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PREFACE

This document provides guidance on the process of designing and conducting
technically defensible ecological risk assessments in the Superfund Program. It is intended to
promote consistency and a science-based approach within the- Program, and is based on the
Framework for Ecological Risk Assessment (1992a) developed by the Risk Assessment Forum
of the U.S. Environmental Protection Agency.

This document is directed to the site managers (i.e., On-Scene Coordinators {OSCs]
and Remedial Project Managers [RPMs]) who are legally responsible for the management of
the site. However, it is anticipated that ecological risk assessors, as well as all other
individuals with input to the ecological risk assessment, will use this document.

Ecological risk assessment is an integral part of the Remedial Investigation and
Feasibility Study (RI/FS) process, which is designed to support risk management decision-
making for Superfund sites. The RI component of the process characterizes the nature and
extent of contamination at a hazardous waste site and estimates risks to human health and the
environment posed by contaminants at the site. The FS component of the process develops
and evaluates remedial options. Thus, ecological risk assessment is fundamental to the RI
and ecclogical considerations are also part of the FS process.

This document is intended to facilitate defensible and appropriately-scaled site-specific
ecological risk assessments. It is not intended to determine the appropriate scale or
complexity of an ecological nsk assessment or to direct the user in the selection of specific
protocols or investigation methods. Professional judgment is essential in designing and
determining the data needs for any ecological risk assessment. However, when the process
outlined in this document is followed, a technically defensible and appropriately scaled site-
specific ecological risk assessment should result.

Ecological risk assessment is an interdisciplinary field drawing upon environmental
toxicology, ecology, and environmental chemistry, as well as other areas of science and
machematics. [t is important that users of this document understand that ecological nsk
assessment is a complex, non-linear process, with many parallel activities. The user should
have a basic understanding of ecotoxicology and ecological risk assessment and read through
this document in its entirety prior to engaging in the ecological risk assessment process.
Without the basic understanding of the field and of this guidance, the reader might not
recognize the relanonships among different components of the risk assessment process.

To assist the user in interpreting this guidance document, three illustrations of
hazardous waste sites are provided in Appendix A. These are simplified, hypothetical site
examples that demonstrate and highlight specific points in the ecological risk assessment
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process. These examples are incomplete and not intended to present a thorough discussion of
the ecological or ecotoxicological issues that would exist at an actuai site. [nstead, they are
intended to illustrate the first five steps of the process that precede a full ecological field
investigation. Excerpts from the three examples are included in the guidance document as
"Example Boxes" to ilustrate specific points. The user is encouraged to read the three site
examples in Appendix A in addition to the Example Boxes withun the guidance document

itself.

Ecological risk assessment is a dynamic field, and this document represents a process
framework into which changes in ecological risk assessment approaches can readily be
incorporated. Four appendices are included with this document: additional appendices may be
developed to address specific issues.

This document supersedes the U.S. EPA’s (1989b) Risk Assessment Guidance for
Superfund, Volume 2: Environmental Evaluation Manual as guidance on how to design and
conduct an ecological risk assessment in the Superfund Program. The Environmental
Evaluation Manual contains useful information on the statutory and regulatory basis of
ecological assessment, basic ecological concepts, and other background information that is not
repeated in this document.

xil
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INTRODUCTION:
ECOLOGICAL RISK ASSESSMENT FOR SUPERFUND

PURPOSE

This document provides guidance on how to design and conduct consistent and
technically defensible ecological risk assessments within the Superfond Program. [t is based
on the Framework for Ecological Risk Assessment (1992a) developed by the Risk Assessment
Forum of the U.S. Environmental Protection Agency (U.S. EPA or the Agency).

This document is directed to the site managers (i.e., On-Scene Coordinators {OSCs]
and Remedial Project Managers [RPMs]) who are legally responsible for managing site
activities. However, it is anticipated that the ecological risk assessors, as well as all other
individuals involved with ecological risk assessments, will use this document.

SCOPE

This document is intended to facilitate defensible and appropriately-scaled site-specific
ecological rnisk assessments. It is not intended to dictate the scale, complexity, protocols, data
needs, or investigation methods for such assessments. Professional judgment is required to
apply the process outlined in this document to ecological risk assessments at specific sites.

BACKGROUND
Superfund Program

The Comprehensive Environmental Response, Compensation, and Liability Act of
1980 (CERCLA or Superfund), as amended by the Superfund Amendments and
Reauthonzation Act of 1986 (SARA), authorizes the U.S. EPA to protect public health and
welfzre and the environment from the release or potential release of any hazardous substance,
pollutant, or contaminant. U.S. EPA’s Superfund Program carmies out the Agency’s mandate
under CERCLA/SARA. ‘

The primary regulation issued by U.S. EPA’s Superfund Program is the National Oil
and Hazardous Substances Pollution Contingency Plan (NCP). The NCP calls for the
identification and mitigation of the environmental impacts (such as toxicity, bioaccumulation,
death, reproductive impairment, growth impairment, and loss of critical habitat) at hazardous
waste sites, and for the selection of remedial actions to protect the environment. In addition,
numerous other federal and state laws and regulations concerning environmental protection

INTRODUCTION, Page 1
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can be designated under Superfund as “applicable” or "relevant and appropriate” requirements
(ARARs) for particular sites. Compliance with these other laws and regulauons generally
requires an evaluaton of site-related ecological effects and the measures necessary to rmutigate

these effects.

Risk Assessment in Superfund
HIGHLIGHT BOX I-1

An important part of the NCP is the The RUFS Process
requirement for a Remedial [nvesugation
and Feasibility Study (RIUFS) (see Highlight Risk assessment is an integral part of
Box I-1). The RI/FS is an analyucal the RUFS. The three parts of the RI are: (1)
process designed to support risk characterization of the nature and extent of
management decision-making for Superfund contamination; (2) ecological nsk
sites. The RI component of the process assessment; and (3) human health nsk
characterizes the nature and extent of assessment. The investigation of the nature
contamination at a hazardous waste site and and extent of contamination determunes the

chemicals present on site, as well as their
distribution and concentrations. The
ecological nsk and human heaith nsk
assessments determine the potential for
adverse effects to the environment and
human health, respectively.

esumates nsks to human health and the
environment posed by contaminants at the
site. The FS component of the process
develops and evaluates remedial optons.

Although U.S. EPA has established
detailed guidelines for human health nisk
assessment 1n the Superfund program (U.S.
EPA, 1989a, 1991a,b), simularly detailed guidelines for site-specific ecological risk assessment
do not exist for the Superfund program. Risk Assessment Guidance for Superfund, Volume 2:
Environmental Evaluation Manual (U.S. EPA. 1989b) provides conceptual guidance in
planning studies to evaluate a hazardous waste site’s “environmental resources” (as used in
the manual. "environmental resources” 1s largely synonymous with ‘ecological resourcsc™).
U.S. EPA also 1s publishing supplemental information on specific ecological risk assessment
topics for Supertund 1n the ECO Update senes (U.S. EPA, 1996a. 1995b, 1994b.c.d.e,
1992b,c.d. 1991c.d). However, these documents do not describe an overall, step-by-step
process by which an ecological risk assessment is designed and executed. The Agency’s
Framework for Ecological Risk Assessment (U.S. EPA, 1992a) provides a basic structure and
a consistent approach for conducting and evaluating ecological risk assessments, but does not
address Superfund or other specific Agency programs. The Guidelines for Ecological Risk
Assessment. currently being developed by the Agency’s Risk Assessment Forum, will expand
on the Framework, but again, will not address specific U.S. EPA programs.

This document outlines a step-by-step ecological risk assessment process that is both
specific to the Superfund Program and consistent with the more general U.S. EPA Framework
and guidelines under development. While the Agency's Framework and future Agency-wide

INTRODUCTION, Page 2
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ecological risk assessment guidelines are not enforceable regulations, the concepts in these
documents are appropriate to Superfund. The concepts in the published Framework have
been incorporated into this document with minimal modification. The definitions of terms
used in this ecological risk assessment guidance for Superfund (and listed in the Glossary) are
consistent with the definitions in the U.S. EPA Framework document.

DEFINITION OF ECOLOGICAL RISK ASSESSMENT

U.S. EPA "Framework” Document

Ecological risk assessment is defined in the Framework as a process that evaluates the
likelihood that adverse ecological effects are occurring or may occur as a result of exposure
to one or more stressors (U.S. EPA, 1992a). The Framework defines a stressor as any
physical, chemical, or biological entity that can induce an adverse ecological response.
Adverse responses can range from sublethal chronic effects in an individual organism to a
loss of ecosystem function. Although stressors can be biological (e.g., introduced species),
only chemical or physical stressors will be addressed in this document, because these are the
stressors subject to risk management decisions at Superfund sites.

Superfund Program

The phrase “ecological risk assessment,” as used specifically for the Superfund
Program in this document, refers to a qualitative and/or quantitative appraisal of the actual or
potential impacts of contaminants from a hazardous waste site on plants and animais other
than humans and domesticated species. A risk does not exist unless: (1) the stressor has the
ability to cause one or more adverse effects, and (2) it co-occurs with or contacts an
ecological component long enough and at a sufficient intensity to elicit the identified adverse
effect.

THE ECOLOGICAL RISK ASSESSMENT PROCESS
U.S. EPA "Framework” Document

The Framework describes the basic elements of a process for scientifically evaluating
the adverse effects of stressors on ecosystems and components of ecosystems. The document
describes the basic process and principles to be used in ecological risk assessmeats conducted
for the U.S. EPA, provides operational definitions for terms used in ecological risk
assessments, and outlines basic principles around which program-specific guidelines for
ecological risk assessment should be organized.

INTRODUCTION, Page 3
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The Framework is simular to the National Research Council's (NRC) paradigm for
human health nsk assessments (NRC, 1983) and the more recent NRC ecological risk
paradigm 1 NRC, 1993). The 1983 NRC paradigm consists of four fundamental phases:
hazard 1denufication, dose-response assessment, exposure assessment, and risk
characterization. The Framework differs from the 1983 NRC paradigm in a few ways:

. Problem formulation is incorporated into the beginning of the process to
determine the focus and scope of the assessment:

. Hazard identificauon and dose-response assessment are combined in an
ecological effects assessment phase; and

. The phrase "dose-response” is replaced by “stressor-response” to emphasize the
" possibility that physical changes (which are not measured in "doses") can stress
ecosystems as well as chemical contamination.

Moreover, the Framework emphasizes the parallel nature of the ecological effects and
exposure assessments by joining the two assessments in an analysis phase between problem
formulation and risk characterization, as shown in Exhibit I-1.

Duning problem formulation, the risk assessor ¢stablishes the goals, breadth, and focus
of the assessment (U.S. EPA, 1992a). As indicated in the Framework, problem formulation is
a systematic planning step that identifies the major factors to be considered and is linked to
the regulatory and policy contexts of the assessment. Problem formulation includes
discussions between the lead risk assessor and lead risk manager, and other involved parties,
to idenufy the stressor charactenstics, ecosystems potentially at risk, and ecological effects to
be evaluated. During problem formulation, assessment and measurement endpoints for the
ecological nsk assessment are identified, as described below.

The Agency defines assessment endpoints as explicit expressions of the actual
environmental values (e.g., ecological resources) that are to be protected (U.S. EPA, 1992a).
Valuable ecological resources include those without which ecosystem function would be
significanty impaured, those providing critical resources (e.g., habutat, fisheries), and those
perceived as valuable by humans (e.g., endangered species and other issues addressed by
legislauon). Because assessment endpoints focus the risk assessment design and analysis,
appropnate selection and definition of these endpoints are critical to the utility of a risk
assessment.

Assessment endpoints should relate to statutory mandates (e.g., protection of the
environment), but must be specific enough to guide the development of the risk assessment
study design at a particular site. Useful assessment endpoints define both the valued
ecological entity at the site (e.g., a species, ecological resource, or habitat type) and a

INTRODUCTION, Page 4
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EXHIBIT I-1
Ecological Risk Assessment Framework (U.S. EPA, 1992a)

Ecological Risk Assessment
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charactensucis) of the enuty to protect (e.g.. reproductive success, production per unit area,
areal extent). Highlight Box I-2 provides some examples of specific assessment endpoints
related to the general goal of protecung
aquatic ecosystems.

HIGHLIGHT BOX I-2

A measurement endpoint is a Example Assessment Endpoints
measurable biological response o a stressor . .
that can be related to the valued *  Aquatc community structure,

including species composition and
relative abundance and trophic
structure.

characterisuc chosen as the assessment

endpoint (U.S. EPA. 1992a). Someumes,
the assessment endpoint can be measured
directly; usually, however, an assessment

. ) *  Survival, growth, and reproduction
endpoint encompasses (00 many species or

of fish, aquatic invertebrates, and

species that are difficult to evaluate (e.g., algae.
top-level predators). In these cases, the
measurement endpoints are different from e  Fishery diversity and abundance.

the assessment endpoint, but can be used to
make inferences about risks to the
assessment endpoints. For example,
measures of responses in particularly sensiuve species and life stages might be used to infer
responses in the remaining species and lifestages in a specific community. Highlight Box [-3
provides examples of measurement

endpoints.
HIGHLIGHT BOX [-3
Example Measurement Endpoints Measures of exposure also can be
used to make inferences about risks to
*  Community analysis of benthic assessment endpoints at Superfund sites.

macroinveriebrates. For example, measures of water

concentrations of a contaminant can be

compared with concentrations known from

the literature to be lethal to sensitive aquatic

«  Commumty structure of fishery in organisms to infer something about risks to
proximty to the site. aquatic commuruty structure.

. Survival and growth of fish fry n
response (o exposure to copper.

The outcome of problem formulation
is a conceptual model that descnbes how a
given stressor mught affect ecological components of the environment. The conceptual model
also descnbes quesuons about how stressors affect the assessment endpoints, the relauonships
among the assessment and measurement endpotnts, the data required to answer the questions,
and the methods that will be used to analyze the data (U.S. EPA, 1992a).

INTRODUCTION, Page 6
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Superfund Program

The goal of the ecological nisk assessment process in the Superfund Program is to
provide the nsk information necessary to assist risk managers at Superfund sites (OSCs and
RPMs) in making informed decisions regarding substances designated as hazardous under
CERCLA (see 40 CFR 302.4). The specific objectives of the process, as stated in OSWER
Directive 9285.7-17, are: (1) to identify and characterize the current and potential threats to
the environment from a hazardous substance release; and (2) to identify clean-up levels that
would protect those natural resources from nsk. Threats to the environment include existing
adverse ecological impacts and the risk of such impacts in the future. Highlight Box [4
provides an overview of ecological risk assessment in the Superfund Program.

Problem formulation is the most critical step of an ecological risk assessment and must
precede any attempt to design a site investigation and analysis plan. To ensure that the risk
manager can use the results of an ecological nsk assessment to inform risk management
decisions for a Superfund site, it is important that all invoived parties contribute to the
problem formulation phase. These parties include the site manager, the ecological risk
assessment team. the Regional Superfund Biological Technical Assistance Group (BTAG),
potentially responsible parties (PRPs), Natural Resource Trustees, and any stakeholders in the
natural resources at issue (e.g., local communities, state agencies) (U.S. EPA, 1994a, 1995b).
The U.S. EPA's (1994a) Edgewater Consensus on an EPA Strategy for Ecosystem Protection
in particular calls for the Agency to develop a "place-driven” onentation, that is, to focus on
the environmental needs of specific communities and ecosystems, rather than on piecemeal
program mandates. Participation in problem formulation by all involved parties helps to
achieve the place-driven focus.

[ssues such as restoration, mitigation. and replacement are important to the Superfund
Program, but are reserved for investigauons that mught or might not be included in the RI
phase. During the risk management process of selecting the preferred remedial option leading
to the Record of Decision (ROD), issues of mitigation and restoration should be addressed.

In selecting a remedy, the risk manager must also consider the degree to which the remedial
alternatives reduce risk and thereby also reduce the need for restoration or mitgation.

A natural resource damage assessment (NRDA) can be conducted at any Superfund
site at the discretion of Natural Resource Trustees for specific resources associated with a
site. An ecological risk assessment is a necessary step for an NRDA, because it establishes
the causal link between site contaminants and specific adverse ecological effects necessary for
an NRDA. The assessment also can provide inforrnation on what residual nisks are likely for
different remediation options. However, the ecological risk assessment does not constitute a
complete NRDA. The portion of the NRDA beyond the rnisk assessment is the sole
responsibility of the Natural Resource Trustees, not of the U.S. EPA; therefore, natural
resource damage assessment will not be addressed in this guidance. For additional
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information on the role of Natural Resou.ce Trustees in the Superfund process, see ECO
Update Volume | Number 3 (U'S. EPA. 1992¢c).

HIGHLIGHT BOX |4
Ecological Impact and Risk Assessment

Ecological risk assessment within the Superfund Program can be a nisk evaluation
(potenuially predictive), impact evaluation. or a combination of these approaches. The
functions of the ecological nsk assessment are to:

th Document whether actual or potential ecological risk exists at a site;
(2) Identify which contaminants present at a site pose an ecological risk: and
(3) Generate data to be used in evaluating clean-up options.

Ecological nsk assessments can have their greatest influence on nsk management at a site in
the evaluaton and selection of site remedies. The ecological nsk assessment should identfy
contarmunation levels that bound a threshold for adverse effects on the assessment endpotnt.
The threshold values provides a "yard stick” for evaluating the effectiveness of remedial
options, and can be used to set clean-up goals if appropnate.

To justufy a site action based upon ecological concems, the ecological risk assessment
must establish that an actual or potential ecological threat exists at a site. The potential for
(i.e.. nisk of) impacts can be the threat of impacts from a future release or redistribution of
contarmunants, which could be avoided by taking actions on "hot spots™ or source areas.
"Risk” also can be viewed as the likelihood that current impacts are occurring, although they
are difficult to demonstrate (e.g., diminished population size). For example, it may not be
practical or technically possible to document existing ecological impacts, either due to limited
technique resolution, the localized nature of the actual impact, or limutations resulting from
the biological or ecological constraints of the field measurements (1.¢., measurement
endpoints, exposure point evaluation). Actually demonstrating exisung impacts confirms that
a "'nsk” exists. Evaluating a gradient of existing impacts along a gradient of contaminauon
can provide an stressor-response assessment that helps to idenufy clean-up levels.

As noted above, the ecological nsk assessment should provide the information needed
to make nsk management decisions (i.e., to select the approprate site remedy). The
ecological nsk assessment, however, should not be used to jusufy a particular management
option.
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This Guidance Document

This ecological nsk assessment guidance for Superfund is composed of eight steps
(see Exhibit [-2) and several scientific/management decision points (SMDPs) (see Exhibit
[-3). An SMDP requires a mecting between primary risk managers and risk assessors to
evaluate and approve or redirect the work up to that point. (Consuitation with the Regional
BTAG is recommended for SMDP’s (a) through (d) in Exhibit [-3.) The group decides
whether or not the risk assessment is proceeding in a direction that is acceptable to the risk
assessors and managers. The SMDPs include a discussion of the uncertainty associated with
the risk assessment, which can be reduced, if necessary, with increased effort. SMDPs are
significant communication points which should be passed with the consensus of all involved
parties. The risk manager should expect deliverables that document specific SMDPs as
outlined in Exhibit [-4. This approach is intended to minimize both the cost of and time
required Yor the Superfund risk assessment process.

This guidance provides a technically valid approach for ecological risk assessments at
hazardous waste sites, although other approaches also can be valid. The discipline of
ecological risk assessment is dynamic and continually evolving; the assessments rely on data
that are complex and sometimes ambiguous. However, if an approach other than the one
descnbed in this guidance document is used, there must be clear documentation of the
process, including process design and interpretation of the results, to ensure a technically
defensible assessment. Clear documentation, consistency, and objectivity in the assessment
processes are necessary for the Superfund Program.

This guidance document does not eliminate the need for scientific expertise and
professional judgment. An interdisciplinary team (including, but not limited to, biologists,
ecologists, and environmental toxicologists) is needed to design and implement a successful
risk assessment and to evaluate the weight of the evidence obtained to reach conclusions
about ecological risks. Some of the many points at which the Superfund ecological nsk
assessment process requires’ professional judgment include:

. Determining the level of effort needed to assess ecological risk at a particular
site;
. Determining the relevance of available data to the nsk assessment;

. Designing a conceptual model of the ecological threats at a site and measures
to assess those threats;

. Selecting methods and models to be used in the vanous components of the risk
assessment,
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Eight-step Ecological Risk Assessment Process for Superfund
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EXHIBIT I-3
Steps in the Ecological Risk Assessment Process
and Corresponding Decision Points in the Superfund Process

Steps and Scientific/Management Decision Points (SDMPs):

1. Screening-Level Problem Formulation and Ecological
Effects Evaluation

9

Screening-Level Preliminary Exposure Estimate and

Risk Calculation SMDP (a)
3. Problem Formulation SMDP (b)
4. Study Design SMDP (c)
5. Verification of Field Sampling Plan SMDP (d)
6. Site Investigation and Analysis of Exposure

and Effects [SMDP]
7. Risk Characterization
8. Risk Management SMDP (e)

Corresponding Decision Points in the Superfund Process:

(a) Decision about whether a full ecological risk assessment
1S necessary.

(b) Agreement among the risk assessors, risk manager, and
other involved parties on the assessment endpoints, conceptual
model, exposure pathways, and questions or risk hypotheses.

(c) Agreement among the risk assessors and risk manager on the
measurement endpoints, study design, and data interpretation and analysis.

(d) Signing approval of the work plan and sampling and analysis plan for the
ecological risk assessment.

(e) Signing the Record of Decision.

(SMDP] only if change to the sampiing and analysis plan is necessary.
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EXHIBIT I-4
Ecological Risk Assessment Deliverables
for the,Risk Manager

It the process stops at the end of Step 2:

(1 Full documentation of the screening-level assessment and SMDP not to continue
the assessment.

If the process continues to Step 3:

(H Documentation of the assessment endpoints, conceptual model, exposure
pathways, risk hypotheses, and SMDP at the end of Step 3.

(2) The approved and signed work plan and sampling and analysis plan,
documenting the SMDPs at the end of Steps 4 and 5.

(3) The baseline risk assessment documentation (inciuding documentation of the
screening-level assessment used in the baseline assessment) developed in Step 7.

. Developing assumptions for toxicity and exposure assessments based on logic
and scientific principles to fill data gaps; and

. Interpreting the ecological significance of observed or predicted effects.

The lead nsk assessor should coordinate with appropriate professionals to make many of these
decisions. Specialists are needed for the more technical questions concerning the nsk
assessment (e.g.. which model, which assumptions).

After the risk assessment is compiete, the risk manager might require additional
professional assistance in interpreting the implications of the baseline ecological risk
assessment and selecting a remedial option. This guidance document focuses on the risk

assessment process in Superfund, and does not address all of the issues that a risk manager
will need to consider.

The nsk assessment process must be structured to ensure that site management
decisions can be made without the need for repeated studies or delays. The first two steps in
the assessment process are a streamlined version of the complete Framework process and are
intended to allow a rapid determination by the risk assessor and risk manager that the site
poses no or negligible ecological nisk, or to identfy which contaminants and exposure
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pathways require further evaluauon. Steps 3 through 7 are a more detailed version of the
complete Framework process.

The ecological risk assessment process should be coordinated with the overall RI/FS
process to the extent possible. Overall site assessment costs are minimized when the needs of
the ecological and human health risk assessments are incorporated into the chemical campling
program to determine the nature and extent of contamination during the RI. For sites at
which an RI has not yet been planned or conducted, Exhibit I-3 illustrates the relationship
vetween the eight ecological risk assessment steps and the SMDPs described in this guidance.
Exhibit [-5 illustrates the relationship between the eight ecological risk assessment steps and
the overall Superfund process and decision points. For older sites at which an RI was
conducted before an ecological risk assessment was considered, the ecological risk assessment
process should build on the information already developed for the site.

It is important to realize that this eight-step approach is not a simple linear or
sequential process. The order of actions taken will depend upon the stage of the RUFS at
which the site is currently, the amount and types of site information available, as well as
other factors. The process can be iterative, and in some iterations, certain individual steps
might not be needed. In many cases, it might be appropriate and desirable to conduct several

steps concurrently.

Tasks that should be accomplished in each of the eight steps in Exhibits I-2 and [-3
are described in the eight following sections. The eight sections include example boxes based
on the three hypothetical Superfund sites in Appendix A as well as exhibits and highlight
boxes.
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EXHIBIT I-5

Ecological Risk Assessment in the RU/FS Process
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STEP 1. SCREENING-LEVEL PROBLEM FORMULATION
AND ECOLOGICAL EFFECTS EVALUATION

OVERVIEW

The screening-level problem formulation and ecological effects evaluation is
part of the initial ecological risk screening assessment. For this initial step, it is likely
that site-specific information for determining the nature and extent of contamination

and for characterizing ecological receptors at the site is limited. This step includes all
the functions of problem formulation (more fully described in Steps 3 and 4) and
ecological effects analysis, but on a screening level. The results of this step will be
used in conjunction with exposure estimates in the preliminary risk calculation in
Step 2.

1.1 INTRODUCTION

Step | is the screening-level problem formulation process and ecological effects
evaluation (Highlight Box 1-1 defines screening-level risk assessments). Consultation with
the BTAG is recommended at this stage. How to brief the BTAG on the setting, history, and
ecology of a site is described in ECO Update Volume I, Number 5 (U.S. EPA, 1992d).
Section 1.2 describes the screening-level problem formulation, and Section 1.3 describes the
screening-level ecological effects evaluation. Section !.4 summarnzes this step.

1.2 SCREENING-LEVEL PROBLEM FORMULATION

The screening-level problem formulation focuses on five issues:

(1) Environmental setting and contaminants known or suspected to exist at the site
(Section 1.2.1);

(2) Contaminant fate and transport mechanisms that might exist at the site (Section
1.2.2);

(3) The mechanisms of ecotoxicity associated with contaminants and likely categories
of receptors that could be affected (Section 1.2.3);
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(4) What complete exposure
pathways might exist at the site
.a complete exposure pathway is
one 10 which the chemucal can
be traced or expected to travel
from the source to a receptor
that can be affected by the
chermucal) (Secuon [.2.4); and

(5) Selection of endpoints to screen
for ecological risk (Section
1.2.5).

1.2.1 Environmental Setting and
Contaminants at the Site

To begin the screening-level
problem formulation, there must be at least
a rudimentary knowledge of the potenual
environmental seting and chemical
contamination at the site. The first step is
to compile informauon from the site history
and from reports related to the site,
including the Preliminary Assessment (PA)

HIGHLIGHT BOX 1-1
Scresning-ievel Risk Assessments

Screening-level risk assessments are
simplified nisk assessments that can be
conducted with limuted data by assuming
values for parameters for which data are
lacking. At the screening level, it is
important to munimuze the chances of
concluding that there is no ask when in fact
a nsk exists. Thus, for exposure and toxicity
parameters for which site-specific information
is lacking, assumed values should
consistently be biased in the direction of
overestimating nsk. This ensures that sites
that might pose an ecological risk are studied
further. Without this bias, a screening
evaluation could not provide a defensible
conclusion that negligible ecological nsk
exists or that certain contarmmunants and
exposure pathways can be eliminated from
consideration.

or Site Investigation (SI). The second step is to use the environmental checklist presented in
Representative Sampling Guidance Document, Volume 3: Ecological (U.S. EPA, 1996c; see
Appendix B) to begin characterizing the site for problem formulauon. Key questions

addressed by the checklist include:

. What are the on- and off-site land uses (e.g., industnal, residenual, or

undeveloped, current and future)?

. What type of facility existed or exusts at the site?
. What are the suspected contamunants at the site?
. What 1s the environmental setung, including natural areas (e.g., upland forest,

on-site stream, nearby wildlife refuge) as well as disturbed/man-made areas

te.g., waste lagoons)?

. Which habitats present on site are potentially contamunated or otherwise

disturbed?
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. Has contamination migrated from source areas and resulted in “off-site"
impacts or the threat of impacts, in addition to on-site threats or impacts”?

These questions should be answered using the site reports, maps (e.g, U.S. Geological
Survey, National Wetlands Inventory), available aerial photographs, communication with
appropnate agencies (e.g., U.S. Fish and Wildlife Service, National Oceanic and Atmospheric
Administration, State Natural Heritage Programs), and a site visit. Activities that should be
conducted during this site visit include:

. Note the layout and topography of the site.
. Note and describe any water bodies and wetlands.
o Identify and map evidence indicating contamination or potential contamination

(e.g., areas of no vegetation, runoff gullies to surface waters).

. Describe existing aquatic, terrestrial, and wetland ecological habitat types (e.g.,
forest, old field), and estimate the area covered by these habitats.

. Note any potentially sensitive environments (see Section 1.2.3 for examples of
sensitive environments).

. Describe and, if possible, map soil and water types, land uses, and the
dominanht vegetation species present.

. Record any observations of animal species or sign of a species.

Mapping can be useful in establishing a “picture” of the site to assist in problem
formulation. The completed checklist (U.S. EPA, 1996¢) will provide information regarding
habitats and species potentially or actually present on site, potential contarinant migration
pathways, exposure pathways, and the potential for non-chemical stresses at the site.

After finishing the checklist, it might be possible to determine that present or future
ecological impacts are negligible because complete exposure pathways do not exist and could
not exist in the future. Many Superfund sites are located in highly industrialized areas where
there could be few if any ecological receptors or where site-related impacts might be
indistinguishable from non-site-related impacts (see Highlight Box 1-2). For such sites,
remediation to reduce ecological risks might not be needed. However, all sites should be
evaluated by qualified personnel to determine whether this conclusion is appropriate.
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HIGHLIGHT BOX 1-2
Industrial or Urban Settings

Many hazardous waste sites exist
in currently or histoncally industnalized
or urbanized areas. [n these instances, it
can be difficult to distinguish between
impacts related to contaminants from a
particular site and impacts related to
non-contamminant stressors or to
contaminants from other sites. However,
even In these cases, 1t could be
appropnate to take some remedial
actions based on ecological nsks. These
actions rmught be limited to source
removal or might be more extensive.

An ecological risk assessment can assist
the nsk manager in determining what

Other Superfund sites are located in less
disturbed areas with protected or sensitive
environments that could be at nisk of adverse
effects from contarmunants from the site. State
and federal laws (e.g., the Clean. Water Act, the
Endangered Species Act) designate cenain types
of environments as requinng protection. Other
types of habitats unique to certain areas also
could need special consideration in the nsk
assessment (see Secuon 1.2.3).

1.2.2 Contaminant Fate and Transport

During problem formulation, pathways
for migration of a contamuinant (e.g., windblown
dust, surface water runoff, erosion) should be
identified. These pathways can extubit a
decreasing gradient of contamination with

action. 1f any. is appropriate. increasing distance from a site. There are
exceptions, however, because physical and
chemical characteristics of the media also
influence contarmunant distribution (e.g., the pattern of contarninated sediment deposition in
streamns vaiies depending on stream flow and bottom charactenstics). For the screening-level
risk assessment, the highest contaminant concentrations measured on the site should be

documented for each medium.

1.2.3 Ecotoxicity and Potential Receptors

Understanding the toxic mechanism of a contaminant helps to evaluate the importance
of potenual exposure pathways (see Section 1.2.4) and to focus the selection of assessment
endpounts (see Section 1.2.5). Some contamunants, for example, affect primarily vertebrate
animals by interfening with organ systems not found in invertebrates or plants (e.g., distal
tubules of veriebrate kidneys, vertebrate hormone systems). Other substances might affect
primarily certain insect groups (e.g., by interfening with hormones needed for metamorphosis),
plants (e.g., some herbicides), or other groups of organisms. For substances that affect, for
example, reproduction of mammals at much lower environmental exposure levels than they
affect other groups of organisms, the screening-level risk assessment can initially focus on
cxposure pathways and nsks to mammals. Example Box 1-1 dlustrates this point using the
PCB site example provided in Appendix A. A review of some of the more recent ecological
rsk and toxicity assessment literarure can help idenufy likely effects of the more common
contarmunants at Superfund sites.
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EXAMPLE BOX 1-1
Ecotoxicity-PCB Site

Some PCBs are reproductive toxins in mammals. When ingested, they induce (i.e.,
increase concentrations and activity of) enzymes in the liver (Melancon and Lech, 1983). The
enzymes are not specific for PCBs and will enhance the degradation of steroid hormones
(Peakall, 1975). The observed impairment of reproduction in mammals exposed to PCBs might
be caused by PCB-induced reduction in circulating steroid hormones (Tanabe, 1988). Other
effects, such as liver pathology, are afso evident at high exposure levels (Fuller and Hobson,
1986). Given this information, the screening ecological risk assessment should include potential
exposure pathways for mammals to PCBs (see Example Box 1-2).

An expenienced biologist or ecologist can determine what plants, animals, and habitats
exist or can be expected to exist in the area of the Superfund site. Exhibit 1-1, adapted from
the Superfund Hazard Ranking System, is a partial list of types of sensitive environments that
could require protection or special consideration. Information obtained for the environmental
checklist (Section 1.2.1), existing information and maps, and aenal photographs should be
used to identify the presence of sensitive environments on or near a site that might be
threatened by contaminants from the site.

1.2.4 Complete Exposure Pathways

Evaluating potential exposure pathways is one of the primary tasks of the screening-
level ecological characterization of the site. For an exposure pathway to be complete, a
contaminant must be able to travel from the source to ecological receptors and to be taken up
by the receptors via one or more exposure routes. (Highlight Box [-3 defines exposure
pathway and exposure route.) Identifying complete exposure pathways prior to a quantitative
evaluation of toxicity allows the assessment to focus on only those contarninants that can
reach ecological receptors.

Different exposure routes are important for different groups of organisms. For
terrestrial animals, three basic exposure routes need to be evaluated: inhalation, ingeston,
and dermal absorption. For terrestrial plants, root absorption of contaminants in soils or leaf
absorption of contaminants evaporating from the soil are of concern at Superfund sites. For
aquatic animals, direct contact (of water or sediment with the gills or dermis) and ingestion of
food (and sometimes sediments) should be considered. For aquauc plants, direct contact with
water, and sometimes with air or sediments, is of primary concemn.
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EXHIBIT 1-1
List of Sensitive Environments in the Hazard Ranking System®

Cnucal habutat for Federal designated endangered or threatened species

Manne Sanctuary

Nauonal Park

Designated Federal Wildemness Area

Areas idenufied under the Coastal Zone Management Act

Sensitive areas idenufied under the Naucnal Estuary Program or Near Coastal Waters Program

Cnucal areas 1denufied under the Clean Lakes Program

National Monument

Nauonal Seashore Recreational Area

Nauonal Lakeshore Recreational Area

Habitat known to be used by Federal designated or proposed endangered or threatened species

National Preserve

National or State Wildlife Refuge

Unit of Coastal Barrier Resources System

Coastal Bamer (undeveloped)

Federal land designated for protection of natural ecosystems

Administrauvely Proposed Federal Wildemess Area

Spawning areas cnucal for the maintenance of fish/shellfish species withun niver, lake, or
coastal udal waters

Migratory pathways and feeding areas cnucal for maintenance of anadromous fish species within nver
reaches or areas in lakes or coastal udal waters in which the fish spend extended penods of time

Terresunal areas uulized for breeding by large or dense aggregations of animals

Nauonal nver reach designated as Recreauonal

Habitat known (0 be used by state designated endangered or threatened species

Habuat known (o be used by species under review as (0 its Federal endangered or threatened status

Coastal Bamer (parually developed)

Federal designated Scenic or Wild River

State land designated for wildlife or game management

State-designated Scenic or Wild River

State-designated Namural Areas

Parucular areas. relanvely small in size, important to maintenance of unique biotic communites

State-designated areas for protecuon or maintenance of aquanc life
Wedands®

' The categones are listed in groups from those assigned tughe: factor values to those assigned
lower factor values in the Hazard Ranking Svstem (HRS) for listing hazardous waste sites on the Nauonal
Prionues List (U.S. EPA, 1990b). See Federal Register, Vol. 55, pp. 51624 and 51648 for additional
informanon regarding definitions.

> Under the HRS, wetands are rated separately from the sensiuve environments on the basis of
size. Sce Federal Register, Vol. 55, pp. 51625 and 51662 for addiuonal informaton.
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The most likely exposure pathways and exposure routes also are related to the physical
and chemical properties of the contaminant (e.g., whethar or not the contaminant is bound to
a matrix. such as organic carbon). Of the basic exposure routes identified above, more
informauon generally is available to quantify exposure levels for ingestion by terrestrial
animals, and for direct contact with water or sediments by aquatic organisms, than for other
exposure routes and receptors. Although other exposure routes can be important, more
assumpuons are needed to esumate exposure levels for those routes, and the results are less
certain. Professional judgment is needed to determine if evaluating those routes sufficiently
improves a nisk assessment to warrant the effort. |

If an exposure pathway is not

complete for a specific contaminant (i.e., HIGHLIGHT BOX 1-3
ecological receptors cannot be exposed to Exposure Pathway and
the contamunant), that exposure pathway Exposure Route

does not need to be evaluated further. For
example, suppose a contaminant that impairs Exposure Pathway: The pathway by
reproduction in mammals occurs well below which a contaminant travels from a source
the root zone of plants that occur or are (¢.g., drums, contaminated soils) to
expected to occur on a site. Herbivorous receptors. A pathway can involve multiple
m als would not be exposed to the me@xa (c.gt. soil runoffv tp sgrfacc waters and
contaminant through their diets because sedimentation, or volatilization to the

plants would not be contaminated. phere)

Assuming that most soil macroinvertebrates Exposure Route: A point of contact/entry
available for ingestion live in the root zone, of a contaminant from the environment into
insectivorous mammals also would be an organism (e.g., inhalation, ingestion,
unlikely to be exposed. Burrowing dermal absorption).

mammals would not be expected to come
into direct contact with the contaminated
soils. In this case, a complete exposure
route for this contaminant for surface-dwelling mammals would not exist, and the
contaminant would not pose a significant nsk to this group of organisms. Secondary
questions might include whether the contaminant is leaching from the soil to ground water
that discharges to surface water, thereby posing a risk to the aquatic environment or to
terrestrial mammals that drink the water or consume aquatic prey. Example Box [-2
illustrates the process of identifying complete exposure pathways based on the PCB site
described in Appendix A.

1.2.5 Assessment and Measurement Endpoints

For the screening-level ecological risk assessment, assessment endpoints are any
adverse effects on ecological receptors, where receptors are plant and animal populations and
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EXAMPLE BOX 1-2
Complete Exposure Pathways for Mammais-PCB Site

Three possible exposure pathways for mammals were evaluated at the PCB Site:
inhalation. ingestion through the food chain, and incidental soil/sediment ingestion.

inhalation. PCBs are not highly volaule, so the inhalation of PCBs by mammals
would be an essentially incomplete exposure pathway.

Ingestion through the food chain. PCBs tend to bioaccumulate and biomagnify in
food chains. PCBs in soils generally are not taken up by most plants, but are accumulated by
soil macroinvertebrates. Thus, mammalian herbivores would not be exposed to PCBs in most of
their diet. In contrast, mammalian insectivores, such as shrews, could be exposed to PCBs in
most of their diet. For PCBs, the ingestion route for mammals would be essentially incomplete
for herbivores but complete for insectivores. For the PCB site, therefore, the ingestion exposure
route for a mammalian insectivore (e.g., shrew) would be a complete exposure pathway that
should be evaluated.

incidental soil/sediment ingestion. Mammals can ingest some quantity of soils or
sediments incidentally, as they groom therr fur or consume plants or animals from the soul.
Burrowing mammals are likely to ingest greater quantities of soils dunng grooming than non-
burrowing mammals, and mammals that consume plant roots or soil-dwelling macroinvertebrates
are likely to ingest greater quantities of soils than mammals that consume other foods. The
intake of PCBs from incidental ingestion of PCB-contaminated soils is difficult to estimate, but
for mammalian insectivores, it is likely to be far less than the intake of PCBs in the diet. For
herbivores, the incidental intake of PCBs in soils might be higher than the intake of PCBs in
their diet. but sull less than the intake of PCBs by mammals feeding on soil macroinvertebrates.
Thus. the exposure pathway for mammalian insectivores remains the exposure pathway that
should be evaluated.

communiues, habitats, and sensitive environments. Adverse effects on populations can be
inferred from measures related to umpaired reproduction, growth, and survival. Adverse
effects on communities can be inferred from changes in community structure or function.
Adverse effects on habitats can be inferred from changes in composition and characteristics
that reduce the habitats’ ability to suppont the plant and animal populations and communities.

Many of the screening ecotoxicity values now available or likely to be available in the
future for the Superfund program (see Section 1.3) are based on generic assessment endpoints
(e.g.. protection of aquatic communities from changes in structure or function) and are
assumed to be widely applicable to sites around the United States.
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1.3 SCREENING-LEVEL ECOLOGICAL EFFECTS EVALUATION

The next step in the screening-level risk assessment is the preliminary ecological
effects evaluauon and the establishment of contaminant exposure levels that represent
conservauve thresholds for adverse ecological effects. In this guidance, those conservative
thresholds are called screening ecotoxicity values. Physical stresses unrelated to contaminants
at the site are not the focus of the risk assessment (see Highlight Box [-4) (although they can '
be considered later when evaluating effects of remedial alternatives).

A literature search for studies that
quanufy toxicity (i.e., exposure-response) is
necessary to evaluate the likelihood of toxic
effects in different groups of organisms.
Appendix C provides a basic introduction to
conducting a literature search, but an expert
should be consulted to minimize time and
costs. The toxicity profile should describe
the toxic mechanisms of action for the
exposure routes being evaluated and the
dose or environmental concentration that
causes a specified adverse effect.

For each complete exposure
pathway/route and contaminant, an
screening ecotoxicity value should be
developed. The U.S. EPA Office of
Emergency and Remedial Response has
developed screening ecotoxicity values
(called ecotox thresholds) specifically for
this risk assessment guidance (U.S. EPA,
1996a). These values are for surface v aters
and sediments and are based on direct
exposure routes only. Bioaccumulation and

HIGHLIGHT BOX 14
Non-Chemical Stressors

Ecosystems can be stressed by
physical, as well as by chemical, alterations
of their environment. For this reason,
EPA’s (1992a) Framéwork for Ecological
Risk Assessment addresses "stressor-
response” evaluation to include all types of
stress instead of "dose-response” or
"exposure-response” evaluation, which
implies that the stressor must be a toxic
substance.

For Superfund sites, however,
CERCLA addresses risks from hazardous
substances released to the environment, not
nisks from physical aiterations of the
environment. This guidance document,
therefore, focuses on exposure-response
evaluations for toxic substances.

biomagnification in food chains have not been accounted for. When screening ecotoxicity
values are not available, they should be developed from other sources.! The following

I' It is possible 1o conduct a screening risk assessment with limited information and conservatve assumptions.
If site-specific information is too limited, however, the nsk assessment is almost certain to move into Steps 3 through
7, which require fieldcollected data. The more complete the initial information, the better the decision that can be

made at this preliminary stage.
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subsections describe preferred data sources (Section 1.3.1), dose conversions (Section [.3.2),
and analyzing uncertainty in the values (Secuon 1.3.3).

1.3.1 Preferred Toxicity Data

Screening ecotoxicity values should
represent a no-observed-adverse-effect-level
(NOAEL) for long-term (chronic) exposures
to a contarrunant. Ecological effects of most
concern are those that can impact
populations (or higher levels of biological
organization). These inciude adverse effects
on development, reproduction, and
survivorship. Community-level effects also
can be of concern, but toxicity data on
community-level endpoints are limited and
might be difficult to extrapolate from one
community to another.

When reviewing the literature, one
should be aware of the limitations of
published information in characterizing
actual or probable hazards at a specific site.
U.S. EPA discourages reliance on secondary
references because study details relevant for
determuning the applicabulity of findings to a
given site usually are not reported in
secondary sources. Only primary literature
that has been carefully reviewed by an
ecotoxicologist should be used to support a
decision. Several considerations and data
preferences are summarized in Highlight Box
1-5 and descnbed more fully below.

HIGHLIGHT BOX 1-5
Data Hierarchy for Deriving
Screening Ecotoxicity Values

To develop a chronic NOAEL for a
screening ecotoxicity value from existing
literature, the following data hierarchy
minimizes extrapolations and uncertainties
in the value:

. A NOAEL is preferred to a
LOAEL. which is preferred to an
LC50 or an Ecso.

. Long-term (chronic) studies are
preferred to medium-term
(subchronic) studies, which are
preferred to short-term (acute)
studies.

. If exposure at the site is by
ingestion, dietary studies are
preferred to gavage studies, which
are preferred to non-ingestion routes
of exposure. Similarly, if exposure
at the site 1s dermal, dermal studies
are preferred to studies using other

exposure routes.

NOAELS and LOAELS. For each contaminant for which a complete exposure
pathway/route exusts, the literature should be reviewed for the lowest exposure level (e.g.,
concentrauon in water or in the diet. ingested dose) shown to produce adverse effects (e.g.,
reduced growth. impaired reproducton, increased mortality) in a potential receptor species.
Thus value 1s called a lowest-observed-adverse-effect-level or LOAEL. For those
contarmunants with documented adverse effects, one also should identty the highest exposure
level that 1s a NOAEL. A NOAEL is more appropriate than a LOAEL to use as an screening
ecotoxicity value to ensure that nsk is not underestimated (see Highlight Box 1-6). However,
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NOAELSs currently are not available for
many groups of organisms or many
chemicals. When a LOAEL value, but not a
NOAEL value, is availabie from the
literature, a standard practice is to multiply
the LOAEL by 0.1 and to use the product as
the screening ecotoxicity value. Support for
this practice comes from a data review
indicating that 96 percent of chemicals
included in the review had LOAEL/NOAEL
ratios of five or less, and that all were ten
or less (Dourson and Stara, 1983).

Exposure duration. Data from
studies of chronic exposure are preferable to
data from medium-term (subchronic), short-
term (acute), or single-exposure studies
because exposures at Superfund remedial
sites usually are long-term. Literature
reviews by McNamara (1971) and Weil and
McCollister (1963) indicate that chronic
NOAELSs can be lower than subchronic (90-

HIGHLIGHT BOX 1-6
NOAEL Preferred to LOAEL

Because the NOAEL and LOAEL
are identified by the hypothesis testing (i.e.,
by comparing the response level of a test
group to the response level of a control
group for a statistically significant
difference), the actual proportion of the test
animals showing the adverse response at an
identified LOAEL depends on sample size,
variability of the response, and the dose
interval. LOAELSs can represent a 30
percent or higher effect level for the
minimum sample sizes recommended for
standard test protocols. For this reason,
EPA recommends that NOAELSs. instead of
LOAELs, are used to determine a screening
exposure level that is unlikely to adversely
impact populations.

day duration for rats) NOAELs by up to a factor of ten.2

Exposure route. The exposure route used in the toxicity study should be
comparable to the exposure route in the risk assessment. For example, data from studies
where exposure is by gavage generally are not preferred for estimaung dietary concentrations
that could produce adverse effects, because the rate at which the substance is absorbed from
the gastrointestinal tract usually is greater following gavage than following dietary
administration. Similarly, intravenous injection of a substance results in "instantaneous
absorption” and does not allow the substance to first pass through the liver, as it would

2 The literature reviews of McNamara (1976) and Weil and McColuster (1963) included both rodent
and non-rodent species. The duration of the subchronic exposure usually was 90 days, but ranged from
30 to 210 days. A wide variety of endpoints and cniteria for adverse effects were included in these
reviews. Despite this variation in the original studies, their findings provide a general indication of the
ratio between subchronic to chronic NOAELSs for effects other than cancer and reproductive effects. For
some chemicals, chronic dosing resulted in increased chemical tolerance. For over 50 percent of the
compounds tested, the chronic NOAEL was less than the 90-day NOAEL by a factor of 2 or less.
However, in a few cases, the chronic NOAEL was up to a factor of 10 less than the subchronic NOAEL

(U.S. EPA, 1993e).
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following dietary exposure. If it 1s necessary (o attempt to extrapolate toxicity test results
from one route of exposure to another, the extrapolation should be performed or reviewed by
a toxicologist expenenced in route-to-route extrapolauons for the class of animals at issue.

Field versus laboratory. Most toxicity studies evaluate effects of a single
contamunant on a single species under controlled laboratory conditions. Results from these
studies mught not be directly applicable to the field, where organisms typically are exposed to
more than one contarmunant in environmental situations that are not comparable to a laboratory
setung and where genetic composition of the population can be more heterogeneous than that
of organisms bred for laboratory use. In addition, the bioavailabulity of a contaminant is
different at a site than in a laboratory toxicity test. In a field situation, organisms also will be
subject to other environmental variables, such as unusual weather condiuons, infectous
diseases, and food shortages. These vanables can have either positive or negative effects on
the organism’s response to a toxic contaminant that only a site-specific field study would be
able to evaluate. Moreover, single-species toxicity tests seldom provide information regarding
toxicant-related changes in community interactions (¢.g., behavioral changes in prey species
that make them more susceptible to predation).

1.3.2 Dose Conversions

For some data reported in the literature, conversions are necessary to allow the data to
be used for species other than those tested or for measures of exposure other than those
reported. Many doses in laboratory studies are reported in terms of concentration in the diet
(e.g.. mg contarminant’kg diet or ppm in the diet). Dietary concentrations can be converted to
dose (e.g.. mg contarmunantkg body weight/day) for comparison with estimated contaminant
intake levels in the receptor species,

Ingesuon rates and body weights for a test species often are reported in a toxicity
study or can be obtained from other literature sources (e.g., U.S. EPA, 1993a.b). For
extrapolauons between animal species with different metabolic rates as well as dietary
composiuon, consult U.S. EPA (1992e, 1996b).

1.3.3 Uncertainty Assessment

Professional judgment is needed to determine the uncertainty associated with
informauon taken from the literarure and any extrapolations used in developing an screening
ecotoxucity value. The risk assessor should be consistently conservauve in selecting literature
values and descnbe the limitations of using those values in the context of a particular site.
Considerauon of the study design, endpoints, and other factors are important in determining
the uulity of toxicity data in the screening-level risk assessment. All of these factors should
be addressed 1n an uncertainty analysis prior to the screening-level nsk calculation.
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1.4 SUMMARY

At the conclusion of the screening-level problem formulauon and ecological effects
evaluation, the following information should have been compiled:

. Environmental setting and contaminants knoewn or suspected to exist at the site
and the maximum concentrations present (for each medium);

. Contaminant fate and transport mechanisms that might exist at the site;

. The mechanisms of ecotoxicity associated with contaminants and likely
categories of receptors that could be affected;

o> The complete exposure pathways that might exist at the site from contaminant
sources to receptors that could be affected; and

. Screening ecotoxicity values equivalent to chronic NOAELs based on
conservative assumptons.

For the screening-level ecological risk assessment, assessment endpoints will include
any likely adverse ecological effects on receptors for which exposure pathways are complete,
as determined from the information listed above. Measurement endpoints will be based on
the available literature regarding mechanisms of toxicity and will be used to establish the
screening ecotoxicity values. Those values will be used with estimated exposure levels to
screen for ecological risks, as described in Step 2.
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STEP 2. SCREENING-LEVEL EXPOSURE ESTIMATE
AND RISK CALCULATION

OVERVIEW

The screening-level exposure estimate and risk calculation comprise the second:
step in the ecological risk screening for a site. Risk is estimated by comparing
maximum documented exposure levels with the ecotoxicity screening values from
Step 1. At the conclusion of Step 2, it will be decided that either: (1) the screening-

level ecological risk assessment is adequate to determine that ecological threats are
negligible; or (2) the process should continue to 2 more detailed ecological risk
assessment (steps 3 through 7). If the process continues, the screening-level
assessment serves to identify exposure pathways and preliminary contaminants of
concern for the baseline risk assessment by eliminating those contaminants and
exposure pathways that pose negligible risks.

2.1 INTRODUCTION

This step includes estimating exposure levels and screening for ecological risks as the
last two phases of the screening-level ecological risk assessment. The process concludes with
a Scientific/Management Decision Point (SMDP) at which it is determined that: (1)
ecological threats are negligible; (2) the ecological risk assessment should continue to
determine whether a risk exists; or (3) impacts are likely and a more detailed ecological nsk
assessment, incorporating more site-specific information, is needed.

Section 2.2 describes the screening-level exposure assessment, focusing on the
complete exposure pathways identified in Step 1. Section 2.3 describes the risk calculation
process, including estimating a hazard quotient, documenting the uncertainties in the quouent,
and summarizing the overall confidence in the screening-level ecological risk assessment.
Section 2.4 describes the SMDP that concludes Step 2.

2.2 SCREENING-LEVEL EXPOSURE ESTIMATES

To estimate exposures for the screening-level ecological risk calculation, on-site
contaminant levels and general information on the types of biological receptors that might be
exposed should be known from Step 1. Only complete exposure pathways should be
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evajuated. For these, the highest measured or esumated on-site contaminant concentration for
each environmental medium should be used to esumate exposures. This should ensure that

potenual ecological threats are not be mussed.

2.2.1 Exposure Parameters

For parameters needed to esumate exposures for which sound site-specific nformation
is lacking or difficult to develop, conservauve assumptions should be used at this screening
level. Examples of conservauve assumptions are listed below and described in the following

paragraphs:

. Area use factor - 100 percent (factor
related to home range and populaton
density; see Highlight Box 2-1);

e  Bioavailability - 100 percent;

o Life stage - most sensiuve life stage:

e«  Body weight and food ingestion rate
- munimum body weight to
maximum ingestion rate; and

«  Dietary composition - 100 percent of
diet consists of the most

contaminated dietary component.

Area use factor. For the
screenung-level exposure estimate for

HIGHLIGHT BOX 2-1
Area Use Factor

An animal’s area yse factor can be
defined as the rauo of the area of
contamination (or the site area under
investigation) to its home range, breeding
range, or feeding/foraging range. To ensure
that ecological risks are not underestimated,
the smallest reasonable area use factor
should be assumed. This allows the
maximum number of animals to be exposed
to site contaminants and makes it more
likely that "hot spots” (i.e., areas of
unusually high contamination levels) will be
significant proportions of individual animal's
home ranges.

terrestnial animals, assume that the home range of one or more animals is entirely within the
contarmunated area, and thus the amimals are exposed 100 percent of the time. This is a
conservauve assumption and, as an assumption, is only applicable '0 the screening-level phase
of the nsk assessment. Species- and site-specific home range information wouid be needed
later, in Step 6, to esumate more accurately the percentage of time an anumal would use a
contammunated area. Also evaluate the possibility that some species might actually focus their
activities i1n contaminated areas of the site. For example, if contamunation has reduced
emergent vegetanon 1n a pond. the pond mught be more heavily used for feeding by waterfowl
than uncontamunated pands with little open water.

| Bloavailability. For the screening-level exposure estimate, in the absence of site-
specific informauon, assume that the bioavailability of contaminants at the site is 100 percent.
For example, at the screening-level, lead would be assumed to be 100 percent bioavailable to
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mammals. While some literature indicates that mammals absorb approximatety 0 percent of
ingested lead. absorption efficiency can be higher, up to about 60 percent, because dietary
factors such as fasting, and calcium and phosphate content of the diet, can affect the
absorpuon rate (Friberg et al., 1986). Because few species have been tested for
bioavailability. and because Steps 3 through 6 provide an opportunity for this issue to be
addressed specifically, the most conservative assumption is appropriate for this step.

Life stage. For the screening level assessment, assume that the most sensitive life
stages are present. If an early life stage is the most sensitive, the population should be
assumed to include or to be in that life stage. For vertebrate populations, it is likely that most
of the population is not in the most sensitive life stage most of the time. However, for many
invertebrate species, the entire population can be at an early stage of development during
certain seasons.

Body weight and food ingestion rates. Estimates of body weight and food
ingestion rates of the receptor animals also should be made conservatively to avoid
understating risk. although uncertainties in these factors are far [ess than the uncertainties
associated with the environmental contaminant concentrations. U.S. EPA’s Wildlife Exposure
Factors Handbook (U.S. EPA, 1993a,b) is a good source or reference to sources of this
information.

Bioaccumulation. Bioaccumulation values obtained from a literature search can be
used to estimate contaminant accumulation and food chain transfer at a Superfund site at the
screening stage (Steps 1 and 2). Because many environmental factors influence the degree of
bioaccumulation, sometimes by several orders of magnitude, the most conservative (i.e.,
highest) bioaccumulation factor reported in the literature shouid be used in the absence of
site-specific information. Thus, the most conservative BCF values identified in the literature
almost always are used to estimate bioaccumulation in screeming-level ecological risk
assessment in Step 1.

Dietary composition. For species that feed on more than one type of food, the
screening-level assumption should be that the diet is composed enurely of whichever type of
food is most contaminated. For example, if some foods (e.g.. insects) are likely to be more
contaminated than other fcods (e.g., seeds and fruits) typical in the diet of a receptor species,
assume that the receptor species feeds exclusively on the more contaminated type of food.
Again, EPA's Wildlife Exposure Factors Handbook (U.S. EPA, 1993a,b) is a good source or
reference to sources of this information.

2.2.2 Uncertainty Assessment

Professional judgment is needed to determine the uncertainty associated with
information taken from the literature and any extrapolations used in developing a parameter to
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esumate exposures. All assumpuons used to esumate exposures should be stated. including
some descnpuon of the ..gree of bias possible 1n each. Where literature values are used, an
indicauion of the range of values that could be considered appropnate also should be

indicated.

2.3 SCREENING-LEVEL RISK CALCULATION

A guanutauve screerung-level nsk can be esumated using the exposure esumates
developed according to Section 2.2 and the screemng ecotoxicity values developed according
to Secuon |.3. For the screening-level nsk calculaton, the hazard quouent approach, which
compares point estimates of screemung ecotoxicity values and exposure values, is adequate to
esumate risk. As described in Section 1.3, the screening ecotoxicity value should be
equivalent to a documented and/or best conservatively estimated chronic NOAEL. Thus, for
each contarmunant and environmental medium, the hazard quotent can be expressed as the
ratio of a potential exposure level to the NOAEL:

HO - Dose or HQ = EEC
NOAEL NOAEL
where:

HQ = hazard quouent;

Dose = esumated contarmunant intake at the site (e.g., mg contamnantkg body
weight per day);

EEC = esumated environmental concentration at the site (e.g., mg
contaminantL water, mg contaminant/kg sou, mg contaminantkg food);
and

NOAEL = no-observed-adverse-effects-level (in units that match the dose or EEC).

An HQ less than ope (unity) indicates that the contaminant alone 1s unlikely to cause adverse
ecological effects. If multiple contaminants of potential ecological concern exist at the site, it
mught be appropnate to sum the HQs for receptors that could be simultaneously exposed to
the contaminants that produce effects by the same toxic mechamism (U.S. EPA. 1986a). The
sum of the HQs 15 called a hazard index (HI); (see Highlight Box 2-2). An HI less than one
indicates that the group of contamunants 1s unlikely to cause adverse ecological effects. An
HQ or HI less than one does not indicate the absence of ecological nsk; rather, it should be
interpreted based on the seventy of the effect reported and the magnitude of the calculated
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quotient. As certainty in the exposure
concentrations and the NOAEL increase,
there 15 greater confidence in the predictive
value of the hazard quotient model, and
unity (HQ = 1) becomes a pass/fail decision

point.

The screening-level risk calculation
Is a conservative estimate to ensure that
potential ecological threats are not
overlooked. The calculation is used to
document a decision about whether or not
there is a negligible potential for ecological
impacts, based on the information available
at this stage. If the potential for ecological
impacts exists, this calculation can be used
to eliminate the negligible-risk combinations
of contaminants and exposure pathways
from further consideration.

[f the screening-level risk assessment
indicates that adverse ecological effects are
possible at environmental concentrations
below standard quantitation limuts, a "non
detect" based on those limits cannot be used
to support a "no rnisk" decision. Instead, the
risk assessor and risk manager should
request appropriate detection limits or agree

HIGHLIGHT BOX 2-2
Hazard Index (HI) Calculation

For contaminants that produce adverse
effects by the same toxic mechanism:

Hazard Index = EEC/NOAEL, +
EEC,_/I*IOAEL2 .+
EEC/NOAEL,
where:
EEC,; = estimated environmental

concentration for the i®
contaminant; and

NOAEL, =

NOAEL for the i contaminant
(expressed either as a dose or
environmental concentration).

The EEC and the NOAEL are expressed in
the same units and represent the same
exposure peniod (e.g., chronic). Dose could
substitute for EEC throughout provided the
NOAEL is expressed as a dose.

to continue to Step 3 where exposure concentrations can be estimated from other information
(e.g.. fate and transport model, esumated dilution or attenuation from the source or areas

where the contaminant was detected).

2.4 SCIENTIFIC/MANAGEMENT DECISION POINT (SMDP)

At the end of Step 2, the risk assessor communicates the results of the preliminary
ecological risk assessment to the risk manager. The risk manager needs to decide whether the
informauon available is adequate 10 make a risk management decision, and could require
technical advice from the ecological risk assessment team to reach a decision. There are only

three possible decisions at this point:
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(1) There is adequate information to conclude that ecological risks are negligible
and therefore no need for remediaton on the basis of ecological risk;

21 The informauon 1s not adequate to make a decision at this point, and the
ecological risk assessment process will continue to Step 3; or

(3)  The information indicates a potenual for adverse ecological effects, and a more
thorough assessment is warranted.

Note that the SMDP made at the end of the screening-level nsk calculation will not
set a prelimunary cleanup goal. Screening ecotoxicity values are derived to avoid
underesumaung nsk. Requiring a cleanup based solely on these values would not be
technically defensible.

The risk manager should document both the decision and the basis for it. If the risk
characterization supports the first decision (i.c., negligible risk), the ecological risk assessment
process ends here with appropriate documentation to support the decision. The documentation
should include all analyses and references used in the assessment, including a discussion of
the uncertainues associated with the HQ and HI estimates.

For assessments that proceed to Step 3, the screening-level analysis in Step 2 can
indicate and justfy which contaminants and exposure pathways can be eliminated from
further assessment because they pose negligible risk.

U.S. EPA must be confident that the SMDP made after completion of this calculation
will protect the ecological components of the environment. The decision to continue beyond

the screerung-level nsk calculation does not indicate whether remediation is necessary at the
site. That decision will be made in Step 8 of the process.

2.5 SUMMARY

Al the conclusion of the exposure esumate and screening-ievel risk calculation step,
the following information should have been compiled:

(1) Exposure esumates based on conservative assumpuons and maximum
concentrations present; and

(2) Hazard quouents (or hazard indices) indicating which, if any, contaminants and
exposure pathways muight pose ecological threats.
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Based on the results of the screening-level ecological risk calculation, the lead risk
manager and lead nsk assessor will determine whether or not contaminants from the site pose
an ecological threat. [f there are sufficient data to determine that ecological threats are
negligible. the ecological nsk assessment will be complete at this step with a finding of no
ecological nsk. If the data indicate that there is (or might be) a nsk of adverse ecological
effects, the ecological nsk assessment will continue.

Conservative assumptions have been used for each step of the screening-level
ecological nisk assessment. Therefore, requinng a cleanup based solely on this information
would not be technically defensible. To end the assessment at this stage, the conclusion of
negligible ecological risk must be adequately documented and technically defensible. A lack
of informauon on the toxicity of a contamunant or on complete exposure routes will result in
a decision to continue with the ecological risk assessment process (Steps 3 through 7)-not a
decision to delay the ecological risk assessment until a later date when more information
might be available.
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STEP 3: BASELINE RISK ASSESSMENT T’ROBLEM FORMULATION

OVERVIEW

Step 3 of the eight-step process tnitiates the problem formulation phase of the
baseline ecological risk assessment. Step 3 refines the screening-level problem
formulation and expands on the ecological issues that are of concern at the particular
site. In the screening-level assessment, conservative assumptions were used where site-
specific information was lacking. In Step 3, the results of the screening assessment
and additional site-specific information are used to determine the scope and goals of
the baseline ecological risk assessment. Steps 3 through 7 are required only for sites
for which the screening-level assessment indicated a need for further ecological risk
evaluation.

Problem formulation at Step 3 includes several activites:

Refining preliminary contaminants of ecological concern,

Further characterizing ecological effects of contaminants;

Reviewing and refining contaminant fate and transport, complete exposure
pathways, and ecosystems potentially at risk;

Selecting assessment endpoints; and

Developing of a conceptual model with working hypotheses or questions that
the site investigation will address.

At the conclusion of Step 3, there is a SMDP. which consists of agreement on four
items: the assessment endpoints, the exposure pathways, the risk questions, and a
conceptual model integrating these components. The products of Step 3 are used to
select measurement endpoints and to develop the ecological risk assessment work plan
(WP) and sampling and analysis plan (SAP) for the site in Step 4. Steps 3 and 4 are,
effecuvely, the data quality objective (DQO) process for the baseline ecological nisk
assessment.

3.1 THE PROBLEM FORMULATION PROCESS

In Step 3, problem formulation establishes the goals, breadth, and focus of the baseline
ecological risk assessment. It also establishes the assessment endpoints, or specific ecological
values to be protected (U.S. EPA, 1992a). Through Step 3, the questions and issues that need
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to be addressed in the baseline ecological nsk assessment are defined based on potenually
cornplete exposure pathways and ecological effects. A conceptual model of the site is
developed that includes questions about the assessment endpoints and the relationship between
exposure and effects. Step 3 culminates 1n an SMDP, which 1s agreement between the nsk
manager and nsk assessor on the assessment endpoints, exposure pathways, and questions as
porurayed :n the conceptual model of the site.

The conceptual model, which is completed in Step 4, also will describe the approach,
types of data. and analytical tools to be used for the analysis phase of the ecological nsk
assessment (Step 6). Those components of the conceptual model are formally described in
the ecological nsk WP and SAP in Step 4 of this eight-step process. If there is not
agreement among the risk manager, nsk assessor, and the other protessionals involved with
the ecological risk assessment on the initial conceptual model developed in Step 3. the final
conceptual model and field study design developed in Step 4 might not resolve the issues that
must be considered to manage risks effectively.

The complexity of questions developed during problem formulation does not depend
on the size of a site or the magnitude of its contamination. Large areas of contaminauon can
provoke simple quesuons and, conversely, small sites with numerous contarmunants can require
a complex senes of questions and assessment points. There is no rule that can be applied to
gauge the effort needed for an ecological nsk assessment based on site size or number of
contaminants; each site should be evaluated individually.

At the beginning of Step 3, some basic information should exist for the site. At a
minimum. information should be available from the site history, PA, SI, and Steps | and 2 of
this eight-step process. For large or complex sites, information mught be available from
earlier site invesugauons.

It 1s important to be as complete as possible early in the process so that Steps 3
through 8 need not be repeated. Repeaung the selection of assessment endpoints and/or the
quesuons and hypotheses concerning those endpoints is appropnate only if new information
indicating new threats becomes available. The SMDP process shouid prevent having to return
to the problem formulation step because of changing opinions on the questions being asked.
Repet.uon of Step 3 should not be confused with the intenticnal tenng (or phasing) of
ecological site investigations at large or complex sites (see Highlight Box 3-1). The process
of problem formulation at complex sites is the same as at more simple sites, but the number,

complexity. and/or level of resolution of the juesuons and hypotheses can be greater at
complex sites.

While problem formulaton 1s conceprually simple, In pracuce it 1s generally a

comp.lcx and nteracuve process. Defining the ecological problems to be addressed during the
baseline nsk assessment involves 1denufying toxic mechanisms of the contaminants,
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characterizing potential receptors, and
estimating exposure and potential
ecological effects. Problem formulation
also constitutes the DQO process for the
baseline ecological nisk assessment (U.S.

HIGHLIGHT BOX 3-1
Tiering an Ecological Risk
Assessment

EPA, 1993c).

The remainder of this section
descnbes six activities to be conducted
prior to the SMDP for this step:
refining preliminary contaminants of
ecological concern (Section 3.2): a
literature search on the potential
ecological effects of the contaminants
(Section 3.3); qualitative evaluation of
complete exposure pathways and
ecosystems potentially at nisk (Section
3.4); selecting assessment endpoints
(Section 3.5); and developing the
conceptual model and establishing risk
questions (Secuon 3.6).

3.2 REFINEMENT OF
PRELIMINARY
CONTAMINANTS OF
CONCERN

The results of the screening-level

risk assessment (Steps | and 2) should

The ecological nisk assessment at
Superfund sites 1s at least a two-tier process.
Steps | and 2 of this guidance serves as a first,
or screening, tier pnor to expending a larger
effort for a detailed, site-specific ecological risk
assessment. The baseline risk assessment serves

-as a second tier. More than one tier could be

needed in the baseline nsk assessment for large
or complex sites where there is a need to
sequentially test interdependent hypotheses
developed durning problem formulation (i.e.,
evaluating the results of one field assessment
before designing a subsequent field study based
on the results).

While tienng can be an effective way of
to manage site investigations, multiple sampling
phases typically require some resampiing
matrices sampled duning earlier tiers and
increased field mobilization costs. Thus, in
some cases, a tiered ecological risk assessment
might cost more than a non-tiered assessment.
The benefits of tienng should be weighed
against the costs.

have indicated which contaminants found at the site can be eliminated from further
consideration and which should be evaluated further. It is important to realize that
contarmunants that might pose an ecological risk can be different from those that might pose a
human health nsk because of differing exposure pathways, sensitiviues, and responses (0

contaminants.

The initial.list of contaminants investugated in Steps 1 and 2 included all contaminants
identified or suspected to be at the site. Dunng Steps | and 2, 1t 15 likely that several of the
contamunants found at the sits were eliminated from further assessment because the risk
screen indicated that they posed a negligible ecological risk. Because of the conservative
assumptions used during the risk screen, some of the contaminants retained for Step 3 also
might pose negligible risk. At this stage, the risk assessor should review the assumptions
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used (e.g.. 100 percent bioavailability) against values reported in the literature (e.g., only up
to 60 percent for a parucular contamunant), and consider how the HQs would change if more
realistic conservative assumptions were used instead. For those contaminants for which the
HQs drop to near or below unity, the risk assessor and risk manager should discuss and agree
on which can be eliminated from further consideration at this ume.

Someumes, new information becomes available that indicates the imual assumpuons
that screened some contaminants out in Step 2 are no longer valid (e.g.. site contaminant
levels are hugher than originally reported, joint-action toxicity was not considered in the
preliminary nsk calculation. etc.). In this case, contaminants can be placed back on the list of
contaminants to be investigated with that jusufication.

Note that a contaminant should not be eliminated from the list of contaminants to be
investigated only because toxicity information is lacking; instead, limited or missing toxicity
information must be addressed using best professional judgment and discussed as an
uncertainty.

3.3 UTERATURE SEARCH ON KNOWN ECOLOGICAL EFFECTS

The literature search conducted for the screening-level risk assessment (Steps | and 2)
should be expanded to obtain the information needed for the more detailed problem
formulation phase of the baseline ecological risk assessment. If pre-developed screening
ecotoxicity values (e.g., ecotox thresholds developed by the Superfund Program; U.S. EPA,
1996a) were applied in Steps | and 2, then the literature search might need to be expanded to
idenufy NOAELs, LOAELs, exposure-response functions, and the mechanisms of toxic
responses. Appendix C presents a discussion of some of the factors important in conducting a

ierature search. Several U.S. EPA publicauons (e.g., U.S. EPA, 199S5a.e,g,h) provide a
window to onginal toxicity literature for contaminants often found at Superfund sites.

3.4 CONTAMINANT FATE AND TRANSPORT, ECOSYSTEMS POTENTIALLY AT
RISK, AND COMPLETE EXPOSURE PATHWAYS

A preliminary idenufication of contaminant fate and transport, ecosystems potentially
at nsk, and complete exposure pathways was conducted in the screening ecological nsk
assessment. [n Step 3, the exposure pathways and the ecosystems associated with the
assessment endpoints that were retained by the screening risk assessment are evaluated in
more detad. Thus effort typically involves compiling additional information on:

(1) The environmental fate and transport of the contaminants:
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(1) The ecological setting of the site (including habitat, potential receptors, etc.);
and

(3) The magnitude and extent of contamination, including its spatial and temporal
variability.

For individual contaminants, it is frequently possible to reduce the number of exposure
pathways that need to be evaluated to one or a few “critical exposure pathways” which (1)
reflect maximum exposures of receptors withun the ecosystem or (2) constitute exposure
pathways to ecological receptors sensitive to the contaminant. The critical exposure pathways
influence the selecuon of assessment endpoints for a particular site. If multiple critical
exposure pathways exist, they each should be evaluated because it is often difficult to predict
which pathways could be responsible for the greatest ecological risk.

3.4.1 Contaminant Fate and Transport

Information on how the contaminants will or could be transported or transformed in
the environment physically, chemically, and biologically is used to identify the exposure
pathways that might lead to significant ecological effects (see Highlight Box 3-2).
Chemuically. contaminants can undergo several processes in the environment:

. De gradau'on3 ;

. Complexation; HIGHLIGHT BOX 3-2
. lonization; Environmental Fate and Exposure
. Precipitation; and/or
. Adsorpton. If a contamunant in an aquatic
ecosystem is highly lipophilic (i.e.,
Physically. contaminants might move csscn;ially insoluble in water), it 15 likely to
through the environment by one or more partition primanly (nto sediments and not
mcan;: into the water colum. thn samplmg |
sediments for contamination, charactenzing
e sediment grain-size and total organic carbon,
* Volaghzauon; which can influence contaminant
* E‘°S‘°F‘} . partitioning, is imponant in evaluating
. Deposition (contaminant ecological exposure.
sinks);
. Weathering of parent matenal
with subsequent transport:
and/or

The product might be more toxic or less toxic than the parent compound.
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. Water transport:
in solution.
as suspended matenal in the water, and
bulk transport of solid matenal.

Several biological processes also affect contaminant fate and transport in the environment:

. Bioaccumulauon;

. Biodegradation;

. Biological transformauon*;
. Food chain transfers; and/or
. Excreton.

Additional information should be gathered on past as well as current mechanisms of
contaminant release from source areas at the site. The mechanisms of release along with the
chemical and physical form of a contaminant can affect its fate, transport, and potential for
reaching ecological receptors.

A contarmunant flow diagram (or exposure pathway diagram) compnses a large part of
the conceptual model, as illustrated in Secuon 3.6. A contarmunant flow diagram onginates at
the primary contamunant source(s) and identfies primary release mechanisms and contarminant
transport pathways. The release and movemnent of the contaminants can create secondary
sources (e.g., contarmunated sediments in a river; see Example Box 3-1), and even tertuary
sources.

The above information is used to evaluate: (1) where the contaminants are likely to
parttion in the environment; and (2) the bioavailability of the contaminant (historically,
currendy, or in the future).

3.4.2 Ecosystems Potentially at Risk

The ccosystems or habitats potenually at nisk depend on the ecological setting of a
sitc: An 1mual source of information on the ecological setung of a site is the data collected
during the prelimunary site visit and charactenzauon (Step 1), including the site ecological

checklist (Appendix B). The site descniption should provide answers to several questions
including:

L3

What habitats (e.g., maple-beech hatdwood forest. early successional fields) are
present?

¢ The product mught be more toxic or less toxic than the parent compound.
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. What types of water bodies are present, if any?
. Do any other habitats listed in Exhibit 1-1 exist on or adjacent to the site?
EXAMPLE BOX 3-1

Exposure Pathway Model-DDT Site

An abandoned pesticide production facility had reieased DDT to soils through poor
handling practices during its operation. Due (o erosion of contamunated soils, DDT migrated to
stream sediments. The contaminated sediments might affect benthic organisms through direct
contact or ingestion. Benthic organisms that have accumulated DDT can be consumed by fish,
and fish that have accumulated DDT can be consumed by piscivorous birds. This example
illustrates how contaminant transport is traced from a primary source to a secondary source and
from there through a food chain to an exposure point that can affect an assessment endpoint.

.

While all available information must be used, it is not criucal that complete site
setting information be collected during this phase of the risk assessment. However, 1t is
important that habitats at the site are not overlooked; hence, a site visit might be needed to
supplement the site visit conducted during the screening risk assessment. If a habitat that 1s
actually present on the site is omitted during the problem formulauon phase, this step could
need to be repeated later when the habitat is found, resulting in delays and additional costs
for the nsk assessment.

Available information on ecological effects of contaminants (see Section 3.3) can help
focus the assessment on specific ecological resources that should ~e evaluated more '
thoroughly. because some groups of organisms can be more sensiuve (more susceptible) than
others 1o a particular contaminant. For example, a species or group of species could be
physiologically sensitive to a particular contamunant (e.g., the contaminant might interfere
with the species’ hormone systems); or, the species might not be able to metabolize and
detoxify the particular contaminant(s) (¢.g., honey bees and grass sanmp cannot effecuvely
biodegrade PAHs, whereas fish generally can). Alternatively, an already stressed population
(e.g., due to habitat degradation) could be particularly sensitive to any added stresses.

Vanation in sensitivity should not be confused with vanaton in exposure, which can
result from behavioral and dietary differences among species. For sxample, predators can be
exposed to tugher levels of contaminants that biomagnify in food chains than are herbivores.
A specialist predator could feed primarily on one prey type that 1s 2 primary receptor of the
contaminant. Some species might preferentially feed in a habitat where the contaminant tends
to accumulate. On the other hand, a species might change its behavior to avoid contaminated
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areas. Both susceptibility to toxic effects of a contarmunant and behaviors that affect exposure
levels can influence nsks for parucular groups of organisms.

3.4.3 Complete Exposure Pathways

The potenually complete exposure pathways identified in Steps | and 2 are described
in more detail 1n Step 3 on the basis of the refined contaminant fate and transport evaluations
(Section 3.3.1) and evaluation of potenuial ecological receptors (Secuon 3.3.2).

Some of the potenually complete exposure pathways identified tn Steps [ and 2 mught
be ruled out from further consideration at this time. Sometimes, additional exposure
pathways might be identified, particularly those onginatng from secondary sources. Any data
gaps that result in questions about whether an exposure pathway is complete should be
identified, and the type of data needed to answer those questions should be descrnibed to assist
in developing the WP and SAP in Step 4.

During Step 3, the potenual for food-chain exposures deserves particular attention.
Some contaminants are effectively transferred through food chains. while others are not. To
illustrate this point, copper and DDT are compared in Example Box 3-2.

EXAMPLE BOX 3-2
Potential for Food Chain Transfer-Copper and DDT Sites

Copper can be toxic in aquatic ecosystems or to terrestrial plants. However, it is an
essential nutnent for both plants and animals, and organisms can regulate internal copper
concentrations within limuts. For this reason, copper tends not to accumulate in most organisms
or to biomagnify in food chains, and thus tends not to reach levels high enough to cause
adverse responses through food chain transfer 1o upper-trophic-level organisms. (Copper 1s
known (o accumulate by several orders of magnitude in phytoplankion and in filter-feeding
mollusks, however, and thus can pose a threat (o organisms that feed on these components of
aquatic ecosystems; U.S. EPA, 1985a.) In contast, DDT, a contamunant that accurnulates in
fatty ussues. can biomagnify in many different tvpes of food chains. Upper-trophic-level
species (such as predatory birds), therefore, are likely to be exposed to hugher levels of DDT
through their prey than are lower-wrophic-level species in the ecos, stem.

35 SELECTION OF ASSESSMENT ENDPOINTS

As noted in the wntroducton to this guidance, an assessment endpoint is "an explicit
expression of the environmental value that is to be protected” (U.S. EPA, 1992a). There is an
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important distinction between human health risk assessment and ecological risk assessment.
In human health risk assessment, only one species is evaluated, and cancer and noncancer
systemic effects are the usual assessment endpoints. Ecological risk assessment, on the other
hand, involves multiple species that are likely to be exposed to differing degrees and to
respond differently to the same contaminant. Nonetheless, it is not practical or possible to
directly evaluate risks to all of the individual components of the ecosystem at a site. Instead,
assessment endpoints focus the risk assessment on particular components of the ecosystem
that could be adversely affected by contaminants from the site.

The selection of assessment endpoints includes discussion between the risk assessor
and the nsk manager concerning management policy goals and ecological values. Input from
the regional BTAG, PRPs, and other stakeholders associated with a site at this stage can help
the risk assessor to identify ecological assessment endpoints that the risk manager can clearly
defend when making decisions for the site. ECO Update Volume 3, Number 1, briefly
summarizes the process of selecting assessment endpoints (U.S. EPA, 1995b).

Individual assessment endpoints usually encompass a group of species or populations
with some common characteristics, such as a specific exposure route or contaminant
sensitivity. Sometimes, individual assessment endpoints are limuted to one species (e.g., a
species known to be particularly sensitive to a site contaminant). Assessment endpoints also
can encompass the typical structure and function of biological communities or ecosystems
associated with a site.

Assessment endpoints for the baseline ecological risk assessment must be selected
based on the ecosystems, communities, and/or species at the site. The selection of assessment
endpoints depends on:

(1) The contaminants present and their concentrations:

(2) Mechanisms of toxicity of the contaminants to different groups of organisms;

(3) Potential sensitive or highly exposed receptor groups present and attnbutes of
their natural history; and

(4) Potential complete exposure pathways.

Thus, the process of selecting assessment endpoints can be, and often is, iterative and
interactive with other phases of problem formulauon.

The risk assessor must "think through” the contaminant mechanism(s) of ecotoxicity to
determine what receptors will or could be at risk. This understanding must include how the
adverse effects of the contaminants might be expressed (e.g., eggshell thinning in birds), as
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well as how the chemical and physical form of the contamunants influence bioavailability and
the type and magnitude of adverse response (¢.g., INOrganic vVersus organic mercury).

The nisk assessor also should determine if the contaminants adversely affect organisms
in direct contact with the contarmunated media (i.e., direct exposure to water, sediment, soil) or
if the contamunants accumulate in food chains, resulting in adverse effects in organisms that
are not directly exposed or are minimally exposed to the original contamunated media
(indirect exposure). The risk assessor should decide if the risk assessment should focus on
toxicity resuling from direct or indirect exposures, or if both must be evaluated.

Broad assessment endpoints (e.g., protecting aquauc communiues) are generally of less
value in problem formulation than specific assessment endpoints (e.g., maintaining aquatic
community composition and structure downstream of a site similar to that upstream of the
site). Specific assessment endpoints define the ecological value in sufficient detail to
identify the measures needed to answer specific questions or to test specific hypotheses.
Example Box 3-3 provides three examples of assessment endpotnt selection based on the
hypothetical sites in Appendix A.

The formal idenufication of assessment endpoints is part of the SMDP for this step.
Regardless of the level of effort to be expended on the subsequent phases of the risk
assessment, the assessment endpoints idenufied are critical elements in the design of the
ecological risk assessment and must be agreed upon as the focus of the risk assessment.
Once assessment endpoints have been selected, testable hypotheses and measurement
endpoints can be developed to determine whether or not a potential threat to the assessment
endpoints exists. Testable hypotheses and measurement endpoints cannot be developed
without agreement on the assessment endpoints among the risk manager, risk assessor, and
other involved professionals.

3.6 THE CONCEPTUAL MODEL AND TESTABLE HYPOTHESES

The site conceptual model establishes the complete exposur= pathways that will be
evaluated in the ecological risk assessment and the relationship of the measurement endpoints
to the assessment endpotnts. [n the conceptual model, the possible exposure pathways
depicted in the exposure pathway diagram must be linked directly to the assessment endpoints
identified 1n Section 3.5. Risk questions. testable hypotheses, measurement endpoints, and the
SAP are based on the conceptual model. Developing the conceptual model and risk questions
are descnbed 1n Sections 3.6.1 and 3.6.2, respecuvely. Selection of measurement endpoints,
compleung the conceptual model, is descnibed in Step 4.
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EXAMPLE BOX 3-3

Assessment Endpoint Selection

DOT Site

An assessment endpoint such as “protection of the ecosvstem from the effects of DDT"
would give little direction to the nsk assessment. However, “protection of piscivorous birds
from eggshell thinning due to DDT exposure” directs the risk assessment toward the food-chain
transfer of DDT that results in eggshell thinning in a specific group of birds. This assessment
endpoint provides the foundation for identifying appropriate measures of effect and exposure
and ultimately the design of the site investigation for the site. It is not necessary that a specific
piscivorous species of bird be identified on site. It is necessary that the exposure pathway to a
piscivorous bird exists and that the presence of a piscivorous bird could be expected.

Copper Site

Copper can be acutely or chronically toxic to organisms in an aquatic community
through direct exposure of the organisms to copper in the water and sediments. Threats of
copper to higher trophic level organisms are unlikely to exceed threats to organisms at the base
of the food chain. because copper is an essential nutrient which 1s effectively regulated by most
organisms if the exposure is below immediately toxic levels. Aquauc plants (particularly
phytoplankton) and mollusks, however, are poor at regulating copper and might be sensitive
receptors or effective in transferring copper to the next trophic level. In addition, fish fry can
be very sensitive to copper in water. Based on these receptors and the potential for both acute
and chronic toxicity, an appropriate general assessment endpoint for the system could be the
maintenance of the pond community composition. An operational definition of the assessment
endpoint would be pond fish and invertebrate community composition similar to that of other
ponds of simular size and characteristics in the area.

PCB Site

The pnmary ecological threat of PCBs in ecosystems 1s not through direct exposure and
acute toxicity. Instead, PCBs bioaccumulate 1n food chains and can dimunish reproductive
success in some vertebrate species. PCBs have been implicated as a cause of reduced
reproductuve success of piscivorous birds (e.g., cormorants, terns) in the Great Lakes (Colbom,
1991) and of mink along several waterways (Aulerich and Ringer, 1977: Foley et al., 1988).
Therefore, reduced reproductive success in high-trophic-level species exposed via their diet is a
more appropriate assessment endpoint than either toxicity to organisms via direct exposure to
PCBs 1n water, sediments, or soils, or reproductive impairment tn lower-trophic-level species.

L R SRR

STEP 3, Page 11



August 21, 1996 DRAFT

3.6.1 Conceptual Model

Based on the informauon obtained from Steps | and 2 of the ecological nsk
assessment process, knowledge of the contaminants present, the exposure pathway diagram,
and the assessment endpoints, an integrated conceptual model 1s developed (see Example Box
3-4). The conceptual model includes a contaminant fate and transport diagram that traces the
contaminants' movement from sources through the ecosystem to receptors that include the
assessment endpoints (see Example Box 3-5). Contaminant exposure pathways that do not
lead 1o a specties or group of species associaled with the proposed assessment endpoint
indicate that either:

(1) There 1s an incomplete exposure pathway to the receptor(s) associated with the
proposed assessment endpoint: or

(2) There are missing components or data necessary to demonstrate a complete
exposure pathway.

EXAMPLE BOX 34
Description of the Conceptual Model-DDT Site

One of the assessment endpoints selected for the DDT site (Appendix A) is the
protecuon of piscivorous birds. The site conceptual model includes the release of DDT
from the spill areas to the adjacent stream. foilowed by food chain accumulation of DDT
from the sediments and water through the lower wophic levels to forage fish in the stream.
The forage fish are the exposure point for piscivorous birds. Eggshell thinning was
selected as the measure of effect. Dunng the literature review of the ecological effects of
DDT. toxicity studies were found that reported reduced reproducure success (i.e., number
of voung fledged) in birds that expenenced eggshell thinning of 2¢ percent or more
(Anderson and Hickey, 1972; Duworth et al., 1972). Based on those data, the nsk
assessor and nsk manager agreed that eggshell tunning of 20 percent or more would be
considered an adverse effect for piscivorous birds.

Another effect of chronic DDT exposure on some animals is to reduce their ability
10 escape predanon. Thus, DDT can indirecuy increase the mortality rate of these
organisms by making them more suscepuble 10 predators (Cooke, 1971; Krebs et al.,
1974). Thus effect of DDT on prey also can have an indirect consequence for the
predators. If predators are more Likely 0 capture the more contarmunated prey, the

predators could be exposed to DDT at levels higher than represented 1n the average prey
populauon.
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EXAMPLE BOX 3-5
Conceptual Model Diagram - DDT Site

MEASUREMENT ENDPOINT
(DDT concentration in fish tissue,
exposure point for kingfisher)

SECONDARY RECEPTOR |—¥- of 1FRINRY :s'h(c:)“ Ok
(Fish) ¢
i i . ) Iy .
PRIMARY SOURCE SECONDARY SOURCE | TERT.IARY SOURCE ‘ ‘ PRIMARY RECEPTIOR
(Plant site) (Susface drainage) (Sucam scdiments, exposure point | (Benthic macroinvericbrates,
for fish and macroinvericbraics)

exposurc point, fish)

MEASUREMENT ENDPOIN |
(Benthic macroinvertebrate
' comumunily structurc)
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[f case (1) s true, the proposed assessment endpoint should be reevaluated to determine if it
is an appropnate endpoint for the site. If case (2) is true, then additional field data could be
needed to evaluate contarmunant fate and transport at the site. Failure to idenufy a complete
exposure pathway that does exist at the site can result in incorrect conclusions or in extra
time and effort being expended on a supplementary investigation to the ecological risk

assessment.

As indicated in Section 3.5. appropriate assessment endpoints differ from site to site,
and can be at one or more levels of biological organizauon. At any particular site, the
appropnate assessment endpoints mught involve local populations of a particular species,
community level integrity, and/or habitat preservation. The site conceptual model must
encompass the level of biological organization approprnate for the assessment endpoints for
the site. The conceptual model can use assumptions that are generally representative of a
group of organisms or ecosystem components encompassed by the assessment endpoint in that
region of the country.

The intent of the model is not to descnbe exactly a particular species or site as much
as it is to be systematic, representative, and conservative where information is lacking (with
assumptons biased to be more likely to overesumate than to underestimate risk). For
example, 1t is not necessary or even recommended to develop new test protocols to use
species that exist at a site to test the toxicity of site media. Species used in standardized
laboratory to:icity tests (e.g., fathead minnows, Hyallela amphipods) usually are adequate
surrogates for species in their general taxa and habitat at the site.

3.6.2 Risk Questions

Ecological risk hypotheses for Superfund sites basically are questions about the
relationships among assessment endpoints and their predicted responses when exposed to
contaminants. The nisk questions should be based on the assessment endpoints (Step 3);
provide a basis for the development of the study design (Step 4. and provide a structure for
evaluating the results of the site invesugauon in the analysis phase - Step 6) and dunng risk
characterizauon (Step 7).

The most basic test hypothesis applicable to virtually all Superfund sites is that site-
related contaminants are causing adverse effects (or could cause adverse effects in the future)
on the assessment endpoint(s). To use the baseline ecological nsk assessment in the FS to
evaluate remedial alternatives, it is helpful if the specific contaminant(s) responsible can be
idenufied. Thus refined, the question becomes "is chemical X is causing (or could cause)
adverse effects on the assessment endpoint?” In general, there are four lines of evidence that
can be used to answer this quesuon:
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() Comparing estimated or measured
exposure levels to chemical X
with levels that are known from
the [iterature to be toxic to
receptors associated with the
assessment endpoints;

(2) Companng laboratory bioassays
with media from the site with
boiassays with media from a
reference site;

(3)  Comparing in situ toxicity tests at
» the site with in situ toxicity tests
in a reference body of water;
and

(4) Comparing observed effects in
the receptors associated with the
site with similar receptors at a
reference site.

HIGHLIGHT BOX 3-3
Definitions:
Null and Test Hypotheses

Null hypothesis: Usually a hypothesis of
no differences between two populations
formulated for the express purpose of being
rejected.

Test (or alternative) hypothesis: An
operational statement of the investigator's
research hypothesis.

‘When appropriate, formal hypothesis
testing is preferred. However, it might not
be practical for some assessment endpoints
or be the only acceptable way to state
questions about those endpoints.

These lines of evidence are considered further in Step 4, as measurement endpoints are

selected and the site-specific study is designed.

3.7 SCIENTIFIC/MANAGEMENT DECISION POINT (SMDP)

At the conclusion of Step 3, there is a SMDP. The SMDP consists of agreement on
four items: the assessment endpoints, exposure pathways, conczrtual model, and nisk
questions. Without agreement between the nsk manager, risk assessor, and other involved
professionals on these items, measurement endpoints cannot be seiected, and a site study

cannot be developed.

These items can be summanized with the assistance of the Jiagram of the conceptual
model. Example Box 3-5 shows the conceptual model for the DDT site example in

Appendix A.
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3.8 SUMMARY

By combining tnformation on: (1) the potenual contamunants present; (2) the
ecological setung: (3) environmental fate and transport: and (4) the ecotoxicity of the
contarrunants. an evaluauon is made of what aspects of the ecosystemn at the site could be at
risk and what the adverse ecological response could be. "Critical exposure pathways"” are
based on: () exposure pathways to sensitive species populations, or communiues; and (2)
exposure levels associated with predominant fate and transport mechanisms at a site.

Based on that information, the nisk assessor and risk manager agree on assessment
endpoints and specific questions or testable hypotheses that, together with the conceprual
model, form the basis for the site investigation. At thus stage, site-specific information on
exposure pathways and/or the presence of specific species is likely to be incomplete. By
using the conceptual model developed in Step 3. measurement endpoints and a plan for filling
information gaps can be developed and wntten into the ecological WP and SAP as described

in Step 4.
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STEP 4. STUDY DESIGN AND DATA QUALITY
OBJECTIVE PROCESS

OVERVIEW

The site conceptual model developed in Step 3, which includes exposure
pathways, assessment endpoints, and questions or hypotheses. is used to develop
measurement endpoints, the study design, and data quality objectives in this step.
The products of Step 4 are the ecological risk assessment work plan (WP) and
sampling and analysis plan (SAP), which describe the details of the site
investigation as well as the data analysis methods and data quality objectives
(DQOs). As part of the DQO process. the SAP specifies acceptable levels of
decision errors that will be used as the basis for establishing the quantity and
quality of data needed to support ecological risk management decisions.

The lead risk assessor and the lead risk manager should agree that the WP
and SAP describe a study that will provide the risk manager with the information
needed to fulfill the requirements of the baseline risk assessment and to
incorporate ecological considerations into the site remedial process. Once this
step is completed, most of the professional judgment needed for the ecological
risk assessment will have been incorporated into the design and details of the WP
and SAP This does not limit the need for qualified professionals in the
implementation of the investigation, data acquisition, or data interpretation.
However, there should be no fundamental changes in goals or approach to the
ecological risk assessment once the WP and SAP are finalized.

[t 1s important to coordinate this step with the WP and SAP for the site
investigauon, which is used to document the nature and extent of contamination
and to evaluate human health risks.

Step 4 of the ecological risk assessment establishes the measurement endpoints
(Section 4.1), study design (Section 4.2), and data quality objectives based on staustical
considerations (Section 4.3) for the site assessment that will accompany site-specific studies
for the remedial investigation. The site conceptual model developed in Step 3 is used to
identify which points or assumptions in the risk assessmeat include the greatest degree of
conservatism or uncertainty. The field sampling then can be designed to address the risk
model parameters that have important effects on the risk estimates (e.g., bioavailability and
toxicity of contaminants in the field, contaminant concentrauons at exposure points).
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The products of Step 4 are the WP and SAP for the ecological component of the field
invesugations Section 4 41 Involvement of the BTAG 1n the preparauon, review, and
approv;ﬂ of WPs and SAPs can help ensure that the ecological nsk assessment 1s well
focused, performed efficienty, and techmically correct.

The WP and SAP should specify the site conceptual mode! developed in Step 3, and
the measurement endpoints developed in the beginning of Step 4. The WP describes:

. Assessment endpoints;

. Exposure pathways,

. Questions and testable hypotheses;

. The relationship of measurement endpoints to the assessment endpoints; and
. Uncentainues and assumptions.

The SAP should describe:

. Data needs;

. Scientifically valid and sufficient study design and data analysis procedures;

. Study methodology and protocols, including sampling techniques;

. Data reduction and interpretation techniques, including statstical analyses; and
. Quality assurance procedures and quality control techn:ques.

The SAP must include the data reduction and interpretation techniques, because it is necessary
to known how the data will be interpreted to specify the number of samples needed.

Prior to formal agreement on the WP and SAP, the proposed field sampling plan is
venfied in Step 5.

4.1 ESTABLISHING MEASUREMENT ENDPOINTS

As indicated 1n the [ntroduction, a measurement endpoint is defined as "a measurable
ecological charactensuc that is related to the valued characterisuc -nosen as the assessment
endpoint’ (L.5. EPA, 1992a) and 15 a measure of biological effects ¢ .g., mortality,
reproducuon, growth). Measurement endpoints are frequently numencal expressions of
observauons (e.g., toxucily test results, communuty diversity measures) that can be compared
stausucally to a control or reference site to detect adverse responses to a site contaminant.
The relauonship between measurement and assessment endpoints must be clearly descnbed
within the conceptual model and must be based on scientific evidence. This is crnitical

because the assessment and measurement endpoints usually are dirferent endpoints (see the
[ntroduction).
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Typically, the number of
measurement endpoints that are potentially
appropriate for any given assessment
endpoint and circumstance are limited. The
most appropriate measurement endpoints for
an assessment endpoint depend on several
considerations, a primary one being how
many and which lines of evidence are
needed to support risk management
decistons at the site (see Section 3.6.2).

The risk assessor must consider the utility of
each type of data, the cost of collecting the
data, and the likely sensitivity of the risk
estimates to the data. Given the potential
ramuifications of site actions, the site risk
manager might want to use more than one
line of evidence to identify site-specific
thresholds for effects.

There are some situations in which it
might only be necessary or possible to

Highlight Box 4-1
Importance of Distinguishing
Measurement from Assessment
Endpoints

If 2 measurement endpoint is
mistaken for an assessment endpotint. the
mispercepuon can anse that Superfund s
basing a remediation on an arbitrary or
esotenc justfication. For example,
protection of a few invertebrate and algal
species could be mistaken as the basis for a
remedial decision, when the actual basis for
the decision is the protection of the aquatic
community as a whole (including higher-
trophic-level game fish that depend on lower
trophic levels in the community), as
indicated by a few sensitive invertebrate and
algal species.

compare estimated or measured contaminant exposure levels at a site to ecotoxicity values
derived from the literature. For example, for contaminants in surface waters for which there
are state water quality standards, exceedance of the standards indicates that remediation to
reduce contaminant concentrations in surface waters to below these levels couid be needed
whether impacts are occurring or not. For assessment endpoints for which impacts are
difficult to demonstrate in the field (e.g., because of high natural vanability), and toxicity
tests are not possible (e.g., food chain accumulation is involved), companng environmental
concentrations with a well supported ecotoxicity value might have (o suffice.

A toxicity test on contaminated media from the site can sutfice if the risk manager and
risk assessor agree that laboratory toxicity tests with surrogate species will be taken as
indicative of likely effects on the assessment endpoint. For sites with complex mixtures of
contaminants without robust ecotoxicity values and high natural vanability in potential
measures for the assessment endpoint, either laboratory or in situ toxicity testing might be the
best technique for evaluating risks to the assessment endpoint. For :norganic substances in
soils or sediments, toxicity testing often is needed to determine the degree to which a
contaminant is bioavailable at a particular site. Laboratory toxicitv tests can indicate the
potential for adverse impacts in the field, while tn situ toxicity tesung with resident organisms
can provide evidence of actual impacts occurming in the field.
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Someumes more than one line of evidence 1s needed to reasonably demonstrate that
contarmunants from a site are likely to cause adverse effects on the assessment endpoint. For
example. total recoverable copper in a surface water body could exceed aquauc ecotoxicity
values. but not cause adverse effects because the copper 1s only parually bioavailable or
because the ecotoxicity value is too conservauve for the particular ecosystem. Additional
evidence from bioassays or community surveys could help resolve whether the copper is
actually having adverse effects (See Example Box 4-1). Alternauvely, if stream community
surveys indicate impairment of commumnty structure downstream of a site, comparing
contamunant concentrations with aquatic toxicity values can help idenufy which contaminants,
if any, are most likely to be causing the effect. When some lines of evidence conflict with
others, professional judgment is needed to deterrune which data should be considered more
reliable or relevant to the quesuons.

EXAMPLE BOX 4-1
Lines of Evidence~-Copper Site

Primary question: Are ambient copper levels in sediments in the pond causing
adverse effects in benthuc organisms’

Possible lines of evidence phrased as test hypotheses:

(1 Does mortality in early life stages of benthic aquatic insects in contact
with sediments from the site significantly exceed (p < 0.05) mortality
in the same kinds of organisms in contact with sediments from a
reference site?

0 2) Does mornality 1n in suu coxicity tests in sediments at the pond
significanty exceed (p < 0 05) mortality in in siru toxicity tests in
sediments at a reference pond?

t3) Are there sigruficanty fewer (p < 0.10) numbers of benthic aquatic
insect species present per m- of sediment at the pond near the seep
than at the opposite side of the pond?

Once there 1s agreement on which lines of evidence are required to answer quesuons

concernung the assessment endpoint, the measurement endpoints by which the questons or
test hypotheses will be tested can be selected.
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Each measurement endpoint

HIGHLIGHT BOX 4-2 should represent the same exposure
Terminology and Definitions pathway and toxic mechanism of action
as the assessment endpoint it
[n the field of ecotoxicology, there represents; otherwise, irrelevant
histoncally have been multiple definitions for exposure pathways or toxic

some terms, including definitions for direct
effects, indirect effects, acute effects, chronic
effects, acute tests, and chronic tests. This
multiplicity of definitions has resulted in
misunderstandings and inaccurate communication
of study designs. Definitions of these and other
terms, as they are used in this document, are

mechanisms might be evaluated. For
example, if a contaminant primarily
causes damage to vertebrate kidneys,
the use of daphnids (which do not have
kidneys) would be inappropriate.

provided in the glossary. When consulting other . Pot;ntial measurement
reference matenials, the user should evaluate how endpoints in toxicity tests or in field
the authors are defining terms. studies should be evaluated according

to how well they can answer questions
about the assessment endpoint or
support or refute the hypotheses
developed for the conceptual model. Stausucal considerations, including sample size and
statistical power described in Section 4.3, also must be considered in selecting the
measurement endpoints. The following subsections describe additional considerations for
selecting measurement endpoints, including species/community/habitat (Section 4.1.1),
relationship to the contaminant(s) of concern (Section 4.1.2), and mechanisms of ecotoxicity
(Section 4.1.3).

4.1.1 Species/Community/Habitat Considerations

The function of a measurement endpoint is to represent an assessment endpoint for the
site. The measurement endpoint must allow clear inferences about potential changes in the
assessment endpoint. Whenever assessment and measurement endpoints are not the same
(which usually is the case), measurement endpoints should be selected to be inclusive of risks
to all of the species, populations, or groups included in the assessment endpoint that are not
directly measured. In other words, the measurement endpoirt should be representative of the
assessment endpoint for the site and not lead to an underestimate of risk to the assessment
endpoint. Example Box 4-2 illustrates this point for the DDT site in Appendix A.

In selecting a measurement endpoint, the species and life stage, population, ot
communuty chosen should be the one(s) most susceptible to the contarmunant for the
assessment endpoint in question. For species and populations, this selection is based on a
review of the species: (1) life history; (2) habitat utilization; (3) behavioral charactenstics;
and (4) physiological parameters. Selection of measurement endpoints also should be based
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EXAMPLE BOX 4-2
Selecting Measurement Endpoints-DDT Site

As described in Example Box 3-1. one of the assessment endpoints selected for the
DDT site 1s the protection of piscivorous birds. The belted kingfisher was selected as a
piscivorous bird with the smallest home range that could uulize the area of the site. thereby
maximuzing the calculated dose to a receptor. In this illustration, the kingfishers are used as the
most highly exposed of the piscivorous birds potenually present. Thus, one can conclude that,
if the nsk assessment shows no threat of eggshell thinning to the kingfisher, there should be
minimal or no threat to other piscivorous birds that might utilize the site. Thus, eggshell
thinning in belted kungfishers is an appropnate measurement endpoint for this site.

on which routes of exposure are likely. For communities, careful evaluation of the
contaminant fate and transport in the environment is essential.

4.1.2 Relationship of the Measurement Endpoints to the Contaminant of
Concern

Additional cntena to consider when selecting measurement endpoints are inherent
properties (such as the physiology or behavioral characteristics of the species) or life history
parameters that make a species useful in evaluating the effects of site-specific contaminants.
For example. Chironomus tentans (a species of midge that is used as a standard sediment
toxicity testing species in the larval stage) is considered more tolerant of metals contamination
than is C. riparius, a similar species (Klemm et al., 1990: Nebeker et al., 1984; Pascoe et al.,
1989). To assess the effects of exposure of benthic communites to metal-contaminated
sediment, C. npanus mught be the better species to use as 2 toxicity test organism for many
aquatic systems to ensure that risks are not underestimated. [n general, the most sensitive of

the measurement endpoints appropnate for infermng nsks to the assessment endpoint should
be used.

Some species have been identified as being particularly sensitive to certain
contarrunants  For example, numerous studies have demonstrated that mink are among the
most sensiuve of the tested mammalian species to the toxic effects of PCBs (U.S. EPA,
1995a). Species that rely on quick reacuons or behavioral responses to avoid predators can
be parucularly sensitve to contaminants affecung the central nervous system, such as
mercury. Thus. the sensitivity of the measurement endpoint relauve to the assessment
endpoint should be considered for each contamunant of concem.
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4.1.3 Mechanisms of Toxicity

A contamunant can exert adverse ecological effects in manv ways. First, a
contarrunant rmmught affect an organism after exposure for a short period of time (acute) or after
exposure over an extended period of ume (chronic). Second. the effect of a contaminant
could be lethal (killing the organism) or sublethal (causing adverse effects other than death,
such as reduced growth. behavioral changes, etc.). Sublethal effects can reduce an organism’s
lifespan or reproductive success. For example. if a contaminant reduces the reaction speed of
a prey species, the prey can become more susceptible to predation. Third, a contamunant
mught act directly or indirectly on an organism. Direct effects inciude lethal or sublethal
effects of the chemical on the organism. Indirect effects occur when the contaminant
damages the food, habitat, predator-prey, or competition of the organism in its community.

Mechanisms of ecotoxicity and exposure pathways have already been considered
during problem formulation and identification of the assessment endpoints. However, toxicity
issues are revisited when selecting appropriate measurement endpoints to ensure that the same
toxic response that is of concern for the assessment endpoint is measured.

4.2 STUDY DESIGN

In Section 4.1, one or more lines of evidence that could be used to answer questions
or to test hypotheses concerning the assessment endpoint(s) were identified. This section
provides recommendations on how to design a field study for: bioaccumulation and field
tissue residue studies (Section 4.2.1); population/community evaluations (Section 4.2.2); and
toxicity testing (Section 4.2.3). A thorough understanding of the strengths and limitations of
these types of field studies is necessary to properly design any investigation.

Tvpically. no one line of evidence can stand on its own. Analyuc chermustry on co-
located samples and other lines of evidence are needed to support a conclusion. When
population/community evaluations are coupled with toxicity tesung and media chemustry, the
procedure often is referred to as a triad approach (Chapman et al., 1992; Long and Chapman,
1985). This method has proven effective in defining the area affected by contaminants in
sediments of several large bays and estuares.

The development of exposure-response relationships is cniucal for evaluating risk
management optons; thus, for all three types of studies, sampling is applied to a
contarunation gradient whzn possible as well as compared to reference data. Reference data
are baseline values or charactenisucs that should be representative of the site in the absence of
contaminants reicased from the site. Reference data might be data collected from the site
before contamunation occurred or new data collected from a reference site. The reference site
can be the least impacted (or unimpacted) area of the Superfund site or a nearby site that is
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ecologically simular. but not affected by the site’s contarrunants. For additional information
on selecung and using reference information in Superfund ecological nsk assessments. see
ECO U'pdate Volume 2. Number 1 (LS. EPA, 1994e).

The following subsections present a starting point for selecting an appropnate study
design for the different types of biological sampling that might apply to the site investigation.

4.2.1 Bioaccumulation and Field Tissue Residue Studies

Bioaccumulation and field ussue residue studies typically are conducted at sites where
contarmunants are hikely to accumulate in food chains. The studies help to evaluate
contarmunant exposure levels associated with measures of effect for assessment endpoint

species.

The degree to which a contaminant is transferred through a food chain can be
evaluated in several ways. The most common type of study reported in the literature is a
contaminant bioaccumulation (uptake) study. As indicated in Section 2.2.1, the most
conservative BCF values identified in the literature almost always are used to esumate
bioaccumulauon 1n a screening-level nsk assessment. Where the potential for overestimating
bicaccumulauon by using conservauve literature values to represent the site is substanual, a
site-specific tissue residue study might be advisable (see Example Box 4-3).

A tissue residue study generally is conducted on organisms that are in the exposure
pathway (i.e., food chain) associated with the assessment endpoint. Data seldom are available

EXAMPLE BOX 4-3
Bioaccumulation-DDT Site

Data from the literature suggest that DDT can bioaccumulate 1n aquatic food
chains as mucnh as six orders of magnitude 10%); however, 1n many systems, the actual
bioaccumulauon of DDT from the environment is substantially lower than 105, Several
factors influence the acrual accumulation of DDT in the environment. Because there 1s
considerable debate over the parameters of proposed theoreucal bioaccumulation
models. it mught be advisable to conduct a site-specific study.

to link ussue residue levels in the sampled orgarusms to adverse effects. Instead, literature
toxicity studies usually are used to associate effects with an administered dose (or data that
can be converted to an admunistered dose) from a laboratory study. Thus, the purpose of a
field ussue residue study usually 1s to measure contaminant concentrations in foods consumed
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by the species associated with the assessment endpoint. This measurement minimizes the
uncertainty associated with estimating a dose (or intake) to that species, particularly in
situations 1n which several media and trophic levels are in the exposure pathway.

The concentration of a contaminant in the primary prey/food also should be linked to
an exposure concentration from a contaminated medium (e.g., soil, sediment, water), because
it is the medium, not the food chain, that will be remediated. Thus, contaminant
concentrations must be measured in environmental media at the same locations at which the
organisms are collected along contaminant gradients and at reference locations. Co-located
samples of the contaminated medium and organisms are needed to establish a correlation
between the tissue residue levels and contamination levels in the medium under evaluation;
these studies are most effective if conducted over a gradient of contaminant concentrations.
In addition, tissue residues from sessile organisms (e.g., rooted plants, clams) are easier to
attribute o specific contaminated areas than are tissue residues from mobile organisms (e.g.,
fish). Example Box 44 illustrates these concepts using the DDT site example in
Appendix A.

EXAMPLE BOX 44
Tissue Residue Studies-DDT Site

In the DDT site example, a forage fish (e.g., creek chub) will be collected at
several iocations with known DDT concentrations in sediments. The forage fish will be
analyzed for body burdens of DDT, and the relationship between the DDT levels in the
sediments and the levels in the forage fish will be established. The forage fish DDT
concentrations can be used to evaluate the DDT threat to piscivorous birds feeding on
the forage fish at each location. Using the DDT concentrations measured in fish that
correspond to a LOAEL and NOAEL for adverse effects in birds, the corresponding
sediment contamination levels can be determined. These sediment DDT levels can then
be used to estimate a cleanup level that would reduce threats of eggshell thinning to

piscivorous birds.

h N R ERMEEE I

Although it might seem obvious, it is important to confirm that the organisms
examined for tissue residue levels are in the exposure pathways of concern established by the
conceptual model. Food items targeted for collection should be those that are likely to
constitute a large portion of the diet of the species of concern (e.g., new growth on maple
trees as a food source for deer, rather than catails) and/or represent pathways of maximum
exposure. If not, erroneous conclusions or study delays and added costs can result. Because
specific organisms often can only be captured in one season, the timing of the study can be
critical, and failure to plan accordingly can result in serious site management difficulties.
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There are numerous factors that must be considered when selecting a species in which
to measure contarmunant residue levels. Several invesugators have discussed the “ideal”
charactenistics of the species to be collected and analyzed. The recommendations by Phillips
(1977. 1978 and Butler (1971) include that the species selected should be:

(1) Able to accumulate the chemical of concern without betng adversely affected
by the levels encountered at the site;

(2) Sedentary (small home range) in order to be representative of the area of
collecuon;
(3) Abundant in the study area: and

(4) Of reasonable size to give adequate tissue for analysis (e.g., 10 grams for
organic analysis and 0.5 gram for metal analysis for many laboratories).

Additional considerations for some situations would be that the species is:
(5 Sufficiently long-lived to allow for sampling more than one age class; and

(6) Easy to sample and hardy enough to survive in the laboratory (allowing for the
organisms to eliminate some contaminants from their bodies prior to analysis, if
desired, and allowing for laboratory studies on the uptake of the contaminant).

[t 1s usually not possible or necessary to find an organism that fulfills all of the above
requirements. The selection of an organism for tissue analysis should balance these
charactenistics with the hypotheses being tested, knowledge of the contaminants’ fate and
transport, and the pracucality of using the parucular species. [n the following sections,
several of the factors menuoned above are descnibed in greater detail.

Ability to accumulate the contaminant. The objectues of a tissue residue study
are (1) to measure bioavailability directly; (2) to provide site-spec:fic estimates of exposure to
higher-trophuc-level organisms: and (3) to relate ussue residue leve.s 10 concentrations in
environmental media (e.g., 1n sotl, sediment, or water). Someumes :hese studies zlso can be
used to link ussue residue levels with observed effects in the organisms sampled. However,
in a "pure” accumulation study, the species selected for collection and tissue analysis should
be ones that can accumulate a contaminant(s) without being adversely affected by the levels
encountered 11 the environment. While 1t 1s difficult to evaluate whether or not a population
in the field is affected by accumulation of a contaminant, it is important to try. Exposure that
results in adverse responses might alter the animal's feeding rates or efficiency, diet, degree
of acuvity, or metabolic rate, and thereby influence the animal's daily intake or accumulation
of the contarmunant and the esumated biocaccumulation factor (BAF). For example, if the rate
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of bioaccumulation of a contaminant in an organism decreases with increasing environmental
concentrations (e.g.. its toxic effects reduce food consumption rates), using a BAF determined
at low environmental concentrations to estumate bioaccumulation at high environmental
concentrations would overestimate risk. Conversely, if bioaccumulation increased with
increasing environmental concentrations (e.g., its toxic effects impair the organisms’ ability to
excrete the contaminant), using a BAF determined at low environmental concentrations would
underestimate risks at higher environmental concentrations.

Consideration of the physiology and biochemistry of the species selected for residue
analysis also is important. Some species can metabolize certain organic contaminant(s) (e.g.,
fish can metabolize PAHs). If several different types of prey are consumed by a species of
concern, it would be more appropriate to analyze prey species that do not metabolize the
contaminant.

Home range. When selecting species for residue analyses, one should be confident
that the contaminant levels found in the organism depend on the contaminant levels in the
environmental media under evaluation. Otherwise, valid conclusions cannot be drawn about
ecological risks posed by contaminants at the site. The home range, particularly the foraging
areas within the home range, and movement patterns of a species are important in making this
determunauon. Organisms do not utilize the environment uniformly. For species that have
large home ranges or are migratory, it can be difficult to evaluate potential exposure to
contarmunants at the site. Attribution of contaminant levels in an organism to contaminant
levels in the surrounding environment is easiest for animals with small home and foraging
ranges and limited movement patterns. Examples of organisms with small home ranges
include young-of-the-year fish, burrowing crustacea (such as fiddler crabs or some crayfish),
and small mammals.

Species also should be selected for residue analysis to maximize the overlap between
the area of contamination and the species’ home range or feeding range. This provides a
conservative evaluation of potential exposure levels. The possibility that a species’ preferred
foraging areas within a home range overlap the areas of maximum contaminauon also should
be considered.

Population size. A species selected for tissue residue analysis should be sufficiently
abundant at the site that adequate numbers (and sizes) of individuals can be collected to
support the tissue mass requirements for chemical analysis and to achieve the sampie size
needed for statistical comparisons. The organisms actually collected should be not only of
the same species, but also of similar age or size to reduce data variability when BCFs are
being evaluated. The practicality of using a particular species 15 evaluated in Step 5.

Size/composites. When selecting species in which to measure tissue residue levels,
it is optimum to have animals large enough for individual chemucal aralysis, without having
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to pool individuals. However. composite samples will be needed if individuals from the
species selected cannot vield sufficient tssue for the required analyucal methods. Linking
contamunant levels 1n organisms to concentrauons in enviror mental media is easier 1f
composites are made up of members of the same species, sex, size, and age, and therefore
exhibit simular accumulauon charactenistics. When deciding whether or not to pool samples,
it is imporant to consider what impact the loss of information on vaniability of contaminant
levels along these dimensions will have on data interpretation. The size. age. and sex of the
species collected should be representauve of the range of prey consumed by the species of
concem.

Summary. Although it can be difficult to meet all of the suggested critena for
selecting a species for Ussue residue studies, an attempt should be made to meet as many
criteria as possible. No formula is available for ranking the factors in order of importance
within a particular site investigation because the ranking depends on the study objecuves.
However, a key criterion is that the organism be sedentary or have a limited home range. It
is difficult to connect site contamination to organisms that migrate over great distances or that
have extremely large home ranges. Further information on factors that can influence
bioaccumulation is available from the literature (e.g., Butler, 1971; Phillips, 1977. 1978, US.
EPA, [9954d).

4.2.2 Population/s/Community Evaluations

Population/community evaluations, or biological field surveys, are potentially useful
for both contarmunants that are toxic to organisms through direct exposure to the contaminated
medium and contarmunants that bioaccumulate in food chains. In either case, careful
consideration must be given to the mechanism of contaminant effects. Since
population/community evaluatons are "impact” evaluations, they tvpically are not predictive.
The release of the contaminant must already have occurred and exerted an effect 1n order for
the populauon/communuty evaluation to be an effective tool for a rnsk assessment.

Populauon and communuty surveys evaluate the current status of an ecosystem, often
using several measures of population or communty structure (e.g.. standing biomass, species
richness) or funcuon (e.g., feeding group analysis). The most commonly used measures
include number of species and abundance of organisms in an ecosystem. It is difficult to
detect changes in top predator populauons affected by bioaccumulation of substances in their
food chain due to the mobility of top predators. In addition, some populations, most notably
insects, can develop a tolerance to contamunants (particularly pesucides); in these cases, a
populauorvecommunity survey would be ineffecuve for evaluaung ewusung impacts. While
populauon community evaluauons can be userul, the nsk assessor should consider the level of
effort required as well as the difficulty 1n accounung for natural vanability.

STEP 4. Page 12



August 21, 1996 DRAFT

A variety of population/community evaluations have been used at Superfund sites.
Benthic macroinvertebrate surveys are the most commonly conducted population/community
evaluauons. There are methods manuals (e.g., U.S. EPA 1989c, 1990a) and publications that
describe the technical procedures for conducting these studies. In certain instances. fish
community evaluations have proven useful at Superfund sites. However, these investigations
typically are more labor-intensive and costly than a comparable macroinvertebrate study. In
addiuon, fish generally are not sensitive measures of the effects of sediment contamination,
because they usually are more mobile than benthic macroinvertebrates. Terrestrial plant
community evaluatons have been used to a limited extent at Superfund sites. For those
surveys, it 1s important to include information about historical land use and physical habitat
disruption in the uncertainty analysis.

Additional information on designing field studies and on field study methods can be
fouqd in ECO Update Volume 2, Number 3 (U.S. EPA, 19944d).

Although population- and community-level studies can be valuable, several factors can
confound the interpretation of the results. For example, many fish and small mammal
populations normally cycle in relation to population density, food availability, and other
factors. Vole populations have been known to reach thousands of individuals per acre and
then to decline to as low as tens of individuals per acre the following years without an
identifiable external stressor (Geller, 1979). It is important that the "noise of the system"” be
evaluated so that the impacts attributed to chemical contamination at the site are not actually
the result of different, "natural” factors. Populations located relatively close to each other can
be affected independently: one might undergo a crash, while another is peaking. Physical
characteristics of a site can isolate populations so that one population level is not a good
indicator of another; for example, a paved highway can be as effective a barrier as a river,
and populations on either side can fluctuate independently. Failure to evaluate these issues
can result in erroneous conclusions. The level of effort required to resolve some of these
issues can make population/community evaluations impractical in some circumstances.

4.2.3 Toxicity Testing

The bioavailability and toxicity of site contaminants can be tested directly with
toxicity tests. As with other methods, it is critical that the media tested are in exposure
pathways relevant to the assessment endpoint. [f the site conceptual model involves exposure
of benthic invertebrates to contaminated sediments. then a solid-phase toxicity test using
contaminated sediments (as opposed to a water-column exposure test) and an infaunal species
would be appropriate. As indicated earlier, the species tested and the responses measured
must be compauble with the mechanism of toxicity. Some common site contaminants are not
toxic to most organisms at the same environmental concentrations that threaten top predators
because the contaminant biomagnifies in food chains (e.g., PCBs); toxicity tests using
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contarmunated media from the site would not be appropnate for evaluating this type of
ecological threat.

There are numerous U.S. EPA methods manuals and ASTM guides and procedures for
conducting toxicity tests (see references in the Bibliography). While documented methods
exist for a wide variety of toxicity tests, particularly laboratory tests, the risk assessor must
evaluate what a particular toxicity test measures and, just as importantly, what it does not
measure. Questons to consider when selecting an appropriate toxicity test include:

(1) What is the mechanism of toxicity of the contamuinant(s)?

(2) What contaminated media are being evaluated (water, soil, sediment)?

(3) What toxicity test species are available to test the media being evaluated?

(4) What life stage of the species should be tested?

(5 What should the duration of the toxicity test be?

(6) Should the test organisms be fed dunng the test?

(N What endpoints should be measured?

There are a limited number of toxicity tests that are readily available for testing
environmental media. Many of the aquatic toxicity tests were developed for the regulation of
aqueous discharges to surface waters. These tests are useful, but one must consider the
original purpose of the test

New toxicity tests are being developed continually and can be of value in designing a
site ecological nsk assessment. However, when non-standard tests are used, complete
documentauon of the specific test procedures is necessary to support use of the data.

In siru toxucity tests involve placing organisms in locations that might be aifected by
site contarmmunants and in reference locauons. Non-nauve species should not be used, because
of the nsk of their release into the environment in which they could adversely affect (e.g.,
prey on or outcompete) resident species. [n siu tests might provide more realistic evidence
of exisung adverse effects than laboratory toxicity tests; however, the investigator has little
control over many environmental parameters and the experimental organisms can be lost to

adverse weather or other events (e.g., human interference) at the site or reference location.

For addiuonal informauon on using toxicity tests in ecological risk assessments, see
ECO Update Volume 2, Numbers | and 2 (US. EPA, 1994b.¢).
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4.3 DATA QUALITY OBJECTIVES AND STATISTICAL CONSIDERATIONS

The SAP indicates the number and location of samples to be taken, the number of
replicates for each sampling location, and the method for determuning sampling locations. In
making these decisions. the investigator needs to consider, among other things, the DQOs and
staustical methods that will be used to analyze the data.

4.3.1 Data Quality Objectives

The DQO process represents a series of planning steps that can be employed
throughout the development of the WP and SAP to ensure that the type, quantity, and quality
of environmental data to be collected during the ecological investigation are adequate to
support the intended application. Problem formulation in Steps 3 and 4 is essentially the
DQO process. By employing problem formulation and the DQO process, the investigator is
able to define data requirements and error levels that are acceptable for the investigation prior
to the collection of data. This approach helps ensure that results are appropriate and
defensible for decision making. The specific goals of the general DQO process are to:

. Clarify the study objective and define the most appropriate types of data to
collect;

. Determine the most appropriate field conditions under which to collect the data;
and

. Specify acceptable levels of decision errors that will be used as the basis for
establishing the quantity and quality of data needed to support nsk management
decisions.

As the discussion of Steps 3 and 4 indicates, these goals are subsumed in the problem
formulation phase of an ecological risk assessment. Several U.S. EPA publications provide
detailed descriptions of the DQO process (U.S. EPA, 1993¢,d.f, 1994f). Because many of the
steps of the DQO process are already covered during problem formulation, the DQO process
should be reviewed by the investigator and applied as needed.

4.3.2 Statistical Considerations

Sampling locations can be selected "randomly” to charactenze an area or non-
randomly, as along a contaminant concentration gradient. The way in which sampling
locations are selected determines which statisucal tests, if any, are appropnate for evaluating

test hypotheses.

STEP 4, Page 15



August 21, 1996 DRAFT

For toxucity tests that use a small number of test and control organisms or for which
the toxic response in highly vaniable, the response rate of test animals often must be relatively
high (e.g.. 30 to 50 percent) for the response to be considered a LOAEL (i.e.. statstically
different than control levels). If a LOAEL based on a 30 to 50 percent effect level is
unacceptable fe.g.. a population 1s unlikely to sustain itself with an addiuonal 30 to 50
percent mortality). then the power of the study design must be increased, usually by .
increasing sample size, but sometimes by taking full advantage of all available information to
improve the power of the design (e.g., straufied sampling, special tests for wrends, etc.). A
limitation on the use of toxicity values from the literature is that often. the invesugator does
not discuss the staustical power of the study design, and hence does not indicate the
minimum statistically detectable effect level. Appendix D describes addiuonal staustical
considerations, including a description of Type [ and Type II error, statisucal power,
statisucal models, and power efficiency.

4.4 CONTENTS OF WORK PLAN AND SAMPLING AND ANALYSIS PLAN

The WP and SAP for the ecological investgation should be developed as part of the
initial RI sampling event if possible. If not, the WP and SAP can be developed as an
additional phase of the site invesugation. In either case, the format of the WP and SAP
should be simular to that descnibed by U.S. EPA (1988a, 1989b). Accordingly. these
documents should be consulted when developing the ecological investigation WP and SAP.

The WP and SAP are typically written as separate documents. When developed as
separate documents, the WP can be submitted to the risk manager for review prior to the
development of the SAP and any differences in approach can be resolved prior to the
development of the SAP  For some smaller sites, however, it might be more practical to
combine the WP and SAP into a single document. If the WP and SAP are combined. the
investigators should discuss the overall objecuves and approach of the WP/SAP document
with the risk manager prior to its development to ensure agreement from all parties about the
approach being taken for the invesugauon.

The WP and SAP are briefly descnbed in Sections 4.4.1 and 4.4.2, respectively. A

plan for tesung the SAP before the site WP and SAP are signed and the investigation begins
is descnbed in Secuon 4.4.3,

4.4.1 Work Plan

Th.c purpose of the WP is to document the decisions and evaiuations made dunng
problem formulauon and to idenufy additional investigative tasks needed to complete the

evaluauon of nsks to ecological resources. As presented in U.S. EPA (1988a), the WP
generally includes the following:
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. A general overview and background of the site including the site's physical
setting, ecology, and previous uses:;

. A summary and analysis of previous site investigations and conclusions;

. A site conceptual model, including an identification of the potential exposure
pathways selected for analysis, the assessment endpoints and questions or
testable hypotheses, and the measurement endpoints selected for analysis:

. The identification of additional site investigations needed to conduct the
ecological risk assessment; and

. A description of assumptions used and the major sources of uncertainty in the
site conceptual model and existing information.

The general scope of the additional sampling activities also is presented in the WP. A
detailed description of the additional sampling activities is presented in the SAP along with an
anticipated schedule of the site acuvities.

4.4.2 Sampling and Analysis Plan

The SAP typically consists of two components: a field sampling plan (FSP) and a
quality assurance project plan (QAPP). The FSP provides guidance for all field work by
providing a detailed description of the sampling and data-gathering procedures to be used for
the project. Meanwhile, the QAPP provides a description of the steps required to achieve the
objectives dictated by the intended use of the data.

Field sampling plan. The FSP provides a detailed description of the samples
needed to meet the objectives and scope of the investigation outlined in the WP. The FSP for
the ecological assessment should be detailed enough that a sampling team unfamiliar with the
site would be able to gather all the samples and/or required field data based on the guidelines
presented in the document. The FSP for the ecological investigation should include a
description of the following elements:

. Sampling type and objectives.

. Sampling location, timing, and frequency;
. Sample designation;
. Sampling equipment and procedures; and

. Sample handling and analysis.

A detailed description of these elements for chemical analyses is provided in Appendix B of
U.S. EPA (1988a). Similar specifications should be developed for the biological sampling.
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Quality assurance project plan. The objective of the quality assurance project
plan (QAPPY 15 10 provide a description of the policy, organizauon. functional acuvities, and
quality control protocols necessary for achieving the study objecuves. Highlight Box 4-3

presents the elements typically contained 1n a QAPP.

L.S. EPA has prepared guidance on |

the contents of a QAPP (U.S. EPA, 19874, HIGHLIGHT BOX 4-3
1988a. 1989a). Formal quality assurance Elements of a QAPP
and quality control (QA/QC) procedures

exist for some types of ecological (,” Project descniption
assessments, for example, for laboratory (2) Dcsxgnauor; ?f QA/QC
toxicily tests on aquatic species. For responsiorlities

standardized laboratory tests, there are (3)  Stansucal tests and data quality
objectives

fomﬂ QA/QC proc;durcs that specify (1) (4) Sample collection and chain of
sampling and handling of hazardous wastes; custody

(2) sources and culturing of test organisms; (S) Sample aﬁajysis

(3) use of reference toxicants, controls, and (6) System controls and preventive
exposure replicates; (4) instrument Mmaintenance

calibration: (5) record keeping; and (6) data (7) Record keeping

evaluation. For other types of ecological (8) Audits

assessments, however, QA/QC procedures (9) Correcuve actions

are less well defined (e.g., for biosurveys of (10)  Quality control reports

vegetation, terrestnal vertebrates). BTAG
members can provide-input on appropriate
QA/QC procedures based on their experience with Superfund sites.

4.4.3 Field Verification of Sampling Plan and Contingency Plans

For biological sampling, uncontrolled vanables can influence the availability of species
to be sampled. the efficiency of different types of sampling techniques, and the level of effort
required to actueve the sample sizes specified in the SAP. As a consequence, the nisk
assessor should develop a plan to test the sampling design before the WP and SAP are signed
and the site invesugaton begins. Otherwise, field sampling dunng the site invesugation could
faii to meet the DQOs specified in the SAP. and the study cou'd 71! 10 meer its objecuves.
Step 5 provides a description of the field venficauon process.

To the extent that potenual field problems can be anucipated. contingency plans also
should be specified in the SAP  An example of a contingency plan 1s provided: in Step 5
(Exampie Box 3-1)
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4.5 SCIENTIFIC/MANAGEMENT DECISION POINT (SMDP)

The completion of the ecological risk assessment WP and SAP should coincide with
an SMDP  Within thus SMDP, the ecological nisk assessor and the ecological risk manager
agree on: (1) selection of measurement endpoints; (2) selection of specific investigation
methodology: and (3) selection of data reduction and interpretation methods. The WP or SAP
also should specify how inferences will be drawn from the measurement to the assessment
endpoints.

46 SUMMARY

At the conclusion of Step 4, there will be an agreement on the contents of the WP and
SAP. As noted carlier, these plans can be parts of a larger WP and SAP that are developed
to meet other remedial investigation needs, or they can be separate documents. When
possible, any field sampling efforts for the ecological risk assessment should overlap with
other site data collection efforts to reduce sampling costs and to prevent redundant sampling.

The WP and/or the SAP should specify the methods by which the collected data will

be analyzed. The plan(s) should include all food-chain-exposure-model parameters, data
reduction techniques, data interpretation methods, and statistical analyses.
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STEP 5: FIELD VERIFICATION OF SAMPLING DESIGN

OVERVIEW

Before the WP and SAP is signed, it is important to verify that the field
sampling plan as specified in the WP and SAP is appropriate and implementable at
the site. During the field verification of the sampling plan, the testable hypotheses,
exposure pathway models, and measurement endpoints are evaluated for their

appropriateness and implementability. The assessment endpoint(s). however, should
not be under evaluation in this step; the appropriateness of the assessment endpoint
should have been resolved in Step 3. If the assessment endpoint is changed at this
step. the risk assessor must return to Step 3, because the entire process leading to the
actual site investigation in Step 6 assumes the selection of the correct assessment
endpoints.

5.1 PURPOSE

The primary purpose of field verificaton of the sampling plan is to ensure that the
samples specified by the SAP actually can be collected. A species that will be associated
with a measurement endpoint and/or exposure point concentration should have been observed
at the preliminary site characterization or noted during previous site visits. During this step,
previously obtained information should be verified and the feasibility of sampling will need to
be checked bv a site visit. Preliminary sampling will determine if the targeted species is
present and—equally important—collectable in sufficient numbers or total biomass to meet
data quality objectives. This preliminary field assessment also allows for final confirmation
of the habrtats that exist on or near the site. Habitat maps are venfied a final time, and
interpretations of aerial photographs can be checked.

Final decisions on reference areas also should be made in this step. The reference
areas should be chosen to isolate a particular variable at the site (e.g., chemucal
contamunation, rock cobble stream). Parameters to be evaluated for simulanty inciude, but are
not limuted to: slope. habitat, species potenually present, soil and sediment charactensucs,
and for surface waters, flow rates, substrate type, water depth, temperature, turbidity, oxygen
levels, water hardness, pH, and other standard water quality parameters. If several on-site
habitats or habitat variables are being investigated, then several reference areas could be
required. Reference areas should be as free of site-related contaminants as practical.
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5.2 DETERMINING SAMPLING FEASIBILITY

When sampling biota. it 1s difficult to predict what level of effort will be necessary to
obtain an adequate number of individuals of the required size. Some prelimmunary field
measurements often can help determine adequate sampling efforts to attain the sample sizes
specified in the SAP for staustical analyses. The WP and SAP should be signed and the site
investigation should be implemented immediately after venficanon of the sampling design to
limit effects of uncontrolled field vanables. For example, evaluauon of current small
mammal population density mught indicate to the investigator that 400 trap-nights instead of
SO are necessary to collect the required number of small mammals in the specified time. If
there is a ume lag between the field sampling verification and the actual site investigation, it
could be necessary to reverify the field sampling to determine if conditons have changed.

Sampling methods for abiotic media also should be tested. There is a wide variety of
sampling devices and methods, and it is important to use the most appropriate, as the
following examples illustrate:

. When sampling a stream’s surface water, if the stream is only three inches
deep. collecting the water directly into 32-ounce bottles would not be practical.

. Sampling the substrate in a sweam might be desirable, but if the substrate is
bedrock, it might not be feasible or the intent of the sampling design.

An exposure-response relationship between contamination and biota response is a key
component of establishing causality dunng the analysis phase of the baseline nisk assessment
(Step 6). If extent-ofcontamination sampling is conducted in phases, abiotic exposure media
and biotic samples must be collected simultaneously because the interactions (both temporal
and spatial) between the matrix to be remediated and the biota are crucial to the development
of a field exposure-response relauonship. Failure to collect one sample properly or to
coordinate samples temporally can significantly impact the interpretauon of the data.

These and other problems associated with the practical :mplementation of sampling
should be resolved pnor to finalizing the SAP to the extent pracucable. Assessing the
feasibility of the sampling plan before the site investigation begins saves costs in the long
term because it muumzes the chances of failing to meet data quality objectives during the
sile invesugauon.

Sampling locauons need to be checked to make sure that they are appropnately
descnbed and placed within the context of the sampling plan. Directions for a sediment
sample “to be taken 5 feet from the north side of stream A," could cause confusion if the
stream 1s only 4 feet wide, or if the sampler doesn't know if the sample should be taken in
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the stream. or 5 feet away from the edge of the sweam. All samples should be checked
against the intended use of the data to be obtained.

Contamunant mugraton pathways might have changed, either due to natural causes
(e.g., storms) or during site remediation activities (e.g., erosion channels might have been
filled or dug up to prevent further migration of contaminants). Channels of small or large
streams, brooks, or nivers might have moved; sites might have been flooded. All of the
assumptions of the mugration and exposure pathways need to be verified prior to the full site
investigauon. If a contaminant gradient is necessary for the sampling plan, it is important to
verify that the gradient exists and that the range of contaminant concentrations is appropriate.
A gradient of contamination that causes no impacts at the highest concentration measured has
as little value as a gradient that kills everything at the lowest concentration measured; in
either case, the gradient would not provide useful exposure-response information. A gradient
vcrit_'xcar.ion requires chemical sampling, but field screening-level analyses might be effective.

All pathways for the migration of contaminants off site should be evaluated, such as
windblown dust, surface water runoff, and erosion. Along these pathways, a gradient of
decreasing contamination with increasing distance from the site might exist. Site-specific
ecological evaluations and risk assessments can be more useful to risk managers if gradients
of contamunauon can be located and evaluated.

Example Boxes 5-1 and 5-2 describe the field verification of the sampling plan for the
copper and DDT sites illustrated in Appendix A. Note that the scope of the field verification
differs for the copper and DDT sites. For the DDT site, a modificauon to the study design
was necessary. For both sites, the issues were resolved and a sign-off was obtained at the
SMDP for this step.

Any change in measurement endpoints will require that exposure pathways to the new
measurement endpoint be checked. The new measurement endpoint must fit into the
established conceptual model. Changes to measurement endpoints might require revision of
the conceptual model and agreement to the changes at the SMDP [t 1s highly desirable that
the agreed-upon conceptual model should be modified and approved by the same basic group
of individuals who developed it.

5.3 SCIENTIFIC/MANAGEMENT DECISION POINT (SMDP)

The SMDP for the field verification of the sampling plan is the signing of the
finalized WP and SAP. Any changes to the invesugation proposed wn Step 4 must be made in
consultation with the risk manager and the risk assessors. The risk manager must understand
what changes have been made and why, and must ensure that the nsk management decisions
can be made from the information that the new study design can provide. The risk assessors
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EXAMPLE BOX 5-1
Field Verification of Sampling Plan-Copper Site

Copper was released from a seep area of a landfill adjacent to a small pond: the
release and resulting elevated copper levels in the pond are of concem. The problem
formulation and conceptual model stated that the assessment endpoint was the maintenance
of a typical pond community for the area. inciuding the benthic invertebrates and fish.
Toxicity testing was selected to evaluate the potenual toxicity of copper to aquauc
organisms. Three toxicity tests were selected: a 10-day solid-phase sediment toxicity test
(with the amphipod Hyalella azreca), and two water column tests (i.e., the 7-day growth
test with the green alga Selenastrum capricornutum and the fathead minnow, Pimephales
promelas, 7-day larval growth test). The study design specified that sediment and water
for the toxicity tests would be collected at the leachate seeps known to be at the pond
edge. and at three additional equidistant locations transecting the pond (including the point
of maximum pond depth). The pond contains water year-round; however, the seep flow
depends on rainfall. Therefore, it is only necessary to venify that the leachate seep will be
active at the ume of sampling.

must be involved to ensure that the assessment endpoints and testable hypotheses are still
being addressed.

In the worst cases, changes in the measurement endpoints could be necessary, with
corresponding changes to the nsk hypotheses and sampling design. Any new measurement
endpoints must be evaluated according to their uulity for inferring changes in the assessment
endpoints and their compaubility with the site conceptual mode! (from Steps 3 and 4). Loss
of the relauonship between measurement endpoints and the assessment endpoints, the
quesuons or lestable hypothesis, and the site conceptual model will result in a failure to meet
study objectives.

Despite one’s best efforts to conduct a sound site assessment. unexpected
curcumstances mught sull make it necessary for changes of the sampling design to be adopted
in the eld dunng the site investigaton stage. [n these instances. the changes should be

wnrten and iruualled by those agreeing to the change in consultation with the risk assessor
and nsk manager.

Once the finalized WP and SAP are approved and signed. Step 6 should begin.
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EXAMPLE BOX 5-2
Field Verification of Sampling Plan-DDT Site

For the stream DDT site, the assessment endpoint was protection of piscivorous birds
from adverse reproductve effects. The conceptual model included the exposure pathway of
sediment to forage fish to the kingfisher. The measurement endpoint selected was tissue residue
levels in creek chub, which could be associated with contaminant levels in sediments. Existing
information on the stream contamination indicates that a gradient of contamination exists and
that five specific sampling locations should be sufficient to characterize the gradient to the point
where concentrations are unlikely to have adverse effects. The study design specified that
10 creek chub of the same size and sex be collected at each location. Each chub should be
approximately 20 grams, so that minimum sample mass requirements could be met without
relying on the use of composite samples for analysis. In addition, QA/QC protocol requires that
10 more fish be collected at one of the locations.

In this example, a site assessment is necessary to verify that a sufficient number of
creek chub of the specified size are present to meet the sampling requirements. Stream
conditions must be evaluated to determine what fish sampling technique will work at the
targeted locations. A field assessment was conducted, and several fish collection techniques
were used in order to determine which was the most effective for the site. Collected creek chub
and other fish were examined to determine the size range available and whether the sex of the
individuals could be determined.

The site assessment indicated that the creek chub might not be present in sufficient
numbers to provide the necessary biomass for chemical analyses. Based upon these findings, a
contingency plan was agreed to, which stated that both the creek chub and the longnosed dace
{Rhinichthys cataractae) would be collected. If the creek chub were collected at all locations in
sufficient numbers, then these samples would be analyzed and the dace would be released. If
sufficient creek chub could not be collected but sufficient longnosed dace could. the longnosed
dace would be analyzed and the creek chub released. If neither species could be collected at all
locations in sufficient numbers, then a mix of the two species would be used; however, for any
given sampling location only one species would be used to make the sample. [n addition, at
one location, which preferably had high DDT levels in the sediment. sufficient numbers (20
grams) of both species would be collected to allow companson (and calibration) of the
accumulation between the two species.

—

54 SUMMARY

In summary, field verification of the sampling plan is very important to ensunng that
the data quality objectives of the site investigation can be met. This step verifies that the
selected assessment endpoints, testable hypotheses, exposure pathway model, measurement
endpoints, and study design from Steps 3 and 4 are appropriate and implementable at the site.
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By venfying the field sampling plan pnor to conducting the full site investigation, well-
considered alterauons can be made to the study design and/or implementauon if necessary.
These changes will ensure that the ecological nisk assessment meets the study objectives.
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STEP 6: SITE INVESTIGATION AND ANALYSIS PHASE

OVERVIEW

Information collected during the site investigation is used in the analysis phase
of the baseline ecological risk assessment to characterize exposures and ecological
effects. The site investigation includes all of the field sampling and surveys that are
conducted as part of the ecological risk assessment. The site investigation and
analysis of exposure and effects should be.straightforward, following the work plan

(WP) and sampling and analysis plan (SAP) developed in Step 4 and tested in Step 5.

Exposure characterization relies heavily on data from the site investigation and
can involve fate and transport modeling. Much of the information for characterizing
potential ecological effects was gathered from the literature review during problem
formulation, but the site investigation might provide evidence of existing ecological
impacts and additional exposure-response informaton.

6.1 INTRODUCTION

The site investigation (Section 6.2) and analysis phase (Section 6.3) of the ecological
risk assessment should be straightforward. In Step 4, all issues related to the study design,
sample collection, data quality objectives, and procedures for data reduction and interpretation
should have been identified and resolved. However, as described in Step 5, there are
circumstances that can arise during a site investigation that could require modifications to the
original study design. If any unforeseen events do require a change to the WP or SAP, all
changes must be agreed upon at the SMDP (Section 6.4). The resuits of Step 6 are used to
charactenize ecological risks in Step 7.

6.2 SITE INVESTIGATION

The WP for the site investigation is based on the site conceptual model and should
specify the assessment endpoints, questions, and testable hypotheses. The SAP for the site
investigation should specify the relationship between measurement and assessment endpoints,
the necessary number, volume, and types of samples to be collected, and the sampling
techniques to be used. The SAP also should specify the data reduction and interpretation
techniques and the DQOs. The feasibility of the sampling design was tested in Step 5.
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Therefore. the site investigation should be a direct implementation of the previously designed
study.

During the site investigaton, it i1s important to adhere to the DQOs and to any
requirements for co-located sampling. Failure to collect one sample properly or to coordinate
samples temporally can significantly affect interpretation of the data. Changing field
conditions (Section 6.2.1) and new information on the nature and extent of contarmunation

(Section 6.2.2) can require a change in the SAP

6.2.1 Changing Field Conditions

In instances where unexpected conditions arise in the field that make the collection of
specified samples impractical or not ideal, the ecological risk assessor should reevaluate the
feasibility of the sampling design as described in Step 5. Field efforts should not necessarily
be halted, but decisions to change sampling procedures or design must be agreed to by the
site manager and risk assessor or project-delegated equivalents.

Field modifications to study designs are not uncommon during field investigations.
When the WP and SAP provide a precise conceptual model and study design with specified
data analyses, informed modifications to the SAP can be made to comply with the objectives
of the study. As indicated in Step 4, contingency plans can be included in the original SAP
in anticipation of situations that might arise during the site investigation (see Example Box
6-1).

EXAMPLE BOX 6-1
Fish Sampling Contingency Plan-DDT Site

At the DDT site where creek chub are to be collected for DDT tissue residue analyses.
a conungency plan for the site invesugauon was developed. An alternate species, the longnosed
dace, was specified with the expectauon that, at one or all locations, the creek chub rmught be
absent at the ume of the site investigauon (see also Example Box 4-4). These contingencies are
prudent even when the venfication of the field sampling design descnbed in Step 5 indicates that
the samples are obtainable.

6.2.2 Unexpected Nature or Extent of Contamination
It 1s not uncommon for an imtial sampling phase of the RI to reveal that

contarmunauon at levels of concern extend beyond areas initially established for characterizing
contamination and ecological effects at the site or that contaminant gradients are much steeper
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than anticipated. If this contingency changes the opportunity for evaluating biological effects
along a contamination gradient. the ecological risk assessor and risk manager need to
determune whether additional sampling (e.g.. further downstream from the site) is needed.
Thus. 1t is important for the ecological risk assessor to track information on the nature and
extent of contarmunation as RI sampling is conducted.

On occasion, new contaminants are identified during an RI. In this case, the risk
assessors and site manager will need to return to Step | to screen the new contaminants for
ecological risk.

Immediate analysis of the data for each type of sampling and communication between
the risk assessors and risk managers can help ensure that the site investigation is adequate to
achieve the study goals and objectives when field modifications are necessary. If a change to
the WP or SAP is needed, the risk assessor and risk manager must agree on all changes (the
SMDP in Section 6.4).

6.3 ANALYSIS OF ECOLOGICAL EXPOSURES AND EFFECTS

The analysis phase of the ecological risk assessment consists of the technical
evaluation of data on existing and potential exposures (Section 6.3.1) and ecological effects
(Section 6.3.2) at the site. The-analysis is based on the information collected during Steps 1
through 5 and often includes additional assumptions or models to interpret the data in the
context of the site conceptual model. As illustrated in Exhibit 6-1, analysis of exposure and
effects is performed interactively, with the analysis of one informing the analysis of the other.
This step follows the data interpretation and analysis methods specified in the WP and SAP,
and therefore should be a straightforward process.

In the analysis phase, the site-specific data obtained dunng the site investigauon
replace many of the assumptions that were made for the screening-level analysis in Steps 1
and 2. For the exposure and ecological effects characterizations, the uncertainties ass~iated
with the field measurements and with assumptions where site-specific data are not available
must be documented.

6.3.1 Characterizing Exposures

Exposure can be expressed as the co-occurrence or contact of the stressor with the
ecological components, both in time and space (U.S. EPA, 1992a). Thus, both the stressor
and the ecosystem must be characterized on similar temporal and spaual scales. The result of
the exposure analysis is an exposure profile which quantifies the magnitude and spatial and
temporal patterns of exposure as they relate to the assessment endpoints and questions
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EXHIBIT 6-1
Analysis Phase

[ || PRosLEM ForMuLATION

,” PROBLEM FORMULATION \\\

Characterizstion of Exposure Characterization of Ecological Effects S
®
>

: 3

Stressor Ecosystem r
Charscterization: | o, | Characterization; Evaluation @
p———— of Relevant =

Distribution o et Blotic @  Eiects Oata 5

Pattern of Change Abiotic 2

<

\ / ! \ 2
! 8

Exposure Ecological Iy
Anatysis I Response '5'-
[ Anatysis | 3

-}

Y | [ 3

1 2

Exposure Stressor-Responss Q
Profile | Profile %
o

! 5

| Q

RISK CHARACTERIZATION

STEP 6, Page 4



August 21, 1996

DRAFT

dcveloged_ during problem formulation. The exposure profile and a description of associated
uncertainties and assumptions serve as input to the risk characterization in Step 7.

Stressor characterization invoives determining the stressor’s distribution and pattern of
change. The analytic approach for characterizing ecological exposures should have been
established in the WP and SAP on the basis of the site conceptual model. For chemical
stressors at Superfund sites, usually a combination of fate and transport modeling and
sampling data from the site are used to predict the current and likely future nature and extent
of contamination at a site. A variety of modeling approaches are available for estimating
chemical fate and transport, and bioaccumulation; however, a description of the approaches
and their relative strengths and weaknesses is beyond the scope of this guidance. Additional

information on this topic can be found in
multiple governmental and academic
sources; however, these are areas of active
research and require consultation with the
BTAG to identify the most up-to-date
approaches.

When characterizing exposures, the
ecological context of the site established
during problem formulation is analyzed
further, both to understand potential effects
of the ecosystem on fate and transport of
chemicals in the environment and to
evaluate site-specific characteristics of
species or communities of concern. Any
site-specific information that can be used to
replace assumptions based on information
from the literature or from other sites 1s
incorporated into the descripuon of the
ecological components of the site.
Remaining assumptions and uncertainties in

HIGHLIGHT BOX 6-1
Uncertainty in Exposure Models

The "accuracy” of an exposure
model depends on the accuracy of the input
parameter values and the validity of the
model’s structure (i.e., the degree to which it
represents the actual relationships among
parameters at the site). Field measurements
related- to model outputs or intermediate
model results can be used to help calibrate
and validate an exposure model for a
particular site. Such field measurements
should be specified in the WP and SAP.
For example, studies of tissue residue levels
often are used to calibrate exposure and
food-chain models.

the exposure model (Highlight Box 6-1) should be documented.

6.3.2 Characterizing Ecological Effects

At this point, all evidence for existing and potential adverse effects on the assessment
endpoints is analyzed. The information from the literature review on ecological effects is
integrated with any evidence of existing impacts based on the site investigation. The methods
for analyzing site-specific data should have been specified in the WP and SAP, and thus
should be straightforward. Both exposure-response information and evidence that site
contaminants are causing or can cause adverse effects are evaluated.
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Exposure-response analysis. The exposure-response analysis for a Superfund site
descnbes the relationshup between the magnitude. frequency, or duratuon of a contaminant
stressor 1n an experimental or observational seting and the magnitude of response. In this
phase of the analysis. measurement endpoints are related to the assessment endpoints using
the logical structure provided by the conceptual model. Any extrapolations that are required
to relate measurement to assessment endpoints (e.g., between species, between response
levels. from laboratory to field) are explained. Finally, an exposure-response relationship is
described to the extent possible (e.g., by a regression equation), including the confidence
limuts (quantitauve or qualitative) associated with the relationship.

Under some circumstances, site-specific exposure-response information can be
obtained by evaluaung exisung ecological impacts along a contamination gradient at the site.
Various staustical regression techniques can be used to identify or describe the relationship
between exposure and response from the field data. In these cases, the potential for
confounding stressors that might correlate with the contamination gradient should be
considered (e.g.. decreasing water temperature downstream of a site; reduced soil erosion
further from a site).

An exposure-response analysis is of particular importance to risk managers who must
balance human health and ecological concerns against the feasibility and effectiveness of
remedial opuons. An exposure-response function can help a risk manager to specify the
trade-off between the degree of cleanup and likely benefits of the cleanup and to balance
ecological and financial costs and benefits of different remedial options, as discussed in
Step 8.

When exposure-response data are not available or cannot be developed, a threshold for
adverse effects can be developed instead. as in Step 2. For the baseline risk assessment,
however. site-specific information should be used instead of conservative assumptions
whenever possible.

Evidence of causality. At Superfund sites, it is important to evaluate the strength
of the causal associauon between site-related contaminants and effects on the measurement
and assessment endpoumnts. Demonstraung a correlation between a contaminant gradient and
ecological impacts at a site is a key component of establishing causality, but other evidence
can be used in the absence of such a demonstrauon. Moreover, an exposure-response
correlauon at a site 1s not sufficient to demonstrate causality, but requires one or more types
of supporting evidence and analysis of potential confounding factors. Hill's (1965) criteria
for evaluaung causal associations are outlined 1n the Framework (U.S. EPA., 1992a).
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6.4  SCIENTIFIC/MANAGEMENT DECISION POINT (SMDP)

An SMDP during the site investigation and analysis phase is needed only if alterations
to the WP or SAP become necessary. In the worst cases, changes in measurement endpoints
could be required, with corresponding changes to the testable hypotheses and sampling
design. Any new measurement endpoints must be evaluated according to their utility for
inferring changes in the assessment endpoints and their compatibility with the site conceptual
model; otherwise, the study could fail to meet its objectives.

Proposed changes to the SAP must be made in consultation with the risk manager and
the nsk assessor. The risk manager must understand what changes have been made and why,
and must ensure that the risk management decisions can be made from the information that
the new study design can provide. The risk assessor must be involved to ensure that the
assessment endpoints and study questions or testable hypotheses are still being addressed.

6.5 SUMMARY

The site investigation step of the ecological nisk assessment should be a
straightforward implementation of the study designed in Step 4. In instances where
unexpected conditions arise in the field that indicate a need to change the study design, the
ecological risk assessor should reevaluate the feasibility or adequacy of the sampling design.
Any proposed changes to the WP or SAP must be agreed upon by both the risk assessor and
the risk manager.

The analysis phase of the ecological risk assessment consists of the technical
evaluation of data on existing and potential exposures and ecological effects and is based on
the information collected during Steps | through 6. Analysis of exposure and effects is
performed interactively, and follows the data interpretation and analysis methods specified in
the WP and SAP Site-specific data obtained during Step 6 replaces many of the assumptions
that were made for the screening-level analysis in Steps | and 2. Evidence of an exposure-
response relationship between contamination and ecological responses at a site helps to
establish causality. The results of Step 6 are used to charactenize ecological risks in Step 7.
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STEP 7: RISK CHARACTERIZATION

OVERVIEW

In risk charactenzation, data on exposure and effects are integrated into a
statement about risk to the assessment endpoints established during problem
formulation. A weight-of-evidence approach is used to interpret the implications

of different studies or tests for the assessment endpoints. In a well-designed
study, data analysis should be straightforward, because the procedures. were
established in the WP and SAP. The risk characterization section of the baseline
ecological nisk assessment should include a qualitative and quantitative
presentation of the risk results and associated uncertainties.

7.1 INTRODUCTION

Risk characterization is the final phase of the risk assessment process and includes two
major components: rsk estimation and risk description (U.S. EPA, 1992a; Exhibit 7-1). Risk
estimation consists of integrating the exposure profiles with the exposure-effects information
(Section 7.2) and summarizing the associated uncertainties (Section 7.3). The risk description
provides information important for interpreting the risk results and. in the Superfund Program,
identifies a threshold for adverse effects on the assessment
endpoints (Section 7.4).

It is U.S. EPA policy that risk charactenization should be consistent with the values of
"transparency, clarity, consistency, and reasonableness” (U.S. EPA, 1995f). "Well-balanced
risk characterizations present risk conclusions and information regarding the strengths and
limitations of the assessment for other risk assessors, EPA decision-makers, and the public”
(U.S. EPA, 1995f). Thus, the documentation of risks shouid be easy to follow and to
understand, with all assumpuons, defauits, uncertainties, professional judgments, and any
other inputs to the risk estimate clearly identified and easy to find.

7.2 RISK ESTIMATION
Documentation of the risk estimates should describe how inferences are made from the

measurement endpoints to the assessment endpoints established in problem formulation. As
stated earlier, it is not the purpose of this document to provide a detailed guidance on the
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selection and utilization of risk models. The risk assessor should have developed and the risk
manager should have agreed upon the model used to characterize risk. its assumptions,
uncertainues. and interpretaton in Steps 3 through 5. This agreement is specified in the site
WP and SAP and is the purpose of thé SMDPs 1n Steps 3 through S.

Unless the site investigation during Step 6 discovers new information, the risk
assessment should move smoothly through the risk characterization phase, because the
analysis procedures were specified in the WP and SAP. While it might be informative to
investigate a data set for trends, outliers, or other statistical indicators, these investigations
should be secondary to the data interpretations specified in the SAP Unless a data
interpretation process is specified in the SAP and followed during nisk characterization,
biased, seriously conflicting, or superfluous conclusions might be obtained. Those outcomes
can divert or confound the risk characterization process.

For ecological risk assessments that entail more than one type of study (or line of
evidence), a strength-of-evidence approach is used to integrate different types of data to
support a conclusion. The data might include toxicity test results, assessments of existing
impacts at a site, or risk calculations comparing exposures estimated for the site with toxicity
values from the literature. Balancing and interpreting the different types of data can be a
major task and require professional judgment. As indicated above, the strength of evidence
provided by different types of tests and the precedence that one type of study might have over
another should already have been established during Step 4. Taking this approach will ensure
that data interpretation is objective and not biased to support a preconceived answer.
Additional strength-of-evidence considerations at this stage include the degree to which DQOs
were met and whether confounding factors became evident in the site investigation and
analysis phase.

For some biological tests (e.g., toxicity tests, benthic macroinvertebrate studies), all or
some of the data interpretation process is outlined in existing documents, such as in toxicity
testing manuals. However, in most cases, it will be necessary for the SAP to provide details
on how the data are to be interpreted for a site. The data interpretation methods also should
be presented in the risk characterization documentation. For example, if the tnad approach
was used to evaluate contaminated sediments, the risk estimation section should describe how
the three types of studies (i.e., toxicity test, benthic invertebrate survey, and sediment
chemistry) are integrated to draw conclusions about risk.

Where exposure-response functions are not available or developed, the quotient
method of comparing an estimated exposure concentration to a threshold for response can be
used, as in Step 2. Whenever possible, however, presentation of full exposure-response
functions provides the risk manager with more information on which to base site decisions.
This guidance has recommended the use of on-site contamination gradients to demonstrate on-
site exposure-response functions. Where such data have been collected, they should be
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oresented along with the nisk esumates. Hazard indices, the results of in situ toxicity testing,
or community survey data can be mapped along with analytc chemustry data to provide a
clear picture of the relationshup between areas of contarmunation and effects.

7.3 RISK DESCRIPTION

A key to risk descripton for Superfund sites is documentation of environmental
contarmunation levels that bound the threshold for adverse effects on the assessment endpoints
(Secuon 7.3.1). The nsk description also provides informauon to help the nsk manager judge
the ecological signuficance of the estimated nisks (Section 7.3.2).

7.3.1 Threshold for Effects on Assessment Endpoints

Key outputs of the risk characterization step are contaminant concentrations in each
environmental medium that bound the threshold for estimated adverse ecological effects based
on the uncentainty inherent in the data and models used. The lower bound of the threshold
would be based on consistent conservauve assumptions and NOAEL toxicity values. The
upper bound would be based on observed impacts or predicuons that ecological impacts could
be occurming. This upper bound would be developed using consistent assumptions, site-
specific data, LOAEL toxicity values, or an impact evaluation.

The approach to estimating environmental contaminant concentrations that represent
thresholds for adverse ecological effects should have been specified in the study design.
When higher-trophic-level organisms are associated with assessment endpoints, the study
design should have descnbed how monitoring data and contarminant transfer models would be
used to back-alculate an environmental concentration represenung a threshold for effect. If
the site investigation demonstrated a gradient of ecological effects along a contamination
gradient, the nsk assessor can 1dentify and document the levels of contamination below which
no further improvements in the measurement (or assessment) endpoints are discernable. If
departures from the original analysis plan are necessary based on information obtained during
the site investigauon or data analysis phase, the reasons for change should be documented.

When assessment endpoints include populations of animals that can travel moderate
distances, different ways of presenung a threshold for adverse effects are possible. Various
combinauons of level of contamination and areal extent of contamuination relative to the
foraging range of the animals can result in simular contaminant intake levels by the animals.
In this case. a pownt of departure for idenufying a threshold for effect would be to identify
that level of contamunation, which if uniformly distnbuted both at the site and beyond, would
not pose a threat. The assumption of uniform contamination has been used to back-calculate
water quality critena to protect piscivorous wildlife n the Great Lakes (U.S. EPA, 1995a).
Again, use of this approach should have been specified in the study design.
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7.3.2 Additional Risk Information

[n addition to developing numencal esumates of exisung impacts, risks, and thresholds
for effect, the nsk assessor should put the estimates in context with a description of their
extent, magnitude, and potential ecological significance. Additional ecological risk
descriptors are listed below:

. The location and areal extent of existing contamination above a threshold for
adverse effects;

. The degree to which the threshold for contamination is exceeded or is likely to
be exceeded in the future, particularly if exposure-response functions are
available; and

. The expected "half-life" (qualitative or quantitative) of contaminants in the
environment (e.g., sediments, food chain) once the sources of contamination are
removed.

To interpret the information-in light of remedial options, the risk manager might need to
solicit input from specific experts.

7.4 UNCERTAINTY ANALYSIS

There are several sources of uncertainties associated with Superfund risk estimates.
One is the initial selection of substances of concern based on the sampling data and available
toxicity information. Other sources of uncertainty include estimates of toxicity to ecological
receptors at the site based on limited data from the laboratory (usually on other species), data
from other ecosystems, or data from the site over a limited period of ume. Additional
uncertainties result from the exposure assessment, as a consequence in the uncertainty in
chemical monitoring data and models used to estimate exposure concentrations or doses.
Finally, further uncertainties are included in risk estimates when simultaneous exposures to
multiple substances occurs.

Uncertainty should be distinguished from variability, which arises from true
heterogeneity or variation in characteristics of the environment and receptors. Uncertainty, on
the other hand, represents lack of knowledge about certain factors which can be reduced by
addiuonal study.

This secton briefly notes several categories of uncertainty (Section 7.4.1) and
techniques for tracking uncertainty through a risk assessment (Section 7.4.2). Additional
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guidance on discussing uncertainty and variability in rnisk characterization is provided in U.S.
EPA's (1992f) Guidance on Risk Characterizanon for Risk Managers and Risk Assessors.

7.4.1 Categories of Uncertainty

There are three basic categories of uncertainties that apply to Superfund site risk
assessments: (1) conceptual model uncertainues; (2) natural vanauon and parameter error; and
(3) model error. Each of these 1s descnibed below.

There will be uncertainties associated with the conceptual model used as the basis to
investigate the site. The initial charactenzauon of the ecological problems at a Superfund
site, likely exposure pathways, chemicals of concern, and exposed ecological components,
requires professional judgments and assumptions. To the extent possible, the risk assessor
should describe what judgments and assumptions were included m the conceptual model that
formed the basis of the WP and SAP.

Parameter values (e.g., water concentrations, tissue residue levels, food ingestion rates)
usually can be characterized as a distnibution of values, described by central tendencies.
ranges, and percentiles, among other descriptors. When evaluating uncertainty in parameter
values, 1t 1s important to distinguish uncertainty from variability. Ecosystems include highly
variable abiotic (e.g., weather, soils) and biotic (e.g., population density) components. If all
instances of a parameter (e.g., the weight of all members of a popuiation) could be sampled,
the “true” parameter value distnibution could be described. For realistic sampling efforts,
however, only a fraction of the instances (e.g., a few of the members of the population) can
be sampled, leaving uncertainty concerning the true parameter value distribution. The risk
assessor should provide either quantitative or qualitative descriptions of uncertainties in
parameter value distnbutions.

Finally, there 1s uncertainty associated with how well a model (e.g., fate and transport
model) approximates true relationships between site-specific environmental conditions.
Models available at present tend to be fairly simple and at best, only partially validated with

field tests. As a consequence, it is important to identify key model assumptions and their
potential impacts on the nsk esumates.

7.4.2 Tracking Uncertainties

[n general, there are two approaches (o tracking uncertainties through a risk
assessment: (1) using various point estimates of exposure and response to develop one or
more point esumates of nsk (e.g., central tendency and high end); and (2) conducting a
Monte Carlo simulauon to predict a full distribuuon of risks based on a distribution of
exposures and exposure-response information.
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' Although Monte Carlo approaches to tracking uncertainty have become widely used in
nsk assessment in recent years, the potential pitfalls of such an approach must be appreciated.
[t is critical that parameters that covary are not modeled as though they are independent of
one another. A variety of techniques can be used to establish a covariance in a Monte Carlo
simulation, depending on the software being used. However, if data to describe the
distribution of nput parameters are limited, the level of confidence in the output distnbution
is similarly low. Finally, combining both uncertainty (e.g., no site-specific information on
what an animal eats, many non-detects in the chemuical analyses) and natural variability (e.g.,
in body weight, measured contaminant levels) to run a single Monte Carlo is not particularly
helpful. It is more appropriate to evaluate natural variability within a single simulation and to
evaluate uncertainty using a sensitivity analysis.

7.5 SUMMARY

Risk characterization integrates the results of the exposure profile and exposure-
response analyses, and is the final phase of the risk assessment process. It consists of risk
estimation and risk description, which together provide information to help judge the
ecological significance of risk estimates in the absence of remedial activities. The risk
description also identified a threshold for effects on the assessment endpoint as a range
between contamination levels identified as posing no ecological risk and the lowest
contamination levels identified as likely to produce adverse ecological effects. To ensure that
the risk characterization is transparent, clear, and reasonable, information regarding the
strengths and limitations of the assessment must be identified and described.
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STEP 8. RISK MANAGEMENT

OVERVIEW

Risk management at a Superfund site is the responsibility of the site risk
manager, who must balance nisk reductions associated with cleanup of
contaminants with potential impacts of the remedial actions themselves. In Step

7. the risk assessor identified a threshold for effects on the assessment endpoint as
a range between contamination levels identified as posing no ecological risk and
the lowest contamination levels identified as likely to produce adverse ecological
effects. In Step 8, the risk manager evaluates several factors in deciding whether
or not to clean up to within that range.

8.1 INTRODUCTION

Risk management is a distinctly different process from nsk assessment (NRC, 1983,
1994; U.S. EPA, 1984b, 1995f). The risk assessment establishes that a risk is present and
defines a range or magnitude of the risk. In risk management, the results of the risk
assessment are integrated with other considerations to make and justify risk management
decisions. Additional risk management considerations can include the implications of existing
background levels of contamination, available technologies, tradeoffs between human and
ecological concerns, and costs of alternative actions, to decide what actions to take.

8.2 ECOLOGICAL RISK MANAGEMENT IN SUPERFUND

According to section 300.40 of the NCP, the purpose of the remedy selection process
is to eliminate, reduce, or control risks to human health and the environment. The NCP
indicates further that the resuits of the baseline risk assessment will help to establish
acceptable exposure levels for use in developing remedial alternauves in the feasibility study
(FS). Based on the criteria for selecting the preferred remedy and. using information from the
human health and ecological risk assessments and the evaluation of remedial opuons in the
feasibility study (FS), the risk manager then selects a preferred remedy.

The risk manager must consider several types of informaton in addition to the
baseline ecological risk assessment when evaluating remedial opuons (Section 8.2.1). Of
particular concemn for ecological risk management at Superfund sites is the potential for
remedial actions themselves to cause adverse ecological impacts (Section 8.2.2). There also
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exists the opportunity to monutor ecological components of the site to gauge the effectiveness
(or impacts) of the selected remedy (Secuon 8.2.3).

8.2.1 Other Risk Management Considerations
The baseline ecological risk assessment 1s not the only set of informauor that the risk

manager must consider when evaluating remedial options duning the FS phase of the
Superfund process. The NCP specifies that each remedial alternauve should be evaluated

according to the following cnitena:

(1) Overall protection of human health and the environment,

(2)  Compliance with applicable or relevant and appropriate requirements (ARARs)
(unless waiver applicable);

(3) Long-term effectiveness and permanence;

(4) Reduction of toxicity, mobulity. or volume of hazardous wastes through the use
of uweatment;

(5) Short-term effecuveness;

(6) {mplementabulity;

(7) Cost,
(8) State acceptance: and
‘91 Community acceptance.

Addiuonal factors that the site risk manager takes into consideration include existing
background levels (see U.S. EPA, 1994g); current and likely future land uses (see U.S. EPA,

1995¢). current and likely future resource uses in the area; and local, regional, and national
ecological sigmicance of the site.

Considerauon of the ecological impacts of remedial opuons and residual risks

associated with leaving contamunants in place are very important considerations. These
consideraucns are described in the next secuon (8.2.2),
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8.2.2 Ecological Impacts of Remedial Options

Management of ecological risks must take into account the potential for impacts to the
ecological assessment endpoints from implementation of various remedial options. The risk
manager must balance: (1) residual risks posed by site contaminants before and/or after
implementation of the selected remedy with (2) the potential impacts of the selected remedy
on the environment independent of contaminant effects. The selection of a remedial
alternative could require tradeoffs between long-term and short-term risk.

The ecological risks posed by the "no action” alternative are the risks estimated by the
baseline ecological risk assessment. For all other remedial options, there might be some
ecological impact associated with the remedy. This impact could be anything from a short-
term loss to complete and permanent loss of the present habitat and ecological communities.
In instances where substantial ecological impacts will result from the remedy (e.g., dredging a
wetland), the risk manager will need to consider ways to mitigate the impacts of the remedy
and compare the mitigated impacts to the threats posed by the site contamination.

During the FS, the boundaries of potential risk under the no-action alternative (i.e.,
baseline conditions) can be compared with the evaluation of potential impacts of the remedial
options to help justify the preferred remedy. As indicated above, the preferred remedy should
minimize the risk of long-term impacts that could result from the remedy and any residual
contamination. When the selected remedial option leaves some site contaminants presumed to
pose an ecological risk in place, the justification for the selected remedy must be clearly
documented.

In short, consideration of the environmental effects of the remedy itself might result in
a decision to allow contaminants to remain on site at levels higher than the threshold for
effects on the assessment endpoint. Thus, selection of the most appropriate ecologically-
based remedy can result in residual contaminant levels and ecological impacts for which the
PRPs remain responsible.

8.2.3 Monitoring

Ecological risk assessment is a relatively new field with limited data available to
validate or calibrate its predictions. At sites where remedial actions are taken to reduce
ecological impacts and risks, the results of the remediation efforts shouid be compared with
the predictions made during the ecological risk assessment.

While it often is difficult to demonstrate the effectiveness of remedial acuons in
reducing human health risks, it often is possible to demonstrate the cffectiveness of
remediations to reduce ecological risks, particularly if a several-year monitoring program is
established. The site conceptual model provides the conceptual basis for monitoring options,

STEP 8, Page 3



August 21, 1996 DRAFT

and the site investigauon should have indicated which options mught be most practical for the
site. Monitoring also is important to assess the effectiveness of a no-action alternative. For
example. momitonng sediment contamination and benthic communiues at intervals following
removal of a contarminant source allows one to test predictions of the potenual for the

ecosystem (0 recover naturally over ume.

8.3 SCIENTIFIC/MANAGEMENT DECISION POINT (SMDP)

The risk management decision is finalized in the Record of Decision (ROD). The
decision should mirumize the risk of long-term impacts that could result from the remedy and
any residual contamination. When the selected remedy leaves residual contarmunation at levels
higher than the upper-bound estimate of the threshold for adverse effects on the assessment
endpoint, the risk manager should justufy the decision.

8.4 SUMMARY

Risk management decisions are the responsibility of the site manager (the nsk
manager), not the nsk assessor. The nsk manager should have been involved in the risk
assessment from the beginning; knowing the opuons available for reducing risks, the nisk
manager can help to frame questions during the problem formulation phase of the risk
assessment.

The nsk manager must understand the nsk assessment, including its uncertainties,
assumpuons, and level of resolution of the assessment. With an understanding of potential
adverse effects posed by residual levels of site contaminants and posed by the remedial
acuons themselves, the nsk manager can balance the ecological costs and benefits of the
available remedial opuions. Understanding the uncertainties associated with the risk
assessment also 1s cnucal to evaluaung the overall protectiveness of any remedy.
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GLOSSARY

This glossary includes definitions from several sources. A superscript number next to
a word identifies the reference from which the definition was adapted (listed at the end of the
Glos<ary).

Ablqtlc. Charactenized by absence of life; abiotic materials include non-living environmental
media (e.g., water, soils, sediments); abiotic characteristics include such factors as light,
temperature, pH. humudity, and other physical and chemical influences.

Absorption Efficiency. A measure of the proportion of a substance that a living organism
absorbs across exchange boundaries (e.g., gastrointestinal tract).

Absorbed Dose.> The amount of a substance penetrating the exchange boundaries of an
organism after contact. Absorbed dose for the inhalation and ingestion routes of exposure is
calculated from the intake and the absorption efficiency. Absorbed dose for dermal contact
depends on the surface area exposed and absorption efficiency.

Accuracy.* The degree to which a measurement reflects the true value of a variable.

Acute.’ Having a sudden onset or lasting a short time. An acute stimulus is severe enough

to induce a response rapidly. The word acute can be used to define cither the exposure or the
response to an exposure (effect). The duration of an acute aquatic toxicity test is generally 4
days or less and mortality is the response usually measured.

Acute Response. The response of (effect on) an organisms which has a rapid onset. A
commonly measured rapid-onset response in toxicity tests is mortality

Acute Tests. A toxicity test of short duration, typically 4 days or less (i.e., of short duration
r;lative to the lifespan of the test organism).

Administered Dose.> The mass of a substance given to an organusm and in contact with an
exchange boundary (i.e., gastrointestinal tract) per unit body weight (BW) per unit ume (e.g.,
mg/kgBW/day).

Adsorption.14 Surface retention of molecules, atoms, or ions by a solid or liquid, as opposed
to absorpuon. which is penetration of substances into the bulk of a solid or liquid.

Area Use Factor. The ratio of an organism's home range, breeding range, or
feeding/foraging range to the area of contamination of the site under investigation.
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Assessment Endpoint6 An explicit expression of the environmental value that is to be

protected.

Benthic Community. The community of organisms dwelling at the bottom of a pond, river,
lake, or ocean.

Bioaccumulation.® General term describing a process by which chemicals are taken up by an
organism either directly from exposure to a contaminated medium or by consumption of food

containing the chemucal.

Bioccumulation Factor > The ratio of the concentration of a contaminant in an organism to
the concentrauon in the ambient environment at steady state.

Bioassay.® Test used to evaluate the relative potency of a chemical by comparing its effect
on living organisms with the effect of a standard preparation on the same type of organism.
Bioassay and toxicity tests are not the same—see toxicity test.

Bioassessment. A general term referring to environmental evaluations involving living
organisms; can include bioassays, community analyses, etc.

Bioavailability.* The degree to which a matenal in environmental media can be assimilated
by an orgamism.
Bioconcentration® A process by which there 1s a net accumulation of a chemical directly
from an exposure medium into an organism.

Biodegrade.15 Decompose into more elementary compounds by the action of living
organisms, usually referning to microorganisms such as bacteria.

N . . < - . .
Biomagnification.© Result of the process of bioaccumulation and biotransfer by which tissue
concentrations of chermicals in organisms at one trophic level exceed tissue concentrations in
organisms at the next lower wophic level in a food chain.

. 21 : . .
Bicmarker.-" Biochemical, physiological, and histological changes in organisms that can be
used to esumate either exposure to chemucals or the effects of exposure to chemucals.

o s ) . .. . .
Biomonitoring.” Use of living organisms as "sensors” in environmental quality surveillance

to detect changes in environmental conditions that might threaten living organisms in the
environment.

Body Burden. The concentration or total amount of a substance in a living organism,;
umplies accumulauon of a substance above background levels in exposed organisms.
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Breeding Range. The area utilized by an organism during the reproductive phase of its life
cycle and during the time that young are reared.

. 3 ) .
Bulk Sediment.” Field collected sediments used to conduct toxicity tests: can contain
multiple contaminants and/or unknown concentrations of contaminants.

Characterization of Ecological Effects.® A portion of the analysis phase of ecological risk
assessment that evaluates the ability of a stressor to cause adverse effects under a particular
set of circumstances.

Characterization of Exposure.® A portion of the analysis phase of ecological risk

assessment that evaluates the interaction of the stressor with one or more ecological
components. Exposure can be expressed as co-occurrence, or contact depending on the
stressor and ecological component involved.

Chemicals of Potential Concern.> Chemicals that are potentially site-related and whose data
are of sufficient quality for use in a quantitative risk assessment.

Chronic.’ Involving a stimulus that is lingering or continues for a long time; often signifies
periods from several weeks to years, depending on the reproducuve life cycle of the species.
Can be used to define either the exposure or the response to an exposure (effect). Chronic
exposures typically induce a biological response of relauvely slow progress and long duration.

Chronic Response. The response of (or effect on) an organism to a chemical that 1s not
immediately or directly lethal to the organism.

Chronic Tests.® A toxicity test used to study the effects of continuous, long-term exposure
of a chermucal or other potentially toxic matenal on an organism.

Community.® An assemblage of populations of different species within a specified location
and time.

Complexation.'* Formation of a group of compounds in which a part of the molecular
bonding between compounds is of the coordinate type.

Concentration. The relative amount of a substance in an environmental medium, expressed
by relative mass (e.g., mg/kg), volume (ml/L), or number of units (e.g., parts per million).

Concentration-Response Curve.’ A curve descnibing the relatonship between exposure
concentration and percent of the test populauon responding.
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Conceptual Model.® Describes a series of working hypotheses of how the stressor might
affect ecological components. Descrnibes ecosystem or ecosystem components potentially at
risk. and the relauonships between measurement and assessment endpoints and exposure

scenarios.

Contaminant of (Ecological) Concern. A substance detected at a hazardous waste site that
has the potenual to affect ecological receptors adversely due to 1ts concentrauon, distnibution,

and mode of toxicity.

Control.®> A ueatment 1n a toxicity test that duplicates all the conditions of the exposure
treatments but contains no test material. The control is used to determune the response rate
expected in the test organisms in the absence of the test material.

Correlation.! An estimate of the degree to which two sets of variables vary together, with
no distinction between dependent and independent variables.

Critical Exposure Pathway. An exposure pathway which either provides the highest
exposure levels or is the primary pathway of exposure to an identified receptor of concern.

14

Degradation.’” Conversion of an organic compound to one containing a smaller number of

carbon atoms.

14

Deposition.'® The lying, placing, or throwing down of any matenal.

Depumu'on.5 A process that results in elimination of toxic substances from an organism.

Depuration Rate. The rate at which a substance is depurated from an organism.

Dietary Accumulation.’

ingestion in the diet.

The net accumulation of a substance by an organism as a resuit of

Direct Effect (toxin) ® An effect where the suessor itself acts direcdy on the ecological

component of interest. not through other components of the ecosystem.

Dose '! A measure of exposure. Examples include (1) the amount of a chemical ingested,
(2) the amount of a chemical absorbed, and (3) the product of ambient exposure concentration
and the durauon of exposure.

Dose-Response Curve® Sumlar to concentrauon-response curve except that the dose (i.e. the

quanuty) of the chemical administered to the organism is known. The curve is plotted as
Dose versus Response.
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Duplicate.® A sample taken from and representative of the same population as another

sample. Both samples are carried through the steps of samplirg, storage, and analysis in an
idenucal manner.

Ecological Component.® Any part of an ecosystem, including individuals, populations,
communities. and the ecosystem itself.

Ecological Risk Assessment.® The process that evaluates the likelthood that adverse
ecological effects may occur or are occurring as a resalt of exposure 10 one or more stressors.

Ecosystem.” The biotic community and abiotic environment within a specified location and
time.

Ecotoxicity.!! The study of toxic effects on nonhuman organisms, populations, or
communities.

Estimated or Expected Environmental Concentration.> The concentration of a material
esumated as being likely to occur in environmental media to which organisms are exposed.

Exposure.6 Co-occurrence of or contact between a stressor and an ecological component.

The contact reaction between a chemical and a biological system. or organism.

Exposure Assessment.? The determination or estimation (qualitative or quantitative) of the
magnitude, frequency, duration, and route of exposure.

Exposure Pathway.2 The course a chemical or physical agent takes from a source to an
exposed organism. Each exposure pathway incudes a source or release from a source, an
exposure point, and an exposure route. If the exposure point differs from the source,
transport/exposure media (i.e., air, water) also are included.

Exposure Pathway Model. A model in which potential pathways of exposure are identified
for the selected receptor species.

Exposure Point.> A location of potential contact between an organism and a chemical or
physical agent.

Exposure Point Concentration. The concentration of a contamunant occurring at an
exposure point.

Exposure Profile.® The product of characterizing exposure in the analysis phase of

ecological risk assessment. The exposure profile summarizes the magnitude and spatial and
temporal patterns of exposure for the scenarios described in the conceptual model.
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Exposure Route.~ The way a chemical or physical agent comes in contact with an organism
(i.e.. bv ingesuon. nhalation. or dermal contact).

Exposure Scenario.® A set of assumpuons concerning how an exposure takes place,
including assumpuons about the exposure setung, sgessor charactenisucs, and acuvities of an

organism that can lead to exposure.

False Negative. The conclusion that an event (¢.g., response to a chemucal) 1s negauve when
it 1s 1n fact posiuve.

False Positive. The conclusion that an event 1s positive when 1t is in fact negauve.

Fate.’ Disposition of a material in various environmental comparunents (e.g. soil or
sediment, .water, air, biota) as a result of transport, transformation, and degradation.

Food-Chain Transfer. A process by which substances in the tissues of lower-trophic-level
organisms are transferred to the higher-trophic-level organisms that feed on them.

Forage (feeding) Area. The .rea uulized by an organism for hunung or gathering food.

Habitat.' Place where a plant or animal lives, often characterized by a dominant plant form
and physical characteristcs.

Hazard. The likelihood that a substance will cause an injury or adverse effect under
specified conditions.

Hazard Identification.? The process of determining whether exposure to a stressor can
cause an increase in the incidence of a particular adverse effect, and whether an adverse
effect 1s likely to occur.

Hazard Quotient.2 The ratio of an exposure level to a substance (0 a toxicity value selected
for the nsk assessment for that substance (¢.g.. LOAEL or NOAEL).

Home Rango:12 The area to which an animal confines its activites.

Hydrophilic.* Denoung the property of attracung or associating with water molecules;
charactensuc of polar or charged molecules.

Hydrophobic.'* With regard to a molecule or side group, tending (o dissolve readily in

organic solvents, but not in water, resisung wetung, not containing polar groups or sub-
groups.
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. 2 .
Hypothesis.'> A proposition set forth as an explanation for a specified phenomenon or group
of phenomena.

. 6 ,
Indirect Effec;. An effect where the stressor acts on supporting components of the
ecosystem, which in turn have an effect on the ecological component of interest.

lngestio.n Ratg. The rate at which an organism consumes food, water, or other materials
(e.g.. s‘oﬂ. sediment). Ingestion rate usually is expressed in terms of unit of mass or volume
per unit of ume (e.g.. kg/day, L/day).

. . 14 . ) .
Ionization.”™ The process by which a neutral atom loses or gains electrons, thereby acquiring
a net charge and becoming an ion.

Letl.ml.5 Causing death by direct action.

Lipid.!> One of a variety of organic substances that are insoluble in polar solvents, such as
water, but that dissolve readily in non-polar organic solvents. Includes fats, oils, waxes,
steroids. phospholipids, and carotenes.

Lowest-Observable-Adverse-Effect Level (LOAEL). The lowest leve] of a stressor
evaluated in a toxicity test or biological field survey that has a statistically significant adverse
effect on the exposed organisms compared with unexposed organusms in a control or
reference site.

Matrix.'*  The substance in which an analyte is embedded or contained; the properties of a
matrix depend on its constituents and form.

Measurement Endpoint.6 A measurable ecological characteristic that is related to the valued
characterisuc chosen as the assessment endpoint. Measurement endpoints often are expressed
as the statistical or arithmetic summares of the observations that make up the measurement.
As used in this guidance document, measurement endpoints can include measures of effect
and measures of exposure.

Media !’ Specific environmental compartments—air, water, soil—which are the subject of
regulatory concern and activites.

Median Effective Concentration (EC50).° The concentration of a substance to which test
organisms are exposed that is estimated to be effective in producing some sublethal response
in 50 percent of the test population. The ECS50 usually is expressed as a time-dependent
value (e.g., 24-hour EC50). The sublethal response elicited from the test organisms as a
result of exposure must be clearly defined.
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Median Lethal Concentration (LCSO).5 A statistucally or graphically esumated
concentration that is expected to be lethal to 50 percent of a group of organisms under

specified condiuons.

Metric '® Relaung to measurement; a type of measurement—for example a measurement of
one of various components of community structure (e.g., species nchness, % sumlarity).

Mortality. Death rate or proporuon of deaths in a populauon.

No-Observed-Adverse-Effect Level (NOAEL).5 The highest level of a stressor evaluated in
a toxicity test or biological field survey that causes no staustically significant difference in
effect compared with the controls or a reference site.

Nonparametric.” Statistical methods that make no assumptions regarding the distribution of
the data.

Parameter.'® Constants applied to a model that are obtained by theoretical calculation or
measurements taken at another time and/or place, and are assumed to be appropriate for the
place and ume being studied.

Parametric.!® Staustical methods used when the distribution of the data is known.

l"opulation.6

and ume.

An aggregate of individuals of a species within a specified location in space

Power.'0 The power of a statistical test indicates the probability of rejecting the null
hypothesis when 1t should be rejected (i.e.. the null hypothesis 1s false). Can be considered
the sensiivity of a staustcal test. (See also Appendix D.)

Precipitation.'* [n analytic chemistry, the process of producing a separable solid phase
within a liquid medium.

Precision. '’ A measure of the closeness of agreement among :ndividual measurements.
Reference Site.!' A relatively uncontaminated site used for comparison to contamunated sites

in environmental monitoring studies, often incorrectly referred (o as a control.
Regression Analysis.'© Analysis of the functional relatioaship between two variables; the

independent vanable 1s descnibed on the X aus and the dependent vanable is described on the
Y axus (1.e, the change 1n Y is a funcuon of a change in X).
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Rep!icate. Duplicate analysis of an individual sample. Replicate analyses are used for
qualitv control.

Representative Samples. '8 Serving as a typical or characteristic sample: should provide
analygcal results that correspond with actual environmental quality or the condition
expenenced by the contaminant receptor.

Risk.> The expected frequency or probability of undesirable effects resulting from exposure
to known or expected stressors.

Risk Characterization.® A phase of ecological risk assessment that integrates the results of
the exposure and ecological effects analyses to evaluate the likelihood of adverse ecological
effects associated with exposure to the stressor. The ecological significance of the adverse
effects is discussed, including consideration of the types and magnitudes of the effects, their
spatial and temporal patterns, and the likelihood of recovery.

Sample.'* Fraction of a material tested or analyzed; a selection or collection from a larger
collection.

Scientific’Management Decision Point (SMDP). A point during the risk assessment process
when the risk assessor communicates results of the assessment at that stage to a risk manager.
At this point the risk manager determines whether the information is sufficient to armve at a
decision regarding risk management strategies and/or the need for additional information to
characterize nisk.

Sediment.?’ Particulate material lying below water.

Sensitive Life Stage. The life stage (i.e., juvenile, adult, etc.) that exhibits the highest degree
of sensitivity (i.e., effects are evident at a lower exposure concentration) to a contaminant in
toxicity tests.

Speci«@s.13 A group of organisms that actually or potentially interbreed and are reproductively
isolated from all other such groups; a taxonomic grouping of morphologically similar
individuals; the category below genus.

Statistic.'® A computed or estimated statistical quantity such as the mean, the standard
deviauon, or the correlation coefficient.

Stressor.® Any physical, chemical, or biological entity that can induce an adverse response.
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Sublethal.5 Below the concentration that directly causes death. Exposure to sublethal
concentrations of a substance can produce less obvious effects on behavior. biochemical
and/or physiological functions. and the structure of cells and ussues in orgamsms.

Threshold Concentratiou.5 A concentrauon above which some effect (or response) will be

produced and below whuch it will not.

Toxicity Assessment. Review of literature, results in toxicity tests, and data from field
surveys regarding the toxicity of any given material to an appropnate receptor.

Toxicity Test.> The means by which the toxicity of a chemical or other test matenal is
determined. A toxicity test is used to measure the degree of response produced by exposure
to a specific level of stimulus (or concentration of chemical).

Toxicity Value.” A numerical expression of a substance’s exposure-response relationship that
is used in nsk assessments.

Toxin. A poisonous substance.

Trophic Level.® A functional classification of taxa within a community that is based on
feeding relatonships (e.g., aquatic and terrestnal plants make up the first trophic level, and
herbivores make up the second).

Type I Error.'? Rejecuon of a true null hypothesis (see also Appendix D).
Type II Error.'° Acceptance of a false null hypothesis (see also Appendix D).
Uptake.5 A process by which matenals are transferred into or onto an organism.

Uncertainty. ' Imperfect knowicuge concernung the present or rucure state of the system
under considerauon. a component of nsk resulung from imperfect knowledge of the degree of
bazard or of 1ts spaual and temporal distribuuon.

Volatilization.'* The conversion of a chemucal substance from a liquid or solid state to a
gaseous vapor state.

Xenobiotic. A chemical or other stressor that does not occur naturally in the environment.

Xenobioucs occur as a resuit of anthropogenic acuvities such as the application of pesucides
and the discharge of industnal chemucals to aur, land, or water.
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APPENDIX A

EXAMPLE ECOLOGICAL RISK ASSESSMENTS
FOR HYPOTHETICAL SITES



INTRODUCTION

Appendix A provides examples of Steps | through 5 of the ecological risk assessment
process for three hypothetical sites:

(1) A former municipal landfill from which copper is leaching into a large pond
down-gradient of the site (the copper site);

(2) A former chemical production facility that spilled DDT, which has been
transported into a nearby stream by surface water runoff (the DDT site); and

(3) A former waste-oil recycling facility that disposed of PCBs in a lagoon from
which extensive soil contamination has resulted (the PCB site).

These examples are intended to illustrate key points in Steps | through 5 of the ecological
risk assessment process. No actual site is the basis for the examples.

The examples stop with Step 5 because the remaining steps (6 through 8) of the
ecological risk assessment process and the risk management decisions depend on site-specific
data collected during a site investigation. We have not attempted to develop hypothetical data
for analysis or the full range of information that a site risk manager would consider when
evaluating remedial opuons.
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EXAMPLE 1: COPPER SITE

STEP 1: SCREENING-LEVEL PROBLEM FORMULATION AND ECOLOGICAL
EFFECTS EVALUATION

Site history. This is a former municipal landfill located in an upland area of the
mid-Atlantic plain. Residential, commercial, and industrial refuse was disposed of at this site
in the 1960s and 1970s. Large amounts of copper wire also were disposed at this site over
several years. Currently, minimal cover has been placed over the fill and planted with
grasses. Terrestrial ecosystems in the vicinity of the landfill include upland forest and
successional fields. Nearby land uses include agriculture and residential and commercial uses.
The landfill cover has deteriorated in several locations. Leachate seeps have been noted on
the slope of the landfill, and several seeps discharge to a five-acre pond down-gradient of the
site.

Site visit. A preliminary site visit was conducted and the ecological checklist was
completed. The checklist indicated that the pond has an organic substrate; emergent
vegetation, including cattail and Phragmites. occurs along the shore near the leachate seeps;
and the pond reaches a depth of five feet toward the middle. Fathead minnows, carp, and
several species of sunfish were observed, and the benthic macroinvertebrate community
appeared to be diverse. The pond water was clear, indicating an absence of phytoplankton.
The pond appears to function as a valuable habitat for fish and other wildlife using this area.
Preliminary sampling indicated elevated copper levels in the seep as well as elevated base
cations, total organic carbon (TOC), and depressed pH levels (pH 5.7).

Problem formulation. Copper is leaching from the landfill into the pond from a
seep area. EPA’s ambient water quality critenia document for copper (U.S. EPA, 1985)
indicates that it can cause toxic effects in aquatic plants, aquatic :nvertebrates, and voung fish
at relatively low water concentrations. Thus, the seep might threaten the ability of the pond
to support macroinvertebrate and fish communities and the wildlife that feed on them.
Terrestrial ecosystemns do not need to be evaluated because the overland flow of the seeps is
limited to short gullies, a few inches wide. Thus. the area of concem has been identified as
the five-acre pond and the associated leachate seeps. Copper in surface water and sediments
of the pond might be of ecological concern.

Ecological effects evaluation. Copper 15 toxic to both aquatic plants and aquatic
animals. Therefore, aquatic toxicity-based data will be used to screen for ecological risk 1n
the preliminary risk calculation. The screerung ecotoxicity value selected for water-column
exposure is the U.S. EPA chronic ambient water quality criterion (12 pg/L at a water hardness
of 100 mg/LL as CaCO,). The screening ecotoxicity value for copper in sediments was
identified as 34 mg/kg (U.S. EPA, 1996).
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STEP 2: SCREENING-LEVEL EXPOSURE ESTIMATE AND RISK CALCULATION

Exposure estimate. Prelimunary sampling data indicate that the leachate contains
53 ug/L copper as well as elevated base cauons, total organic carbon (TOC), and depressed
pH (pH 5.7). Sediment concentrations range from 300 mg/kg to below detection (2 mg/kg),
decreasing with distance from the leachate seeps.

Risk calculation. The copper concentration in the seep water (53 pg/L) exceeds the
chronic water quality criterion for copper (12 pg/L). The maximum sediment copper
concentration of 300 mg/kg exceeds the screening ecotoxicity value for copper in sediments
(34 mg/kg). Therefore, the screening-level hazard quotients for both sediment and water
exceed one. The decision at the Scientufic/Management Decision Point (SMDP) is to continue
the ecological nsk assessment.

Similar screening for the levels of base cations generated hazard quotents below 1 in
the seep water. Although TOC and pH are not regulated under CERCLA, the possibility that
these parameters might affect the biota of the pond should be kept in mind if surveys of the
pond biota are conducted. Sediment concentrations of chemicals other than copper generated
hazard quotients (HQs) of less than | at the maximum concentraton found.

STEP 3: BASELINE RISK ASSESSMENT PROBLEM FORMULATION

Based on the screening-level nisk assessment, copper is known to be the only
contaminant of ecological concern at the site.

Ecotoxicity literature review. A review of the literature on the ecotoxicity of
copper to aquauc brota was conducted and revealed several types of information. Young
agquatic organisms are more sensiuve to copper than adults (Demavo et al., 1982: Kaplan and
Yoh, 1961: Hubschman, 1965). Fish larvae usually are more sensiuve than embryos (McKim
et al.. 1978: Weis and Weis, 1991), and fish become less sensitive to copper as body weight
increases (Demayo et al.,, 1982). Although the exact mechanism of toxicity to fish is '
unknown, 2 loss of osmotic control has been noted in some studies 1Demayo et al. 1982;
Cheng and Sullivan, 1977).

Flowthrough toxicity studies in which copper concentrations were measured revealed
LC50 values ranging from 75 to 790 pg/L for fathead minnows and 63 to 800 ug/L for
common carp (LS. EPA, 1985). Coldwater fish species, such as rainbow trout, can be more
sensitve, and species like pumpkinseeds (a sunfish) and bluegills are less sensitive (U.S.
EPA, 1985). Although fish fry usually are the most sensitive life stage, this is not always the
case: Pickenng et al. (1977) determined an LCS0 of 460 ug/L to 6-month-old juveniles and
an LC50 of 490 ug/L to 6-week-old fry for fathead minnows. A copper concentration in
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water of 37 ug/l has been shown to cause a significant reduction in fish egg production
(Pickening et al.. 1977).

Elevated levels of copper in sediments have been associated with changes in benthic
community structure, notably reduced numbers of species (Winner et al., 1975; Kraft and
Sypniewsks, [981). Studies also have been conducted with adult Hvalella azteca (an
amphipod) exposed to copper in sediments. One of these studies indicated an LCs, of 1,078 -
mg/kg in the sediment (Cairns et al., 1984); however, a no-observed-adverse-effect level
(NOAEL) for copper in sediments was not identified for an early life stage of a benthic
invertebrate.

A literature review of the ecotoxicity of copper to aquatic plants, both algae and
vascular plants, did not reveal information on the toxic mechanism by which copper affects
plants. The review did indicate that exposure of plants to high copper levels inhibits
photosynthesis and growth (U.S. EPA, 1985), cell separation after cell division (Hatch, 1978),
and iron uptake (reference). Several studies conducted using Selenastrum capricornutum
indicated that concentrations at 300 pg/L kill algae after 7 days, and a value of 90 ug/l causes
complete growth inhibition after 7 days (Bartlett et al., 1974).

The literature indicates that copper does not biomagnify tn food chains and does not
bioaccumulate in most animals because it is a biologically regulated essential element.
Accumulation in phytoplankton and filter-feeding mollusks, however, does occur. The
toxicity of copper in water is influenced by water hardness, alkalinity, and pH.

Assessment endpoints and conceptual model. Based on the screening-level
risk assessment and on the ecotoxicity literature review, development of a conceptual model
for the site is initiated. Copper can be -acutely or chronically toxic to organisms in an aquatic
community through direct exposure of the organisms to copper in the water and sediments.
Threats of copper to higher trophic level organisms are uniikely to exceed threats to
organisms at the base of the food chain, because copper is an essenual nutrient which is
effectively regulated by most organisms if the exposure is below toxic levels. Aquauc plants
(particularly phytoplankton) and filter-feeding mollusks (e.g., clams), however, are poor at
regulating copper and are likely to be sensiuve receptors. In addiuon, fish fry can be very
sensitive (O copper in water.

Based on these receptors and the potental for both acute and chronic toxicity, an
appropnate general assessment endpoint for the ecosystem would be the maintenance of the
community composition of the pond. A more operational definition of the assessment
endpoint would be the maintenance of pond community structure typical for the locality and
for the physical attributes of the pond, with no loss of species or community alteration due to
copper toxicity.
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A flow diagram was added to the conceptual model to depict the environmental
pathways that could result in impacts of copper to the pona s biota (see Extubit A-1). Direct
exposure to copper in the pond water and sediments could cause acute or chronic toxicity in
early life stages of fish and/or benthic invertebrates, and in aquauc plants. Risks to filter-
feeding mollusks and phytoplankton as well as animals that feed on them are not considered
because the mollusks and phytoplankton are unlikely to occur in significant quanuties in the
pond. The exposure pathways that will be evaluated, therefore, are direct contact with
contamunated sediments and water.

Hypothesis formulation. The testable hypothesis is that concentrations of copper
present in the sediments and water over at least part of the pond are toxic to aquauc plants or
animals. A further quesuon 1s at what copper concentration in sediments do adverse effects

become detectable?

STEP 4: MEASUREMENT ENDPOINTS AND STUDY DESIGN

To answer the hypothesis identified in Step 3, three lines of evidence were considered
when selecting measurement endpoints: (1) whether the ambient copper levels are higher
than levels known to be directly toxic to aquauc organisms likely or known to be present in
the pond: (2) whether water and sediments taken from the pond are more toxic to aquatic
organisms than water and sediments from a reference pond; and (3) whether the aquatic
community structure in the site pond is simplified relative to a reference pond.

Measurement endpoints. Since the identified assessment endpoint is maintaining
a typical pond community structure, the possibility of directly measuring the condition of the
plant, fish. and macroinvertebrate communities in the pond was considered. Consultation with
experts on benthic macroinvertebrates suggested that standard measures of the pond benthic
invertebrate community probably would be insensitive measures ot existing effects at this
parucular site because of the high spaual vanauon in benthic communities within and among
ponds of this size. Measuring the fish communty also would be unsuitable, due to the
limited size of the pond and low diversity of fish species anticipated. Since copper is not
expected (0 bioaccumulate or biomagnify i tus pond, direct toxic:ity testing was selected as
an appropnate measurement endpoint. Because early life stages tend to be mere sensitive to
the toxic effects of copper than older Lfe stages, chronic toxicity would be measured on early
life stages. For animals, toxicity is defined as a stausucally significant decrease in survival or
juvenule growth rates of a populauon exposed to water or sediments from the site compared
with a populauon exposed to water or sediments from a reference site. For plants, toxicity is
defined as a stausucally significant decrease in growth rate with the same comparison.
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EXHIBIT A-1
Conceptual Model for the Copper Site

MEASUREMENT ENDPOINT
(Sediment toxicity to Hyalellu azteca)

TERTIARY SOURCE ol o
(Scdiment, exposure point AQUATIC RECEPTOR

S T T for aquatic receplors)
PRIMARY SOURCE | SECONDARY SOURCE
(Landhill) (Groundwater seeg) \
- TERTIARY SOURCE Lo -
(Swface waler cxposure - 4 QQHQT!F_Rl(IPIPR I

point for aquatic receplors)

MEASUREMENT ENDPOIN |
(Sucface water toxicily to Selenatrum
| _capricornatum and Pimephales promelas)

APPENDIX A, Page 5



August 21. 1996 DRAFT

One toxicity test selected is a 10-day (i.e., chronic) solid-phase sediment toxicity test
using an early life stage of Hvalella azteca. The measures of effects for the test are mortality
rates and growth rates (measured as length and weight icreases). Two water-column toxicity
tests will be used: (1) a 7-day test using the alga Selenastrum capricornutum (growth test)
and (2) a 7-day larval fish test using Pimephales promelas (monality and growth endpoints).
The H. azteca and P promelas toxicity tests will be used to determine the effects of copper
on early life stages of invertebrates and fish in sediment and the water column, respectively.
The test on S. capricornutum will be used to determmune the phytotoxicity of copper in the
water column.

Study design. To answer the questions stated in the problem formulation step, the
water column tests will be run on 100 percent seep water, 100 percent pond water near the
seep, 100 percent reference-site water, and the laboratory control. U.S. EPA test protocols
will be followed. Five sediment samples will be collected from the pond bottom at intervals
along the observed concentration gradient, from a copper concentration of 300 mg/kg at the
leachate seeps down to approximately 5 mg/kg near the other end of the pond. The sediment
sampling locations will transect the pond at equidistant locations and wclude the point of
maximum pond depth. All sediment samples will be split so that copper concentrations can
be measured in sediments from each sampling location. A reference sediment will be
collected and a laboratory control will be run. Test organisms will not be fed duning the test;
sediments will be sieved to remove nauve organisms and debnis. Laboratory procedures will
follow established protocols and will be documented and reviewed prior to initiation of the
test. For the water-column test, statistical comparisons will be made between responses to
each of the two pond samples and the reference site, as well as the laboratory control.
Stausucal compansons also will be made of responses to sediments taken from each sampling
location and responses to the reference sediment sample.

Because leachate seeps can be intermuttent (depending on rainfall), the study design
specifies that a pre-sampling visit is required to confirm that the seep 1s flowing and can be
sampled. The study design also specifies that both sediments and water will be sampled at
the same ume at each sampling locauon.

As the work plan (WP) and sampling and analysis plan (SAP) were finished, the
ecological nsk assessor and the risk manager agreed on the sute conceptual model, assessment
endpoints. and study design (SMDP).

STEP 5: FIELD VERIFICATION OF STUDY DESIGN
A site assessment was conducted two days prior to the scheduled initiation of the site

invesugauon to confirm that the seep was acuve. It was determuned that the seep was active
and that the site nvesugation could be iuuated.
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EXAMPLE 2: DDT SITE

STEP 1: SCREENING-LEVEL PROBLEM FORMULATION AND ECOLOGICAL
EFFECTS EVALUATION

Site history. This is the site of a former chemical production facility located
adjacent to a stream.. The facility manufactured and packaged dichlorodiphenyltrichloroethane
(DDT). Due to poor storage practices, several DDT spills have occurred.

Site visit. A preliminary site visit was conducted and the ecological checklist was
completed. Information gathered indicates that surface water drainage from the site flows
through several drainage swales toward an unnamed creek. This creek is a second-order
stream containing riffle-run areas and small pools. The stream substrate is composed of sand
and gravel in the pools with some depositional areas in the backwaters, and primarily cobble
in the nffles.

Problem formulation. Previous sampling efforts indicated the presence of DDT
and its metabolites in the stream’s sediments over several miles at a concentrations up to 230
mg/kg. A vanety of wildlife, especially piscivorous birds, use this area for feeding. Many
species of munnow have been noted in this stream. DDT is well known for its tendency to
bioaccumulate and biomagnify in food chains, and available evidence indicates that it can
cause reproductive failure in birds due to eggshell thinning.

The risk assessor and risk manager agreed that the assessment endpoint is adverse
effects on reproduction of high-trophic-level wildlife, particularly piscivorous birds.

Ecological effects evaluation. Because DDT is well studied, a dietary
concentrauon above which eggshell thinning mught occur was idenufied in existing U.S. EPA
documents on the ecotoxicity of DDT. Moreover, a no-observed-adverse-effect-level
(NOAEL) for the ingestion route for birds also was identified.

STEP 2: SCREENING-LEVEL EXPOSURE ESTIMATE AND RISK CALCULATION

Exposure estimate. For the screening-level exposure esumate, maximum
concentratuons of DDT identified in the sediments were used. To estumate the concentration
of DDT 1n forage fish, the maximum concentration in sediments was multiplied by the
highest DDT bioaccumulation factor relating forage fish tissue concentrations to sediment
concentrations reported in the literature. Moreover, it was assumed that the piscivorous birds
obtain 100 percent of their diet from the contaminated area.
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Risk calculation. The predicted concentrations of DDT in forage fish were
compared with the dietary NOAEL for DDT in birds. This risk screen indicated that DDT
concentrations measured at this site mught be high enough o cause adverse reproductve
effects 1n buds. Thus, transfer of DDT from the sediments to the stream and biota are of

concern at this site.

STEP 3: BASELINE RISK ASSESSMENT PROBLEM FORMULATION

Based on the screening-level risk assessment, potentual bioaccumulation of DDT in
aquatic food chains and effects of DDT on reproducuon in piscivorous birds are known
concens. Dunng refinement of the problem, the potenual for additional ecological effects of
DDT was examuned.

Ecotoxicity literature review. In freshwater systems, DT can have direct effects
on animals, parucularly insects. A literature review of the aquatic toxicity of DDT was
conducted, and a NOAEL and LOAEL identified for the toxicity of DDT to aquatic insects.
Aquauc plants are net affected by DDT. Additional quantitauve information on effects of
DDT on buds was reviewed, partcularly to identfy what level of eggshell thinning 1s likely
to reduce reproductive success. A number of studies have correlated DDT residues measured
in eggs of birds to increased eggshell thunning and egg loss due to breakage. Eggshell
thinning of more than 20 percent appears (o result in decreased hatching success due to
eggshell brcakage (Anderson and Hickey, 1972; Dilworth er al., :972). Information was not
available for any piscivorous species of bird. Lincer (1975) conducted a laboratory feeding
study using Amencan kestrels. Females fed a diet of 6 mg/kg DDE' (1.1 mg/kgBW-day)
produced eggs with shells which were 25.5 percent thinner than archived eggshells collected
pnor to widespread use of DDT. Based on this information. a LOAEL of 1.1 mg/kgBW-day
was selected to evaluate the effects of DDT on piscivorous birds.

Assessment endpoints and conceptual model. Based on knowiedge of the
fate and wansport of DDT in aquauc systems and the ecotoxicity of DDT to aquauc
organusms and buirds, a conceptual model was initiated. DDT buried in the sediments can be
released to the water column dunng resuspension and redistnbuton of the sediments. Some
diffusion of DDT to the water column from the sediment surface also will occur. The benthic
communty would be an imiual receptor for the DDT 1n sediments, which could result in
reduced benthuc species abundance and DDT accumulation in species that remain. Fish that
feed on benthic organisms mught be exposed to DDT both in the water column and in their
food. Piscivorous burds would be exposed to the DDT that has accumulated in the fish, and
could be exposed at levels sufficieny hugh to cause more than 20 percent eggshell thinning.

'DDE 15 a Jegradauon product of DDT. typicaily. field measures of DDT are reported as the sum of the
concentrauons >f DDT. DDE. and DDD tanother degradauon product).
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EXAMPLE 3: PCB SITE

STEP 1: SCREENING-LEVEL PROBLEM FORMULATION AND ECOLOGICAL
EFFECTS EVALUATION

Site history. This is a former waste-oil recycling facility located in a remote area.
Oils contaminated with polychiorinated biphenyl compounds (PCBs) were disposed of in a
lagoon. The lagoon was not lined, and the soil was composed mosuy of sand. Oils
contamninated with PCBs migrated through the soil and contaminated a wide area adjacent to
the site.

Site visit. During the preliminary site visit, the ecological checklist was completed.
Most of the habitat is upland forest, old field, and successional terrestrial areas. Biological
surveys at this site have noted a variety of small mammal signs. In addition, red-tailed hawks
were observed.

Problem formulation. At least 10 acres surrounding the site are known to be
contaminated with PCBs. Some PCBs are reproductive toxins in mammals that, when
ingested, induce (i.e., increase concentrations and activity of) enzyme systems in the liver
(Melancon and Lech, 1983). The enzymes are not specific for PCBs and also will enhance
the degradation of steroid hormones (Peakall, 1975). The impaired reproduction that has been
observed in mammals of several species exposed to PCBs might be caused by PCB-induced
reduction in circulating steroid hormones (Tanabe, 1988). Other effects, such as liver
pathology,. also are evident at high exposure levels (Fuller and Hobson, 1986). Given this
information, the screening-level ecological risk assessment should include potential exposure
pathways by which mammals could be exposed to PCBs.

Several possible exposure pathways were evaluated for mammals. PCBs are not
highly volatile, so inhalation of PCBs by animals would not be an important exposure
pathway. PCBs in soils generally are not taken up by most plants, but are accumulated by
soil macroinvertebrates. Thus, herbivores, such as voles and rabbits, would not be exposed to
PCBs in most of ‘their diets; whereas insectivores, such as shrews, or omnivores, such as deer
mice, could be exposed to accumulated PCBs in their diets. PCBs also are known to
biomagnify in terrestrial food chains; therefore, the ingestion exposure route needs evaluaton,
and shrews and/or deer mice would be appropriate mammalian receptors to evaluate in this
exposure pathway.

Potential reproductive effects on predators that feed on shrews or mice also would be
important to evaluate. The literature indicated that exposure to PCBs through the food gbam
could cause reproductive impairment in predatory birds through a similar mechanism as in
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U.S. Environmental Protection Agency (U.S. EPA). 1989. Rapid Bioassessment Protocols
for Use in Streams and Rivers: Benthic Macroinvertebrates and Fish. Washington,
DC. Office of Water (Plafkun. J.L.. Barbour, M.T.. Porter. K.D., Gross. S.K., and
Hughes, R.M.. authors); EPA/4-40/4-89/001.
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success in kingfishers due to site contamination is likely, and an HQ of less than one implies

impacts due to site contaminants are unlikely (see text for a description of the limitations of
HQs).

STEP 5: FIELD VERIFICATION OF STUDY DESIGN

A field assessment was conducted and several small fish collection techniques were
used to determine which technique was the most effective for capturing creek chub at the site.

Collected chub were examined to determine the size range available and to determine if
individuals could be sexed.

Seine neiting the areas targeted indicated that the creek chub might not be present in
sufficient numbers to provide the necessary biomass for chemical analyses. Based on these
findings, a contingency plan was agreed to (SMDP), which stated that both the creek chub
and the longnosed dace (Rhinichthys cataractae) would be collected. If the creek chub were
collected at all locations in sufficient numbers, then these samples would be analyzed and the
dace would be released. If sufficient creek chub could not be collected but sufficient
longnosed dace could, the longnosed dace would be analyzed and the creek chub released. If
neither species could be collected at all locations in sufficient numbers, then a mix of the two
species would be used; however, for any given site only one species would be analyzed. In
addition, at one location, preferably one with high DDT levels in the sediment, sufficient
numbers of approximately 20 gram individuals of both species would be collected to allow
comparison (and calibration) of the accumulation between the two species. If necessary to
meet the analytic chemistry needs, similarly-sized individuals of both sexes of creek chub
would be pooled. Pooling two or more individuals will be necessary for the smaller dace.
Samples will be collected by electro-shocking. Field notes for all samples will include the
number of fish per sample pool, sex, weight, length, presence of parasites or deformites, and
other measures. |

REFERENCES

Anderson, D.W.; Hickey, JJ. 1972. Eggshell changes in certain North American birds. In:
Voos, K.H. (ed.), Proceedings: XV International Omithological Congress. The
Hague, Netherlands; pp. 514-540.

Dilworth, T.G.. Keith, J.A.; Pearce, P.A.; Reynolds, L.M. 1972. DDE and eggshell thickness
in New Brunswick woodcock. J. Wildl. Manage. 36: 1186-1193.

Lincer, JL. 1975. DDE-induced eggshell thinning in the American keswel; a comparison of
the field situation and laboratory results. J. App. Ecol. 12: 781-793.
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sediments. Adult creek chub average 10 inches and about 20 grams, allowing for analysis of
individual fish. Creek chub also have small home ranges duning the spring and summer, and
thus it should be possible to relate DDT levels in the chub to DDT levels tn the sediments.

For the assessment endpoint of maintaining stream community structure, the selected
measurement endpoints were several metrics describing the abundance and trophic structure of
the stream benthic macroinvertebrate community.

Study design. Creek chub will be collected at several locations with known DDT
concentrations 1n sediments. The fish will be analyzed for body burdens of DDT. and the
relationship between DDT levels in the sediments and in the creek chub will be established.
The fish DDT concentrauons can be used to evaluate the DDT threat to piscivorous birds
feeding on the fish at each location. Using the DDT concentrations measured in fish that
correspond to a LOAEL and NOAEL for adverse effects in birds, the corresponding sediment
contamination levels can be determined. These sediment DDT levels then can be used to
derive a cleanup level that would reduce threats of eggshell thinning to piscivorous birds.

The study design for measuring DDT residue levels in creek chub specifies that 10
creek chub of the same size and sex will be collected at each locauon. Each creek chub
should be at least 20 grams, so that individuals can be analyzed. I[n addition, at one location,
QA/QC requirements dictate that an additional 10 fish are collected. In this example, it is
necessary to venfy in the field that sufficient numbers of creek chub of the specified size are
present to meet the tissue sampling requirements. In addition. stream conditions must be
evaluated to determine what fish sampling techniques will work best at the targeted locations.

The study design and methods for benthic macroinvertebrate collection followed the
Rapid Bioassessment Protocol (RBP) manual for level three evaluation (U.S. EPA. 1989).
Benthic macroinveriebrate samples were co-located with sampling for fish tissue residue
levels so that one set of co-located water and sediment samples for analytic chemistry could
serve for companson with both tissue analyses.

The study design also specified that the hazard quotient (HQ) method would be used
to evaluate the cffects of DDT on the kingfisher during risk characterization. To determine
the HQ. the esumated daily dose of DDT consumed by the kingfishers is divided by a
LOAEL of | | mg/kgBW-day for kestrels. To esumate the DDT Zose to the kingfisher, the
DDT concentrauons in the chub will be muluplied by the fish ingesuon rate for kingfishers
and divided by the body weight of kingfishers. This dose will be adjusted by the area use
factor. The area use factor corresponds to the proportion of the diet of a kingfisher that
would consist of fish from the contamninated area. The area use factor is a function of the
home range size of kingfishers relative to the area of contaminauon. The adjusted dose will
be compared to the LOAEL. A HQ of greater than one implies that impaired reproductive
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EXHIBIT A-2
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Based on this information. two assessment endpoints were 1dentified: (1) maintaining stream
community structure typical for the stream order and location. and (2) protecting piscivorous
birds rom eggshell thinning that could result in reducea reproductive success.

A flow diagram of the exposure pathways for DDT was added to the conceptual model
(Exhibit A-2). The diagram identfies the pnmary, secondary. and teruary sources of DDT at
the site. as well as the primary, secondary. and tertiary types of receptors that could be
exposed.

Hypothesis formulation. Two hypotheses were developed: (1) the sueam
community has been affected by the DDT, and (2) food-chain accumulauon and transfer of
DDT occurs to the extent that 20 percent or more eggshell thinning occurs i1n pisctvorous
birds that use the area. :

STEP 4: MEASUREMENT ENDPOINTS AND STUDY DESIGN

Measurement endpoints. For the assessment endpoint of protecting piscivorous
birds from eggshell thinning, the conceptual model indicated that DDT in sediments could
reach piscivorous birds through forage fish. Belted kingfishers are known to feed in the
stream. They also have the smallest home range of the piscivorous birds in the area. which
means that more kingfishers can forage entirely from the contaminated stream area than can
other species of piscivorous birds. Thus, one can conclude that, if the risk assessment shows
no threat of eggshell thinning to the kingfisher, there should be minimal or no threat to other
piscivorous birds that might utilize the site. Eggshell thinning in the belted kingfisher
therefore was selected as the measure of effect.

Data from the literature suggest that DDT can have a bioaccumulation factor in
surface water svstems as hugh as six orders of magnitude (10%); however, in most aquatic
ecosystems, the actual bxoaccumulauon of DDT from the environment is lower, often
substantially lower, than 108 Many factors influence the actual accumulauon of DDT in the
environment. There 1s considerable debate over the parameters of any proposed theoretical
bioaccumulation model. therefore, it was decided to measure ussue residue levels in the
forage fish at the site instead of esumating the ussue residue levels in forage fish using a
bioaccumulation factor.

Exisung informauon on the distnbution of DDT in the sueam indicates that a general
gradient of DDT concentrauons exists in the sediments, and five locations could be identified
that corresponded to a range of DDT concentrauons in sediments. Based on inforrnation
available on iish communues in saeams simular to the one 1n the site area, creek chub
(Semonlus arromacularus) were selected to measure exposure levels for kingfishers. Creek
chub feed on benthuc invertebrates, which are in direct contact with the contaminated
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mgmmals. The prey of red-tail hawks include voles, deer mice, and various insects. Thus,
this raptor could be at risk of adverse reproductive outcomes.

Ecological effects evaluation. No-observed-adverse-effect levels (NOAELs) for
the effects of PCBs and other contaminants at the site on mammals, birds, and other biota
were identified in the literature.

STEP 2: SCREENING-LEVEL EXPOSURE ESTIMATE AND RISK CALCULATION

Exposure estimate. For the screening-level risk calculation, the highest PCB and
other contaminant levels measured onsite were used to estimate exposures.

Risk calculation. The potential contaminants of concern were screened based on
NOAELSs for exposure routes appropriate to each contaminant. Based on this screen, PCBs
were confirmed to be the only contaminants of concern to small mammals, and possibly to
birds, based on the levels measured at this site. Thus, at the SMDP, the risk manager and
risk assessor decided to continue to Step 3 of the ecological risk assessment process.

STEP 3: BASELINE RISK ASSESSMENT PROBLEM FORMULATION

The screening-level ecological risk assessment confirmed that PCBs are of concer to
small mammals based on the levels measured at the site and suggested that predatory birds
might be at risk from PCBs that accumulate in some of their mammalian prey.

Ecotoxicity literature review. A literature review was conducted to evaluate
potential reproductive effects in birds. PCBs have been implicated as a cause of reduced
reproductive success of piscivorous birds (e.g., cormorants, terns) in the Great Lakes
(Colbom, 1991). Limited information was available on the effects of PCBs to red-tailed
hawks. A study on American kestrel indicated that consumption of 33 mg/kgBW-day PCBs
resulted in a significant decrease in sperm concentration in male kestrels (Bird et al., 1983).
Implications of this decrease for mating success in kestrels was not evaluated in the study, but
studies on other bird species indicate that it could increase the incidence of inferule eggs and
therefore reduce the number of young fledged per pair. The Great Lakes International Joint
Commission (JC) recommends 0.1 mg/kg total PCBs as a prey tissue level that will protect
predatory birds and mammals (UC, 1988). (This number is used as an illustration and not to
suggest that this particular level is appropriate for a givea site.)

Assessment endpoints and conceptual model. Based on the screening-level

risk assessment for small mammais and the results of the ecotoxicity Utcram search for
birds, a conceptual model was initiated for the site, which included consideration of predatory
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birds (e.g.. red-taled hawks) and their prey. The ecological nsk assessor and the risk
manager agreed (SMDP) that the general assessment endpoint for the site would be the
protection of predatory birds from reproductive impairment caused by PCBs that had
accumulated in their prey. They idenufied an operauonal assessment endpoint as reproductive
impairment 1n red-tailed hawks.

An exposure pathway diagram was developed for the conceptual model to 1dentify the
exposure pathways by red-tailed hawks could be exposed to PCBs onginating in the soil at
the site (see Exhibit A-3). While voles may be prevalent at the site, they are not part of the
exposure pathway for predators because they are herbivorous and PCBs do not accurnulate in
plants. Deer mice (Peromyscus maniculatus), on the other hand, also are abundant at the site
and, being omnivorous, are likely to be exposed to PCBs that have accumulated in the insect
component of their diet.

Hypothesis formulation. Based on the assessment endpoint and conceptual model,
the testable hypothesis is that concentrations of PCBs in the prey of the red-tailed hawk
exceed levels known to impair reproduction in predatory birds.

STEP 4: MEASUREMENT ENDPOINTS AND STUDY DESIGN

Measurement endpoints. To test the hypothesis that PCB levels in prey of the
red-tailed hawk exceed levels that might impair their reproduction, PCB levels will be
measured in deer mice taken from the site (of all of the species in the diet of the red-tailed
hawk, deer mice are assumed to accumulate the highest levels of PCBs). The measures of
exposure will be compared with measures of effect reported in the literature.

Study design. The available measures of PCB concentrations in soil at the site
indicated a gradient of decreasing PCB concentrauon with increasing distance from the
unlined lagoon. Three locations along this gradient were selected to measure PCB
concentrations in prey. The study design specified that eight deer mice of the same size and
sex will be collected at each location. Each mouse should be approximately 20 grams so that
contamunant levels can be measured in individual mice. With concentrations measured in
eight individual mice, it is possible to estimate a mean concentration and an upper confidence
limit of the mean concentration in deer mice for the location. In additon, QA/QC
requirements dictate that an additional eight deer mice should be collected at one location.

For this site, it 1s necessary to verify that sufficient numbers of deer mice of the

specified size are present to meet the sampling requirements. [n addition, habitat conditions
must be evaluated to determine what trapping techniques will work at the targeted locations.
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EXHIBIT A-3
Conceptual Model for the Terrestrial PCB Site

MEASUREMENT ENDPOIN |
(PCHBs in mouse tissuc,
| exsposwe point for red-taticd hawk)

PRIMARY SOURCL: SECONDARY SOURCE | —# PRIMARY RECEPTOR
(Wasic lagouns) (Sue soils) (Deer mouse)

— SECONDARY RECEPTOR
(Red-tailed hawk)
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The study design specifies further that the hazard quotient (HQ) method will be used to
estmate the nsk of reproductive impairment in the red-tailed hawk from exposure to PCBs in their
prey. To determme the HQ, the measured DDT concentrations :n deer mice will be divided by the
LOAEL of 33 mg/kgBW-day for a decrease in sperm concentration in kestrels. To esumate the dose
to the red-tailed hawk, the PCB concentrations in deer muce will be muitiplied by the quantity of deer
mice that could be ingested by a red-tailed hawk each day and divided by the body weight of the
hawk. This dose will be adjusted by a factor that corresponds to the proporuon of the diet of a red-
tailed hawk that would come from the contarmunated atea. This area use factor is a function of the
home range size of the hawks relative to the area of contamination. A HQ of greater than one implies
that impacts due to site contarrunation are likely. and an HQ of less than one implies impacts due to
site contarrunants are uniikely.

STEP 5: FIELD VERIFICATION OF STUDY DESIGN

A field assessment using several trapping techniques was conducted to determine (1)
which technique was most effective for capturing deer mice at the site and (2) whether the
technique would yield sufficient numbers of mice over 20 grams to meet the specified
sampling design. On the first evening of the field assessment, two survey lines of 10 live
traps were set for deer mice in typical old-field habitat in the area believed to contain the
desired DDT concentration gradient for the study design. At the beginning of the second day,
the traps were retrieved. Two deer muce over 20 grams were captured in each of the survey
lines. These results indicate that collection of deer mice over a period of a week or less with
this number and spacing of live traps should be adequate to meet study objectives.

REFERENCES
Bird, D.M.: Tucker, P.H.: Fox, G.A.; Lague, P.C. 1983. Synergistic effects of Aroclor 1254
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APPENDIX C
SUPPLEMENTAL GUIDANCE ON LITERATURE SEARCH

A literature search is conducted to obtain information on contaminants of concern,
their potenual ecological effects, and species of concern. This appendix is separated into two
sections; Section C-1 describes the information necessary for the literature review portion of
an ecological nsk assessment. Topics include information for exposure profiles,
bioavailability or bioconcentration factors for various compounds, life-history information for
the species of concern or the surrogate species, and an ecological effects profile. Section C-2
lists information sources and techniques for a literature search and review. Topics include a
discussion of how to select key words on which to base a search and various sources of
information (i.e., databases, scientific abstracts, literature reviews, journal articles, and
governmeht documents). Threatened and endangered species are discussed separately due to
the unique databases and information sources available for these species.

Prior to conducting a literature search, it is important to determine what information is
needed for the ecological risk assessment. The questions raised in Section D-1 must be
thoroughly reviewed, the information necessary to complete the assessment must be
determined, and the purpose of the assessment must be clearly defined. Once these activities
are completed, the actual literature search can begin. These activities will assist in focusing
and streamlining the search.

C-1 LITERATURE REVIEW FOR AN ECOLOGICAL RISK ASSESSMENT

Specific information. During problem formulation, the risk assessor must
determine what information is needed for the nisk assessment. For example, if the risk
assessment will estimate the effects of lead contamination of soils on terrestrial vertebrates,
then literature information on the effects of dissolved lead to fish would not be reievant. The
type and form of the contaminant and the biological species of concern often can focus the
literature search. For example, the toxicity of organometallic compounds is quite different
from the comparable inorganic forms. Different isomers of orgzauc compounds also can have

different toxic effects.

Reports of toxicity tests should be reviewed critically to ensure that the study was

scientifically sound. For example, a report should specify the exposure routes, measures of
effect and exposure, and the full study design. Moreover, whether the investigator used

accepted scientific techniques should be determined.

The exposure route used in the study should also be comparablc‘to thg exposure route
in the risk assessment. Data reported for studies where exposure is by injection or gavage are
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not durectly comparable to dietary exposure studies. Therefore, an uncertainty factor might
need to be included in the risk assessment study design, or the toxicity report should not be
used 1n the nsk assessment.

To use some data reported in the literature, dose conversions are necessary (o esumate
toxicity levels for species other than those tested. Doses for many laboratory studies are
reported 1n terms of mg contamunanvkg diet. That expression should be converted to mg
contaminant’kg bodyweight/day, so that estimates of an equivalent dose in another species can
be scaled appropriately. Average ingestion rate and body weight for a species often are
reported in the original toxicity study. If not, estimates of those data can be obtained from
other literature sources to make the dose conversion:

Dose = (mg contaminanvkg diet) x ingestion rate (kg/day) x
(1/body weight (kg)).

Exposure profile. Once contaminants of concern are selected for the ecological risk
assessment, a general overview of the contaminants’ physical and chemical properues is
needed. The fate and transport of contamunants in the environment determines how biota are
likely to be exposed. Many contaminants undergo degradation (e.g., hydrolysis, photolysis,
mucrobial) after release into the environment. Degradation can affect toxicity, persistence,
and fate and transport of compounds. Developing an exposure profile for a contaminant
requires information regarding inherent properties of the contaminant that can affect fate and
transport or bioavailability.

Bioavailability. Of particular importance in an ecological risk assessment is the
bioavailability of site contaminants in the environment. Bioavailability influences exposure
levels for the biota. Some factors that affect bioavailability of contaminants in soil and
sediment include the proportion of the medium composed of organic matter, grain size of the
medium. and its pH. The aerobic state of sediments is imporiant because it often affects the
chemical form of contaminants. Those physical properties of the media can change the
chemical form of a contaminant to a form that is more or less toxic than the original
contarmunant. Many contaminants adsorb to organic matter, which can make them less
bioavailable.

Environmental factors that influence the bioavailability of a contamunant in water are
important to aquauc risk assessments. Factors including pH, hardness, or aerobic status can
determune both the chemical form and uptake of contaminants by biota. Other environmental
factors can influence how orgamisms process contaminants. For example, as water
temperatures nse. metabolism of fish and aquatic inventebrates increases, and the rate of
uptake of a contamunant from water can increase.
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If the literature search on the contaminants of concem reveals information on the
bioavailability of a contaminant, then appropriate bioaccumulation or bioconcentration factors
(BAFs or BCFs) for the contaminants should be determined. If not readily available in the
literature. BAF or BCF values can be estimated from studies that report contaminant
concentrations in both the environmental exposure medium (e.g., sediments) and in the
exposed biota (e.g., benthic macroinvertebrates). Caution is necessary, however, when
extrapolating BAF or BCF values estimated for one ecosystem to another ecosystem.

Life history. Because it is impossible and unnecessary to model an entire ecosystem,
the selection of assessment endpoints and associated species of concern, and measurement
endpoints (including those for a surrogate species if necessary) are fundamental to a
successful risk assessment. This process is described in Steps 3 and 4. Once assessment and
measurement endpoints are agreed to by the risk assessor and risk manager, life history
information for the species of concern or the surrogate species should be collected. Patterns
of activity and feeding habits of a species affect their potential for exposure to a contaminant
(e.g., grooming activities of small mammals, egestion of bone and hide by owls). Other
important exposure factors include food and water ingestion rates, composition of the diet,
average body weight, home range size, and seasonal activities such as migration.

Ecological effects profile. Once contaminants and species of concemn are selected
during problem formulation, a general overview of toxicity and toxic mechanisms is needed.
The distinction between the species of concern representing an assessment endpoint and a
surrogate species representing a measurement endpoint is important. The species of concern
is the species that might be threatened by contaminants at the site. A surrogate species is
used when it is not appropriate or possible to measure attributes of the species of concern. A
surrogate for a species of concern should be sufficiently similar biologically to allow
inferences on likely effects in the species of concermn.

The ecological effects profile should include toxicity information from the literature
for each possible exposure route. A lowest-observed-adverse-effect level (LOAEL) and the
no-observed-adverse-effect level (NOAEL) for the species of concemn or its surrogate should
be obtained. Unfortunately, these toxicity values are available for few wildlife species and
contaminants. If used with caution, toxicity data from a closely related species can be used to
estimate a LOAEL and a NOAEL for a receptor species.

C-2 INFORMATION SOURCES

This section describes information sources that can be examined to find .Lbc
information described in Section 3-1. A logical and focused literature search will reduce the
time spent searching for pertinent information.

.
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A first step 1n a literature search 1s to develop a search strategy, including a list of key
words. The next step is to review computenzed databases, either on-line or CD-ROM-based
information systems. These systems can be searched based on a number of parameters.

Scientific abstracts that contain up-to-date lisings of current, published information
also are useful information sources. Most abstracts are indexed by author or subject.
Toxicity studies and information on wildlife life-histories often are summarized in literature
reviews published in books or peer-reviewed journals. Original reports of toxuicity studies can
be identified 1n the literature section of published documents. The onginal arucle in which
data are reported must be reviewed before the data are cited in a risk assessment.

Moore (1980) provides further insights on conducting a literature search, including
techniques to limut a search, selection of key words, and the location of dissertations.
Moore's examples relate to information on wildlife species, but apply to all components of an
ecological nisk assessment.

Key words. Once the risk assessor has prepared a list of the specific information
needed for the risk assessment, a list of key words can be developed. Card catalogs,
abstracts, on-line databases, and other reference materials usually are indexed on a limited set
of key words. Therefore, the key words used to search for information must be considered
carefully.

Useful key words include the contaminant of concern, the biological species of
concem, the type of toxicity information wanted, or other associated words. In addition,
related subjects can be used as key words. However, it usually is necessary to limit
peripheral aspects of the subject in order to narrow the search. For example, if the risk
assessor needs information on the toxicity of lead in soils to moles, then requiring that both
"lead" and "mole” are among the key words can focus the literature search. If the risk
assessor needs information on a given plant or animal species (or group of species), key
words should include both the scientific name (e.g., genus and species names or order o
farmily names) and an accepted common name(s). The projected use of the data in the risk
assessment helps determine which key words are most appropnate.

[f someone outside of the nsk assessment team will conduct the literature search, it is
important that they understand both the key words and the study objectives for the data.

Databases. Databases are usually on-line or CD-ROM-based information systems.
These systems can be searched using a number of parameters. Prior to searching databases,
the nsk assessor should determine which database(s) is most likely to provide the information
needed for the nisk assessment. For example, U.S. Environmental Protection Agency’s
(EPA’s) AQUIRE database (AQUatic Information REtrieval database) provides information
specifically on the toxicity of chemicals to aquatic plants and animals. U.S. EPA's [RIS
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(Integrated Risk Information System) provides information on human health nisks (e.g..
references to original toxicity studies) and regulatory information (e.g., reference doses and
cancer potency factors) for a variety of chemicals. Other useful databases include the
National Library of Medicine's HSDB (Hazardous Subs*ances Data Bank) and the National
Center for Environmental Assessment's HEAST Tables (Health Effects Assessment Summary
Tables). Commercially available databases include BIOSIS (Biosciences Information
Services) and ENVIROLINE.

Several states have Fish and Wildlife History Databases ot Academy of Science
databases, which often provide useful information on the life-histories of plants and animals
in the state. State databases are particularly useful for obtaining information on endemic
organisms or geographically distinct habitats.

Databases searches can yield a large amount of information in a short period of time.
Thus, if the key words do not accurately describe the information needed, database searches
can provide a large amount of irrelevant information. Access fees and on-line fees can apply;
therefore, the selection of relevant key words and an organized approach to the search will
reduce the time and expense of on-line literature searches.

Abstracts. Published abstract compilations (e.g., Biological Abstracts, Chemical
Abstracts, Applied Ecology Abstracts) contain up-to-date listings of current, published
information. Most abstracts are indexed by author or subject. Authors and key words can be
cross-referenced to identify additional publications. Abstract compilations also include, for
each citation, a copy of its abstract from the journal or book in which it was published.
Reviewing the abstracts of individual citations is a relatively quick way to determine whether
an article is applicable to the risk assessment. As with computerized database searches, it is
important to determine which abstract compilations are most suitable for the risk assessor’s
information needs.

Published abstract compilations that are indexed by author are particularly useful. if
an author is known to conduct a specific type of research, their name would be referenced in
the abstract for other articles on similar subjects. If the risk assessor considers an abstract
pertinent to the assessment, the original article must be retrieved and reviewed before it can
be cited in the risk assessment. Otherwise, the results of the nsk assessment could be based
on incorrect and incomplete information about a study.

Abstracts usually must be searched manually, which can be a very time consuming.
The judicious use of key words can help to reduce the amount of time needed to search
through these volumes.

Literature review publications. Published literature reviews often cover toxicity
or wildlife information of value to an ecological risk assessment. For exampie, the U.S. Fish
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and Wildlife Services (U.S. FWS) has published several contaminant-specific documents that
list toxicological data on terrestnal, aquatic, and avian studies (e.g., Eisler, 1988). The U.S.
EPA publishes ambient water quality criternia documents (e.g.. U.S. EPA, 1985) that list all
the data used to calculate those values. Some literature reviews criucally evaluate the original
studies (e.g.. toxicity data reviewed by Long and Morgan, 1990). The Wildlife Exposure
Factors Handbook (U.S. EPA, 1993a.b) provides pertinent information on exposure factors
(e.g.. body weights, food ingestion rates, dietary composition. home range size) for 34
selected wildlife species.

Literature reviews can provide an extensive amount of information. However, the nsk
assessor must obtain a copy of the original of any studies identified in a literature review that
will be used in the risk assessment. The original study must be reviewed and evaluated
before it can be used in the risk assessment. Otherwise, the results of the risk assessment
could be based on incorrect and incomplete information about a study.

References cited in previous studies. Pertinent studies can be identified in the
literature cited section of published documents that are relevant to the risk assessment, and
one often can identify several investigators who work on related studies. Searching for
references in the literature cited section of published documents, however, takes ume and
might not be very effective. However, this is probably the most common approach to
identifying relevant literature. [f this approach is selected, the best place to start is a review
arucle. Many journals do not list the utle of a citation for an article, however, Limiting the
usefulness of this technique. Also, it can be difficult to retrieve literature cited in obscure or
foreign journals or in unpublished masters’ theses or doctoral dissertations. Although this
approach tends to be more time consuming than the other literature search approaches
described above, it probably is the most common approach used to locate informaton for a
risk assessment.

Journal articles, books, government documents. There are a variety of
Journals, books, and government documents that contain informauon useful to risk
assessments. The same requirement for retneving the original reports for any informatinn
used 1n the nsk assessment described for other information sources applies to these sources.

Threatened and endangered species. Threatened and endangered species are of
concern to both federal and state governmeants. When conducung an ecological risk
assessment, it often is necessary to determune or estimate the effects of site contaminants to
federal threatened or endangered species. In addition, other special-status species (e.g.,
species Listed by a state as endangered or threatened within the state) also can be the focus of
the assessment. Dunng the problem formulauon step, the U.S. FWS or state Natural Heritage
programs should be contacted to determune if these species are present or might be present on
or near a Superfund site.
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Once the presence of a special-status species is confirmed or considered likely,
information on this species, as well as on surrogate species, should be included in the
literature search. There are specific federal and state programs that deal with issues related to
special-status species, and often there 1s more information available for these than for non-
special-status species used as surrogates for an ecological nsk assessment. Nonetheless, the
use of surrogate species usually is necessary when an assessment endpoint is a special-status
spectes.
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APPENDIX D
STATISTICAL CONSIDERATIONS

[n the biological sciences, statistical tests often are needed to support decisions based
on alternauve hypotheses because of the natural variability in the systems under investigation.
A statistical test examines a set of sample data, and. based on an expected distribution of the
data, leads to a decision on whether to accept the hypothesis underlying the expected
distnbution or whether to reject that hypothesis and accept an alternative one. The null
hypothesis is a hypothesis of no differences. It usually is formulated for the express purpose
of being rejected. The alternative or test hypothesis is an operational statement of the
invesugator's research hypothesis. An example of a null hypothesis for toxicity testing would
be that montality of water fleas exposed to water from a contaminated area is no different
than mortality of water fleas exposed to water from an otherwise similar, but uncontaminated
area. An example of the test hypothesis is that mortality of water fleas exposed to water

from the contaminated area is higher than mortality of water fleas exposed to uncontaminated .
water.

D-1 TYPE | AND TYPE Il ERROR

There are two types of correct decisions for hypothesis testing: (1) accepting a true
null hypothesis, and (2) rejecting a false null hypothesis. There also are two types of
incorrect decisions: rejecting a true null hypothesis, called Type I error; and accepting a false
null hypothesis, called Type II error.

When designing a test of a HIGHLIGHT 80X D-1
hypothesis, one should decide what Rule of Thumb for Sample Size
magnitude of Type [ error (rejection of a
true null hypothesis) is acceptable. Even An cmplrically determ_incd mlg of
when sampling from a population of known thumb for field sampling for tssue residue
parameters, there are always some sample le"elg ‘136 b‘oa‘::”m“l':‘:bci: ;:J/S;c;l:t::s[tical

~ - a = 0.10 1s an accep
sets which, by chance, differ markedly. If significance.

one allows 5 percent of samples to lead to a
Type | error. then one would on average
reject a true null hypothesis for 5 out of |
every 100 sammples taken. In other words, we would be confident that, 95 times out of 100,
one would not reject the null hypothesis of no difference "by mustake” (because chance alpnc
produced such deviant results). When the probabulity of Type I error (_commoqu lsymbohzcd
by a) is set at 0.05, this is called a significance level of 5 percent. Sctt'mg. a sngmﬁcapc; |
level of S percent is a widely accepted convention in most experimental sciences, but it 1s just
that, a convenuon. One can demand more confidence (e.g., & = 0.01) or less confidence
(e.g.. o = 0.10) that the hypothesis of no difference is not rejected by mistake.
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[f one requires more confidence for a given sample size that the null hypothesis is not
rejected by mustake (e.g., & = 0.01), the chances of Type iI error increase. In other words,
the chance increases that one will mustakenly accept a false null hypothesis (e.g., mistakenly
believe that the contamunated water from the site has no effect on mortality of water fleas).
The probability of Type IO error is commonly denoted by . Thus:

p (Type [ error) = a
p (Type O error) = B

However, if one tries to evaluate the probability of Type II error (accepting a false hypothesis
of no difference), there is a problem. If the null hypothesis is false, then some other
hypothesis must be true, but unless one can specify a second hypothesis, one can’t determine
the probability of Type II error. This leads to another important statistical consideration,
which is the power of a study design and the statistical test used to evaluate the results.

D-2 STATISTICAL POWER

The power of a statistical test is equal to (1 - ) and is equal to the probability of
rejecting the null hypothesis (no difference) when it should be rejected (i.e., it is false) and
the specified alternative hypothesis is true. Obviously, for any given test (e.g.. a toxicity test
at a Superfund site), one would like the quantity (1 - B) to be as large as possible (and B to
be as small as possible). Because one generally cannot specify a given alternative hypothesis
(e.g.. mortality should be 40 percent in the exposed population), the power of a test is
generally evaluated on the basis of a continuum of possible alternative hypotheses.

[deally, one would specify both a and B before an experiment or test of the hypothesis
is conducted. In practice, it is usual to specify & (e.g., 0.05) and the sample size because the
exact alternauve hypothesis cannot be specified.! Given the inverse relationship between the
likelihood of making Type I and Type II errors, a decrease in @ will increase B for any given
sample size.

To improve the statistical power of a test (i.e., reduce B), while keeping a constant,
one can either increase the sample size (N) or change the nature of the statistical test. Some
staustical tests are more powerful than others, but it is important that the assumptions
required by the test (e.g., normality of the underlying distribution) are met for the test results

to be valid. In general, the more powerful tests rely on more assumptions about the data (see
Secuon D-3).

Altcmapvc study designs someumes can improve staustical power (e.g., stratified
random sampling compared with random sampling if something is known about the history

'With a specified alternauve hypothesis. once @ and the sample size (N) are set, B is determined.
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and location of contaminant release). A discussion of different statistical sampling designs is
beyond the scope of this guidance, however. Several references provide guidance on
statistical sampling design, sampling techniques, and statictical analyses appropriate for
hazardous waste sites (e.g., see Cochran, 1977; Green, 1979; Gilbert, 1987; Ott, 1995).

One also can improve the power of a statistical test if the test hypothesis is more
specific than “"two populations are different," and, instead, predicts the direction of a
difference (e.g.. mortality in the exposed group is higher than mortality in the control group).
When one can predict the direction of a difference between groups, one uses a one-tailed
statistical test. otherwise, one must use the less powerful two-tailed version of the test.

Highlight Box D-2
Key Points About Statistical Significance, Power, and Sample Size

(1) The significance level for a statistical test, a, is the probability that a statistical test will
yield a value under which the null hypothesis will be rejected when it is in fact true.
In other words, a defines the probability of committing Type I error (e.g., concluding
that the site medium is toxic when it is in fact not toxic to the test organisms).

(2) The value of B is the probability that a statistical test will yield a value under which the
null hypothesis is accepted when it is in fact false. Thus, B defines the probability of
committing Type II error (e.g., concluding that the site medium is not toxic when it is
in fact toxic to the test organisms).

(3) The power of a statistical test (i.e., 1 - B) indicates the probability of rejecting the null
hypotheses when it is false (and therefore should be rejected). Thus, one wants the
power of a statistical test to be as high as possible.

4) Power is related to the nature of the statistical test chosen. A one-tailed test is more
powerful than a two-tailed test. If the alternative to the null hypothesis can state the
expected direction of a difference between a test and control group, one can use the more
powerful one-tailed test.

(5) The power of any statistical test increases with increasing sample size.

D-3 STATISTICAL MODEL
Associated with every statistical test is 2 model and a measurement requirement. Each

statistical test is valid oniy under certain conditions. Sometimes, it is possible to test whether
the conditions of a particular statistical model are met, but more often, one has to assume that
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they are or are not met based on an understanding of the underlying population and sampling
design. The conditions that must be met for a statistical test to be valid often are referred to
as the assumptons of the test.

The most powerful statisucal tests (see previous sectuon) are those with the most
extensive assumputions. [n general, parametric staustcal tests (e.g., t test, F test) are the most
powerful tests, but also have the most exacung assumpuons (o be met:

(1) The “observauons” must be independent;

(2) The “observations” must be drawn from a populauon that is normally
distnbuted;

(3) The populations must have the same variance (or in special cases, a known
ratio of variances); and

(4) The vanables must have been measured at least on an interval scale so that it is
possible to use arithmetic operations (e.g., addition, multiplication) on the
measured values (Siegel, 1956).

The second and third assumptions are the ones most often violated by the types of data
associated with biological hypothesis testing. Often, distrbutions are positively skewed (i.e.,
longer upper than lower tail of the distribution). Sometimes, it is possible to transform data
from positively skewed distributions to normal distributions using a mathematical function.
For example, many biological parameters turn out to be log-normally distributed (i.e., if one
takes the log of all measures, the resulung values are normally distributed). Sometimes,
however, the underlying shape of the distnbution cannot be normalized (e.g., it is bimodal).

When the assumptions required for parametric tests are not met, one must use
nonparametric stausucs (e.g., median test, chi-squared test). Nonparametric tests are in
general less powerful than parametnc tests because less is known or assumed about the shape
of the underlying distnbutions. However, the loss in power can be compensated for vy an
increase 1n sample size, which is the concept behind measures of power-efficiency.

Power—fficiency reflects the increase in sample size necessary to make test B (e.g.,a
nonparametnc test) as efficient or powerful as test A (e.g., a parametric test). A power-
efficiency of 80 percent means that in order for test B to be as powerful as test A, one must
make |0 observauons for test B for every 8 observauons for test A.

For further informauon on statustical tests, consult references on the topic (e.g., see
references below). ‘
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