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 Ecological Risk Assessment Struggles to Define Itself Practitioners are debating how to turn this young field into a rigorous discipline. REBECCA
 
 RENNER
 
 T
 
 he status of the emerging field of ecological risk assessment was summed up recently in the title of a session at the Society of E n v i r o n m e n t a l Toxicology and Chemistry annual meeting, one of the foremost gatherings of scientists in this field: "Ecological Risk Assessment: Science or Magic?" As the field grows beyond assessing the impact of single chemical contaminants on single species to assessing the impact of multiple stressors on an entire ecosystem, practitioners are struggling to establish the tools, procedures, and norms needed to transform the "art" of ecological risk assessment into a discipline.
 
 EPA joined this effort last fall when the Office of Research and Development proposed a set of ecological risk assessment guidelines that it hopes will aid in the regularization of the field. But the guidelines do not go far enough in dealing with some of the conflicts within the field, according to ecological risk assessors involved in the peer review of the EPA proposal. Fundamental questions such as the applicability of the human risk assessment model to ecological systems and the relevance of laboratory toxicological testing are vigorously debated among practitioners, who had hoped EPA's proposal would set a more rigorous common baseline. Glen Suter, author of Ecological Risk Assessment (i) and a scientist at Oak Ridge National Laboratory, Oak Ridge, Tenn., attributes the controversy within the field to "the newness of this enterprise and its complexity. Assessments didn't really get off the ground until the late 1980s. Ecological risk assessments deal with thousands of species. With humans we agree that the individual is of concern, but with ecological risk assessments, it is the population." In the United States most ecological risk assessments are required by government agencies, principally EPA, although the Fish and Wildlife Service, the Army Corps of Engineers, and the Forestry Ser-
 
 vice are also involved. EPA requires assessments at Superfund sites where c o n t a m i n a n t s may adversely affect the environment, for new pesticides, and when development involves wetlands. Ecological risk assessments traditionally have been used to evaluate the adverse impacts of new chemicals or old contaminants on a particular environment, such as a Superfund site. But a growing realization that the degradation of watersheds and ecosystems can be caused not only by chemical factors but also physical and biological factors has created a demand for much more complex ecological assessments. To address this challenge, practitioners are grappling with basic issues of the endpoints ecological risk assessments should evaluate, the evidence assessors should use, and the level of
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 Emerging principles and tools for conducting complex ecological risk assessments are being tested at sites such as Massachusetts' Waquoit Bay in EPA case studies.
 
 uncertainty that is acceptable. Resting on a model borrowed from human health risk assessment, ecological risk assessment identifies pathways and mechanisms of exposure to agents that create detrimental impacts. But whereas human health risk assessment generally has focused on the endpoint of excess cancer morbidity in an exposed population and tended to deal with population variability by focusing on the most sensitive, maximally exposed individuals, ecological risk assessment has never been able to rely on such simplifications. Consequently, professional knowledge and judgment play a greater role in ecological risk assessment. Ecological assessments usually start with the selection of a particular adverse impact, such as mortality in 10% of the exposed population or a decrease in reproductive success. But the selection of the impact on which to focus the assessment is in part a decision tied to individual values. Different people will have different views on what constitutes an unacceptable impact, which illustrates that ecological risk assessments are social as well as scientific activities. Common principles and terminology In 1992 EPA's Office of Research and Development (ORD) took a major step in shaping the future of ecological risk assessment with the publication of its "Framework for Ecological Risk Assessment" (2), which described the principles and terminology for ecological risk assessment and distinguished three phases of ecological risk assessment: problem formulation, risk analysis, and risk characterization. Since then EPA's Risk Assessment Forum, a group that formulates agency advice on all types of risk assessment, has been exploring contentious areas within the field with a series of nine issue papers and volumes of case studies, all intended to lay the groundwork for new ecological risk assessment guidelines. Last October, the Risk Assessment Forum produced draft guidelines (3), which were reviewed by a 24-member panel at a December workshop in Washington, D.C. The guidelines provide an expanded discussion of problem formulation, analysis, and risk characterization and further explore the interaction between risk assessors (scientists) and risk managers (decision makers). They also cover the importance of nonchemical stressors. The peer review panel, representing the academic community, the private sector, and government, urged EPA to improve the guidance on biological and physical stressors, noting that many regulations focus solely on chemical stressors. Many reviewers had also expected the guidance to offer more specific advice about preferred methods for conducting risk assessments. "The guidelines are just a padded-out version of the Framework," said one consultant who attended the workshop. Ecological risk assessor Anne Fairbrother, who works with the environmental consultants Ecological Planning and Toxicology, Corvallis, Ore., was also dissatisfied with the guidelines. "Our science does not provide enough knowledge, so risk assessments fall back on default assumptions about toxicology or the applicability of a particular study. But the default one
 
 Starting with an endpoint One of the first steps in an ecological risk assessment—choosing an endpoint to assess—may be one of the most difficult. Unlike human health risk assessment in which the endpoint is usually taken to be human cancer risk, ecological endpoints are selected by translating unique risk management goals into characteristics that can be measured. EPA's review of ecological risk assessment practice found that endpoints were often ambiguous and difficult to define and measure. Draft guidelines recently proposed by EPA (3) recommend that all sides involved in the assessment process collaborate in this step to make sure that endpoints reflect management goals and public values. The following common problems are identified in the draft guidelines: • Endpoint is too vague: "Ecosystem integrity" or "health" is meaningless as an endpoint. • Public does not value the endpoint: Midges may represent the base of a complex food web that supports sport fisheries, but they are considered pests by most people. The fishery makes a better endpoint than the midges. • Endpoint is not exposed to the stressor: A particular bird species may be appropriate for evaluating the potential sensitivity of birds to a chemical contaminant, but the specific species may not be present on a contaminated site. Better to choose birds that live in the area. • Endpoint does not reflect the complexity of the ecosystem: Efforts to preserve native freshwater mussels have focused on maintaining mussel habitats, but larval mussels must attach to a particular fish species during development; without the fish, eventually there will be no mussels. Better to focus on fish and habitat instead of habitat alone.
 
 person uses may be different from the default I use. The EPA regions each have their own default assumptions, and arguments about ecological risk assessments often turn on these. It is EPA's responsibility to deal with this." Fairbrother and others had hoped that ORD would define some general principles of preference, specifying, for instance, that the best data to use in an ecological risk assessment are those from studies that replicate the assessment conditions, followed by data in which perhaps one aspect of the study differs from the assessment conditions, and so forth. William Wood, Risk Assessment Forum executive director, acknowledges the frustration of ecological risk assessors but contends that ORD had no option other than to produce a general document. In 1989, when the Risk Assessment Forum began its investigation of ecological risk, the plan was to create a series of guidelines covering specific topics such as chemicals in aquatic systems, Wood said. But recommendations from the EPA Science Advisory Board and other specialists consistently advised that the new guidelines be more generic. "Professional judgment," not rules "Consider the situations that can occur," Wood said. "Stressors range from chemical to biological to physical. Environments range from aquatic to terrestrial, from small scale to the watershed or regional level. The guidelines are about how to apply professional judgement, not about rules." The guidelines emphasize two key areas, according to Wood: the relationship between risk assessors and risk managers and the choice of endpoints that occurs within VOL. 30, NO. 4, 1996 / ENVIRONMENTAL SCIENCE & TECHNOLOGY / NEWS • 1 7 3 A
 
 Ecological risk case study: Waquoit Bay, Massachusetts The trend toward ecosystem- and watershed-wide risk assessments requires a complex consideration of multiple stressors and endpoints. To get some experience in these system-wide assessments, EPA's Office of Research and Development and Office of Water initiated five watershed case studies in 1992. "Right now we don't know how to evaluate the effects of multiple stressors, so in conjunction with the case studies we will be developing those tools," said Suzanne Marcy, EPA senior scientist who chairs the case study technical panel. The studies are located in Nebraska, Ohio, Virginia, Idaho, and Massachusetts. The Massachusetts case study is assessing the Waquoit Bay estuary on Cape Cod, which supports commercial fishing and recreational uses and is under stress from residential development and industrial, agricultural, and marine activities. Scallops have diminished as their eel grass habitat declines, and shellfish advisories about bacterial contamination are increasingly common. Algal mats that cover the bay are believed to be responsible for the eel grass loss and for fish kills. A risk assessment team representing federal, state, and local governments worked with national, state, and local organizations and the public to develop the management goal for the estuary: to re-establish and maintain water quality and habitat conditions in the bay and surrounding wetlands and waters; to
 
 Waquoit Bay risk assessment team co-chair Parti Tyler (left) evaluates different stressors on the watershed's freshwater resources at John's Pond. support diverse, self-sustaining commercial, recreational, and native fish, wildlife, and shellfish; and to reverse the degradation of ecological resources in the watershed. This goal has been broken down into 10 objectives that lead to specific assessment endpoints; eel grass abundance and distribution, species diversity and abundance of bottom-dwelling invertebrates, migratory fish, water-dependent wildlife, estuarine and freshwater fish, and invertebrates. All of the case studies have completed the "problem formulation" stage, according to Marcy, and are now beginning to analyze available data. —REBECCA RENNER
 
 the early problem formulation stage. Risk managers need to be involved with the assessment from the start, according to the guidelines, especially when it comes to choosing endpoints. "Endpoints must be chosen with regard to the decision being made," Wood said. "The emphasis must be on things that the public wants to protect, and the endpoints need to reflect this." This emphasis on problem formulation is crucial, according to Anthony Maciorowski, ecological effects branch chief at EPA's Office of Pesticides. "Risk managers and risk assessors should work on problem formulation together, but sometimes that doesn't happen in the real world. Clarity needs to come in the problem formation phase. It is critical that the assessment uses an objective method and that the limits of extrapolation are understood from the start." Problem formulation, and in particular the need for broader participation in the early stage of ecological risk assessment, is the most direct way to improve assessments, according to Peter deFur, Environmental Defense Fund senior scientist and a member of the guidelines peer-review group. The way to integrate the policy and social issues into ecological risk assessment is to deal with them at the start through the involvement of different groups with different perspectives, he said. Such consensus-based assessments are under way, according to deFur, who cites the watershed comparative risk assessment of the Elizabeth River in southern Virginia as an example of this approach. The Elizabeth River Project is a nonprofit group working to establish a partnership to clean up the river, which empties into the Chesapeake Bay at Norfolk. 1 7 4 A • VOL. 30, NO. 4, 1996 / ENVIRONMENTAL SCIENCE & TECHNOLOGY / NEWS
 
 By involving different groups interested in the river, from the U.S. Navy to commercial fishermen and recreational boaters, the group has developed consensus risk assessment priorities. Wood believes that large-scale ecological risk assessments will become more important in the future. Interest in evaluating risk at the watershed and landscape levels is growing and heralds new levels of complexity for ecological risk assessment. Several EPA departments in addition to ORD have recently finished or are working on specific guidance relevant to their own needs. The Office of Water is developing ecological risk principles at the watershed scale, and the Office of Pesticides Programs' Aquatic Dialogue Group has published recommendations for pesticide risk assessment for aquatic ecosystems. A document covering Superfund sites is also in preparation. The ORD draft guidelines are being modified, and the office plans to have a document ready for public comment this summer with final publication by early 1997, according to Wood. References (1) Suter, G. W. II. Ecological Risk Assessment; Lewis Publishers: Chelsea, MI, 1993. (2) "Framework for Ecological Risk Assessment"; EPA Risk Assessment Forum; U.S. Environmental Protection Agency: Washington, DC, 1992; EPA/630/R-92/001. (3) "Draft Proposed Guidelines for Ecological Risk Assessment"; U.S. Environmental Protection Agency: Washington, DC, 1995; EPA/630/R-95/002.
 
 Rebecca Renner is a contributing editor of Environmental Science & Technology based in Pennsylvania.
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