona feeding preferences found in the
literature, which did not aways represent the maximum reported consumption of river-related
prey for that receptor.

The little brown bat diet studies of Buchler (1976) and Bewood and Fenton (1976) in
NYS were used as the primary sources for diet composition. Secondary information was drawn
from Anthony and Kunz (1977) for Nova Scotia populations. The little brown bat diet may
consst of 87% to 100% insects with partid aguatic life histories. Based upon these data, a diet
compogition of 100% aguatic invertebrates (as insects with partiad aguatic life histories) was
gpplied to Hudson River little brown bat populations.

The raccoon diet studies of Tabatabai and Kennedy (1988) on Tennessee populations,
Llewelyn and Ulher (1952) on Maryland populations, and Hamilton (1940) on NYS populations
of raccoon were utilized as primary sources for raccoon diet compostion of fish and aguatic
invertebrates. Review of the literature reveded a marked difference in raccoon diet composition
based on habitats and seasons.  Raccoons from forested bottom land and riverine environments
(like those of the Hudson River) had a larger aguatic component in the diet than populations
from marshes or more agriculturd land uses, with winter diets for both groups accounting for the
largest percentage of aguatic sources (i.e., fish and aguatic invertebrates). Based upon this
review, a winter diet compostion of 3.0% fish and 37.0% aquatic invertebrates (Llewelyn and
Ulher, 1952) was applied for Hudson River Valley raccoon populations.

Diet gudies by Hamilton (1959, 1940, 1936) for NYS populations of mink were utilized
as the primary sources for mink diet compogtion of fish and aguatic invertebrates.  Secondary
information was drawn from doaff of the NYSDEC Furbearer Units in Bath, NY (Mayack,
1999b) and Demar, NY (Batchdler, 1999). Review of the literature reveded a marked
seasondity in mink diet components from aguatic sources, with winter diets accounting for the
largest percentage of aguatic sources (i.e., fish and aguatic invertebrates). Based upon this
review, a winter diet of 34.0% fish and 16.5% aquatic invertebrates (as cited in Hamilton, 1959)
was gpplied to Hudson River Valey mink populations.

The diet sudies by Hamilton (1961) on NYS river otter populations, Sheldon and Tall
(1964) on Massachusetts populations, and persona communications with Penrod (1999) and
Spinola (1999) of the NYSDEC River Otter Project were used as primary sources for the diet of
Hudson River otter populations. These and other studies (Newdl et d. 1987; Knudsen and Hale,
1968; Geer, 1955) showed that dthough there was seasondlity in diet components, fish are the
preferred prey of river otters. Recent field observations by Spinola (1999) suggest that the
winter diet of the river otter is composed exclusvey of fish. Based on ther preference for fish
and the winter diet, a diet compostion of 100% fish was gpplied to Hudson River otter
populations.
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3.7.2.4 Behavioral and Temporal Modifying Factors Relating to Exposure

Potentid modifying characteristics rdlated to PCB exposure were consdered when
cdculating exposure to mammdian receptors. The vaues account for a species-specific
behaviord (e.g., home range) or tempord rdationship (e.g., migration, hibernation) resulting in
discontinuous exposure duration.  Modifying factors typicdly range in vadue from 0 to 1.0, with
1.0 being a continuous exposure duration.

Home range condders the sze of the habitat associated with the territorid characterigtics
of the receptors. The dze of the Hudson River ste, combined with the receptors preference for
riverine environments, resulted in a vaue of 1.0 (i.e., continuous spatid exposure duration) for
dl receptors.  The river segments sdected for evaluation are large enough to encompass the
foraging areas of locd populaions of mammdian species. These species will integrate exposure
over tempora and spatia scales as approximated by the modeling.

Migration consders the spatid and tempord displacement of a receptor in regard to
changing seasond factors, such as dwindling food supplies or severity of weether. All four of
the mammalian receptors are consdered year-round resdents of the Hudson River. The little
brown bat is the only receptor that hibernates. Although the little brown bat hibernates part of
the year, dl food sources used during the year (i.e., active feeding time plus fat reserves used
during hibernation) are assumed to be derived from the Hudson river. In addition, reproduction
and growth (the most sengtive time periods) occur when the little brown bat is active dong the
Hudson River. Therefore, no tempora modifying factor was applied to the little brown bat.

3.7.3 Exposure Estimates for Mammalian Wildlife on a Total (Tri+) PCB Basis

Little Brown Bat

Tables 3-71 and 3-72 provide the expected average daily dose and 95% UCL daily dose
on a tota PCB bass for the little brown bat from water and dietary sources based on 1993 data
for water and benthic invertebrate concentrations. Tables 3-73 and 3-74 present the expected
average dally dose for the modeing period 1993 — 2018 for the upper and lower river,

respectively.
Raccoon

Tables 375 and 376 provide the expected average daily dose and 95% UCL daily dose
on a totd PCB bass for the raccoon from water and dietary sources based on 1993 data for
water, sediment, benthic invertebrate, and forage fish concentrations. Tables 3-77 and 3-78
present the expected average daily dose for the modeling period 1993 — 2018 for the upper and
lower river, respectively.

Mink

Tables 3-79 and 3-80 provide the expected average daily dose and 95% UCL daily dose
on a totd PCB bass for the mink from water and dietary sources based on 1993 data for water,
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sediment, benthic invertebrate, and forage fish concentrations. Tables 3-81 and 3-82 present the
expected average daily dose for the modding period 1993 — 2018 for the upper and lower river,

respectively.
River Otter

Tables 3-83 and 3-84 provide the expected average daily dose and 95% UCL daily dose
on a totad PCB basis for the river otter from water and dietary sources based on 1993 data for
water, sediment, and piscivorous fish concentrations. Tables 3-85 and 3-86 present the expected
average daly dose for the modding period 1993 — 2018 for the upper and lower river,

respectively.

3.7.4 Exposure Estimates for Mammalian Wildlife on a TEQ Basis

Little Brown Bat

Tables 3-87 and 3-88 provide the expected average daily dose and 95% UCL daily dose
on a TEQ PCB basis for the little brown bat from water and dietary sources based on 1993 data
for water and benthic invertebrate concentrations. Tables 3-89 and 3-90 present the expected
average dally dose and for the modding period 1993 — 2018 for the upper and lower river,

respectively.
Raccoon

Tables 391 and 392 provide the expected average daily dose and 95% UCL daily dose
on a TEQ PCB basis for the raccoon from water and dietary sources based on 1993 data for
water, sediment, benthic invertebrate, and forage fish concentrations. Tables 3-93 and 3-94
present the expected average daily dose for the modding period 1993 — 2018 for the upper and
lower river, respectively.

Mink

Tables 395 and 396 provide the expected average daily dose and 95% UCL daily dose
on a TEQ PCB basis for the mink from water and dietary sources based on 1993 data for water,
sediment, benthic invertebrate, and forage fish concentrations. Tables 3-97 and 3-98 present the
expected average dchily dose for the modding period 1993 — 2018 for the upper and lower river,

respectively.
River Otter

Tables 3-99 and 3-100 provide the expected average daily dose and 95% UCL daily dose
onaTEQ PCB basisfor theriver otter from water and dietary sources based on 1993 data for
water, sediment, and piscivorous fish concentrations. Tables 3-101 and 3-102 present the
expected average daily dose for the modeling period 1993 — 2018 for the upper and lower river,

respectively.
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3.8 Uncertainty and Sensitivity in Exposure

This assessment evauates uncertainty in the predicted exposure doses through the use of
a Monte Carlo andyss. The Monte Carlo andys's assgns distributions for key input parameters
in the exposure modeds to predict didributions, or cumulative frequencies, of exposure (dose in
mg/kg-day). The output distributions are then used in severd different ways to evauate the
percent of the population expected to experience a particular dose, to compare to dose-response
curves to obtain populationtlevel responses, and to evauate the sengtivity of predicted exposure
(dose) to the input parameters.

Table 3-103 summarizes the didributions and didribution parameters used in the
exposure andyses. Sediment and water concentrations were set a point estimates as they have
been shown to be minor contributors to the exposure concentrations. Based on a comparison of
predicted fish concentrations to observations over the historica period (1977 — 1997), the
uncertainty in the mean edimate of predicted fish concentrations is gpproximately a factor of two
(USEPA, 2000a). In aeddition, the results of the FISHRAND modd show that within-year
variability in predicted fish body burdens (attributable to seasondity, lipid content, etc.) is dso
approximately a factor of two. Mammaian and avian receptors integrate exposure to PCBs in
fish over soatid and temporal scales. Because of this the appropriate datistic to evauate
exposure is the mean and the uncertainty about the mean. This uncertainty was characterized by
a normd didribution (under the assumption that errors are normdly didtributed about a mean
vaue), and dso as a lognormd didribution (under the assumption that environmenta data are
lognormdly digtributed and that the error in predicted estimates is likely to be biased toward the
right tail). The andyds was dso run assuming a correation between body weight and ingestion
rate (based on dlometric equations relaing body weight, ingestion rate, and metabolic rate.

The remaning exposure parameters were described by triangular didtributions in the
absence of data with which to better congrain these digtributions.  All of the exposure parameters
were developed for Hudson River receptors and use information specific to the Hudson River
where possble. The Monte Carlo andyss was carried out in Excda using the Crystd Bdla
add-in. Each modd was run for 10,000 iterations. Sengtivity of the predicted exposure
concentrations to input parameters was estimated using percent contribution to variance as well
asrank correlation. These results are provided in Chapter 6.

The results for dl of the runs were within 5% of each other, so the results that are
presented are for the lognormaly didributed fish concentrations. Figures 34 and 35 provide the
results of the Monte Carlo andyss for the beted kingfisher, bad eagle, mink, and river otter.
These graphs show the cumulative digtribution on the y-axis and the predicted exposure dose in
mg/kg-day on the x-axis. These predicted concentrations are compared to the dose-response
curves presented in Chapter 4 and the results of those comparisons are provided in Chapter 5.

3.9 Examination of Exposure Pathways Based on Congener Patterns

Decisons related to controlling exposures to PCBs depend, in part, on understanding how
PCBs are behaving in the river and the degree to which water and sediments are contributing to
body burdens within the TI Pool as well as & downriver pools and the Lower Hudson River.
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Chapter 1 of this report describes the current understanding of sources based on geochemica and
higorica considerations. Another agpproach for understanding sources is to examine the PCB
congener patterns in fish in comparison to water and sediment at different locationsin theriver.

The congener pattern of a fish's body burden reflects, to varying degrees, the nature and
higory of its exposure. Thus an examination of the congener paterns in fish and other matrices
may provide useful clues in desgnaing the main PCB sources to the fish. If the congener
“fingerprint” remains undtered from source to the fish, this andyss can directly link the
source(s) to the fish body burden. Information linking fish body burdens to their sources is
cearly useful in sdecting effective remedid actions. However, as will be shown, the links
between fish body burden and source are not straightforward.

Petterns of PCB contamination in fish and benthic invertebrates were examined using the
congener-specific PCB data from the 1993 USEPA Phase 2 ecologicd investigation, the 1993
NOAA fish andyses, and the 1995 NOAA fish andyses. Additiondly, the long-term monitoring
records for fish obtained by NYSDEC were examined dong with USGS water column data to
establish current trends between PCB body burden and water column concertrations for severd
fish species This andyss represents the biologicd extenson of the geochemicd andyss
presented in the Data Evaduaion and Interpretation Report (USEPA, 1997a) and the Low
Resolution Sediment Coring Report (LRC) (USEPA, 1998b), examining the corrdaions among
fish and invertebrate body burdens, sediment, and water column conditions. Detals of the
andysisarefound in Appendix K in USEPA 1999c.

The congener paiterns contained in fish are dso examined in Appendix K in USEPA
1999c from the context of dasdfying the mixture for the purposes of assgning risk-based
criteria (i.e., toxicity benchmarks). This examinaion addresses, to a limited extent, the “best”
bass for quantifying current fish body burdens in terms of Aroclor-based analyses and standards.
This issue arises from the historical andytica protocols that characterized fish body burdens in
terms of Aroclors 1248 and 1254, despite the documented presence of a predominantly Aroclor
1242-based source throughout the freshwater Hudson River (USEPA, 1997a).

The objectives in conducting this anadlyss include: 1) identifying Aroclor paterns for use
in toxicity assessment; 2) determining the relaive importance of water, sediment, and food
exposures, 3) evduaing the importance of upsiream versus downstream sources of PCBs
through spatid and tempord patterns, 4) importance of ongoing or recent releases in comparison
to historical releases; and, 5) use of marker compounds and ratios to understand exposure.

Conclusons from the andyss presented in Appendix K in USEPA 1999c ae
summarized asfollows

The PCB mixture contained in the fish of the Hudson River can be best characterized as a
Aroclor 1248-type mixture in the Upper Hudson with a trend toward a heavier mixture
(i.e., Aroclor 1254) in fish from the freshwater Lower Hudson and the harbor. These
congener mixtures do not imply the incressed presence of these Aroclors in the
freshwater Lower Hudson but rather are indicative of the enhanced biocaccumulation of
the heavier congeners contained in the mixture released by GE. For the purposes of
toxicity assessment, Upper Hudson fish are best classfied as containing Aroclor 1248,
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based on the molecular weight and homologue paiterns contained in the fish.  Similarly,
Lower Hudson fish are best classified as containing a mixture of Aroclors 1248 and 1254.

The PCB body burden of benthic invertebrates represents an intermediate stage between
the sediments and fish body burdens based on congener pattern.  These benthic
invertebrates are gill most smilar to Aroclor 1248 dthough less so than the fish. The
principa components analyss showed a dightly closer association of the sediments and
benthic invertebrate congener pattern. Similarly, the magnitude of the benthic body
burdens is seen to vary with the sediment concentrations, with lower body burdens
associated with lower sediment concentrations.

Examination of fish congener patterns using principa components andyss showed that
the fish are didinct from their exposure media, in that a readily discernable molecular
weight and congener pettern shift occurs with the accumulation of PCBs.  This shift
incressed with decressing river mile despite the overdl decresse in fish body burden.
Specificdly, an enhancement of the proportion of heavier congeners (pentac and
hexachlorohomologues) occurs a the same time that the fish body burdens decline. This
occurs despite a much smdler change in the congener compostion of the sediments.
Changes in water column concentrations may be partialy responsble for the enhanced
PCB molecular weight in fish, largely dtributed to the loss of the lighter congeners from
the water column during transport from the Upper River, and not to the introduction of
additiond heavier Aroclor mixture to the freshwater Lower Hudson. The principa
components andyss dso shows that benthic invertebrates results typicdly lie pat way
between the fish and sediment domains, as might be expected based on traphic level.

Fish body burdens decrease downdream of the GE fadilities, regardless of species.
However, the congener properties do not remain congtant and the fraction of higher
molecular weight congeners increases with decreasing river mile.

The ratios of BZ#56, 60, 66 and BZ#70 to 49 were examined for severd different
matrices with the intent of using these ratios as tracers or “fingerprints’ of the PCB
sources to the fish. These ratios exhibited a large degree of variation in fish that was not
shown to occur in any other media  Additiondly, comparison of dissolved and
suspended matter ratios suggested that the geochemidtries of these congeners are not
identicd and may be different enough to preclude their usefulness as tracers.  Overdl,
these ratios showed a generd decline in fish with disgance downstream dthough the
ratios themsalves were only somewhat smilar to those seen in the dissolved phase water
column and were digdinctly lower than downriver sediments. These poorly understood
vaiatons in the raios preclude ther use as trecers. Essentidly, the environmenta
modifications, particularly those produced by fish, serve to erase the “fingerprint” of the
origind PCB source materid.  Ultimately, the raios found in fish (and benthic
invertebrates) were unique to the biota, and provided little clue as to the nature of the
source.

Usng two different sets of congeners, principd components anadyss was used to
compare the 1993 and the 1995 fish congener patterns. Using the larger of the two
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congener sets (46 congeners), the andysis largely confirmed the prior analyses performed
by NOAA (1997) as wdl as in previous sections of this report. In particular, spring
conditions in 1995 were didinctly different (higher molecular weight in spring) from
those of the two fdl sampling events. Little difference was evident between the two fdl
sampling events, suggesting that little had occurred (such as GE remediation of the
Hudson Fdls releases) to affect the congener patterns and, by inference, the basic routes
of exposure in fish. Altenativdy, the lack of difference in fdl conditions may be
patidly the result of the bioaccumulation processes which smply serve to create the
same generd congener pattern in the fal, so long as exposure routes and congener
concentrations are gpproximately the same.

The firg two objectives are summarized in greater detail next as they reae directly to the
evauation of ecologicd risk.

3.9.1 Identifying Aroclor Patterns for Use in the Toxicity Assessment

The andyss prepared by NOAA (NOAA, 1997a), as well as those of the DEIR (USEPA,
19978) and LRC (USEPA, 1998b), demonstrated the complexities of the PCB congener patterns
in the Hudson River among the various matrices (i.e., sediments, water, fish and benthic
invertebrates). In order to capture and reflect these complexities in the data analyss, a principd
components analyss (PCA) was underteken. Effectively, PCA reduces the data set and its
associaed varidbles into a minimum number of variables which can then be used to examine the
data This PCA andyss provides a means of showing the appropriateness of using toxicity
reference vaues (TRVS) based on Aroclor 1254 and will explore the ability to trace the source of
PCBsinfish.

The firg principd component is condructed as a linear combination of the origind
varidbles so as to encompass (or “explan”) the grestest amount of the variance for the origind
data set. Subsequent principd components encompass the largest amount of the remaining
variance of the daia set while being uncorrdated (orthogona) to al previoudy constructed
principa components. Detaled information on the sdection of the congener variables sdected
for the andyss and the andyss itsdf can be found in Appendix K in USEPA 1999c. This
section summarizes the results of the PCA.

The PCA suggests a strong similarity between the fish body burdens and Aroclor 1248.
Thisislargdy due to the bioaccumulation of the tetrachlorocongeners which are most prevalent
inthis Aroclor. Asis suggested by the loading to components 1 and 2, this PCA strongly reflects
the molecular weight of the congener mixture and emphasizes its importance in examining the
congener data.

The agreement between Aroclor 1248 and the body burden for Upper Hudson Rver fish
is demongirated by comparing Upper Hudson River fish samples to Aroclor standards on a mass
fraction bass Fgure 3-6 presents severd regressons between a typicd upper river 1993
largemouth bass sample from RM 190 versus severd Aroclors standards on a mass fraction
bass. The regressons represent double hit pairs only, that is congeners which were detected in
both sediment and the Aroclor. Although agreement is best for Aroclor 1248, the result is not a
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true line and severa congener proportions fal wel away from line. This andyss was repested
usng a typicd Lower Hudson River white perch sample from RM 26 and is shown in Figure 3-7.
Based on the previous principd components andyss, fish in the Lower Hudson appeared to
approach Aroclor 1260. However, when dl congeners are considered via regressons such as
those in Fgure 3-7, the best regressons are obtained against Aroclor 1254. For the Lower
Hudson River fish sample shown in the figure, the best fit is achieved againgt Aroclor 1254 with
a regression coefficient of 0.65 that is reatively close to the regresson coefficient of 0.7 for the
Upper Hudson River fish sample againg Aroclor 1248. The fact that the regresson coefficients
are highest for two different Aroclors is smply indicative of the shift in molecular weight of the
fish PCB body burden while moving downstream.

Component 1 itself was examined as a function of river mile for both sediment and fish
(see Figure 3-8). Though the variance observed is nontrivid, trends n the data are evident. The
more pronounced rise in the value of component 1 for the fish data relaive to the sediment data
is cdearly in evidence. In the figure, the lines represent a weighted average of the data. While the
fish data appear to rise reativdy seedily, the sediment results show severd didinct festures,
including a marked drop in the Upper Hudson River, a near-plateau leve in the freshwater
Lower Hudson River and findly a shap rise near the sdt front a8 RM60. The plateau vaue of
the freshwater Lower Hudson River is directly contrasted agangt the risng fish component 1
levds in Fgure 3-9. The conssency of the component 1 vaue in the sediments versus the risng
vaues in the fish may indicate a change in the asorption and retertion of PCBs in fish in this
region of the river because an additiond, subgtantive, higher molecular weight PCB load to this
region is not in evidence (USEPA, 1997a). Alternatively, this may be attributable to a change in
the PCB exposures to the fish resulting from the loss of the lighter congeners from the water
column during trangport downstream. This would yidd fish body burdens which had higher
molecular weight but lower total PCB mass.

Component 1 appears to closdy match molecular weight. Note the amilarity in the trends
of component 1 and molecular weight in fish and sediments as function of river mile (see Figure
3-8 and Figure 3-10). As in Figure 3-8, the lines in upper figure in Fgure 3-10 represent
weighted averages and are used to smply illustrate generd trends while the lines in the lower
figure are linear regressons. Both component 1 and molecular weight show a gradud rise from
the Tl Pool to New York City harbor with a plaieau in the freshwater Lower Hudson for
sediments, but not for fish. As shown in the lower diagram in Figure 3-8, this rise in molecular
weight in fish is pardlded only by a rise in the molecular weight of the water-column dissolved-
phase PCB fraction. Note the similar dope vaues as well as the high R? vaues rdaive to the
other two matrices plotted.

The reason for the pardld trends in the fish and water column dissolved phase matrices
in this region is unclear because, in generd, the dissolved phase contains a higher proportion of
less chlorinated congeners due to partitioning while the congeners in fish are more chlorinated.
Mog likdy, the molecular weight increase in the dissolved phase is due to gas exchange plus
degradative losses of the lighter dissolved congeners as well as the possible partia replenishment
via the resuspenson of less dechlorinated, higher molecular weight PCBs from the sediments of
the Lower Hudson River. To the extent that water column exposure to fish is important, the
increese in the molecular weight of the dissolved phase combined with its absolute decline in
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concentration may produce the observed trends in fish body burden. Alternatively, the smple
decline in water column concentrations aone with river mile would serve to decrease the overdl
fish exposure (resulting in lower body burdens) while raisng the mean molecular weight of the
mixture to which the fish are exposed (resulting in higher molecular weights).

3.9.2 Determining the Relative Importance of Water, Sediment, and Dietary Exposures

Fish body burdens were shown to decline with river mile to about the same degree as the
changes in the sediment PCB concentration. Smilaly, molecular weight in fish samples
increased with distance from the Upper Hudson River source aress. Differences in total PCB
concentration among species was shown to be ggnificant based on feeding guild (i.e., food
source). However, when normaized to lipid content, the interspecies differences disgppeared and
the largest changes in PCB concentration coincided with river mile. Smilaly, the molecular
weight of the PCB body burdens in fish was not found to vary by feeding guild but amply by
river mile. These results indicate that PCB uptake and biomagnification of individuad congeners
in fish is largdy reated to disance downsgtream of the GE facilities and not to trophic level. In
addition, the reason for the increase in molecular weight with distance downstream was not
known but may be attributed to one or more causes including decreasng importance of water
column exposure for fish due to declining water column concentrations, paticularly for lighter
congeners. Alternatively, water column concentrations may smply become higher in molecular
weight due to replenishment from less-dechlorinated, Lower Hudson sediments yieding a
higher molecular weight for water-based exposure.

Benthic invertebrate data were examined and shown to be smilar to the reaults for fish
for much of the Hudson River. Benthic invertebrates in the freshwater Hudson River typicdly
have lower molecular weights than the fish from the same location, but have higher molecular
weights than the sediments in which they live. Benthic invertebrate body burdens decline with
river mile Benthic invertebrates in the sdine Lower Hudson digtinctly show the impact of the
New York City metropolitan aea inputs. These invertebrates have a subgtantidly higher
molecular weight than that of the Upper Hudson River. Epibenthic invertebrates appeared to
have lower body burdens but smilar molecular weights relative to other benthic invertebrates
collected from the same dation. This suggests that the biocaccumulation process may be
dependent on PCB congener type or perhaps molecular weight.

Combining the results of Figures 3-11, 3-12 and 3-13, there appears to be a minor shift
toward higher molecular weights (i.e., heavier congeners) from Fal 1993 to Fdl 1995 and
Spring 1995. The shift appears to be much greater for the Fal 1993 to Spring 1995 sampling
than from Fal 1993 to Fal 1995. Based on the last diagram in Figure 3-11, the Spring 1995
results aso appear to have a higher molecular weight than thet for Fall 1995. These generd
trends were aso noted in the NOAA report (1997) based on several individud congeners.
However, these conclusons must be tempered by the confounding fector of life-stage which was
adso shown to coincide with changes in molecular weight. Based on these results plus the direct
homologue comparisons (Appendix K of USEPA. 1999c), it appears likdy that seasond
vaiation in fish body burden does occur, with heavier molecular weights coinciding with the
goring. On the other hand, there does not gppear to be a systematic change in the fal conditions
in 1995 reative to Fal 1993. There may be some decline in a few specific congeners, but as
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shown later, some of these congeners may reflect a complexity in their biogeochemistry which
precludes their use as smple markers for recently released PCBs.
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4.0 EFFECTS ASSESSMENT

This chapter provides a general overview of the toxicology of PCBs and describes the
methods used to characterize particular toxicological effects of PCBs on aquatic and terrestrial
organisms. Toxicity reference values (TRV'S), used to estimate the potential risk to receptor species
resulting from exposure to PCBs, are presented following the background on PCB toxicology. TRVS
arelevels of exposure associated with either Lowest Observed Adverse Effects Levels (LOAELS) or
No Observed Adverse Effects Levels (NOAELS). They provide a basis for judging the potential
effects of measured or predicted exposures that are above or below these levels.

Use of both LOAELs and NOAELS provides perspective on the potentia for risk as aresult
of exposure to PCBs. LOAELSs are values at which adverse effects have been observed in either
laboratory or field studies, while the NOAEL represents the highest dose or body burden at which
an adverse effect was not observed. Exceedance of a LOAEL indicates a greater potential for risk.

4.1 Polychlorinated Biphenyl Structure and Toxicity

The toxicity of PCBs has been shown to manifest itself in many different ways, among
various species of animals. Typical responses to PCB exposure in animals include wasting
syndrome, hepatotoxicity, immunotoxicity, neurotoxicity, reproductive and devel opmental effects,
gastrointestinal effects, respiratory effects, dermal toxicity, and mutagenic and carcinogenic effects.
Some of these effects are manifested through endocrine disruption. Table 4-1 provides a summary
of the common effects documented to occur in animals as aresult of PCB exposure.

PCBs are typically present in the environment as complex mixtures. These mixtures consist
of discrete PCB molecules that are individually referred to as PCB congeners. PCB congeners are
often introduced into the environment as commercia mixtures known as Aroclors. PCB toxicity
varies significantly among different congeners and is dependent on a number of factors. Two
significant factors relate to the chemical structure of the PCB congener (Figure 4-1), including the
degree of chlorination and the position of the chlorines on the biphenyl structure (Safe et al., 1985a).
In general, higher chlorine content typically resultsin higher toxicity, and PCB congenersthat are
chlorinated in the ortho position are typically less toxic than congeners chlorinated in the meta and
para positions. These differences are discussed in more detail in the following sections with afocus
on the metabolic processes involved in the activation of PCBs. Metabolic activation is believed to
be the major process contributing to PCB toxicity.

4.1.1 Structure-Function Relationships of PCBs

PCB congeners have been shown to produce toxic effects similar to, although typically less
potent than, 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD), the most toxic member of all
groups of halogenated aromatic hydrocarbons (Van den Berg ef al., 1998). The toxicity of these
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hydrocarbons is thought to be related to their ability to induce cytochrome P450-dependent aryl
hydrocarbon metabolizing mixed-function oxidases (MFOs) (Safe et al., 1985b; McFarland and
Clarke, 1989). Similar to 2,3,7,8-TCDD, anumber of PCB congeners have been shown to induce aryl
hydrocarbon hydroxylase (AHH) activity, as well as ethoxyresorufin-O-deethylase (EROD) activity.
The potency and specificity of MFO induction of individual PCB congenersisdirectly related to how
closely they approach the molecular structure of 2,3,7,8-TCDD (Safe et al., 1985b; McFarland and
Clarke, 1989). Thedioxin, 2,3,7,8-TCDD assumes arigid coplanar configuration which facilitates
its binding to the cytosolic 44 (aryl hydrocarbon) receptor (AhR). Translocation of the dioxin-44-
receptor complex to the nuclear A4 locusis thought to initiate the synthesis of enzymes that exhibit
AHH and EROD activity (Safe et al., 1985a). The activation of these enzymes may be involved in
biotransformation, conjugation and removal, or metabolic activation of aryl hydrocarbons to
potentially toxic intermediates (McFarland and Clarke, 1989).

Studies of structure-function relationshipsfor PCB congenersindicate that the location of the
chlorine substitution determines the type and intensity of the toxicity that can be dicited (Safe et al.,
1985a). PCB congeners with substitutions at the meta- and para- positions as well as some mono-
ortho- substituted congeners assume a coplanar conformation similar to 2,3,7,8-TCDD, and are
typically more toxic than non-coplanar congeners with high ortho-substitution. The phenyl rings
of PCB molecules are linked by a single carbon:carbon bond (Figure 4-1), that, unlike the rigidly
bound phenyl rings of dioxins, allows relatively unconstrained freedom of rotation of one ring
relative to the other (Safe er al., 1985d). When bulky chlorine atoms are substituted at certain
positions on the biphenyl nucleus they inflict certain constraints on rotational freedom. The greatest
effect is exerted by substitution of at least two opposing ortho-substitutions on opposite rings. The
energetic cost of maintaining a coplanar configuration becomes increasingly high as ortho
substitution increases. The release of steric hindrance, as a consequence of chlorine substitution in
ortho- positions, yields a non-coplanar molecular configuration, making it less “dioxin-like”.
Moreover, since coplanarity facilitates binding to the AhR, which in turn effects the level of AHH
activity, metabolic activation, and potential toxicity of certain PCB congeners, the toxicity of PCB
congeners decreases as ortho substitution increases. PCB congeners with two chlorinesin the ortho
position (di-ortho), or other highly ortho-substituted congeners do not produce a strong, toxic,
“dioxin-like’ response (McFarland and Clarke, 1989; Safe, 1990). Table 4-2 lists the coplanar non-
ortho and mono-ortho congeners.

4.1.2 Metabolic Activation and Toxicity of PCBs

The toxicological effects of PCBs, as well as other halogenated aromatic hydrocarbons,
including dioxins, are correlated with their ability to induce the cytochrome P450-dependent mixed
function oxygenases (MFOs) (Safe et al., 1985b; McFarland and Clarke, 1989). MFOs are a group
of microsomal enzymes that catalyze oxidative biotransformation of aromatic ring-containing
compounds to facilitate conjugation and removal. This metabolic activation occurs mainly in the
liver and is a major mechanism of PCB metabolism and toxicity. The MFOs that are induced by
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PCBs have been divided into three general groups. 3-methylcholanthrene-type (3-MC-type);
phenobarbital-type (PB-type); and mixed-type, possessing catalyzing properties of both. PB-induced
MFOs typically catalyze insertion of oxygen into conformationally nonhindered sites of non-
coplanar lipophilic molecules, such as ortho-substituted PCBs, and 3-M C-induced MFOs typically
catalyze insertion of oxygen into conformationally hindered sites of planar molecules, such as non-
ortho-substituted PCBs (McFarland and Clarke, 1989). The intermediate transition products
typically formed from these oxidations are reactive epoxides. Epoxide-derivatives of PCBs may be
the carcinogenic, mutagenic, or teratogenic metabolites of the parent compounds (McFarland and
Clarke, 1989). Ordinarily, reactions catalyzed by PB-induced MFOs go on to conjugation, which
generally increases their water solubility, making them more easily excreted. On the other hand, the
conformational hindrance of the oxygenated molecule subsequent to oxidation by 3-M C-induced
MFOs, provides stability of the intermediate and tends to inhibit conjugation and detoxification
(McFarland and Clarke, 1989). Thus, the potentia for contributing to toxicity through bioactivation
viaan epoxide-intermediate is considered to be much greater with 3-M C induced enzymic reactions.
Thisisreflected in the observed higher toxicity of the more “dioxin-like’ coplanar PCBs, which are
potent inducers of AHH, a 3-MC-type MFO (McFarland and Clarke, 1989).

There is significant variability in MFO activity among species. MFO activity generally
decreasesin the following order: mammals > birds and amphibians > fish (Walker et al., 1984). The
levels in aguatic invertebrates were found to be even lower. In addition, the levels can vary
significantly even among closely related species (Knight and Walker, 1982). Low MFO activity may
be a significant contributing factor in the bioaccumulation of organochlorinesin many organisms
(Fossi et al., 1990).

4.1.3 Estimating the Ecological Effects of PCBs

This ecological risk assessment focuses on effects that relate to the survival, growth, and
reproduction of individuals within the local populations of fish and wildlife species. Reproductive
effects are defined broadly herein to include egg maturation, spawning, egg hatchability, and survival
of fish larvae. Most PCB toxicity research has concentrated on fish, birds, and mammals and
therefore individual toxicity values are devel oped for speciesin these groups (Section 4.3, USEPA,
1999c¢). In contrast, few detailed studies have been performed on amphibians and reptiles and hence
toxicity values would not have been able to be developed for speciesin these groups, had they been
selected as receptors.

Reproductive effects tend to be the most sensitive endpoint for animals exposed to PCBs.
Indeed, toxicity studies in vertebrates indicate a relationship between PCB exposure, as
demonstrated by AHH induction, and functions that are mediated by the endocrine system, such as
reproductive success. A possible explanation for the relationship between AHH activity and
reproductive success may be due to a potential interference from the P450-dependent MFO with the
ability of this class of P450 proteinsto regulate sex steroids. In fact, the induction of cytochrome
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P450 isozymes from PCB exposure has been shown to alter patterns of steroid metabolism (Spies
et al., 1990). As another example, the maternal hepatic AHH activity of the flatfish, Paralichthys
stellatus, a the time of spawning, was found to be inversely related to three reproductive functions:
egg viability, fertilization success, and successful development from fertilization through hatching
(Long and Buchman, 1990).

As discussed earlier, PCBs are often introduced into the environment as commercial PCB
congener mixtures, known as Aroclors. Historically, the most common approach for assessing the
ecologica impact of PCBs hasinvolved estimating exposure and effectsin terms of totals or Aroclor
mixtures. Itisimportant to note that, since different PCB congeners may be metabolized at different
rates through various enzymatic mechanisms, when subjected to processes of environmental
degradation and mixing, the identity of Aroclor mixturesis altered (McFarland and Clarke, 1989).
Therefore, depending on the extent of breakdown, the environmental composition of PCBs may be
significantly different from the original Aroclor mixture. Furthermore, commercial Aroclor mixtures
used in laboratory toxicity studies may not represent true environmental exposure to this Aroclor.
Thus, there are some uncertainties associated with estimating the ecological effects of PCBsin terms
of total PCBs or Aroclors. As aresult, there has been a great emphasis on the development of
techniques that provide an assessment of potential risk from exposure to individual PCB congeners.

A methodol ogy has been established, known as Toxic Equivalency (TEQ) Toxic Equivaency
Factors (TEF) methodology (TEQ/TEF), that quantifies the toxicities of PCB congeners relative to
the toxicity of the potent dioxin 2,3,7,8-TCDD (see van den Berg et al., 1998 for review). Itis
currently accepted that the carcinogenic potency of dioxin is effected by its ability to bind AhR. In
fact, dioxin isthought to be the most potent known AhR ligand (NOAA, 1999b). Itisaso generdly
accepted that the dioxin-liketoxicities of PCB congenersare directly correlated to their ability to bind
the AhR. Thus, the TEQ/TEF methodology provides a toxicity measurement for all AhR-binding
compounds based on their relative toxicity to dioxin. Since 2,3,7,8-TCDD has the greatest affinity
for the AhR, it is assigned a TCDD-Toxicity Equivaent Factor of 1.0. PCB congeners are then
assigned aTCDD-TEF relativeto 2,3,7,8-TCDD, based on experimental evidence. For example, if
the relative toxicity of aparticular congener is one-thousandth that of TCDD, it would have a TEF
of 0.001. The potency of a PCB congener is estimated by multiplying the tissue concentration of the
congener in guestion by the TEF for that congener to yield the toxic equivalent (TEQ) of dioxin.
Finally, aTEQ for the whole mixture can be determined from the sum of the calculated TEQs for
each AhR-binding congener. The World Health Organization has derived TEFsfor anumber of PCB
congeners (van den Berg er al., 1998). These values are presented in Table 4-2.

An advantage of the TEQ/TEF approach isthat it providesabasisfor determining the toxicity
of acomplex mixture of PCBsin mediaor tissues. The disadvantage of this approach is that only
AhR-active PCBs, and AhR-mediated endpoints, are considered for TEF calculations. For this
reason, it is useful to consider the TEQ/TEF method in concert with other methods for evaluating
toxicity.
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Recent data suggest that non-AhR mediated side effects may be important contributors to
PCB toxicity. For example, Moore and Peterson (1996) suggest that PCBs may play a non-AhR
mediated role in the induction of neurotoxicity, hormonal effects, estrogenic effects, and infertility
inmales. Although coplanar, “dioxin-like” congeners appear most toxic based on current evidence,
other congeners may have important non-AhR mediated toxic effects. Thus it is becoming
increasingly more important to examine the toxic effects of mixturesaswell asindividua congeners
of PCBs when evaluating the total ecological impact of PCBs.

4.2 Selection of Measures of Effects

A toxicity reference value (TRV) is a contaminant dose or body burden that is compared to
site-specific doses or body burdens to assess the potential risk to an ecological receptor. A TRV can
be based on results from laboratory or field studies. Many studies examine the effects of PCBs on
aguatic and terrestrial organisms, and results of these studies are compiled and summarizedin severa
reportsand reviews (e.g., Eider and Belide, 1996; Niimi, 1996; Hoffman et al., 1998; ATSDR, 1996;
Eisler, 1986; NOAA, 1999b). For the present assessment, a comprehensive literature search was
conducted on the toxicity of PCBsto animals. A variety of databases were searched for references
containing toxicity information. Theseincluded the National Library of Medicine (NLM) MEDLINE
and TOXLINE databases and the Aquatic Information Retrieval Database (AQUIRE). Secondary
sources that were used to identify studies that may have been overlooked in the database searches
included U.S. Fish and Wildlife Service Contaminant Hazard Reviews, the Agency for Toxic
Substances Disease Registry (ATSDR) documents, and the U.S. EPA Great Lakes Water Quality
Initiative documents.

A number of criteriawere considered in order to evaluate the appropriateness of a particular
study for inclusion in the database used for this assessment. First of all, doses should be quantified
and reported. An appropriate study design, including the use of adequate sample size and an
appropriate negative control group, should beincluded inthe design. Appropriate statistical analyses
should be conducted and the statistical significance of the results reported. The remainder of this
chapter describes the rationale that was used to select TRV s for the representative receptors.

Some studies examine toxicity endpoints (such as lethality, growth, and reproduction) that
are thought to have greater potential for adverse effects on populations of organisms than other
studies. Other studies examine toxicity endpoints such as behavior, disease, cell structure, or
biochemical changes that affect individual organisms, but may not result in adverse effects at the
population level. For example, toxic effects such as enzyme induction may or may not result in
adverse effectsto individual animals or populations. The present risk assessment selects TRV sfrom
studies that examine the effects of PCBs on lethality, growth or reproduction. Studies that examined
the effects of PCBs on other sublethal endpoints are not used to select TRVs. Lethality, growth, and
reproductive-based endpoints typically present the greatest risk to the viability of the individual
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organism and therefore survival of the population. Thus, these are considered to be the endpoints
of greatest concern relative to the stated assessment endpoints.

When exposures are expected to be long-term, data from studies of chronic exposure are
preferable to data from medium-term (subchronic), short-term (acute), or single-exposure studies
(USEPA, 1997b). Because of the persistence of PCBs, exposure of ecological receptors to PCBs
from the Hudson River is expected to be long-term. Therefore studies of chronic exposure are used
to select TRVs for the present risk assessment. Long-term studies are also preferred because
reproductive effects of PCBs are typically studied after long-term exposure.

Dose-response studies compare the response of organisms exposed to a range of doses to
that of a control group. Ideally, doses that are below and above the threshold level that causes
adverse effects are examined. Toxicity endpoints determined in dose-response and other studies
include:

*  NOAEL (No-Observed-Adverse-Effect-Levd) isthe highest exposure level shown to be
without adverse effect in organisms exposed to a range of doses. NOAELs may be
expressed as dietary doses (e.g., mg PCBs consumed/kg body weight/d), as
concentrationsin external media (e.g., mg PCBs/kg food), or as concentrations in tissue
of the effected organisms (e.g., mg chemical/kg egg).

» LOAEL (Lowest-Observed-Adverse-Effect-Level) isthe lowest exposure level shown to
produce adverse effect in organisms exposed to arange of doses. LOAELs may also be
expressed as dietary doses (e.g., mg PCBs consumed/kg body weight/d), as
concentrationsin external media (e.g., mg PCBskg food), or as concentrations in tissue
of the effected organisms (e.g., mg chemical/kg egg).

* LDy, isthe Lethal Dose that resultsin death of 50% of the exposed organisms. Expressed
in units of dose (e.g., mg PCBs administered/kg body weight of test organism/d).

* LGy isthe Lethal Concentration in some external media (e.g. food, water, or sediment)
that results in death of 50% of the exposed organisms. Expressed in units of
concentration (e.g., mg PCBs/kg wet weight food).

* EDg, is the Effective Dose that results in a sublethal effect in 50% of the exposed
organisms (mg/kg/d).

* EC,, isthe Effective Concentration in some external media that results in a sublethal
effect in 50% of the exposed organisms (mg/kg).
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* CBR or Critical Body Residue is the concentration in the organism (e.g., whole body,
liver, or egg) that is associated with an adverse effect (mg PCBs/kg wet wt tissue).

» EL-effect isthe effect level that results in an adverse effect in organisms exposed to a
single dose, rather than a range of doses. Expressed in units of dose (mg/kg/d) or
concentration (mg/kg).

» EL-no effect is the effect level that does not result in an adverse effect in organisms
exposed to a single dose, rather than a range of doses. Expressed in units of dose
(mg/kg/d) or concentration (mg/kg).

Most USEPA risk assessmentstypically estimate risk by comparing the exposure of receptors
of concernto TRV sthat are based on NOAELs. TRVsfor the present baseline risk assessments are
developed on the basis of both NOAELs and LOAELSs to provide perspective on the range of
potential effects relative to measured or model ed exposures.

Differences in the feeding behavior of aquatic and terrestrial organisms determine the type
of toxicity endpoints that are most easily measured and most useful in assessing risk. For example,
the dose consumed in food is more easily measured for terrestrial animals than for aquatic organisms
since uneaten food can be difficult to collect and quantify in an agueous environment. Therefore,
for aguatic organisms, toxicity endpoints are more often expressed as concentrations in external
media (e.g., water) or as accumulated concentrations in the tissue of the exposed organism (also
called a “body burden”). In some studies, doses are administered via gavage, intraperitoneal
injection into an adult, or injection into afish or bird egg. If appropriate studies are available, TRVs
for the present baseline risk assessment are selected on the basis of the most likely route of exposure,
as described below:

* TRVsfor benthic invertebrates are expressed as concentrations in external media (e.g.,
mg/kg sediment). Critical body burdens (e.g., mg/kg body weight) for benthic
invertebrates are presented, but a TRV is not selected due to limited data.

* TRVsfor fish are expressed as critical body residues (CBR) (e.g., mg/kg whole body
weight and mg/kg lipid in eggs or whole body).

* TRVsfor terrestria receptors (e.g., birds and mammals) are expressed as daily dietary
doses (e.g., mg/kg whole body wt/d).

» TRVsfor birds are also expressed as concentrations in eggs (e.g. mg/kg wet wt egg).
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Some studies express exposures as concentrations or doses of total PCBs, whereas other
studies examine effects associated with individual congeners (e.g. PCB 126) or as total dioxin
equivalents (TEQs). Thisrisk assessment develops separate TRV's for total PCBs and TEQs.

4.2.1 Methodology Used to Derive TRVs

The literature on toxic effects of PCBs to animals includes studies conducted solely in the
laboratory, aswell as studiesincluding afield component. The studiesthat were reviewed for thisrisk
assessment are presented in Tables 4-5 through 4-22. Each type of study has advantages and
disadvantages for the purpose of deriving TRVsfor arisk assessment. For example, a controlled
laboratory study can be designed to test the effect of a single formulation or congener (e.g. Aroclor
1254 or PCB 126) on the test species in the absence of the effects of other co-occurring
contaminants. This is an advantage since greater confidence can be placed in the conclusion that
observed effects are related to exposure to the test compound. However, laboratory studies are often
conducted on species that are easily maintained in the laboratory, rather than on wildlife species.
Therefore, laboratory studies may have the disadvantage of being conducted on species that are less
closdly related to aparticular receptor. Thisnot agreat disadvantage to the risk assessment, since the
assessment endpoints eval uate feeding groups, as represented by individual receptor models. Field
studies have the advantage that organisms are exposed to a more realistic mixture of PCB congeners
(with differences in toxic potencies), than, for example, laboratory tests that expose organismsto a
commercia mixture, such as Aroclor 1254. Field studies have the disadvantage that organisms are
usually exposed to other contaminants, and observed effects may not be attributable solely to
exposure to PCBs.

If appropriate field studies are available for species in the same taxonomic family as the
receptor of concern, thosefield studieswill be used to derive NOAEL TRV sfor receptors of concern.
Appropriateness of afield study will be based on the following considerations:

» whether the study examines sensitive endpoints, such as reproductive effects, in a
speciesthat is closaly related (e.g. within the same taxonomic family) to the receptor of
concern;

*  whether measured exposure concentrations of PCBs or dioxin-like compounds are
reported for dietary doses, whole organisms, or eggs;

 whether the study establishes a dose-response relationship between exposure
concentrations of PCBs or dioxin-like contaminants and observed effects; and

»  whether contributions of co-occurring contaminants are reported and considered to be
negligible in comparison to contribution of PCBs or dioxin-like compounds.
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If appropriate field studies are not available for atest speciesin the same taxonomic family
as the receptor species of concern, laboratory studies or field studies on less closely related species
will be used to establish TRV sfor the receptor species. The general methodology described in the
following paragraphs will be used to derive TRV s for the receptors from appropriate studies.

When appropriate chronic-exposure toxicity studies on the effects of PCBs or dioxin-like
compounds on lethality, growth, or reproduction are not available for the species examined for a
particular assessment endpoint, studies on other species are used to develop TRVs. For example,
if toxicity datais unavailable for aparticular species of bird, toxicity datafor arelated species of bird
isused if appropriate information was available. Several methodologies have been developed for
deriving TRV sfor wildlife species (e.g., Sample et al., 1996; Cdifornia EPA, 1996; USEPA, 1996;
Menzie-Cura & Associates, 1997). The genera methodology that is used to develop LOAEL and
NOAEL toxicity reference values (TRVs) for the present study is described below:

* If an appropriate LOAEL is unavailable for a phylogenetically similar species (e.g.
within the same taxonomic family), the assessment uses a study conducted on another
species, preferably one that is closely related to the receptor of concern. The most
appropriate LOAEL is used whenever several studies are available. Professional
judgement was used in some cases to select the most appropriate study. Interspecies
uncertainty factors, which account for potentia differencesin sengitivity between a test
species and a receptor, are not used in the development of the final TRV sfor the risk
assessment. However, for illustrative purposes, a secondary set of TRV's are devel oped
using interspecies uncertainty factors where appropriate. If the surrogate test speciesis
known to be highly senditive to the effects of PCBs or dioxin (e.g. sdlmonids, mink), an
interspecies uncertainty factor is not applied to the secondary TRV.

* Inthe absence of an appropriate NOAEL, an appropriate LOAEL may be divided by a
conversion factor of 10 to estimate a NOAEL. The LOAEL to NOAEL conversion is
similar to USEPA’s derivation of human health RfD (Reference Dose) values, where
LOAEL studies are adjusted by afactor of 10 to estimate NOAEL values (Dourson and
Stara, 1983).

* When calculating chronic dietary dose-based TRVs (e.g. mg/kg/d) from data for sub-
chronic tests, the sub-chronic LOAEL or NOAEL values are divided by a conversion
factor of 10 to estimate chronic TRVs. The use of aconversion factor of 10 is consistent
with the methodology used to derive human health RfDs (Dourson and Stara, 1983).
These factors are applied to account for uncertainty in using an external dose (mg/kg/d
in diet) as a surrogate for the dose at the site of toxic action (e.g. mg/kg in tissue).
Because organisms may attain atoxic dose at the site of toxic action (e.g. in tissues or
organs) via a large dose administered over a short period, or via a smaller dose
administered over alonger period, conversion factors are used to estimate the smallest
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dose that, if administered chronically, would result in atoxic dose at the site of action.
USEPA has not established a definitive line between sub-chronic and chronic exposures
for ecologica receptors. The present risk assessment generally follows recently
developed guidance (Sample et al., 1996) which considers 10 weeks to be the minimum
time for chronic exposure of birds and 1 year for chronic exposure of mammals.

» For studiesthat actually measure the internal toxic dose (e.g. mg PCBs/kg tissue), a sub-
chronic to chronic conversion factor is not applied. Thisis appropriate since effects are
being compared to measured internal doses, rather than to external dietary doses that are
used as surrogates for the internal dose.

* Incaseswhere TRVsare available as adietary concentration (e.g., mg contaminant per
kg food), a daily dose for birds or mammals is calculated on the basis of standard
estimates of food intake rates and body weights (e.g., USEPA, 1993D).

In order toillustrate the range of uncertainty involved in deriving TRV's, TRV s are devel oped
from both laboratory and field studies, with and without the use of interspecies uncertainty factors.
However, the no interspecies uncertainty factors were used to develop the fina TRV s that are used
in the risk assessment, which are presented in bold type in Tables 4-25 through 4-27. The sengitivity
of the risk estimates to the use of these various approaches is examined in the uncertainty chapter
(Chapter 6.0) of thisreport.

4.2.2 Selection of TRVs for Benthic Invertebrates

Various guidelines exist for concentrations of PCBs in sediment (Table 4-3). Concentrations
of PCBsin sediments of the Hudson River will be compared to the Sediment Effects Concentrations
(SEC) developed for this site (NOAA, 1999a), NY SDEC sediment guidelines (NY SDEC, 1999a),
Ontario guideline (Persaud et al., 1993), and Washington State sediment guidelines (1997), which
are considered to be the guidelines most relevant to this study.

A measurement endpoint of measured and modeled benthic invertebrate body burdens to
TRVswas not included because relatively few studies were identified that examined the effects of
PCBs or dioxin-like compounds on the basis of body burdensin aquatic invertebrates (Table 4-4).
Therefore, abody burden-based TRV is not developed for benthic invertebrates.

4.2.3 Selection of TRVs for Fish
In this section, TRV s are developed for the forage fish receptors (pumpkinseed and spottail

shiner) and for fish receptors that feed at higher trophic levels (brown bullhead, yellow perch, white
perch, largemouth bass, and striped bass).
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Laboratory studies that examinethe effects of total PCBs or Aroclors on fish are summarized
in Table 4-5. Most of these studies report measured concentrations of PCBs in whole body fish
tissue, although one study (Black er al., 1998a) reported a nominal injected dose. Field studies on
total PCBsor Aroclorsare presented in Table 4-6. Laboratory studies and field studies on the effects
of dioxin-like compounds (TEQs) on fish (Tables 4-7 and 4-8, respectively) typicaly report
concentrations of TEQsin fish eggs, rather than in whole body, since eggs represent amore sensitive
life stage. Comparison of effect levels (e.g., NOAELs or LOAELS) reported as wet weight
concentrationsin eggs to whole body tissue concentrationsin adult Hudson River fish is complicated
by the fact that eggs and whole body adult fish tend to have different lipid contents and
concentrations of lipophilic contaminants, such asTEQs. However, if we assumethat TEQs partition
equally into thelipid phase of the egg and into the lipidsin the tissue of adult fish (Niimi, 1983), then
lipid-normalized concentrationsin fish eggsthat are associated with adverse effects (ug TEQs/kg lipid
in egg) can be compared to lipid-normalized tissue concentrations of TEQs in adult Hudson River
fish (ug TEQS/kg lipid in whole body adult). Therefore, this assessment establishes TRVsfor TEQs
infish on alipid-normalized basis so that measured or predicted whole body concentrations of TEQs
in Hudson River fish can be compared to TRV s established from studies on fish eggs.

4.2.3.1 Pumpkinseed (Lepomis gibbosus)
Total PCB Body Burden in Pumpkinseed

Of the laboratory studies examined (Table 4-5), no studies were identified that examined
toxicity of PCBsto the pumpkinseed forage fish receptor, or to afish speciesin the same family as
the pumpkinseed (Table 4-23). Two studies (Hansen et al., 1971 and Hansen et al., 1974a) were
identified that examined toxicity of PCBsto species in the same order as the pumpkinseed (Table
4-23). However, these studies by Hansen er al. (1971, 1974a) are not selected for the devel opment
of TRVs because the studies examined adult mortality, which is not expected to be a sensitive
endpoint. Therefore, concentrations of PCBs in the pumpkinseed will be compared to the lowest
appropriate LOAEL and corresponding NOAEL from the avail able appropriate studies (Table 4-5).
The study by Black er al. (1998a) is not selected because it reports a nomina dose, rather than a
measured whole body concentration. The study by Bengtsson (1980) is not selected because is
based on exposure to Clophen A50. Although the chlorine content of Clophen A50 (50%) is similar
to that of the chlorine content of Hudson River fish, this mixture was never used in the United States.

The study by Hansen er al. (1974b) is selected as the most appropriate study. This study
established a NOAEL of 1.9 mg PCBs/kg and a LOAEL of 9.3 mg PCBs/kg for the sheepshead
minnow. This study was based on a flow-through bioassay of Aroclor 1254 on adult female fish.
Fish were exposed for 28 days, and then egg production was induced. The eggs were fertilized and
placed in PCB-free flowing seawater and observed for mortality. Surviva of fry to one week of age
was 77% for eggs from adults from the 0.32 ug/L treatment (average 9.3 mg/kg in tissue of females),
as compared to 95% survival of fry from control adults and 97% survival of fry from adultsfrom the

107 TAMSMCA



NOAEL treatment (0.1 ug/L ; average 1.9 mg/kg in tissue of females). The TRV sresulting from this
study are comparable to the TRV's from Bengtsson (1980).

Because the experimental study measured the actual concentration in fish tissue, rather than
estimating the dose on the basis of the concentration in external media (e.g., food, water, or
sediment, or injected dose), a subchronic-to-chronic conversion factor is not applied.

On the basis of laboratory toxicity studies:

The LOAEL TRYV for the pumpkinseed is 9.3 mg PCBg/kg tissue (Table 4-25a).
The NOAEL TRYV for the pumpkinseed is 1.9 mg PCBg/kg tissue (Table 4-25a).

These are selected asthe fina TRV s for usein the risk assessment.

Because the test species and the pumpkinseed are not from the same taxonomic family, an
interspecies uncertainty factor of ten could be applied. For comparative purposes, Table 4-25b
presents TRV s that would be derived using interspecies uncertainty factors. However, interspecies
uncertainty factors are not used in the derivation of final TRV sfor thisrisk assessment (Table 4-25a).

Of dl of the field studies examined (Table 4-6), severa studies wereidentified that examined
the effect of PCBs on the redbreast sunfish, a speciesin the same family as the pumpkinseed (Table
4-23). Field studies by Adams et al. (1989, 1990, 1992) reported reduced fecundity and growth in
redbreast sunfish (Lepomis auritus) that were exposed to PCBs and mercury in the field. Growth
was the more sengitive endpoint; length and weight of sunfish at three sites (C1, C2, and C3) along
a gradient moving downstream from a pollutant source were significantly reduced at each site in
comparison to afourth site (C4) further downstream. The average concentration of PCBsin tissue
of fish from site C3 was 0.4 mg/kg, which is selected asthe LOAEL TRV for pumpkinseed. Mean
length of fish at this site was 11% lower than site C4 and mean weight was 29% lower than site C4.
Average tissue PCB concentration of fish from site C4 was 0.3 mg/kg; this value is selected as the
NOAEL TRV for pumpkinseed. Because the study measured the actual concentration in fish tissue,
rather than estimating the dose on the basis of the concentration in external media (e.g., food, water,
or sediment, or injected dose), a subchronic-to-chronic conversion factor is not applied.

On the basis of the field studies:

The LOAEL TRV for the pumpkinseed is 0.4 mg PCBs/kg tissue (Table 4-253).
The NOAEL TRYV for the pumpkinseed is 0.3 mg PCBg/kg tissue (Table 4-25a).

Because of the presence of substantial amounts of co-occurring contaminants, especially
mercury, at this field site, this study is not selected for derivation of final TRVs for the risk
assessment.
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An interspecies uncertainty factor would not be applied because the redbreast sunfish and
the pumpkinseed are in the same family (Table 4-25b).

Total Dioxin Equivalents (TEQs) in Eggs of the Pumpkinseed

Of dl of the studies examined (Table 4-7), no laboratory studies were identified that
examined toxicity of dioxin-like compounds to the pumpkinseed or to a species in the same
taxonomic family or order as the pumpkinseed (Table 4-23). Studies of salmonids are not used to
develop the primary TRV's because salmonids are among the most sensitive speciestested (Table 4-
7). Therefore, the lowest appropriate non-salmonid LOAEL and NOAEL from the selected
applicable studies are used to derive TRV s for the pumpkinseed. Elonen er al. (1998) reported a
NOAEL of 8 ug TEQs/kg lipid and aLOAEL of 18 ug TEQs/kg lipid for eggs of the channel catfish,
based on early life stage mortality. Survival of juveniles from eggs containing 18 pg TEQs/kg lipid
was 18%, compared to 100% survival in both the control and the solvent control. Because the
experimental study is based on the concentration in the egg, rather than an estimated dose, a
subchronic-to-chronic conversion factor is not applied.

On the basis of laboratory studies:

The LOAEL TRV for the pumpkinseed is 18 ug TEQs/kg lipid (Table 4-25a).
The NOAEL TRV for the pumpkinseed is 8 ug TEQs/kg lipid (Table 4-253).

These are selected asthe fina TRV s for use in the risk assessment.

An interspecies uncertainty factor of ten could be applied because the pumpkinseed and the
channel catfish are not in the same taxonomic family (Table4-25b). For comparative purposes, Table
4-25b presents TRVs that would be derived using interspecies uncertainty factors. However,
interspecies uncertainty factors are not used in the derivation of final TRV sfor this risk assessment
(Table 4-254).

Alternative TRV's developed from laboratory studies conducted on salmonids are presented
for comparison. Thelowest sdmonid LOAEL (0.6 ug TEQ<kg lipid) and corresponding NOAEL
(0.29 ug TEQgkg lipid) from the selected applicable studies are used to derive dternative TRV sfor
the pumpkinseed (Table 4-25a). In a study by Walker et al. (1994), significant early life stage
mortality was observed in lake trout eggs with a concentration of 0.6 ug TEQskg lipid. This effect
was hot observed at a concentration of 0.29 pug TEQs/kg lipid. Because the experimental study is
based on the concentration in the egg, rather than an estimated dose, a subchronic-to-chronic
conversion factor is not applied. Because salmonids are among the most sensitive species tested, an
interspecies uncertainty factor of ten would not be applied (Table 4-25b).
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Of dl thefield studies examined (Table 4-8), no field studies were identified that examined
effects of dioxin-like compounds on reproduction, growth or mortality of the pumpkinseed or on a
fish in the same taxonomic family as the pumpkinseed. Therefore, the most appropriate NOAEL
from the selected applicable studies is used to derive a TRV for the pumpkinseed. Guiney et al.
(1996) found no effect on early life stage mortality in eggs from lake trout from Lake Ontario
compared to eggs from ahatchery. Eggsfrom Lake Ontario contained an average of 0.1 ug TEQs/kg
lipid, while hatchery eggs contained only trace levels of TEQs. Thevaueof 0.1 ug TEQgkg lipidis
selected as the basisfor the NOAEL TRV for the pumpkinseed. Because the experimental study is
based on the concentration in the egg, rather than an estimated dose, a subchronic-to-chronic
conversion factor is not applied.

On the basis of field studies:
The NOAEL TRYV for the pumpkinseed is 0.1 pg TEQs/kg lipid (Table 4-253).

Because this study was conducted on a highly sensitive species, it is not selected for
development of the final TRV for this risk assessment.

Because salmonids are among the most sensitive species tested, an interspecies uncertainty
factor of ten would not be applied (Table 4-25b).

4.2.3.2 Spottail Shiner (Notropis hudsonius)
Total PCB Body Burden in Spottail Shiner

Concentrations of PCBsin spottail shiner will be compared to thelowest appropriate LOAEL
and corresponding NOAEL from the selected applicable studies (Table 4-5). The study by Hansen
et al. (1974b) on the sheepshead minnow is selected as the lowest appropriate LOAEL (9.3 mg/kg)
and corresponding NOAEL (1.9 mg/kg) for development of TRV s for the spottail shiner. Because
the experimental study measured the actual concentration in fish tissue, rather than estimating the
dose on the basis of the concentration in external media (e.g., food, water, or sediment, or injected
dose), a subchronic-to-chronic conversion factor is not applied.

On the basis of laboratory toxicity studies:

The LOAEL TRV for the spottail shiner is 9.3 mg PCBs/kg tissue (Table 4-253).
The NOAEL TRV for the spottail shiner is 1.9 mg PCB/kg tissue (Table 4-25a).

An interspecies uncertainty factor of ten could be applied because the spottail shiner and the

sheepshead minnow are not in the same taxonomic family (Table 4-25b). For comparative purposes,
Table 4-25b presents TRV s that would be derived using interspecies uncertainty factors. However,
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interspecies uncertainty factors are not used in the derivation of final TRV sfor this risk assessment
(Table 4-254).

Of all the field studies examined (Table 4-6), one study was identified that examined the
effects of PCBs on the fathead minnow, a species in the same taxonomic family (Cyprinidae) as the
gpottail shiner. The USACE (1988) exposed adult fathead minnows for 16 weeks to field-collected
sediment contaminated with varying levels of PCBs. Fecundity and frequency of reproduction were
significantly impaired in the “medium” and “high” level treatments, but not the “low” level
treatment, in comparison to the control. In the medium-level treatment, fecundity was 75% lower
than the control and frequency of reproduction was 84% lower than the control. Fish sacrificed after
7 weeks had tissue concentrations of 5.25 mg PCBs/kg in the low-level treatment and 13.7 mg
PCBgkg in the medium-level treatment. These values are selected for development of the NOAEL
and LOAEL TRVs for spottail shiner. Because the experimental study measured the actual
concentration in fish tissue, rather than estimating the dose on the basis of the concentration in
externa media (e.g., food, water, or sediment, or injected dose), a subchronic-to-chronic conversion
factor is not applied.

On the basis of the field study:

The LOAEL TRV for the spottail shiner is 13.7 mg PCBs/kg tissue (Table 4-25a).
The NOAEL TRV for the spottail shiner is5.25 mg PCBs/kg tissue (Table 4-25a).

These are selected asthe final TRV sfor use in the risk assessment because the test species
isin the same family as the spottail shiner.

Because the spottail shiner and the fathead minnow are in the same family, an interspecies
uncertainty factor would not be applied (Table 4-25b).

Total Dioxin Equivalents (TEQs) in Eggs of Spottail Shiner

Of al of the laboratory studies examined (Table 4-7), severa studies were identified that
examined toxicity of dioxin-like compounds on fish in the same family as the spottail shiner. The
study by Elonen et al. (1998) on the fathead minnow provides the lowest appropriate LOAEL and
NOAEL from the selected applicable studies (Table 4-7). Inthat study, significant early life stage
mortality was observed in fathead minnow eggs with a concentration of 18 ug TEQskg lipid. This
effect was not observed at a concentratio