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Dredging:

Contaminated Sediments

Ecological and Human Health Risk Assessment Guidance for Aquatic

Environments (TR DOER-4)

ISSUE: Evaluating the potential environmental
consequences associated with dredging and
dredged material disposal is a challenging task.
Scientific advancements have made possible the
collection of large amounts of complex techni-
cal information. The dredged material manager
must often weigh and balance multiple and
sometimes conflicting lines of evidence to reach
a decision; and each decision involves a certain
level of uncertainty. The application of Environ-
mental Risk Assessment methods will increase
a manager’s ability to make objective manage-
ment decisions when data collected in Tiers I-1I1
of the dredged material evaluation framework
are insufficient for decision making.

RESEARCH: The objective was to develop
guidance for conducting human health and eco-
logical risk assessments to evaluate potential
impacts associated with aquatic placement of
dredged material.

SUMMARY: The guidance contained within
this report includes an overview of ecological
and human health risk assessment and recom-
mendations on the proper application of risk

assessment within the dredging program. Guid-
ance for assessing ecological risk includes a
discussion of problem formulation, including
conceptual model development and the selection
of assessment and measurement endpoints, ex-
posure and effects assessment, and risk charac-
terization. Standard approaches for assessing
human health risk, including hazard identifica-
tion, toxicity assessment, and risk charac-
terization, are also discussed within the context
of aquatic placement of dredged material. Guid-
ance is provided for conducting uncertainty
analysis for both ecological and human health
risk assessments. Sources of additional informa-
tion on risk assessment applications, toxicity
profiles, and other tools used in risk assessment
are provided in appendixes.
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Ecological and Human Health Risk Assessment Guidance
What Is the Purpose of this Document?

This document provides guidance for conducting ecological and human health risk assessments at
aquatic sites potentially impacted by dredged material management activities.

What is Risk Assessment?

Risk assessment is the process of evaluating the impact of a chemical or physical condition upon the
health of individual humans or the environmental well-being of a population or community of animals
and plants. The former is called human health risk assessment, and the latter ecological risk
assessment.

Proper Timing for the Risk Assessment Option?

The project manager should decide to apply a risk assessment within the context of the site selection
process and/or the four-tiered evaluation of dredged material, or when there are unresolved issues with
regard to potential human or ecological exposures. It is most applicable to projects which have:

a. Reached Tier IV and concern about specific bioaccumulative compounds or toxic compounds
remains.

b. The potential to affect a local sensitive habitat or species.

¢ Outstanding exposure issues where a risk assessment will allow realistic use of information about a
species' natural history such as foraging areas, breeding times, migration patterns.

d. Potential human health exposure either directly to sediments or through the food chain.
e. Issues associated with environmental windows (time periods when a species is least vulnerable).
Who Can Conduct a Risk Assessment?

The selection of personnel to conduct a risk assessment depends on the level of complexity
addressed in the risk assessment. For example, a rough estimate of exposure based on a simple
sediment-water partitioning equation may be sufficient to demonstrate little probability of
bioavailability of a chemical, and hence risk. In such a case, operations personnel with expertise
in engineering, chemistry, or marine geology may be the only necessary personnel. In the most
complex assessments (and these are likely to be the least frequently encountered), an
interdisciplinary team of engineers, biologists, chemists, and physical scientists may be
necessary.

Chapter 1 Overview of Ecological and Human Health Risk




1 Overview of Ecological and
Human Health Risk
Assessment Guidance for
Dredged Material Management

Purpose and Organization

Purpose

This document provides guidance to United States Army Corps of Engineers
(USACE) project managers and field operations personnel in the use of risk
assessment to facilitate dredged material management decision-making. It
specifically addresses the management of dredged material in an aquatic
environment. It does not address risk associated with the management of dredged
material in upland environments. Also, the document addresses only chemical
contamination and does not address other potential sources of impact such as
physical disturbance. The intended audience and user community are the
individual scientists and managers making decisions where there are competing
interests on the dredging and disposal management of sediments from the nation's
waterways.

The document does not promote risk assessment as a tool for use in every
dredged material management decision. It is likely to be most useful, and most
used, in those cases which constitute the exception rather than the rule. The use of
risk assessment is intended to supplement the analytical options currently
available to dredged material managers by building on the existing technical
framework United States Environmental Protection Agency (USEPA)/USACE
1992) and the existing tiered sediment evaluation approaches (USEPA/USACE
1991, 1998).

Scientific advancements have made possible the collection of large amounts of
complex information regarding the environmental aspects of dredging and
dredged material disposal. The dredged material manager must often use “best
professional judgement” to weigh and balance among multiple and sometimes
conflicting lines of evidence to reach a decision. Environmental risk assessment
provides a stepwise framework for the integration of complex information to yield
quantifiable estimates of risk including uncertainty. In addition, risk assessment
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allows the dredged material manager to make explicit the types of information
considered and how a decision is reached regarding the suitability of a dredged
material for a particular management option.

Organization of the document

This document describes the various components of risk assessments
including:

This Overview, which provides an overview of the various elements in risk
assessment, the relationship of risk assessment to the tiered sediment evaluation
procedures, and the relationship between ecological and human health risk
assessment.

Section 2, Problem Formulation, which describes the objectives of risk
assessment, development of a site conceptual model, selection of contaminants of
concern, a procedure for selecting the organisms and humans of concern at a
dredged material management site, and a method for deciding on decision criteria
(endpoints) for the risk assessment.

Section 3, Ecological Exposure Assessment, Effects Assessment, and Risk
Characterization, which describes how to estimate ecological exposure to
contaminants of concern and characterize risk from such exposures.

Section 4, Human Health Risk Assessment, which describes how to estimate
human exposure to contaminants of concern and characterize risk from such
exposures.

Appendix A, Summary of Federal, Regional, and State Guidance, which
reviews available Federal, regional, and state guidance and methods used by
human health and ecological risk assessors.

Appendix B, Information Sources, which describes the content and availability
of various text and on-line information important in conducting risk assessments.

Appendix C, Food Chain and Toxicity Models, which describes some food
chain models useful in risk assessment.

Appendix D, Toxicological Profiles, which provides toxicological profiles
(i.e., summaries) for the likely contaminants of concern at dredged material
management sites.

Appendix E, Human Health Exposure Equations, which provides detailed
human health exposure equations for various potential human exposure scenarios
at dredged material management sites.

Appendix F, A Hypothetical Example, which illustrates the major points in the
guidance. Each section presents the guidance as a continuous example in a series
of “Example Boxes” numbered sequentially within each chapter. The hypothetical
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example provides a continuous example in uninterrupted text, for the reader’s
convenience.

Appendix G is a Glossary of Terms. Often, and contrary to USEPA directive
to be transparent, discussion of risk assessment is obfuscated with technical jargon
and “terms of art.” This appendix attempts to provide definitions for such terms in
simple business English and emphasizes the initial use of the term in bold italics.

Background

The USACE navigation mission entails maintenance and improvement of
40,225 km of channels, supporting a vital component of the Nation’s
transportation infrastructure system. These waterways serve 400 ports, including
130 of the Nation’s 150 largest cities

The USACE dredge and/or permit for dredging an annual average of 191 to
229 million cu m of sediment from this navigation system at an annual cost of
$400 to $600 million. Dredging is the single most costly item in the Corps’ Civil
Works budget. Corps grants are also permitted to the private sector for dredging
and disposing of an additional 764,600 cu m of sediment.

These dredged sediments, especially in urbanized and industrial harbors, may
exhibit high concentrations of various contaminants from years of unregulated
discharge and runoff. Selecting appropriate management options for contaminated
sediment is a difficult task, exacerbated by the rapidly diminishing capacity of
existing management locations and by public resistance to construction of new
facilities in traditional locations. Management options are quickly disappearing,
and the seasonal periods available for dredging are increasingly constrained by
environmental windows and other restrictions for the protection of sensitive
aquatic resources and wildlife.

Today’s dredging manager faces a complex situation requiring a cost-efficient
operation which simultaneously considers the risks associated with various types
of dredging equipment, timing of dredging and management operations, selection
of an appropriate management alternative, and determining the relative
importance of ecological impacts from the management operation.

Fiscal constraints add further difficulty to a district’s maintenance
dredging/management program. The use of risk management can facilitate the
efficient use of limited funds through evaluation of critical factors (e.g., cost,
equipment, windows, contaminants, disposal options, shoaling and channel
navigability, etc.) as well as the consequence of not dredging. This document
develops a repeatable and defendable framework to assess the risks from exposure
to contaminants in aquatic systems associated with management options.

What is Risk Assessment?
Risk assessment is the process of evaluating the impact of a stressor (e.g., a

chemical or physical condition) upon the health of individual humans or the
environmental well-being of a population or community of animals and plants.
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The former is called human health risk assessment, and the latter is called
ecological risk assessment. Subsequent sections describe how these two categories
of risk assessment differ.

Risk assessment in its more common manifestations is an often used, although
not necessarily formally recognized, component of the dredged material
management decision-making process. For example, Peddicord et al. (1997) note
that the present procedure for evaluating water column impacts in dredged
material evaluations (USEPA/USACE 1991, 1998) is an application of ecological
risk assessment.

In its most basic form, risk assessment means answering several simple
questions which usually underlie dredged material management decisions. These
include:

a. Are there humans, organisms, or habitats (all called receptors) near the
proposed dredged material management activities?

b. Are there chemicals or physical hazards associated with the proposed
dredged material which may affect the survival or reproduction of these
receptors? The answer to this question is called a hazard identification.

c. Is there a known quantity of the chemical or physical hazard which results
in an adverse effect to the likely receptors? This is called toxicity
assessment or effects assessment.

d. Are there any conservative, but realistic, activities or physical and
biological pathways by which the receptors may encounter the chemical
or physical hazards associated with a particular proposed dredged material
activity? This is termed exposure assessment.

e. Finally, under a specified set of conditions, will this encounter result in an
exposure to the chemical or physical hazard at a level known to cause an
adverse effect? (Risk characterization).

Generally, if the answer to this last question is no, then we assume that the risk
associated with the dredged material management decision is acceptable. If it is
yes, then there is some potential unacceptable risk, and we begin to search for
ways to modify management activities or receptor activities to lower the exposure
and hence risk. The decision maker asks one additional question:

f How confident are we in our answer? (Uncertainty analysis).

Viewed as a formal approach to answering these simple and commonly posed
questions, risk assessment appears as a familiar thought process. Also, dredged
material managers and USACE field operations personnel will recognize that the
information necessary to answer these questions is nearly always available from
data developed as part of the site selection process and tiered evaluation process
described in the Dredged Material Testing Manuals (USEPA/USACE 1991,
1998).
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A risk assessment is essentially complete when it provides defensible answers
to the above questions. Current Federal, state, and industry guidance recognizes
that risk assessment can be a fairly simple set of answers to these questions. The
level of effort needed ranges from a simple “back of the envelope” calculation to
something as sophisticated as integrating the various fate and transport models
available from U.S. Army Engineer Waterways Experiment Station (WES) (e.g.,
ADDAMS. See USACE 1995a) with one of several biological food chain models
available in the scientific literature. The Corps is preparing a series of technical
documents which will guide managers and operations personnel in the appropriate
application of these models. The Corps is also developing a series of technical
guidance and support documents and on-line databases to support field operations
personnel in conducting risk assessment.

Proper Timing for Risk Assessment

The project manager should decide to apply a risk assessment within the
context of the site selection process and/or the tiered evaluation of dredged
material, or when there are unresolved issues with regard to potential human or
ecological exposures. Risk assessment is not separate from the current methods of
decision-making. It merely enhances them.

A formal assessment is not something to be applied to every project. It is most
applicable to projects which have:

a. Reached Tier IV and concern about specific bioaccumulative compounds
or toxic compounds remains.

b. The potential to affect a local sensitive habitat or species.

c. Outstanding exposure issues where a risk assessment will allow realistic
use of information about a species’ natural history such as foraging areas,
breeding times, migration patterns.

d. Potential human health exposure either directly to sediments or through
the food chain.

e. Issues associated with environmental windows.

Risk assessment is not applied to the typical dredged material site or project
which is easily handled through the existing technical framework. Rather, it
applies in those cases where an extended analysis allows the dredged material
manager to address such real-world conditions as sediment matrix effects,
bioavailability, intermittent use of the site by a species of concern, the mitigating
effects of a specific management technology, the likely exposure to people fishing
recreationally, etc.
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Risk Assessment Role in Dredged Material Risk
Management Process

Risk assessment alone cannot compel a decision at a dredged material
management site. In those cases where the dredged material manager chooses to
apply risk assessment, he or she should consider it as part of a larger risk analysis
process which includes risk management. In prior considerations of risk
management, the USACE (1995b) views this process as a function of several
factors: risk and uncertainty, cost, schedule, value of resources protected,
regulatory requirements, political, economic, technical feasibility, environmental
justice/equity. The role of the risk assessment in this general process is to provide
realistic assessments, not hypothetical or highly conservative assessments that
provide no meaningful risk information to decision makers. Within the risk
management process, the risk assessment contributes most readily to the
evaluation of alternatives.

The Framework Document (USEPA/USACE 1992) provides comprehensive
guidance on identifying, screening, and selecting “reasonable” dredged material
disposal alternatives. The primary, although not exclusive, considerations when
evaluating disposal alternatives are effectiveness, implementability, and cost.

Risk Assessment Format

There are numerous program-specific documents which describe the formal
components of a risk assessment and details of conducting assessment within the
constraints of the program. The dredged material manager should recognize that
there are several general components included in risk assessments, based on an
USEPA framework (USEPA 1992a) and recently published USEPA guidelines
USEPA 1998). These components address the initial questions indicated earlier.
The risk assessment process has five general components (Figure 1).

a. Hazard identification/problem formulation. Hazard identification is the
process of determining whether exposure to a contaminant can cause an
increase in the incidence of a particular human health (e.g., cancer, birth
defect, etc.) or ecological (e.g., reproductive, lethal, etc.) effect. In
ecological risk assessment, the selection of receptors begins in this
section, but is a process which will continue into the Exposure
Assessment.

b. Exposure assessment. An exposure assessment estimates the magnitude of
actual and/or potential human or ecological exposure to a contaminant of
concern, the frequency and duration of exposure, and the pathways of
exposure for human and ecological receptors. This is the major step in the
development of scenarios, and the decisions made during the exposure
assessment will be critical to the ultimate estimate of risk. To address
concerns of stakeholders, it is important that this aspect of scenario
development be a cooperative effort early in the risk assessment process.
An important component of exposure assessment is the selection of
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Problem Formulation/Hazard Identification

® What are the risk assessment objectives?

e What are the contaminants of concern (COCs)?

e What are the sources of COCs?

e What organisms and humans may contact the
COCs?

e What ecological values are we trying to protect?

Estimate
of
exposure
level

Exposure Assessment

o What are the concentrations of COCs that humans
or organisms may encounter?

® What is the amount of a COC that a human or
organism may receive?

e What are the human activities or ecological life
histories which result in exposure?

— > | ¢ How does the estimate of the exposure to a

!

Effects or Toxicity Assessment

e What kinds of deleterious effects are associated
with the COCs?

e At what concentrations or doses do these
effects occur?

e Can we choose an effect level appropriate to the
humans and organisms who might be exposed?

l

Risk Characterization

contaminant of concern compare to the
estimate of the chosen effect level?

v

Uncertainty Analysis

e What are the sources of uncertainty at each step?

o Can we quantify uncertainty?

e How sensitive are our estimates to various
parameters?

Estimate
of effect
level

Figure 1. Components of risk assessment and questions addressed
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human and ecological receptors. To a large extent, these will drive the
development of exposure pathways.

c. Toxicity assessment/effects assessment. The toxicity assessment
summarizes and weighs available evidence regarding the potential for
contaminants to cause adverse effects in exposed individuals and to
provide, where possible, an estimate of the relationship between the
extent of exposure to a contaminant and the increased likelihood and/or
severity of adverse effects. Current guidance for ecological risk
assessment often refers to “toxicity assessment” as an “effects

d. Risk characterization. The risk characterization summarizes and
integrates the exposure assessment and toxicity assessment into a
quantitative and qualitative expression of risk. In a human-health risk
assessment, the risk characterization:

(1) Characterizes carcinogenic effects by estimating probabilities that an
individual will develop cancer over a lifetime of exposure based on
projected intakes from a given scenario and the information
summarized in the toxicity assessment.

(2) Characterizes noncarcinogenic effects by comparing calculated
intakes of substances, based on specific exposure scenarios, to
acceptable doses.

Generally in an ecological risk assessment, risk characterization evaluates
risk by comparing a concentration, dose, or body burden known to
produce an effect, with a corresponding measurement or projection of
exposure made in the exposure assessment (toxicity quotient method).
The risk assessor may consider the toxicity quotient with other sources of
information (biological conditions at the site, information from reference
areas) to form a professional opinion regarding potential risk in a weight
of evidence approach.

e. Uncertainty analysis. The risk characterization should also address
uncertainty in the analysis of human health and ecological risk. Risk
assessments do not generally provide fully probabilistic estimations of
risk. Therefore, highly quantitative statistical uncertainty analyses are not
common. USEPA/OERR (1989a) indicates the importance of identifying
the key site-related variables and assumptions that contribute most to the
uncertainty.

Ecological and Human Health Risk Assessment Relationship

At most sites, risk assessment will address two general types of risk, ecological
risk and human health risk. Ecological risk assessment focuses on potential risk to
nonhuman biota likely to occur at a disposal site. Human health risk assessment
focuses on carcinogenic and noncarcinogenic risk to humans from potential
exposure. A major difference between the two is that a human health risk
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assessment addresses potential effects to one type of receptor, human beings,
while ecological risk assessment can address risk to several receptors chosen to
represent the ecosystem associated with the dredged material disposal site.

These two types of risk assessment address the fate and transport of
contaminants in similar, if not identical manners. Those physical and chemical
processes which drive the distribution of contaminants will not change between
the two types of risk assessment. The two are linked in that the estimates of
contaminant uptake by biota (evaluated in the ecological risk assessment) may
result in exposure to humans if people eat that organism. Clearly, the feeding
habits of a commercial species, an ecological characteristic, will to a large extent
determine whether that species can pass a contaminant on to a human. This is the
point where ecological and human health risks are most closely linked. They
diverge in the discussion of toxicological processes and how these processes relate
to potential effects.

Who Can Conduct a Risk Assessment?

The selection of personnel to conduct a risk assessment depends on the level of
complexity addressed in the risk assessment. For example, a rough estimate of
exposure based on a simple sediment-water partitioning equation may be
sufficient to demonstrate little probability of bioavailability of a chemical and,
hence, risk. In such a case, operations personnel with expertise in engineering,
chemistry, or marine geology may be the only necessary personnel. In the most
complex assessments (and these are likely to be the least frequently encountered),
an interdisciplinary team of engineers, biologists, chemists, and physical scientists
may be necessary.

Data Collection Requirements of Risk Assessment

The site selection process and the dredged material evaluation tiered approach
will satisfy most risk assessment data needs (Table 1). These data may have to be
reformulated to provide direct answers to the six questions posed earlier.

The initial question, “Are there humans, organisms, or habitats near the
proposed dredged material management activities?”, is usually directly answered
in the baseline studies of the site selection process. These studies generally define
and describe sensitive habitats or species, commercially important species using
the site, recreational or commercial uses of the site, and the types of biological
communities nearby. Risk assessment may require some reformulation or
expansion of this information, if an analysis of potential exposure pathways
reveals data gaps. For example, a risk assessment may require a more detailed
description of human use of the site or an expansion of species descriptions to
include information on life history. Usually such can be satisfied by an expanded
literature review.

The dredged material evaluation will provide the necessary data to address the
Hazard Identification question, “Are there stressors associated with a proposed
management action which may affect the survival or reproduction of these
receptors?” The Tier I characterization of the sediments relies on available results
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Table 1.

Information Sources for Risk Assessment Within the Dredged Material Management

Program

("v " Indicates information is available for use in a particular section of risk assessment)

Site Selection

Report and
Associated
Environmental
Reports Tier | Tier Il Tier i Tier IV
Type of Sensitive habitats Characterize Predictive models Water column Chronic sublethal
Information or species, sediment; selection | to assess physical toxicity; sediment sediment toxicity;
Available commercially of COCs; review transport and water | toxicity; steady-state
important species existing data quality impacts; bioaccumutation bioaccumulation
using the site, Theoretical testing
recreational or Bioaccumulation
commercial uses of Model
the site, types of
biological
communities nearby
Risk
Assessment
Component
Identify v
Receptors
Hazard v
Identification
Identify COCs v
Toxicity v v v v
Assessment
Exposure v v v v v
Assessment
Risk v v
Characterizati
on
Uncertainty v v v v v

12

of prior chemical testing, measurements of physical characteristics, organic carbon

content, grain size, and review of regulatory records and published literature

regarding the material to be dredged (published studies, permit reviews, federal

databases, etc.). This information is generally sufficient for a risk assessor to

develop the Hazard Identification and develop a list of contaminants of concern
(COCs). Note that specifying COCs is an integral part of risk assessment which
will have already been accomplished as a Tier I activity based on explicit criteria
in the several dredged material testing manuals (USEPA/USACE 1991, 1998).

Chapter 1 Overview of Ecological and Human Health Risk




The identification of COCs during Tier I depends in part on the toxicological
importance of each contaminant. This Tier I task therefore provides a start on the
risk assessment’s Toxicity or Effects Assessment which answers the question, “Is
there a known quantity of the chemical or physical hazard which results in an
adverse effect to the likely receptors?” The risk assessment may require that this
information be reformulated to conform to the parameters used in human health or
ecological exposure models. This is generally accomplished by reference to
on-line USEPA and USACE databases or an expanded literature review.

The exposure assessment addresses the question, “Are there any conservative
but realistic, activities or physical and biological pathways by which the receptors
may encounter the chemical or physical hazards?” This is a considerable
expansion of Tier I sediment characterizations or Tier II modeling activities and
also incorporates the bioaccumulation testing conducted in Tier IIL This is the risk
assessment component which will require the most expansion upon prior data
gathering activities because this is the point which integrates the site selection
information with the dredged material evaluation. Although it generally will not
require new data collection, it will require a reformulation of the information into
a site-specific conceptual model.

In summary, the activities of site selection and dredged material evaluation
provide most of the information needed to conduct a risk assessment. There will
be some necessary renewed literature reviews and a reformulation of the data, but
expensive, time-consuming field data collections are unlikely.

Chapter 1 Overview of Ecological and Human Healith Risk
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Problem Formulation

What is problem formulation?

The problem formulation of a risk assessment is a systematic planning stage that identifies the major
factors considered in the assessment, and establishes its goals, breadth, and focus (USEPA/
Environmental Response Team (ERT) 1997). (Note that in human health risk assessment, this stage is
called hazard identification). This step requires reviewing and summarizing information on the
management activities, likely contaminants, the environmental setting, the human uses of the area, and

its resources.

What occurs in problem formulation?

Four major activities occur during the problem formulation:

Developing the objectives of the risk assessment - stating clearly what the specific risk assessment
should accomplish.

Developing a Conceptual Model - to a large degree this is a qualitative analysis in narrative and
graphical format of how contaminants from dredged material management activities may be
reaching humans or organisms.

Selecting and Characterizing Receptors - selecting and describing organisms and humans which
best represent the types of organisms and human activities that may contact contaminants from the
dredged material management site.

Developing Endpoints - describing what environmental resources the risk assessment is trying to
protect and what measurements will be used to assess whether that resource is at risk (note that
human health risk assessment endpoints are explicitly set by convention).

14
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2 Problem Formulation

The problem formulation of a risk assessment is a systematic planning stage
that identifies the major factors considered in the assessment, and establishes its
goals, breadth, and focus (USEPA/ERT 1997). It is essentially a scoping activity
and is fundamental to the success of all subsequent components in the risk
assessment. There are four general activities within problem formulation.

a. Statement of objectives: The risk manager initiates the problem
formulation with a statement of objectives. Subsequent selection of
assessment techniques and procedures largely depends on this objective
statement. Consequently, time spent by the dredged material manager in
addressing why the risk assessment is being performed will substantially
improve the decision-making process.

b. Development of a conceptual model: The conceptual model specifies the
pathways by which a contaminant of concern might move from the
management area to a human or organism of concern.

c. Selection and characterization of receptors: This task selects and describes
organisms and humans which best represent the types of organisms and
human activities that may contact contaminants from the dredged material
management site.

d. Identifying endpoints: The human health risk assessment has numerical
endpoints specified by convention to protect humans against carcinogenic
and noncarcinogenic health risks. However, for ecological receptors, the
risk assessment will use endpoints which depend upon the ecological
characteristics of the management area and management activity under
consideration. Assessment endpoints are the valued characteristics of a
management site or adjacent ecosystem that should be protected. In
selecting appropriate assessment endpoints, some factors to be considered
include the ecological relevance of the endpoint, policy goals and societal
values, and susceptibility to the contaminant. Measurement endpoints are
discrete observations that can be related to the assessment endpoint.
Generally, we must extrapolate from the measurement endpoints back to
the assessment endpoints in judging whether the value expressed by the
assessment endpoint is at risk.
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Objectives of Ecological Risk Assessment

Each site-specific ecological risk assessment should have its own set of
objectives. Many of these may be associated with specific issues, unique to a
given site. It is important for the risk assessor to specify any site-specific
objectives in advance of subsequent analyses. Obviously, this process is iterative.
Site-specific objectives may become sharper, or even modified, as the analyses
progress. In addition, site-specific objectives should be agreed upon “up-front”
based on input from dredged material managers, stakeholders, and environmental
groups.

There are several objectives common to all risk assessments: These include:
a. Identify contaminants of concern.

b. Identify organisms, ecosystems, and people that may be exposed to
contaminants contained in the dredged material.

c. Select organisms and humans which represent the ecosystem and human
activities associated with the dredged material site.

d. Identify the pathways by which receptors may be exposed to the
contaminants.

e. Specify the valued characteristics of the exposed organisms or ecosystem.

£ Specify measured or estimated concentrations of contaminants of concern
which organisms or humans may contact.

g. Develop information on the toxic effects of contaminants of concern.

h. Characterize the ecological and human risks associated with the exposure
under current and future conditions.

i Assess the uncertainties associated with measurements, estimates, and
risk characterizations.

There may be other site-specific objectives raised by local groups or regulators.
The risk assessment should incorporate these into a statement of objectives.

The product of this section of the ecological risk assessment will be a clearly
written set of objectives which will reflect the concerns of interested parties.
These concerns and how the objectives relate to them should be in the written
document. These objectives will guide the remaining steps in the ecological risk
assessment.
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Developing a Conceptual Model
What is Purpose of the Conceptual Model?
This section provides guidance for developing a conceptual model by asking these simple questions:

a. What humans or other organisms might be exposed to contaminants associated with dredged
material management activities?

b. What are the contaminants associated with the dredged material?

c. What are the physical or biological processes which might link the contaminants with the humans
or other organisms?

The development of the conceptual model poses these questions and takes the initial steps toward
answering them. However, this attempt is the overall task of the risk assessment which will revisit these
questions in an iterative manner throughout the process.

How Does the Risk Assessment Develop the Answers to These Questions?

As the first step in an iterative process, the conceptual model is an integration of existing information in
a graphical and written format. The level of detail will vary with the complexity of the local
environment, the number and types of contaminants, and the various dredged material management
alternatives under consideration.

The development of the conceptual model requires characterizing the environmental setting and
describing the potentially complete exposure pathways. The dredged material manager will recognize
that much of the information necessary to develop the conceptual model is available through the Tiered
Evaluation Process.
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Development of a Conceptual Model

The term conceptual model is a "term of art" in risk assessment and has
specific meaning. The conceptual model is an integration of existing information
which attempts to identify the contaminants and their sources, describe the
pathways by which they may reach humans or other organisms, and specify which
humans or organisms might be linked to the contaminants by these pathways.
These humans and organisms are called receptors. The assessment presents the
conceptual model as a narrative or diagram which describes the links between
contaminant sources and receptors along explicit fate and transport pathways. As
demonstrated in the various summaries of state, Federal, and industry guidance in
Appendix A, nearly all guidance documents for risk assessments require the
development of a conceptual model.

The development of the conceptual model may resolve questions. For example,
any incomplete exposure pathways defined in the conceptual model are eliminated
from further consideration. This is the opportunity to focus the questions upon
those issues of real concern. In the development of the conceptual model, it is
important, to obtain meaningful information through the Public Coordination
Process from Federal and state regulatory agencies, special interest groups, and
the general public.

Goals of conceptual model
The conceptual model has two goals:

a. Site characterization which is a general description of the environmental
setting.

b. Defining complete exposure pathways which are the links between
sources of contamination and humans or organisms.

Site characterization is an integral part of the ecological and the human health
risk assessment. It should:

a. Provide a brief overview of the management area in terms of its current
and past uses.

b. Characterize the management area relative to receptors.

c. Describe the presence of contaminants in potential exposure media
(sediments, biota, suspended sediments, water).

A complete exposure pathway is a physical, chemical, or biological mechanism
or some combination which may transport a contaminant from a source, such as
sediment, to a specified human or other organism such as a commercial fish
species or an endangered aquatic bird. A complete exposure pathway does not
necessarily translate to risk. The conceptual model attempts only to describe the
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potential for migration of contaminants based on the site-specific physical
conditions, chemistry, and geology. It provides neither a quantitative estimate of
the amount of contaminant moving along a specific pathway nor an estimate of
resulting concentrations. Subsequent components of the risk assessment will
incorporate information on the amount of a contaminant moving along this
pathway and evaluate whether that amount poses a potential risk to a human or
other organism.

The dredged material manager will recognize that much of the information
necessary to meet these goals is available through the Tiered Evaluation Process.
Figure 2 shows where information obtained during that process relates to these
overall goals. In most cases, attaining these goals does not require new data but is
an integration of the comprehensive analysis conducted in Tier I, supplemented
with the information collected in Tier II of the testing manuals. The risk assessor
should review NEPA documentation and associated information during the
development of the conceptual model. Clearly, the various Tier I tasks such as
summaries of physical, chemical, and biological information, field monitoring
studies, descriptions of the various sources of contaminants to the dredged
material, and the review of regulatory permits in the area contribute to the
development of the characterization. The conceptual model is a framework for
organizing previously acquired information.

Steps in developing a conceptual model
There are seven steps in developing a conceptual model (Figure 3).
1. Describe the dredged material management activity.

2. Identify the kinds and spatial extent of habitats that are present in and
around the management area.

3. Identify the species and humans that may use these habitats and that may
be potential receptors.

4. Specify the contaminants of concern.

5. Describe mechanisms which may bring a contaminant into contact with a
human or other organism.

6. Describe the potential routes of contact between the contaminant and the
receptor.

7. Describe the complete exposure pathway.

Step 1: Describe dredged material management activity

The first step in developing the conceptual model is to provide a narrative
description of the proposed dredged material management activity. This
description should include the manner of sediment dredging and disposal, the
amount of material under consideration, and the source of dredged material. The
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Information Goals of the Conceptual Model

Tier I

Summary of chemical, physical, and
biological testing
Summary of field monitoring
Source description
Review of regulatory files and permits

v

Characterize the environmental setting

v

Tier II

Evaluate water quality criteria

Tier I

Calculate theoretical
bioaccumulation potential

\ 4

Tier 111

v

Select appropriate test organisms
Calculate initial mixing
Benthic bioaccumulation

Describe complete
exposure pathways

Tier IV

v

Steady-state bioaccumulation

Figure 2.  Flowchart depicting relationship between information collected during sediment evaluation
process and goals of conceptual model
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Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

Describe the management activity

!

Identify the kinds and spatial extent of habitats
in and around the management area

l

Identify the species and humans that may use
these habitats and that may be potential receptors

I

Specify the contaminants of concern

v

Are there mechanisms which may bring a
contaminant into contact with a human or
other organism?

|
No Yes

Are there potential routes of contact between the
contaminant and the receptor?

Yes

No complete pathway No

and no risk

'

Describe potential routes of exposure to
contaminants such as ingestion, direct
contact, and inhalation

l

Complete exposure pathway

Figure 3.

Steps in developing a conceptual model and determining complete exposure pathways
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product of this step is a written description of the proposed dredged material
management activity.

Example 1: Description of the Dredged Material Management Activity

A local marina has proposed dredging 10 new slips. The existing water depths at the slips is 1.5 m

(5 ft) mean lower low water (MLLW). Each slip will be 15 x 6 m (50 x 20 ft) and dredged to a depth
of 3 m (10 ft) MLLW with a 0.6-m (2-ft) over-dredge allowance. The project will also require dredging
of the channel resulting in an estimated 76,460 cu m (100,000 cu yd) of dredged material. A clamshell
dredge will remove the material to a hopper barge for transport to an offshore unconfined management
area for which a site designation report is available. The water depth near the site averages 30 m

(100 ft), and there is low to moderate wave energy.

Step 2: Identify habitats

It is important to identify habitats in and near the dredged material
management area, because these will largely determine human uses and ecological
receptors for the conceptual model. The identifications should be specific and
conform to common ecological descriptions of aquatic habitat.

There is no restriction or recommendation regarding the number of habitats
described in this section. Generally, the habitat classifications should not be so
broad as to lose ecological meaning, nor so specific that they lack information
regarding the relationships among organisms. Example 2 provides a list of the
types of questions to ask during this step.

There are no rules regarding how close to a management area a habitat must be
to be included in the site description. It is best to use biological or physical
characteristics that impose a functional, as opposed to a geographic relationship
between the management area and appropriate habitats to make decisions. Such
characteristics might include: depth of vertical mixing, the presence of geological
sills, a permanent thermocline, erosional characteristics, water mass mixing, wave
action, grain size, flow, presence of a continuous shellfish bed, similarity in
vegetative characteristics, etc. The product of this step should be narrative text,
maps, and figures, as necessary, which describe the habitats at and adjacent to the
disposal site. Much of this information should be available from the site
designation process and NEPA documentation.
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Example 2: Description of Habitat Surrounding Management Site

The risk assessor used the following questions to guide the description of the habitat at and near the
management area (disposal site) where the dredged material from the marina and channel will be
transported.

What is the size of the management area (disposal site)?

What is the size of the local water body?

Are there fishery breeding, nursery, or feeding areas near the site?

Is the site near or adjacent to seasonal migration pathways for fish,

mammals, or piscivorous birds?

e.  Are there biological reefs near the site (shellfish reefs, coral reefs) or other
particularly productive benthic environments?

f. Is the site near a wetland such as a salt marsh, Typha marsh, tidal flat, or flood
plain?

g. Is the site near a productive commercial or recreational fishery?

h.  Are there habitats identified by local, state, or Federal agencies for special
protection such as critical habitat for endangered species, a national seashore
park, or a state wetland refuge near the site?

1. Are there Federal, state, or endangered species near the site?

ap e

The management area for this dredging project is in a coastal bay that is approximately 8 x 3 km (5 x

2 miles), and connects to the open ocean through a broad mouth. The management site is 5 km (3 miles)
offshore. The nearshore environment includes an extensive salt marsh. The bay has a sand and silt bottom
and a stratified, seasonal thermocline. There is a winter flounder fishery near the site. There are migratory
species, including winter flounder and mackerel, in the area. There are no endangered species found near
the site.

Step 3: Identify species and humans that may use habitats

Identify species. This is the first step in the ultimate selection of receptors for
use in the risk assessment. It also provides input to the human health risk
assessment in identifying a potential exposure pathway, ingestion of seafood by
humans (i.e., by identifying those species used in commercial or recreational
fisheries). Again, most of the necessary information should have been collected
during the disposal site selection/designation process and assembled in the
accompanying NEPA documentation.

First, identify biological communities as general community types such as
pelagic, demersal, epibenthic, or infaunal while simultaneously considering the
overlap in such distinctions. Secondly, list the types of organisms likely to occur
within these general communities. Note that stakeholders may select receptors or
resources of lesser ecological importance for economic or aesthetic reasons.
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Identify human users. The conceptual model should specify human receptors
who may use the management site, local residents living or working near the site,
and workers who may contact sediments during dredging, transport, or
management of the materials. The potential human receptors include:

a. Potential recreational users of the management site (e.g., swimmers,
boaters, fishermen, naturalists, waders).

b. Local residents, especially where upland disposal is under consideration
(e.g., off-site resident, trespassers ).

c. Workers (barge operators, on-site workers, facility workers, pretreatment
workers).

d. Individuals who fish or consume fish or shellfish that may have exposure
to contaminants from the dredged material management site.

The product of this step will be a list of animal and/or plant species and
humans likely to use the habitats at and within the influence of the disposal site.
For the organisms, the list should reflect the variety of trophic levels, feeding
types, and phylogenetic diversity in the identified habitats. As much as possible,
the list should assign species to various communities and provide their general
ecological function within the community. For humans, the list should reflect
human receptors who may use or work at the site or ingest seafood from or near
the site.

Obviously, the list cannot be inclusive of all species which may use or pass
through the disposal site area. However, it should include multiple representative
species of most, if not all, the functional types in the area, and it should list any
pertinent endangered or threatened species that reside in or pass through the area.
The information gathered in this section will be important in the selection of
receptor species.
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Example 3: Identification of Species and Humans that May Use Habitats

The following table is a summary list of species identified at or near the potential dredged material
management site. It characterizes the species by habitat (e.g., planktonic, benthic) and by function
within the ecosystem. Most of this information will have been assembled during the site designation
process.

Tabulations such as these allow the risk assessor to judge the diversity of habitats among the aquatic
community and provide some sense of general diversity and ecological function at the management
site. Note that the species in this table, while they occur at or near the site, will not necessarily be
selected as receptors for further analysis. For example, at most sites it is unlikely that phytoplankton
will receive more than a short-term exposure to the dredged materials (primarily during disposal),

sediment particles and low solubility.

Species List for Management Area and Adjacent Areas

Receptor Common Name Functional Group
Phytoplankton Primary producer
Asterionella Primary producer
Melosira Primary producer
Nitzschia
Epibenthic Animals
Homerus americanus Lobster Scavenger/predator
Crassostrea virginica Opyster filter feeder
Infauna/Benthic Animals
Mpya arenaria Soft shell clam Filter feeder
Mercenaria mercenaria Hard shell clam Filter feeder
Cardium edule Cockle Filter feeder
Gammarus duebeni Amphipod Deposit feeder
Nereis virens Sandworm Scavenger/predator
Fish
Anguilla rostrata Eel Predatory fish
Scomber scombrus Mackerel Migratory pelagic feeder
Pseudoplueronectes Winter flounder Bottom feeding fish
americanus

is a winter flounder fishery near the site, other individuals may be exposed through fish consumption.

because most of the contaminants potentially associated with dredged materials have a high affinity for

In addition to these species, there are also humans who use the area around the site, including workers
involved in dredging, transport, or management of the material, fishermen, and boaters. Because there
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Step 4: Specify contaminants of concern

This step in the development of the conceptual model is closely tied to the
tiered sediment evaluation. Those procedures have explicit methods for
identifying COCs and for deciding whether they may present a potential
environmental problem. The risk assessment rests heavily upon this prior work
and should not introduce COCs previously screened from consideration by the
prior evaluation procedures.

The risk assessment should address risk from the COCs identified during the
tiered sediment evaluation process. The ocean dumping regulations (40 CFR
Ch. 1 [7-1-88 edition] 227.6) and dredged material testing manuals
(USEPA/USACE 1991, 1998) provide guidance regarding the selection of
contaminants of concern for dredged material.

Figure 4 shows the process for making the selection. It is a step-wise process
that uses information from the sediment evaluation procedure to select COCs.
This subsection summarizes the Tier I, II, and III sediment evaluation procedures
and describes how they apply to the selection of COCs for risk assessment.

Summary of Tier I evaluations. The Tier I procedures identify potential COCs
as those constituents which the regulations consider prohibited as other than trace
constituents. These include:

a. Organohalogen compounds.

b. Mercury and mercury compounds.

¢. Cadmium and cadmium compounds.

d. Oil.

e. Known carcinogens, mutagens, or teratogens.

In addition, the testing manuals describe several bases upon which to identify
contaminants of concern. These include:

a. Presence in the dredged material.

b. Presence in the dredged material relative to the concentration in the
reference material.

¢. Toxicological importance.
d. Persistence in the environment.
e. Propensity to bioaccumulate from sediments.
Simple presence is not sufficient to include a contaminant as a potential

contaminant of concern. However, a persistent and toxic chemical would be
included. Some contaminants may occur in sediments below their toxic levels, yet
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Tier I Identification of Contaminants of Concemn
(‘ Critetia:
Presence inthe dredged material
Presence inthe dredged material velative to the
concentrationin the reference material
Toxicological importence
Persistence in the enviromuent

'{rl:f:rl'ma ton < ' Propensity to tioaccumulate from
sediments ;
v
Does the contaminant meet the Tier I criteria for
COCs?
. No Yes
[ Have Tiex IT and III

evaludions been perfrrmed?

Yes No

v

Does the cortaminart have
Water-Quality Criteria (AQC)?

Yes l No

v

Does the predicted conteminant

< concertration ex ceed the WQC?
No

Tier Il | Yes

Information 4

Can a TBP be caleulated?

No l Yes
L 4
Isthe TBP greater than the
reference sediment?
No No | Ves
v
Isit sergisic with 1o
other potentisl COCs?
N h 4
Is Tier III bicaccurmulation
Tier 111 ffx:e::a greater thanthe reference?
Information L coc l Yes

Figure 4. ldentification of contaminants of concern
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they are so bioaccumulative that they present a potential problem to higher trophic
levels. In Tier L, the testing manuals specify four properties which control the
propensity to bioaccumulate:

a. Hydrophobicity.
b. Aqueous solubility.
c. Stability.

d. Stereochemistry.

Application of Tier I criteria for selecting COCs. All compounds identified as
potential COCs in Tier I will be carried in the risk assessment unless evaluations
in subsequent tiers are available to eliminate a compound from the COC list.

Summary of Tier II evaluations. Tier II of the sediment evaluation procedure
provides a method to screen sediments for potential impact and thereby eliminate
the need for further testing. Tier II evaluates the COCs identified in Tier I for
compliance with water-quality criteria (WQC), and calculates Theoretical
Bioaccumulation Potential (TBP) to address potential benthic impact.

To evaluate water-column impact, the Tier II evaluation predicts a water-
column concentration for all of the contaminants of concern identified in Tier I.
This prediction makes the conservative assumption that all of the contaminants in
the dredged material are released into the water column. If the predicted
concentrations of all potential COCs are below the WQC concentrations, and no
synergistic effects are suspected, then the dredged material complies with Tier II
WQC requirements. If the predicted concentrations of any of the potential COCs
exceed WQG, if there are no criteria available, or if synergistic effects are
suspected, further testing is required in Tier III.

To evaluate benthic impact, the TBP calculated for the nonpolar organic COCs
in the dredged material are compared to the TBP calculated for the same
contaminants in the reference sediment. If the TBP of nonpolar organic
compounds for the dredged material exceeds that of the reference sediment,
further evaluation of bioaccumulation in Tier III is appropriate. Tier III evaluation
is also necessary if the COCs include compounds other than nonpolar organics
which may bioaccumulate.

Application of Tier II results for selecting COCs. If the sediment evaluation
procedure progressed to Tier II, then compounds which do not have WwWQC or
whose predicted water-column concentration exceeds its WQC should be retained
as COCs. Note that the comparison should be made to all available WQC
including:

a. Acute criteria for the protection of aquatic life.

b. Chronic criteria for the protection of aquatic life.
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c. Criteria for the protection of humans from consumption of organisms
only.

d. Criteria for protection of humans from consumption of water and
organisms.

Those compounds which meet WQC and are neither bioaccumulatable nor act
synergistically with other compounds will be screened out as COCs. The risk
assessment can screen out compounds which do or may bioaccumulate if their
Tier II analyses of TBP in the dredged sediments is less than the TBP calculated
for reference sediments. If the TBP for the dredged sediment is greater than the
TBP for reference sediments according to Tier II protocols, then the decision to
retain or screen out the COC depends on the results of Tier III testing.

Summary of Tier III evaluations. Tier III assesses the impact of contaminants
in the dredged material on appropriate sensitive organisms to determine if there is
a potential for the dredged material to have an unacceptable impact. This tier uses
water-column and whole sediment toxicity bioassays and bioaccumulation tests.

Water-column toxicity bioassays assess the effects of sediment-associated
contaminants on water-column organisms. Water-column toxicity tests must be
used when WQC are not available or when synergistic effects are suspected. If the
concentrations of dissolved plus suspended contaminants do not exceed 0.01 of
the acutely toxic concentrations, the dredged material complies with water-column
toxicity criteria. If the concentration exceeds 0.01 of the acutely toxic
concentrations, the dredged material does not comply.

Whole sediment bioassays assess the effects of sediment-associated
contaminants on benthic organisms. If bioassay organism mortality is statistically
greater than in the reference sediment and exceeds mortality in the reference
sediment by at least 10 percent (or a value that is in accordance with approved
testing methods), the dredged material does not meet the limiting permissible
concentration for benthic toxicity.

Tier III benthic bioaccumulation tests determine bioavailability through 28-day
exposure tests. Bioaccumulation potential has to be in compliance with
regulations before a dredged material can be considered acceptable for ocean
dumping. Tier Il includes comparing concentrations of COCs in tissues of
benthic organisms after a 28-day exposure period to Food and Drug
Administration (FDA) Action Levels. It is considered unacceptable if the
concentration of contaminants in any test species exceeds FDA action levels.

If tissue contaminant concentrations are less than FDA action levels or if no
FDA levels are available, they must be compared to contaminant concentrations in
tissues of organisms similarly exposed to reference sediment. If tissue
concentrations of COCs in organisms exposed to dredged material do not
statistically exceed those of organisms exposed to reference sediment, then the
dredged material complies with bioaccumulation regulations. If the concentrations
of COCs in organisms exposed to dredged material exceed those of organisms
exposed to reference sediment, Tier III provides eight factors to consider to
determine compliance.
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Application of Tier III results to selection of contaminants of concern. The
selection of COCs for the risk assessment uses the Tier III bioaccumulation test
results. Any compound in the proposed dredged material tested under Tier 111
which bioaccumulates in significantly greater amounts than a reference sediment
should be retained as a COC. Note that at the end of Tier III, the retained list of
compounds will include:

a. Contaminants for which there is no WQC.

b. Contaminants whose predicted concentrations exceed any applicable
wQC.

¢. Contaminants which bioaccumulate from proposed dredged materials at
concentrations significantly greater than a reference area sediments.

The product of this step is a list of contaminants of potential concern which
will be used in developing the links between contaminant sources and potential
ecological or human receptors in the conceptual model. A narrative which
explains the genesis of the list through a consideration of the results of the tiered
sediment evaluation procedures should accompany the list.
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Example 4: Identifying Contaminants of Concern

For the marina project under consideration, five contaminants found in the dredging material intended
for the offshore management site met the criteria for Tier I identification of COCs. Specifically,
cadmium, lead, mercury, endosulfan, and PCBs are potential contaminants of concern because they are
present in the material and have known toxicological effects.

The tabulation below provides the WQC and the predicted concentrations for the potential COCs from
Tier II evaluations. The evaluation revealed that neither lead nor cadmium have WQC for the
protection of humans from consumption of organisms. These two contaminants must, therefore, be
retained as COCs.

The remaining contaminants, mercury, endosulfan, and PCBs, have all WQC including: acute criteria
for the protection of aquatic life; chronic criteria for the protection of aquatic life; criteria for the
protection of humans from organisms only; and criteria for protection of humans from water and
organisms. Among these three potential contaminants, the predicted water concentration of total PCBs
from the dredged material exceeded the criteria. Therefore, total PCBs were retained as a COC.

A theoretical bioaccumulation potential could not be calculated for mercury because it is an inorganic
compound. Therefore, a Tier III evaluation was necessary to determine compliance. The Tier III
evaluation revealed that bioaccumulation of mercury in the dredged material was less than that of the
reference sediment, and it was screened out as a COC.

Because endosulfan is a nonpolar organic compound, a TBP could be calculated, but the TBP, in this
case, did not exceed that of the reference sediment. In addition, no synergism with other potential
COCs was suspected, and endosulfan was screened out as a COC.

At the end of the three tiered evaluation, three contaminants in the dredged material, cadmium, lead,
and PCBs, were selected as contaminants of concern for the risk assessment. This continuous example
will carry total PCBs through the risk assessment.

Saltwater Saltwater Criteria for Protection of Predicted COCs
Criterion Criterion Human Water Health Contaminant  Retained
Contaminant ~ Acute Conc. Chronic and Organisms  Concentration
(ug/L) Conc. (ug/L) Organisms Only

Cadmium 43 9.3 10 NA 10.4 X
Endosulfan 0.034 0.0087 74 159 0.0067
Lead 220 8.5 50 NA 14.7 X
Mercury 2.1 0.025 0.146 0.14 0.019
PCBs 10 0.03 7.90E-05 7.90E-05 1.2 X

NA = Not available

Reference:

USEPA (1999). National recommended water quality criteria. USEPA, Office of Water, Washington,
DC. EPA/822-7-99-001.
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Step 5: Describe release mechanisms

This step will describe mechanisms which may release contaminants from the
dredged material management area and allow them to contact ecological or human
receptors. Such mechanisms may include disturbance of the sediment,
bioturbation, dissolution, resuspension, diffusion through engineered barriers, or
advection. It is important to remember that the mechanisms are considered only if
they result in a release which brings contaminants into contact with potential
receptors. The product of this step is a narrative which describes potential release
mechanisms associated with the management option under consideration.

Example 5: Description of Potential Release Mechanisms

which could result in exposure to COCs. Once the material has reached the management area,

potential COCs into contact with receptors.

During this dredged material management operation, there are several potential release mechanisms

sediment can become suspended in the water during placement. The area is a low-to-moderate energy
environment, has a seasonal thermocline (indicating little surface-to-bottom mixing during summer),
and is generally depositional. There is some potential for resuspension of the sediments and advection
through wave or storm action and during winter with the breakdown of the seasonal thermocline. There
is also potential for diffusion from pore water and advection offsite. These mechanisms could bring the

Step 6: Describe potential routes of exposure

The simple existence of a release mechanism which may transport a
contaminant to a receptor will not result in a complete exposure pathway unless
there is some route by which the receptor contacts the contaminant. These routes
may include dermal contact, ingestion, absorption across the gills, or inhalation.
The conceptual model should specify the likely route or routes of exposure for
each receptor separately.

Step 7: Describe complete exposure routes

The last step is to decide whether there is a complete exposure pathway
between a contaminant and a receptor. The conceptual model should describe
each complete pathway in detail including the source of the contaminant, the
release mechanism, the route of exposures and the potential receptors. A complete
exposure pathway is a combination of physical, chemical, or biological
mechanisms which may transport a contaminant from a source, such as sediment,
to an ecological receptor, such as a commercial fish species or an endangered
aquatic bird, or to a human receptor, such as a recreational fisherman or someone
consuming commercial fish, from an area under the influence of a dredged
material management activity.

Whether a pathway is complete depends on:

a. The presence of a particular receptor.
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b. The physical accessibility of the contaminants to a receptor.

c. The chemical properties of a COC (e.g., solubility, partitioning
coefficients) which govern its partitioning among media and from
physical media to biota.

d. The physical attributes of a site which may govern movement of a
contaminant (e.g., advection, upwelling, sediment transport).

The risk assessor must consider these factors in deciding whether there is a
complete pathway at a specific site. When an exposure pathway is complete, the
risk assessor must decide whether there is potential for risk associated with that
pathway. A complete exposure pathway does not necessarily translate to risk. Risk
depends on the concentration or dose to the receptor relative to that receptor's
toxic response. Later sections of the risk assessment will address the dose or
concentration to which a receptor is exposed and will address the toxicity of the
chemical.

At most dredged aquatic material management sites, the potential links
between contaminants and potential ecological receptors are:

a. Sediment to benthic organisms.
b. Benthic organisms to pelagic or demersal organisms.
¢. Water column to pelagic organisms.
Figure 5 shows a generalized conceptual model with the most likely complete

exposure pathways at dredged material management sites. Note that direct
exposure from sediments to pelagic organisms is possible (e.g., exposure to
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Figure 5. Example of conceptual mode! for ecological exposure pathways
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resuspended sediments in energetic environments). In shallow waters, there may
be exposure via plant uptake and subsequent herbivores. In the figure, the terms
“primary receptor” and “secondary receptor” represent general trophic levels, not
a prioritization of importance. Note that this conceptual model depicts a shallow
site where forage fish and zooplankton are important receptors and are important
biological media for exposure to higher trophic levels (groundfish and pelagic
fish).

Contaminant exposure pathways that do not lead to a species or group of
species or humans which may be potential receptors are incomplete and therefore
the risk assessor may assume that there is no potential for risk associated with a
particular contaminant along that pathway (Figure 3).

The product of Steps 6 and 7 is a graphical and narrative description of the
complete exposure routes specific for the COCs, habitats, types of species, and
likely human receptors. It should include a written summary of the chemical,
physical, and biological conditions at the proposed disposal site. Where data are
insufficient to conduct any of the preceding steps, the description should
recommend means (e.g., field surveys) to provide the information necessary to
complete the conceptual model. In those cases where further field or laboratory
work is recommended, the description should also stipulate the required data goals
and methodology. Subsequent steps in the ecological risk assessment, particularly
the development of a list of receptors, will depend on the site characterization
inherent in the development of the conceptual model.
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Example 6: Description of Complete Exposure Pathways

The risk assessor used the following questions to guide the determination of complete exposure
pathways between the proposed dredged material and the potential receptors:

a. Could contaminants reach receptors via direct contact?

Are one or more receptors inhabiting or using an area where contamination exists or will exist?

c. Is the location of contamination such that one or more receptors could contact it currently or in the
future?

d. Are there advective or dispersive processes which may deliver the contaminant to a receptor or

habitat?

Could contaminants reach receptors via indirect contact?

Is contamination bioaccumulative or bioconcentratable?

Are there higher order predators which may accumulate the contaminant?

Could contaminants reach receptors or habitats via groundwater?

Can contaminants leach into groundwater?

Does groundwater discharge to aquatic habitats?

Are contaminants present at surface sediments?

Can contaminants be leached or eroded from surface sediments or soil?

s

— T e g M O

The answers to these questions indicate that there is a benthic community with potential for direct
contact and ingestion of sediments by invertebrate organisms at the management area. There is then
potential for bioaccumulation to higher-order predators through ingestion of the benthic organisms.
There is some potential for bioconcentration of COCs from suspended sediments in the water column
to forage fish and zooplankton, given the moderate vertical mixing which may occur at the site in
winter. The management option does not have an effluent discharge, so there is minimal likelihood of
dissolved contamination in the water column (there is a potential for exposure in the water column
during disposal, but it is of short duration). There is a commercial fishery, winter flounder, which
results in a complete pathway to humans through ingestion of flounder. The management area is too far
offshore (5 km (3 miles)) to consider groundwater discharge as a likely exposure pathway. Also, the
management option does not result in sediment exposures at the water surface as might be the case for
an offshore containment island.

Sources of information for developing conceptual model
Each risk assessment will require site-specific information. The following
sources provide data on various estuaries, coastal areas, and long-term monitoring
programs for biological, chemical, and physical characteristics of an area:
a. Environmental impact statements for disposal site designations.

b. Previous assessments of dredged material disposed at the site.

¢. NOAA Programs:
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(1) Historic Trends Reports for Various Estuaries, National Ocean
Pollution Program - these are reports on individual estuaries and
coastal areas prepared by the National Ocean Service (NOS) and
National Sea Grant College Program.

(2) National Status and Trends Program Benthic Surveillance Project,
NOS - reports on contaminant levels in benthic organisms in marine
coastal areas.

(3) National Status and Trends Program Mussel Watch Project, NOS -
reports on contaminant levels in mussels and oysters in coastal areas.

(4) NOAA Technical Memorandum Series Published by NOS - various
reports and data summaries of biology, chemistry, and physical
oceanography for coastal areas.

(5) National Marine Fisheries Service (NMFS) Reports - statistical and
catch reports prepared by NMFS.

d. USEPA environmental monitoring and assessment program reports.

e. State Division of Marine Fisheries Fishery statistic reports and monitoring
Teports.

f. State Fish and Game Reports.

g. Clean Water Act Section 208 Reports.

h. National Heritage Program Atlases.

i. Soil Conservation Service Reports.

Jj. United States Geological Survey Reports.

k. State and local Conservation Agency Reports.

. U.S. Fish and Wildlife Service Reports.
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Selecting and Characterizing Representative Receptors
What is a representative receptor?

Representative human receptors are humans who have a complete exposure pathway as described in the
conceptual model and whose exposure is likely to represent a reasonable worst-case exposure to the
COGs.

Representative ecological receptors are organisms whose life histories and habitat requirements fairly
represent the range of habitats and life histories for those organisms with complete exposure pathways
which are found near the dredged material management site.

Why does risk assessment use representative receptors?

It is practically impossible for the risk assessment to address risk to every possible receptor. There will
be a wide variety of species and types of species under the potential influence of the dredged material
management site. Therefore the ecological risk assessment must have some method to choose one or
more receptors which best represent the types of species likely to contact COCs from the dredged
material management area.

Similarly, human contact with contaminants may vary over a wide range, so it is important to choose a
human receptor which represents a realistic but likely worst case from among the range of possible
human receptors.

How will the risk assessment use representative receptors?

The risk assessment will use the biological properties and activity patterns of representative receptors to
develop estimates of how much contaminant the receptor may encounter. It will use toxicological
information about the receptor to estimate whether that level of contaminant exposure might present a
risk to the representative receptor. By broad extension, the assessment will assume that risk to the
representative receptors implies risk to ecological populations or individual humans.

Select and Characterize Representative Receptors

It is unreasonable to assume that a risk assessment can address potential risk to
every species or every human activity which may be associated with the dredged
material management activity. Therefore, the risk assessment uses representative
receptors. Representative human receptors are humans who have a complete
exposure pathway as described in the conceptual model, and whose exposure is
likely to represent a reasonable worst-case exposure to the COCs. Representative
ecological receptors are organisms whose life histories and habitat requirements
fairly represent the range of habitats and life histories found near the dredged
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material management site. Using a representative species approach is a commonly
accepted technique in regulatory practice. For example, this approach has
historically been used in other Clean Water Act regulatory activities such as 301h
and 301b demonstrations.

Select and characterize human receptors

The assessment should specify the human receptors who may use the
management site, local residents living or working near the site, and workers who
may contact sediments during dredging, transport, or management of the
materials. Obviously, the types of human receptors will vary with the technology
employed in the dredged material management activity and the location of the
activity. The likely list of potential human receptors include:

a. Potential recreational users of the site (swimmers, boaters, fishermen,
naturalists, waders).

b. Local residents (off-site resident, trespasser - depends on proximity of
management site to shore).

c. Workers (barge operators, onsite workers, facility workers, pretreatment
workers - depends on the technology used).

Select ecological receptors

This step identifies the receptor species and provides the rationale for their
selection as representative receptors from among the species likely to occur in the
disposal site area.

The actual receptors chosen will vary among disposal sites. However, general
guidance for receptor selection is to select those species which:

a. Are likely to occur at the site.

b. Represent a reasonable (although not comprehensive) cross section of the
major functional and structural components of the ecosystem under study.

c. Represent various trophic levels (e.g. saprophytes, herbivores, primary
and secondary carnivores), feeding types (detritivores, scavengers, filter
feeders, active predators, forage fish, piscivorous birds), and habitats
(benthic, demersal, pelagic) so that exposure pathways can be evaluated.

d. Represent those types of organisms most likely to encounter the
contaminants of concern.

e. Ate relatively abundant and ecologically important within the selected
habitats.

f Have available applicable toxicological literature.
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g. Are relatively sensitive to the contaminants of concern.
h. Represent various mobility and local feeding ranges.
i. Bioaccumulate contaminants of concern.
j. Are economically important or have Federal/state endangerment status.
k. Exhibit any observed visible evidence of stress.
Much of this information will already be available from the site selection process.

The risk assessment will use the biological and ecological characteristics of the
selected species in the later tasks of estimating exposure and risk to the ecosystem.

The product of this step is a list of human and ecological receptor species
aggregated by functional group. This will be used to develop an estimate of
exposure to COCs, estimate bioaccumulation, and characterize risk. The species
chosen should represent the ecological community and its sensitivity to the
contaminants of concern.

Example 7: Selecting Human and Ecological Receptors

Ecological receptors

The potential receptors in the management site include the invertebrate community that lives on or in
the sediments (the benthos), fish species that inhabit the bay for part of their life cycle or as a foraging
area, and the plankton community of invertebrates, fish larvae, and algae that are suspended in the
water column and carried with the tidal currents into and out of the bay.

Based on the data available for the site, it is clear that the focus of the analysis should be on animals
that have direct contact with the sediments. These animal communities (both invertebrate and fish)
tend to reside longer in particular areas than do plankton (carried with the currents) or fish that inhabit
the water column (e.g., blue fish). Specifically, the environmental receptors which are emphasized in
this analysis are the benthic invertebrate community and the demersal (bottom) fish community.

Within the demersal fish community, this risk assessment uses the winter flounder,
(Pseudopleuronectes americanus) as the representative species because it is the most commonly
occurring species in the area, supports a major commercial fishery in the bay, and is a major predator
on bottom dwelling organisms.

Human receptors

The likely human receptors include consumers of winter flounder from the commercial and
recreational fishery.
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Characterize ecological receptors

For each chosen receptor, the assessment should include a species profile
which characterizes the biological properties of the selected receptors. These
profiles consist of text descriptions of the relevant ecological and physiological
characteristics and taxonomic relationships of the receptors. These include, but are
not limited to, descriptions of: trophic status, feeding type, food preferences,
ingestion rates, range, prey, predators, migratory habits, breeding habits, likely
habitats, population estimates, reproductive strategies, substrate and habitat
preferences, and life history. The profiles should also include any particular
vulnerabilities or status of the species as rare, threatened, or endangered. Note that
profiles should include, as much as possible, site specific aspects of an organisms
biology. For example, it is important to know whether a receptor organism breeds
near the site.

The product of this step is a written characterization of ecological receptors
derived from: a literature review, reviews of existing studies, and results of
surveys during the site selection process or monitoring at existing sites. This
characterization will be used in the development of exposure scenarios and the
risk characterization.
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Example 8: Characterization of Ecological Receptors - Winter Flounder

The winter flounder is a coastal demersal species with a primary range in cold-temperate boreal waters.
Winter flounder occur at depths from the intertidal to 150 m and on hard or soft mud, clay, sand, or
pebble bottoms of bays, estuaries, and coastal waters (Bigelow and Schroeder 1953). Perlmutter (1947)
suggested the existence of many discrete local stocks based on several key observations: demersal
eggs, nondispersive larvae, juvenile phases, and complete lack of adult mixing with other stocks.

Winter flounder spawn in most estuaries from Chesapeake Bay through the Gulf of Maine from
midwinter to early spring (Azarovitz 1982). It is believed that winter flounder return to the same
spawning location year after year (NMFS 1986). Winter flounder eggs are demersal and adhesive, and
therefore the spawning and nursery areas for the species should coincide.

In areas north of Cape Cod, winter flounder remain in bays and harbors year-round, moving into
deeper holes and channels during the warmest weather (Azarovitz 1982).

Winter flounder feed by sight near the bottom. For example, Pearcy (1962) showed that fish fed in a
dark room did not eat until zooplankton died and sank to the bottom. Field observations confirmed that
feeding occurs during the day. These organisms are clearly bottom dwellers who spend significant
portions of their lives in close contact with sediments.

It is also significant that winter flounder eat bottom-dwelling organisms because the consumption of
these organisms provides another potential exposure pathway. Several investigators (Pearcy 1962;
MacPhee 1969; Frame 1972) noted that they are omnivorous, opportunistic feeders, and prey upon
polychaete worms, amphipod and isopod crustaceans, pelecypods, and plant material.

Note that this example continues with assessing risk to winter flounder. The risk assessment should
similarly address other selected receptors such as a representative benthic organism(e.g., softshell
clams) or water-column organisms which may concentrate COCs from suspended sediments.

Assessment and Measurement End Points

What are Assessment and Measurement End Points?

An assessment end point is an explicit expression of the actual environmental
value to be protected (USEPA 1992a) during the management of the dredged
materials. The term applies only to ecological risk assessment. The environmental
values most commonly refer to valuable ecological resources that:

a. Are critical to the normal functioning of an ecosystem such as a diverse
benthic community structure.

b. Provide critical resources such as a fishery or sensitive habitat.

c. Are perceived as valuable by humans such as endangered species.
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Sometimes the assessment end point cannot be directly measured. In such
cases, the risk assessment uses a measurement end point which is a measurable
biological response to a contaminant that can be used to make inferences about the
assessment end point. For example, an assessment end point might be sustaining
fishery diversity and abundance while its related measurement end point is a
measure of the community structure of the fish populations near a dredged
material management site.

How Are Assessment and Measurement End Points Used in Ecological Risk
Assessment?

The ecological risk assessment uses the assessment end points and
measurement end points to decide whether there is risk due to a specific dredged
material management activity based on whether the activity will alter the
assessment or measurement end point beyond some acceptable limit.

What Are Some Common Assessment and Measurement End Points?

Some commonly used assessment end points include: Sustained aquatic
community structure, including species composition and relative abundance and
trophic structure; sufficient rates of survival, growth, and reproduction to sustain
populations of carnivores typical for an area; sustained fishery diversity and
abundance.

Some common measurement end points include: Community analyses of
benthic invertebrates; body burdens of contaminants associated with a particular
effect; sediment concentrations with a known effect; and the results of a toxicity

test.

Select and Evaluate Assessment and Measurement
End Points

An assessment end point is an explicit expression of the actual environmental
value to be protected (USEPA 1992a) during the management of the dredged
materials. The term applies only to ecological risk assessment. The environmental
values most commonly refer to valuable ecological resources that:

a. Are critical to the normal functioning of an ecosystem such as a diverse
benthic community structure.

b. Provide critical resources such as a fishery or sensitive habitat.
c. Are perceived as valuable by humans such as endangered species.

Sometimes the assessment end point cannot be directly measured. In such
cases, the risk assessment uses a measurement end point which is a measurable
biological response to a contaminant that can be used to make inferences about the
assessment end point. For example an assessment end point might be sustaining
fishery diversity and abundance while its related measurement end point is a
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measure of the community structure of the fish populations near a dredged
material management site.

The selection of assessment and measurement end points should be an
inclusive process which includes input from those groups which may be affected
by dredged material management decisions. The process of selecting assessment
end points began with the conceptual model when habitats and other receptors at
or near the site were identified. The problem formulation continues to refine and
explicitly state the assessment end points. They can be specific to the receptors
that are present at and adjacent to the site.

The number of assessment endpoints selected at a site will vary depending on
site characteristics, the habitats and receptors, and concerns of site managers and
other interested parties. Additional guidance on the selection of assessment
endpoints is available in USEPA/ERT (1997) and in guidance developed by

various USEPA regions and states including California, Massachusetts, and
Texas.

Selecting Assessment End Points

This subsection identifies the criteria used to select and evaluate, in narrative
form, assessment end points. Figure 6 summarizes the selection criteria. USEPA
Guidance (USEPA 1992a and references cited therein) suggests six criteria for
such evaluations.

a. Ecological relevance.

b. economic importance.

c. Measurable

d. Susceptible and sensitive to chemically induced stress or other stresses.
e. Unambiguously defined.

f. Logically and practically related to the management decision.

The risk assessment should include a narrative evaluation of whether and how
each of these criteria are met.
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Figure 6.  Criteria to select and evaluate assessment and measurement end points

Selection of Measurement End Points

This subsection defines and provides seven attributes which reflect USEPA
recommended considerations for the selection of measurement end points. These
are:
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. Closeness of correspondence to the assessment end point: This attribute
refers to the extent to which the measurement end point is representative
of, correlated with, or applicable to the assessment end point. If there is
no association between a measurement end point (e.g., a study that may
have been performed for some other purpose) and the assessment end
point of interest, then that study should not be used to evaluate the stated
assessment end point.

. Site specificity: This attribute relates to the extent to which data, media,
species, environmental conditions, and habitat types used in the study
design reflect the site of interest.

. Stressor specificity: This attribute relates to the degree to which the
measurement end point is associated with the specific stressor(s) of
concern. (Stressors might include a particular chemical, waste, or physical
alterations.) Some measurement end points may respond to a broad range
of stressors so that it is difficult to interpret results with regard to the
stressor of concern, while other measurement end points are more specific
to a particular stressor.

. Availability of an objective measure for judging environmental harm:
This attribute relates to the ability to judge results of the study against
well-accepted standards, criteria, or objective measures. Examples of
objective standards or measures for judgment might include ambient
WQC, sediment quality guidelines, biological indices, and toxicity or
exposure thresholds recognized by the scientific or regulatory community
as measures of environmental harm.

. Sensitivity of the measurement end point for detecting changes: This
attribute relates to the ability to detect a response in the measurement end
point. The sensitivity of the measurement end point may be affected by
natural or analytical variability.

Quantitative: The attribute relates to the degree to which numbers can be
used to describe the magnitude of response of the measurement end point
to the stressor. Some measurement end points may yield qualitative or
hierarchical results, while others may be more quantitative.

. Correlation of stressor to response: This attribute relates to the degree to
which a correlation is observed between levels of exposure to a stressor
and levels of response, and the strength of that correlation.

. Use of a standard method: The extent to which the study follows specific
protocols recommended by a recognized scientific authority for
conducting the method correctly. Examples of standard methods are study
designs or chemical measures published in the Federal Register or the
Code of Federal Regulations, developed by the American Society for
Testing and Materials (ASTM), or repeatedly published in the peer-
reviewed scientific literature.
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The products of this subsection constitute a narrative or tabular presentation of
assessment and measurement end points with a clear explanation of whether the
assessment end points meet the criteria for selection and a qualitative evaluation
of whether the measurement end points meet each of the attributes. This will help
develop an assessment of the uncertainty associated with each measurement end
point.

Example 9: Evaluating The Assessment End Point, Health, and Maintenance of Local Flounder
Populations

Consultation with the State Division of Marine Fisheries and the Save The Embayment Association (a
citizen’s action group) indicates that the area around the planned dredged material management site is
a commercial flounder fishery. These groups are concerned that the disposal of dredged sediments
from the marina slips may adversely affect flounder populations.

The assessment end point “health and maintenance of local flounder populations” is a reasonable
assessment end point and it meets the evaluation criteria.

a. Ecological relevance - Flounder are major bottom feeders in this section of the Bay.
Flounder populations generally play a major role in such marine ecosystem level
properties as maintenance of invertebrate diversity and nutrient cycling.

b.  Economic importance - Flounder are important economically in this portion of the bay.
They constitute a commercial fishery year round and an important recreational fishery
during summer in nearshore waters.

¢.  Measurable - The health and maintenance of local fish populations are measurable
quantities.

d.  Susceptible and sensitive to chemical induced stresses - There are toxicological and
field studies supporting the sensitivity of fish to chemically induced stress.

e.  Unambiguously defined - The health and maintenance of local fish populations is
clearly distinct from assessment of migrating fish or wide ranging fish. The term “local”
means populations whose feeding and migrating range is generally on the same scale as
the area of the continental shelf proximate to the dredged material management site.

f. Logically and practically related to the management decision - Flounder live and feed
near or on the sediments and are continuously exposed to surface water. Their protection
as a local resource will be affected by management decisions regarding dredged material
disposal in this region of the shelf.
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biomagnify.

Attribute

Closeness of correspondence to the assessment
endpoint

Site specificity

Correlation of stressor to response

Availability of an objective measure for judging
environmental harm

Sensitivity of the measurement end point for
detecting changes

Quantitative
Use of a standard method

Example 10: Establishing an Appropriate and Relevant Measurement End Point

For PCBs, body burdens in flounder are a reasonable measurement end point. The flounder feed
directly on benthic, sediment dwelling organisms which can bioaccumulate PCBs. Note that for other
COCs this may not be a good end point. For example, the COCs, also include lead which does not

Flounder Body Burdens of PCBs

Moderate - the measurement of body burdens is
not a direct measure of fish health or reproductive
capacity.

Strong - the fish probably acquire body burdens
due to exposure to site-related contaminants.

Moderate - there is evidence in the literature
indicating relationships between body burdens of
COCs and changes in fish physiology, reproduction,
and growth.

Moderate - there are no promulgated standards for
protection of ecological receptors based on body
burdens. However, the USACE assembled a
“residue effects” data based for various
contaminants.

Moderate - the literature indicates a wide range in
tolerance among fish species for body burdens of
various COCs.

Strong - the measurement is quantitative.

Strong - there are accepted methods for analysis of
COCs in tissue.
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Ecological Exposure Assessment
What is an Ecological Exposure Assessment?

An ecological exposure assessment builds upon the qualitative descriptions in the conceptual model to
calculate a quantitative estimate of the exposure of selected receptors to the contaminants of concern.
This quantitative estimate may be a:

a. Concentration in some environmental media such as sediment or water.
b. Tissue concentration in the receptor.
C. Dose of a contaminant of concern to a receptor.

What Are the Steps in Conducting an Ecological Exposure Assessment?

The ecological exposure assessment includes estimating the:

a. Representative concentrations of contaminants of concern (e.g., average, maximum,
95th percentile) in the proposed dredged material.

b. Concentrations of the contaminants of concern in environmental media to which the
selected receptors may be exposed along the completed pathways.

c. Amount of a contaminant of concern which a receptor may ingest, contact, or
concentrate in its body.

How Does the Exposure Assessment Relate to Ecological Risk?

The exposure assessment should quantify the exposure in the same terms as any available toxicological
information. This allows the risk assessor to compare the exposure level to a level which corresponds to
a known adverse effect for that receptor. If the calculated exposure level is greater than the level

associated with an environmental effect, there is potential for ecological risk from the dredged material.
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3 Ecological Exposure
Assessment, Effects
Assessment, and Risk
Characterization

Exposure Assessment

An ecological exposure assessment builds upon the qualitative descriptions in
the conceptual model to calculate a quantitative estimate of the exposure of
selected receptors to the COC. As described in Chapter 2, the selection of COCs
depends on information from the sediment evaluation procedures, and the
conceptual model identifies the potential exposure pathways. The goals of the
exposure assessment are to:

a. Calculate the physical movement of the contaminants of concern from the
disposal site to the point where they may come into contact with a
receptor.

b. Provide a concentration of the contaminant of concern at that point.

c. Estimate how much of the contaminant may be ingested or otherwise
absorbed into the body of the receptor.

The ecological exposure has three general steps (Figure 7):

Step 1: Estimating the concentration of COCs in the dredged
material

This step attempts to provide a conservative estimate of the initial concentra-
tion to use in any further calculations or modeling of contaminant movement or
transfer through a food chain. This calculation begins with an estimate of the con-
centration of the contaminant at the disposal site.

The assessment should use the upper 95"-percent confidence limit on the arith-
metic mean of the concentration of each COC to represent the projected concen-
tration at the disposal site based on its EPA guidance. Where the data set is
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insufficient to provide a reasonable estimate of the 95"-percent confidence limit
on the arithmetic mean, use the maximum measured value.

In reality, the distribution may be more heterogeneous than the data imply.
Clearly, this assumption ignores mechanisms such as dilution with ambient
sediments, bioturbation, mounding, and spreading which may lower the actual
concentration to below the average in the dredged material at some points within
the disposal site. For example, mounding in the center of the site may put most of
the mass of sediments out of the biologically active surficial layer. In the apron of
the mound, bioturbation and physical mixing with existing sediments may lower
average exposure concentrations.

USEPA guidance requires using the upper 95"-percent confidence limit on the
arithmetic mean concentrations (USEPA/Office of Emergency and Remedial
Response (OERR) 1992a,b). The use of other statistics, such as the average
concentration or the maximum concentrations of the compounds in sediment, can
demonstrate the effect of various assumptions on the exposure conditions.

Step 2: Estimating exposure point concentrations (EPC)

Exposure point concentrations are estimates of the concentrations of the
contaminants of concern in environmental media to which the selected receptors
may be exposed along the completed pathways. The media may include
sediments, suspended sediments, water, or concentrations in food. The degree of
sophistication needed to make the estimates will vary with the complexity of the
environment, the level of information available concerning the site, and the initial
estimates of fate and transport. The risk assessment should approach the estimate
of exposure point concentrations in two stages:

a. If an initial “back-of-the-envelope” conservatively structured estimate
indicates little potential for ecological risk, then the assessment will use
this initial estimate.

b. If these initial estimates indicate that transport might be significant
enough to result in concentrations associated with potential ecological risk
or if the initial estimate exceeds physical limits (e.g., solubility), then the
risk assessment should employ more sophisticated models which provide
a more realistic prediction of exposure point concentrations.

Making initial estimates of exposure point concentrations

Sediment exposures. For most dredged material management projects, the most
likely exposure medium will be sediment. For sediment exposures, the simplest,
and most conservative initial calculation, is to assume that the concentrations in
the field of influence will equal the concentrations at the management site (the
field of influence is that area around the management site which is not subject to
direct disposal of sediments, but may experience increased concentrations due to
local physical transport mechanisms acting during and after disposal). Alterna-
tively, the initial calculation may make some conservative assumptions about
transport of sediments from the management area and subsequent steady-state
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dilution and settling within the field of influence to provide a concentration of
COCs in sediment. This calculation will require information about sediment
resuspension, local currents, and particle settling. The risk assessment should
describe the sources of such information or justify any assumptions made about
these parameters. It should also explicitly acknowledge uncertainty associated
with the parameters.

The important question is “how does the risk assessor define field of
influence?” Obviously, the answer to this question lies in the site-specific
characteristics of the management area and the management technology
employed. The risk assessor may have to employ physical transport models
ranging from simple dilution calculations to more complex models which address
multiple physical/chemical mechanisms such as dilution, partitioning,
sedimentation, advection, and diffusion. For example:

a. If the management area is in a low-energy, depositional backwater
environment, the field of influence may be conservatively defined as the
extent of the backwater.

b. In an estuarine environment subject to tidal transport, the tidal excursion
lengths may dictate the field of influence.

c. If the management area is in a high-energy dispersive environment, the
risk assessor probably should not assume that the field of influence
concentrations are equal to the concentrations in the management area
because there will be significant physical processes affecting the fate of
contaminants.

These examples obviously do not encompass all possibilities. The risk assessor
will need detailed knowledge of the physical characteristics of the management
site and the surrounding areas to make a reasonable conservative estimate of far
field.

Water-column exposures. At most dredged material management sites, water-
column exposures will be less likely as significant sources of risk than sediment
exposures. The likelihood of a water-column exposure depends on the
management technology used. For unconfined options or capped management
areas, fairly simple estimates of diffusion or pore water transport to the overlying
water column along with estimates of advection and dilution can provide
estimates of water-column exposure concentrations. In these examples, this
transport is likely to be very small. However, for those management options such
as dredged material islands or nearshore confined aquatic disposal, which employ
dewatering, the estimates of water-column exposures will require an initial
estimate of concentrations of COCs in effluent, and may require more
sophisticated fate and transport modeling (see text entitled “Modeling exposure

The product of this text is an initial estimate of the concentration of the COCs
at the disposal site and its field of influence. The simplest (and most conservative)
estimate is to assume the concentrations are equal in these areas.
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Example 11: Initial Estimate of Exposure Point Concentration for Total PCBs

The risk assessor has calculated the upper 95™-percent confidence limit on the arithmetic mean
concentration of total PCBs based on Tier I measurements. This value is 1 ug total PCB/g sediment.
The risk assessor has decided that the area of influence is equal to about one tidal excursion based on
the description of the local environment as moderately energetic. The state Department of Marine
Fisheries provided local oceanographic information to calculate the tidal excursion lengths. The
management area and its area of influence are collectively referred to as the disposal site area.

Modeling exposure point concentrations

Risk assessment is an iterative process, and initial calculations may not be
sufficient to predict sediment or water-column concentrations. It may be necessary
to use fate and transport models when the initial estimates of sediment or water
concentrations at the management site or in the field of influence:

a. Exceed an obvious criterion, standard, or concentration which has a
known toxicological significance.

b. Exceed some physical limit such as solubility or partitioning to a solid.
c. Result in a potential risk when carried through the risk assessment.

The USACE and USEPA provide significant support in those instances where
sophisticated modeling is necessary to complete the exposure assessment. Models
exist for predicting contaminant losses to air, surface water, and groundwater
within the dredged material management program. The USEPA's Assessment and
Remediation of Contaminated Sediments (ARCS) Program (USEPA 1996a) and
the USACE Automated Dredging and Disposal Alternatives Management System
(ADDAMS) (USACE 1995a) provide various models to estimate initial and
longer term transport from a dredged material management site.

The ARCS program provides models which address contaminant losses:
a. During dredging, dredged material transport, and pretreatment.
b. Associated with specific management technologies such as confined
disposal facilities, in situ capping and capped disposal, effluent and

leachate.

c. From treatment trains such as thermal destruction, thermal desorption,
biological treatment, extraction processes.

d. Due to the no action alternative.

ADDAMS is an interactive personal computer-based design and analysis system
for dredged material management. The models include simple algebraic
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expressions and numerical and analytical solutions to differential equations that
are theoretically and empirically based. The USACE provides a technical note
(USACE 19952) which describes the available ADDAMS models, their
application to various management technologies, a technical point of contact, and
a request form for the models.

Output from the ADDAMS suite of models, which often provide contaminant
flux rather than concentrations, can be used as input to a number of USEPA fate
and transport models. These contaminant transport models are available from the
USEPA Center for Exposure Assessment Modeling (CEAM). These contaminant
transport models use mass balance principles and vary in complexity from simple
analytical estimates which are useful to make initial calculations to numerically
complex iterative models that predict time-varying contaminant fate and transport.
These hydrodynamic and sediment transport models predict water and sediment
concentrations. These include:

a. WASP4 - Predicts dissolved and sorbed chemical concentrations in
sediment and overlying water. The model is time variable and can
simulate three chemicals and three sediment size fractions simultaneously.

b. EXAMS II - This modeling system is also based on the WASP models.
EXAMS predicts dissolved and sorbed chemical concentrations and can
be run in a steady-state or quasi-dynamic mode. Unlike the WASP
models, EXAMS does not simulate solids settling and resuspension.

¢. SMPTOX3 - This is a simplified analytical steady-state model that
calculates the distribution of contaminants in water and sediment. This
model is typically used for initial calculations.

d. The product of this section is a description of the fate and transport model
and its output. The description should include the equations which the
model uses, the constraints on the model, the source of the model (e.g.,
USACE, USEPA), the input parameters, and any modifications which
may have been made.

Step 3: Food chain modeling

The final step in the exposure assessment is to predict the amount of the
contaminants of concern which a receptor will ingest, contact, or concentrate in its
body. The risk assessment must express this exposure in the same manner as the
available toxicological information. There are essentially three expressions of
biological exposure:

a. Dose - amount of a contaminant of concern ingested per unit body weight
of the receptor per day.

b. Body burden - concentration of a contaminant of concern per unit body
weight or per unit body lipid.

54 Chapter 3 Ecological Exposure Assessment




c. Dietary concentration - concentration of a COC in the prey organism of a
receptor.

The choice of which expression of exposure to use depends on the toxicity data
available for a particular receptor.

For example, if the effects level for a given receptor is expressed as a dietary
concentration (the concentration of a contaminant in the food of a receptor), then a
dietary concentration associated with exposure at the disposal site should be
calculated.

The calculation of doses, body burdens, and dietary concentrations proceeds in
a similar manner to the prediction of exposure point concentrations. That is, the
assessment may make an initial estimate based on relatively simple and reasonably
conservative assumptions. The risk assessment must use a more sophisticated food
chain model if the initial estimates:

a. Result in potential risk.
b. Ignore an essential exposure route defined in the conceptual model.

¢. Exceed some known biological or physical limitation governing body
burdens.

This is not to suggest continuous iterations. Rather, the risk assessor must
ultimately choose a model which most realistically reflects site conditions and
uses as much site specific information as possible.

Initial estimates of concentrations in infauna or fish

This text provides a simple calculation to estimate the concentrations of some
COC in infauna and fish which may inhabit the management area and the local
field of influence.

There are five classes of contaminants for which concentrations in infauna and
fish may be important in the exposure assessment. These include: metals
(generally only mercury biomagnifies), chlorinated organics (i.e., pesticides,
PCBs, dioxin/furans), and polycyclic aromatic hydrocarbon (PAH). At dredged
material management sites which have progressed to Tier III and Tier IV
evaluations, the 28-day bioaccumulation results modified according to Clarke and
McFarland (1991) to account for steady state provide estimates of invertebrate
tissue concentrations. The risk assessment may use these tissue concentrations as
input to food chain models to develop body burdens in higher trophic levels such
as fish or piscivorous birds.

If a measured estimate of tissue concentration is not available for a COC, one
can estimate concentrations of bioaccumulative compounds in biota (invertebrates
or fish) based on a biota-sediment accumulation factor (BSAF) which expresses
the accumulation of contaminants from sediments to the biota. The BSAF
depends upon the concentration of the contaminant in the biota, Ca, the fraction
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lipid of the biota (F1), the concentration in sediments (Cs) and the fraction organic
carbon of the sediments (Foc). The relationship is:

BSAF = (CJ/F)/(Cs/Foc) 1)

The final concentration of a bioaccumulative compound in wet-weight fish
tissue, Ca, is expressed as the bioaccumulation through the sediment pathway as:

C, = (Cy/Fo) HBSAF HF, @)

where

average sediment exposure concentration for biota
(calculated, see below)

G

BSAF

as calculated from site-specific data; data from the Tier III
testing; or literature values (site-specific data are preferable)

F, and F,. are defined as above.

The term, C,, can be calculated as:

C, = Cq HF, + C, H(1-F,) 3)

where
Cs = 95™percent upper confidence interval of the arithmetic
average sediment concentration in the disposal site (projected
or measured)

C, = 95" percent upper confidence interval of the arithmetic
average sediment concentration outside the disposal site
(measured)

F, = fraction of time the organism spends foraging in the disposal
site area.

Note that Fa will be 1 when the foraging area is equal to or less than the disposal
site area and the area of influence. When the foraging area is greater than the
disposal site area:

F, = A/A¢ 4
where
A; = area of the disposal site and area of influence
A; = foraging area of the receptor.
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The ratio, F,, may have to be adjusted based on site-specific data. For example,
disturbance at the disposal site may increase the attractiveness of the site for a
foraging species, causing A to approach the value of A,.

This calculation assumes that the most likely bioaccumulative compound
exposure pathways for fish are food-to-fish and sediment-to-fish pathways. This
assumption holds only for those compounds in which:

a. Food ingestion, direct ingestion of sediment, and possibly gill contact
with suspended sediment are the most important exposure mechanisms.

b. There is preferential binding to the sediment due to their hydrophobic
properties.

c. Exposure to water-column foraging fish is extremely low due to the low
solubility of these compounds.

The USACE provides bioaccumulation data (BSAF Database), which is
downloadable from http//www.wes.army.mil/el/dots/database.html).

The product of this subsection is an initial estimate of the body burden of the
COCGs in a selected receptor.
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Example 12: Estimating a Body Burden in Winter Flounder

The dredged material management area and its area of influence (defined previously as the area within
one tidal excursion of the site) is approximately equal to one-half the summer foraging area of the
winter flounder, based on observations made by the state's Department of Marine Resources. This
species is a selected receptor, based on its commercial importance.

The proposed site is within the State Statistical Fishery Area 4, and is 2 percent of that area.

As indicated earlier, the upper 95™-percent confidence limit of the arithmetic average total PCB
concentration in the sediments from the proposed dredging project area is
1ug total PCB /g sediment.

The upper 95™-percent confidence limit of the arithmetic average of total PCB in sediments at the
reference site is 0.10 ug total PCB/g. The assessment assumes that this is the exposure point
concentration for winter flounder when foraging away from the site and its area of influence.

The average fraction lipid of a flounder is 0.1, based on hypothetical data provided by a fisheries
agency.

Therefore, the average sediment exposure concentration of total PCB, Cs, at the disposal site is:

C, = (1 HO0.5) + (0.1 HO.5) = 0.55 ug total PCB/g sediment

The State has also supplied data indicating that the fraction organic carbon in sediments in the area is
0.05 (5 percent).

A locally calculated BSAF is 3, based on EPA studies of PCB in flounder and sediment in this bay.
The projected body burden (weight wet), Ca, to a flounder exposed to this total PCB concentration in
sediments of 5 percent organic carbon is:

C, = (0.55/Foc) HBSAF H(Fl)
(0.55/.05) H3 HO.1
3.3 ug total PCB/g wet weight flounder tissue

This body burden value can be used in both human health and ecological risk assessments.

This example could have used a different species such as lobster. In that case, the general method
would remain the same, but parameters such as foraging area, bioaccumulation factor, and fraction lipid
would differ. Also, the example is relatively simple in that it does not address differential uptake and
storage of PCB congeners among tissues. In some instances, it may be important to estimate uptake in
organs other than muscle. For example, lobster hepatopancreas has a different fraction lipid than lobster
muscle. In a human health risk assessment, where some individuals in a population may consume the
hepatopancreas, it becomes important to calculate a separate concentration for that tissue based on its
particular lipid content.
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Use of Higher-Level Food Chain Models

In some cases, the risk assessment may require a more sophisticated food chain
model which addresses exposure through food, water, and sediments. These
models (summarized in Appendix B) often address a group of species and allow
calculation of exposure concentrations through more complicated food chains. It
is difficult to provide simple guidance regarding when the risk assessor should
consult such a model. However, the complexity of the food chain models used in
risk assessment will generally increase as:

a. The number of contaminants of concern increases.
b. The number of receptor species increases.
c¢. Higher trophic levels are a focus of concern.

d. The potential area affected by the dredged material management site
increases.

e. The number of potential dredged material management options increase.
/. The number of exposure pathways increases.
The product of this step is an exposure dose, a dietary concentration, or a body
burden calculated under the assumptions of a site-specific scenario. Subsequent

sections will compare these to doses, dietary concentrations, or body burdens
which are associated with a potential ecological or biological effect.
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Ecological Effects Assessment
What is an ecological effects assessment?

An ecological effects assessment is a summary of the available data that describe the potential adverse
biological effects of the COC on the selected receptors or closely related organisms.

What is the goal of the ecological effects assessment?

The goal of the ecological effects assessment is to provide the risk assessor with a description of the
potential ecological effects associated with a COC and a concentration in environmental media, dose,

body burden, or dietary concentration related to these effects.
What are the components of an ecological effects assessment?
The ecological effects assessment includes:

a. Anidentification of data sources.

b. A summary of ecotoxicological data.

c. A selection or calculation of a toxicity factor (i.e., concentration in environmental media,
dose, body burden, or dietary concentration associated with a particular effect) which
relates to the assessment end point chosen during problem formulation.

d. A description of the environmental effect associated with the toxicity factor.

How is the ecological effects assessment used in risk assessment?

Ultimately, the risk assessment will compare the toxicity factor developed in the ecological effects
assessment to the predicted toxicity factor to predict risk.
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Ecological Effects Assessment

The ecological effects assessment provides a description of the potential
ecological effects associated with a contaminant of concern and selects a toxicity
factor or factors (i.e., environmental concentration, dose, body burden, or dietary
concentration associated with a particular effect). Figure 8 shows the general
method for selecting and developing toxicity factors. Ultimately, the risk
assessment will compare the toxicity factor developed in the ecological effects
assessment to the predicted environmental concentration, dose, body burden, or
dietary concentration from the exposure assessment to predict risk. The effects
assessment proceeds in the following:

a. Identifying information sources.
b. Summarizing toxicological data.

¢. Selecting and developing toxicity factors.

Step 1: Identify information sources

The first step in the effects assessment is to identify the data sources which
may provide information on ecological effects and toxicity factors. The risk
assessor should not rely on previously summarized information. It is important to
update the ecological effects assessment for each COC within the risk assessment
because the scientific literature is constantly adding to the database.

The effects assessment obtains such updated information from the technical
literature and updates to USACE technical resources, USEPA and state gnidance,
and reports and publications of USEPA’s Office of Research and Development.
Appendix C summarizes a wide variety of information sources and WEB sites
which provide information on toxicity of contaminants.

EPA’s AQUIRE database should always be consulted as a primary source of
toxicological information. On-line databases include: Bios Previews; Life
Sciences Collection; Zoological Record Online; Enviroline; Pollution Abstracts;
Oceanic Abstracts; and CAB Abstracts. Also, the TOXNET (TOXicological
NETwork) and IRIS (Integrated Risk Information System) databases can be
accessed via the National Library of Medicine's MEDLARS system. The U.S.
Army Engineer Waterways Experiment Station’s WEB page provides an
Environmental Residue Effects Database.

The effects assessment should clearly identify the information sources
consulted in its attempt to identify the known ecological effects associated with
the COCs.
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Steps in selecting and developing toxicity factors
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Step 2: Summarize toxicological data

This section summarizes currently available toxicological data and provides
toxicity factors as appropriate for the expressions of exposure. That is, the toxicity
factors must be expressed in the same manner as the exposures. For example,
exposures which are expressed as doses must have corresponding toxicity factors
also expressed as a dose.

The summary should identify the toxic end points (i.e., the effect associated
with each toxicity factor). The end points may include: lethality, reproductive
impairment, behavioral modifications, or various sublethal toxic effects. End
points may also include secondary effects such as loss of habitat. (As of this
writing, the most commonly observed end points for aquatic receptors are lethality
and reproductive impairment).

The types of toxicity factors often used include:
a. Lethal effects: Lowest reported or estimated nonlethal dose.

b. Reproductive or developmental effects: Lowest reported or estimated No
Observed Adverse Effect Level (NOAEL - the concentration, dose, or
body burden at which studies report no observed adverse effects) for
reproductive or developmental effects. Effects can include: reduction in
eggshell thickness, malformations of young, decrease in number of larvae
or young produced, embryotoxicity, and reduction in number of eggs.

c. Systemic effects: Lowest reported or estimated NOAEL. Examples
include: reduction in growth, hepatic enlargement, and other anatomical
alterations considered adverse.

Appendix D provides detailed toxicological profiles for the likely
contaminants of concern at dredged material management sites. The risk
assessment should include a toxicological profile for each COC. These should be
updated based on a query of information sources described in the text detailing
Step 1.

Toxicological information may be derived from literature studies, Tier III and
Tier IV bioassays, in situ bioassays, and field studies. Each method has inherent

strengths and limitations. Information provided by various methods may include:

a. Concentrations or levels at which a COC elicits an adverse response in an
individual organism or, where possible, a population.

b. A description of how the response of a test organism varies with the dose
of a contaminant of concern (i.e., dose/response relationships).

¢ The type and magnitude of the response.

d. The identification of toxic end points.
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Step 3: Selecting and developing toxicity factors
The selected toxicity factors must meet two general criteria:

a. They must relate to the assessment end point chosen during problem
formulation.

b. They must be specific to the receptor species identified during problem
formulation.

To meet the first of these criteria, the risk assessor must compare the toxic end
point and described effect to the assessment end point. For example, if the
assessment end point was protection of a commercial fishery, the toxicity factor
must have an end point and described effect which relates to the maintenance or
reproductive success of the species of commercial interest. A toxicity factor
associated with reduced reproduction in fish applies, but a factor which may
indicate eggshell thinning in shore birds is not applicable in this example. The two
toxicity factors may be very different in magnitude, but only the value appropriate
to the assessment end point applies. This is why it is so important to have an
updated summary of the toxicity factors and their associated effects. It is only
through this description that the risk assessor can judge whether a particular
toxicity factor is applicable to the assessment end point.

This subsection provides several methods to calculate toxicity factors. The
effects assessment should attempt to identify or develop toxicity factors for the
selected receptors. If a receptor-specific toxicity factor is available, the risk
assessment should use it. However, in many instances, such receptor-specific
information will not be available from the literature or the sediment evaluation
procedures, and the risk assessor will have to develop a toxicity factor based on
information from other species. In such instances, the risk assessor may
extrapolate from related information.

This subsection provides several methods for making these extrapolations.

The product of this section is a summary of available toxicological data and a
selection of a toxicity factor for each COC. The selection should include the
reason for selecting the particular toxicity factor and an explanation of how it
relates to the receptor of concern and the assessment end point.
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Example 13: Selection of a Toxicity Factor for Exposure of Winter Flounder to Total PCBs

Black et al. (1998) assessed the effects of PCBs on the reproduction of a fish using Fundulus
heteroclitus (marine minnow) as an experimental organism. They measured a Lowest Observed
Adverse Effect Level (LOAEL) at 3.8 ug PCB/g wet weight and an NOAEL of 0.76 ug PCB/g wet
weight. The risk assessor chose a body burden of 0.76 ug PCBs/g wet weight as the toxicity factor.
This is an appropriate toxicity factor because:

a. It addresses toxicity to total PCBs, the COC.
b. Itis from a study which includes the measurement of an NOAEL as well as an LOAEL.
Black et al. describe the end points in the study as female mortality and decreased egg production,

therefore, the toxicity factor relates to the assessment end point “Health and Maintenance of the Local
Flounder Population.”

Gas Research Institute (GRI) approach for developing toxicity
factors

The Gas Research Institute (GRI 1996) has developed a protocol for selecting
or developing toxicity factors for a COC. It includes the following:

a. Select a value if an appropriate state or Federal agency has proposed it.

b. In the absence of a proposed value and if data are available on NOAELs
for the receptor species or for species that are phylogenetically and
ecologically similar to the selected receptor species (e.g., from the same
family of birds or mammals), select the lowest NOAEL.

c¢. If NOAELSs for phylogenetically similar species are unavailable, the
assessment adjusts NOAEL values for other species (as closely related as
possible) by dividing by a factor of 10 to account for extrapolations
between families or orders. The lowest NOAEL is used whenever several
studies are available. This interfamily extrapolation is similar to EPA’s
derivation of human health reference dose (RfD) values, where animal
studies are extrapolated to humans by dividing by a factor of 10.

d. In the absence of appropriate NOAELSs, if LOAELS (the lowest
concentra-tion, dose, or body burden available in the literature at which
an effect occurs) are available for phylogenetically similar species, divide
these by a factor of 10 to account for an LOAEL-to-NOAEL conversion.
The LOAEL to NOAEL conversion is similar to EPA derivation of
human health RfD values, where LOAEL studies are adjusted by a factor
of 10 to estimate NOAEL values.

e. For calculating chronic toxicity values from data for subchronic tests
(e.g., acute data), the resultant LOAEL or NOAEL values are divided by
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an additional factor of 10. This is consistent with what is done in deriving
human health RfD values.

/. In cases where NOAELS are available as a dietary concentration (e.g.
milligram contaminant per kilogram food), a consumption rate for marine
birds or marine mammals may be estimated based on various food intake
summaries (e.g., USEPA's Wildlife Exposure Factors Handbook
(USEPA/Office of Research and Development 1993)) and a
corresponding NOAEL may be calculated. This consumption rate is
expressed as a percentage of the animal's body weight on a wet weight
basis or in units of kilogram of food (wet weight) per kilogram of body

weight per day (kg/kg/day).

g. Some NOAEL values may be over conservative because they provide
information on which dose produces no effect, but not how much higher
the concentration has to be to produce an effect. Where the lowest
NOAEL available in the literature is so low that background
concentrations will produce a dose that exceeds it, reject the lowest
NOAEL and use the next highest NOAEL.

California EPA approach

The following description is adapted from the California EPA approach for
calculating toxicity factors (adapted from California EPA 1996).

a. Use toxicity data for representative species and members of the same
taxonomic family in estimating toxicity to representative species.

b. If data are lacking or judged inappropriate, use data for surrogate species
following application of one or more uncertainty factors (UFs). These
UFs may be based on data when available or, in the absence of data, on
the default values provided below.

(1) Apply a UF of 500 to adjust from less sensitive end points, such as
mortality, to a chronic NOAEL (e.g., LD50 to NOAEL Chronic).

(2) Apply a UF of 10 to adjust from an acute LOAEL to a chronic
NOAEL (e.g., LOAEL Acute to NOAEL Chronic).

(3) Apply a UF of 5 to adjust from LOAEL to NOAEL.

(4) Apply a UF of 1 for interspecies extrapolations within the same
taxonomic family (e.g., beagle to fox - canidae to canidae).

(5) Apply a UF of 5 for interspecies extrapolation within the same
taxonomic order.

(6) Apply a UF of 10 for interspecies extrapolation between taxonomic
orders.
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California DEP notes that these UFs are in the range of chronic and subchronic
NOAEL comparisons in studies of uncertainty factors currently in preparation by
USEPA and other discussions of uncertainty factors.

EPA Region X approach

EPA Region X provides an approach for calculating toxicity factors (from
EPA Region 10, 1996 and based on Sigal and Suter 1989).

The features of this approach follow.

a. Apply a UF of 10 to convert from an acute or subchronic LOAEL value
to a NOAEL value.

b. Apply a UF of 5 to convert from a chronic LOAEL to a chronic NOAEL
value.

c. Apply a UF of 2 for interspecies extrapolations among families within the
same order for nonprotected species.

d. Apply a UF of 2 for interspecies extrapolations among orders within the
same class for nonprotected species.

e. Apply a UF of 2 to convert a NOAEL for a nonprotected species to a
related protected species.

The investigator should determine which approach is most appropriate for a
site. Often, this is based on geography inasmuch as different states or regions may
have developed different approaches for accounting for uncertainty.

The use of toxicity models

There are currently several efforts to develop models which may aid in the
assessing the toxicity factors in a comprehensive and additive manner. Examples
include the summed PAH model (Swartz et al. 1995) which attempts to predict
the toxicity of mixtures of PAH compounds using the concept of toxic units
(Appendix B). This model attempts to predict the probability of significant acute
toxicity to benthic infauna from exposure to sediment concentrations of a mixture
of PAHs. The obvious current limitation is that it does not address chronic effects:
the critical body residue or narcosis models (e.g. McCarty et al. 1992; McCarty
and Mackay 1993) which attempt to assess the acute (and in some cases chronic)
toxicity of mixtures of hydrophobic neutral narcotic chemicals. This model is
appropriate for use when the exposure is expressed as a body burden.

Risk Characterization

This section describes the general methods used to make qualitative and
quantitative characterizations of risk. These include the use of the toxicity
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quotient method and the application of a weight of evidence approach recently
developed in the state of Massachusetts.

Risk characterization is an integration of the exposure assessment and effects
assessment to judge whether the predicted exposure to the COC are of sufficient
magnitude to produce the effects associated with the selected toxicity factor.

The assessment should characterize risks with respect to the stated assessment
end points. This requires integrating exposure and effects information specific to
that assessment end point.

For each assessment end point, the risk characterization should:

a. Estimate the area(s) within which receptors or habitats are considered to
be at risk.

b. Provide an estimate of the magnitude of the risks within these areas.

¢. Provide information on the persistence or duration of these estimated
risks.

d. Identify the pathways and other conditions which contribute to the risk.

e. Identify and characterize the uncertainties associated with the risk
estimates.

The risk characterization integrates effects and exposure information in one or
more of several methods, including quotient methods, weight-of-evidence or lines-
of-evidence approaches, and probabilistic methods.

Generally, risk characterization uses a direct numerical comparison between
the exposure concentration, dose, body burden, or dietary concentration and their
associated toxicity factors. If the ration between them is greater than one, there is
potential for risk. In those instances where an assessment end point has several
measurement end points (and hence several toxicity factors to compare with each
measurement end point), risk characterization may use a weight-of-evidence
approach.

Quotient Method

The Quotient Method is a simple tool for comparing exposure concentrations
to toxicologically effective concentrations:

HQ = EPC/TF )
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where

HQ = hazard quotient

EPC = exposure point concentration, dose, body burden, or dietary
concentration reflecting exposure for relevant exposure areas;
these may be point estimates or summary statistics; this is
expressed in the same units as the TF

TF = the selected toxicity factor appropriate for the chemical and
receptor.

HQs in excess of “1” are indicative of potential risk. Because these are often
based on threshold TF values, it is difficult to judge the magnitude of risk.
Nevertheless, the degree to which TF exceeds “1” provides a qualitative
indication of magnitude. Quotient methods can be utilized in weight-of-evidence
and probabilistic approaches. For the latter, distributions of TF and EPC values
can be derived (Suter et al. 1993).

Weight-of-Evidence or Lines-of-Evidence Approaches

The risk assessment can apply weight-of-evidence approaches when relating
multiple measurement end points to an assessment end point. Typically, these
approaches consider:

a. The weight or level of confidence given to the individual measurement
end points used to evaluate the assessment end point based on strength of
association between assessment and measurement end points, data
quality, and study design and execution as described earlier in connection
with selecting the measurement end points.

b. The magnitude of response of each measurement end point based on
absolute magnitude, spatial extent, and duration.

c¢. Concurrence among the measurement end points (i.e., if all the
measurement end points agree, this increases the weight of the overall
assessment).

These three elements permit the investigator to assess the overall weight of
evidence or to resolve information that may be disparate. The USEPA espoused
weight of evidence but provides no guidance for executing an approach. Menzie
et al. (1996) provide a quantitative and qualitative method based on the efforts of
a workgroup comprised of industry and government representatives. Sample,
Opresko, and Suter (1996) developed a qualitative approach. Both the weight-of-
evidence or lines-of-evidence approaches underscore the importance of being
open, consistent, and less subject to hidden biases.
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Example 14: Risk to Flounder

The appropriate method to assess risk to flounder is to compare a measured effect level for body
burden of PCBs in flounder to the calculated flounder body burden. As indicated earlier, the selected
toxicity factor is 0.76 ug PCB/g wet weight. This is less than the 3.3 ug PCB /g body tissue
concentration calculated for winter flounder in this example. Therefore, the assessment shows that
there is potential for risk to the selected receptor, winter flounder. At this point, the risk assessor and

risk mangers can:
a.  Accept the initial conclusion and employ risk management activities.

b.  Employ more complex fate and transport models and perhaps a more complex food
chain model and recalculate risk.

The conclusion of risk from the initial estimates has various sources of uncertainty including:

a.  Uncertainty concerning the actual foraging area of a flounder

b.  Uncertainty concerning the BSAF — the assessment used the recommended BSAF of 3
which may be overly conservative. A more sophisticated food chain model may give a
more realistic estimate of body burden.

c.  Uncertainty associated with possible interspecies differences between the experimental
organism, Fundulus heteroclitus, and the flounder.

d.  All the models used in the assessment are linear. Therefore, a simple sensitivity analysis
can be performed using the ranges of various parameters.

Note that this estimate of potential risk applies to PCB exposures. The risk from the other COCs at this
hypothetical site (PAHs and mercury) should be estimated as well. Also the risk characterization is
iterative. At this point, the risk assessor may want to implement more sophisticated estimates of sediment
concentrations using data intensive modeling. The assessor may also use a more sophisticated food chain

model (e.g., Appendix B).
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What Is a Human Health Risk Assessment?

A human health risk assessment is an estimate of potential health risk to individual humans
who are exposed to contaminants of concern while conducting specific activities.

What Are the Components of a Human Health Risk Assessment?

The human health risk assessment integrates four general components in making a risk
estimate. These include:

a.  Hazard identification - an initial description of potential health effects associated
with the contaminants of concern and an estimate of acute risk if such is likely.

b.  Exposure assessment - an estimate of the dose of a contaminant received by an
individual human under specific conditions and while conducting specific
activities (detailed within the exposure assessment).

c¢.  Toxicity assessment - a summary of the human health effects associated with
each contaminant of concern and a choice of an appropriate end point (toxicity
factor) against which to judge potential risk.

d.  Risk characterization - an estimate of potential risk to individuals based on a
comparison of the dose calculated in the exposure assessment to the end points
defined in the toxicity assessment.

What Are the Criteria for Judging Human Health Risks?

Human health risks depend on an estimate of the potential for carcinogenic risk and
noncarcinogenic risk for each contaminant. The potential for carcinogenic risk depends on an
estimate of the carcinogenic potential of a contaminant (expressed as a probability of increased
cancer risk) and the noncarcinogenic risk based on a comparison of a threshold dose for a
contaminant of concern to the dose calculated in the exposure assessment.
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4 Human Health Risk
Assessment

This section provides guidance for developing human health risk information
for exposures to contaminated sediments related to the disposal of dredged
material.

This guidance follows USEPA human health risk assessment guidance
documents and manuals. Individuals conducting or evaluating human health risks
should be familiar with the guidance contained in:

a. Risk Assessment Guidance for Superfund, Volume I, Human Health
Evaluation Manual (Part A), Interim Final (USEPA/Office of Emergency
and Remedial Response (OERR) 1989a)

b. Assessing Human Health Risks from Chemically Contaminated Fish and
Shelifish (USEPA/Office of Marine and Estuarine Protection and Water
Regulations and Standards (OMEP) 1989)

¢. Addendum to Methodology for Assessing Health Risks Associated with
Indirect Exposure to Combustor Emissions (USEPA/Office of Health and
Environmental Assessment (OHEA) 1993-Review Draft)

d. Guidance for Assessing Chemical Contaminant Data for use in Fish
Advisories. Volume I: Fish Sampling and Analysis (USEPA/Office of
Science and Technology (OST) 1993)

e. Guidance for Assessing Chemical Contaminant Data for use in Fish
Advisories. Volume II: Risk Assessment and Fish Consumption Limits
(USEPA/OST 1994)

/. Methodology for Estimating Population Exposures from the Consumption
of Chemically Contaminated Fish (USEPA/Offices of Policy, Planning
and Evaluation, and Research and Development 1991)

The following subsections are organized to conform to the four basic

components of human- health risk assessment: Hazard Identification, Exposure
Assessment, Toxicity Assessment, and Risk Characterization.
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Hazard Identification

The hazard identification section addresses the nature and extent of the
problem. It should:

a. Identify contaminants of concern (Note that the problem formulation has
already provided a list of contaminants of concern for human and
ecological receptors).

b. Briefly summarize what is known about the capacity of contaminants of
concern to cause cancer or other adverse effects in laboratory animals and
in humans.

c¢. Describe whether there is the potential for bioaccumulation of these
contaminants through the food web to a human receptor.

d. Where possible, identify contaminants in sediments which may act
together (synergistically, antagonistically, or additively) as complex
mixtures in exerting toxic effects in humans.

A human health risk assessment hazard identification should also assess the
potential for exposure to concentrations in sediments which may result in acute
toxicity. However, because dredged material disposal sites are generally offshore,
acute exposure conditions are very unlikely.
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Human Health Exposure Assessment

A human health exposure assessment builds upon the qualitative descriptions in the conceptual model
to calculate a quantitative estimate of the exposure of selected human receptors to the COC. This

quantitative estimate may be:

a. A concentration in some environmental media such as sediment or water.

b. An estimate of the dose of a contaminant of concern to a human receptor through ingestion of
fish or shellfish.

What are the steps in conducting a human health exposure assessment?

The human health exposure assessment proceeds by:

a. Describing the exposure pathways along which humans may contact the contaminants of
concern.

b. Consulting EPA guidance and background documents which provide information on various
factors which may affect the calculation of human exposures to contaminants of concern.

c. Estimating the amount of a contaminant of concern which a human receptor may ingest or
contact.

How does the exposure assessment relate to human health risk?

The human exposure assessment should quantify the exposure a dose of contaminant of concern for
comparison to published human toxicity factors for cancer and noncancer effects.

Exposure Assessment

The exposure assessment develops exposure scenarios which are detailed
descriptions of:

a. A human receptor's activities which result in exposure to the COC.
b. The pathway and route by which the human receptor contacts COC.

c. Physical, chemical, and biological factors which affect the amount of the
contaminant contacted or ingested.
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For each exposure scenario, the human health exposure assessment estimates
human exposure to COCs in the dredged material at the dredged material
management site. The risk assessment may develop present and likely future
exposure scenarios, depending upon site-specific characteristics. For example, a
newly proposed disposal site may require only an assessment of future risk, while
an existing disposal site for which a new source of dredged material disposal is
planned may also require an analysis of present exposure and risk as well.

The exposure assessment requires iterative steps to characterize the potentially
exposed receptors (Figure 9). These steps are integrated into the site-specific
conceptual model begun during problem formulation, and include:

a. Consulting current EPA guidance and background documents.
b. Quantifying the exposure.
c. Describing the receptors and exposure pathways.

The products of the Exposure Assessment are a conceptual model of the site,
which demonstrates the links between contaminated media and humans, and a
quantitative estimate of the exposure concentration and doses for the individual
defined in the exposure scenarios. There are typically several exposure scenarios
considered for each assessment.

Step 1: Consult USEPA resource documents

There are several USEPA publications that assist in developing the exposure
scenarios. These documents provide such information as how often people eat
seafood, how much seafood is ingested per meal, how much of a particular
contaminant may be absorbed upon ingestion or dermal contact, etc. The risk
assessment uses these factors in calculating exposure to the contaminants of
concern. The following USEPA documents should be consulted as an integral part
of the human health exposure assessment.

a. “Exposure Factors Handbook” (USEPA 1989).
b. “Exposure Factors Handbook” (USEPA/ORD 1995).

c. “Human-Health Evaluation Manual, Supplemental Guidance: Standard
Default Exposure Factors” (USEPA/OSWER 1991a).

d. “Consumption Surveys for Fish and Shellfish. A Review and Analysis of

e. “Final Guidelines for Exposure Assessment” (USEPA 1992c).

J. “Guidance for Assessing Chemical Contaminant Data for Use in Fish
Advisories. Volume I: Fish Sampling and Analysis” (USEPA/OST 1993).
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Figure 9. Developing a human health exposure assessment

g. “Guidance for Assessing Chemical Contaminant Data for Use in Fish
Advisories. Volume II: Risk Assessment and Fish Consumption Limits”

(USEPA/OST 1994).

Step 2: Describing the receptors and exposure pathways

There are several potential pathways by which people may be exposed to
contaminants in dredged material at a management site. Individual exposures
occur either through direct or indirect exposure pathways. Potential direct
exposure pathways include dermal contact and ingestion of contaminated
sediments or surface water. Indirect exposure pathways include ingestion of
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seafood (finfish and shellfish, from either marine or freshwater sources) which
contains contaminants of concern. A complete exposure pathway must include:

a. A source and mechanism of release of contaminants.

b. A retention or transport mechanism for exchange of contaminants
between media.

c¢. An exposure point (e.g., sediment, water) where contact occurs.

d. An exposure route (e.g. ingestion, dermal uptake) by which contact
occurs (USEPA/OERR 1989).

Direct exposure pathways

In most dredged material management activities, the direct human exposure
pathway is unlikely to be of concern. Therefore, the body of this guidance does
not provide detailed information. In many cases, particularly for offshore disposal,
direct human exposure to contaminated sediments at aquatic dredged material
management sites is unlikely because the exposure pathways are incomplete. The
direct pathways may be more likely at containment islands and nearshore
management facilities. They may also occur during transport and handling of
material.

Direct exposure to sediments. Although the sediments are a source of
contaminants, there is no strong exchange mechanism between the sediments and
the overlying water since the contaminants are sediment sorbed in most cases.
This makes transport to the surface through desorption and dissolution unlikely
for most contaminants. Direct exposure through the water column may be event
mediated as in the case of storms or erosive events. Exposures due to direct
contact with sediments through activities such as swimming, recreational
activities, or fishing are also unlikely in offshore aquatic sites because:

a. Distance offshore and water depths at dredged material management sites
are generally incompatible with recreational swimming.

b. Depth to the bottom makes direct contact with sediments by fishermen
and boaters unlikely.

Direct exposure to water. There is potential for human contact with a
waterborne plume near or at the dredged material disposal site immediately
following disposal operations. However, the duration of this contact would be
short, and the frequency of contact would be low because it would occur only
during disposal operations. Therefore, this direct exposure pathway is likely to be
insignificant. Disposal in nearshore environments may warrant consideration of
direct exposure pathways.

When to consider the direct exposure pathways. There may be instances where
direct exposure pathways are likely during a dredged material management
activity. Whether to incorporate these pathways into the human health exposure
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assessment depends on various site specific factors. Table 2 provides guidance on
when these direct pathways may be of concern. Appendix E provides the
equations to quantify these potential exposures.

Table 2

Conditions Which May Require Assessment of Direct Human Health Exposures

Direct Pathway

Potential Receptors

Conditions which May Require
Assessment of Pathway

Direct ingestion of sediment

Recreational users
(swimmers, waders, boaters, naturalist,
trespassers) or off-site resident

* Nearshore site

Intertidal site

Containment island which may attract
recreational users

Upland site (for a naturalist or
trespasser).

Direct ingestion of sediment

Dredged material management workers
(barge worker, pipeline worker)

Dredged material management
sites which require workers to be at
the site for more than one season

Dredged material management
options which may require routine
contact with sediments

Dredged material management which
may require long-term maintenance of
a management facility.

Direct ingestion of surface water

Recreational or off-site resident

Near shore site

Intertidal site

Containment Island

Upland site where groundwater
discharge is a potential concern.

Direct ingestion of surface water

Worker

Dredged material options which may
require long-term maintenance of a
facility

Upland sites where discharging
groundwater or dewatering in
excavation may occur.

Inhalation of volatilized contaminants or
fugitive dust

Worker or off-site resident

Management options which require
dredged material to be exposed to
atmosphere, especially nearshore

Management or transport options
which allow dredged material to dry at
surface during transport or storage.
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Indirect exposure pathways

pathway (as described above) because:

There is a source of contaminants — the sediments at the dredged material

For aquatic disposal, the most likely human pathway is an indirect exposure
pathway through consumption of fish or shellfish (Figure 10). Therefore, this
section provides details and examples for assessing the pathway. Within this
pathway, the likely exposure route for humans to contaminated sediments and
surface water is the ingestion of fish or shellfish that have accumulated these
compounds. This exposure pathway fulfills the criteria for a complete exposure

a.
management site.
b. There is a transfer mechanism between the sediments and the seafood —
bioaccumulation.
c¢. There are exposure points where contact occurs — the commercially or
recreationally caught seafood which have been exposed to contaminants
from the management site.
d. There is an exposure route — the consumption of this seafood.
. Indirect
Media Direct
Exposure Exposure
Routes Routes
Sedim ents Dermal Corgact
Suspended Demersal Fish
Sedim ent Shellfish
stion
Water Toge

Receptor

Ieestion

Human

Figure 10. Example of a conceptual model showing direct and indirect exposure pathways for human
health

a.

Defining the exposed human population.
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b. Characterizing the individual's and population's activities and exposure
route (i.e., consumption of seafood).

c. Identifying the species consumed.

Defining the exposed population. The assumed exposed population should be
of individuals who potentially consume seafood that is exposed to the
contaminants at the dredged material site. This may be a local population
consuming seafood from a fishery which does not export outside a constrained
geographic area. Alternatively, the fishery may be serving a large metropolitan
area. When possible, efforts should be made to identify any sensitive populations,
such as pregnant women and young children, and any groups that may be subject
to disproportionately high exposures, such as subsistence fishermen [e.g.,
immigrant groups and Native Americans (Executive Order 12898)].

Characterize receptor activities. Different exposure scenarios used in a human
health risk assessment may result in different risk estimates and different
management responses to those risks. Therefore, it is important to fully and
accurately characterize the types of activities which lead to exposure within each
scenario. The activities and indirect exposure route that are addressed in this
guidance include consumption/ingestion of seafood from:

a. Recreational or subsistence fishing.
b. Commercial fishing.

More than one exposure scenario for the ingestion of seafood may be required
for full characterization of human receptors. There may be several fisheries
potentially influenced by the disposal site, or the site may be used simultaneously
by commercial and recreational fishermen. Sources of site-specific information
that can be used to define the receptor's activities include:

a. Local and state departments of fisheries.

b. National Marine Fisheries Service (NMFS) National Oceanic and
Atmospheric Administration (NOAA).

¢. Local university fishery and/or wildlife departments.
d. Surveys of local residents and fishing groups.
e. Local seafood distributors.
Identify the species. The Exposure Assessment should identify the dominant
species of seafood landed locally for recreational, subsistence, and commercially
caught seafood because the concentration of the contaminants in the seafood will

depend upon the foraging habits of the organisms, their ability to bioconcentrate
the chemicals of concern, and their position in the food web.

Information on the species that are harvested and their biology is often
available through surveys and catch statistics from the NMFS, local or state
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departments of fisheries, or local universities. Local surveys of recreational fish
catches and consumption information from these sources may also be available.
Also, the dietary and cultural habits of the exposed populations can often allow
the risk assessor to define the list of species likely consumed by recreational
fishermen.

Indirect pathway - Recreation/subsistence catch. Many human health risk
assessments assume that recreational or subsistence fishermen obtain all of their
seafood from the disposal site. This is a very conservative assumption which
assessors often make when using the subsistence scenario as a worst-case
screening tool. At dredged material management sites, this guidance recommends
modifying this conservative assumption to incorporate the seasonality of the catch
and the receptor's preferences for different species of seafood. Additionally, the
size of the disposal site relative to the recreational/subsistence fishing area should
be evaluated.

Indirect pathway - Commercially harvested catch. For consumers of
commercially harvested seafood, the risk assessment should assume that:

a. The human receptor's entire seafood diet is derived from seafood landed
locally (i.e., within the state immediately inshore of the disposal site),
unless there are available data to the contrary.

b. The amount of contaminated seafood in this diet is proportional to the
amount of the catch influenced by the disposal site. For example, if one
assumes that the receptor’s seafood diet derives from a 20-square-mile
bay inshore of the disposal site, and the site only influences 1 square mile,
then the contaminated portion of the receptor’s seafood diet is adjusted by
1/20 (see the example).

The first assumption is conservative (i.e., protective of human health) because
it does not allow the seafood diet to be diluted by catch from distant areas. For the
second assumption, the risk assessor will need to estimate the total landings
relative to the landings influenced by the disposal site. This calculation will
require data from state or Federal statistical reports which tabulate landings by
fishing areas offshore of each coastal state.

In the absence of information for commercial catches, the recreational fishing
exposure scenario should be used.

The product of this section is a narrative or tabular presentation of consumers
of potentially contaminated seafood, that includes where the seafood is landed,
what species of seafood are consumed, and any other information that describes
an individual’s or population's behavior relative to seafood consumption. This
information will allow the risk assessor to calculate estimates of contaminant
intake to the identified receptors.

Chapter 4 Human Health Risk Assessment

81



Example 15: Description of Indirect Pathway - Consuming Winter Flounder

The management site is within a larger area representing a winter flounder commercial fishery. The
site is close enough to shore to be a recreational fishery as well (although this example carries through
only the commercial fishing scenario).

The flounder are landed at a medium-sized city on the local bay, and the consumers are the people in
the local metropolitan area. The State Department of Marine Fisheries indicates that little, if any, of the

flounder are exported to a larger area.

Step 3: Quantify exposure

The quantification of indirect exposure proceeds by:
a. Specifying the equation to calculate a dose.
b. Estimating the exposure point concentration.
¢. Reviewing site specific information for exposure factors.
d. Reviewing EPA default assumptions.
e. Running the calculation.

The exposure assessment quantifies exposure to human populations using a set

of fairly standard equations the choice of which depends upon the receptor,
exposure pathway, exposure route, and receptor activities. The equations calculate

a dose based on:
a. Exposure point concentrations.
b. Ability of the receptor to absorb the contaminant.

c. Ingestion rate.

d. Amount of seafood ingested from the area under the influence the
management area.

e. Frequency of seafood meals.
/- Body weight of the receptor.
g. Time over which the receptor consumes seafood.

This section describes those equations and their use for the indirect pathway.
Appendix E provides a set of equations to use for the less likely direct pathway.
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Specifying the equation to calculate dose

After selecting and describing the exposure pathways, the exposure assessment
must calculate the intake of the contaminant of concern (in milligrams
contaminant per kilogram body weight per day). This is the dose of contaminants
that enters the human body through the gastrointestinal tract following
consumption of contaminated seafood. USEPA guidance describes this dose as
the Average Daily Potential Dose (ADD,,). This is a central calculation in the
human health assessment because it integrates all the elements of the exposure
assessment. For the assessment of risk associated with contaminated dredged
materials, it should be calculated for each of the individual fish species that are
ingested by each receptor described in the exposure scenarios.

Figure 11 shows the elements in this equation and their sources. The
quantification of this exposure is expressed as the product of the exposure point
concentration and various exposure factors:

EPCx Absx IR x FIx EFx ED
ADD _,\mg/kg/day)= 6
ot (g / kg / day) BW, < AT ©
where

EPC = Exposure point concentration in seafood influenced by the
dredged material disposal site (mg/kg)

Abs = Fraction of contaminant absorbed from the seafood through
the gastrointestinal tract

IR = Ingestion rate (kg/meal)

FI = Fraction of seafood ingested from contaminated source
(unitless)

EF = Frequency of potential exposure events, total annual seafood

meals ingested (meals/year)
ED = Duration of the exposure period (years)
BW., = Average body weight of receptor (kg)
AT = Averaging time (days)

According to USEPA guidance (USEPA/OERR 1992a,b), the EPC and the
exposure factors in this equation should represent reasonable maximum exposures
(RME). The RME is a plausible estimate of the individual risk for those
individuals at the upper end of the risk distribution. Under the reasonable
maximum exposure case, a combination of 50”- and 90™-percentile values of
exposure factors should be used for intake rates, fraction of seafood diet harvested
from the disposal site, exposure frequency, and exposure duration. Table 3
summarizes the factors risk assessors need to consider when determining default
values or directly measuring values for this calculation.
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Figure 11. Factors for calculating average daily dose and the source for each factor

Estimate exposure point concentrations (EPCs)

EPCs are the contaminant concentrations in the edible tissue of seafood from
the dredged material disposal site. The most reliable method for determining the
EPCs in the species of concern is by directly measuring the concentrations in the
tissues of the organisms. However, this is typically not an option, unless the
seafood species of interest can be collected from the dredging (project) site and
their foraging area is confined to that area or its area of influence.
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Table 3
Uncertainties Associated with Calculating the Average Daily Potential Dose

Equation from text: ADD,(mg/kg/day) = EPC HAbs HIR HFIHEF HED
BW,,, HAT
Term Description Default Considerations/Uncertainty
ADDpot Average Daily Potential Dose Calculated value
EPC Exposure point concentration Site-specific data; calculated Measure seafood tissue contaminant
or measured concentrations if possible, or calculate as

detailed in text on Hazard Identification.

Abs Fraction of contaminant " Depends on lipid composition and
absorbed from the seafood preparation of seafood consumed.
through the Gl tract

IR Ingestion rate Site-specific data Depends on the behavior of the seafood
consuming population.

Fl Fraction ingested “1" (subsistence and See text for estimations of Fl for
recreational fisherman) commercial catch.
EF Exposure frequency Approximate range of 10 to Varies, depending on the behavior of the
100 meals/year seafood-consuming populations.
ED Exposure duration 9 years (median) Use site-specific data, especially if time
of capping of dredged material disposal
30 years (upper-bound) is known.
BW Body weight 70 kg (adults) Intermediate values should be used for
teenagers. Values for infants will be lower
15 kg (children) than 15 kg.
AT Averaging time 70 years

In the absence of measured data for EPC, the risk assessment uses the tissue
concentrations of contaminants in the seafood estimated in the ecological risk
assessment. The EPC obtained from the application of these methods should be
expressed in milligrams (mg) of contaminants per kilogram (kg) of seafood.

The product of this step is an estimate of the concentration of COCs in seafood
exposed to the management area and its area of influence.
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Example 16: Body Burdens in Winter Flounder

As indicated earlier, the risk assessor has identified a population in the area potentially exposed to
PCBs from flounders in a commercial catch. The proposed disposal site will influence a fraction of this
flounder catch. As described earlier, a tissue concentration of total PCBs can be calculated for
flounder, based on measured sediment concentrations and observed biota-to-sediment concentration
factors. These calculations resulted in a wet weight tissue concentration of 3.3 ug total PCB/g flounder
tissue for flounders foraging over the disposal site. This is the EPC for total PCBs in the human health

risk assessment.

Reviewing site-specific information for exposure factors

Wherever possible, exposure factors should be developed from site-specific
information. For example, local knowledge of subsistence fishermen may provide
a site-specific ingestion rate and exposure frequency. If this information is
unavailable, USEPA has provided data from key studies on exposure parameters
(USEPA/ORD 1995). It is recommended that the risk assessor use those data that
best represent the individual and population behaviors and descriptions for the
disposal site. For some exposure parameters, default values are recommended.
Any default assumptions that are used may under- or overestimate exposure
parameters, adding uncertainty to the overall analysis.

One method for obtaining site-specific information is to use surveys of the
local population or creel census data from state fisheries departments or local
universities, with review and analysis of the generally accepted survey techniques
for the consumption of fish and shellfish.

The USEPA (1992b) does not provide a default value for the fraction of the
seafood diet obtained from the management site. Therefore, it will be necessary to
estimate this value from site-specific information, fishery statistics, and
knowledge of the species in question.

The USEPA does not provide guidance regarding differential consumption of
various organs such as muscle, fish skin, fish liver, or other organs, nor is there
guidance on other considerations such as food preparation. All of these factors
will contribute to the accuracy of the risk estimates and uncertainty in those
estimates. Site-specific information may provide insights into local cultural eating
habits. In the absence of site-specific information, an assumption may be made for
the consumption of finfish: that people consume fish fillets, not the entire fish.

Fraction ingested (FI) for recreational/subsistence scenario. For recreational
fishes, in lieu of any site-specific catch statistics, or local information, it should be
conservatively assumed that all of the fish consumed by this group is caught
within the area influenced by the disposal site. This will represent the most
conservative case; although it is likely to be reflective of recreational or
subsistence fishermen. Thus, the FI for the recreational/subsistence fishermen
would be 1.
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FI for commercially consumed scenario. In some areas of the country,
individuals purchase seafood from the same vendors who harvest from a particular
area consistently. In these cases, the catch is not diluted and the FI would be 1.
Typically, commercial catches are not taken from one small area, but from many
areas. For commercially harvested seafood, it is best to obtain catch statistics for
the area of interest from state departments of marine fisheries statistical reports,
or, if necessary, from NMFS statistical reports. Often, the state reports may be on
a finer scale, especially for nearshore fishing areas. The species of interest and
their foraging areas represented in the statistical areas should be determined by a
fisheries biologist. If the state fisheries biologists indicate that the disposal site is
particularly attractive to species of concern, then the FI should be adjusted
accordingly.

If a site is used repeatedly for dredged material disposal, it may become
disproportionately attractive to certain species such as winter flounder because the
continual disturbance may enhance populations of opportunistic species.
Sometimes these species are the favored prey of winter flounder. State
departments of fisheries or local agencies should be consulted regarding this
possibility. If it is occurring, the FI should be appropriately modified.

This guidance suggests estimating the FI based on the size of the disposal site
relative to the fishery area; the catch from various statistical areas; and the size of
the foraging areas for the species of interest.

Example 17: Calculation of FI by Humans Based on Fishery Statistics for Consumption of
Commercially Caught Flounder

The State Division of Marine Fisheries' winter flounder catch statistics indicate that 30 percent of all of
the flounder landed in the state come from Statistical Area 4. For this example, Area 4 contains the
hypothetical dredged material disposal site and its area of influence. It is known that the foraging area
of a flounder is approximately 2 percent of Area 4.

Therefore:
FI=0.02H0.3
FI = 0.006

In this case, the FI for the local metropolitan consumer of commercially harvested flounder is 0.006.
Six-tenths percent of the flounder consumed by these receptors will be impacted by the
dredge-management site. If there is reason to believe that the disposal site is preferentially attractive to
flounder, this calculation will change accordingly.
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Reviewing USEPA Default Exposure Assumptions

In the absence of site-specific information for the exposure factors, the risk
assessor should use the USEPA recommended default exposure assumptions
found in the following four documents.

a. Exposure Factors Handbook (USEPA 1989).
b. Exposure Factors Handbook (USEPA/ORD 1995).

c. Human-Health Evaluation Manual, Supplemental Guidance: Standard
Default Exposure Factors (USEPA/OSWER 1991a).

d. Guidance for Assessing Chemical Contaminant Data for use in Fish
Advisories. Volume I: Fish Sampling and Analysis (USEPA/OST 1993).

e. Guidance for Assessing Chemical Contaminant Data for use in Fish
Advisories. Volume II: Risk Assessment and Fish Consumption Limits
(USEPA/OST 1994).

Ingestion rate (IR). Fish consumption rates differ throughout the country, and
for specific subpopulations, the use of an “average” consumption rate for all
households may not accurately reflect the local consumption rate in a particular
subpopulation. It is recommended that the risk assessor review the consumption
values presented from key studies identified by the USEPA (e.g., USEPA/ORD
1995). From these data (or others in the literature), exposure factors should be
selected.

Absorption fraction (Abs). The absorption of the contaminants from the
seafood tissue through the gastrointestinal tract will depend upon the lipophilicity
of the compound, the degree to which the lipid soluble portion of the fish is
absorbed, and the contents of the human gastrointestinal (GI) tract at the time of
ingestion of the contaminated seafood, among other factors.

Exposure frequency (EF). The EF refers to the total number of seafood meals
consumed during the exposure duration. This frequency includes seafood
harvested from both the dredged material disposal site and elsewhere. This can
range from up to 10 meals per year for the recreational fishermen (USEPA/OERR
1992b) to once or twice per week, or more, for those consuming fish harvested
commercially or caught by subsistence fishermen (USEPA/Office of Policy,
Planning, and Evaluation, and Research and Development 1991). The frequency
of consumption of one species can differ from another due to seasonality of catch.

Body weight (BW,,). The default value for average body weight over the
exposure period for adults is 70 kg. For children under the age of 6, the default
value is 15 kg (USEPA 1989), and for young adults or teens, it is appropriate to
use intermediate values.

Exposure duration (ED). The ED represents the length of time over which
exposure occurs. Typically, the default values represent upper-bound residential
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durations of 30 years and median residential durations of 9 years at a single
residence. However, it is recommended that site-specific durations be used. If, for
example, the dredged material disposal site will be capped within 2 years of its
use, this should be reflected in the exposure duration.

Averaging time (AT). The AT for carcinogenic effects of the contaminants
should be 70 years. This is the period (represented in days) over which the
exposure is averaged. This is referred to as the Lifetime Average Daily Intake.
The averaging time for exposures to noncarcinogens is the exposure duration (in
days).

The product of this section is a numerical estimate (a range or single point) of
the average daily intake (dose) of a contaminant for each species consumed for
each potentially exposed receptor. This information should be presented in tabular
format.
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Example 18: Intake Calculation for the Consumption of Commercially Harvested Flounder

The risk assessor will calculate a Potential Average Daily Dose of total PCBs due to consumption of
winter flounder exposed to the disposal site. The EPC (concentration of total PCBs in the flounder
from the area of the site) and FI (fraction of the total catch from the area of the site) have been
calculated previously. Note that the EPC is generally expressed as ug/g, although in the intake
equation, it is necessary to convert that to mg/kg. The State Department of Marine Fisheries has
indicated, in this hypothetical example, that a flounder ingestion rate of 0.11 kg per meal isa
conservative estimate of flounder consumption.

ADD,, (mg/kg/day) = EPC HAbs HIR HFI HEF HED

BW,,, HAT
where
EPC = (3.3ug/g)=3.3mgkg
Abs =1
IR = 0.11 kg/meal
FI = 0.006
EF = 52 meals/year
ED =9 years
BW,,, =70kg
AT = 70 years (365 days/year) = 25,550 days

ADD,(mg/kg/day) = 3.3 mg/kg H0.11 kg/meal H0.006 H52 meals/yr H9 yr
70 kg H25,550 days

ADD,; = 5.6 H10 7 mg/kg/day

This is the incremental lifetime average daily intake for the consumption of commercially harvested
flounder using conservative, reasonable maximum exposure assumptions.

Toxicity Assessment

This section summarizes the general toxicological information necessary for
the completion of the human health risk assessment. The purpose of the toxicity
assessment is to provide an estimate of the relationship between the extent of
exposure to a contaminant and the likelihood and/or severity of adverse health
effects. It considers several types of toxicological information, including human,
epidemiological, and animal data. The toxicity profiles provide summaries of the
toxicity assessment. Appendix D provides toxicological profiles for the
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contaminants of concern likely to occur at dredged material management sites.
These should be updated with each risk assessment as indicated in the following
steps.

The products of a toxicity assessment are:

a. A discussion of the potential adverse health effects due to exposure to
contaminants of concern.

b. The toxicity factors for use in a quantitative estimate of risk.

Step 1: Determine Toxicity Factors

Carcinogenic effects of COC. EPA has used the weight-of-evidence approach
to evaluate potential human carcinogens and categorizes them in Integrated Risk
Information System (IRIS) (USEPA 1997) and the Health Effects Assessment
Summary Tables (HEAST) (USEPA/OSWER 1997). The carcinogenic slope
factor (CSF) expresses the carcinogenicity of a compound. The CSF is a toxicity
value that defines the quantitative relationship between dose and response. It is a
plausible upper-bound estimate of the probability of a response per unit intake of
a contaminant over a lifetime. The slope factor is usually the upper 95™-percent
confidence limit of the slope of the dose-response curve and is expressed as

(mg/kg/day) -1.

Noncarcinogenic Effects of COC. A reference dose, or RfD, is the toxicity
value used most often in evaluating noncarcinogenic effects, resulting from
exposures to chemicals. The RfD is defined as an estimate of a daily exposure
level for the human population, including sensitive subpopulations (such as
elderly and children) that is likely to be without an appreciable risk of adverse
effects during a lifetime.

Step 2: Assemble Sources of Toxicity Information

There is a hierarchy of toxicity information that should be consulted when
conducting a risk assessment. The first is the Integrated Risk Information System
(IRIS), an information database that contains chemical-specific health risk and
USEPA regulatory information. Information in IRIS supersedes all other sources.
If information is unavailable in IRIS, then HEAST may be consulted. The
HEAST contains toxicity information and values from USEPA. It is updated
quarterly and contains interim toxicity factors that are not found on IRIS.

Human Health Risk Characterization

This text provides the toxicity factors which are quantitative estimates of the
potency of the contaminants of concern. These factors, combined with the average
daily intake estimates derived in the exposure assessment section, are used to
estimate risk in the risk characterization.
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Risk Characterization involves the integration of estimates of exposure
developed as part of the exposure assessment with health effects information
developed as part of the toxicity assessment.

The products of the Risk Characterization section in 2 human health risk
assessment should be:

a. Carcinogenic risk estimates for the reasonable maximum exposed
individuals from each pathway, contaminant, and each species of seafood
that have been impacted by potential contamination at the dredged
material disposal site.

b. Hazard index to evaluate the potential for noncarcinogenic effects from
each pathway and COC.

c. A discussion of the risk assessor's confidence in the quantitative
estimates.

Carcinogenic risks. The potential for carcinogenic effects is the estimated
incremental probability of an individual's developing cancer over a lifetime. This
probability is the product of the average daily dose and the CSF. Carcinogenic
risk estimates should be calculated by multiplying the chronic (lifetime) average
daily intake over a lifetime of exposure by the CSF. Carcinogenic risks should be
summed for all pathways for each COC species ingested, unless there is evidence
to support segregation of the ingested species.

The equation for estimating incremental lifetime cancer risk (ILCR) for each
COC consumed is:

ILCR = Lifetime ADD,o HCSF (7

The TLCR due to consumption of contaminated seafood impacted by the dredged
material disposal site should be estimated by using the lifetime ADD,, that was
calculated in the exposure assessment. This should be done for each receptor and
species ingested by those receptors.

The total incremental lifetime cancer risk is:

Total ILCR = 3 ILCR, ®

where

ILCR, = the incremental lifetime cancer risk estimate for the nth
seafood species.

92 Chapter 4 Human Health Risk Assessment




Noncarcinogenic effects. The potential for noncarcinogenic health effects is
evaluated by the ratio of exposure to toxicity, termed a Hazard Index. The
equation for estimating the Hazard Index is:

Hazard Index = ADD,/RfD &)

For each exposure scenario, Hazard Indices should be estimated for the
consumption of each contaminated species.

Risk Estimates. USEPA (OSWER Directive 9355.0-30, 1991b) states that
where the cumulative carcinogenic risk to an individual based on reasonable
maximum exposure for both current and future use is less than 10-4 and the
noncarcinogenic hazard index is less than 1, further management action is not
warranted. The directive also states that site-specific conditions may lead the risk
manager to decide that 10-4 is an unacceptable risk based on some site-specific
reasons. The risk manager and risk assessor should apply these guidelines when
addressing potential human health risk at dredged material management sites.

Example 19: Carcinogenic Risk Estimate for Consumption of Flounder
ILCR = Lifetime Average Daily Intake HCSF

Lifetime Average Daily Intake = 5.6 H10 7 mg/kg/day
CSF for total PCB = 7.7 (mg/kg/day) "
ILCR, =43H10°¢

EPA generally considers risks in the range of 10 to 10™* as not indicating a potential human health
risk. Therefore, exposure to total PCBs due to the proposed dredging project is unlikely to present a
carcinogenic risk to the local human populations. However, this example calculates only risk from
exposure to total PCBs. The summed ICLR due to exposure to PCBs and other COCs may present an
unacceptable risk.

Note that there is uncertainty associated with this risk estimate because the USEPA currently
emphasizes the need for congener specific analyses in assessing risk from PCB exposure.
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Uncertainty Analysis
What is Uncertainty Analysis?
Uncertainty analysis is an explicit acknowledgment and analysis of our lack of knowledge of the
assumptions and parameters used to assess risk.
How Should the Risk Assessment Address Uncertainty?
The uncertainty analysis should:
a.

b.

Why pursue an Uncertainty Analysis?
There are three reasons to address uncertainty:
It is a general requirement of most Federal and state risk assessment guidance.

It allows the risk assessor and risk manager to decide whether they have sufficient confidence in the
assessment to make a particular management decision.

It allows the risk assessor and risk manager to decide what type of further information they may need to
increase the confidence in the assessment.

Identify likely sources of uncertainty in the risk assessment.
Identify clearly all significant assumptions at each stage of the assessment.

Identify the range and, where possible, the distribution of values which a parameter may
take.

Test the sensitivity of the risk assessment by using the bounding values for these
assumptions (for the most uncertain assumptions).

Consider using parameter distributions with a probabilistic technique in the case of large,
multipathway risk assessments.
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5 Uncertainty Analysis

Uncertainty is introduced into each step of the risk assessment process. The
final risk estimates represent the integration of selected pieces of information,
each with its own degree of uncertainty. To address this uncertainty, the tisk
assessment makes conservative assumptions about potential exposures and
toxicity. Therefore, the predicted risk estimates may overestimate actual risks. It is
important to recognize that risk estimates are indicators of the potential for
adverse effects, not predictors of such effects.

In a risk assessment, there are two ways to describe uncertainty, quantitatively
and qualitatively. For most dredged material management activities, uncertainty
characterization will typically involve a qualitative discussion of the rationale for
using particular scenarios, exposure factors, and data and the level of confidence
in those selected parameters. The larger, more complex assessments will require a
more quantitative process.

It is possible to express the uncertainty by running the exposure scenarios
under various alternative assumptions. These may range from using different
statistics for EPCs, varying the frequency of exposure, or changing assumptions
regarding the characteristics of the exposure for each scenario. This should be
done within the framework of the agreed upon scenarios, and not result in new or
separate scenarios involving new receptors, contaminants, or previously
unconsidered databases.

The risk assessment should include a qualitative uncertainty characterization
that identifies site-related variables and assumptions that contribute to the overall
uncertainty in the risk estimates. The uncertainty analysis should:

a. Identify likely sources of uncertainty in the risk assessment.

b. Identify clearly all significant assumptions at each stage of the
assessment.

c. Identify the range and, where possible, the distribution of values which a
parameter may take.

d. Test the sensitivity of the risk assessment by using the bounding values
for these assumptions for the most uncertain assumptions.
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Identify Likely Sources of Uncertainty

Obviously, any assumption or measurement introduced into the assessment
will have some degree of uncertainty associated with it. In a human health risk
assessment, the discussion of uncertainty should address the following assessment
elements:

a. The quality and quantity of contaminant concentration in sediment and
surface water.

b. The quality and quantity of available data on seafood catch statistics and
biota.

c¢. Use of EPCs in uncooked or whole fish based on modeling of sediment
concentrations.

d. Use of surrogate fish species concentration data to estimate average daily
intake.

e. Exclusion of dermal and ingestion exposure pathways to the water
column.

/- Use of default exposure frequency and duration variables, body weight,
life expectancy, and population characteristics.

g. Incomplete understanding of the interaction of contaminants with each
other, the mechanism of action of the compounds, and the use of toxicity

factors, with their inherent uncertainties such as dose extrapolation and
species extrapolation.

The major sources of uncertainty in ecological risk assessment includes:
a. Selection of sensitive ecological receptors.
b. Choice of assessment and measurement end points.
c. Relationship between the assessment and measurement end points.

d. Physical and chemical attributes of the COCS (e.g., partitioning
cocefficients).

e. Bioaccumulation potential of the COCs.
/- Bioavailabilty of the COCs.
g. Uncertainties in the fate and transport or food chain models.

h. Biological characteristics of the representative species such as foraging
range, ingestion rates, migration patterns.
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i. Uncertainties in the toxicity factors due to interspecies extrapolations or
extrapolating from LOAELs to NOAELs.

Identify Clearly All Significant Assumptions

Significant assumptions are those which the risk assessor feels are most critical
to the decision-making process. For example, the selection of a representative
species is a critical element because of the underlying assumption that protection
of the representative species will afford protection of the ecosystem. Therefore, it
is important to be explicit about the importance of this assumption and to present
clearly the justification for making it.

Identify the Range Wherever Possible, the Distribution
of Values a Parameter May Take

For at least each significant assumption, the risk assessor should provide the
range of possible values. For some parameters this information may be available
in the literature (e.g., a range of biota to sediment accumulation factors). For other
assumptions identifying the range of possibilities may be more difficult. For
example, deciding on a “range” of representative receptors is an exercise in
professional judgement.

Test the Sensitivity of the Risk Assessment

The risk assessment should include a quantitative evaluation of uncertainty, if
possible. Several approaches can be used to characterize uncertainty in parameter
values. When uncertainty is high, bounding estimates should be used. Many of the
models used in the risk assessment are linear. Therefore, a simple sensitivity
analysis should be performed to determine whether the results of the risk analysis
are significantly affected by variations within a range (such as BSF or fish
ingestion rates).

Sensitivity analysis is the process of changing one variable while leaving the
others constant to determine its effect on the output. The results identify those
variables that have the greatest effect on exposure and help focus further
information-gathering activities; they do not indicate the probability of a variable
being at any point within its range. When a single parameter profoundly
influences exposure estimates, the assessor may develop a probabilistic
description of its range (USEPA/ORD 1995). This can be done using site-specific
information (such as creel, market basket, or fish consumption surveys),
information in the literature, or data compiled by USEPA.

The most common example of probabilistic uncertainty analysis is the Monte
Carlo method. This technique assigns a probability density function to each
parameter, then randomly selects values from distributions and inserts them into
the exposure equation. Repeated calculations produce a distribution of predicted
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values that reflects the overall uncertainty in the inputs to the calculation
(USEPA/ORD 1995).
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