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Problem Formulation for the Baseline Ecological
Risk Assessment at the Portland Harbor Site!

The purpose of this document is to provide a framework for the completion of the baseline
ecological risk assessment (BERA) for the Portland Harbor remedial investigation and feasibility
study (RI/FS) and to provide comments on the preliminary risk evaluation presented in
Appendix G of the Comprehensive Round 2 Site Characterization Summary and Data Gaps
Report (Round 2 Report).

According to EPA guidance for conducting BERAs under CERCLA (USEPA 1997), the
problem formulation is developed in Step 3 of the eight-step risk assessment process and
identifies specific factors to be addressed in the ecological risk assessment. The overall
objectives of the BERA are twofold:

1. Identify the risks posed by chemical contaminants to aquatic and aquatic-dependent
ecological receptors in, dependent upon, or associated with the Willamette River at
Portland Harbor, Oregon.

2. Inthe event that unacceptable ecological risks are found requiring remedial actions at
Portland Harbor, provide information that risk managers can use to set cleanup levels
protective of ecological receptors.

According to EPA guidance, a BERA problem formulation generally consists of the following
five steps:

e Refinement of the preliminary list of chemicals of potential concern (COPCs) at the site;
o Further characterization of the potential ecological effects of COPCs at the site;

e Review and refinement of information on the fate and transport of COPCs, on potential
exposure pathways, and on the receptors potentially at risk;

e Selection of assessment and measurement endpoints; and

¢ Development of a conceptual model with testable hypotheses (or risk questions) that the
site investigation will address.

The second step (further characterizing ecological effects) will be presented in a subsequent set
of comments that will provide direction on the use of toxicity reference values (TRVs) in the
BERA. EPA provided comments on the refinement of the fate and transport pathways in our
comments on the Round 2 Report dated January 15, 2008 and on the Draft Chemical Fate and
Transport Model Development and Data Gaps Identification Report dated October 15, 2008.

! This attachment is the Problem Formulation document that was prepared by EPA and provided to the Lower
Willamette Group (LWG). The attachment has been annotated by the LWG to reflect any modifications to the
approach outlined in this Problem Formulation document that were implemented in the BERA.
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EPA also provided comments on the screening level ecological risk assessment (SLERA) on
January 18, 2008. These comments will not be discussed further in this document.

Further considerations for development of BERA problem formulations are discussed in USEPA
(2004), and include development of a detailed analysis plan outlining the scientific methods to be
used in the BERA for assessing risk to ecological receptors and evaluating uncertainties in the
assessment. EPA’s goal at the Portland Harbor site is to ensure that the BERA problem
formulation is developed according to these elements of EPA guidance, thereby ensuring that the
results of the BERA will objectively assess the risk to ecological receptors and ultimately
acceptable to EPA and its government partners for use in establishing cleanup objectives for the
Portland Harbor RI/FS.

The LWG has already developed elements of the problem formulation in the Programmatic
Work Plan (LWG 2004b), Ecological Risk Assessment Methods technical memorandum (LWG
2004c), the Preliminary Risk Evaluation (LWG 2005), and in the most recent Ecological Risk
Evaluation (Appendix G of the Round 2 Report [LWG 2007]). Based on EPA’s review of these
reports, and of the Round 2 Report in particular, certain critical elements of the problem
formulation need to be discussed and agreed upon prior to preparation of the BERA. These
critical elements are the focus of this document:

e Refined Screen (i.e., COPC list)

e Refined Conceptual Site Model (CSM)

e Refined Assessment and Measurement Endpoints, including Risk Questions

¢ Analysis Plan, which consists of methods for conducting the following critical elements
of the BERA:

>

>

Exposure Assessment

Effects Assessment

Risk Characterization

Weight of Evidence (WOE) Framework

Uncertainty Analysis

REFINED SCREEN OF CHEMICALS OF POTENTIAL ECOLOGICAL
CONCERN (COPCS) FROM THE SLERA

Because of the necessarily conservative assumptions used during the screening level ecological
risk assessment (SLERA), some of the chemicals forwarded from the SLERA to the BERA may
actually pose negligible ecological risks if more realistic exposure assumptions are used.
Therefore a refined screen should be performed as one of the initial steps of the BERA. The
refined screen includes a review of the exposure assumptions used in the SLERA, and a
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determination of how hazard quotients would change with the use of more realistic, but still
conservative exposure assumptions. The refined screen procedures described in this section are
designed to focus the BERA on those chemicals, exposure pathways and receptors for which
potentially significant ecological risks cannot be ruled out without additional analyses.

EPA has not performed a refined screen as part of this problem formulation, nor do the analyses
in EPA’s updated SLERA constitute a refined screen. Prior to conducting the BERA, a refined
screen should be performed based on the procedures outlined below once all the Round 3 data
have been received and validated. The outcome of the refined screen ultimately will consist of a
final COPC list for use in the BERA. This refined COPC list may consist of a subset of
chemicals already identified as COPCs in the SLERA, or even additional chemicals not yet
identified as COPCs depending on analyses made using the final Round 3 data. That is, COPCs
that screen out anywhere in the ERA process can be put back into later stages of the assessment
if data warrant doing so. Thus, the ERA does not have to always be a one way process. The two
most common reasons for adding in something already screened out are new data that show
elevated contaminant concentrations above benchmarks or TRVs, or new toxicity data that
lowers a benchmark or TRV previously used.

At this stage of the process, the same screening level benchmarks used in the SLERA will also
be used for the refined screen. Benchmarks and toxicity reference values for use in later stages
of the BERA will be developed after the refined screen is completed”. Only the exposure
estimates are to be reevaluated in the refined screen, following the procedures given below.

REFINED SCREEN PROCEDURE 1: CHEMICALS WITHOUT SCREENING LEVEL
BENCHMARKS OR TOXICITY REFERENCE VALUES

A number of chemicals without screening level benchmarks will be forwarded from the SLERA
into the BERA. For those chemicals without screening level benchmarks, and for which
toxicological information is not available with which to derive a toxicity reference value for the
BERA, quantitative risk assessment is not possible. COPCs for which it is not possible to
perform a quantitative risk assessment will be tabulated and discussed as an uncertainty in the
BERA, but will not be quantitatively evaluated further in the BERA. Quantitative evaluation
will only be ruled out for the specific medium, receptor or pathway for which a TRV doesn’t
exist (i.e. if a water-column TRYV is not available for a given contaminant, but a sediment TRV
is, a quantitative evaluation of the risks due to sediment should still be conducted). In addition,
chemicals without TRVs in any media, such as total petroleum hydrocarbons, should still have
risks quantified in other lines of evidence such as toxicity tests or sediment prediction models, if
such chemicals are drivers of toxicity in those lines of evidence.

? The approach for developing selected fish and benthic invertebrate tissue toxicity reference values (TRVs) for use
in the BERA was prepared by EPA and applied by LWG.
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REFINED SCREEN PROCEDURE 2: REEVALUATION OF EXPOSURE POINT
CONCENTRATION

In the SLERA, site-wide maximum detected concentrations for chemicals were compared to
screening level benchmarks®. In the refined screen, the upper 95% confidence limit of the site-
wide mean contaminant concentrations should be compared to the screening level benchmarks
for sediments®. The statistical procedures used to calculate the upper 95% confidence limit of
the mean will be dependent on the statistical distribution of the data set under evaluation. For all
other media, the site-wide single maximum concentration should be compared to the screening
level benchmarks for that media. Media with concentrations of one or more COPCs in excess of
one or more screening level benchmarks will be considered to have contaminant concentrations
sufficient to elicit toxic effects on survival, growth, or reproduction of ecological receptors
exposed to that medium, thus potentially posing unacceptable ecological risks to be evaluated
further in the BERA. Sediments where the upper 95% confidence limit of the mean is lower than
all screening level benchmarks will be eliminated from further evaluation of the sediment-
exposure pathway-receptor combination in the BERA’. The same will be true for all other
media where the site-wide maximum concentration is lower than all screening level
benchmarks®.

REFINED SCREEN PROCEDURE 3: DETECTION FREQUENCY OF COPCS

For COPCs where analytical detection limits are lower than the screening level benchmark for
that COPC, if the site-wide detection frequency of the COPC is less than 5% of the total number
of samples evaluated, that COPC can be eliminated from further assessment in the BERA There
are four exceptions to this refined screening procedure:

1. COPCs with a log octanol-water partition coefficient (log Kow) greater than or equal to
4.0. This is to ensure that organic compounds with a high potential for bioaccumulation
are evaluated in the dietary exposure pathways of the various receptors evaluated during
the BERA.

2. If three or more contiguous or adjacent samples within a medium (e.g. sediment) are
detected, with at least one of the samples having a hazard quotient greater than one in the
SLERA. This is to ensure that chemicals which may pose unacceptable risks in one or

? The SLERA was actually based on comparisons of site-wide maximum concentrations to benchmarks, regardless
of the detection status of the maximum concentration; a later step refined the screening to include only detected
concentrations.

* Per additional direction from EPA and with agreement from LWG, the refined screen for sediment was revised to
use the maximum detected concentration compared to the screening level benchmark rather than an upper 95%
confidence limit.

> As proposed by the LWG and with agreement from EPA, sediments where the maximum detected concentration is
lower than the screening level benchmark will be eliminated from further evaluation of the sediment-exposure
pathway-receptor combination in the BERA.

® By direction from EPA and with agreement from LWG, the maximum detected concentration for all media was
used in the refined screen process.
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more localized areas of the overall site are assessed in those localized areas within the
BERA’.

3. Individual samples with SLERA hazard quotients greater than or equal to 5.0. Again,
this exception is to ensure that chemicals which may pose unacceptable risks in one or
more localized areas of the overall site are assessed in the BERA.

4. For media with limited sample numbers and where individual samples may be indicative
of localized effects (i.e., surface water, transition zone water and clam, sculpin, crayfish
and smallmouth bass tissue) the 5% frequency of detection rule shall not apply.

COPC:s that are detected in less than 5% of all samples within a medium, whose detection limits
are lower than the screening level benchmarks, and which do not fall into one of the three
exclusionary categories listed above may be eliminated from further evaluation in the BERA.
Chemicals with detection limits greater than the TRV, where risks cannot be quantified, will still
be carried through as COPCs.

REFINED SCREEN PROCEDURE 4: REEVALUATION OF RECEPTOR OF
CONCERN SITE AND AREA USE FACTORS FOR DIETARY WILDLIFE RISK
EVALUATION®

One of the conservative assumptions within the SLERA is that all ecological receptors use, and
are exposed to contaminants across, the entire Portland Harbor site. This is known to be an
overly conservative assumption for some, but not all receptors at the site. Receptors whose
home or foraging range is smaller than the entire site are likely not exposed to all site-wide
contaminants. Using the exposure factors given later in this BERA analysis plan, exposure point
concentrations will be recalculated for wildlife receptors with home or foraging ranges smaller
than the entire site (e.g. osprey may have a foraging range of up to approximately one mile away
from their nest site). For each wildlife receptor with a home or foraging range smaller than the
entire Portland Harbor site, exposure point concentrations of environmental media and prey to
which receptors are exposed may be recalculated on appropriately sized segments of the entire
site, and the exposure point concentration or ingested doses from these segments compared to the
screening level benchmarks. The recalculated exposure point concentration (or ingested dose)
estimates are compared to the screening level benchmarks from the SLERA. Media with
concentrations of one or more COPCs in excess of one or more screening level benchmarks will
be considered to have contaminant concentrations sufficient to elicit toxic effects on survival,
growth, or reproduction of ecological receptors exposed to that medium within that specific

’ This step was not presented as part of the Refined Screen conducted for the BERA to be consistent with the
exclusion of Refined Screen Procedure Step 4 (see below). No spatial evaluation considerations were included to
exclude COPCs in the SLERA and refined screen process. Spatial evaluation of exceedances was evaluated as part
of the risk characterization and risk conclusions steps of the BERA.

¥ Per agreement between the LWG and EPA, the Refined Screen Procedure Step 4 was not evaluated as part of the
Refined Screen conducted for the BERA. Site use and exposure areas were evaluated as part of the risk
characterization step in the BERA.
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segment of the site, thus potentially posing unacceptable ecological risks to be evaluated further
in the BERA.

The objective of this portion of the refined screen is to focus the BERA analyses for some
receptors to those sections of the site where risks are likely. It will also serve to document those
sections of the site where risks to receptors are at acceptable levels (i.e. hazard quotients less
than one). Finally, this portion of the refined screen will reduce the number of COPCs than will
undergo a full assessment of ecological risks within the various geographic segments of the site.

REFINED SCREEN PROCEDURE 5: NUTRITIONALLY ESSENTIAL METAL
CONCENTRATION

A number of metals are nutritionally essential for many if not all plant and animal species, with
the list of essential elements being somewhat different among various taxonomic groupings. A
review of the literature to identify concentrations in the diet or tissues of ecological receptors at
the Portland Harbor site may identify some chemicals that screened in during the SLERA, but
which do not exceed nutritionally essential levels for the receptor. For metals where these
concentrations in tissues or diet can be documented as not exceeding nutritionally essential
concentrations for that receptor, receptor group or medium, the metal can be eliminated from
further quantitative assessment in the BERA®. Such documentation would need to be sufficiently
rigorous to determine the essentiality threshold with a high level of confidence, otherwise, the
chemical should be carried forward into the BERA.

REFINED SCREEN PROCEDURE 6: COMPARISON OF NATURALLY OCCURRING
COPC CONCENTRATIONS TO BACKGROUND OR REFERENCE AREA
CONCENTRATIONS

EPA by law is precluded from basing site remediation on naturally occurring chemicals
occurring at naturally occurring concentrations, even if those concentrations exceed
concentrations deemed to be protective such as an ARAR, toxicity reference value or other
toxicity benchmark. Section 104(3)(A) of CERCLA states "The President shall not provide for a
removal or remedial action under this section in response to a release or threat of a release of a
naturally occurring substance in its unaltered form, or altered solely through naturally occurring
processes or phenomena, from a location where it is naturally found." It is clear from this
provision of CERCLA that Congress recognized that remediating naturally occurring
background chemicals to levels below background concentrations is not practical, even if the
background concentration poses unacceptable risks. EPA risk assessment policy (described in
Appendix B of EPA 2002) recommends that baseline risk assessments retain chemicals that
exceed risk-based screening concentrations. The approach involves addressing site-specific
background issues at the end of the risk assessment, in the risk characterization step.
Specifically, the COPCs with background concentrations that exceed a risk-based screening

? This step was not implemented in the BERA due to the lack of definitive information regarding dietary
requirements. The high confidence threshold required by EPA could not be defined and therefore, could not be met.
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concentration or TRV should be discussed in the risk characterization. If data are available, the
contribution of background to site concentrations should be distinguished. COPCs that have
both release-related and background-related sources should be included in the risk assessment.

When concentrations of naturally occurring elements at a site exceed risk-based screening levels,
that information should be discussed qualitatively in the risk characterization.

For the Portland Harbor site, EPA believes it is to the benefit of all parties to identify as early in
the RI/FS process as possible those naturally occurring chemicals that are at background levels,
and thus will not be the basis for remediation at the site. To be consistent with EPA policy
requirements, ecological risks from naturally occurring chemicals at background concentrations
must be identified in the BERA.

This discussion of background in the refined screen is therefore more of a remedy selection
screen than it is a risk assessment screen. Naturally occurring chemicals found in site media at
concentrations that can be demonstrated to occur at, but not in excess of naturally occurring
concentrations should be carried through the BERA unless or until they screen out based on
other measurement endpoints and lines of evidence in the BERA. No naturally occurring
COPCs will be eliminated from evaluation in the BERA solely because they are in the range of
naturally occurring concentrations. EPA recommends, however, that any naturally occurring
COPCs at background concentrations, including any ecological risks from such chemicals, be
discussed and tabulated separately from all other chemicals evaluated in the BERA, and, to the
extent possible, be identified as part of the refined screen of the BERA .

COPC LIST FOR ASSESSMENT WITHIN THE BERA

The final COPC list for assessment during the BERA will be the COPCs that have not been
eliminated from further assessment of risks after completion of the refined screen. The
remainder of this analysis plan describes how ecological risks from COPCs not eliminated after
the refined screen will be evaluated during the BERA.

REFINED CONCEPTUAL SITE MODEL (CSM)

Ecological CSMs have been developed for each stage of the Portland Harbor ecological risk
assessment (LWG 2004b, 2004c, 2005, 2007), and EPA has provided an ecological CSM as part
of the data gaps memorandum prepared in December 2005 (USEPA 2005). However, the
ecological CSMs provided in the Round 2 Report are still not entirely consistent with EPA
guidance provided in the 2005 data gaps memorandum. Therefore, in this section, EPA presents
a revised CSM for use in the BERA (Figure 1).

1% Comparison of background concentrations to screening-level thresholds was included as a part of the SLERA for
informational purposes but was not used to exclude COPCs identified in the SLERA and refined screen process. The
evaluation of background COPC concentrations is discussed in the BERA to risk characterization, where relevant.
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The conceptual site model (CSM) for the BERA is one of the four primary products of Step 3 of
the eight-step ecological risk assessment process (USEPA 1997), along with the assessment
endpoints, exposure pathways and risk questions. A CSM describes our understanding of the
relationship between human activities and ecological receptors at a site. The BERA CSM
describes key relationships between contaminants and the BERA assessment endpoints, which
are the explicit expressions of environmental values to be protected. By describing links and
relationships between contaminant sources, transport and exposure pathways, and the ecological
receptors at a site, the CSM provides a framework for predicting the effects of site contaminants
on ecological receptors which, when made specific, become the risk questions/ testable
hypotheses for the BERA.

The CSM also provides a means for identifying data gaps, which leads to the design of
monitoring programs or other studies to acquire the information necessary to complete the
BERA. The CSM for the Portland Harbor BERA (Figure 1) consists of two main elements: 1) a
diagram describing contaminant sources within the site, and how contaminants are transported
from their sources to the environmental media to which ecological receptors are exposed; and 2)
a diagram describing how ecological receptor groups identified as assessment endpoints are
exposed to contaminants in site media.

SOURCES OF CHEMICALS OF POTENTIAL ECOLOGICAL CONCERN (COPCS)

Numerous sources of contaminants are present at the Portland Harbor site. Anthropogenic
sources of environmental contaminants to or in the Willamette River include deposition of
substances originally released into the atmosphere; upland spills, leaks and discharges to soil
associated with production and transport activities; industrial wastewater and publicly owned
treatment works (POTW) discharges; stormwater discharges and runoff; leaching or leaks from
submerged structures and surfaces; in-water discharges, spills, leaks and recharge by
contaminated groundwater; and contaminant inputs to the Willamette River upstream of the
boundaries of the Portland Harbor site. These sources, termed primary sources, are listed in the
leftmost column of the CSM (Figure 1). Naturally occurring sources of contaminants include
chemical elements found at some concentration in all environmental media, and a number of
inorganic (e.g., ammonia) and organic (e.g., some PAHs) compounds formed by naturally
occurring biological, chemical or geological processes. A summary of the available information
on the sources of environmental contaminants to the Willamette River at Portland Harbor is
presented in Chapter 5 of the Round 2 Report.

The SLERA from the Round 2 Report, as updated by EPA (2008), identified a wide variety of
contaminants in the waters, sediments and biota of the Willamette River at concentrations which
pose potentially unacceptable ecological risks. This list will be modified pending the results of
the refined screen described above. COPCs identified in the SLERA will be further refined prior
to conducting the BERA, as outlined in the refined screen section above. Not all COPCs occur at
concentrations that pose potentially unacceptable ecological risks in all environmental media or
receptor tissues. For example, perchlorate only exceeded screening level benchmarks in
transition zone water, while dibutyl phthalate was identified as a COPC only in some empirical
tissues and the wildlife dietary line of evidence. No chemical was identified as a COPC in all
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seven of the media types evaluated in the SLERA (empirical tissue, predicted tissue, surface
water, transition zone water, equilibrium partitioning predicted transition zone water, dietary
ingestion, and sediment).

ENVIRONMENTAL FATE OF AND EXPOSURE PATHWAYS FOR COPCS

Once released, discharged or transported into the Willamette River, the COPCs partition into
environmental media (i.e., water, sediment, and/or biota) in accordance with their physical and
chemical properties and the characteristics of the receiving water body. As a result of such
partitioning, elevated levels of COPCs can occur in surface water, bottom sediments, and/or the
tissues of aquatic biota. Contaminant distributions and their environmental fate and transport at
the site are described in detail in Chapters 6 and 7 of the Round 2 Report.

After release to the environment, there are four pathways through which ecological receptors at
Portland Harbor can be exposed to COPCs. Fully aquatic species (e.g., fish, clams, etc.), are
exposed via three of the routes of exposure: direct ingestion of contaminated environmental
media; direct dermal contact with (including uptake across respiratory surfaces such as gills) or
root uptake from contaminated environmental media; and food web transfer of contaminants
through dietary intake. In addition to the above three exposure routes, aquatic-dependent birds
and mammals and the adult life stage of amphibians can be exposed via the fourth exposure
pathway, inhalation of contaminated air. The left hand side of the CSM (Figure 1) illustrates
how contaminants released from the primary sources of site contamination are transported
throughout the environment to the six environmental media (riparian soil, seeps'', surface water,
transition zone water, sediment, and tissues) for which risks to ecological receptors are evaluated
in the BERA.

ECOLOGICAL RECEPTORS POTENTIALLY AT RISK IN PORTLAND HARBOR

There are a wide variety of ecological receptors that could be exposed to contaminated
environmental media at Portland Harbor. The fully aquatic species that occur in the harbor can
be classified into four main groups: aquatic plants (phytoplankton, periphyton, and aquatic
macrophytes), aquatic invertebrates (zooplankton, benthic macroinvertebrates, bivalves'* and
decapods), fish, and amphibians. Bird and mammals represent the principal aquatic-dependent
wildlife species that occur at the site. A limited number of reptile species also are present at the
site.

No ecological risk assessment of a site as large as Portland Harbor can hope to evaluate risks to
all ecological receptors. The Willamette River contains 50 fish species alone. A complete
listing of all algal, zooplankton and benthic macroinvertebrate species in the harbor would likely
run into the thousands of species. As different species within these broad receptor groups are

Per EPA’s CSM (Figure 1), seeps were not evaluated as a complete and significant pathway in the BERA, and
therefore, risks from any COPCs in seeps were not evaluated for ecological receptors in the BERA.

12 Bivalves and decapods (specifically crayfish) are members of the benthic community but are considered
separately in the BERA.
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exposed in different ways to site contamination, and obtain different proportions of their
contaminant exposure from various environmental media, no one species can serve as a surrogate
for all aquatic plant, invertebrates, fish or amphibian species. Assessment endpoints for the
BERA were based on the principal groups of aquatic biota and aquatic-dependent wildlife
present at the site (e.g., omnivorous fish and aquatic dependent carnivores), with specific
consideration given to how receptor groups feed, because ingestion of prey or contaminated site
media are the major exposure pathways for most ecological receptors at Portland Harbor.
Measurement endpoints for the BERA were evaluated and selected based on how well they could
answer the risk questions / testable hypotheses developed from the CSM and the assessment
endpoints.

The Portland Harbor BERA problem formulation has identified a series of surrogate species,
termed target ecological receptors, for which ecological risks will be quantified as measurement
endpoints associated with the assessment endpoints to be protected. The primary selection
criteria for target ecological receptors are: (1) that they represent the feeding guilds present at
Portland Harbor within each assessment endpoint; (2) that the target receptor utilized the same
habitat as the other species within the same assessment endpoint; (3) that the receptor be
susceptible to the contaminants for the assessment endpoint; and (4) that the target receptor be
ecologically, culturally or economically significant for the site.

The right hand side of the CSM (Figure 1) lists, by assessment endpoint and environmental
media, the pathways by which ecological receptors are exposed to site contaminants. Exposure
pathways identified as complete and significant for a given assessment endpoint are the
pathways that will be quantitatively evaluated in the BERA. Complete but insignificant
pathways are those that, while representing a complete and viable pathway by which ecological
receptors are exposed to site contaminants, do not represent or result in a significant exposure to
site contaminants. An example of a complete but insignificant pathway is ingestion of surface
water by fish. Although the pathway is complete, freshwater fish do not normally ingest
significant quantities of water, because freshwater fish physiologically cannot maintain their
internal osmotic pressure or salt balance if they ingest large quantities of water. Complete but
insignificant pathways will not be quantitatively evaluated in the BERA, but may be qualitatively
discussed. Pathways described as complete and of uncertain significance require additional
analysis and discussion before a determination can be made regarding whether or not to
quantitatively evaluate them in the BERA. Incomplete exposure pathways will not be evaluated
further in the BERA.

A total of 15 classes of ecological receptors are identified on the right hand side of Figure 1.
Based on discussions and management decisions made between EPA, ODEQ and LWG, the in-
water evaluations that are the subject of this BERA do not require risk assessments of fully
terrestrial species. Therefore, ecological risks to terrestrial plants will not be evaluated in the
BERA. Further discussions between EPA and LWG resulted in an agreement that ecological
risks to zooplankton would not be quantified in the BERA. Contaminant concentrations in
zooplankton will be modeled within the food web model for the site, as zooplankton are prey for
several of the fish species also being modeled, and estimates of contaminant concentrations in
zooplankton are necessary for prediction of tissue residues in some of the modeled fish species.
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The remaining 13 assessment endpoints are discussed in detail in the next section, along with
their associated risk questions / testable hypotheses and measurement endpoints.

ASSESSMENT AND MEASUREMENT ENDPOINTS, AND RISK
QUESTIONS

Prior to preparation of the Round 2 Report, EPA and LWG reached general agreement on the list
of assessment and measurement endpoints for use with ecological receptors, and these endpoints
were presented in the Programmatic Work Plan and the Round 2 Report. These have been
reviewed by EPA, and a revised list of assessment endpoints, target ecological receptors,
measurement endpoints, and lines of evidence for the BERA are summarized in Table 1. A total
of 13 assessment endpoints have been identified and are further described in the following
section, along with a brief discussion of their importance to the ecological structure and function
of the Willamette River at Portland Harbor.

Assessment endpoints are explicit expressions of environmental values to be protected (USEPA
1997), and for each assessment endpoint, risk questions and testable hypotheses are then
presented. Risk questions describe proposed or suspected relationships between assessment
endpoints and their predicted responses when exposed to contaminants. Risk questions also
provide the basis for defining measurement endpoints that are evaluated with information
collected during ecological studies designed and performed as part of the remedial investigation
of the site. Measurement endpoints are measurable ecological characteristics, either measures of
exposure or measures of ecological effect that are related to the valued characteristics chosen as
assessment endpoints. Each measurement endpoint is evaluated with one or more lines of
evidence. A line of evidence is a set of data and associated analyses that can be used, either
alone or in combination with other lines of evidence, to estimate ecological risks.

ASSESSMENT ENDPOINT 1 — SURVIVAL, GROWTH, AND REPRODUCTION OF
AQUATIC PLANTS

Aquatic plants represent essential components of the aquatic ecosystem and support many
critical ecosystem functions (primary production, carbon processing, nutrient cycling, etc.).
Consequently, it is important to evaluate the effects of environmental contaminants on this group
of ecological receptors. In a large river such as the Willamette at Portland Harbor, most organic
matter and energy production by plants is allochthonous (i.e., occurs within other portions of the
watershed and is transported to Portland Harbor) rather than autochthonous (i.e., produced within
the Portland Harbor site itself). Despite this, plants still provide an important source of food and
cover for many species. Three groups of aquatic plants are present in Portland Harbor:
phytoplankton, periphyton, and aquatic macrophytes. Aquatic plants can be exposed to
environmental contaminants through direct contact with contaminated surface water (all three
groups of plants identified above), through contact with contaminated sediments, and through
contact with contaminated sediment transition zone water (periphyton and macrophytes).
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Risk Questions / Testable Hypotheses

e Are contaminant concentrations in Willamette River surface water or sediment transition
zone water from Portland Harbor sediments greater than the toxicity thresholds for
survival, growth, or reproduction of aquatic plants?

Measurement Endpoints — Aquatic Plants

One measurement endpoint with two lines of evidence will be used to assess risks to aquatic
plants.

e Aguatic Plant Measurement Endpoint 1: Water exposure contaminant concentrations
compared AWQC or TRVs.

Surface water chemistry and sediment transition zone'* water data will be used to determine if
COPC concentrations in the Willamette River are high enough to cause toxicity to aquatic plants.
Measured COPC concentrations in water will be compared to the toxicity reference values
(TRVs) identified as protective of aquatic plant survival, growth, and reproduction. TRVs are a
combination of chronic EPA ambient water quality criteria (AWQC) and No Observable Effect
Concentrations (NOECs) and Lowest Observable Effect Concentrations (LOECs) derived from
the results of water column-only toxicity tests as reported in the USEPA ECOTOX database and
other published sources. One of the data requirements for derivation of USEPA AWQC is
toxicity data from at least one species of aquatic algae or aquatic macrophyte. Therefore, all
USEPA AWQC are derived from datasets where toxicity information for one or more aquatic
plant species were used to derive the criteria. Surface water samples with concentrations of one
or more COPCs in excess of one or more TRVs will be considered to have contaminant
concentrations sufficient to elicit toxic effects on aquatic plant survival, growth, or reproduction,
thus posing unacceptable ecological risks to aquatic plants'*.

ASSESSMENT ENDPOINT 2 - SURVIVAL, GROWTH, AND REPRODUCTION OF
BENTHIC MACROINVERTEBRATES

The benthic invertebrate community represents an essential component of aquatic food webs,
providing an important source of food for many species of fish, birds, mammals, and other
invertebrates. It is therefore important to evaluate the effects of environmental contaminants on
this group of ecological receptors.

1 Per agreement with EPA, TZW data evaluated in the BERA was limited to shallow (0-38 cm) TZW, as any
contact with TZW by ecological receptors would be limited to the surface biologically active zone, which is limited
to the upper 10 to 20 cm of the shallow TZW.

' Per EPA, COPCs that may pose unacceptable risks to ecological receptors are to be considered COCs. COCs will
be identified as those COPCs in any media (except TZW, a media for which no COCs were identified) with
exposure point concentrations (EPCs) based on relevant exposure parameters that were greater than their respective
media-specific TRV.
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Benthic invertebrates can be exposed to environmental contaminants through direct contact with
contaminated surface water, through contact with and ingestion of contaminated sediments, and
through contact with contaminated transition zone water. Of these, exposure to contaminated
sediments and transition zone water likely represent the primary routes of exposure for
epibenthic and infaunal invertebrate species. For this reason, it is important to evaluate the
effects of exposure to contaminated sediments and transition zone water on the survival, growth,
and reproduction of benthic invertebrates.

Risk Questions/Testable Hypotheses

To support the BERA, the investigations to assess the effects of environmental contaminants on
the benthic macroinvertebrate community should be designed to answer the following risk
questions:

e Do contaminant concentrations in bulk sediments from Portland Harbor exceed sediment
quality benchmarks for the survival, reproduction or growth of benthic
macroinvertebrates?

e Are contaminant concentrations in Willamette River surface water or sediment transition
zone water from Portland Harbor sediments greater than the toxicity thresholds for
survival, growth, or reproduction of benthic macroinvertebrates?

o Is the survival or growth of benthic macroinvertebrates as predicted from bulk sediment
chemistry below acceptable thresholds as determined by the use of modeling techniques
such as logistic regression modeling or floating percentile modeling?

e s the survival of benthic invertebrates, as indicated by the survival of the amphipod
Hyalella azteca and the midge Chironomus tentans exposed to whole sediments from
Portland Harbor below biological effect thresholds which represent minor, moderate, or
severe levels'” of unacceptable effect?

e Is the growth or biomass of benthic invertebrates (Hyalella azteca and Chironomus
tentans) exposed to bulk sediments from Portland Harbor below biological effect
thresholds which represent minor, moderate, or severe levels of unacceptable effect’?

e Are contaminant concentrations in whole body tissues of laboratory-exposed'® and field-
collected benthic macroinvertebrates higher than tissue residue benchmarks for survival,
reproduction or growth?

> Two effect thresholds were used, based on the reference envelope approach (MacDonald Environmental and
Landrum 2008). Three effects categories resulted from the two thresholds: below a low-risk toxicity thresholds,
above a high risk threshold, and an intermediate category between the two thresholds.

' Field collected clam tissue data took precedence over laboratory exposed clam data in locations where field data
were available, as field collected data were considered more representative of bivalve tissue concentrations in the
Study Area.

DO NOT QUOTE OR CITE
This document is currently under review by US EPA and its federal, state, and 13
tribal partners, and is subject to change in whole or in part.



Portland Harbor RI/FS

LWG Draft Remedial Investigation Report
Baseline Ecological Risk Assessment
August 19, 2009

DRAFT

Lower Willamette Group

Measurement Endpoints — Benthic Macroinvertebrates

Five measurement endpoints with a total of nine lines of evidence will be used to determine
whether sediment contaminants are sufficiently elevated to adversely effect benthic
macroinvertebrate survival, growth, or reproduction at Portland Harbor.

e Benthic Macroinvertebrate Measurement Endpoint 1: Sediment toxicity testing to
empirically assess adverse effects

Bulk sediment toxicity tests will be used to evaluate contaminant impacts on survival and growth
of benthic macroinvertebrates. Toxicity data are available for two species, 28-day tests with the
amphipod Hyalella azteca and 10-day tests with the midge Chironomus tentans. Mortality and
growth were measured for both species'’, with toxicity test results placed into one of three
categories as defined in Table 2: no effect levels, minor effect levels, or moderate effect levels'®.
Data on Corbicula survival and growth collected during the bioaccumulation tests should also be
presented as a line of evidence'”.

e Benthic Macroinvertebrate Measurement Endpoint 2: Interpretation of sediment
toxicity tests using predictive models

The empirical sediment toxicity data will also be used with two predictive toxicity models: a
logistic regression model (Field et al. 2002) and a floating percentile model (Ecology 20022°).

The logistic regression models that have been developed to describe the relationships between
sediment chemistry and sediment toxicity (e.g., Field et al. 2002) will be used to estimate the
probability of observing sediment toxicity in sediment samples that have been collected from
Portland Harbor using sediment chemistry data from locations without empirical sediment
toxicity data. This information can then be used directly to estimate risks to the benthic
invertebrate community throughout the harbor. Logistic regression models estimate the
probability of toxicity (Pry.x) from bulk sediment chemistry. A Pry.x value less than 0.4 is
considered a no effect level, 0.4 < Prm,.x < 0.6 (for one chemical) is considered a minor effect
level, 0.4 < Pryax < 0.6 (for two or more chemicals) is considered a moderate effect level, while
Prmax > 0.6 is considered a severe effect level .

Floating percentile models (Ecology 2002) develop numerical sediment quality values for
selected chemicals incorporated into the model. The sediment quality value is based on the
model that minimizes both false positive (concluding sediment is toxic when it is not toxic) and
false negative (concluding sediment is not toxic when it is toxic) errors. Both the logistic

7 Per agreement with EPA, the growth endpoint will be assessed using total biomass.

'® The effect thresholds were revised to < low-risk toxicity thresholds, > low-risk toxicity thresholds and < high-risk
toxicity thresholds, and > high-risk toxicity thresholds based on the reference envelop approach (MacDonald
Environmental and Landrum 2008).

' Growth and survival of the clam Corbicula was included as a line of evidence for bivalves, per EPA direction.

2% The version of the FPM used in the BERA is based on updates provided by RSET (2008).

2! Based on the low and high-risk toxicity thresholds only three categories were evaluated (< low-risk toxicity
thresholds, > low-risk toxicity thresholds and < high-risk toxicity thresholds, and > high-risk toxicity thresholds.
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regression and floating percentile models are limited to making predictions for the chemicals
used to derive the models.

The LWG has questioned two assumptions used in the application of the logistic regression
model at the Portland Harbor site — the inclusions of non-site data in addition to the Portland
Harbor data®” and the use of the Hyalella azteca (HA) growth endpoint. Regarding the inclusion
of non-site data, individual chemical logistic regression models for HA growth and survival were
developed from a freshwater database including the Portland Harbor Round 2 data (n=233) and
data from a national freshwater database (n=401) for the HA 28-day growth and survival
endpoint. The individual models were selected based on their performance with the Portland
Harbor data only. Performance of the individual models was evaluated on the number of false
positives. Similarly, the combined P Max model, which uses the maximum probability for each
sample, was calibrated to the Portland Harbor data only. Models derived from a larger database
including data from a broad range of chemical concentrations and multiple chemical gradients,
tend to be more robust (less influenced by individual data points). As expected, the individual
models derived from the larger database performed better than models derived from the Portland
Harbor data alone. Regarding the use of the HA growth endpoint, The LRMs that NOAA
developed for Portland Harbor used the lowest response of either survival or growth for Hyalella
(compared to a threshold of 80% of control) as the basis for selection and evaluation of
performance. EPA acknowledges that because the growth endpoint is not independent of
survival, looking at growth by itself can be misleading. A number of experts (e.g., Dave Mount
EPA, Chris Ingersoll USGS, Don MacDonald MESL) currently recommend using the biomass
endpoint (total mass of survivors in test sample vs. control) as a way to combine growth and
survival endpoints for the HA 28-day and Chironomus 10-d tests. To address this concern, EPA
has included two plots as Figure 2 (data and analysis provided by Jay Field, NOAA) that
demonstrate that the lowest control-normalized response is highly correlated to the biomass
results for both tests.

e Benthic Macroinvertebrate Measurement Endpoint 3: Water exposure contaminant
concentrations compared to AWQC or TRVs

Surface water chemistry data and sediment transition zone water will be used to determine if
COPC concentrations in Willamette River surface waters and sediment transition zone water are
high enough to cause toxicity to benthic macroinvertebrates. Measured COPC concentrations in
water will be compared to the toxicity reference values (TRVs) identified as protective of benthic
macroinvertebrate survival, growth, and reproduction. TRVs are a combination of EPA AWQC
and NOECs and LOECs derived from the results of water column-only toxicity tests as reported
in the USEPA ECOTOX database and other published sources. Surface water samples with
concentrations of one or more COPCs in excess of one or more TRVs will be considered to have
contaminant concentrations sufficient to elicit toxic effects on benthic macroinvertebrate
survival, growth, or reproduction, thus posing unacceptable ecological risks to benthic
macroinvertebrates. Risks will be evaluated on the basis of exposure spatial scale(s) specified in
Table 3.

22 Data from the national freshwater database was not included in the models.
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e Benthic Macroinvertebrate Measurement Endpoint 4: Benthic macroinvertebrate
tissue contaminant data (modeled, laboratory-exposed or field-collected) compared to
tissue-based TRVs

Whole body tissue data are available from several sources. These include field-collected benthic
macroinvertebrates, laboratory 28-day bioaccumulation studies with the oligochaete Lumbriculus
variegatus, and estimated or modeled tissue data obtained for locations without empirically
measured benthic macroinvertebrate data®>. Bioaccumulation modeling approaches applied to
the site include derivation of BSAFs and the Gobas-type food web model for the site.

For chemicals detected in laboratory-exposed Lumbriculus that would not be expected to reach
steady state tissue concentrations within the 28-day exposure period (mostly high log Kow
chemicals such as PCBs), the final tissue concentration should be estimated by using kinetic
uptake rate constants or published proportion of steady state reached within 28 days curves to
adjust the measured residues at the end of the bioaccumulation test. One acceptable method of
estimating steady state concentrations from 28-day bioaccumulation tests is found in the Army
Corps of Engineers Inland Testing Manual (USEPA, 1998)

Where possible, benthic macroinvertebrate tissue residues will be compared to benthic
macroinvertebrate-specific tissue TRVs. For chemicals where insufficient residue-effects data
are available to permit derivation of a benthic macroinvertebrate-specific tissue TRV, measured
or modeled tissue concentrations will be compared to more generic aquatic life tissue TRVs.
Tissue samples with concentrations of one or more COPCs in excess of one or more TRVs will
be considered to have contaminant concentrations sufficient to elicit toxic effects on benthic
macroinvertebrate survival, growth, or reproduction, thus posing unacceptable ecological risks to
benthic macroinvertebrates. Risks will be evaluated on the basis of exposure spatial scale(s)
specified in Table 3.

Tissue chemistry data are also available for a limited number of epibenthic invertebrate samples
collected from Hester-Dendy multiplate samplers placed in the Willamette River. Measured
epibenthic invertebrate tissue residue concentrations will be compared to tissue TRV or
invertebrate-specific tissue TRVs as described above. Tissue samples with concentrations of one
or more COPCs in excess of one or more TRVs will be considered to have contaminant
concentrations sufficient to elicit toxic effects on benthic macroinvertebrate survival, growth, or
reproduction, thus posing unacceptable ecological risks to benthic macroinvertebrates. Risks
will be evaluated on the basis of exposure spatial scale(s) specified in Table 3.

e Benthic Macroinvertebrate Measurement Endpoint 5: Bulk sediment contaminant
concentrations compared to sediment quality guidelines (SQGS)

Sediment chemistry data will be used to determine if the COPCs in Portland Harbor sediments
are sufficiently elevated to cause or substantially contribute to sediment toxicity. Measured
concentrations of each COPC in each sediment sample will be compared to the corresponding

3 Tissue data was modeled for those COPCs for which a sediment-tissue relationship could be established.
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effect-based sediment quality guideline (SQGs) for the protection of benthic macroinvertebrates.
Sediment samples with concentrations of one or more COPCs in excess of one or more SQGs
will be considered to have contaminant concentrations sufficient to elicit toxic effects on benthic
macroinvertebrate survival, growth, or reproduction, thus posing unacceptable ecological risks.
As opposed to the more conservative threshold effect concentration (TEC), threshold effect level
(TEL), or effect range — low (ER-L) type SQGs used in the SLERA, it is anticipated that SQGs
used in the BERA will include the probable effect level (PEL), probable effect concentration
(PEC), or effect range — medium (ER-M) type SQGs. Depending on the chemical and level of
ecological risk being evaluated, SQGs will be a combination of consensus-based guidelines
(MacDonald et al. 2000), empirical SQGs, or mechanistic-based SQGs such as those based on
equilibrium partitioning. COPC concentrations exceeding the most severe or probable effects
levels (e.g. PEC or PEL) would likely pose unacceptable levels of risk to the benthic community.
COPC concentrations exceeding the less severe or probable effects levels (e.g. TEC or TEL) but
not exceeding the more severe effects levels (e.g., PEC or PEL) may indicate unacceptable risk
to the benthic community, but would likely need to be confirmed using another line of evidence.

In addition, the potential effects of mixtures of sediment-associated contaminants will be
evaluated using a concentration addition model known as the mean quotient approach (Long,
Ingersoll and MacDonald, 2006). Application of this concentration addition model (also known
as a toxic units model) will be facilitated by calculating mean sediment quality guidelines
quotients (SQG-Qs) such as mean PEC-Qs for each sediment sample, using the procedures
developed by Fairey et al. (2001) and Long and MacDonald (1998). The mean SQG-Qs that
correspond to a 50% probability of observing significant toxicity to benthic macroinvertebrates
(mean PEC-Q of 0.7) will be used as toxicity thresholds for assessing bulk sediment chemistry
data. Sediment samples with mean SQG-Q in excess of a mean PEC-Q of 0.7 will be considered
to have contaminant concentrations sufficient to adversely affect the survival, reproduction, or
growth of benthic macroinvertebrates.

ASSESSMENT ENDPOINT 3 — SURVIVAL, GROWTH, AND REPRODUCTION OF
BIVALVES

Bivalves are among the most common benthic invertebrates in the Willamette River. Bivalves
represent an essential component of aquatic food webs, providing an important source of food

for many species of fish, birds and mammals. As such, it is important to evaluate the effects of
environmental contaminants on bivalves.

Bivalves can be exposed to environmental contaminants through direct contact with
contaminated surface water, through contact with and ingestion of contaminated sediments, and
through contact with contaminated transition zone water. Depending on the species, either
surface water for filter feeders, or sediment and transition zone water for deposit feeders,
represent the primary route(s) of exposure for bivalves.
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Risk Questions/Testable Hypotheses

e Are contaminant concentrations in whole body tissues of field-collected bivalves higher
than tissue residue benchmarks for survival, reproduction, or growth?

e Do contaminant concentrations in bulk sediments from Portland Harbor exceed sediment
quality benchmarks for the survival, reproduction, or growth of bivalves?

e Are contaminant concentrations in Willamette River surface water or sediment transition
zone water from Portland Harbor sediments greater than the toxicity thresholds for
survival, growth, or reproduction of bivalves?

e s the survival and growth of bivalves, as indicated by the survival and growth of the
bivalve Corbicula, or the amphipod Hyalella azteca and the insect Chironomus tentans
(both of which are used as surrogates for bivalves)** exposed to whole sediments from
Portland Harbor, below biological effect thresholds which represent minor, moderate, or
severe levels of unacceptable effect?

Measurement Endpoints — Bivalves

Four measurement endpoints with a total of seven lines of evidence will be used to determine
whether sediment contaminants are sufficiently elevated to adversely effect bivalve survival,
growth, or reproduction at Portland Harbor.

e Bivalve Measurement Endpoint 1: Bivalve tissue contaminant data (modeled,
laboratory-exposed and field-collected) compared to tissue-based TRVs

Whole body tissue data are available from several sources. These include field-collected clams
and mussels, laboratory 28-day bioaccumulation studies with the clam Corbicula fluminea, and
estimated or modeled tissue data obtained for locations without empirically measured bivalve
data. Bioaccumulation modeling approaches applied to the site include derivation of BSAFs and
the Gobas-type food web model for the site.

* Survival and growth of amphipods and midges are evaluated as lines of evidence for the benthic
macroinvertebrate community; of which bivalves are members. Re-evaluation of the amphipod and midge toxicity
data for a subset of the benthic community is redundant and was not included in the BERA.
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For chemicals detected in laboratory-exposed Corbicula that would not be expected to reach
steady state tissue concentrations within the 28-day exposure period (mostly high log Ky,
chemicals such as PCBs), the final tissue concentration should be estimated by using kinetic
uptake rate constants or published proportion of steady state reached within 28 days curves to
adjust the measured residues at the end of the bioaccumulation test. One acceptable method of
estimating steady state concentrations from 28-day bioaccumulation tests is found in the Army
Corps of Engineers Inland Testing Manual (USEPA, 1998)>.

Where possible, bivalve tissue residues will be compared to bivalve or invertebrate-specific
tissue TRVs?®. For chemicals where insufficient residue-effects data are available to permit
derivation of a bivalve-specific tissue TRV, measured or modeled tissue concentrations will be
compared to more generic benthic macroinvertebrate or aquatic life tissue TRVs. Tissue samples
with concentrations of one or more COPCs in excess of one or more TRVs will be considered to
have contaminant concentrations sufficient to elicit toxic effects on bivalve survival, growth, or
reproduction, thus posing unacceptable ecological risks to bivalves. Risks will be evaluated on
the basis of exposure spatial scale(s) specified in Table 3.

e Bivalve Measurement Endpoint 2: Sediment toxicity testing to empirically assess
adverse effects

No specifically designed toxicity tests with bivalves were performed as part of the Portland
Harbor RI/FS. However, Data on Corbicula survival and growth collected during the 28—day
bioaccumulation tests should be presented as a line of evidence and discussed in the BERA. The
previously discussed Hyalella and Chironomus sediment toxicity tests can also serve as toxicity
tests with surrogate species representation of bivalves®’.

e Bivalve Measurement Endpoint 3: Water exposure contaminant concentrations
compared to AWQC or TRVs

Surface water chemistry and sediment transition zone water data will be used to determine if
COPC concentrations in Willamette River surface waters and sediment transition zone water are
high enough to cause toxicity to bivalves. Measured COPC concentrations in water will be
compared to the toxicity reference values (TRVs) identified as protective of bivalve survival,
growth, and reproduction®®. TRV are a combination of EPA AWQC and NOECs and LOECs
derived from the results of water column-only toxicity tests as reported in the USEPA ECOTOX

* For the clam tissue residue analysis field collected clam data will supersede the laboratory exposed clam data
based on the assumption that the field collected clams better represent field conditions. For chemicals only detected
in laboratory clams the approach in the Army Corps of Engineers Inland Testing Manual will be used to adjust these
measured residues to approximate steady-state concentrations.

26 The tissue residues were compared to invertebrate-specific TRVs

7 Amphipod and midge toxicity will be used to assess risks to the benthic community as a whole, rather than clams
specifically.

2 Bivalve specific TRVs are not available; however, toxicity to bivalve larvae is sometimes included in data sets
used to develop AQWC. Comparison to AWQC or water-based TR Vs is included in the assessment of risks to the
benthic community. Re-analysis of water concentrations relative to water TRV for bivalves does not provide a
unique line of evidence and is redundant with the more comprehensive benthic community evaluation.
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database and other published sources. Surface water samples with concentrations of one or more
COPCs in excess of one or more TRVs will be considered to have contaminant concentrations
sufficient to elicit toxic effects on bivalve survival, growth, or reproduction, thus posing
unacceptable ecological risks to bivalves. Risks will be evaluated on the basis of exposure
spatial scale(s) specified in Table 3.

e Bivalve Measurement Endpoint 4. Bulk sediment contaminant concentrations
compared to sediment quality guidelines (SQGS)

Unless bivalve-specific SQGs are available or can be derived, the procedures used to evaluate
bulk sediment chemistry effects on benthic macroinvertebrates are also applicable to bivalves,
particularly deposit-feeding species. Bivalve measurement endpoint 4 is therefore equivalent to
Benthic Macroinvertebrate Measurement Endpoint 5%°.

ASSESSMENT ENDPOINT 4 — SURVIVAL, GROWTH, AND REPRODUCTION OF
DECAPODS

Decapods (crayfish), along with bivalves, are the most abundant large benthic invertebrates
within Portland Harbor. Unlike bivalves and most other benthic macroinvertebrates, crayfish are
mobile and integrate their contaminant exposure over a larger area than most other benthic
invertebrates. Although some crayfish species live in burrows in the sediment, they are generally
not deposit feeders. Instead, crayfish are omnivorous, and prey on a wide variety of algal,
invertebrate, and fish species. Crayfish also function as scavengers and detritus processors.

They in turn are preyed upon by a number of fish and wildlife species. As such, it is important to
evaluate the effects of environmental contaminants on abundant decapods such as crayfish.

Decapods can be exposed to environmental contaminants through direct contact with
contaminated surface water, contact with and ingestion of contaminated sediments, ingestion of
prey, and contact with contaminated transition zone water. Depending on the species, all of the
above exposure pathways could represent the primary route(s) of exposure for decapods.

Risk Questions / Testable Hypotheses

e Are contaminant concentrations in whole body tissues of field-collected decapods higher
than tissue residue benchmarks for survival, reproduction, or growth?

e Do contaminant concentrations in bulk sediments from Portland Harbor exceed sediment
quality benchmarks for the survival, reproduction, or growth of decapods?

e Are contaminant concentrations in Willamette River surface water or sediment transition
zone water from Portland Harbor sediments greater than the toxicity thresholds for
survival, growth, or reproduction of decapods?

%9 Re-analysis of sediment concentrations relative to SQGs for bivalves does not provide a unique line of evidence
and is redundant with the more comprehensive benthic community evaluation. Therefore, this assessment was not
repeated.
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Measurement Endpoints - Decapods

Three measurement endpoints with a total of five lines of evidence will be used to determine
whether sediment contaminants are sufficiently elevated to adversely effect decapod survival,
growth, or reproduction at Portland Harbor.

e Decapod Measurement Endpoint 1: Decapod tissue contaminant data (modeled or
field-collected) compared to tissue-based TRVs

Whole body tissue data are available only from field-collected crayfish. Bioaccumulation
modeling approaches applied to the site include derivation of BSAFs and the Gobas-type food
web model for the site. However, these approaches have generally not provided reliable
relationships between sediment and crayfish COPC concentrations. The reliability of the
modeled crayfish tissue concentrations will thus be further evaluated in the BERA (including use
of the weight of evidence framework) after all Round 3 tissue data are incorporated.

Where possible, decapod tissue residues will be compared to decapod-specific tissue TRVs*.
For chemicals where insufficient residue-effects data are available to permit derivation of a
decapod-specific tissue TRV, measured tissue concentrations will be compared to more generic
benthic macroinvertebrate or aquatic life tissue TRVs. Tissue samples with concentrations of
one or more COPCs in excess of one or more TRVs will be considered to have contaminant
concentrations sufficient to elicit toxic effects on decapod survival, growth, or reproduction, thus
posing unacceptable ecological risks to decapods. Risks will be evaluated on the basis of
exposure spatial scale(s) specified in Table 3.

e Decapod Measurement Endpoint 2: Bulk sediment contaminant concentrations
compared to sediment quality guidelines (SQGS)

Unless decapod-specific SQGs are available or can be derived, the procedures used to evaluate
bulk sediment chemistry effects on benthic macroinvertebrates and bivalves are also applicable
to decapods. Decapod Measurement Endpoint 2 is therefore equivalent to Benthic
Macroinvertebrate Measurement Endpoint 5 and Bivalve Measurement Endpoint 4.

e Decapod Measurement Endpoint 3: Water exposure contaminant concentrations
compared to AWQC or TRVs

Surface water chemistry and sediment transition zone water data will be used to determine if
COPC concentrations in Willamette River surface waters and sediment transition zone water are
high enough to cause toxicity to decapods. Measured COPC concentrations in water will be
compared to the TRV identified as protective of decapod survival, growth, and reproduction.
TRVs are a combination of EPA AWQC and NOECs and LOECs derived from the results of
water column-only toxicity tests, as reported in the USEPA ECOTOX database and other

3% The tissue residues were compared to invertebrate-specific TRVs.
3! As identified by EPA, this line of evidence for crayfish is redundant with the benthic community assessment
based on comparison to SQGs and was not repeated.
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published sources™. Surface water samples with concentrations of one or more COPCs in excess
of one or more TRVs will be considered to have contaminant concentrations sufficient to elicit
toxic effects on decapod survival, growth, or reproduction, thus posing unacceptable ecological
risks to decapods. Risks will be evaluated on the basis of exposure spatial scale(s) specified in
Table 3

INTRODUCTION TO ASSESSMENT ENDPOINTS FOR FISH

Fish represent essential components of aquatic food webs. Depending on the species, fish
process energy from aquatic plants (i.e., primary producers), zooplankton and benthic
macroinvertebrate species (i.e., primary consumers), other fish species, detritivores, and in some
cases higher invertebrates such as amphibians, reptiles, birds and/or mammals, and convert that
energy to biomass. In turn, fish are prey species for piscivorous wildlife, including reptiles,
birds, and mammals.

Due to the wide variety of feeding strategies for the various fish species present in the
Willamette River, fish were classified, based on feeding guilds, into four main assessment
endpoint groups for this BERA:

1. Invertivorous fish (species that eat a variety of aquatic invertebrates)
2. Omnivorous fish (species that eat both plants and animals)
3. Piscivorous fish (species that eat primarily fish)

4. Detritivorous fish (species that eat primarily detritus, periphyton and/or small benthic
macroinvertebrates)

ASSESSMENT ENDPOINT 5 — SURVIVAL, GROWTH, AND REPRODUCTION OF
INVERTIVOROUS FISH

Invertivorous fish represent an essential component of aquatic food webs, because they serve as
intermediate trophic levels in the Willamette River. They consume zooplankton and benthic
macroinvertebrate species, and in turn provide an important source of food for many higher
trophic level carnivorous fish species, as well as prey for birds and mammals. Invertivorous fish
include both benthic and pelagic fish species. As such, it is important to evaluate the effects of
COPCs on this group of ecological receptors. Within Portland Harbor, examples of
invertivorous fish include peamouth, sculpin, and juvenile Chinook salmon™. The reproductive
endpoint per se does not apply to juvenile Chinook salmon, but is related to a management
objective of maintaining an open migration corridor for anadromous salmonids.

32 As identified by EPA, this line of evidence for crayfish is redundant with the benthic community assessment
based on comparison to AWQC/TRVs and was not repeated.

33 This is a special-status species and will be evaluated at the more conservative individual organism level in the risk
characterization.
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Invertivorous fish species can be exposed to contaminants through several exposure routes,
including contact with contaminated surface water, contact with contaminated sediments (this
applies primarily to benthic species; it is a less important pathway for pelagic species), and—for
those species that burrow into the sediments or spawn in or on bottom substrates—contact with
sediment transition zone water. In addition, consumption of contaminated prey organisms
represents an important exposure route for those species that consume infaunal invertebrate or
forage fish species. For this reason, it is important to evaluate the effects of contaminated surface
water, transition zone water, and sediments on the survival, growth, and reproduction of fish.

Risk Questions / Testable Hypotheses

e Are contaminant concentrations in Willamette River surface water or sediment transition
zone water from Portland Harbor sediments greater than the toxicity thresholds for
survival, growth, or reproduction of invertivorous fish?

e Are contaminant concentrations in whole body tissues of field-collected or modeled
invertivorous fish higher than tissue residue benchmarks for survival, reproduction, or
growth?

¢ Does the ingested contaminant dose received by invertivorous fish from consumption of
prey and other media (e.g., sediment) from Portland Harbor exceed the ingested dose
TRV for the survival, reproduction, or growth of fish?**

e Do tissue concentration of PAHs and metals in prey from Portland Harbor exceed the
acceptable tissue concentration for the survival, reproduction, or growth of invertivorous
fish consuming contaminated prey?

Measurement Endpoints — Invertivorous Fish

Three measurement endpoints with a total of six lines of evidence will be used to determine
whether COPCs are sufficiently elevated to adversely effect invertivorous fish survival, growth,
or reproduction at Portland Harbor.

e Invertivorous Fish Measurement Endpoint 1: Water exposure contaminant
concentrations compared to AWQC or TRVs

Surface water chemistry and sediment transition zone water®> data will be used to determine if
COPC concentrations in Willamette River surface waters and sediment transition zone water are
high enough to cause toxicity to invertivorous fish. Measured COPC concentrations in water will
be compared to the toxicity reference values (TRVs) identified as protective of invertivorous fish

3 Per agreement with EPA, prey tissue and sediment concentrations were compared to receptor-specific acceptable
threshold tissue concentrations (TTCs) and threshold sediment concentrations (TSCs) back calculated using
receptor-specific exposure assumptions, rather than comparing estimated ingested dietary doses to dietary dose
TRVs.

3 TZW was not evaluated for insectivorous fish receptors. Evaluation of the TZW exposure pathway was limited to
sculpin and lamprey ammocoetes.
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survival, growth, and reproduction. TRVs are a combination of EPA AWQC and NOECs and
LOECs derived from the results of water column-only toxicity tests, as reported in the USEPA
ECOTOX database and other published sources. Surface water samples with concentrations of
one or more COPCs in excess of one or more TRVs will be considered to have contaminant
concentrations sufficient to elicit toxic effects on invertivorous fish survival, growth, or
reproduction, thus posing unacceptable ecological risks to fish. As it is unlikely that many TRVs
solely for invertivorous fish can be developed, more generic, fish-specific TRVs will be
compared to water exposure concentrations. Risks will be evaluated on the basis of exposure
spatial scale(s) specified in Table 4.

e Invertivorous Fish Measurement Endpoint 2: Fish tissue contaminant data (modeled
or field-collected) compared to tissue-based TRVs

Whole body tissue data are available only sculpins, peamouth and juvenile Chinook salmon, with
sculpin having the largest number of samples of any fish species collected from Portland Harbor
during the RI/FS. Bioaccumulation modeling approaches applied to the site include derivation
of BSAFs and the Gobas-type food web model for the site. Although the BSAF approach and
food web model could be used to estimate fish tissue concentrations from locations in the harbor
where fish were not sampled, the more likely use of these models (for the larger home-range
fish) is during the derivation of preliminary remediation goals for sediments at the site.

However, due to the small home range of sculpin, predicted tissue concentrations may be
compared to tissue based TRVs and should be included as a line of evidence.

Where possible, invertivorous fish tissue residues will be compared to fish-specific tissue TRVs
(it is unlikely that many TR Vs solely for invertivorous fish can be derived from the existing
residue-effects literature). For chemicals where insufficient residue-effects data are available to
permit derivation of a fish-specific tissue TRV, measured tissue concentrations will be compared
to more generic aquatic life tissue TRVs. Tissue samples with concentrations of one or more
COPCs in excess of one or more TRVs will be considered to have contaminant concentrations
sufficient to elicit toxic effects on invertivorous fish survival, growth, or reproduction, thus
posing unacceptable ecological risks to fish. Risks will be evaluated on the basis of exposure
spatial scale(s) specified in Table 4.

e Invertivorous Fish Measurement Endpoint 3: Ingested dietary dose of contaminants
compared to dietary TRVs

Historically, aquatic toxicologists have generally evaluated contaminant concentrations in the
water column associated with toxicity. By comparison, dietary doses of contaminants associated
with toxicity to fish have not been commonly studied until the last few years. Even with this
recent increase in interest regarding the dietary toxicity of contaminants to fish, dietary TRVs are
available for relatively few chemicals. The dietary TRVs that are available are often based on
only one or a few studies; thus, the reliability and general applicability of dietary TRVs is poorly
known.

Ingested dietary doses for fish and acceptable tissue concentrations in prey of fish are generally
modeled for Portland Harbor fish, not empirically measured. If the ingested dietary dose of one
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or more COPCs exceeds their respective dietary TRVs, or if measured or modeled prey tissue
concentrations of one or more COPCs exceeds their respective acceptable tissue concentrations,
the ingested dose will be considered sufficiently high to elicit toxic effects on invertivorous fish
survival, growth, or reproduction, thus posing unacceptable ecological risks to fish. Risks will
be evaluated on the basis of exposure spatial scale(s) specified in Table 4.

One exception to basing ingested dose estimates on modeled uptake is juvenile Chinook salmon,
where measured PAH contaminant concentrations in the stomach contents of the fish are
available®®. For PAHs, the measured concentrations in prey of juvenile Chinook salmon will be
compared to ingested dose PAH TRVs, for which more dietary TRVs for fish are available. If
the measured PAH concentrations in stomach contents of Chinook salmon, after conversion to an
ingested dose, exceeds the dietary dose TRV for that species, the ingested dose will be
considered sufficiently high to elicit toxic effects on juvenile Chinook salmon survival or
growth, thus posing unacceptable ecological risks to juvenile Chinook salmon. In addition, fish
condition and/or lesion incidence data should be evaluated as supporting information for this
measurement endpoint, at least as a possible indication or confirmation of exposure to PAHs.
Risks will be evaluated on the basis of exposure spatial scale(s) specified in Table 4.

ASSESSMENT ENDPOINT 6 — SURVIVAL, GROWTH, AND REPRODUCTION OF
OMNIVOROUS FISH

Omnivorous fish represent an essential component of aquatic food webs, because they serve as
intermediate to upper trophic level species in the Willamette River. They consume a wide range
of prey, including periphyton, zooplankton, soft-bodied benthic macroinvertebrates, bivalves,
decapods, and other fish species, and in turn provide an important source of food for many
higher trophic level carnivorous fish species, as well as prey for birds and mammals.
Omnivorous fish include both demersal and pelagic fish species. It is therefore important to
evaluate the effects of COPCs on this group of ecological receptors. Within Portland Harbor,
examples of omnivorous fish include carp, largescale sucker and white sturgeon.

Omnivorous fish species can be exposed to contaminants through several exposure routes,
including contact with contaminated surface water, contact with contaminated sediments and
sediment transition zone water (primarily for demersal species; a less important pathway for
pelagic species), and consumption of contaminated prey. They in turn can serve as vectors of
contaminants to higher trophic level fish, birds and mammals. For these reasons, it is important
to evaluate the effects of contaminated surface water®’, transition zone water"*, and sediments on
the survival, growth, and reproduction of omnivorous fish.

3 Per agreement with EPA, prey tissue and sediment concentrations were compared to receptor-specific acceptable
threshold tissue concentrations (TTCs) and threshold sediment concentrations (TSCs) back calculated using
receptor-specific exposure assumption, rather than comparing estimated ingested dietary doses to dietary dose
TRVs.

37 Comparison of water concentrations to AWQC or water-based TRVs was conducted for all trophic guilds,
collectively (and presented once in the BERA) because the water criteria and water effects data incorporate multiple
fish species in their derivation.
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Risk Questions / Testable Hypotheses

e Are contaminant concentrations in Willamette River surface water from Portland Harbor
sediments greater than the toxicity thresholds for survival, growth, or reproduction of
omnivorous fish?

e Are contaminant concentrations in whole body tissues of field-collected omnivorous fish
higher than tissue residue benchmarks for their survival, reproduction or growth?

e Does the ingested contaminant dose received by omnivorous fish from consumption of
prey and other media (e.g., sediment) from Portland Harbor exceed the ingested dose
TRYV for the survival, reproduction, or growth of these fish?*

Measurement Endpoints — Omnivorous Fish

Four measurement endpoints with a total of five lines of evidence will be used to determine
whether COPCs are sufficiently elevated to adversely effect omnivorous fish survival, growth, or
reproduction at Portland Harbor.

e Omnivorous Fish Measurement Endpoint 1: Water exposure contaminant
concentrations compared to AWQC or TRVs

Surface water chemistry data will be used to determine if COPC concentrations in Willamette
River surface waters and sediment transition zone water are high enough to cause toxicity to
omnivorous fish. Measured COPC concentrations in water will be compared to those TRV
identified as protective of omnivorous fish survival, growth, and reproduction. TRVs are a
combination of EPA AWQC and NOECs and LOECs derived from the results of water column-
only toxicity tests, as reported in the USEPA ECOTOX database and other published sources.
Surface water samples with concentrations of one or more COPCs in excess of one or more
TRVs will be considered to have contaminant concentrations sufficient to elicit toxic effects on
omnivorous fish survival, growth, or reproduction, thus posing unacceptable ecological risks to
fish. As it is unlikely that many TRVs solely for omnivorous fish can be developed, more
generic, fish-specific TRVs will be compared to water exposure concentrations. Risks will be
evaluated on the basis of exposure spatial scale(s) specified in Table 4.

e Omnivorous Fish Measurement Endpoint 2: Fish tissue contaminant data (field-
collected) compared to tissue-based TRVs

Whole body tissue data are available for carp, largescale sucker and white sturgeon. Two
separate rounds of sampling data for carp are available. Bioaccumulation modeling approaches

3% Per Table 1, TZW was not evaluated for omnivorous fish receptors. Evaluation of the TZW exposure pathway
was limited to sculpin and lamprey ammocoetes.

39 Per agreement with EPA, prey tissue and sediment concentrations were compared to receptor-specific acceptable
threshold tissue concentrations (TTCs) and threshold sediment concentrations (TSCs) back calculated using
receptor-specific exposure assumption, rather than comparing estimated ingested dietary doses to dietary dose
TRVs.
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applied to the site include derivation of BSAFs and the Gobas-type food web model for the site.
Although the BSAF approach and food web model could be used to estimate fish tissue
concentrations from locations in the harbor where fish were not sampled, the more likely use of
these models is during the derivation of preliminary remediation goals for sediments at the site.
As none of the omnivorous fish for which whole body tissue data are available are primarily
benthic species, BSAF estimates of contaminant body burdens are likely of limited utility for
ecological risk estimation for omnivorous species. Due to the large home range of white
sturgeon, they have not been a species whose contaminant concentrations have been modeled
with the site-wide food web model.

Where possible, omnivorous fish tissue residues will be compared to fish-specific tissue TRVs. It
is unlikely that many TRVs solely for omnivorous fish can be derived from the existing residue-
effects literature. For chemicals where insufficient residue-effects data are available to permit
derivation of a fish-specific tissue TRV, measured tissue concentrations will be compared to
more generic aquatic life tissue TRVs. Tissue samples with concentrations of one or more
COPCs in excess of one or more TRVs will be considered to have contaminant concentrations
sufficient to elicit toxic effects on omnivorous fish survival, growth, or reproduction, thus posing
unacceptable ecological risks to fish. Risks will be evaluated on the basis of exposure spatial
scale(s) specified in Table 4.

Several of the omnivorous fish species (carp, smallmouth bass) have high-resolution dioxin/furan
and/or PCB congener data available. For samples where such information is available, dioxin-
like contaminant risks from bioaccumulated contaminants will be estimated using both toxic
equivalency factors (TEFs) for the individual dioxin, furan and PCB congeners, as well as total
toxic equivalents (TEQs).

e Omnivorous Fish Measurement Endpoint 3: Ingested dietary dose of contaminants
compared to dietary TRVs

Historically, aquatic toxicologists have generally evaluated contaminant concentrations in the
water column associated with toxicity. By comparison, dietary doses of contaminants associated
with toxicity to fish have not been commonly studied until the last few years. Even with this
recent increase in interest regarding the dietary toxicity of contaminants to fish, dietary TRVs are
available for relatively few chemicals. The dietary TRVs that are available are often based on
only one or a few studies; thus, the reliability and general applicability of dietary TRVs is poorly
known.

Ingested dietary doses for fish are generally modeled for Portland Harbor fish, not empirically
measured. If the ingested dietary dose of one or more COPCs exceeds their respective dietary
TRVs, the ingested dose will be considered sufficiently high to elicit toxic effects on omnivorous
fish survival, growth, or reproduction, thus posing unacceptable ecological risks to fish. Risks
will be evaluated on the basis of exposure spatial scale(s) specified in Table 4.

e Omnivorous Fish Measurement Endpoint 4: Lesion incidence compared to areas of
contamination and/or lesion-based TRVs.
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As noted in Attachment G4 of the Round 2 Report, "Fish are most likely exposed to PAHs
through direct contact with bottom sediments and sediments that are suspended in water and
through dietary uptake (Johnson et al. 2002). Fish exposed to PAH-contaminated sediments
through direct contact have been shown to have increased incidence of skin and liver lesions as
well as other deformities (Myers et al. 1994; Pinkney et al. 2000). In addition, reduced lifespan
in fish has been linked to cancerous lesions (Johnson et al. 2002; Baumann et al. 1987; Pinkney
et al. 2000; Myers et al. 1994)”. Although it may be difficult to link the incidence of lesions with
survival, growth and reproduction, the incidence of lesions in omnivorous fish collected from
Portland Harbor should be compared to known incidence of lesions to determine if abnormalities
are more prevalent in the harbor compared to normal, if there is not much difference from
normal, or if the data are inconclusive compared to normal rates. At a minimum, this
information may be used as a measure of exposure.

ASSESSMENT ENDPOINT 7 — SURVIVAL, GROWTH, AND REPRODUCTION OF
PISCIVOROUS FISH

Piscivorous fish represent an essential component of aquatic food webs, because they serve as
top aquatic predators in the Willamette River. They consume primarily other fish species,
although younger life stages and adults can also consume a wide range of prey, including
zooplankton, soft-bodied benthic macroinvertebrates, bivalves, decapods, and other fish species.
Piscivorous fish provide an important source of food for birds and mammals. Piscivorous fish at
Portland Harbor are primarily pelagic species. It is therefore important to evaluate the effects of
COPCs on this group of ecological receptors. Within Portland Harbor, northern pikeminnow and
smallmouth bass are the primary piscivorous species for which information is available.

Piscivorous fish species can be exposed to contaminants through several exposure routes,
including contact with contaminated surface water and consumption of contaminated prey. Of
lesser importance to pelagic piscivores is contact with contaminated sediments and sediment
transition zone water. Piscivores in turn can serve as vectors of contaminants to higher trophic
level birds and mammals. For these reasons, it is important to evaluate the effects of
contaminated surface Water40, transition zone Water41, and sediments on the survival, growth,
and reproduction of these fish species.

Risk Questions / Testable Hypotheses

e Are contaminant concentrations in Willamette River surface water from Portland Harbor
sediments greater than the toxicity thresholds for survival, growth, or reproduction of
piscivorous fish?

% Comparison of water concentrations to AWQC or water-based TRV was conducted for all trophic guilds,
collectively (and presented once in the BERA) because the water criteria and water effects data incorporate multiple
fish species in their derivation

I Per Table 1, TZW was not evaluated for omnivorous fish receptors. Evaluation of the TZW exposure pathway
was limited to sculpin and lamprey ammocoetes.
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¢ Are contaminant concentrations in whole body tissues of field-collected piscivorous fish
higher than tissue residue benchmarks for their survival, reproduction or growth?

¢ Does the ingested contaminant dose received by piscivorous fish from consumption of
prey and other media (e.g., sediment) from Portland Harbor exceed the ingested dose
TRV for the survival, reproduction, or growth of fish**?

Measurement Endpoints — Piscivorous Fish

Three measurement endpoints with a total of four lines of evidence will be used to determine
whether COPCs are sufficiently elevated to adversely effect piscivorous fish survival, growth, or
reproduction at Portland Harbor.

e Piscivorous Fish Measurement Endpoint 1: Water exposure contaminant
concentrations compared to AWQC or TRVs

Surface water chemistry data will be used to determine if COPC concentrations in Willamette
River surface waters and sediment transition zone water are high enough to cause toxicity to
piscivorous fish. Measured COPC concentrations in water will be compared to the TRV
identified as protective of piscivorous fish survival, growth, and reproduction. TRVs are a
combination of EPA AWQC and NOECs and LOECs derived from the results of water column-
only toxicity tests, as reported in the USEPA ECOTOX database and other published sources.
Surface water samples with concentrations of one or more COPCs in excess of one or more
TRVs will be considered to have contaminant concentrations sufficient to elicit toxic effects on
piscivorous fish survival, growth, or reproduction, thus posing unacceptable ecological risks to
fish. As it is unlikely that many TRVs solely for piscivorous fish can be developed, more
generic fish-specific TRVs will be compared to water exposure concentrations. Risks will be
evaluated on the basis of exposure spatial scale(s) specified in Table 4.

e Piscivorous Fish Measurement Endpoint 2: Fish tissue contaminant data (modeled or
field-collected) compared to tissue-based TRVs

Whole body tissue data are available for a limited number of northern pikeminnow and two
separate rounds of sampling data for smallmouth bass are available. Bioaccumulation modeling
approaches applied to the site include derivation of BSAFs and the Gobas-type food web model
for the site. Although the BSAF approach and food web model could be used to estimate fish
tissue concentrations from locations in the harbor where fish were not sampled, the more likely
use of these models is during the derivation of preliminary remediation goals for sediments at the
site. As northern pikeminnow are primarily a pelagic species, BSAF estimates of contaminant
body burdens are likely of limited utility for ecological risk estimation for piscivorous species.

2 Per agreement with EPA, prey tissue and sediment concentrations were compared to receptor-specific acceptable
threshold tissue concentrations (TTCs) and threshold sediment concentrations (TSCs) back calculated using
receptor-specific exposure assumption, rather than comparing estimated ingested dietary doses to dietary dose
TRVs.
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However, due to the small home range of smallmouth bass, predicted tissue concentrations may
be compared to tissue based TRVs®.

Piscivorous fish tissue residues will be compared to fish-specific tissue TRVs. It is unlikely that
many TRVs solely for piscivorous fish can be derived from the existing residue-effects literature.
For chemicals where insufficient residue-effects data are available to permit derivation of a fish-
specific tissue TRV, measured tissue concentrations will be compared to more generic aquatic
life tissue TRVs. Tissue samples with concentrations of one or more COPCs in excess of one or
more TRVs will be considered to have contaminant concentrations sufficient to elicit toxic
effects on piscivorous fish survival, growth, or reproduction, thus posing unacceptable ecological
risks to fish. Risks will be evaluated on the basis of exposure spatial scale(s) specified in

Table 4.

e Piscivorous Fish Measurement Endpoint 3: Ingested dietary dose of contaminants
compared to dietary TRVs

Historically, aquatic toxicologists have generally evaluated contaminant concentrations in the
water column associated with toxicity. By comparison, dietary doses of contaminants associated
with toxicity to fish have not been commonly studied until the last few years. Even with this
recent increase in interest regarding the dietary toxicity of contaminants to fish, dietary TRVs are
available for relatively few chemicals. The dietary TRVs that are available are often based on
only one or a few studies; thus, the reliability and general applicability of dietary TRVs is poorly
known.

Ingested dietary doses for fish and acceptable tissue concentrations in prey of fish are generally
modeled for Portland Harbor fish, not empirically measured. If the ingested dietary dose of one
or more COPCs exceeds their respective dietary TRVs, or if measured or modeled prey tissue
concentrations of one or more COPCs exceeds their respective acceptable tissue concentrations,
the ingested dose will be considered sufficiently high to elicit toxic effects on piscivorous fish
survival, growth, or reproduction, thus posing unacceptable ecological risks to fish. Risks will
be evaluated on the basis of exposure spatial scale(s) specified in Table 4.

ASSESSMENT ENDPOINT 8 — SURVIVAL AND GROWTH OF DETRITIVOROUS
FISH

Detritivorous fish represent an essential component of aquatic food webs, filling a niche utilized
by few other fish species. They consume primarily detritus, periphyton, and small benthic
invertebrates. Detritivorous fish provide an important source of food for other fish species, birds
and mammals. As such, it is important to evaluate the effects of COPCs on this group of
ecological receptors. Within Portland Harbor, lamprey** ammocoetes (the juvenile life stage)

* Smallmouth bass BSAFs were not developed because empirical tissue data for smallmouth bass were available
from throughout the Study Area and as stated in the Exposure Assessment for Fish section, localized sediment
concentrations should be used to predict sculpin and bass concentrations in areas where tissue data do not exist.

* This is a special-status species and will be evaluated at the more conservative individual organism level in the risk
characterization.
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are the detritivorous species for which information is available. Although several species of
lamprey are known to occur in the Willamette River, by far the most abundant is the Pacific
lamprey. Lamprey ammocoetes at Portland Harbor are a demersal and benthic fish species.
Pacific lamprey are anadromous, and while two other life stages of Pacific lamprey
(macrothalmia and adult) are also found in Portland Harbor, neither is believed to spend
appreciable time in the harbor or to feed there to any significant extent. As ammocoetes are not
the reproductive life stage of lamprey, ammocoete reproduction is not part of the assessment
endpoint for detritivorous fish.

Detritivorous fish species can be exposed to contaminants through several exposure routes,
including contact with contaminated surface water, contact with contaminated sediments and
sediment transition zone water, and consumption of contaminated prey. They in turn can serve
as vectors of contaminants to higher trophic level fish, birds and mammals. For these reasons, it
is important to evaluate the effects of contaminated surface water® , transition zone water, and
sediments on the survival, growth, and reproduction* of these fish.

Risk Questions / Testable Hypotheses

e Are contaminant concentrations in Willamette River surface water or sediment transition
zone water from Portland Harbor sediments greater than the toxicity thresholds for
survival or growth of detritivorous fish?

e Are detritivorous fish more or less sensitive to waterborne chemicals than the species
used to develop existing water quality criteria and toxicity reference values?

e Are contaminant concentrations in whole body tissues of field-collected detritivorous fish
higher than tissue residue benchmarks for their survival or growth?

Measurement Endpoints — Detritivorous Fish

Two measurement endpoints with a total of three lines of evidence will be used to determine
whether COPCs are sufficiently elevated to adversely effect detritivorous fish survival or growth
at Portland Harbor.

e Detritivorous Fish Measurement Endpoint 1: Water exposure contaminant
concentrations compared to AWQC or TRVs

Surface water chemistry and sediment transition zone water data will be used to determine if
COPC concentrations in Willamette River surface waters and sediment transition zone water are
high enough to cause toxicity to detritivorous fish. Measured COPC concentrations in water will
be compared to the TRVs identified as protective of detritivorous fish survival or growth. TRVs
are a combination of EPA AWQC and NOECs and LOECs derived from the results of water

* Comparison of water concentrations to AWQC or water-based TRVs was conducted for all trophic guilds,
collectively (and presented once in the BERA) because the water criteria and water effects data incorporate multiple
fish species and life stages in their derivation

* Per Table 1, reproduction was not an endpoint evaluated for lamprey ammocoetes.
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column-only toxicity tests, as reported in the USEPA ECOTOX database and other published
sources. Surface water samples with concentrations of one or more COPCs in excess of one or
more TRVs will be considered to have contaminant concentrations sufficient to elicit toxic
effects on detritivorous fish survival or growth, thus posing unacceptable ecological risks to fish.
Risks will be evaluated on the basis of exposure spatial scale(s) specified in Table 4.

As no TRVs solely for detritivorous fish are available, more generic fish-specific or aquatic life
TRVs will be compared to water exposure concentrations. For lamprey, additional uncertainty
exists because with the exception of studies with sea lamprey during the development of a
lampricide for use in the Great Lakes watershed, lamprey species have not been widely studied
by aquatic toxicologists. Contaminant concentrations that adversely affect Pacific lamprey
survival are, therefore, unknown. To reduce this uncertainty, field-collected lamprey
ammocoetes from several uncontaminated Oregon coastal streams have been used in a series of
96-hour LCs tests with six chemicals: copper, naphthalene, aniline, pentachlorophenol,
diazinon, and lindane. These chemicals were selected based on their differing mechanisms of
toxic action. The objective of the ammocoete toxicity testing was to obtain information of the
sensitivity of ammocoetes to a variety of chemicals representing a broad range of mechanisms of
toxic action, then compare the measured LCs, concentrations to those from other aquatic species.
For the BERA, the ultimate goal of this evaluation is to provide a basis for determining whether
water quality criteria and other waterborne contaminant TRVs used to evaluate Detritivorous
Fish Measurement Endpoint 1 are protective of lamprey survival and growth.

Results of the toxicity tests will be statistically reduced to provide measured 96-hour LCs,
concentrations. The measured LCs, concentrations will then be compared to both acute water
quality criteria and other TRVs, and to the LCs, values for other aquatic species exposed to the
six test chemicals. This evaluation will provide information on the sensitivity of lamprey
ammocoetes to contaminants relative to the sensitivity of more commonly studied toxicity test
species. If lamprey are equally or less sensitive than most other aquatic species tested for all of
the six chemicals, then the generic fish or aquatic life TR Vs are likely to be sufficiently
conservative for this measurement endpoint. If, on the other hand, lamprey are more sensitive
than most other aquatic species tested for any of the six chemicals, then the generic fish or
aquatic life TRVs most closely associated with the relevant mechanism of toxic action for that
chemical(s) may require additional uncertainty evaluation.

e Detritivorous Fish Measurement Endpoint 2: Fish tissue contaminant data (field-
collected) compared to tissue-based TRVs

Whole body tissue data are available for a limited number of lamprey ammocoete composite
samples. Bioaccumulation modeling approaches applied to the site include derivation of BSAFs
and the Gobas-type food web model for the site. Although the BSAF approach and food web
model could be used to estimate fish tissue concentrations from locations in the harbor where
fish were not sampled, the more likely use of these models is during the derivation of
preliminary remediation goals for sediments at the site. As lamprey ammocoete samples are
limited in number, it is unlikely that reliable BSAFs can be developed for ammocoetes. This
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same limitation on sample numbers makes it difficult to calibrate the food web model for use in
predicting ammocoete body burdens.

Detritivorous fish tissue residues will be compared to fish-specific tissue TRVs (no TRVs solely
for detritivorous fish can be derived from the existing residue-effects literature). For chemicals
where insufficient residue-effects data are available to permit derivation of a fish-specific tissue
TRV, measured tissue concentrations will be compared to more generic aquatic life tissue TRVs.
Tissue samples with concentrations of one or more COPCs in excess of one or more TRV's will
be considered to have contaminant concentrations sufficient to elicit toxic effects on
detritivorous fish survival or growth, thus posing unacceptable ecological risks to fish. Risks
will be evaluated on the basis of exposure spatial scale(s) specified in Table 4.

ASSESSMENT ENDPOINT 9 — SURVIVAL, GROWTH, AND REPRODUCTION OF
AMPHIBIANS

Early life stages of amphibians are aquatic, feeding primarily on zooplankton or other small
invertebrates. As they mature, amphibians develop lungs and can utilize both aquatic and
terrestrial habitats. Both larval and adult amphibians represent prey species for wildlife species,
including fish, reptiles, birds, and mammals.

Amphibians can be exposed to environmental contaminants through direct contact with
contaminated surface water, contact with and ingestion of contaminated sediments, and contact
with contaminated transition zone water. Of these, exposure to contaminated surface water
probably is the primary route of exposure for larval amphibians. For this reason, it is important to
evaluate the effects of exposure to contaminated surface water on the survival, growth, and
reproduction of amphibians.

Risk Question / Testable Hypothesis

¢ Do contaminant concentrations in surface waters of the Willamette River or sediment
transition zone water exceed toxicity reference values for the survival, reproduction or
growth of amphibians?

Measurement Endpoints - Amphibians
One measurement endpoint with two lines of evidence will be used to assess risks to amphibians.

e Amphibian Measurement Endpoint 1: Water exposure contaminant concentrations
compared to AWQC or TRVSs to protect sensitive life stages

Surface water chemistry and sediment transition zone water data will be used to determine if
COPC concentrations in the Willamette River are high enough to cause toxicity to amphibians.
Measured COPC concentrations in water will be compared to the TRV identified as protective
of amphibian survival, growth, and reproduction. TRVs are a combination of EPA AWQC and
NOECs and LOECs derived from the results of water column-only toxicity tests, as reported in
the USEPA ECOTOX database and other published sources. A number of the USEPA AWQC
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are derived from datasets where toxicity information for one or more amphibian species was
used to derive the criteria. Surface water samples with concentrations of one or more COPCs in
excess of one or more TRVs will be considered to have contaminant concentrations sufficient to
elicit toxic effects on amphibian survival, growth, or reproduction, thus posing unacceptable
ecological risks to amphibians. Risks will be evaluated on the basis of exposure spatial scale(s)
specified in Table 5.

INTRODUCTION TO AVIAN ASSESSMENT ENDPOINTS

Numerous bird species depend on the Willamette River at Portland Harbor for food and habitat.
Aquatic-dependent bird species represent important elements of aquatic food webs because they
process energy from zooplankton, benthic macroinvertebrates, fish, amphibians, and reptiles. In
turn, birds represent a source of food for other wildlife species, such as reptiles, other birds, or
mammals.

Bird species that depend on aquatic systems for food and habitat (i.e., aquatic-dependent birds)
were classified, based on feeding guilds, into three main assessment endpoint groups for this
BERA:

1. Piscivorous birds (species that eat primarily fish)
2. Omnivorous birds (species that eat both plants and animals)

3. Invertivorous birds (species that eat primarily benthic macroinvertebrates)

ASSESSMENT ENDPOINT 10 — SURVIVAL, GROWTH, AND REPRODUCTION OF
PISCIVOROUS BIRDS

Although piscivorous birds can be exposed to contaminants through dermal contact with
contaminated surface water or sediments, or through consumption of contaminated surface water
or incidental ingestion of sediment, the bulk of their exposure is due to consumption of
contaminated prey. This is particularly true for persistent and bioaccumulative COPCs (e.g.,
PCBs, DDT, mercury) that biomagnify in higher trophic levels of a food web. Therefore, it is
important to evaluate the effects of contaminated prey items on the survival, growth, and
reproduction of piscivorous birds.

The target ecological receptors for piscivorous birds are the osprey and bald eagle*’. Osprey are
obligate piscivores, and can capture and consume larger fish than can belted kingfisher, which
feed on smaller fish and can also consume a significant number of aquatic invertebrates as part of
their diet. Bald eagles are opportunistic feeders, preying on a wide variety of aquatic species,
including fish, waterfowl and turtles. But for the purposes of the BERA, the proportion of fish in

" This is a special-status species and will be evaluated at the more conservative individual organism level in the risk
characterization.
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their diets is high enough for bald eagles to be included as a target ecological receptor for
piscivorous birds.

Risk Questions / Testable Hypotheses

To support the BERA, the assessment of the risks of environmental contaminants to piscivorous
birds should be designed to answer the following key risk questions:

e Does the ingested dose of contaminants received by piscivorous birds from consumption
of prey species captured in Portland Harbor, as well as the ingestion of other media in
Portland Harbor (e.g., sediment), exceed the TRVs for survival, growth, or reproduction
of piscivorous birds**?

e Do tissue concentration of PAHs and metals in prey from Portland Harbor exceed the
acceptable tissue concentration for the survival, reproduction, or growth of piscivorous
birds consuming contaminated prey?

« Do contaminants in sediment, surface water or transition zone water* have the potential
to bioaccumulate in fish tissue to concentrations that pose unacceptable risks to
piscivorous birds?

¢ Do contaminant concentrations in eggs of piscivorous birds exceed egg-based TRVs for
hatchability and survival of chicks?

Measurement Endpoints — Piscivorous Birds

Two measurement endpoints with three lines of evidence will be used to assess risks to
piscivorous birds.

e Piscivorous Bird Measurement Endpoint 1: Ingested dietary dose of contaminants
compared to dietary TRVs

The potential for adverse ecological risks to piscivorous birds will be evaluated using measured
or, if needed for one or more specific dietary components, modeled tissue chemistry data from
prey species, and foraging, home range, dietary composition and allometric information such as
body weight and food and water ingestion rates for the target ecological receptor bird species of
interest. Specifically, the ingested dose received by each target ecological receptor will be
estimated by multiplying species-specific food and water ingestion rates®® (normalized to body

* Per agreement with EPA, prey tissue and sediment concentrations were compared to receptor-specific acceptable
threshold tissue concentrations (TTCs) and threshold sediment concentrations (TSCs) back calculated using
receptor-specific exposure assumption, rather than comparing estimated ingested dietary doses to dietary dose
TRVs.

* Exposure to TZW was not evaluated for birds, per EPA Tables 1 and 6.

%% As stated in the Exposure Assessment for Wildlife section of this document: “Although other exposure pathways
are considered complete (e.g., surface water ingestion), these pathways are considered insignificant or of unknown
significance and will not be quantitatively evaluated in the BERA”.
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weight) by the concentrations of contaminants in prey species such as fish and, in the case of
belted kingfisher, benthic macroinvertebrates. During this evaluation, the tissue contaminant
concentrations in prey species collected from the Willamette River will be assumed to be similar
to that for the other prey species consumed by piscivorous birds, but which were not collected
and chemically analyzed during the Portland Harbor remedial investigation. Where appropriate,
the estimated ingested doses of contaminant estimates will also incorporate intake from media in
addition to prey tissues (e.g., water, incidental sediment ingestion).

During earlier stages of the BERA risk characterization, ingested doses will be estimated using
conservative inputs and assumptions (Table 6). The estimated ingested doses will then be
compared to appropriate toxicity reference values for the survival, growth, and reproduction of
birds or measured or modeled prey tissue concentrations will be compared to acceptable tissue
concentrations. If the ingested dose of one or more COPC:s is equal to or in excess of one or
more ingested dose TRVs, or if measured or modeled prey tissue concentrations of one or more
COPCs exceeds their respective acceptable tissue concentrations, piscivorous birds receiving the
ingested dose will be considered to be potentially at risk (i.e., a hazard quotient > 1, where the
exposure estimate and TRVs are in units of milligrams of contaminant ingested per kilogram of
receptor body weight per day (mg/kg/day) instead of the media concentration units such as
mg/kg or pg/L used for most other risk estimates in the BERA). The exposure data (e.g., fish
tissue data, sediment contaminant concentrations, etc.) used to develop the exposure and ingested
dose estimates will be done at a number of locations within Portland Harbor, with the size of the
exposure areas and the number of locations dependent upon species-specific considerations such
as foraging range. Risks will be evaluated on the basis of exposure spatial scale(s) specified in
Table 6.

For the locations and COPCs for which ingested contaminant doses exceed their respective
TRVs, additional exposure, effect and risk characterization analyses will be undertaken to better
understand the nature and severity of the ecological risks posed. In these additional analyses, the
conservative inputs in the initial exposure models will be replaced by distributions of the
available data. The distributions will represent our understanding of variation of each input
parameter (e.g., body weight, dietary composition, food ingestion rates, in addition to the spatial
variability of prey tissue concentrations over the foraging range of the target ecological
receptors). For the risk characterization in these additional analyses, dose-response relationships
will be ussled instead of point estimates of TRVs such as NOAELs and LOAELSs, where
possible”".

Several of the piscivorous bird prey species (e.g., carp, smallmouth bass) have high resolution
dioxin/furan and/or PCB congener data available. For samples where such information is
available, dioxin-like contaminant risks from ingestion of contaminants bioaccumulated in prey
species will be estimated using both toxic equivalency factors (TEFs) for the individual dioxin,
furan and PCB congeners, as well as total TEQs.

> Use of LOAEL/NOAEL was retained for the dietary evaluation
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If unacceptable ecological risks are found for piscivorous birds at the conclusion of the risk
characterization phase of the BERA from their ingested dietary dose of contaminants, it may
become necessary to convert the ingested dose risk estimates to media concentrations in units of
mg/kg (prey tissue and sediment) or pg/L (water) to identify potential remedial goals for the site.

e Piscivorous Bird Measurement Endpoint 2: Egg contaminant concentrations
compared to egg tissue TRVs

Contaminant data measured in eagle and osprey eggs field collected from the vicinity of Portland
Harbor will be used to determine if COPC concentrations in the eggs are high enough to cause
toxicity to eagle and osprey chicks. Measured COPC concentrations in the eggs will be
compared to the TRV identified as protective of avian survival and hatchability>>. A second
LOE will also include predicted egg tissue concentrations using an appropriate model. Empirical
or predicted egg tissue samples with concentrations of one or more COPCs in excess of one or
more TRVs will be considered to have contaminant concentrations sufficient to elicit toxic
effects on eagle and osprey survival and reproduction, thus posing unacceptable ecological risks
to eagles and ospreys.

ASSESSMENT ENDPOINT 11 — SURVIVAL, GROWTH, AND REPRODUCTION OF
OMNIVOROUS BIRDS

Although omnivorous birds can be exposed to contaminants through dermal contact with
contaminated surface water or sediments and consumption of contaminated surface water or
incidental ingestion of sediment, the bulk of their exposure is due to consumption of
contaminated prey. This is particularly true for persistent and bioaccumulative COPCs (e.g.,
PCBs, DDT, mercury) that biomagnify in higher trophic levels of a food web. Therefore, it is
important to evaluate the effects of contaminated prey items on the survival, growth, and
reproduction of omnivorous birds.

The target ecological receptor for omnivorous birds is the hooded merganser. Hooded
mergansers are diving ducks that consume a variety of small fish and benthic macroinvertebrate
species. The belted kingfisher is also a potential target ecological receptor, but will not require
specific quantitative risk evaluation, and should instead be addressed in the uncertainty analysis.

Risk Questions / Testable Hypotheses

To support the BERA, the assessment of the risks of environmental contaminants to omnivorous
birds should be designed to answer the following key risk questions:

e Does the ingested dose of contaminants received by omnivorous birds from consumption
of prey species captured in Portland Harbor, as well as the ingestion of other media in

32 Measured COPCs concentrations in eggs from the Study Area were not available at the time of the preparation
and production of the BERA. Therefore, this LOE could not be conducted and bird egg tissue concentrations were
derived using modeled concentrations.
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Portland Harbor (e.g., sediment) exceed the toxicity reference values (TRVs) for survival,
growth, or reproduction of birds?>

e Do tissue concentration of PAHs and metals in prey from Portland Harbor exceed the
acceptable tissue concentration for the survival, reproduction, or growth of omnivorous
birds consuming contaminated prey?

« Do contaminants in sediment, surface water or transition zone water’* have the potential
to bioaccumulate in prey tissue to concentrations that pose unacceptable risks to
omnivorous birds?

Measurement Endpoints — Omnivorous Birds

One measurement endpoints with one line of evidence will be used to assess risks to omnivorous
birds.

e Omnivorous Bird Measurement Endpoint 1: Ingested dietary dose of contaminants
compared to dietary TRVs

The potential for adverse ecological risks to omnivorous birds will be evaluated using measured
or, if needed for one or more specific dietary components, modeled tissue chemistry data from
prey species, and foraging, home range, dietary composition and allometric information such as
body weight, food and water ingestion rates for the target ecological receptor bird species of
interest. Specifically, the ingested dose received by each target ecological receptor will be
estimated by multiplying species-specific food and water ingestion®” rates (normalized to body
weight) by the concentrations of contaminants in prey species such as fish and benthic
macroinvertebrates. During this evaluation, the tissue contaminant concentrations in prey
species collected from the Willamette River will be assumed to be similar to that for the other
prey species consumed by omnivorous birds, but which were not collected and chemically
analyzed during the Portland Harbor remedial investigation. Where appropriate, the estimated
ingested doses of contaminant estimates will also incorporate intake from media in addition to
prey tissues (e.g., water, incidental sediment ingestion).

Included among the information to be used to estimate ingested contaminant dose for
omnivorous birds is the measured contaminant concentrations in the oligochaete Lumbriculus
variegatus, as determined from laboratory 28-day bioaccumulation studies with Portland Harbor
sediments. Tissue concentrations from field-collected or laboratory-exposed bivalves
(Corbicula) may also be used instead of or in combination with Lumbriculus tissues. The

>3 Per agreement with EPA, prey tissue and sediment concentrations were compared to receptor-specific acceptable
threshold tissue concentrations (TTCs) and threshold sediment concentrations (TSCs) back calculated using
receptor-specific exposure assumption, rather than comparing estimated ingested dietary doses to dietary dose
TRVs.

> Exposure to TZW was not evaluated for birds, per EPA Tables 1 and 6.

>3 As stated in the Exposure Assessment for Wildlife section of this document: “Although other exposure pathways
are considered complete (e.g., surface water ingestion), these pathways are considered insignificant or of unknown
significance and will not be quantitatively evaluated in the BERA”.
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Lumbriculus data may be the best available tissue residue information from the site for small,
soft bodied benthic macroinvertebrates. This is because of the failure, despite several sampling
efforts, to obtain sufficient mass of small bodied benthic macroinvertebrates from field sampling
efforts to permit chemical analyses of macroinvertebrate tissues.

During earlier stages of the BERA risk characterization, ingested doses will be estimated using
conservative inputs and assumptions (Table 6). The estimated ingested doses will then be
compared to appropriate toxicity reference values for the survival, growth, and reproduction of
birds or measured or modeled prey tissue concentrations will be compared to acceptable tissue
concentrations. If the ingested dose of one or more COPCs is equal to or in excess of one or
more ingested dose TRVs, or if measured or modeled prey tissue concentrations of one or more
COPCs exceeds their respective acceptable tissue concentrations, omnivorous birds receiving the
ingested dose will be considered to be potentially at risk (i.e., a hazard quotient > 1, where the
exposure estimate and TRV are in units of milligrams of contaminant ingested per kilogram of
receptor body weight per day (mg/kg/day) instead of the media concentration units such as
mg/kg or pg/L used for most other risk estimates in the BERA). The exposure data (e.g., fish
tissue data, invertebrate data, sediment contaminant concentrations, etc.) used to develop the
exposure and ingested dose estimates will be done at a number of locations within Portland
Harbor, with the size of the exposure areas and the number of locations dependent upon species-
specific considerations such as foraging range. Risks will be evaluated on the basis of exposure
spatial scale(s) specified in Table 6.

For the locations and COPCs for which ingested contaminant doses exceed their respective
TRVs, additional exposure, effect and risk characterization analyses will be undertaken to better
understand the nature and severity of the ecological risks posed. In these additional analyses, the
conservative inputs in the initial exposure models will be replaced by distributions of the
available data. The distributions will represent our understanding of variation of each input
parameter (e.g., body weight, dietary composition, food ingestion rates, in addition to the spatial
variability of prey tissue concentrations over the foraging range of the target ecological
receptors). For the risk characterization in these additional analyses, dose-response relationships
will be used instead of point estimates of TRVs such as NOAELs and LOAELSs, where possible.
The resulting exposure and effects distributions should be integrated to produce risk curves that
show the relationship between ingested contaminant doses and the probability or magnitude of
adverse ecological effects.

Several of the omnivorous bird prey species (e.g., carp, smallmouth bass) have high resolution
dioxin/furan and/or PCB congener data available. For samples where such information is
available, dioxin-like contaminant risks from ingestion of contaminants bioaccumulated in prey
species will be estimated using both toxic equivalency factors (TEFs) for the individual dioxin,
furan and PCB congeners, as well as total TEQs.

If unacceptable ecological risks are found for omnivorous birds at the conclusion of the risk
characterization phase of the BERA from their ingested dietary dose of contaminants, it may
become necessary to convert the ingested dose risk estimates to media concentrations in units of
mg/kg (prey tissue and sediment) or pg/L (water) to identify potential remedial goals for the site.
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Although invertivorous birds can be exposed to contaminants through dermal contact with
contaminated surface water or sediments and consumption of contaminated surface water or
incidental ingestion of sediment, the bulk of their exposure is due to consumption of
contaminated prey. This is particularly true for persistent and bioaccumulative COPCs (e.g.,
PCBs, DDT, mercury) that biomagnify in higher trophic levels of a food web. Therefore, it is
important to evaluate the effects of contaminated prey items on the survival, growth, and
reproduction of invertivorous birds.

The target ecological receptor for invertivorous birds is the spotted sandpiper. Spotted sandpiper
are a shorebird that use their beaks to probe into nearshore sediments or riparian zone soils (i.e.,
spotted sandpiper are sediment-probing invertivores) to capture and consume a variety of small
benthic macroinvertebrate species.

Risk Questions / Testable Hypotheses

To support the BERA, the assessment of the risks of environmental contaminants to
invertivorous birds should be designed to answer the following key risk questions:

e Does the ingested dose of contaminants received by invertivorous birds from
consumption of prey species captured in Portland Harbor, as well as the ingestion of
other media in Portland Harbor (e.g., sediment) exceed the toxicity reference values
(TRVs) for survival, growth, or reproduction of birds?°°

e Do contaminants in sediment, surface water or transition zone water’’ have the potential
to bioaccumulate in prey tissue to concentrations that pose unacceptable risks to
invertivorous birds?

Measurement Endpoints — Invertivorous Birds

One measurement endpoints with one line of evidence will be used to assess risks to
invertivorous birds.

e Invertivorous Bird Measurement Endpoint 1: Ingested dietary dose of contaminants
compared to dietary TRVs

The potential for adverse ecological risks to invertivorous birds will be evaluated using measured
or, if needed for one or more specific dietary components, modeled tissue chemistry data from
prey species, and foraging, home range, dietary composition and allometric information such as

%% per agreement with EPA, prey tissue and sediment concentrations were compared to receptor-specific acceptable
threshold tissue concentrations (TTCs) and threshold sediment concentrations (TSCs) back calculated using
receptor-specific exposure assumption, rather than comparing estimated ingested dietary doses to dietary dose
TRVs.

>7 Exposure to TZW was not evaluated for birds, per EPA Tables 1 and 6.
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body weight, food and water ingestion rates for the target ecological receptor bird species of
interest. Specifically, the ingested dose received by each target ecological receptor will be
estimated by multiplying species-specific food and water ingestion® rates (normalized to body
weight) by the concentrations of contaminants in benthic macroinvertebrates prey species.
During this evaluation, the tissue contaminant concentrations in prey species collected from the
Willamette River will be assumed to be similar to that for the other prey species consumed by
invertivorous birds, but which were not collected and chemically analyzed during the Portland
Harbor remedial investigation. Where appropriate, the estimated ingested doses of contaminant
estimates will also incorporate intake from media in addition to prey tissues (e.g., water,
incidental sediment ingestion).

Included among the information to be used to estimate ingested contaminant dose for
invertivorous birds is the measured contaminant concentrations in the oligochaete Lumbriculus
variegatus, as determined from laboratory 28-day bioaccumulation studies with Portland Harbor
sediments. The Lumbriculus data are the best available tissue residue information from the site
for small, soft bodied benthic macroinvertebrates that are the primary prey of invertivorous birds.
This is because of the failure, despite several sampling efforts, to obtain sufficient mass of small
bodied benthic macroinvertebrates from field sampling efforts to permit chemical analyses of
macroinvertebrate tissues.

During earlier stages of the BERA risk characterization, ingested doses will be estimated using
conservative inputs and assumptions (Table 6). The estimated ingested doses will then be
compared to appropriate toxicity reference values for the survival, growth, and reproduction of
birds. Invertivorous birds receiving ingested doses of one or more COPCs equal to or in excess
of one or more ingested dose TRVs will be considered to be potentially at risk (i.e., a hazard
quotient > 1, where the exposure estimate and TRVs are in units of milligrams of contaminant
ingested per kilogram of receptor body weight per day (mg/kg/day) instead of the media
concentration units such as mg/kg or ng/L used for most other risk estimates in the BERA). The
exposure data (e.g., invertebrate data, sediment contaminant concentrations, etc.) used to develop
the exposure and ingested dose estimates will be done at a number of locations within Portland
Harbor, with the size of the exposure areas and the number of locations dependent upon species-
specific considerations such as foraging range. Risks will be evaluated on the basis of exposure
spatial scale(s) specified in Table 6.

For the locations and COPCs for which ingested contaminant doses exceed their respective
TRVs, additional exposure, effect and risk characterization analyses will be undertaken to better
understand the nature and severity of the ecological risks posed. In these additional analyses, the
conservative inputs in the initial exposure models will be replaced by distributions of the
available data. The distributions will represent our understanding of variation of each input
parameter (e.g., body weight, dietary composition, food ingestion rates, in addition to the spatial
variability of prey tissue concentrations over the foraging range of the target ecological

%% As stated in the Exposure Assessment for Wildlife section of this document: “Although other exposure pathways
are considered complete (e.g., surface water ingestion), these pathways are considered insignificant or of unknown
significance and will not be quantitatively evaluated in the BERA”.
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receptors). For the risk characterization in these additional analyses, dose-response relationships
will be used instead of point estimates of TRVs such as NOAELs and LOAELSs, where possible.
The resulting exposure and effects distributions should be integrated to produce risk curves that
show the relationship between ingested contaminant doses and the probability or magnitude of
adverse ecological effects.

If unacceptable ecological risks are found for invertivorous birds at the conclusion of the risk
characterization phase of the BERA from their ingested dietary dose of contaminants, it may
become necessary to convert the ingested dose risk estimates to media concentrations in units of
mg/kg (prey tissue and sediment) or pg/L (water) to identify potential remedial goals for the site.

ASSESSMENT ENDPOINT 13 — SURVIVAL, GROWTH, AND REPRODUCTION OF
AQUATIC-DEPENDENT MAMMALS

There are several aquatic-dependent mammals that occur at the Portland Harbor site, including
river otter, mink and raccoon. These species play important roles in the aquatic food web by
processing energy from benthic invertebrates (e.g., bivalves and crayfish) and fish. Aquatic-
dependent mammals can be classified based on their feeding habits into two main feeding guilds:
omnivorous mammals and piscivorous mammals. As the measurement endpoints for aquatic-
dependent mammals at Portland Harbor are the same for both omnivorous and piscivorous
mammals, we have combined the two feeding guilds into a single mammalian assessment
endpoint for the Portland Harbor BERA.

Although mammals can be exposed to environmental contaminants through dermal contact with
contaminated surface water or sediments and consumption of contaminated surface water, the
bulk of their exposure is associated with the consumption of contaminated prey items (i.e., food
web transfer). This is especially true for persistent and bioaccumulative COPCs. Therefore, it is
important to evaluate the effects of contaminated prey items on the survival, growth, and
reproduction of mammals.

The target ecological receptors for aquatic-dependent mammals are the river otter and mink.
These two target ecological receptors consume a larger proportion of aquatic species in their diet
than do other mammalian species present at the site such as raccoon.

DO NOT QUOTE OR CITE
This document is currently under review by US EPA and its federal, state, and
tribal partners, and is subject to change in whole or in part.

42



Portland Harbor RI/FS

LWG Draft Remedial Investigation Report
Baseline Ecological Risk Assessment
August 19, 2009

DRAFT

Lower Willamette Group

Risk Questions / Testable Hypotheses

To support the BERA, the assessment of the risks of environmental contaminants to aquatic-
dependent mammals should be designed to answer several key risk questions:

e Does the ingested dose of contaminants received by aquatic-dependent mammals from
consumption of prey species captured in Portland Harbor, as well as the ingestion of
other media in Portland Harbor (e.g., sediment) exceed the toxicity reference values
(TRVs) for survival, growth, or reproduction of mammals™?

e Do contaminants in sediment, surface water or transition zone® water have the potential
to bioaccumulate in aquatic plant, zooplankton, benthic macroinvertebrate and fish tissue
to concentrations that pose unacceptable risks to aquatic-dependent mammals?

Measurement Endpoints — Aquatic-Dependent Mammals

One measurement endpoints with one line of evidence will be used to assess risks to aquatic-
dependent mammals.

e Aquatic-Dependent Mammal Measurement Endpoint 1: Ingested dietary dose of
contaminants compared to dietary TRVs

The potential for adverse ecological risks to aquatic-dependent mammals will be evaluated using
measured or, if needed for one or more specific dietary components, modeled tissue chemistry
data from prey species, and foraging, home range, dietary composition and allometric
information for the target ecological receptor mammal species of interest, which are mink and
river otter. Specifically, the ingested dose received by each target ecological receptor will be
estimated by multiplying species-specific food and water ingestion®' rates (normalized to body
weight) by the concentrations of contaminants in prey species such as benthic macroinvertebrates
and fish. During this evaluation, the tissue contaminant concentrations in prey species collected
from the Willamette River will be assumed to be similar to that for the other prey species
consumed by aquatic-dependent mammals, but which were not collected and chemically
analyzed during the Portland Harbor remedial investigation. Where appropriate, the estimated
ingested doses of contaminant estimates will also incorporate intake from media in addition to
prey tissues (e.g., water, incidental sediment ingestion).

At this stage of the risk characterization, ingested doses will be estimated using conservative
inputs and assumptions (Table 7). The estimated ingested doses will then be compared to

% Per agreement with EPA, prey tissue and sediment concentrations were compared to receptor-specific acceptable
threshold tissue concentrations (TTCs) and threshold sediment concentrations (TSCs) back calculated using
receptor-specific exposure assumption, rather than comparing estimated ingested dietary doses to dietary dose
TRVs.

5 Exposure to TZW was not evaluated for mammals, per EPA Tables 1 and 7.

81 As stated in the Exposure Assessment for Wildlife section of this document: “Although other exposure pathways
are considered complete (e.g., surface water ingestion), these pathways are considered insignificant or of unknown
significance and will not be quantitatively evaluated in the BERA”.
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appropriate toxicity reference values for the survival, growth, and reproduction of mammals.
Aquatic-dependent mammals receiving ingested doses of one or more COPCs equal to or in excess
of one or more ingested dose TRVs will be considered to be potentially at risk (i.e., a hazard
quotient > 1, where the exposure estimate and TRVs are in units of milligrams of contaminant
ingested per kilogram of receptor body weight per day (mg/kg/day) instead of the media
concentration units such as mg/kg or ng/L used for most other risk estimates in the BERA). The
exposure data (e.g., fish tissue data, sediment contaminant concentrations, etc.) used to develop
the exposure and ingested dose estimates will be done at a number of locations within Portland
Harbor, with the size of the exposure areas and the number of locations dependent upon species-
specific considerations such as foraging range. Risks will be evaluated on the basis of exposure
spatial scale(s) specified in Table 7.

For the locations and COPCs for which ingested contaminant doses exceed their respective
TRVs, additional exposure, effect and risk characterization analyses will be undertaken to better
understand the nature and severity of the ecological risks posed. In these additional analyses, the
conservative inputs in the initial exposure models will be replaced by distributions of the
available data. The distributions will represent our understanding of variation of each input
parameter (e.g., body weight, dietary composition, food ingestion rates, in addition to the spatial
variability of prey tissue concentrations over the foraging range of the target ecological
receptors). For the risk characterization in these additional analyses, dose-response relationships
will be used instead of point estimates of TRVs such as NOAELs and LOAELSs, where possible.
The resulting exposure and effects distributions should be integrated to produce risk curves that
show the relationship between ingested contaminant doses and the probability or magnitude of
adverse ecological effects.

Several of the mammalian prey species (e.g., carp, smallmouth bass) have high resolution
dioxin/furan and/or PCB congener data available. For samples where such information is
available, dioxin-like contaminant risks from ingestion of contaminants bioaccumulated in prey
species will be estimated using both toxic equivalency factors (TEFs) for the individual dioxin,
furan and PCB congeners, as well as total TEQs.

BERA ANALYSIS PLAN

A BERA analysis plan should describe the specific approaches and methods for conducting the
risk calculations used to evaluate the risk questions and assessment endpoints (USEPA 1997,
2004). For the Portland Harbor site, a preliminary analysis plan was developed for the
programmatic work plan (LWG 2004b, ¢), and these methods were used (along with additional
discussions between EPA and LWG during 2006) to prepare the risk evaluation in the Round 2
Report. For the Portland Harbor BERA, a revised analysis plan needs to be prepared that
incorporates the following recommendations based on EPA’s review of the Round 2 Report®.

62 Details on the analytical approaches used to evaluate risks to each ecological receptor group are provided in the
effects and exposure sections of Sections 6.0 through 10.0.
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EXPOSURE ASSESSMENT

The CSM (Figure 1) illustrates the routes of exposure through which ecological receptors may be
exposed to site chemicals. All exposure pathways are classified as to whether they are complete
and, for complete exposure pathways, the significance of the exposure pathway is assessed. The
exposure assessment, summarized in Tables 3 through 7, describes how exposure to site
chemicals should be estimated in order to support the assessment and measurement endpoints
outlined in the previous sections. The proposed approach for conducting the exposure
assessment for each receptor class is further summarized in the following sections.

Exposure Assessment for Invertebrates

Media to which benthic invertebrates are exposed that will be quantitatively evaluated in the
BERA include sediment, transition zone water and surface water. In addition, invertebrate tissue
itself will be evaluated in the BERA. Due to the small home range of invertebrates, the risk to
invertebrates will be evaluated on a sample by sample basis. The exposure parameters and EPA
recommendations for estimating exposure to invertebrates are presented in Table 3.

Exposure Assessment for Fish

Media to which fish are exposed include sediment, transition water, surface water and prey

items. The degree to which exposure to the various media occurs is dependent on the category of
the fish receptor. For example, invertivores are exposed to sediment to a greater degree than are
piscivores. The exposure assessment for fish are summarized in Table 4 and in the following
sections on a media by media basis.

Exposure assessment for surface water for invertivorous, omnivorous, piscivorous and
detrivorous fish

Characterization of surface water as an exposure media can be difficult do to the large variability
in concentration related to river and source characteristics both spatially and temporally. In
addition, the home range of several fish species occur in localized areas of the site. Therefore,
each surface water sample concentration regardless of the spatial scale of the sample (grab,
spatially integrated) and analysis type (filter versus water) from different locations in Portland
Harbor will be compared to the appropriate water toxicity reference value for the evaluation of
both acute and chronic effects to fish.

Exposure assessment for transition zone water from Portland Harbor sediments to detritivorous
and invertivorous fish

Exposure to transition zone water for sculpin and lamprey will be considered on a sample by
sample basis. The appropriate exposure concentration is direct exposure to this media, not a
diluted concentration. Benthic fish such as sculpin and particularly lamprey come into direct
contact or live directly within this media. Therefore, the appropriate exposure concentration is
an undiluted direct concentration, absent dilutions achieved by lowered ventilation rates. Deeper
transition zone water below 30 cm should also be considered as potential exposure media,
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reflecting uncertainty in the measurements aimed at characterizing the transition zone media
directly®.

Exposure assessment for whole body tissues of field-collected and predicted tissue residue
concentrations of invertivorous, omnivorous, piscivorous and detrivorous fish

Tissue residue concentrations are available for several fish species present in Portland Harbor
including juvenile Chinook, sculpin, smallmouth bass, largescale sucker, northern pikeminnow,
peamouth chub, brown bullhead, carp, black crappie, and sturgeon. However, the numbers and
types of samples available vary between species. Tissue residue concentrations available for
representatives of different feeding guilds should all be compared to appropriate toxicity
reference values for the protection of growth, survival and reproduction of fish. Two types of
data exist for this evaluation: empirically measured tissue concentrations and predicted tissue
concentrations. For both types of tissue concentration data, each composite should be evaluated
individually to protect localized population effects independent of fish home range. In addition,
there is some uncertainty that the sampling program, which used composites of several
individuals, adequately captured the range of concentrations in fish populations. The composites
likely represent a mean concentration over the area for which the samples were taken instead the
full range of potential concentrations, including the maximally exposed individuals of the
population. The lack of individual fish tissue concentrations with which to complete a
population level risk assessment should be evaluated in the uncertainty section. Composite
samples should be evaluated statistically to extract information regarding the underlying
population to assist in this evaluation®.

For sculpin and smallmouth bass, predicted concentrations based on relationships between
sediment and tissue should be developed. Localized sediment concentrations should be used to
predict sculpin and bass concentrations in areas where tissue data do not exist. Relationships
should be developed relevant to specific sources or areas of the site. Attempts to derive site-
wide relationships may be unattainable for some contaminant / receptor pairs due to differences
in source characteristics and bioavailability. However, this should not preclude the development
of area specific BSAFs where applicable.

Empirically measured tissue, including estimates of the full range of exposure from composite
data, and predicted tissue residue concentrations for sculpin and smallmouth bass will represent
the exposure point concentrations that will then be compared to the appropriate toxicity reference
value for the protection of survival, growth, and reproduction of fish populations.

Exposure assessment for the evaluation of metabolized PAHs and regulated metals via the
dietary pathway for the protection of invertivorous and omnivorous fish

53 Per agreement with EPA, TZW data evaluated in the BERA was limited to shallow (0-38 cm) TZW, as any
contact with TZW by ecological receptors would be limited to the surface biologically active zone, which is limited
to the upper 10 to 20 cm of the shallow TZW.

5 Per agreement with EPA, no statistical evaluation was conducted to “extract information regarding the underlying
population”.
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Metabolized PAHs and regulated metals pose a challenging problem in an assessment designed
to characterize exposure of these compounds to fish. For these compounds, tissue residue
concentrations in fish tissue likely do not represent true exposure, since they may be rapidly
metabolized within the fish or in the case of metals they may be regulated as a part of the
organism’s regulation of nutritional elements. In the absence of stronger lines of evidence where
exposure is well represented by fish tissue analysis and comparison to tissue-based TRVs, other
measures of exposure are needed to complete the risk assessment for exposure. To fill this gap,
estimated dietary doses of PAHs and metals for fish that consume invertebrate prey will be
compared to dose based toxicity reference values in the BERA.

The general equation for estimating the contaminant ingestion rate of an ecological receptor
whose dietary exposure pathway is being assessed is given in Equation 1:

i=1 } .
IR eary = BW x SUF Equation 1

[Csediment X IRsediment] + |:FIRXi(CI X pi )

Where:
IR gietary = Ingestion rate (or ingested daily dose) of a COPC, normalized to the body
weight of the receptor of interest, mg/kg body weight/day)
Cisediment = COPC concentration in sediment, mg/kg
IRediment = ingestion rate of sediment, kg/kg body Weight/day65
FIR = food ingestion rate, kg/kg body weight/day®
C; = COPC concentration in tissues of the i prey species, mg/kg
pi = proportion of the i prey species in the diet of the target ecological receptor
BW = body weight of the target ecological receptor, kg
SUF = seasonal use factor of the site, proportion of a year between 0 and 1

Food ingestion rates of fish, whose metabolic rate, and thus food ingestion, varies with water
temperature, will be estimated using Equation 2, which is the same as Equation 4-3 of Appendix
G of LWG’s Round 2 Report. Food ingestion rates for fish will be calculated at both the mean
annual water temperature in the Willamette River (13.4°C), and at a high end water temperature,
set at 16.2°C.

FIR;, = (0.022 x BW %) x (000T) Equation 2
Where:
FIRgsn = food ingestion rate for target ecological receptor fish species, mg/kg body
weight/day

BW = body weight of target ecological receptor fish species, kg

55 Units on this parameter are incorrectly stated in this equation; units should be stated as kg/d.
5 Units on this parameter are incorrectly stated in this equation; units should be stated as kg/d.
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T = water temperature, °Celsius

The estimation of dietary dose for fish should be represented by the potential prey items in an
omnivorous or insectivorous fish diet. Invertebrate prey items for which tissue residue
concentrations are available include field and laboratory exposed Corbicula (clam), laboratory
exposed Lumbriculus (oligochaete), field exposed crayfish and field exposed multiplate
colonized invertebrate communities. These species are representative of likely body burdens in
other invertebrate prey items consumed by fish that are not represented in the sampling program
and for which site specific data are not available. For example, Corbicula clam and crayfish may
represent other epibenthic filter feeders, crustaceans or invertebrates that are a part of the benthic
community, and Lumbriculus represent accumulation in other infaunal organisms such as
chironomids and other oligochaetes.

For juvenile Chinook salmon, dietary exposures should be estimated using empirical stomach
contents data were possible, and/or invertebrate tissue concentrations based on a menu proposed
in Table 4. For sculpin and smallmouth bass, the preferred approach to quantifying the exposure
of metabolized PAHs and metals is to compare dietary tissue concentrations to an acceptable
tissue concentration in prey (ATCy.y), which represents the allowable concentration in prey that
would result in an acceptable dietary dose®’. ATC,y should be estimated according to
equation 3:

TRV,
ATC, . =-— 2 Equation 3°°

ey = I Rdietary
BW
Where:

ATC,y = acceptable tissue concentration in prey species of a target ecological receptor,
mg/kg

TR Viewary = dietary toxicity reference value, mg/kg/day

IRgietary = ingestion rate (or ingested daily dose) of a COPC, normalized to the body
weight of the receptor of interest, mg/kg body weight/day®

BW = body weight of the target ecological receptor, kg

This ATC,y approach represents a simplification of the more “forward” dietary menu approach
from the Round 2 Report. However, the available fish ingestion parameters and spatial scale
definitions are better suited for use in the ATC,.y approach because they more directly reflect the
certainty we have in the dietary fish model. Refinement of uncertain parameters in the “forward”
calculation using specific dietary compositions, which will likely change over the season, falsely

%7 Per agreement with EPA, the ATC method was used for all dietary COPCs and receptors. ATCs were called
threshold tissue concentrations (TTCs) and threshold sediment concentrations (TSCs) in the BERA.

% In the BERA, ATCs were defined as TTCs (threshold tissue concentrations). A site use factor was also accounted
for in the BERA.

59 Units on this parameter are incorrectly stated in this equation; units for this parameter in the BERA are defined as
kg/d.
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imply that we have more certainty in risk estimates for individual fish species than currently
exist.

The application of an ATC,y should be compared to each invertebrate sample listed above as
prey items for fish, particularly sculpin and smallmouth bass. The field tissue data for clams and
crayfish should be evaluated over a spatial scale that correspond to the small home ranges of
sculpin and smallmouth bass. Similarly, sediment samples collected to estimate exposure to
Corbicula and Lumbriculus in the laboratory may be used to assess small home range fish.
While this analysis is to be conducted over the scale relevant to sculpin and smallmouth bass, the
assessment may also provide information about protection of larger home range omnivorous and
insectivorous fish such as largescale sucker, carp, black crappie and sturgeon which would likely
feed in multiple areas. Specific input parameters for the assessment are presented in Table 4.
For additional details on using the ATC approach, see the Risk Characterization section of this
Problem Formulation.

For fish species other than sculpin and smallmouth bass, dietary menu-based exposure
calculations should also be conducted for comparison against dietary TRVs. As a second step,
dietary menus should be varied probabilistically to provide an additional layer of risk and
sensitivity analysis, and to refine risk in specific areas. Specifics for conducting this probabilistic
evaluate should be discussed with EPA to ensure that the components of this analysis, including
the prey menu, use of data, and distributions are acceptable.

Exposure Assessment for Amphibians and Reptiles

Media to which amphibians and reptiles are exposed that will be quantitatively evaluated in the
BERA are limited to surface water and transition zone water. Although other exposure pathways
are considered complete and significant (e.g., biota ingestion) there is insufficient information
available to evaluate these pathways quantitatively.”’

Exposure Assessment for Wildlife

Media to which wildlife (birds and mammals) are exposed that will be quantitatively evaluated in
the BERA include sediment and prey. Although other exposure pathways are considered
complete (e.g., surface water ingestion), these pathways are considered insignificant or of
unknown significance and will not be quantitatively evaluated in the BERA. Daily dietary doses
should be estimated according to equation 1”'. The exposure parameters and EPA
recommendations for estimating exposure to birds and mammals are presented in Tables 6
(birds) and 7 (mammals).

Exposure Assessment for Birds

7 Per e-mail communication between John Toll and Burt Shepard on June 25, 2008 (see Attachment 1 for
communication record) this sentence was deleted because it refers to an exposure scenario (i.e., the dietary pathway
exposure scenario) that was not evaluated in the BERA.

! Per agreement with EPA, the ATC method (Equation 3) was used for all dietary COPCs and receptors. ATCs
were called threshold tissue concentrations (TTCs) and threshold sediment concentrations (TSCs) in the BERA.
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Bird species that will be quantitatively evaluated in the BERA include spotted sandpiper, hooded
merganser, osprey and bald eagle. In addition, kingfisher will be evaluated in the uncertainty
section of the BERA to ensure that the evaluation of larger piscivores (osprey and bald eagle) are
protective of kingfisher.

Spotted Sandpiper: The spotted sandpiper represents birds that primarily consume benthic
invertebrates. Spotted sandpiper exposure to sediment will be evaluated through an assessment
of 28 beach areas throughout the site. Exposure to beach areas will be estimated on an individual
beach area basis and a site-wide beach area basis. The exposure point concentration for
individual beaches should be based on the maximum beach sediment concentration due to the
small amount of sediment data available for each beach area. The site-wide exposure point
concentration should be based on the 95% UCL of the mean for all beach areas’>. Exposure to
beach sediment should be assessed using a sediment ingestion rate of 0.00148 kg dw/day. In
addition to an evaluation of exposure to beach sediment, exposure to prey should assessed using
field clams (Corbicula) and laboratory worms (Lumbriculus) collected near actual beaches
identified for evaluation. In areas where prey data are not available, site specific BSAFs and
beach sediment data should be used to estimate prey concentrations. The components of the diet
should also be evaluated probabilistically”” using percentages of laboratory clams, field clams
and laboratory worms. A site use factor (SUF) of 1 should be used to evaluate risk because
spotted sandpipers are present year round and breed within Portland Harbor.

Hooded Merganser: The hooded merganser represents birds that primarily consume benthic
invertebrates and fish. Hooded merganser will be evaluated through an assessment of sediment
and prey ingestion. For sediment, an ingestion rate of 0.0011 kg dw/day should be used. The
95% UCL of surface sediment data collected throughout the Portland Harbor study area at depths
less than 20 feet should be used to estimate an exposure point concentration. In addition to the
evaluation of exposure to surface sediments, exposure to prey should assessed. The evaluation
of prey should follow the same approach described for fish above. An acceptable tissue
concentration (ATCrerganser)for prey for the protection of the hooded merganser should be
calculated using a food ingestion rate of 0.2 kg ww/day (allometric; 85% moisture), an
appropriate dietary TRV and a hazard index of one. ATCrerganser Should be compared within 1-
mile segments (progressing as ' mile increments’ ) to identify prey items that exceed

ATC nerganser for each of the following prey items: smallmouth bass, sculpin, peamouth, clams
and crayfish. In addition, the aforementioned 5 prey items should be varied probabilistically to
identify the components associated with the greatest risk within each one mile segment
(progressing as 2 mile increments).

Osprey: Osprey represent birds that feed primarily on fish. Osprey will be evaluated through an
evaluation of sediment and prey ingestion. In addition, osprey will be evaluated by predicting

72 Per Table 6, a site-wide exposure point concentration was not evaluated for spotted sandpiper.

3 Dietary assumptions (i.e., prey portions) were varied based on prey portions reported in the literature and based
on the contribution of each prey item to risk estimates to refine exposure estimates during Risk Characterization.
This analysis was conducted instead of a formal probabilistic risk assessment.

™ Prey tissue concentrations were evaluated on a non-overlapping scale at 1-mile increments for merganser.
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bird egg concentrations and comparing the predicted value to an appropriate TRV. A site-use
factor of 1 should be used for osprey. A foraging core of 1 mile during the breeding season
should also be used. For sediment ingestion, the BERA will use an ingestion rate of 0.00205 kg
dw/day (74% moisture). The 95% UCL of surface sediment data collected throughout the
Portland Harbor study area at depths less than 20 feet should be used to estimate an exposure
point concentration. The evaluation of prey should follow the approach for fish and merganser
described above. An acceptable tissue concentration (ATC) should be calculated using a prey
ingestion rate of 0.54 kg ww/day respectively, an appropriate dietary TRV and a hazard index of
one. ATCs should be compared within 1-mile segments (progressing as % mile increments)” to
identify prey items that exceed ATCs for each of the following prey items: bullhead,
smallmouth bass, largescale sucker, northern pikeminnow and carp. In addition, the
aforementioned 5 prey items should be varied probabilistically to identify the components
associated with the greatest risk within each one mile segment (progressing as 2 mile
increments). For eggs, a two step process should be utilized in which acceptable tissue
concentrations in fish prey for the protection of osprey eggs is developed and evaluated as
described above.

Bald Eagle: Bald eagle represent birds that feed primarily on fish. Bald eagle will be evaluated
through an evaluation of sediment and prey ingestion. In addition, bald eagle will be evaluated
by predicting bird egg concentrations and comparing the predicted value to an appropriate TRV.
A site-use factor of 1 should be used for bald eagle. A foraging core of 1 mile during the
breeding season should also be used. For sediment ingestion, the BERA will use an ingestion
rate of 0.00281 kg dw/day (74% moisture). The 95% UCL of surface sediment data collected
throughout the Portland Harbor study area at depths less than 20 feet should be used to estimate
an exposure point concentration. The evaluation of prey should follow the approach for fish and
merganser described above. An acceptable tissue concentration (ATC) should be calculated
using prey ingestion rates for 0.395 kg ww/day’®, an appropriate dietary TRV and a hazard index
of one. ATCs should be compared within 1-mile segments (progressing as % mile increments)’’
to identify prey items that exceed ATCs for each of the following prey items: carp, largescale
sucker, peamouth and northern pikeminnow. In addition, the aforementioned 4 prey items
should be varied probabilistically to identify the components associated with the greatest risk
within each one mile segment (progressing as 2 mile increments). For eggs, a two step process
should be utilized in which acceptable tissue concentrations in fish prey for the protection of bald
eagle eggs is developed and evaluated as described above.

Kingfisher: Kingfisher should be evaluated in the uncertainty assessment to ensure that the
evaluation of osprey and bald eagle described above are protective of kingfisher. Exposure
assumptions and parameters for kingfisher are similar to that for bald eagle and osprey and are
presented in Table 6.

Exposure Assessment for Mammals

> Prey tissue concentrations were evaluated on a non-overlapping scale at 1-mile increments for osprey
76 Per Table 2, a prey ingestion rate of 0.54 kg ww/day was used for bald eagles.
77 Prey tissue concentrations were evaluated on a non-overlapping scale at 1-mile increments for eagle
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Mammals that will be evaluated in the BERA include mink and otter (Table 7). Exposure
pathways that will be evaluated include sediment and prey ingestion. Other complete exposure
pathways identified in the CSM are either considered insignificant or of unknown significance
and will not be quantitatively evaluated in the BERA.

Mink and otter are considered carnivorous mammals that consume a wide range of prey. For the
purposes of the BERA, mink and otter are considered to consume only aquatic prey such as fish
and invertebrates such as crayfish. Because of the uncertainty surrounding the dietary menu for
mink and otter, the menu should be varied probabilistically.

Mink: A site-use factor of 1 should be used for mink. For sediment ingestion, the BERA will
use an ingestion rate equivalent to 9.4% of diet. A total prey ingestion rate of 0.156 kg ww/ day
should be utilized. A home range of 1 mile should be utilized to better represent breeding range
and core foraging area for female mink based on reports from Eagle and Whitman (1987).
Sediment concentrations should be estimated within each 1-mile segment based on the 95% UCL
of the mean. Only surface sediment data collected at depths less than 20 feet should be used to
estimate an exposure point concentration. Prey items should be varied probabilistically in diet to
identify components associated with greatest risk within 1-mile segments (progressed as 1/2-mile
increments)”® in the harbor (use only those samples collected within the 1-mile segments). The
dietary menu should include sculpin, smallmouth bass, crayfish, carp and largescale sucker.
Other fish may be considered if tissue samples are available within a given 1-mile segment.

Otter: A site-use factor of 1 should be used for otter. For sediment ingestion, the BERA will use
an ingestion rate equivalent to 2% of diet. A total prey ingestion rate of 0.759 kg ww/ day
should be utilized. A home range of 3 miles should be used to better represent breeding range
and core foraging area for female otter based on Reid et al. (1994). Sediment concentrations
should be estimated within each 3-mile segment based on the 95% UCL of the mean. Only
surface sediment data collected at depths less than 20 feet should be used to estimate an exposure
point concentration. EPCs should be evaluated within 3 mile segments (progressed as 1.5-mile
increments)”. Prey items should be varied probabilistically in diet to identify components
associated with greatest risk within 3-mile segments (progressed as 1.5-mile increments). The
dietary menu should include crayfish, smallmouth bass, largescale sucker, carp, crappie, sculpin,
and crayfish.

EFFECTS ASSESSMENT

The effects assessment for the Portland Harbor BERA will consist of two general approaches.
For most ecological receptors, the effects assessment will use chemical- and media-specific
toxicity reference values (TRVs) for COPCs at the site. These TRVs provide reasonably
conservative estimates of chemical concentrations that, if not exceeded, should protect ecological
receptors from unacceptable adverse effects on survival, growth, or reproduction (i.e., the
assessment endpoint for most receptor groups). A second approach will more directly evaluate

78 Prey tissue concentrations were evaluated on a non-overlapping scale at 1-mile increments for mink
7 Prey tissue concentrations were evaluated on a non-overlapping scale at 3-mile increments for otter
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the effects of Portland Harbor COPCs on the survival, growth, and reproduction of the benthic
community by directly measuring or predicting, based on sediment chemistry results, the toxicity
of benthic invertebrates exposed to sediments. Based on a review of the Round 2 Report, EPA
provides the following recommendations for conducting the effects assessment portion of BERA.

Toxicity Reference Values (TRVS)

Provisional TRVs for Portland Harbor were initially developed and revised in a 2004 technical
memorandum (LWG 2004a); additional discussions with EPA led to the use of revised
provisional TRVs (for exposure pathways other than water) in the Preliminary Risk Evaluation
(PRE) (LWG 2005). Further direction on TRVs was provided to LWG in EPA’s comments on
the PRE, and in discussions throughout 2006 in preparation for the Round 2 Report (including
TRVs for exposure to water). For the most part, EPA direction on the provisional TRVs was
followed in the Round 2 Report for the screening-level risk evaluations (in the attachments to
Appendix G of the Round 2 Report; for exceptions, see the EPA updated SLERA).

For the BERA, some TRVs will need to be revisited to ensure that all are appropriately, yet not
overly, conservative. LWG has provided some initial recommendations for revised TRVs in
Attachment G5 to Appendix G of the Round 2 Report, some of which were used in the main risk
evaluation (i.e., not screening-level). EPA is in the process of reviewing the TRVs used in the
Round 2 Report, and will subsequently provide direction for TRVs to be used in the BERA™.

Toxicity to Benthic Invertebrates

For the benthic community, the effects of COPCs on survival, growth, and reproduction will also
be evaluated directly using the toxicity of Portland Harbor sediments to benthic invertebrates.
This Assessment Endpoint for the BERA will be evaluated both empirically and using two sets
of predictive/interpretive models (LWG 2006a, 2007). Additional details regarding use and
interpretation of the both the empirical and predicted toxicity data are provided in the discussion
of Assessment Endpoint #2 earlier in this document, and in the Risk Characterization section
below.

RISK CHARACTERIZATION

Risk characterization is Step 7 of the EPA (1997) eight-step ecological risk assessment process.
During risk characterization, information on contaminant exposure and effects is integrated to
estimate risks to the assessment endpoints developed during problem formulation. A weight of
evidence approach is used to interpret the implications of results from the various investigations,
studies, sampling and monitoring activities, and toxicity tests on the assessment endpoints. A
description of risks is developed that provides information needed to interpret the risk estimates,
including identification of thresholds for adverse effects on assessment endpoints. Adverse

% The approach for developing selected fish and benthic invertebrate tissue toxicity reference values (TRVs) for use
in the BERA was prepared by EPA and applied by LWG. Dietary, water, and sediment TRVs provided by EPA in
an April 2008 TRV memo were used in the BERA.
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effect thresholds are defined as a range of concentrations for each identified contaminant of
concern between concentrations identified as posing no or acceptable levels of ecological risk,
and the lowest contaminant concentrations identified as likely to pose adverse ecological risks.
Uncertainties associated with the risk estimates are also described.

In addition to presenting quantitative descriptions of ecological risks and threshold
concentrations for adverse ecological effects, the risk characterization must also present
information on the significance of the identified risks, including:

e The location and spatial extent of site contamination exceeding adverse effect thresholds
e The magnitude of or degree to which adverse effect thresholds are exceeded

The adverse effects threshold range is perhaps the most important portion of the risk
characterization from a management perspective. This range will be used by remedial project
managers in Step 8 (risk management) of the eight-step ecological risk assessment process, in
conjunction with other factors, in their determination of whether or not to clean up to within that
range. In other words, the adverse effect threshold range often becomes the range from which
project managers select numeric cleanup goals for site contaminants.

Given the variety of measurement endpoints and lines of evidence evaluated in this BERA,
several different risk estimation methods are required. No one risk estimation method is
applicable to all lines of evidence. The risk estimation methods to be used with each line of
evidence in this BERA are described in the remainder of this section.

Hazard Quotients

Most of the risk estimates in the BERA will be made using deterministic analysis procedures,
quantified as hazard quotients (HQs). A hazard quotient is a comparison of an estimated
exposure concentration (EEC, also called an exposure point concentration or EPC in the LWG’s
Round 2 report) to a toxicity reference value (TRV). Hazard quotients can also be comparisons
of ingested dietary doses of contaminants to a dietary toxicity reference value, or comparisons of
measured COPC concentrations in prey of target ecological receptors to acceptable tissue
concentrations in prey species. Risks to receptors from dietary toxicity will be discussed in more
detail in the next section, as the ingested dose estimation procedures for the dietary pathway are
more complex than are comparisons of media-specific EPCs (e.g. COPC concentrations in water
or sediment) to media-based TRVs. The calculation of hazard quotients is presented in Equation
4:

. . IR,
HQ = EEConegun O EPConeion or dety  or —— Equation 4

TRV, TRV ATC

dietary prey

medium

Where:
HQ = hazard quotient (dimensionless)
EECnedium = estimated exposure concentration for a specific medium (e.g. water,
sediment, tissue), units specific to medium
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EPCiedium = €xposure point concentration for a specific medium (e.g. water, sediment,
tissue), units specific to medium

TRV edgium = toxicity reference value for a specific COPC in a specific medium (e.g.
water, sediment, tissue), or for a specific assessment endpoint or group of
assessment endpoints (e.g. bivalves, fish), units specific to medium, but the same
as EECmedium or EPCmedium

IR gietary = Ingestion rate (or ingested daily dose) of a COPC, normalized to the body
weight of the receptor of interest, mg/kg body weight/day)

TR Vicwary = toxicity reference value for a specific COPC in the diet of a receptor of
interest, normalized to the body weight of the receptor, mg/kg body weight/day)

C; = COPC concentration in tissues of the i"" prey species, mg/kg

ATC,y = acceptable tissue concentration in prey species as calculated by Equation 3,
mg/kg

Deterministic risks to ecological receptors for which exposure media or tissues are assessed will
be calculated as hazard quotients using Equation 4. EECs and EPCs for use in hazard quotient
calculations will be calculated using the procedures described in the exposure analysis section of
this analysis plan, while the TRV to be used will be taken from the toxicity analysis section of
this analysis plan. COPCs for which the HQ > 1.0 will be identified as chemicals of concern
(COCs) in the BERA®'.

Within the Portland Harbor BERA, most measurement endpoints and hazard quotients are
designed to assess ecological risks to the population or, in some cases (e.g. benthic
macroinvertebrates) the community level of biological organization. Such risks are commonly
estimated using LOEC or LOAEL toxicity reference values®. Risks to three of the target
ecological receptors in the Portland Harbor BERA (bald eagle, juvenile Chinook salmon, and
Pacific lamprey ammocoetes) must be calculated at the individual organism level of biological
organization. This is because these three receptors are either threatened or endangered species
(Chinook salmon and, until recently, bald eagle), protected under other laws (bald eagles are
federally protected under both the Bald Eagle Act and the Migratory Bird Treaty Act) or of
particular cultural significance (all three species). Ecological risks at the individual organism

level are generally estimated using NOEC or NOAEL toxicity reference values®.

The lines of evidence within assessment endpoints for which hazard quotients will be calculated
from COPC concentrations in environmental media and medium-specific TRVs are as follows:

*! In the BERA, COCs were identified as those COPCs in any media with exposure point concentrations (EPCs)
based on relevant exposure parameters that were greater than their respective media-specific TRV.

%2 The uncertainties associated with using LOAELS (based on organism-level effects) to extrapolate risks to receptor
group populations and communities are discussed in the risk characterization and risk conclusions sections of the
BERA.

%3 The uncertainties associated with using no-effect threshold to evaluate special-status species are discussed in the
risk characterization and risk conclusions sections of the BERA.
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Bulk sediment COPC concentrations®*:
0 Benthic macroinvertebrates
0 Bivalves
0 Decapods

EPCs defined as per the exposure assessment for each assessment endpoint, which, for
the above three assessment endpoints, requires sample by sample risks to be calculated
for each surficial sediment sample.

Surface water COPC concentrations®:
O Agquatic plants
Benthic macroinvertebrates
Bivalves
Decapods
Invertivorous fish
Omnivorous fish
Piscivorous fish
Detritivorous fish
O Amphibians
EPCs defined as per the exposure assessment for each assessment endpoint, which, for
the above assessment endpoints, requires sample by sample risks to be calculated for each
surface water sample.

O O0OO0OO0OO0OO0Oo

Transition zone water COPC concentrations®:
0 Aquatic plants

Benthic macroinvertebrates

Bivalves

Decapods

Invertivorous fish

Detritivorous fish

Amphibians

O 0000 Oo

EPCs defined as per the exposure assessment for each assessment endpoint, which, for
the above assessment endpoints, requires sample by sample risks to be calculated for each
transition zone water sample.

Tissue COPC concentrations:

% No bivalve or decapods-specific SQVs are available; therefore HQs are calculated to assess risks to the benthic
community as a whole.

% Surface water HQs were calculated for aquatic plants, amphibians, benthic invertebrates (representing all
community members) and fish (representing all trophic guilds).

8 TZW HQs were calculated for aquatic plants, amphibians, benthic invertebrates (representing all community
members), sculpin and lamprey ammocoetes.
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0 Benthic macroinvertebrates (including Lumbriculus from 28-day laboratory
bioaccumulation tests®’)

Bivalves (including both field collected bivalves and Corbicula from 28-day
laboratory bioaccumulation tests®®)

Decapods (field collected)

Invertivorous fish (sculpin, peamouth, juvenile Chinook salmon)
Omnivorous fish (carp, largescale sucker, white sturgeon)

Piscivorous fish (field collected northern pikeminnow and smallmouth bass)
Detritivorous fish (field collected lamprey ammocoetes)

Piscivorous bird eggs (osprey eggs, bald eagle eggs)

@]

O 0000 Oo

EPCs defined as per the exposure assessment for each assessment endpoint, which, for
the above assessment endpoints, requires composite sample by composite sample risks to
be calculated for each invertebrate and fish sample, and on an individual egg basis for the
piscivorous bird eggs.

Acceptable Tissue Residue (ATC) Approach

Ecological risk estimation from dietary ingestion of contaminants is often calculated using an
ingestion rate approach. However, the units of the ingestion rate and TRVs, mg/kg/day, can be
difficult to relate back to site or tissue concentrations of contaminants, which are reported in
units of mg/kg. In order to facilitate comparison of measured prey concentrations of COPCs to
ingested prey contaminant concentrations which, if exceeded, pose unacceptable ecological risks,
dietary risks to selected receptors and COPCs in the BERA initially will be calculated on an
acceptable tissue concentration (ATC) in prey basis using Equation 3 as the initial risk estimation
procedure.

TRV,
ATC = Jeav Equation 3%

Prev = I Rdietary
BW
Where:

ATC,, = acceptable tissue concentration in prey species of a target ecological receptor,
mg/kg

TRV gietary = dietary toxicity reference value, mg/kg/day

IR gietary = Ingestion rate (or ingested daily dose) of a COPC, normalized to the body
weight of the receptor of interest, mg/kg body weight/day”’

BW = body weight of the target ecological receptor, kg

¥7 Laboratory-exposed worm tissues were adjusted to represent steady-state conditions.

% Laboratory-exposed clam tissues were adjusted to represent steady-state conditions.

% In the BERA, ATCs were defined as TTCs (threshold tissue concentrations). A site use factor was also accounted
for in the BERA.

% Units on this parameter are incorrectly stated in this equation; units for this parameter in the BERA are defined as
kg/d.
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The ATC approach uses two simplifying assumptions relative to the dietary ingestion rate: 1)
that a predator ingests 100% of its diet as a single prey species (e.g., an osprey diet consists of
100% smallmouth bass, and no other species); and 2) media concentrations of COPCs in water
and sediment do not appreciably contribute to risks from dietary exposure pathways. As such, it
is a more conservative approach than the more complex dietary ingestion rate estimate. The
ATC approach allows risks from ingestion of contaminated prey to first be calculated assuming
the diet of a target ecological receptor consists of 100% of the prey species with the highest
tissue concentrations of each COPC.

The ATC approach will only be applied to the COPCs and target ecological receptors identified
below”':

COPCs to which the ATC approach will be applied:
e Metals
e PAHs

The rationale for using the ATC approach with metals and PAHs was previously given in the
exposure assessment section of the BERA analysis plan.

Target ecological receptors to which the ATC approach will be applied:
e Sculpin
¢ Smallmouth bass
¢ Hooded merganser
e Osprey
e Bald eagle

All remaining measurement endpoints, COPCs, and target ecological receptors for which dietary
ingestion risks are to be calculated will be evaluated using the risk estimation approach described
in Equations 1 and 4. EPA believes that use of the ATC approach where applicable will focus
the BERA on COPCs and measurement endpoints for which dietary exposure to COPCs has high
potential to pose unacceptable ecological risks.

The ATC approach should utilize the highest measured or modeled prey tissue COPC
concentration of any of the prey species consumed by the target ecological receptor. The dietary
composition of the various target ecological receptors is presented in the exposure assessment
portion of this BERA analysis plan.

The ATC approach has two primary advantages during risk estimation. First, we can assume
that any COPCs for which the ATC based hazard quotient is less than one can be dropped from
further evaluation in the BERA. This is because the worst case exposure estimate from dietary
ingestion of COPC contaminated prey does not rise to the level of posing unacceptable
ecological risks via the dietary pathway. The second advantage is that since both ATCs of
COPCs and prey concentrations of COPCs are expressed in units of mg/kg, comparison of ATC

! Per agreement with EPA, the ATC method (Equation 3) was used for all dietary COPCs and receptors. ATCs
were called threshold tissue concentrations (TTCs) and threshold sediment concentrations (TSCs) in the BERA.
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values to measured site data is much more readily explained to and understood by readers of the
BERA, and more directly applicable to development of preliminary remedial goals than are risks
expressed in terms of ingested dose (i.e. mg/kg/day).

Deterministic risks to ecological receptors for which the dietary pathway is assessed are
calculated as hazard quotients using Equation 4. COPCs for which the HQ > 1.0 will be
identified as chemicals of concern (COCs) in the BERA®?. Depending on the measurement
endpoint, target ecological receptor of interest for a given evaluation, and/or whether both the
ATCyrey and IRgicary approaches are used to quantify risks, the EPC and TRV for dietary risks
will be either both in units of mg/kg/day, or both in units of mg/kg for those receptors and
measurement endpoints where dietary risks are assessed.

Probabilistic Risk Characterization®

A more detailed risk estimation approach may be required to better understand risks for those
dietary scenarios for which deterministic hazard quotients exceed one. The purpose of
probabilistic risk assessment is to comprehensively characterize not only the central tendency
estimate or a conservatively-biased estimate of risk, but the entire statistical range and
distribution of the variables used to derive EPCs and/or TRVs, as well as their impact on risk
estimates. This includes the “tail risks” associated with relatively rare but serious extreme events
such as a large number of animals ingesting very large doses of a contaminant. Probabilistic risk
assessment is more comprehensive and informative than the approach used in the SLERA,
refined screen, or deterministic hazard quotient assessments because a probabilistic risk
assessment can make use of virtually all relevant empirical exposure and toxicity data. Exposure
parameter ranges and statistical distributions to be used in the probabilistic risk assessment will
be discussed at a later date with the LWG, although an initial attempt at recommendations to
identify issues and approaches is presented in the next paragraph.

Unless theoretical or empirical knowledge dictate otherwise, input distributions for use in
probabilistic risk assessments will be assigned as follows: lognormal distributions for variables
that are right skewed with a lower bound of zero and no upper bound (e.g., tissue
concentrations); beta distributions for variables bounded by zero and one (e.g., proportion of a
prey item in the diet); normal distributions for variables that are symmetric and not bounded by
an upper limit (e.g., body weight); and point estimates for minor variables or variables without
information on their distribution. For some input variables, however, it is likely to be difficult to
precisely specify the distribution parameters because of limited data availability (e.g., dietary
composition of target ecological receptors). In these cases, bounds can be specified that
incorporate all possible values for the variable (e.g. triangular distribution).

%2 In the BERA, COCs were identified as those COPCs in any media with exposure point concentrations (EPCs)
based on relevant exposure parameters that were greater than their respective media-specific TRV.

93 Dietary assumptions (i.e., prey portions) were varied based on prey portions reported in the literature and based
on the contribution of each prey item to risk estimates to refine exposure estimates during risk characterization. This
analysis was conducted instead of a formal probabilistic risk assessment.
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Risk Estimation for Dioxin and Chemicals with Dioxin-Like Toxicity

Certain polychlorinated dibenzo-p-dioxins and other chemicals, primarily certain polychlorinated
dibenzofuran and PCB congeners, elicit their toxicity through a ubiquitous biochemical receptor
system in vertebrates (the aryl hydrocarbon or Ah receptor) that has a high affinity for binding
with certain dioxin, furan and PCB congeners. While it is believed that selected dioxin, furan
and PCB compounds have a similar mechanism of toxicity, not all have equal toxicological
potency. The most toxic and best-studied dioxin is 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-
TCDD). Other dioxin, furan and PCB compounds have been assigned relative potency or
toxicity values compared to the toxicity of 2,3,7,8-TCDD, which is believed to be the most
toxicologically potent of the dioxin-like compounds. These relative potency or toxicity values
are called toxicity equivalence factors (TEFs). The 2,3,7,8-TCDD dioxin congener is assigned a
TEF of 1, with all other dioxin-like dioxin, furan and PCB congeners assigned TEF values less
than 1. Chemicals which elicit toxicity via binding with the Ah receptor are assumed to have the
same mechanism of toxic action, and that toxicity follows the principles of concentration
addition.

The toxicity of each dioxin-like component of environmental mixtures must be accounted for in
estimating the overall dioxin-like toxicity of the mixture. Ecological risks from dioxin-like
compounds will be calculated using the following three-step procedure. First, measurements of
the concentration of each individual dioxin-like compound in tissues are made. Second, the
measured concentration of each compound is multiplied by its corresponding TEF to produce a
TCDD toxicity equivalent (TEQ) concentration. In the third step, the TEQ concentrations for
each measured dioxin, furan and PCB compound are added together with the TEQs for each of
the other compounds detected to determine the total TCDD TEQ concentration in the sample.
The total TCDD TEQ concentration represents the amount of 2,3,7,8-TCDD, by itself, that it
would take to equal the combined toxic effect of the mixture. This 2,3,7,8-TCDD toxicity
equivalent can then be compared to the appropriate 2,3,7,8-TCDD toxicity reference value using
the normal hazard quotient approach to estimate ecological risks from the mixture of compounds
eliciting dioxin-like toxicity.

Dioxin TEQ calculations will only be performed on tissue and dietary lines of evidence, where
measured tissue concentrations are compared to tissue-based TRVs. Dioxin TEQs will not be
calculated for chemicals in sediment or water. Sources of dioxin, furan and PCB toxic
equivalence factors (TEFs) for fish and birds are from van den Berg et al. (1998). While the van
den Berg et al. (1998) study also contains mammalian TEFs, an updated list of mammalian TEFs
to be used in the BERA is presented in Haws et al. (2006).

Estimation of Risks Using Sediment Toxicity Test Results and Predictive Models

Estimation of Risks Using Sediment Toxicity Test Results

Bulk sediment toxicity tests will be used to evaluate contaminant impacts on survival and growth
of benthic macroinvertebrates. Toxicity data are available for two species from designed toxicity
tests, 28-day tests with the amphipod Hyalella azteca and 10-day tests with the midge
Chironomus dilutus (formerly C. tentans). Mortality and growth were measured for both
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species, with toxicity test results placed into one of four categories, as defined in Table 2: no
effect levels, minor effect levels, moderate effect levels, or severe effect levels®. In order for
effects to be considered significant, the test organism response must also be statistically
significantly different from the negative control response at the p < 0.05 level.

Additionally, some survival and/or growth data are available from the two 28-day
bioaccumulation studies performed with sediment dwelling organisms: the oligochaete
Lumbriculus variegatus and the Asiatic clam Corbicula fluminea. Although the two
bioaccumulation tests were not designed as toxicity tests, the available information on survival
and growth of these two organisms®” during the bioaccumulation studies can also be statistically
evaluated using the same analyses and metrics used to assess the Hyalella and Chironomus
toxicity test results (Table 2).

LWG has questioned the utility of the Hyalella growth endpoint for characterization of
ecological risks, in part because, as they correctly note, growth in some samples with elevated
contaminant concentrations was greater than growth in laboratory negative control sediments.
This pattern, the opposite of what is expected of growth when contaminant concentrations are
elevated, complicates the interpretation of the toxicity tests, and is inconsistent with the dose-
response relationship expected from toxicants.

EPA acknowledges that because the growth endpoint is not independent of survival, looking at
growth, expressed as the mean individual organism dry weight in each toxicity test exposure
chamber, by itself can be misleading. An inverse relationship between the number of survivors
and mean organism dry weight can indicate that food is a limiting factor in a toxicity test. The
interaction between number of surviving organisms, individual organism dry weight and food
availability can be a confounding factor when attempting to interpret the results of toxicity tests
with growth as the endpoint.

A number of toxicity testing experts (e.g. Dave Mount EPA, Chris Ingersoll USGS, Don
MacDonald MESL, Todd Bridges, USACE) currently recommend using a biomass endpoint,
defined as the total dry weight of surviving organisms in each replicate exposure chamber, as a
way to minimize the potential for confounding factors to complicate the interpretation of toxicity
tests with growth endpoints. Using biomass as the measurement endpoint in a “growth” test
integrates growth and survival endpoints for the Hyalella 28-day and Chironomus 10-d tests into
a single response variable. Additional details regarding the use of biomass as the measurement
endpoint in sediment toxicity tests can be found in Mattson et al. (2008) and Call et al. (1999).
In the BERA, LWG will utilize biomass, defined as above (i.e. as the total dry weight of
surviving organisms in each replicate toxicity test chamber) as an additional measurement
endpoint in the Hyalella 28-day and Chironomus 10-day toxicity tests currently evaluated with

% The effect thresholds were revised to identify a low and high risk threshold, which resulted in three categories of
effects: less than the low risk, greater than the high risk and between low and high risk (MacDonald Environmental
and Landrum 2008).

% Assessment of survival and growth was only performed for Corbicula because the initial number of Lumbriculus
added to a test chamber is unknown (only initial total weight is known) and the overall growth is usually negative
(biomass at the end of the test is less than at the initiation of the test).
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growth as an endpoint, to evaluate potential risks to benthic macroinvertebrates. If the available
data permit, biomass must also be assessed from the results of the 28-day bioaccumulation tests
with Lumbriculus and Corbicula.

Logistic Regression Model

The logistic regression models that have been developed to describe the concentration-response
relationships between sediment chemistry and sediment toxicity (e.g., Field et al. 2002) will be
used to estimate the probability of observing sediment toxicity in sediment samples that have
been collected from Portland Harbor using sediment chemistry data from locations without
empirical sediment toxicity data. This information can then be used directly to estimate risks to
the benthic invertebrate community throughout the harbor. Logistic regression models estimate
the probability of toxicity (Prya.x) from bulk sediment chemistry. A Pry,y value less than 0.4 is
considered a no effect level, 0.4 < Prpy,x < 0.6 (for one chemical) is considered a minor effect
level, 0.4 < Pryax < 0.6 (for two or more chemicals) is considered a moderate effect level, while
Pruax > 0.6 is considered a severe effect level.”®

Floating Percentile Model®”

The floating percentile model (FPM) is a relatively new method for development of sediment
quality guidelines (SQGs). Its primary benefit is that it analyzes the distributions of field
collected sediment chemistry and toxicity data to optimize SQG reliability. The optimization
approach attempts to minimize both false negative (i.e. the sediment chemical SQGs predicts no
adverse effect when one or more toxicity tests demonstrate adverse effects) and false positive
(i.e. the sediment chemical SQGs predict an adverse effect in samples where the toxicity tests
demonstrate no adverse effects) predictions from the chemical SQGs. The objective of the FPM
is to reduce mathematical error in existing SQG derivation approaches by using an iterative
optimization technique that does not rely on setting SQGs at a fixed percentile (e.g. 10%) of rank
ordered sediment concentrations eliciting toxicity to benthic invertebrates.

Sediment toxicity test data are usually evaluated by criteria such as those defined in Table 2 of
this BERA analysis plan, where toxicity in a sample exceeding a defined criteria is defined as a
“hit”, whereas samples where toxicity is absent or below a defined criteria are described as “no-
hit” samples. Many sediment quality guideline development approaches define the SQG as a set
percentile of the rank ordered sediment chemical concentrations associated with toxicity test hits,
regardless of the number of false positive determinations such a SQG would make when applied
to data sets not used in the original derivation of the SQGs. Some SQG derivation methods have
attempted to circumvent this predictive accuracy problem by developing two separate SQG

% The effect thresholds were revised to identify a low and high risk threshold, which resulted in three categories of
effects: less than the low risk, greater than the high risk and between low and high risk (MacDonald Environmental
and Landrum 2008).

7 The FPM implemented in the BERA incorporated recent changes and automation of some model steps per RSET
(2008). Thresholds and “hit” criteria were revised to reflect the reference envelope approach recommended by
MacDonald and Landrum (2008).
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values: one at a low sediment contaminant concentration associated with toxicity (e.g. ER-L or
TEC guidelines), and a second, higher sediment contaminant concentration above which toxicity
is more often than not observed (e.g. ER-M or PEC guidelines). These two tiered approaches to
SQG derivation result in pairs of SQGs where, if the measured COPC concentration is lower
than the lower of the pair of SQGs for a given chemical, toxicity is unlikely to occur, while
toxicity is likely if the COPC concentration exceeds the higher of the pair of SQGs for that
chemical. What this paired SQG approach leaves is a concentration range between the two SQG
values where it is often problematic to determine whether measured sediment COPC
concentrations are associated with toxicity to benthic invertebrates. This is because the
concentration range between the two SQG values has resulted in both hits and no-hits in the
toxicity dataset used to derive the SQGs, without consideration for the proportion of false
negative and false positive predictions of the SQGs.

Unlike other SQG derivation approaches, the FPM does not require the SQGs for all chemicals
to be based on the same percentile of the hit or no-hit distribution. The FPM concurrently
minimizes both false positive and false negative errors, because the FPM primarily eliminates
toxicity prediction errors associated with the use of fixed percentiles to define SQGs.

EPA’s objective for evaluating benthic invertebrate risks and estimation of SQGs using the
floating percentile model is to maintain a low, but defined potential for false negative predictions
of sediment toxicity to benthic invertebrates (i.e. a false negative is saying a sample is non-toxic
when in fact it is toxic). This is slightly different than the use of the FPM in the LWG’s Benthic
Interpretive Report, for which the basic concept was selection of an optimal percentile of the data
set that provides a low false negative rate, then adjust individual chemical concentrations upward
until false positive rates are decreased to their lowest possible level while retaining the same low
false negative rate. LWG defined a series of false negative rates in the Benthic Interpretive
Report, starting at 5% and increasing the allowable false negative rate in 5% increments, up to
the highest false negative rate evaluated, which was 25%.

A constant percentile of the distribution of sediment chemical concentrations that results in a low
false negative rate is initially selected for all chemicals. The difference between this constant
percentile and the lower end of the sediment concentration range associated with toxicity for
each chemical is the source of most of the false positive errors. The next step is to determine
which chemicals are associated with false positive errors in the data set and adjust those
concentrations upward until the lower ends of their toxicity ranges are reached. Above this
concentration, false negatives will begin to increase. This procedure is repeated for each
chemical.

Once each chemical has been individually adjusted upward to the lower end of its toxicity range,
the false positive rate will have been significantly reduced while the same low false negative rate
is retained. Most chemicals should be at or near their actual toxicity range, rather than at a level
arbitrarily assigned by a fixed percentile. In this manner, optimized site-specific SQGs can be
developed for a number of different target false negative rates, allowing the trade-offs between
false negatives and false positives to be evaluated and a final set of SQGs to be selected.
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Previous applications of the floating percentile model at Portland Harbor are presented in the
greatest detail in the LWG’s March 17, 2006 Interpretive Report: Estimating Risks to Benthic
Organisms Using Predictive Models Based on Sediment Toxicity Tests (hereinafter referred to as
the Benthic Interpretive Report). The specific approach used in the LWG’s 2006 Benthic
Interpretive Report was as follows:

Step 1. Data Query — The project database was queried to retrieve all of the chemistry and
toxicity data for stations at which toxicity tests were conducted.

Step 2. Chemical Screening — Analytes were screened out, as described in Section 2.2.2, based
on the number of detected values, non-toxicity, and summation rules.

Step 3. Bioassay Statistical Analysis — The toxicity results for each station were assigned a
hit/no-hit status for each of the six endpoints (four individual and two pooled by species) and
three effects levels.

Step 4. Creation of Hit and No-Hit Distributions — The chemistry data for each analyte were
then divided into hit and no-hit distributions and ranked in order of increasing concentration for
each of the distributions.

Step 5. Development of Analyte Lists — Analytes were evaluated using an analysis of variance
(ANOVA) comparison of their hit and no-hit distributions to determine whether they were
associated with toxicity. Analytes were retained for model development for each endpoint if they
were associated with toxicity at two or three of the effects levels. Those chemicals for which the
concentrations associated with bioassay hits versus no-hits could not be statistical distinguished
were assigned values equivalent to AETs by the model.

Step 6. Selection of Optimal Chemical Concentrations — Automated floating percentile
macros and hand-optimization steps were used to identify chemical concentrations for each
endpoint and effects level in order to minimize prediction errors.

Some of the concerns previously expressed by EPA regarding the use of the floating percentile
model were the methods used to eliminate some chemical from consideration for inclusion in
FPM runs. This includes the elimination of some crustal elements, the exclusion of which from
risk characterization is incompatible with EPA risk assessment policy; methods used for pooling
groups of chemicals such as PAHs, and questions from LWG regarding the utility of the Hyalella
azteca growth endpoint from Portland Harbor toxicity tests in the FPM runs.

As is the case with risk characterization efforts with the empirical toxicity data from the site and
the logistic regression model, both of which are described earlier in this BERA analysis plan,
EPA requires LWG to use a biomass endpoint with the floating percentile model runs. Biomass
is defined as the total dry weight of organisms in each replicate exposure chamber. This is a way
to minimize the potential for confounding factors to complicate the interpretation of toxicity tests
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with growth endpoints. Using biomass as the measurement endpoint in a “growth” test
integrates growth and survival endpoints for the Hyalella 28-day and Chironomus 10-d tests into
a single response variable. Additional details regarding the use of biomass as the measurement
endpoint in sediment toxicity tests can be found in Mattson et al. (2008) and Call et al. (1999).

As per previous discussions between EPA and LWG, additional methods of pooling various
chemicals may also be applied to the floating percentile model in an effort to better identify
chemicals in sediment associated with toxicity, and to improve the toxicity prediction accuracy
of the model. One such approach previously discussed between EPA and LWG is the
assignment of individual PAH compounds to larger groups of chemicals, such as pyrogenic or
petrogenic PAH groups. Discussion of approaches to evaluate total petroleum hydrocarbon
(TPH) fraction risks are also worthy of further evaluation, as diesel range and residual range
organics were shown by the earlier FPM runs to be associated with all observed site-specific
toxic effects except for Hyalella growth. The definition of this and other approaches to be
applied to the model will require further discussion between LWG and EPA.

Although their intent was not to improve the predictive accuracy of either the floating percentile
or logistic regression models, surficial sediment chemistry and benthic biota toxicity test results
(i.e. Hyalella azteca and Chironomus dilutus) obtained during Round 3 sampling at Portland
Harbor will also be incorporated into the sediment toxicity predictive models as developed and
run during risk characterization. To the extent possible, the list of chemicals evaluated in both
the floating percentile and logistic regression models should be reconciled. Chemicals with little
or no predictive value in the models have little or no influence on model predictions for the
remaining chemicals, and their inclusion in both models would eliminate a source of concern
regarding selective inclusion or exclusion of certain chemicals during model runs.

Risk Characterization Framework for Benthic Toxicity Tests and Sediment Toxicity Predictive
Models

Unlike nearly all other lines of evidence in this BERA, empirical sediment toxicity tests, the
logistic regression model and floating percentile model do not quantify risks utilizing a hazard
quotient approach. The logistic regression model is a concentration-response model that
estimates a probability of toxicity associated with a given sediment chemical concentration. The
floating percentile model estimates chemical sediment quality guidelines with a defined false
negative error rate and minimized false positive error rate for predicting toxicity. Empirical
sediment toxicity tests, of course, directly measure the survival and/or growth of benthic
invertebrates exposed to site sediments. Reconciling the at times contradictory predictions and
measurements from these approaches into a useable risk estimate for benthic invertebrates
requires a level of joint evaluation of the findings of these three lines of evidence. Part of this
approach is described in the weight of evidence evaluation section of this BERA analysis plan.
Additionally, the following evaluations will be performed as part of the risk characterization for
benthic invertebrates.
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Among the most useful portions of the Round 2 report for describing ecological risks to benthic
invertebrates from sediment COPCs were Figures 3-8 (Toxicity Test Results and FPM Prediction
of Benthic Toxicity), 3-9 (Toxicity Test Results and LRM Predictions of Benthic Toxicity) and
3-10 (Toxicity Test Results and Combined LRM and FPM Predictions of Benthic Toxicity) in
Appendix G of the Round 2 report. A fourth figure that overlays the predictions of the logistic
regression and floating percentile models for all surficial sediment samples of acceptable data
quality and having results for the chemicals evaluated in the models would also be a useful
presentation of data. Because of the large number of sediment chemistry samples, such a figure
may best be broken up into a series of figures by river mile.
In addition to illustrating the magnitude of risks, these figures also are useful in identifying areas
within the entire Portland Harbor site posing unacceptably high levels of risk to benthic
invertebrates. This type of risk characterization, which combines results from several lines of
evidence, would also be useful in defining areas of concern within the overall RI/FS.

A more quantitative method for combining the results of empirical toxicity test results, the
logistic regression and floating percentile models is the benthic risk mapping approach
developed by EPA and its partners, and sent to the LWG in EPA’s June 8, 2007 Round 3B data
gaps letter. This approach utilizes the predictive models and the sediment bioassay data together
to identify areas where benthic toxicity are likely. Data from the bioassays, and predictive
models should be scaled according to the following criteria:

Logistic Regression Model

Logistic prmax<0.4 [ prmax>=0.4 | prmax>=0.4 | prmax>=0.61 if count
Regression and and PrMax b> .61 >
Model prmax<0.6la prmax<061 1
and count
gt40>1
LRM 0 1 2 3 +1 to score
Floating Percentile Model
Floating Percentile Model g80max<l | g80max>=1 | g70max>=1 if count
and and q80max | ggomax > 1
g70max<1 >=1
FPM 0 2 3 +1 to score

For the sediment bioassay data, the control-adjusted response for growth & survival has been
scaled based on the following criteria:
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Sediment Bioassay Effects Level Effects Effects Level 2 Effects
0 Level 1 Level3
Hy28 ° 0 1 2 3
CH10 ° 0 1 2 3
ctrl-adj. response > 90% 80-90% 70-80% < 70%
Notes on scaling methodology
a For LRM, if more than one analyte per station has .41 < PrMax < .61 but # chemicals >
41 is > 1 then +1 is added to the score
b For LRM, if more than one analyte per station has a PrMax > .61 then +1 is added to the
score
c For FPM, if more than one analyte per station has a q80>1 then +1 is added to the score
d HY28 & CH10 are for control adjusted response (Growth and Survival endpoints)- the
most severe response for either test/endpoint was used

The highest score from these 3 indicators of benthic risk should be summarized and presented
spatially that allows identification of an integrated assessment of the likelihood of risk to the
benthic community based on all lines of evidence. The following designation of potential
benthic risk should be used:

Score Blank 0 1 2 3 4
Potential No Data Unlikely Low Medium High Very High
for Benthic
Toxicity

WEIGHT OF EVIDENCE FRAMEWORK %8

Each of the measurement endpoints in the BERA are supported by one or more “lines of
evidence” (LOE), in support of evaluating risk to each of the assessment endpoints (USEPA
1997). Each LOE will provide some indication of levels of ecological risk from exposure to
COPCs, but not all LOEs will have the same scientific reliability, nor have the same level of

% EPA recognized that the WOE framework, as proposed, would not account for differences in relative strength of
different LOEs (e.g., the proposed WOE framework does not allow differences in the quality of TRVs to lead to
different weights on the TRV LOE for different COPCs). Because of this limitation, this proposed WOE framework
was not used in the BERA. EPA (2009) has acknowledged the limitations of the WOE framework and, given the
absence of a workable framework, stated that WOE issues will be addressed through BERA review and FS scoping.
A qualitative WOE was applied in the BERA to arrive at risk conclusions.

EPA. 2009. EPA e-mail dated March 17, 2009 (Eric Blischke to Bob Wyatt, Lower Willamette Group) regarding
RI/FS agreement summary. Remedial Project Manager, US Environmental Protection Agency Region 10, Oregon
Operations Office, Portland, OR.
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relevance to the assessment endpoint. Therefore, “weight of evidence” (WOE) approaches are
needed to scientifically determine and document which LOEs have the highest level of both
scientific reliability and relevance to the assessment endpoints of the Portland Harbor BERA.

The LWG developed an initial WOE framework (LWG 2006b) that was to be based on the
Massachusetts Weight-of-Evidence Work Group (Menzie et al. 1996). In the LWG framework
report, LOEs were assigned high, medium, or low weights, and these weightings were used to
assign LOEs to “primary” or “secondary” LOEs. However, insufficient detail was provided to
determine how the Menzie et al. approach was being applied in assignment of these weightings,
nor was it discussed whether their underlying WOE approach was to be qualitative or
quantitative in nature. Therefore, in this section, EPA presents our interpretation of the Menzie et
al. WOE scheme and its proposed application in the Portland Harbor BERA.

EPA’s overall approach to developing a WOE framework for Portland Harbor was based in part
on the quantitative line of evidence (LOE) weighting scheme from Menzie et al. (1996), and on
an example application of a quantitative WOE scheme to the BERA for a sediment CERLCA
site in Calcasieu, LA (CDM 2002). As defined in the Menzie et al. (1996) paper (hereafter
referred to as the “Massachusetts WOE Approach”):

“The weight-of-evidence approach is the process by which measurement endpoints are
related to an assessment endpoint to evaluate whether a significant risk of harm is posed
to the environment. The approach is planned and initiated at the problem formulation
stage and results are integrated at the risk characterization stage.”

The Massachusetts WOE Approach and Calcasieu examples focus on providing an evaluation of
the scientific reliability or “weighting” of each measurement endpoint or LOE. Such an
evaluation can be used by itself to help identify which LOEs have the most scientific reliability
and, hence, are of most use in applying risk assessment results to making remedial decisions.
WOE approaches can also be used to integrate this information along with the magnitude of
response of each measurement for each chemical stressor and the concurrence among
measurement endpoints. For the Portland Harbor BERA, however, EPA developed a WOE
framework that, for the time being, only focuses on evaluating the scientific reliability or
“weighting” of each measurement endpoint or LOE. Our ultimate goal was to develop a method
to help identify and rank which LOEs for each receptor provide the most scientifically reliable
indication of the status of each assessment endpoint from exposure to COPCs at the site and,
hence, which might be most useful for making risk management decisions.

EPA’s WOE scheme was semi-quantitative and consisted of developing a relative overall
weighting “score” for each LOE based on a mathematical summary of LOE weighting with
respect to each of eight “attributes” organized into two general categories:

e (Category 1: Exposure assessment:

> Attribute 1 (A1): Site-specificity of the exposure assessment
> A2: Relevance of the exposure assessment (i.e., whether exposure data are empirical
or modeled)
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> A3: Quantity of exposure data
> A4: Quality of exposure data, and spatial scope/coverage

e (ategory 2: Effects assessment:

> AS: Site-specificity of effects assessment

> A6: Relevance of the effects assessment (i.e., whether effects data are empirical or
modeled)

> AT: Relevance of the effects assessment (i.e., the degree to which each receptor
species or group is represented by species tested to derive TRVs)

> AS8: General quantity and quality of effects data

Weighting Assignment Methods

For each LOE, scores of 1 (low weight), 3 (medium weight), or 5 (high weight) were assigned to
each attribute, based on considerations summarized in the WOE framework “key” for each group
of receptors (see first spreadsheet tab in the WOE Framework, submitted as a separate Excel
file). This “key” provides an explanation of what specific scientific considerations were used by
EPA to assign scores of 1, 3, or 5 to each attribute (see second spreadsheet tab in the WOE
Framework, submitted as a separate Excel file). Once complete for each LOE, attribute scores
were averaged within each of the two general categories, and then averaged again between both
categories to calculate the final WOE score for each LOE.

The final numeric WOE scores were then used to assign a single qualitative ranking (high,
medium, or low) to provide a more accessible and understandable summary of the relative
weighting assigned for each LOE by the quantitative scheme. This was done primarily because
any WOE scheme that uses numerical scores may appear to be quantitative, but a final numeric
score actually makes the weighting process appear to be more quantitative than it actually is.
This is because all of the numeric scoring is in fact a qualitative assignment of low, medium, or
high weighting based on best professional judgment. Furthermore, use of qualitative scores can
more easily facilitate the use of the WOE framework in communicating risk and in applying risk
assessment results during risk management.

In addition to assigning qualitative WOE ranks to each LOE, we also summarized the general
reasons behind each WOE assignment in the far right column of the WOE ranking table (see
second spreadsheet tab in the WOE Framework, submitted as a separate Excel file). This was
done to facilitate communication of the WOE results without necessarily requiring someone to
go through all eight numeric attribute scores to determine why one LOE might be more highly
weighted than another.

The ultimate intent of each LOE weighting (whether on the basis of the numeric or qualitative
score) was to provide and document our consensus evaluation of the relative scientific reliability
of each LOE within a particular group of receptors. More specifically, this reliability was
evaluated on the basis of the ability of each LOE to reliably indicate risk to that receptor, not
necessarily on the basis of how each LOE may or may not be ultimately used to derive
preliminary remediation goals for sediments.
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WOE Framework Application

In its current form, the WOE Framework should be applied to the results of the risk
characterization to provide an overall assessment of the strength of each measurement endpoint.
Risk characterization results should be summarized in a table and each line of evidence should
be identified as a high, medium or low weight. For receptors with multiple measurement
endpoints, this information may useful from the standpoint of assessing uncertainty and making
effective risk management decisions. Because this WOE Framework is focused on evaluating
and documenting the general scientific reliability of each LOE, it can be used to help resolve
potential inconsistencies in risk estimates among multiple LOEs for the same receptor.
Particularly in cases where risk estimates among multiple LOEs directly contradict one another,
the WOE Framework can help identify which risk estimates are the most scientifically reliable
and, hence, most likely to be a correct and meaningful assessment of risk for that receptor or
Assessment Endpoint.

In the Uncertainty Analysis, the WOE Framework can assist with documenting certain types of
uncertainty in the risk evaluation for each LOE. Because WOE scores identify specific attributes
for the both the exposure and effects assessments, uncertainties as articulated by the eight
attributes can be directly and transparently compared to help guide the Uncertainty Analysis.
Furthermore, exposure assessment scores could be particularly valuable for identifying critical
data gaps for the Feasibility Study by focusing data needs on media types that would have the
greatest potential for reducing uncertainties in determining whether a particular remedial action
will mitigate ecological risk.

The LWG Decision Framework (LWG 2006) also linked overall qualitative WOE categories to
rank or identify which LOEs would be used to derive risk-based Preliminary Remediation Goals
(PRGs). Because EPA's WOE Framework is focused specifically on scientific reliability and
relevance of each LOE to its corresponding Assessment Endpoint, additional steps may be
required to use the results of the WOE Framework to help select LOEs for PRG development.
These steps will be developed further as PRG development methods are refined.

UNCERTAINTY ANALYSIS

Ecological risk assessments inherently contain several types of uncertainty that need to be
understood and communicated to facilitate risk management decisions. Uncertainties can be
identified for all levels of the risk assessment process, including the problem formulation,
analysis, and risk characterization phases of the assessment (USEPA 1997). For Portland Harbor,
general methods for conducting the uncertainty analysis were outlined in the Programmatic
Work Plan and Comprehensive ERA Methods Technical Memorandum (LWG 2004b, 2004c¢).
These included:

e Incorporate various exposure and effects scenarios in the risk estimation process that
capture the range of uncertainties in assumptions.

e Express numeric risk calculations as point estimates with statistical measures of
uncertainty (e.g., confidence limits, percentiles).
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e Sensitivity analyses in which risk parameter values are iteratively varied to examine the
effect of variability in the parameter on the risk estimate (e.g., Monte Carlo, or
probabilistic risk analysis).

In the Round 2 Report, the uncertainty analysis in the ecological risk assessment was largely of
the first type, and was generally qualitative in nature. For each receptor group, uncertainties in
both the exposure and effects assessment were discussed and tabulated (e.g., Appendix G, Tables
4-58 through 4-63, for uncertainties in the fish receptor assessments). While these analyses
clearly helped identify uncertainties (and whether they are of low, moderate, or high impact),
they did not provide a quantitative estimate of uncertainty in any given risk calculation or
conclusion.

EPA recognizes that it is not possible or desirable to perform quantitative uncertainty analyses
for all receptors and exposure pathways because insufficient data may be available, or because a
quantitative analysis may not be required or desired for COPC-receptor pairs that are not likely
to demonstrate significant risk. However, for primary risk drivers and COPC-receptor pairings
that have sufficient data, some type of quantitative uncertainty analysis would be preferred. EPA
is currently evaluating specific approaches for conducting quantitative uncertainty analysis, and
we will work with the LWG to identify mutually acceptable methods prior to conducting the
BERA.
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Table 1. Assessment and Measurement Endpoints for the Portland Harbor Baseline Ecological Risk Assessment

Assessment Endpoint

Target Ecological Receptors

Measures of Effect and Exposure
(Measurement Endpoints)

Lines of Evidence in Support of ME

1. Plants

Survival, growth and reproduction of
aquatic plants

Phytoplankton, periphyton,
macrophytes

1. Water exposure contaminant concentrations
compared to AWQC or TRVs

Surface water concentrations compared to
literature-based values or AWQC to protect
sensitive life stage (e.g., germination, emergence,
early life stage growth)

Transition zone water concentrations compared to
literature-based values or AWQC to protect
sensitive life stage (e.g., germination, emergence,
early life stage growth)

2. Benthic macroinvertebrates

Survival, growth and reproduction of
benthic macroinvertebrates

Benthic macroinvertebrates (e.g.
amphipods, isopods, oligochaetes,
insects)

1. Sediment toxicity testing to empircally assess
adverse effects

Bulk sediment toxicity tests with Chironomus
dilutus, mortality and biomass endpoints. Bulk
sediment toxicity tests with Hyalella azteca,
mortality and biomass endpoints.

2. Interpretation of sediment toxicity tests using
predictive models

Concentration in sediment compared to levels
estimated by the empircally derived Portland
Harbor predictive models to exhibit effects.
Models should include pooled endpoints for both
species.

3. Water exposure contaminant concentrations
compared to AWQC or TRVs

Concentration in surface water relative to
reported AWQC or literature TRVs

Concentration in TZW relative to reported AWQC
or literature TRVs

4. Benthic macroinvetebrate tissue data (modeled,
laboratory-exposed or field-collected) compared to
tissue-based TRVs

Empirical (field-collected) whole body
concentration relative to tissue TRVs

Empirical (laboratory) whole body concentration
relative to tissue TRVs

Predicted (BSAF or FWM) whole body
concentration relative to tissue TRVs

Empirical (collected from Hester-Dendy multiplate
samplers) epibenthic invertebrate tissue residue
concentration relative to tissue TRVs

5. Bulk sediment contaminant concentrations
compared to sediment quality guidelines (SQGS)

Consensus Based SQGs (TECs / PECs, and
related quotients)

Mechanistic-based SQGs (Equilibrium
Partitioning)

Empirical SQGs (PELs / TELs, ERLs / ERMs,
AETSs, LRM, and related gquotients)




Assessment Endpoint

Target Ecological Receptors

Measures of Effect and Exposure
(Measurement Endpoints)

Lines of Evidence in Support of ME

3. Bivalves

Survival, growth and reproduction of
bivalves

Clams, mussels

1. Bivalve tissue contaminant data (modeled,
laboratory-exposed and field-collected) compared
to tissue-based TRVs

Empirical (field-collected) whole body
concentration relative to tissue TRVs

Empirical (laboratory) whole body concentration
relative to tissue TRVs

Predicted (BSAF or FWM) whole body
concentration relative to tissue TRVs. For TBT,
derive a site specific biota-sediment accumulation
factor or use screening value based on sediment
concentrations *

2. Sediment toxicity testing to empircally assess
adverse effects

Bulk sediment toxicity tests with Chironomus
dilutus, mortality and biomass endpoints. Bulk
sediment toxicity tests with Hyalella azteca,
mortality and biomass endpoints. Hyalella and
Chironomus results used as bivalve surrogates.
Some relevant Corbicula data may also be
available from laboratory bioccumulation studies.

3. Water exposure contaminant concentrations
compared to AWQC or TRVs

Concentration in surface water relative to
reported AWQC or literature TRVs

Concentration in TZW relative to reported AWQC
or literature TRVs

4. Bulk sediment contaminant concentrations
compared to sediment quality guidelines (SQGSs)

Consensus Based SQGs (TECs / PECs, and
related quotients)

Mechanistic-based SQGs (Equilibrium
Partitioning)

Empirical SQGs (PELs / TELs, ERLs / ERMs,
AETs, LRM, and related quotients)

4. Decapods

Survival, growth and reproduction of
decapods

Crayfish

1. Decapod tissue contaminant data (modeled or
field-collected) compared to tissue-based TRVs

Empirical whole body concentration relative to
tissue TRVs

Predicted (BSAF or FWM) whole body
concentration relative to tissue TRVs

2. Bulk sediment contaminant concentrations
compared to sediment quality guidelines (SQGS)

Consensus Based SQGs (TECs / PECs, and
related quotients)

Mechanistic-based SQGs (Equilibrium
Partitioning)

Empirical SQGs (PELs / TELs, ERLs / ERMs,
AETs, LRM, and related gquotients)

3. Water exposure contaminant concentrations
compared to AWQC or TRVs

Concentration in surface water relative to
reported AWQC or literature TRVs

Concentration in TZW relative to reported AWQC
or literature TRVs




Assessment Endpoint

Target Ecological Receptors

Measures of Effect and Exposure
(Measurement Endpoints)

Lines of Evidence in Support of ME

5. Invertivorous Fish

Survival, growth, and reproduction
of invertivorous fish (including
reproduction as a surrogate for
growth for juvenile chinooks)

Chinook salmon? *, peamouth,
sculpin®

1. Water exposure contaminant concentrations
compared to AWQC or TRVs

Concentration in surface water relative to
reported AWQC or literature values *

Concentration in transition zone water relative to
reported AWQC or literature values * (sculpin
only)

2. Fish tissue contaminant data (modeled or field-
collected) compared to tissue-based TRVs

Empirical whole body concentration relative to
tissue TRVs

Predicted (BSAF or FWM) whole body
concentration relative to tissue TRVs (sculpin
only)

3. Ingested dietary dose of contaminants compared
to dietary TRVs

Dietary Dose compared to dietary toxicity
reference values

Dietary Dose compared to dietary toxicity
reference values to also include stomach content
data or other approaches refined specifically for
PAH (Chinook salmon only).

6. Omnivorous Fish

Survival, growth and reproduction of
omnivorous fish

Carp> °, white sturgeon, largescale
sucker®>7

1. Water exposure contaminant concentrations
compared to AWQC or TRVs

Concentration in surface water relative to
reported AWQC or literature values

2. Fish tissue contaminant data (modeled or field-
collected) compared to tissue-based TRVs

Empirical whole body concentration relative to
tissue TRVs

Tissue-based TRV approach for dioxin-like
contaminants using literature values and
incorporating toxic equivalent (TEQs) based

on the World Health Organization toxic equivalent
factors (TEFs). Risk from other compounds
assessed in uncertainty analysis (chemical
specific, carp only).

3. Ingested dietary dose of contaminants compared
to dietary TRVs

Dietary Dose compared to dietary toxicity
reference values

4. Fish condition or incidence of lesions (primarily
for PAHSs)

Compare lesion incidence to areas of
contamination and/or lesion-based TRVs (if
relevant to receptor sps.)

7. Piscivorous Fish

Survival, growth and reproduction of
piscivorous fish

Northern pikeminnow, smallmouth
bass

1. Water exposure contaminant concentrations
compared to AWQC or TRVs

Concentration in surface water relative to
reported AWQC or literature values

2. Field-collected fish tissue contaminant data
compared to tissue-based TRVs

Empirical whole body concentration relative to
tissue TRVs

Predicted (BSAF or FWM) whole body
concentration relative to tissue TRVs (smallmouth
bass only)

3. Ingested dietary dose of contaminants compared
to dietary TRVs

Dietary Dose compared to dietary toxicity
reference values




Assessment Endpoint

Target Ecological Receptors

Measures of Effect and Exposure
(Measurement Endpoints)

Lines of Evidence in Support of ME

8. Detritivorous Fish

Survival and growth of detritivorous
fish

Pacific lamprey ammocoetes®

1. Water exposure contaminant concentrations
compared to AWQC or TRVs

Compare surface water concentrations to
literature-based or AWQC criteria for protection of

early life stages. *

Concentration in transition zone water relative to
reported AWQC or literature values 4

2. Fish tissue contaminant data (modeled or field-
collected) compared to tissue-based TRVs

Empirical whole body concentration relative to
tissue TRV or surrogate (to potentially include
most sensitive of all aquatic species, not just fish)

9. Amphibians

Survival, growth and reproduction of
amphibians

Frogs, salamanders

1. Water exposure contaminant concentrations
compared to AWQC or TRVs to protect sensitive
life stages

Surface water concentrations compared to
literature-based values or AWQC to protect
sensitive life stage.

Transistion zone water concentrations compared
to literature-based values or AWQC to protect
sensitive life stage.

10. Piscivorous Birds

Survival, growth and reproduction of
piscivorous birds

11. Omnivorous Birds

Osprey, Bald Eagle

1. Ingested dietary dose of contaminants compared
to dietary TRVs

Dietary-based approach incorporating food chain
transfer of contaminants from appropriate fish
species (assuming all exposure comes from prey
fish). Assess dioxin-like contaminants using a
TEQ approach based on appropriate surrogate
fish tissue data. Use TRVs based on the most
sensitive life stages.

2. Egg contaminant concentrations compared to
egg tissue TRVs

Predicted concentrations in field-collected eggs
(based on appropriate model) compared to egg or
embryo-based TRVs for DDT and metabolites,
PCBs, and dioxin-like compounds

Survival, growth and reproduction of
omnivorous birds

Hooded merganser

1. Ingested dietary dose of contaminants compared
to dietary TRVs

Dietary based TRV approach. Dietary based
analysis using sculpin and/or invertebrate tissue
data to represent feeding guild. In the absence of
appropriate fish and invertebrate tissue
concentrations, modeled concentrations will be
used. For dioxin like contaminants (carp or
appropriate prey species), use a TEQ-based
approach to assess reproductive effects.

12. Invertivorous Birds




Assessment Endpoint Target Ecological Receptors Measures of Effect and Exposure Lines of Evidence in Support of ME
(Measurement Endpoints)

Survival, growth and reproduction of |Spotted Sandpiper5 1. Ingested dietary dose of contaminants compared [Dietary based 'ﬁ?v approach. Sediment
invertivorous birds to dietary TRVs concentrations determined from site specific
evaluation. In the absence of appropriate
invertebrate tissue concentrations, use modeled
invertebrate tissue concentrations.

13. Aquatic-dependent Mammals

Survival, growth and reproduction of [Mink®, river otter 1. Ingested dietary dose of contaminants compared |Dietary based TRV approach, considering both
aquatic-dependent mammals to dietary TRVs relevant fish species concentrations and
invertebrate (crayfish) components of the diet.
For dioxin-like contaminants (carp or appropriate
prey species), use a TEQ-based approach to
assess reproductive effects.

Footnotes:
1F0r BT suggested screening value of 6,000 ng/g OC (based on 2 % OC), which represents a dry wt concencentration of 120 ng/g.
2 Considered representative of fish exposure to PAHs. Analysis should include an analysis of whether these compounds are found in the diet of the fish receptors, as well as if found in tissue analysis.

® Potential impacts on reproduction via this assessment endpoint for juvenile chinook salmon and Pacific lamprey ammocoetes linked to management objective of maintaining an open migration
corridor.

4 TZW exposure pathway for fish receptors only considered complete and significant for sculpin and lamprey ammocoetes. CSM also shows complete TZW exposure pathway to suckers, carp, and
sturgeon, but this pathway is considered insignificant.

® Considered representative of sediment ingestion.
®carp is not a receptor of concern for the ecological risk assessment.; whole-body fish tissue (I.e., carp) was analyzed for dioxin-like chemicals, including PCB congener analysis, and is a surrogate for
other fish species for these chemicals.

Y Represents a resident broadcast spawner. Therefore, exposure to sensitive early life stages and eggs will be assessed to all contaminants, including PAHs and dioxin like compounds.

8 Mink was selected to also represent river otter. Therefore, the dietary requirements of the river otter, which include a fish diet, must be assessed.



Table 2: Biological effect levels for sediment toxicity test results, in terms of response relative to negative control sediment

Test

No effect level

Minor effect level

Moderate effect level

Severe effect level

Hyalella azteca
28-day mortality

Survival 2 0.9

0.9 > survival 2 0.8

0.8 > survival 2 0.7

Survival < 0.7

Hyalella azteca
28-day growth

Growth 2 0.9

0.9 > growth 2 0.8

0.8 > growth 2 0.7

Growth < 0.7

Chironomus tentans
10-day mortality

Survival 2 0.9

0.9 > survival 2 0.8

0.8 > survival 2 0.7

Survival < 0.7

Chironomus tentans
10-day growth

Growth 2 0.9

0.9 > growth 2 0.8

0.8 > growth 2 0.7

Growth < 0.7




Table 3. Exposure Assessment for Invertebrates

Lines of
Evidence

Receptors of Concern

Exposure Parameters

Round 2 Report Exposure Parameters

Round 2 Report Methodological
Issues

EPA Recommendation

Tissue Residue

Clam Localized Populations (as well as
filter feeding benthic community
representative)

Field Clam Tissue Residue Concentrations

Used the maximum detected in clam
compared to a TRV for identification of
Round 2 COPC:s; further analysis used a
site-wide mean value.

Do not use a mean or UCL for clam
exposure to assess the risk to clams
themselves.

Identify exceedances of TRVs on a sample by
sample basis. Field clams present long enough
to have reached equilibrium with the sediment.

Predicted Clam Field Clam Tissue
Residue Concentrations

Didn't evaluate predicted tissue
concentrations for bioaccumulative
chemicals. Instead just used field clams;
only evaluated BSAF for non-
bioaccumulative chemicals.

Did not explore BSAF analysis for
bioaccumulative chemicals.

Develop BSAFs for clams for all contaminants,
including bioaccumulative organics. Apply
BSAFs to sediment samples collected at the site
where representative clam samples are
unavailable. Compare predicted tissue
concentrations against TRVs for protection of
clams.

Laboratory Clam Tissue Residue
Concentrations

Used the maximum detected in clam
compared to a TRV for definition of Round
2 COPC:s; further analysis used a site-
wide mean value for comparison to a TRV.

Did not evaluate.

Clam tissue residues may not have reached
equilibrium for high K,,, contaminants. Apply
correction factor using EPA/USACE Upland
Testing Manual methodologies. Compare
corrected tissue residue values with TRVs on a
sample by sample basis.

Predicted Clam Laboratory Clam Tissue
Residue Concentrations

Didn't evaluate predicted tissue
concentrations for bioaccumulative
chemicals. Instead just used field clams;
only evaluated BSAF for non-
bioaccumulatives.

Did not explore BSAF analysis for
any chemicals for laboratory clams.
Explore relationships for all
chemicals (including
bioaccumulatives).

Develop BSAFs for clams for all contaminants,
including bioaccumulative organics. Apply
BSAFs to sediment samples in the ISA where
we currently don't have representative clam
samples; apply correction factors; and compare
against the TRV for protection of clams on a
sample by sample basis.

Benthic Sediment Infaunal Localized
Populations (Infaunal benthic community
representative)

Lab Worm (Lumbriculus) Tissue Residue
Concentrations

Used maximum detected concentration in
worm tissue compared to the TRV for
definition of Round 2 COPCs. Used a site-
wide mean value compared to TRVs for
secondary analysis.

Do not use a mean or UCL for worm
exposure to assess the risk to clams
themselves; need to evaluate
sample by sample.

Worm tissue residues may not have reached
equilibrium for high Kow contaminants. Apply
correction factor using EPA/USACE Upland
Testing Manual methodologies. Compare
corrected tissue residue values with TRVs on a
sample by sample basis.

Predicted Lab Worm (Lumbriculus) Tissue
Residue Concentrations

Did not evaluate.

Do not use a mean or UCL for worm
exposure to assess the risk to clams
themselves; need to evaluate
sample by sample.

Develop BSAFs for worms for all contaminants
(including bioaccumulative organics). Apply
correction factor using EPA/USACE Upland
Testing Manual methodologies or calculate
BSAF using concentrations from 28-day test.
Predict worm tissue residue values for areas
where we did not conduct worm laboratory
bioaccumulation tests. Compare predicted tissue
residue values with TRVs on a sample by
sample basis.

Crayfish Localized Populations (epibenthic
benthic community representative)

Crayfish Tissue Residue

Used maximum detected crayfish
concentration compared to TRV for
definition of Round 2 COPCs. Used a
95% UCL compared to TRVs for
secondary analysis.

Identify exceedances of TRVs on a sample by
sample basis.




Lines of
Evidence

Receptors of Concern

Exposure Parameters

Round 2 Report Exposure Parameters

Round 2 Report Methodological
Issues

EPA Recommendation

Predicted Crayfish Tissue Residue
Concentrations

Used maximum predicted crayfish
concentration compared to TRV for
definition of Round 2 COPCs. No COPCs
carried forward into remainder of Round 2
ERA.

Develop BSAFs for crayfish for all contaminants,
including bioaccumulative organics. Apply
BSAFs to sediment samples in the ISA where
we currently don't have representative crayfish
samples; apply correction factors; and compare
against the TRV on a sample by sample basis.

Epibenthic and Water Column Invertebrate
Communities

Multiplate Samples Tissue Residue
Concentrations

Not evaluated.

Not evaluated.

Compare multiplate composite tissue
concentrations to aquatic organism TRVSs.
Address limited multi-plate samples in
uncertainty analysis. Consider developing BCFs
for epibenthic and water column invertebrates.

Bulk Sediment

Benthic and Epibenthic Communities

Bulk Sediment Toxicity Tests

Bioassay results.

Empirical results of all endpoints and two
species (Hyalella and Chironomus).

Transition
Zone Water

Benthic and Epibenthic Invertebrate
Communities

TZW Concentrations

Used maximum detected concentration for
SLERA, then applied a dilution factor (10%
exposure).

Did not consider TZW as a line of
evidence to assess benthic
community risk.

Compare TZW concentrations to water TRVS on
a sample by sample basis for the protection of
invertebrate communities. Do not apply a
dilution factor.

Surface Water

Benthic, Epibenthic and Water Column
Invertebrate Communities

Surface Water Concentrations

Only evaluated near bottom samples.

Only looked at near bottom samples;
averaged across locations and
methodologies.

Evaluate all surface water samples against water
TRVs on a location by location basis for the
protection of benthic, epibenthic, and surface
water invertebrates.




Table 4. Exposure Assessment for Fish

Lines of
Evidence Receptors of Concern Exposure Parameters Round 2 Report Exposure Parameters LWG Methodological Issues EPA Team Recommendations
Dietary INVERT: Juvenile Chinook salmon Stomach contents and multiplate tissue Scenario 1: 100% Stomach contents For evaluation of all fish through the Use the juvenile Chinook stomach content

Scenario 2: 100% multiplate tissue

INVERT: Peamouth [Scenario should also
represent black crappie and upper level of
exposure for juvenile Chinook.]

Sediment

Max. sediment conc. for COPC ID; Site-
wide UCL concentrations of all surface
sediment samples

Prey

Max. prey conc. for any of the prey species
identified for peamouth for COPC ID; site-
wide UCL of each prey item for baseline

Multiplate Invert Tissue 40%

Lab Worm Tissue 25%

Field Clam Tissue 25%

Sculpin 10%

INVERT: Sculpin

Sediment

Site-wide UCL concentrations

Prey

Max. prey conc. for any of the prey species
identified for sculpin for COPC ID; 95%
UCL conc. for baseline

Lab Worm Tissue 40%

Field Clam Tissue 40%

Sculpin 20%

OMN/HERB: Largescale Sucker

Sediment

Site-wide UCL concentration

Prey

Site-wide UCL concentration

Lab Worm Tissue 50%

Field Clam Tissue 50%

OMN/HERB: Carp

Sediment / Prey Composition

Not evaluated

OMN/HERB: White Sturgeon Sediment Site-wide UCL concentration
Prey Site-wide UCL concentration
Lab Worm Tissue 88%
Field Clam Tissue 12%
PISC: Smallmouth Bass Sediment Site-wide UCL concentration
Prey Site-wide UCL concentration
Sculpin 90%
Crayfish 5%
Lab Worm Tissue 5%
PISC: Northern Pikeminnow Sediment Site-wide UCL concentration
Prey Site-wide UCL concentration

Crayfish 30%

Sculpin 25%

Lab Worm Tissue 25%

Largescale Sucker 5%

Carp 5%

Peamouth 5%

dietary assessment:. Need to
evaluate the range of fish body size
in dietary equations. Used the
maximum prey value for only the
identified diet for each receptor to
identify Round 2 COPCs. ltis
unclear whether the COPC list would
change if maxima in all prey were
used instead. |n addition, it is
unclear how site-wide UCL values for
sediment and prey were derived?
Are these 95% UCL values?
Maximum exposure compared to
NOAEL for Round 2 COPC
identification. Beach sediment
samples need to be included in data
set. No uncertainty analysis is
provided to better understand how
changes in dietary composition
change the results.

concentration data for comparison to PAH and
PCB dietary TRVs using EPA recommended
TRV for PAHs and PCBs. For metals (and, as a
second scenario, for PAHs and PCBSs), use
multiplate and worm and clam data in dietary
scenario of 30/40/30 percent, respectively, and
compare TRVs to invertebrate concentrations.

Use the dietary evaluation for PAH and metal
contaminants only because tissue residue
approach is much stronger for organics and
non-regulated metals. Include realistic
representations of sculpin or smallmouth bass
home range (500 ft to 1/4 mile on one side of
the river). For sculpin and smallmouth bass,
use a back calculation of the fish dietary risk
equation to calculate an acceptable tissue
concentration in prey for the protection of fish
(ATCpey) using the dietary equation, and an
acceptable dietary dose using EPA direction on
dietary TRVs. While this analysis is to be
conducted over the scale relevant to sculpin
and smallmouth bass, the assessment may also
provide information about protection of larger
home range omnivorous and insectivorous fish
such as largescale sucker, carp, black crappie
and sturgeon which would likely feed in multiple
areas. For all fish receptor species other than
sculpin or smallmouth bass, EPCs should be
calculated using the “forward” dietary menu
approach. As a second step, vary the menu
probabilistically to provide an additional layer of
risk and sensitivity analysis, and to refine risk in
specific areas, using the prey menus for
different fish guilds.




Lines of
Evidence

Receptors of Concern

Exposure Parameters

Round 2 Report Exposure Parameters

LWG Methodological Issues

EPA Team Recommendations

Northern Pikeminnow 5%

Surface Water

INVERT: Sculpin Area Specific (localized,
AOPC or 500 ft.)

PISC: Smallmouth Bass Area-Specific (1
mile, one side of river)

OMN/HERB: Largescale Sucker; PISC:
Northern Pikeminnow (large areas of the
lower Willamette; 3 miles or more)

Integrated Transect Water Samples;
Integrated Water Column Area-Specific
Water Samples; Near Bottom Area-Specific
Water Column Samples

EPC was a site-wide UCL on the mean of
all SW samples and across different
sampling methodologies.

Do not use average water samples
for an EPC, especially for the
evaluation of acute effects. ggtn
percentile of site-wide water data is
not an appropriate EPC. Correctly
apply SLVs. Site-wide EPC does not
match with the home range of the
fish.

Compare every individual water sample to water
TRVs. Consider any exceedance of acute or
chronic values at any scale a risk (near bottom
and integrated) due to lack of sufficient samples
to accurately obtain better exposure resolution.

INVERT: Juvenile and adult salmon

Water Concentrations of Olfactory
Inhibiting Chemicals

LOE given a weight of zero because no
risks to fish were determined in the
SLERA.

Unknown methods used to discount
LOE.

This line of evidence should be retained.
Surface water concentrations of metals (chiefly,
copper) will be compared to water TRVs shown
to be protective of olfactory function in
salmonids.

Transition
Zone Water

DETRIT: Lamprey Ammocoete

INVERT: Sculpin

Trident and Deeper Water Concentration
Data

Only 10% exposure (80% dilution factor).

Exposure assessment to be conducted on an
individual sample basis. Assume 100%
exposure to transition / pore water unless
specific data are available to show otherwise.
Consider deeper water samples in the
assessment since there is uncertainty in where
it is reaching the biologically active zone.

Tissue Residue

INVERT: Juvenile Chinook salmon

Tissue Residue Values (9 locations; 3
locations had three replicates)

Max. Tissue Conc. Screen for Round 2
COPC identification; after screen, no
NOAEL or LOAEL TRV recommended and
no HQ calculated.

INVERT: Peamouth [Scenario should
also represent black crappie and upper
level of exposure for juvenile Chinook]

Tissue Residue Values (4)

Max. Tissue Conc. Screen for Round 2
COPC identification with a limited fish
species set.

INVERT: Sculpin

Tissue Residue Values (23 locations; three
had replicates)

Max. Tissue Conc. Screen for Round 2
COPC identification.

Predicted Tissue Residue Value

Site-wide sculpin tissue conc. calculated
using a site-wide BSAF and the 95th
percentile of the site-wide sediment
concentration data.

OMN/HERB: Largescale Sucker

Tissue Residue Values (6)

Max. Tissue Conc. Screen for Round 2
COPC identification.

OMN/HERB: Carp

Tissue Residue Values (# and whole body
versus fillet)

2,3,7,8-TCDD ONLY. Max. Tissue Conc.
Screen for Round 2 COPC identification.

OMN/HERB: White Sturgeon

Tissue Residue Values

Tissue residue data not provided in Round
2 Comp. Report.

PISC: Smallmouth Bass

Tissue Residue Values (11 locations; 3 had
a replicate, for a total of 14)

Max. Tissue Conc. Screen for Round 2
COPC identification; 95% UCL after that.

Data not provided to replicate UCL
calculations; unclear how replicates
were handled.

Evaluate exposure on a composite by
composite basis; estimate true fish conc. range
from composite data?

Evaluate on a composite by composite basis to
protect for localized population effects
independent of fish home range; estimate true
fish conc. range from composite data?

Use localized sediment concentrations to
predict sculpin concentrations; use all site data
for developing localized relationships, not just a
site-wide upper confidence on the mean.

Evaluate on a composite by composite basis to
protect for localized population effects
independent of fish home range; estimate true
fish conc. range from composite data?

Compare each individual sturgeon tissue
residue concentration against general fish TRV
to assess risk. This will be used as a
complementary line of evidence for COPCs
identified in ISA fish tissue.

Evaluate on a composite by composite basis to
protect for localized population effects
independent of fish home range; estimate true
fish conc. range from composite data?




Lines of

Evidence Receptors of Concern Exposure Parameters Round 2 Report Exposure Parameters LWG Methodological Issues EPA Team Recommendations
Predicted Tissue Residue Value Use localized sediment concentrations to
predict smallmouth bass tissue concentrations;
use all site data for developing localized
relationships, not just a site-wide upper
confidence on the mean.
PISC: Northern Pikeminnow Tissue Residue Values (5 locations; one Max. Tissue Conc. Screen for Round 2 Evaluate on a composite by composite basis to
had a replicate, for a total of 6) COPC identification. protect for localized population effects
independent of fish home range; estimate true
fish conc. range from composite data?
DETRIT: Lamprey Ammocoete Tissue Residue Values Tissue residue data not provided in Round Compare Round 3 lamprey tissue residue data
2 Report. (composite by composite) to fish TRVs.
INVERT: Black Crappie; OMN: Bullhead | Tissue Residue Values Present black crappie exposure and risk Present exposure and risk estimates in
estimates in uncertainty section to ensure uncertainty section to ensure protectiveness.
protectiveness.
Health All fish Incidence of skin lesions (increased Field notes from Round 1 fish indicated Field notes collected in Round 1 Do not use Round 1 fish health assessment
Assessment incidence supports exposure to PAH- abnormalities such as fin hemorrhages, were not done consistently according | info. in further analyses. Use only Round 3 data
contaminated sediments but is not erosion, and fraying, as well as external to standard protocols for fish health collected on sturgeon, carp, smallmouth bass,
conclusive of exposure). reddening, lumps, tears and lacerations. SOPs; thus, the data are unreliable. and sculpin; and compare external
LWG considered these abnormalities may abnormalities to values considered within
likely be a result of fish handling and normal range for the species or closest related
considered the Round 1 results genera. Do not include lesions that appear
inconclusive. Results of literature search recent or a result of handling in the data set
of other studies conducting health (use photos of lesions, if necessary, to evaluate
assessments (the BEST study — Hinck et recency). Use results to determine if
al. 2004) reported high percentages of abnormalities are more prevalent in the harbor
gross lesions in two sites (RM 10 and RM compared to normal, if there is not much
30) of the Willamette River and in the difference from normal, or if the data are
Columbia River. Lesions were considered inconclusive compared to normal rates.
more likely result from holding time in nets
or normal wear. Overall result: This LOE
was given a weight of zero because "no
risks to fish were determined in the
SLERA."
Sediment / Benthic fish Incidence of lesions potentially associated Field notes from Round 1 fish indicated Benthic fish collected in areas where PAH
Lesions and with PAH exposure. Portland Harbor abnormalities such as fin hemorrhages, concentrations are elevated should be
PAHs sediment PAH concentrations compared to | erosion, and fraying, reddening and lumps, evaluated for the presence of lesions and

sediment PAHSs in the literature where
values are associated with increased
incidence of lesions, other deformities, and
population-level effects (truncated age
structure).

tears and lacerations; these were thought
to be largely from handling. | \wg
concluded not to continue this LOE in the
risk assessment due to the high
uncertainty associated with this LOE.

abnormalities. Use this evaluation as a screen
to identify potential areas of concern for fish
health if high prevalence of lesions and
abnormalities are found in fish within these
areas. If high lesion prevalence found, sediment
PAH concentrations should be evaluated for
comparison to sediment concentrations known
from the literature to be associated with adverse
effects.




Table 5. Exposure Assessment for Amphibians and Reptiles

Lines of Round 2 Report Methodological
Evidence Receptors of Concern Exposure Parameters Round 2 Report Exposure Parameters Issues EPA Recommendations
Amphibians Northern red-legged frog, Pacific tree frog, | Surface water and TZW Concentrations Direct contact with surface water Evaluated only surface water Compare all surface water and TZW samples
long-toed salamander complete; ingestion of surface water concentrations from relevant within each amphibian habitat area against
complete but minor; TZW considered exposure areas to literature-based water AWQCs (or literature-based amphibian
incomplete and not evaluated; biota values or AWQC. values where available).

ingestion complete but insufficient toxicity
information for amphibians via this
pathway. Although exceedances
occurred, amphibians were not carried
forward do to uncertainty associated with
lack of amphib. tox. data.

Reptiles Common garter snake, pained turtle, Surface water and TZW Concentrations Water column, surface sediment, biota Determined incomplete pathway due | Garter snakes and turtles use Portland Harbor
northwestern pond turtle ingestion to lack of suitable habitat in study even though use may be transitory, Change
area. exposure pathway to complete, but consider

that amphibian data and bird data will be
protective of reptiles where data specific to
reptiles are unavailable.




Table 6. Exposure Assessment for Birds

Lines of Evidence

Receptors of Concern

Round 2 Report Exposure Parameters

LWG Methodological
Issues

EPA Team Recommendation

Justification

Exposure Area or

Minimum Bird

Media Bird BW IR Diet EPC Range Site Use
Dietary INVERT/OMN&HERB Sediment | 0.0471 kg @ | 0.00148 kg dw/day 18% sediment | 1) Sediment from 4t0o6 km (2.5t0 SUF =1 and Unclear how to Use site use factor (SUF) of 1. Select only A SUF of 1 is appropriate
SURROGATE: Spotted each of 28 beach 3.7 mi) forage SUF =0.5 incorporate sediment dry the individual beach scenario to evaluate because birds are present
Sandpiper locations.” distance-West weight to prey wet weight risk. For sediment, use maximum value year round and breed within
2) Site-wide — all Plover; 812-20,000 in the ingestion equation. from each beach for either shorebird beach Portland Harbor.
beaches together m? breeding area sediment or human health beach sediment Sandpipers represent ALL
by UCL from 9- data sets. For prey, use the following: 1) omnivorous/ invertivorous
mile stretch. two scenarios, one with 100% field clams guild on site (including cliff
Habitat qualified and the other with 100% lab worms, based swallows, riparian
by LWG (Table 5- on the actual data collected near individual songbirds, smaller ranged
8) as high (mod. to beaches where data available; 2) where species). Individual beach
high potential prey data are not available at individual scenario is most sensitive
habitat) or low beaches, predict prey concentrations in diet | evaluation because the
(limited foraging based on lab and worm BSAF values (apply | primary forage area could
habitat) for 28 BSAF value to sediment concentrations at be one beach, and
beach areas. individual beaches to predict prey developing young may only
Prey 0.0471 kg @ | 0.0548 kg ww/day- 1) 100% field 1) Scenario of concentrations at the site); 3) vary diet forage along one beach.
allometric, 85% clams field-collected probabilistically3 using percentages of lab Foraging on 100% field
moisture 2) 100% lab clam and lab clams and worms, and field clams, per clams and 100% lab worms
worms worms from individual site. Calculate TEQ values represents conservative
within/adjacent to incorporating both dioxin and planar PCBs estimates for refined
each beach area,2 to represent total TEQs, and use WHO- screening.
OR all lab clam based TEFs derived for birds.
data if no field
clams. 2) Scenario
of UCL clam &
worm throughout
study area. See
footnotes for
exceptions.
PISC&OMN: Hooded Sediment | 0.54 kg @ 0.00110 kg dw/day 2% sediment Throughout 9-mile | No range reported. | SUF =1 and Use only an SUF value of 1. Use sediment SUF of 1 will better
merganser area — UCL for Use all 9-mile SUF =0.5 in diet as 95% UCL of shallow-collected represent all birds within
seds.; evaluated stretch of site. samples (as done in Round 2), but obtain piscivorous and omnivorous
smaller forage Forage to max. 95% value from 1-mile segments. Evaluate | guild that breed or forage at
areas in depth of 0.5m (1.5 risk as a two-step process: 1) Develop an the site (e.g., from kingfisher
uncertainty. Only m used in scenario acceptable tissue concentration in prey for to cormorant). RBC
surf seds. located account for tides). protection of the hooded merganser guild approach will simplify the
at depths of < 20 ft (ATCrerganser) by back-calculating from refined risk screening
used. dietary TRV for each contaminant in dietary | process and should narrow
Prey 0.54 kg @ 0.200 kg ww/day- 65% sculpin Not reported. equation. 2) Vary the five prey items the scope. Smallmouth
allometric, 85% 5% peamouth Presumed UCL in probabilistically3 in diet and add sediment to | bass included in diet to
moisture 25% clams fish and dietary equation to identify components represent other pisc. birds
5% crayfish invertebrate tissue associated with greatest risk within 1-mile such as cormorants that
from throughout segments (progressed as 1/2-mile would include bass as prey
the 9-mile study increments). Calculate TEQ values items (as well as to
area. incorporating both dioxin and planar PCBs represent smaller bass that
to represent total TEQs, and use WHO- may be consumed by
based TEFs derived for birds. merganser).
PISC: Osprey Sediment | 1.88 kg @ 0.00205 kg dw/day; | 2% sediment 1) Entire 9-mile No range reported. | SUF =1 and Use only SUF of 1. Simplify analysis by SUF of 1 will better protect
74% moisture in diet study site Assumed to use all | SUF =0.5 excluding sediment component of diet in other piscivorous birds, and
(presumably UCL) | 9-mile stretch of equation. Evaluate risk as a two-step Elliott et al. (2007)* reported
2) Range of site. process: 1) Develop an acceptable tissue wintering site had no
smaller sediment concentration in fish prey for the protection significant effect on
EPCs in of osprey (ATCosprey) by back-calculating organochlorine contaminant
uncertainty from dietary TRV for each contaminant in concentrations in sample
section. Surf sed. dietary equation. 2) Vary these five prey eggs, including ospreys
<20 ft items probabilistically® in diet to identify from Lower Columbia River
Prey 1.88 kg @ 21% of BW or 0.395 | 83% sucker Entire 9-mile study components associated with greatest risk (LCR) (so there are data to

kg ww/day based on
FIR during courtship
period

7% Nth
pikeminnow

6% carp

area (range of fish
large so no smaller
areas considered).

within 1-mile segments (progressed as 1/2-
mile increments) in the harbor. Calculate
TEQ values incorporating both dioxin and

back the assumption that
organochlorine
contaminants are taken up
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Round 2 Report Exposure Parameters

LWG Methodological
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EPA Team Recommendation

Justification

Exposure Area or

Minimum Bird

Media Bird BW IR Diet EPC Range Site Use
2% small. Presumably UCL planar PCBs to represent total TEQs, and by osprey primarily on their
bass of prey items. use WHO-based TEFs derived for birds. breeding grounds in the
1% blk crappie Willamette River). A
1% brwn foraging core area of 1 mile
bullhead during the breeding season
is supported by USGS
studies (Chuck Henny,
USGS, personal
communication). Bullhead,
smallmouth bass, sucker,
pikeminnow, and carp
heads reported in nets used
to retrieve prey remains
below osprey nests in the
Lower Willamette River
(Chuck Henny, USGS,
personal communication).
PISC: Kingfisher® Sediment | 0.148 0.00565 Kg/kg body | 2% sediment Similar EPC Range includes 0.8 | SUF =1 Analysis of kingfisher in Round 2 report was | The kingdfisher represents a
wt/d (Beyer et al. assumptions as to 7.9 km from nest not conducted, although earlier agreements | small piscivore with a higher
1994) per osprey or bald | site; density of one dictated that the kingfisher was to be metabolic rate compared to
eagle pair per km? evaluated in uncertainty section. Use the other selected bird
(Cornwell 1963) kingfisher specific parameters as indicated receptors, so this guild is not
Home range 14 to the left to evaluate kingfisher in the well represented by the
hectares (0.14 km? uncertainty section. Use sediment in diet as | other receptors. Kingfisher
Prey 0.148 0.113 kg food/kg 70 % sculpin (EPA 1993) 95% UCL of shallow-collected samples (as feeds on fish in shallow
Body wt/day (Nagy 10% done in Round 2), but obtain 95% value water typically <60 cm
1987) peamouth from 1-mile segments. Evaluate risk in the below surface. Body
10% clams uncertainty analysis as a two-step process: weight mean of 29 birds
10% Juv 1) Develop an acceptable tissue from Dunning (1993).
salmonids — concentration in prey for protection of the Density of MN birds: one
use as bounds kingfisher guild (AT Cuingfisher) by back- pair’km2 at Lake Itasca;
calculating from dietary TRV for each home range varied from 0.8
contaminant in dietary equation. Compare to 7.9 km from the nest
AT Cuingfisher Within 1-mile segments site.(Cornwell 1963)
(progressed as 1/2-mile increments) to
identify HQs= 1 for each
sample/contaminant pair for the
concentrations in each of the following prey
samples: sculpin, peamouth, clams, juv.
Salmonids. 2) Vary the four prey items
probabilistically3 in diet and add sediment to
dietary equation to identify components
associated with greatest risk within 1-mile
segments (progressed as 1/2-mile
increments). Calculate TEQ values
incorporating both dioxin and planar PCBs
to represent total TEQs, and use WHO-
based TEFs derived for birds.
PISC: Bald eagle Sediment | 4.5kg @ 0.00281 kg dw/day; | 2% sediment 1) Entire 9-mile Avg. range 21.7 SUF =1 and Use only SUF of 1. Use breeding range SUF of 1 represents bald
74% moisture in diet study site km® for LCR SUF =0.5 core foraging area for LCR eagles of 1 mile. | eagles as residents. Garrett
(presumably UCL) | eagles. Avg. Simplify analysis by excluding sediment et al. (1993)** described
2) Range of shoreline range 5.6 component of diet in equation. Evaluate risk | highest use areas (25%
smaller sediment km or 3.5 miles. as a two-step process: 1) Develop an contour areas) for Lower
EPCsin Assumed to use all acceptable tissue concentration in fish prey Columbia River eagles
uncertainty 9-mile stretch of for the protection of eagles (ATCeagle) by averaged less than 0.5 km?,
section. Surfsed. | site. back-calculating from a dietary TRV for each | which is the area where
<20 ft contaminant in dietary equation. 2) Vary eagles will be capturing
Prey 45kg @ 0.54 kg ww/day; 45% sucker Entire 9-mile study these four prey items probabilistically3 in diet | most fish during the

12% body wt on ww
basis

45% carp

5% peamouth

area (range of fish
large so no smaller

to identify components associated with
greatest risk within 1-mile segments

breeding season. One mile
is meant to represent the
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LWG Methodological
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EPA Team Recommendation

Justification

Exposure Area or

Minimum Bird

Media Bird BW IR Diet EPC Range Site Use
5% Nth areas considered). (progressed as 1/2-mile increments) in the core area for eagle foraging
pikeminnow Presumably UCL harbor. Calculate TEQ values incorporating during the breeding season,
of prey items. both dioxin and planar PCBs to represent which would be the most
total TEQs, and use WHO-based TEFs sensitive time for developing
derived for birds. embryos and young to be
exposed.
Egg PISC: Osprey Sediment | Not relevant | Not relevant Not relevant Not relevant No range reported. | SUF =1 and Surrogate species used Use only SUF of 1. Evaluate risk as a two- SUF of 1 will better protect
Prey Not relevant | Cprey= 83% sucker Upper bound UCL | Assumed to use all | SUF =0.5 when COPC was not step process: 1) Develop an acceptable other piscivorous birds, and
(C1xF1)+(C2xFx) 7% Nth estimate, entire 9-mile stretch of analyzed in target fish tissue concentration in fish prey for the Elliott et al. (2007)* reported
with pikeminnow site (EPA site. Entire 9-mile species (see table 5-7). protection of osprey eggs (ATCeyg) by back- | wintering site had no
C1=concentration 6% carp calculated using all | study area (range BMFs used were 3 for Hg, | calculating from egg TRV using chemical- significant effect on
prey 1 2% small. data from study of fish large so no 10 for PCB TEQs, 11 for specific BMF values. 2) Predict egg organochlorine contaminant
F1=fraction of prey bass area as one smaller areas total PCBs, 10 for dioxin concentrations by vargling these five prey concentrations in sample
item 1 1% blk. exposure data set | considered). TEQs, and 87 for sum items probabilistically” in composite samples | eggs, including ospreys
C2=concentration crappie (see Table 5-10). DDE (Table 5-51) from 1-mile segments (progressed as 1/2- from Lower Columbia River
prey 2 1% brwn. Estimated bird egg mile increments) to identify components (so there are data to back
F2=fraction prey bullhead concentrations associated with greatest risk within the assumption that
item 2 were mg/kg (ww): segments. Calculate TEQ values organochlorine
Hg=0.3; PCB TEQ incorporating both dioxin and planar PCBs contaminants are taken up
= 293; Total to represent total TEQs, and use WHO- by osprey primarily on their
PCBs=20; Dioxin based TEFs derived for birds. breeding grounds in the
TEQs=136; Sum Willamette River). A
DDE=15.5 foraging core area of 1 mile
during the breeding season
is supported by USGS
studies (Chuck Henny,
USGS, personal
communication). Bullhead,
smallmouth bass, sucker,
pikeminnow, and carp
heads reported in nets used
to retrieve prey remains
below osprey nests in the
Lower Willamette River
(Chuck Henny, USGS,
personal communication).
PISC: Bald eagle Sediment | Not relevant | Not relevant Not relevant Not relevant Avg range 21.7 km” | SUF =1 and BMFs used were 3 for Hg, | Use only SUF of 1. Evaluate risk as a two- SUF of 1 represents bald
Prey 45kg @ Corey= 45% sucker Upper bound UCL | for LCR eagles. SUF =0.5 10 for PCB TEQs, 11 for step process: 1) Develop an acceptable eagles as residents. Garrett
(C1xF1)+(C2xFx) 45% carp estimate, entire Avg shoreline total PCBs, 10 for dioxin tissue concentration in fish prey for the et al. (1993)** described
with 5% peamouth | site (EPA range 5.6 km or 3.5 TEQs, and 87 for sum protection of eagle eggs (ATCeyg) by back- highest use areas (25%
C1=concentration 5% Nth calculated using all | miles. Assumed to DDE (Table 5-51). calculating from egg TRV using chemical- contour areas) for Lower
prey 1 pikeminnow data from study use all 9 -mile specific BMF values. 2) Predict egg Columbia River eagles

F1=fraction of prey
item 1
C2=concentration
prey 2

F2=fraction prey
item 2

area as one
exposure data set
(see Table 5-10).
Estimated bird egg
concentrations
were mg/kg (ww):
Hg=0.2; PCB TEQ
= 332; Total
PCBs=40; Dioxin
TEQs=233; Sum
DDE=16.3

stretch of site.

concentrations by var%/ing these four prey
items probabilistically” in composite samples
from 1-mile segments (progressed as 1/2-
mile increments) to identify components
associated with greatest risk within
segments. Calculate TEQ values
incorporating both dioxin and planar PCBs
to represent total TEQs, and use WHO-
based TEFs derived for birds.

averaged less than 0.5 km2,
which is the area where
eagles will be capturing
most fish during the
breeding season. One mile
is meant to represent the
core area for eagle foraging
during the breeding season,
which would be the most
sensitive time for developing
embryos and young to be
exposed.




' TBT, TEQs at each beach were evaluated using the co-located sediment collected with round 2 clam and bioaccumulation sediment where no beach transect samples were available.

2 No worm or clam tissue available for five breaches; for these beaches LWG used 1) FWM to predict worm and clam concentrations for TEQ, PCB, DDT sums and individuals, aldrin; 2) Site-specific regression to predict concentrations in worms or clams for Round 2 COPCs not modeled via FWM and when a
relationship between tissue and sediment was found; 3) Use of the UCL for all worm and clam tissue collected in the study area for COPCs with no site-specific regression found.

3 For probabilistic evaluation of dietary components, vary each component of diet from 1 — 100%.

4 Although not selected as a receptor of concern, an agreement was made with EPA and partners and LWG to evaluate the kingfisher in the uncertainty section of the risk assessment to represent small piscivorous birds in the harbor. The parameters given here are to be used for evaluating kingfisher in the uncertainty

section.

Dunning, J. C., Jr. 1993. CRC handbook of avian body masses. CRC Press, Boca Raton, FL. As cited in Hamas, Michael J. 1994. Belted Kingfisher (Ceryle alcyon), The Birds of North America Online (A. Poole, Ed.). Ithaca: Cornell Lab of Ornithology; Retrieved from the Birds of North America Online:
http://bna.birds.cornell.edu/bna/species/084.

Cornwell, G. W. 1963. Observations on the breeding biology and behavior of a nesting population of Belted Kingfishers. Condor 65: 426-431.

*Elliott, J.E., C.A. Morrissey, C.J. Henny, E.R. Inzunza, and P. Shaw. 5(7. Satellite telemetry and prey sampling reveal contaminant sources to Pacific Northwest ospreys. Ecological Applications 17(4):1223-1233.

**QGarrett, M.G., J.W. Watson, and R.G. Anthony. 1993. Bald eagle home range and habitat use in the Columbia River Estuary. Journal of Wildlife Management 57(1):19-27.



http://bna.birds.cornell.edu/bna/species/084

Table 7. Exposure Assessment for Mammals

Lines of Receptors of
Evidence Concern Round 2 Report Exposure Parameters Gov. Team Recommendations Justification
Minimum
Media Bird BW IR Diet Exposure Area or EPC Range Site Use
Dietary Carnivorous Sediment | 0.974 kg @ 9.4% sediment Entire site: 9 miles SUF =1 Use home range of 1 mile to better represent Home range for female mink ranged from 8 to 20
mammal: Mink breeding range and core foraging area for female | ha (0.08 to 0.2 km?) in reports from Eagle and
Prey 0.974 kg @ 0.156 kg 15% crayfish Entire site: 9 miles mink. Evaluate EPC within 1-mile segments Whitman (1987). Female mink range over a more
ww/day 15% largescale sucker (progressed as 1/2-mile increments so that a high | restricted area of 0.5 to 3 km of shoreline.
15% carp contamination area is not bisected). Calculate compared to males (Eagle and Whitman 1987;
15% sculpin TEQ values incorporating both dioxin and planar Environment Canada 2003, as cited by LWG).
15% smallmouth bass PCBs to represent total TEQs, and use WHO- Breeding range of female raising kits is smaller
5% juvenile Chinook based TEFs derived for mammals. than male’s range, and range of kits is more
salmon limited than the female. Analysis should be
5% peamouth protective of breeding females and their kits
5% northern because this is the most sensitive stage for many
pikeminnow chemicals (especially PCBs). Evaluate 100% fish
5% brown bullhead and crayfish in diet because female mink prey
5% black crappie predominantly on smaller items of aquatic origin
(Allen 1986) and tend to eat more fish and
crustaceans compared to males (Birks and
Dunstone 1985 as cited in Eagle and Whitman
1987).
Carnivorous Sediment | 0.54 kg @ 2% sediment Entire site: 9 miles SUF =1 Use home range of 3 miles to better represent Breeding home range for females less than males
mammal: Otter Prey 0.54 kg @ 0.759 kg 10% crayfish Entire site: 9 miles breeding range and core foraging area for female | and all other age classes. Female with kits
ww/day 2% clams (field otter. Evaluate EPC within 3-mile segments average 16 km* (6 mi°) in Canada (Reid et al.

collected)

26% carp

26% largescale sucker
26% sculpin

5% smallmouth bass
5% black crappie

(progressed as 1.5-mile increments so that a high
contamination area is not bisected). Calculate
TEQ values incorporating both dioxin and planar
PCBs to represent total TEQs, and use WHO-
based TEFs derived for mammals.

1994), and otter ranges are smaller in low-lying
areas compared to mountain areas. Although
ranges vary widely, it would be more protective to
evaluate female exposure over a 3-mile stretch, to
consider potential exposure to kits, the possible
smaller range of females in low-lying areas, and
densities in a Canada study of 5.7 km shore/otter
(Reid et al. 1994).

! For probabilistic evaluation of dietary components, vary each component of diet from 1 — 100%.

Allen, A.W. 1986. Habitat suitability index models: Mink. U.S. Fish and Wildlife Service. FWS/OBS-82/10. 23 pp.

Birks, J. D. S., and N. Dunstone. 1985. Sex related differences in the diet of the mink Mustela vison. Holarct. Ecol. 8:245-252.
Eagle, T.C. and J.S. Whitman. 1987. Mink. Pages 615-624 in M. Novak, J.A. Baker, M.E. Obbard, and B. Malloch, eds. Wild Furbearer Management and Conservation in North America. Ontario Ministry of Natural Resources. Toronto, Ontario.
Reid, D.G., T.E. Code, A.C.H. Reid, and S.M. Herrero. 1994. Spacing, movements, and habitat selection of the river otter in boreal Alberta. Canadian Journal of Zoology-Revue Canadienne De Zoologie 72(7):1314-1324.
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Figure 1. Baseline ecological risk assessment (BERA) conceptual site model for the Portland Harbor Superfund Site
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Complete and Significant

e = Complete and significant pathway The following criteria should be met before the pathway of a contaminant should be considered complete and

significant:
o = Complete and significance unknown
« The pathway is theoretically or potentially complete; pathway can be supported by the scientific literature .

« Both the receptor and the exposure media are known, based on site-specific information, or can reasonably be
assumed to co-occur in Portland Harbor.

« The pathway has been shown to be a primary route of exposure for any life stage of a receptor or surrogate
organism based on laboratory, field, or site-specific data, and there is a high potential that the receptor will
receive a significant proportion of the contaminant dose via the proposed route.

i = Complete and insignificant pathway
x = Incomplete pathway

MHWM = mean high water mark
OHWM = ordinary high water mark

Shading indicates a pathway that will not
be quantitatively evaluated in the BERA.

For example, exposure of fish to dissolved metals via uptake through the gill, and exposure of piscivorous birds
to PCBs by consuming contaminated prey are both complete and significant pathways.

Pathways that are complete and significant will be q . Most risk characterizations will be
made using hazard quotients. However, specific details of the risk characterization for each measurement
endpoint will be presented in the BERA analysis plan.

Complete and Signi L

A pathway should be classified as complete and significance unknown if it
meets the following criteria:

* The pathway is theoretically or potentially complete; pathway can be
supported by the scientific literature.

« Both the receptor and the exposure media are assumed to co-occur in the
Portland Harbor, but it is unknown whether or not the receptor uses the
area sufficiently enough to be exposed to contaminants at effect levels.

* The pathway has been shown to be a primary route of exposure for any
life stage of a receptor or surrogate organism, but no laboratory, field or site-
specific data are available to indicate that the receptor will receive a
significant proportion of the contaminant dose.

« It is unknown if the receptor will receive a significant proportion of the
contaminant dose when combined with other pathways or contaminants.

For example, the extent to which decapods such as crayfish are exposed to
riparian zone soil is unknown. While exposure to sediment is likely, data are

IA Complete pathway means there is a potential for a contaminant to reach a receptor via the proposed route.

IAn Incomplete pathway means there is no potential for a contaminant to reach a receptor via the proposed route.

not available to assess quantitatively the extent that this receptor (crayfish)
and exposure medium (riparian soil) co-occur.

For pathways that are classified as complete and significance unknown,
additional site-specific data may be required to determine if they can be
reclassified as complete and significant or complete and insignificant. A
determination as to whether these pathways will be quantitatively evaluated
will be made based on whether additional data changes the pathway to

A Significant pathway means there is a high potential that the receptor will receive a significant proportion of the contaminant dose via the
proposed route.

IAn Insignificant pathway means there is a low potential that the receptor will receive a significant proportion of the contaminant dose via the
proposed route.

and significant, and on data availability as identified during the
BERA.

Complete and Insignificant

A pathway should be classified as complete and insignificant if it meets the
following criteria:

* The pathway is theoretically or potentially complete; pathway can be
supported by the scientific literature.

* The pathway is known to be a primary route of exposure for any life stage
of a receptor or surrogate organism. However, laboratory, field or site-
specific data indicate contaminants are unlikely to contribute a significant
proportion of the contaminant dose solely by the proposed route or pathway,
or it can be reasonably assumed that data would demonstrate that exposure
via the pathway is insignificant compared to other pathways.

For example, while tt i fr fish ingest water when feeding
they do not actively drink due to the osmotic conditions in which they exist.
Therefore, exposure to surface water via ingestion would be minor relative to
other pathways. Also, PCB uptake from the water column is probably a
complete pathway for piscivorous birds, but compared to the uptake of PCBs
in contaminated prey items, the exposure is not significant.

Pathways that are and ir 1t will not be unless
additional data become available that changes the significance value.
Studies will not be specifically designed to address the complete and
insignificant pathway combination. Some pathway/receptor combinations,
including hazard quotient calculations, may be calculated if data are readily
available, and could be described in the uncertainty section.

Incomplete

A pathway should be classified as incomplete if it meets the
following criteria:

« The pathway is theoretically and/or practically not possible or
not likely to occur in the area evaluated.

«+ Both the receptor and the exposure media are known, based
on site-specific data, or can reasonably be assumed not to co-
occur in Portland Harbor or would not use the area to the
extent where exposure would occur.

« The pathway is not a primary route of exposure for any life
stage of a receptor or surrogate organism based on laboratory,
field, or site-specific data.

For example, juvenile salmon would not be eating fish.

Pathways that are incomplete will not be assessed.

ISignificance Unknown means that it is unknown if the receptor will receive a significant proportion of the contaminant dose via the proposed
route alone. However, the receptor could receive a significant proportion of the contaminant dose when combined with other pathways or
other contaminants.

"Upland or Riparian Soil = Riparian soil is defined as the bank area between the MHWM and the OHWM. In some places, this
area may extend above the Ordinary High Water Mark. Upland soils are the terrestrial areas higher in elevation than OHWM,
inundated only during extreme floods. Evaluation of ecological risks to solely terrestrial receptors and to receptors associated
with upland soil is the responsibility of the owners of upland sites, not the Lower Willamette Group. Terrestrial plants will not be
evaluated in this BERA.

2Seeps = Seeps is water discharging on the bank area above the MHWM. It inclues the confluence of small tributaries to the
river, groundwater seeping up to the bank area, and small piped discharges running over the bank. Because of limited data,
risks from seeps to assessment endpoints with complete and significant pathways will not be quantitatively evaluated. This
pathway will be assessed as part of upland source control evaluations.

SWillamette River Surface Water includes fish bearing tributaries and the in-point of year-round, significant flow outfalls.

"Die(ary = Dietary means any tissue that is consumed by the species of interest within the exposure medium, and it includes
trophic transfer.

°Reptiles = There is likely limited use of the ISA by only a few reptiles (garter snake, painted turtle and pond turtle). We have no
surrogate species for reptiles, but protecting sensitive life stages of amphibians and birds is considered protective of reptiles.

© Areas with significant sheen could be a "complete and significant" pathway.

"Fish exposure to discharging Transition Zone Water will be assessed by focused surface water sampling.

8 This is an incomplete pathway for phytoplankton, but complete and significant for both periphyton and macrophytes.
9 This could be a "complete and significant" pathway for the terrestrial riparian area.

"*These receptors will be assessed as potential pathways for contaminant movement through the food web. They will not be
assessed as endpoints themselves.

“Pa(hway complete for riparian soil, but not for upland soils.
"2Use of inundated riparian zone by these species unknown.
"Incomplete pathway for some target ecological receptors within this assessment endpoint (e.g. juvenile Chinook salmon).

MComp\e(e but insignificant pathway for some target ecological receptors within this assessment endpoint (e.g. juvenile
Chinook salmon).

15Target ecological receptor list under each assessment endpoint may not be complete. See BERA analysis plan for complete
list of target ecological receptors.

"6 Belted kingfisher risks will be discussed in the uncertainty section of the BERA, not quantified in the risk characterization.
7 Exposure to sediment will only be quantitatively evaluated if sediment TRVs for aquatic plants are available.




Figure 2A:
Lowest Control Normalized Response for Growth and Survival versus Control-normalized
Biomass for Hyalella azteca 28-day tests by Toxicity Classification
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Figure 2B:
Lowest Control Normalized Response for Growth and Survival versus Control-normalized
Biomass for Chironomus dilutus 10-day tests by Toxicity Classification:
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