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Abstract 

Ecological risk assessment is becoming an increasingly important tool for ranking, assess- 
ing, reducing, and managing environmental risks. To provide Agency-wide guidance in this 
area in the U.S., EPA’s Risk Assessment Forum has begun a multi-year guidelines develop- 
ment program. The first step in this program was the publication of the report “Framework 
for Ecological Risk Assessment” which describes the principles, concepts, terminology, and 
structure of ecological risk assessments. 

1. Introduction 

Since its inception in 1971, the U.S. Environmental Protection Agency 
(EPA) has had the responsibility for regulating the use of individual and 
complex mixtures of pollutants entering our air, land and water. The Agency’s 
focus during this period centered primarily on environmental problems at- 
tributable to the use of individual toxic chemicals. For example, scientific 
evidence demonstrated that specific chemicals (e.g., persistent lipophilic or- 
ganic chemicals such as DDT, PCB’s, etc.,) were distributed throughout the 
biosphere and had accumulated in biological tissues where they posed a sub- 
stantial risk to the survival, reproduction, and sustainability of susceptible 
populations (e.g., avian raptors). Recognition of these environmental problems 
led to legislation, regulations, and research centered on determining chemical 
specific effects on the responses of individual species. Extensive ecotoxicity 
and monitoring data bases have been developed to determine the potential 
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impacts from chemical contaminants before and after they have been released 
into the environment. This philosophy has and continues to produce a variety 
of chemical-specific regulations (e.g. Water and Sediment Quality Criteria, 
pesticide registrations, toxic substances, etc.) that support “end-of-pipe” con- 
trol and remediation strategies which have and continue to improve environ- 
mental quality [l]. 

The scope of today’s environmental problems are diverse, complex, and will 
require an integrated scientific and regulatory policy. This policy, while con- 
tinuing to control new and historical sources of individual chemicals (i.e., 
“end-of-the-pipe”) and remediate existing pollution problems, will have to 
address the cumulative effects from multiple stresses. In this decade, regional- 
and global-scale environmental problems are increasing in importance. This is 
illustrated by: (1) the alteration of freshwater aquatic communities and forests 
from acid deposition; (2) the effect of chloro-fluorohydrocarbons on the integ- 
rity of the planet’s stratospheric ozone layer; and (3) the potential alteration of 
global climates from increased atmospheric concentrations of such common 
gases as carbon dioxide and methane. In addition, the threat posed by non- 
chemical stresses (e.g., habitat alteration and fragmentation, species loss and 
introduction, etc.) presents a substantial ecological risk to the integrity of both 
specific populations and ecosystems [2]. 

Risk assessment is the process for determining the probability, with asso- 
ciated uncertainty, of a particular event occurring as the result of the 
action of a specific agent or stressor [3]. Ecological risk assessment, therefore, 
can be defined as a process for evaluating the likelihood of adverse ecological 
effects occurring as a result of exposure to one or more stressors. Ecological 
risk assessment provides the strategy for integrating sources of environmental 
pollution with adverse ecological effects and therefore can be expected 
to play an important role in environmental decision-making. Recently, 
EPA’s Science Advisory Board recommended that the ecological risk assess- 
ment process be used both as the corner stone for environmental decision- 
making within EPA and that it receive equivalent priority to the Agency’s 
health risk assessment program [l]. By adopting these recommendations, EPA 
will increase the prominence of ecological risk assessment in the regulatory 
process and require that state-of-the-science guidance be developed for 
Agency scientists to assure consistency in the conduct and interpretation of 
ecological risk assessments so that informed decisions can be made by Agency 
managers [2], 

At the present time EPA does not have an Agency-wide strategy or approach 
for providing consistency in the design, analysis, and interpretation of re- 
search information that is to be used in making risk-based decisions for 
ecological problems. In other words, EPA does not have an ecological analog 
to its guidelines for conducting human health risk assessments. The need 
for consistency in ecological risk assessments is partictilarly important be- 
cause it assures the environmental manager that the information used to 
formulate decisions throughout EPA has been acquired and interpreted within 
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a consensus set of guidelines that have been peer-reviewed by the scientific and 
regulatory communities and the public. 

Recently, EPA has published a “Framework for Ecological Risk Assess- 
ment” (Framework) that describes the concepts, principles, and proposes 
a simple, flexible structure for organizing future guidelines [4]. The Framework 
does not provide, however, the level of detail necessary to serve as a guideline 
and does not address the larger question of where, in the total set of potential 
ecological risk issues, the Agency-wide risk assessment guideline should be 
focused. Each ecological risk assessment has many potential dimensions 
(space, time, stressors, ecosystems, etc.) for which scientific issues must be 
resolved before guidance for specific problems (e.g. stressor-ecosystem combi- 
nations) can be prepared. These scientific issues, when fully developed, will 
serve as the bridge between the Framework’s general principles and more 
substantive ecological risk assessment guidelines. 

The purpose of this paper is to provide an overview of the scientific prin- 
ciples that are relevant to understanding and conducting ecological risk 
assessments; the Agency’s Framework for ecological risk assessment; the 
application of the Framework to pro- and retrospective types of assessments; 
and, some of the scientific issues for which additional information is required 
before the agency can prepare substantive ecological risk assessment guid- 
ance. 

2. Scope of ecological risk assessments 

Ecological risks result from individual and multiple stressors acting singly 
or in combination over a wide range of spatial, temporal, and ecological scales. 
Consequently, stressors often affect one or more ecosystems simultaneously 
and may require that ecological assessments be made at one or more levels of 
biological organization. The scale and complexity of ecological systems and 
their interactions with anthropogenic and natural stresses present a challenge 
to assessing both risks and recovery in these ecosystems. There are, however, 
two central aspects to understanding the roles and interactions of a stress in 
ecological risk assessments: (1) the characterization of the stressor, its distri- 
bution in space and time, and co-occurrence experienced by various biological 
components of the ecosystem; and (2) the characterization of how ecosystems 
respond to and recover from one or more stressors [5]. 

Knowledge of the potential interactions of stressors in ecological systems 
suggests that five variables can be used to define the potential range of 
ecological risk assessment types. The five variables that describe the ecologi- 
cal risk landscape and capture the essential features of the ecological risk 
assessment process are: type of stressor, ecological organization, ecosystem 
type, spatial and temporal scale [6]. 
l Stressor. This refers to the type (chemical, non-chemical), properties (physical 

and chemical), potential modes of action, scale, intensity/duration/frequency 
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and timing. These characteristics provide insight into potential abiotic and 
biotic interactions of the stressor and the stressors temporal and spatial 
co-occurrence with the ecological components of one or more ecosystems 
that are the focus of the risk assessment. 

l EcoZogicaZ organization. Ecological organization represents the level of eco- 
logical scale and complexity (for both endpoints and indicators) at which the 
ecological risk assessment is conducted. In theory, the scale of ecological 
organization chosen for the ecological risk assessment is dependent upon 
and must be compatible with both the spatial and temporal scales of the 
stressor and the ecosystem components co-occurring with and affected by the 
stressor. 

l Ecosystem type. Ecological assessments are typically though not necessarily 
ecosystem specific, that is, assessments describe the risk of ecological effects 
for aquatic, terrestrial, or wetlands categories of ecosystems and/or their 
respective subcategories. 

l Spatial scale. Spatial scale delineates the area over which the stress is 
operative and within which direct ecological effects may occur. Indirect 
ecological effects may greatly expand the spatial scale required for the 
assessment. 

l Temporal scaZe. Temporal scale defines the expected duration for the stress, 
the timescale for expression of direct and indirect ecological effects, and the 
time for the ecosystem to recover once the stress is removed. The spatial and 
temporal scale of the stressor are important variables in defining the bound- 
aries of the risk assessment. 
These variables provide a multi-dimensional approach to classifying the 

types of ecological risk assessments and can be used to define the context and 
potential range of scientific issues needing to be addressed in the conduct of 
ecological risk assessments. This can be visualized when selected variables are 
combined into a three-dimensional matrix and displayed graphically as 
a “Cube” (Fig. 1) [6]. Spatial and temporal scale are acknowledged, implicitly, 
as being important across all components of the process and for defining the 
boundaries of the assessment. 

This graphic representation is useful because it explicitly shows the rela- 
tionships between the variables, presents a comprehensive description of the 
potential types of ecological risk assessments for which guidance will be 
needed, and suggests the types of scientific issues associated with the risk- 
based evaluation of environmental problems. However, the ‘Cube” does not 
provide: (1) a structure and process that describes how ecological risk assess- 
ments are conducted; (2) a detailed description of the specific types of informa- 
tion for each of the five variables that are needed in a risk assessment; and (3) a 
process for analyzing, integrating and interpreting information in a manner 
necessary to provide an estimate of ecological risk. What is needed is a struc- 
ture and process that describes how ecological risk assessments are conducted 
and that can be applied to any “cell” within the matrix of variables described 
by the “Cube”. 
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ECOLOGICAL RISK PRINCIPLES 

Fig. 1. Three-dimensional matrix of ecological risk organizing principles. 

3. Ecological risk assessment framework 

Ecological risk assessment is defined as a process for evaluating the likeli- 
hood that adverse ecological effects have, are, or will occur as a result of 
exposure to one or more stressors [4]. Implicit in this definition is that: 
(1) environmental stressors have the inherent ability to cause one or more 
adverse effects, and (2) the stressor co-occurs with or contacts an ecological 
component (i.e., organisms, populations, communities, or ecosystems) long 
enough and at a sufficient intensity to elicit the identified adverse effect [5]. 
Consequently, the risk assessment process is based upon two major elements: 
Characterization of Exposure and Characterization of Ecological Effects. The 

following is a brief description of EPA’s Framework for Ecological Risk 
Assessment” that has been proposed as structure for ecological risk assess- 
ments. 

The Framework is divided into three phases: problem formulation, analysis, 
and risk characterization (Fig. 2). 

Problem formulation. This first phase of the Framework includes a prelimi- 
nary characterization of exposure and effects specifically directed toward 
developing a conceptual model of the risk assessment. The conceptual model is 
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Ecological Risk Assessment 

RISK CtlARACTERlUllON 

Fig. 2. Framework for ecological risk assessment. 

comprised of hypotheses linking the types, actions, and exposure pathways of 
stressors to: their sources, the ecosystems of concern, and the direct and 
indirect ecological effects that are the basis of the risk assessment. 

Analysis phase. This second phase of the Framework consists of two pre- 
viously mentioned activities, Characterization of Exposure and Characteriza- 
tion of Ecological Effects. The purpose of Characterization of Exposure is to 
predict or measure the spatial and temporal distribution patterns of a stressor 
and its co-occurrence or contact with the ecological components of concern. 
The purpose of Characterization of Ecological Effects is to identify and quan- 
tify the ecological responses elicited by a stressor and, to evaluate the strength 
of potential cause and effect relationships. 

Risk characterization. This third phase of the Framework integrates expo- 
sure and ecological effects information to evaluate the likelihood of adverse 
ecological effects associated with exposure to a stressor. It includes a summary 
of the assumptions used, the scientific uncertainties, and the strengths and 
weaknesses of the analyses. Further, the ecological significance of the risk is 
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discussed with consideration of the types and magnitudes of the effects, their 
spatial and temporal patterns, and the likelihood of recovery. The purpose is to 
provide a complete picture of the analysis, results, and associated uncertain- 
ties of the assessment. 

In addition the Framework illustrates the roles of JZislz Management and 
Data Acquisition, Verification and Monitoring in the ecological risk assess- 
ment process (Fig. 2). The interface of policy, risk assessment, and risk manage- 
ment is crucial, in all regulatory programs. Social and economic values are 
reflected in the legislation enacted to protect one or more components of the 
environment, Those values are important to risk management decisions. 
Therefore, societal values should be considered early in the risk assessment 
process (e.g., identifying ecological endpoints of concern) to ensure that the 
risk assessment will provide relevant information for the risk manager. 

Data acquisition provides the information necessary to identify potential 
environmental problems and to conduct the risk assessment. The verification 
and monitoring phases are used to: (1) validate specific components (e.g., 
models) of the ecological risk assessment process; (2) confirm predictions of 
risk; (3) provide the necessary feedback concerning the effectiveness and 
practicality of policy decisions. 

The value of the risk assessment framework lies in its utility as a process for 
ordering and analyzing exposure and effects information, and in its flexibility 
for describing both past, present, and future risks. Risk assessment, therefore, 
can predict the likelihood that an effect will occur given exposure to a stressor 
(prospective) and can evaluate the likelihood that a specific stressor is respon- 
sible for observed ecological effects (retrospective). Prospective analysis gen- 
erally refer to a priori predictions of ecological risks (e.g., pre-manufacture 
pesticide risks) that are inferred from the characteristics and properties of the 
stressor. These types of risk assessments are used by EPA’s program offices to 
evaluate the potential risk of adverse ecological effects from pesticides and 
toxic chemicals prior to their release and use in the environment. Retrospec- 
tive analyses are a posteriori determinations of the likelihood that observed 
ecological effects (e.g., fish kills, declines in resources, etc.) have been caused 
by one or more stressors already present at that time in the environment. In 
retrospective analyses the intent is to develop evidence on the likelihood that 
observed ecological effects are linked to one or more existing stressors in the 
environment (e.g., RCRA, CERCLA, etc.). Retrospective studies often use an 
eco-epidemiological approach for diagnosing and identifying potential causal 
relationships. 

The development of a quantitative stressor-response relationship is essen- 
tial for two reasons. First, determination of stressor-response relationship 
provides important evidence for inferring potential causal, relationships that 
are necessary for implementing management control strategies. Second, stres- 
sor-response relationships premit the prediction of incremental risks from 
different exposures. The predictive capability of the risk assessment process, of 
obvious use in prospective assessments, is also important in retrospective 
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studies for setting remediation goals and for evaluating management 
options. 

From the perspective of the Framework, only the initial information avail- 
able in the problem formulation phase differs in the two types of assessments, 
being source-stressor driven in prospective analyses and effects driven retro- 
spective studies. Once the ecosystem potentially at risk and the endpoints for 
the assessment have been identified, the types of information and process used 
for determining past, present, and future risks are essentially the same in 
prospective and retrospective studies [4,6]. 

4. Scientific issues in ecological risk assessment 

Throughout the development of the Framework Report, case studies, and 
EPA sponsored workshops [7] and colloquia [8], a series of scientific issues 
have emerged that are critical to the conduct and interpretation of ecological 
risk assessments. These issues are important to the development of future 
guidelines because they expand upon important principles introduced but not 
discussed in detail in the Framework Report. These issues represent scientific 
aspects of the risk assessment process for which improved technical informa- 
tion is needed before comprehensive guidance can be developed. Because these 
issues are related directly to specific elements of the risk assessment process 
described in the Framework, they also serve as a bridge linking the Framework 
and future guidelines. The following nine issues illustrate, in part, the scien- 
tific issues that have been identified. 

1. Scale and compEexity in ecological risk assessments. The scale and com- 
plexity of ecological systems and their interactions with anthropogenic and 
natural stresses present a challenge to preparing guidance that can be used for 
assessing risk and recovery in ecosystems [6]. Three categories of scale have 
been highlighted in discussions: spatial scale, temporal scale, and ecological 
scale. Spatial scale delineates the area over which the stress is operative and 
where direct ecological effects may occur. Temporal scale defines the expected 
timing and duration of the stressor, the time-scale for expression of direct and 
indirect effects, and the time for the ecosystem to recover once the stress is 
removed. Ecological scale refers to level of ecological organization and com- 
plexity (e.g. organisms, populations, etc.) for which endpoints must be selected. 
These three aspects of scale are interdependent. For example, the scale of 
ecological organization chosen for the risk assessment is dependent on both 
the spatial and temporal scales of the stressor. In addition, the occurrence of 
indirect effects (e.g., effects on the food or habitat of the ecological component 
of interest) can expand all three aspects of scale. Because additional uncertain- 
ties are introduced in extrapolating between dissimilar scales, it is important 
that all three scales be compatible in an ecological risk assessment. 

2. Selection of endpoints. The identification and selection of endpoints 
for use in ecological risk assessments must consider and represent specific 
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properties of the ecosystem that are deemed to be at risk. These properties, if 
sufficiently altered, will constitute a fundamental change in the ecosystem that 
is of ecological or societal importance. Two categories of endpoints are identi- 
fied in the Framework Report; assessment endpoints which are explicit expres- 
sions of the environmental values that are to be protected; and measurement 

endpoints which are measurable ecological characteristics that are related to 
the assessment endpoints [9]. Considerable discussion on this topic has led to 
the identification of the following issues: (1) the use of both structural (e.g., 
community diversity) or functional (e.g., rates of primary production) ecosys- 
tem properties as endpoints; (2) relevancy, that is, the endpoint must have 
either ecological importance (e.g., keystone species, ecologically important 
processes) or societal importance (e.g., economically important, endangered, 
or aesthetic species); (3) criteria for selecting and linking assessment and 
measurement endpoints from different levels of biological organization (e.g., 
organism, population, community, and ecosystem); (4) endpoints that can 
discriminate between types of stressors or their signatures (e.g. toxics, nutri- 
ents, habitat loss, etc.); (5) the natural variability of candidate endpoints; and 
(6) comparability of endpoints with other ecological risk assessments (e.g., 
using some endpoints in common to different systems or different stresses) [lo]. 
It is likely that a suite of both assessment and measurement endpoints will be 
required to assure that the full range of ecosystem values are evaluated. If this 
is true then the issue of weighing and interpreting the relative value of each 
assessment endpoint’s contribution to the risk assessment will have to be 
considered. 

3. Exposure characterization. This is a broad topic containing several issues 
not the least of which is terminology (e-g., stress, stressors, exposure, etc.). Our 
current understanding of exposure concepts and principles is based on experi- 
ence with chemicals, specifically toxic chemicals. At issue is how applicable 
are these concepts, models, and methods to different categories of stressors. 
This issue is particularly important since the Agency must be prepared to deal 
effectively with important non-chemical stressors such as physical and biolog 
ical stressors. Issues for non-chemical stressors include understanding the 
nature and form of the physical stress-response relationships, and approaches 
for quantifying the intensity, duration, and extent of stressors. Chemical 
stressor issues include: (1) information on the nature, transformations and 
interactions of stressors with both biotic and abiotic components in the envi- 
ronment; (2) the bioavailability of chemical stressors; and (3) co-occurrence of 
anthropogenic stressors with natural environmental variables and critical 
periods of biological activity 143 

4. Stressor-response relationships. Many of the methods for estimating 
exposure and stressor-response relationships were developed for assessing 
chemical risks to individual organisms and species. At issue is whether the 
same concepts and/or methods can be applied to higher levels of biological 
organization and to non-chemical stressors such as physical perturbations or 
introduced species. Issues that need to be discussed include: (1) evaluating the 
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applicability of stress-response relationships developed for chemical stressors 
and organism level responses to non-chemical stressors (e.g. physical perturba- 
tions) and to higher levels of ecological organization; (2) determining the 
feasibility of stress-response models for communities, ecosystems, and biomes; 
(3) examining the utility of unique forms of stress-response expressions (e.g. 
non-linear, step-functions, etc.); (4) selecting the most appropriate expressions 
of stress-response relationships for non-chemical stressors (e.g. habitat alter- 
ation, introduced species, etc.); and (5) describing which approaches and 
methods are most appropriate for including indirect effects, recovery, and 
cumulative impacts in estimates of the stress-response relationships. 

5. Cumulative impacts. Cumulative impacts can result from the incremental 
effects of multiple stressors acting over large spatial and long temporal scales. 
Issues include: (1) how to determine the response to mixtures of chemicals and 
combinations of chemical and non-chemical stressors; (2) how to combine the 
effects of both anthropogenic and non-anthropogenic stressors; and (3) how to 
integrate ecological effects at different spatial scales. 

6. Ecosystem recovery. Ecosystem recovery has been identified as an impor- 
tant issue area for which guidance will be needed in the future. Central to 
understanding the role of recovery in ecological risk assessments is knowledge 
of the following: (1) definition of “disturbance”, “recovery” and the selection 
of appropriate indicators; (2) the particular qualities and novelty of the stres- 
sor, (3) the intensity, duration, and frequency of the stressor; (4) the role of 
life-history and behavioral characteristics; (5) the availability and size of 
refugia and corridors for immigration; (6) natural successional patterns and 
the temporal scales of colonizing biota; (7) the “reversibility” of the effects; 
(8) biological and physical scaling, and (9) spatial and temporal heterogeneity 
and variability of recovery [ll, 121. 

7. Ecologic& significance. It is generally recognized that the interpretation 
of environmental problems involve scientific, policy and societal components. 
Discussion of ecological significance within the context of ecological risk 
assessment requires clearly defining several scientific concepts and issues. For 
example: (1) determining what constitutes a significant change in one or more 
assessment endpoints; (2) determining implications and significance of 
a change in the assessment endpoint(s) within a broader ecological context 
(ecosystem, watershed, landscape, etc.); (3) understanding the changes within 
the context of natural selection processes and time scales; (4) knowledge of 
natural variability, be that temporal (e.g. seasonal cycles of abundance), 
spatial (e.g. the spatial heterogeneity of communities) and/or biological (e.g. 
differential sensitivity of life stages, physiological races, etc.); (5) understand- 
ing the role of recovery in ecological significance; and (6) the role of societal 
values and their juxtaposition with ecological values. In addition, recent 
discussions’ on the interpretation and communication of ecological signifi- 
cance have emphasized the importance of issues of spatial and temporal scale, 
indirect effects (e.g., food or habitat), discriminating changes in endpoints due 
to natural variability from anthropogenic causes, and understanding the 
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relationship between the scope of measured changes and the broader ecologi- 
cal context within which the risk assessment resides as critical to determining 
ecological significance. 

8. Uncertainties. The complexities inherent in ecological risk assessments 
are the source of several types of uncertainty. One of the goals of risk assess- 
ments is the clear delineation of both individual sources of uncertainty and the 
propagation of those uncertainties to provide a composite estimate of the total 
uncertainty of the assessment. Some if the issues relative to this topic include: 
(1) the theoretical considerations in characterizing uncertainty; (2) model 
uncertainties (incorrect model, excluded variables, abnormal conditions, etc.); 
(3) parameter uncertainties; (4) natural variability and stochasticity; (5) ex- 
trapolation uncertainties (spatial, temporal, and ecological scales, endpoints, 
taxa, etc.); (6) decision-rule uncertainties (the measure to describe risk sum- 
mary statistic, etc.); (7) methods for expressing and estimating uncertainty; 
(8) techniques for quantifying and propagating uncertainty; and (9) present- 
ing and communicating uncertainty [13,14]. Although a wide variety of models 
are available, criteria will be need for selecting and using the appropriate 
models within an ecological risk assessme& context. 

9. Biological stressors. The Framework report does not discuss accidentally 
or deliberately introduced species or genetically engineered organisms. There 
is considerable scientific evidence of the impacts from biological stressors on 
both terrestrial and aquatic environments, there has not been a systematic 
examination of whether the principles of ecological risk assessment, developed 
for other categories of stressors (e.g. toxic chemicals, nutrients, etc.), are 
applicable to introduced species. While the general principles described in the 
Framework may be useful in addressing risks associated with biological stres- 
sors the capacity of these organisms for reproduction and interaction intro- 
duces additional issues. The following questions illustrate the problem. What is 
the nature of biological stressors, including conceptual differences from chem- 
ical and physical stressors ? What are the appropriate levels of ecological 
organization for selecting endpoints for determining the risks from biological 
stressors? How is the concept of exposure applied to biological stressors? What 
attributes of a biological stressor should be considered to determine the 
likelihood of transport by a particular pathway? Addressing the scientific 
issues illustrated by these questions will be essential to developing guidance 

The intent of the Agency is to develop comprehensive, state-of-the-science, 
guidance relevant information on each of these issues to serve as a bridge 
between the Framework and substantive Agency-wide ecological risk assess- 
ment guidelines 

5. Future directions: Plans for agency guidelines 

The form and content of the Agency’s future ecological risk assessment 
guidelines has been discussed by EPA scientists and managers [4,8], scientific 
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experts [6,7], and the SAB [15]. While the Framework Report describes the 
general structure for organizing individual risk assessments, the “Cube” at- 
tempts to address the larger question of where, in the total set of ecologica 
risk issues, should EPA begin writing Agency-wide risk assessment guidelines, 
Initially, EPA assumed that scientific experts would recommend one or two of 
the five potential organizing principles (e.g., type of stressor, type of ecosystem, 
or level of ecological organization) as the basis for ecological risk assessment 
guidelines. 

When presented to a guidelines strategic planning workshop, however, the 
expert panel recommended that future guidelines follow the principal compo- 
nents of the risk assessment process now described in the Framework Report 
[6] while acknowledging that the Framework Report, in its current form, does 
not provide the level of detail necessary to serve as a guideline. Organizing the 
guidelines according to the risk assessment process takes advantage of many 
elements and approaches that are common to all types of ecological risk 
assessments. The panel identified several scientific issues (i.e. those discussed 
above) related to the ecological risk assessment process that they felt must be 
resolved before guidance for specific problems (e.g. stressor-ecosystem combi- 
nations) could be developed. The panel also recommended that comprehensive, 
state-of-the-science reports be developed for each of these issues that would as 
resources for the risk assessor. Finally, the panel unanimously recommended 
that case-studies be used to illustrate the ecological risk assessment process for 
a variety of environmental problems. Having completed the Framework for 
Ecological Risk Assessment, the Risk Assessment Forum is preparing a series 
of comprehensive, peer-reviewed scientific papers on several of the ecological 
risk assessment issues discussed above and developing peer-reviewed case 
studies that represent a range of ecological risk assessment types. 

Summary and conclusions 

Ecological risk assessment is becoming an increasingly important tool for 
ranking, assessing, reducing, and managing environmental risks. To provide 
Agency-wide guidance in this area, EPA’s Risk Assessment Forum has begun 
a multi-year guidelines development program. The first step in this program 
was the publication of the report ‘LFramework for Ecological Risk Assessment” 
which describes the principles, concepts, terminology, and structure of ecologi- 
cal risk assessments. The Framework structure includes three phases (problem 
formulation, analysis, and risk characterization) and is flexible enough to 
include both prospective and retrospective studies as well as a wide range of 
stressors, ecosystems, and scales of effects (ecological, temporal, and spatial). 
Substantive guidance for ecological risk assessments will require additional 
information and discussion of several scientific issues (e.g. scale, endpoints, 
recovery, significance, uncertainty, etc.) which will be developed in peer- 
reviewed issue papers and illustrated by case studies. The Framework, issue 
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papers and case-studies will form the scientific foundation for the future 
ecological risk assessment guidelines. 
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