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EXECUTIVE SUMMARY

This report is a field and laboratory reference document that provides  guidance on
designing, implementing, and interpreting ecological assessments ¢ hazardous
waste sites. It is comprised of nine chapters that address the following: (1) the
definition of an ecological assessment, (2) evaluation and selection of appropriate
ecological endpoints, (3) basic strategies and approaches to ecological assessments,
(4) considerations in field sampling design, (5) the role of quality assurance and
guality control, (6) recommended aquatic and terrestrial toxicity tests, (7)
recommended biomarkers, (8) recommended aquatic and terrestrial fleld survey
methods, and (9) considerations in data analysis and interpretation. The report
discusses the scientific basis for assessing adverse ecological effects at a hazardous
waste site and presents methods for evaluating the ecological effects associated with
toxic hazardous waste site chemicals.

The methods are intended for implementation in the early phases of the hazardous
waste site evaluation process and should be used as integral parts of hazardous
waste site studies. The methods presented in this document can be implemented
within a time frame of 12 to 18 months and, in some cases, the analyses can be
completed in a matter of days.

The methods presented in this document are not required by regulation. However,
they provide a reasonable basis for assessing the adverse ecological effects associated
with razardous waste sites.
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CHAPTER 1
INTRODUCTION

1.1 PURPOSE

This document has the following purposes: (1) to discuss the scientific basis for
assessing adverse ecological effects at hazardous waste sites (HWSs), and (2 to
present methods for evaluating the on-site and off-site ecological effects of HWSs.
The methods are intended for implementation in the early phases of the HWS
evaluation process and should be used as integral parts of HWS evaluations. This
ducument is intended for use by administrative and scientific personnel with a strung
background in the environmental sciences, including laboratory and field procedures,

and environmental assessment strategies.

1.2 BACKGROUND

A high priority of the U.S. EPA is to identify, characterize, and cleanup HWSs. These
activities are regulated by the Comprehensive Environmental Response
Compensation and Liability Act (CERCLA), as amended by the Superfund
Amendment and Reauthorization Act of 1986 (SARA). Both CERCLA and SARA
address the toxic effects of hazardous wastes to aquatic and terrestrial organisms;
consequently, environmental toxicity is one of the principal characteristics used to
identify and characterize HWSs. Many of the methods presented in this document
have been adapted from toxicity-based approaches to environmental assessment.
The toxicity-based approach was developed for measuring and assisting in the
regulation of toxic complex effluents discharged to surface waters (U.S. EPA 1985).
It has also been used to identify and characterize toxic wastes under regulations
enforced by the Resource Conservation and Recovery Act (RCRA) of 1976 as amended
(Millemann and Parkhurst 1980). While site-specific characteristics may influence

the assessment strategy at a HWS, the potential list of “appropriate, relevant, and
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applicable regulations’ (ARARs) in force under CERCLA and SARA could provide a
basis for selecting methodologies applicable to a given site, particularly if mandated
through legislation (e.g., Clean Water Act, Endangered Species Act and the Safe
Drinking Water Act).

Three types of information are needed to establish a firm, causal relationship
between toxic wastes and ecological effects. First, chemical analyses of the
appropriate media are necessary to establish the presence, concentrations, and
variabilities of specific toxic chemicals. Second, ecological surveys are necessary to
establish that adverse ecological effects have occurred. And finally, toxicity tests are
necessary to establish a link between the adverse ecological effects and the toxicity of
the wastes. Without all three types of data, other potential causes of the observed
effects unrelated to the toxic effects of hazardous wastes, such as habitat alterations
and natural variability, cannot be eliminated. For the following reasons, confidence
in cleanup and monitoring decisions is greatly enhanced when based on a

combination of chemical, ecological, and toxicological data:

® Ecological and toxicological data can be used to assess the aggregate toxicity of
al toxic condtituents at an HWS.

e The bioavailability of toxic chemicals is measured with ecological and
toxicological assessments, but not with chemical analyses; therefore, the use of
chemical data alone may over or underestimate the toxicities of single
chemicals.

e FEcological and toxicological assessments link chemical-specific toxicity with
measured biological responses, thereby providing a realistic assessment of
environmental effects.

e Ecological and toxicological assessments provide information on the

magnitude and variation of toxic effects, which may be useful in cleanup and
monitoring strategies.
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1.3 DEFINITION OF AN ECOLOGICAL ASSESSMENT

The objective of an ecological assessment is to quantify the ecological effects
occurring at an HWS. In this document, ecological effects refer principalally to
population- and community-level effects on terrestrial and aquatic biota and
biological processes. The magnitude and extent of ecological effects are measured
based on a select set of ecological endpoints that are considered reasonable indices of

the status of biological populations and communities on and near HWSs.

The expected outputs from an ecological assessment include the following:

e A basic inventory of the current status of selected components of the biological
community in the area.

e An estimate of the current level of ecological effects associated with the HMS
based on the selected subset of ecological endpoints.

® An estimate of the magnitude and variation of toxic effects.
® To the degree possible, identification of the extent to which these effects have

resulted specifically from the presence of hazardous and toxic chemicals, as
opposed to other associated effects such as habitat disruption.

Outputs not expected from an ecological assessment include the following:

® Predictions of future ecological effects at the HWS.

® An assessment of risk, although the data generated will be a useful component
of an environmental risk analysis.

® Analyses s specific to optimizing the design of remedial actions, assessing
potential effects on human health, and evaluating the fate and transport of
hazardous wastes. However, the data generated from an ecological assessment
may contribute significantly to such analyses.

® Comprehensive ecological studies or research investigations. Ecological
assessments of HWSs will focus on selected ecological endpoints.

13



Ecological assessments are a single component of an HWS evaluation. Other studies
at the site include chemical analyses to establish the occurrence and distribution of
potentially hazardous substances in the environment, models that predict the fate
and transport of chemical substances at the site, and assessments of the threat to
human health. The assessment methods presented in this section should be

integrated with these analyses as part of the HWS evaluation process.

14 CRITERIA FOR METHODS SELECTION AND PRESENTATION

Some of the methods presented in this document are well developed, widely accepted
procedures while others are less standard. This discrepancy is due, in part, to a
differing amount of scientific research in methods development within specific
environmental areas. For example, methods of toxicity assessment in freshwater
systems are well developed while methods of toxicity testing in terrestrial systems
are less well developed. To reflect the present state-of-the-science, the laboratory and
field methods presented in this document are categorized into two classes, | and 11.
Class | methods represent standardized off-the-shelf methods, i.e., ones that have
been extensively researched and validated for use in environmental assessments. In
most cases, a large body of existing information is available documenting the ability
of the test results to confirm the existence of adverse ecological effects. Class Il tests
represent test methods that are still under development, but which may be applicable
to specific environmental situations at an HWS. Class |l methods have not
undergone the amount of standardization and validation associated with Class |
methods. However, Class Il methods should not be considered inferior methods.
They may be the procedures of choice for site-specific evaluations or may be the only
methods available at this time. Within this document, the advantages and

disadvantages of Class | and Class Il methods are presented, where appropriate.
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Step-by-step details are not included for conducting the methods presented in this
document. Rather, specific tests and procedures are recommended, and selected
references are provided. The reader should consult the reference(s) for specific,
detailed guidance on implementing a desired procedure. In addition, information
useful for selecting a specific method, the expected outputs from the method, and the

strengths and weaknesses of the method are discussed, where appropriate.

The methods presented in this document can be implemented within a time frame of
12 to 18 months. Methods requiring longer periods of time were not included. Given
that environmental conditions vary greatly among sites, the selected methods are

sufficiently flexible to permit implementation at most sites.

This document should be used in conjunction with the Superfund Environmental

Evaluation Manual, currently under development by the U.S. EPA Office of Solid

Waste and Emergency Response (OSWER). The reader is directed to the OSWER
document for further guidance on the role of ecological assessment within the
Superfund program. Additionally, other federal agencies have developed summary
documents which may be relevant to HWS evaluation on a site-specific basis (U.S.

FWS 1987).

1.5 ORGANIZATION OF THE DOCUMENT

This document is a field and laboratory reference document that provides guidance on
designing, implementing, and interpreting an ecological assessment. It is comprised
of nine chapters that address the following subjects: (1) the introduction, (2)
evaluation and selection of appropriate ecological endpoints, (3) basic strategies and
approaches to ecological assessments, (4) considerations in field sampling design, (5)

the role of quality assurance and quality control in HWS evaluations, (6)
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recommended aquatic and terrestrial toxicity tests, (7) recommended biomarkers, (8)
recommended aquatic and terrestrial field survey methods, and (9) considerations in

data analysis and interpretation.

Each chapter in this document presents a discussion of issues and methods related to
designing, implementing, and interpreting ecological assessments of hazardous
waste sites. The authors of each of these chapters presented their papers at a
workshop held in Seattle, WA on July 25-27, 1988. Workshop participants are
presented in Appendix A. During the workshop, the material contained in this
document was presented and discussed, and many of the comments received during
the workshop have been incorporated. As new information on ecological assessment
becomes available, new techniques undoubtedly will be developed. The methods and

recommendation presented in this document will, as a consequence, be revised.

1.6 REFERENCES

Millemann, R. E., and B.R. Parkhurst. 1980. Comparative toxicity of solid waste
leachates to Daphnia _magna. Environ. Internet. 4:255-260.

Public Law 94-580. 1976. Resource Conservation and Recovery Act (RCRA), as
amended.

Public Law 96-510. 1980. Comprehensive Environmentsl Response, Compensation,
and Liability Act (CERCLA), as amended.

Public Law 99-499. 1986. Superfund Amendment and Reauthorization Act (SARA),
as amended.

U.S. Department of Interior. 1987. Type B Technical Information Document. Injury
to Fish and Wildlife Species. CERCLA Project 301. Washington, DC.

U.S. Environmental Protection Agency. 1985. Short-Term Methods for Estimating
the Chronic Toxicity of Effluents and Receiving Waters to Freshwater Organisms.
EPA/600/4-85/014, Environmental Monitoring and support Laboratory, Cincinnati,
OH. 162 pp.

1.6



U.S. Environmental Protection Agency. In preparation. Superfund Environmental
Evaluation Manual. Office of Solid Waste and Emergency (OSWER), Washington,



CHAPTER 2
ECOLOGICAL ENDPOINTS
By

Glenn W. Suter 11, Environmental Sciences Division,
Oak Ridge National Laboratory, Oak Ridge, TN.

2.1 INTRODUCTION

The purpose of ecological assessment of hazardous waste sites is to provide input to
the decision making processes associated with a broad range of applications including
site prioritization, waste characterization, site characterization, cleanup or
remediation assessment, and site monitoring. The results of the ecological
assessment that constitute the input to the decision making processes are
descriptions of the relationship of pollutants tn ecological endpoints. If the ecological
endpoints are not compelling, they will not contribute to the decision, This chapter
describes two different types of endpoints, presents criteria for judging endpoints,
presents classes of endpoints that are potentially useful in assessments of waste sites,
judges them by the criteria, and discusses how the nature of the assessment problem

affects endpoint choice.

2.2 TYPES OF ENDPOINTS

Some confusion may occur in the practice of environmental assessment because the
term endpoint has been used to describe two related but distinct concepts. To avoid
this confusion, the following paragraphs distinguish assessment endpoints from

measurement endpoints.

Assessment endpoints are formal expressions of the actual environmental values

that are to be protected. Ecological assessments, as defined in this document, are
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concerned with describing the existing effects of a hazardous waste site on the
environment. Therefore, the assessment endpoints are environmental
characteristics, which, if they were found to be significantly affected, would indicate

a need for remediation.

Assessment endpoints must be valued, but they are not ultimate values. Rather,
they are the highest values that can be objectively assessed. Ultimate values fall in
the domain of risk management, where ecological and human health assessment
results are considered along with political, legal, economic, and ethical values to

arrive a a plan for remediation.

A measurement endpoint is a quantitative expression of an observed or measured
effect of the hazard; it is a measurable environmental characteristic that is related to
the valued characteristic chosen as an assessment endpoint. In some cases, the
measurement endpoint may be the same as the assessment endpoint. If the
assessment endpoint for a waste site is decreased abundance of green sunfish in a
stream adjoining the site, then abundance of the sunfish can be measured and related
to abundance in reference sites. Because some potential assessment endpoints are
not observable or measurable, and because assessments are often limited to using
available of standard data, measurement endpoints are often surrogates for
assessment endpoints. For example if the assessment endpoint is reduced production
of green sunfish in the stream due to toxic effects of the leachate, productivity can not
be measured in the time allotted to a typical field study and toxic effects can not be
reliable separated in the field from other effects on productivity. In that case, toxicity
test endpoints are appropriate but they are likely to be standard EPA test endpoints
such as a fathead minnow LC50 for the leachate. When the measurement endpoint is

not the same as the assessment endpoint, then some model must express the
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relationship between the two. It may be as simple as. a fish is a fish and so fathead
minnows can simulate green sunfish, and population production would probably be
affected at the LC50. More sophisticated assessments might use a fathead minnow to
green sunfish extrapolation model or a green sunfish population model to relate the

measurements to the assessment endpoint.

Measurement endpoints may be measured in the field or laboratory. Field
measurements from monitoring or survey programs indicate what effects are
occurring on a site. Laboratory measurements can be used to predict field effects or to
provide evidence of causality for observed field effects. Measurement endpoints are
typically simple statistical or arithmetic summaries of the measurement results.
Examples are the LC50, a point on a regression line fitted to concentration-response

data, and the relative abundance measures derived from field survey data.

In an unfortunately large number of monitoring programs, there are measurement
endpoints, but the assessment endpoints are not clearly defined. In effect, the
assessment endpoints are: “Are the things that we are measuring changing?’ or “Are
the things that we are measuring different on and off the site?” Without a better
definition of why measurements are being taken, time and effort are wasted. If one
monitors any aspect of the environment long enough, change will be seen; and if any
two sites are sampled intensively enough, they will be found to differ. Minute
changes or differences may be statistically significant but not environmentally
significant. A clearly defined assessment endpoint not only indicates what is worth

measuring, but also how intensively it must be measured.

The remainder of this document is concerned with the various sorts of measurements

that can be performed for ecological assessments of hazardous waste sites. The
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purpose of this chapter is to make the assessor aware of the need to decide what is
being assessed (i.e., to chose explicit assessment endpoints) before deciding what to

measure.

This document does not describe methods for performing risk assessments. That is, it
is not concerned with prediction of future effects or with optimization of the remedial
actions. However, if the Superfund process proceeds beyond the activities described
in this document, the effects of alternate remedial actions will have to be predicted
and the remedial design selected in part on these predictions. If the measurements
made for the ecological assessment are to be useful in this risk assessment and risk
management process, then the assessment and measurement endpoints should be
selected so as to be useful for prediction and relevant to the selection of remedial
actions. Otherwise effort will have been wasted and the risk assessment will be
impeded or impaired.

2.3 CRITERIA FOR ENDPOINTS

2.3.1 Assessment Endpoints

Criteria for a good assessment endpoint are listed in Table 2-1. First, an assessment
endpoint should have social relevance; that is, it should be an environmental
characteristic that is understood and valued by the public and by decision makers. In
ecological assessments, the most appropriate endpoints often are effects on valued
populations such as crops, trees, fish, birds, or mammals. This is not to say that
species and other environmental attributes that are not publicly valued or
understood have no place in ecological assessment. Rather, if species that are not
socially valued are particularly susceptible, then their link to valued species or other

valued environmental attributes must be explicitly demonstrated.
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3.4 DEVELOPMENT OF THE ASSESSMENT STRATEGY AND DESIGN
The existing site data and results from the initial site visit provide the basis for
developing a site-specific assessment strategy and design. Important components of

this plan include the following:

® Specific objectives -- The objectives of the ecological assessment should be
clearly defined and should reflect both primary ecological concerns and the
anticipated role of the ecological assessment in'the HWS evaluation process
and subsequent decision making.

® Conceptual framework -- Formulating the optimal design for an ecological
assessment may be facilitated by developing a conceptual model for the site,
including information on the movement and distribution of contaminants,
likely interactions among ecosystem components, and expected ecological
effects at the HWS, on site and off site.

® Assessment and measurement endpoints -- The assessment endpoints and
corresponding measurement endpoints to be provided by the ecological
assessment should be selected based on the criteria outlined in Chapter 2. The
selected endpoints should match the specific objectives defined above.

& Assessment methods -- For each measurement endpoint, one or more of the
methods outlined in Chapters 6 through 8 should be chosen as the optimal
means for quantifying the response variable of interest.

® Quality assurance/quality control -- For each measurement endpoint, a
data quality objective (DQO) must be defined, i.e., the measurement precision
and accuracy required in order to satisfy the objectives of the HWS evaluation.
In addition, procedures for monitoring and controlling data quality must be
specified and incorporated within all aspects of the ecological assessment, i.e.,
during sample collection, processing, and analysis;, data management; and
data analysis. Data quality objectives and procedures for quality
assurance/quality control are discussed further in Chapter 5.

 Field sampling design -- Statistical issues relating to design of the field
sampling program (e.g., optimal sample size, procedures for sample selection)
are discussed in Chapter 4.

e Schedule -- Typically, the entire HWS evaluation (including planning, data
analysis, and report preparation) must be completed within 12 to 18 months.
Thus, the ecological assessment ma be subject to quite severe time
constraints. On  the other hand, some of the ecologica methods, particularly
field surveys, may be easier and more effective to do if conducted at certain
times of the year. The schedule and time requirements for each aspect of the
ecological assessment must be given careful consideration.

3-4



e Data analysis plan -- Prior to the collection of data, a specific plan for data
analysis should be developed. By considering, immediately, the types of
analyses and outputs anticipated, important components, confounding factors,
and data requirements are less likely to be overlooked.

A tiered approach to an ecological assessment maybe particularly effective. At each
step, or tier, the decision is made whether to proceed and how best to proceed, based
on the data collected up to that point. The tiers may be designed to reflect increasing
levels of effort and/or different aspects of the overall HWS ecological evaluation. In
the first instance, Tier 1 may consist of relatively crude, but rapid and inexpensive
methods for evaluating the extent and severity of ecological effects. If severe and
extensive effects are documented at this stage, there may be no need for additional
data to quantify the problem at the HWS. On the other hand, if few or no effects are
detected, it cannot be assumed that significant adverse effects are not occurring.
Thus, it maybe necessary to apply more sensitive and comprehensive methodologies,
which are likely also to be more costly and time consuming, in a second tier of

analyses.

Tiers may also be designed to address a series of questions regarding ecological
conditions and effects at the HWS. In this case, results from the first tier feed directly
into design of the second tier, and Tiers 1 and 2 into Tier 3, etc. For example, Tier 1
could involve field surveys to determine whether significant population-level effects
on important organisms can be documented at the HWS (e.g., a significant reduction
in the abundance of important game fish in receiving streams). If such effects are
measured, of primary interest in Tier 2 would likely be the relationship, if any,
between the observed field effects and the toxicity of contaminants at the HWS. One
approach for Tier 2, therefore, would be to conduct aguatic toxicity tests using water
samples collected along the gradient of effects observed in Tier 1. If no toxic response

is measured, the population-level effect observed in the field survey may result
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advantages, and also limitations, of each of these major categories of assessment

methods. Similar discussions for specific recommended methods and procedures are
presented in Chapters 6 through 8.

3.5.1 Toxicity Tests

Toxicity tests measure the effects of contaminated media from the HWS on the
survival, growth, and/or reproduction of aquatic and terrestrial biota. Most often,
samples of soil, sediment, or water are collected from the HWS and returned to the
laboratory for testing with several standard laboratory test species. Toxicity tests

can also be run in mobile laboratories or in situ, and with resident species from the

site (see section 6.1).

The advantages and limitations of using toxicity tests in ecological assessments are
reviewed in Table 3-1. Chemical analyses provide a measure of the total
concentration of specific chemical compounds. Toxicity tests, on the other hand,
provide an integrated index of the bioavailable toxic contaminants on the site.
Furthermore, some toxic chemicals on a site may not be measured accurately in
chemical analyses because of the complexity of the matrix or analytical detection
limits. Thus, toxicity tests play an important role in and of themselves in site
assessments, and potentially link the occurrence of contamination, as evidenced by
an elevated chemical concentration, to biological effects. Toxicity tests are only an
index, however, of the potential for population- or community-level effects at the

HWS. Demonstration and quantification of ecological effects require field surveys.
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Table 3-1. Advantages and Limitations of Toxicity Tests in Ecologica
Assessments

Advantages

Measure of toxic conditions that

can be linked to the presence of
contaminant and hazardous wastes;
an important assessment component
needed to establish causality.

Results are an integrated index

of bioavailable contamination, whereas
chemical analyses measure only

total concentrations of specific
compounds.

Results are specific to the location
at which the sample was collected,
thus they can be used to develop
maps of the extent and distribution
of bioavailable contamination and
toxic conditions.

Results are easily interpreted and
amenable to QA/QC; within- and among-
laboratory precision, estimates are
already available for several tests.

Acute toxicity tests are relatively
quick, easy, and inexpensive to
conduct; results from acute tests
are used as a guide in the design of
chronic toxicity tests.

Chronic toxicity tests are generally
more sensitive than are acute tests,
and can be used to define “no effect”
levels; in addition, chronic tests
provide a better index of field
population responses and more closely
mimic actual exposures in the field.

Limitations

Measure of potential toxic effects

on resident biota at the HWS; however,
cannot always be directly translated into
an expected magnitude of effects on
populations in the field.

Results are somewhat dependent on
specific techniques, e.g., test species,
water or soil quality, test duration, etc.

Ecological survey data also provide

an integrated measure of effects

for the entire HWS, and maybe more
useful for addressing certain assessment
objectives.

Exposure conditions in toxicity tests are
not directly comparable to field
exposures; additional confounding
variables and other stresses are
important in the field.

Acute tests are less sensitive measures of
toxic conditions (relative to chronic tests
or biomarkers); thus, the absence of an
acute toxic response cannot be
interpreted as the absence of a toxicity
problem

Chronic tests require more time and
and expertise to conduct, yet still may
not detect all sublethal effects.

Results from toxicity tests are specific to the site of sample collection, and thus can be
mapped to define gradients and zones of toxic conditions. Such maps, in addition to

response surfaces of toxicity, can serve as a guide to the design of field surveys and
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other sampling programs. A close correspondence between spatial patterns of
toxicity and spatial patterns of effects measured in field surveys provides strong
evidence for the importance of toxic contaminants in controlling the status of

ecological communities at the site.

Like chemical analyses, procedures for quality assurance and quality control for
toxicity tests are fairly well established. Given standardized test conditions, as
described in Chapter 6, results from toxicity tests are typically highly repeatable

both within and among test laboratories.

Toxicity tests are generally classified as either acute (short-term) or chronic (long-
term) depending on the length of exposure of the organism to the contaminated
media. Acute toxicity tests are probably the best means for conducting a first-order
assessment of the distribution and extent of toxic conditions at a site. They are
relatively quick, easy, and inexpensive to conduct. On the other hand, acute tests
tend to be less sensitive measures of toxicity than are chronic tests or biomarkers.
Thus, the absence of an acute toxic response cannot be interpreted as the absence of a
toxic problem. Chronic toxicity tests, while requiring additional time and expertise,
may be needed to detect less severe, but still important, toxic effects. In particular,
chronic toxicity tests may be used to define “no effect” levels, useful for evaluating

the effectiveness of remediation programs.

Microbial systems, and methods relying on measurements of microbial activity, were
treated somewhat separately in development of the recommended methodologies for
ecological assessments. Although included within the chapter on toxicity testing

(Section 6.4 ), some of these procedures could aso be applied in field surveys, many



