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Risk assessment A tool for risk management
 
 bysuMnLsMtos Rising concern over environmental problems with hazardous waste has led to the realition that there is a need for the scientific community to develop sound approaches for assessing the wide range of health and environmental effects that result from exposure to toxic chemicals. But before any prob lems can be solved, there are a number of questions that must be answered. First, what are the nature and extent of risks posed to human health and the environment? What methodology is a p propriae. for addressing these risks? How can these problems and risks be mitigated or prevented? A welldefined and appropriately a p plied risk assessment process can be. used as one tool to evaluate the prob lems posed. Furthermore, risk assessment can serve as a critical part of the risk management policy-making proc-
 
 ess.
 
 Risk asssment objectives The main objective of a risk assessment, as it applies to cleanup decisions at Superfimd sites and Resource ConSewation and Recovery Act (RCRA) facilities, is to determine the probability and magnitude of harm to public health, welfare, or the environment caused by the release of hazardous chemicals or wastes. Risk assessments also are used to d e termine the nature and extent of cleanup necessary at a site. As such, risk assessments are conducted at Superfund sites to fulfdone requirement of the National Contingency Plan @TI:the document that sets forth the manner in which Superfund cleanups are to be planned and carried out). NCP terms mandate remedial investigations and feasibility studies, which must be
 
 tant. Risk arises from a chemical's in-
 
 Susan L
 
 Sanros
 
 performed at any site requiring remedial action. Remedial investigations are used to obtain site information as part of determining the nature and extent of contamination. Feasibility studies are used to develop and evaluate possible courses of remedial action so as to select cost-effective, environmentally sound solutions. Risk assessment is the interpretive l i between the remedid investigations and feasibility studies; it helps to steer feasibility studies in the direction of solutions that will ensure appropriate risk management actions at a site. Although the results of risk assessments are critical to EPA, which makes the ultimate risk management decision, they also are valuable to potentially responsible parties. These parties are subject to paying for the remedial action chosen by EPA.
 
 Risk assessment prooess n o components, exposure and hazard, must be evaluated in determining the level of risk posed by a given pollu-
 
 trinsic toxic nature, or hazard potential, and the probability that humans or biota will be exposed to it. To evaluate the hazard posed in an actual environmental setting, the risk assessment process consists of four steps: site definition and contaminant identification, exposure assessment, hazard (toxicity) assessment, and risk characterization. The physical conditions of the site should be described, and information about area land usepatterns and population demographics should be obtained. The contaminants present should be identified, located, and (to the extent possible) quantified both on and off the actual site. It is not necessary for risk management purposes that assessments of all contaminants be performed. It is possible to screen the field of contaminants and select those of greatest public health and environmental concern. The selection will be based on the contaminant's intrinsic toxic* logical properties, its quantity, persistence, and mobility. Information about mobility serves as a measure of exposure potential. The second component of the risk assessment process involves identifying the actual or potential routes of exposure; characterizing the populations exposed; and determining the potential frequency, duration, and type of exposure. Exposure assessment analyzes contaminant releases to the environment, assesses environmental fate and transport, identifies exposed populations and environments, and, where possible, estimates expected exposure levels or doses incurred. The exposure assessment step is critical in assessing risk in c a x s of actual contamination or release. But it also is Envimn. Sci.Technol..W. 21. No.3. IS87 259
 
 used to predict exposure and risk. Facilities and manufacturing operations often undertake environmental audits to identify chemical hazards. These must be followed by exposure assessmentsto determine potential risks. Regulators also use exposure assessments to establish regulatory controls geared to an exposure route of concern. Hazard assessment, the third step, determines the nature and extent of adverse health and environmental effects associated with exposure to contaminants. It is a two-step process consisting of a toxicological evaluation and a dose-response assessment. Information from these two steps is used to predict the nature and severity of potential damage to human health and the environment for each chemical evaluated. Toxicological evaluations include reviews of the adequacy of the toxicological data, their applicability to the site conditions, and their appropriateness for use in risk characterization. The appropriateness of data is determined in a number of ways. Toxicity information based on exposure of laboratory animals to chemicals or different pathways of exposure in humans under different conditions of exposure (inhalation vs. ingestion) requires extrapolation, which can add to the uncertainty of the risk assessment. The dose-response assessment determines the relationship between the dose of a chemical and the incidence of the adverse effect. Quantitative indexes of toxicity are determined for noncarcinogens, and applicable dose-response standards and criteria are identified. Noncarcinogenic yet toxic effects often are evaluated by estimating an acceptable daily intake. This assumes that there is a dose below which no adverse effect will occur; that there is a threshold dose for noncarcinogens. On the other hand, the dose-response assessments for carcinogens assume no threshold; there is no safe level of exposure. Instead, they provide an estimation of the probability, or range of probabilities, that a specific adverse effect, such as the formation of a tumor, will occur under established conditions of exposure.
 
 Characterizing the risk The risk characterization process estimates the incidence and severity of damage to human health and the environment that may occur as a result of exposure to contaminants. The process characterizes carcinogenic risk, noncarcinogenic risk, environmental risk, and risks to public welfare. It also considers the risk from exposure, by a variety of routes, to chemical mixtures. Finally, it describes the uncertainities and limitations in the process. 240 Environ. Sci. Technol., Vol. 21, No. 3, 1987
 
 Quantitative estimates of carcinogenic risk can be presented in a number of ways. First, an estimate of unit cancer risk can be made. Under an assumption of low-dose linearity, this estimate states the excess lifetime risk in terms of continuous exposure over an average lifetime corresponding to a particular carcinogen concentration expressed in units of mg/kg/day by ingestion or pg/m3 in air. Second, estimates can be made of the dose corresponding to a given level of risk. Third, risk can be expressed in terms of excess individual lifetime risk. Fourth, risk can be linked to the excess incidence of cancer per year in an exposed population. The characterization of risk associated with exposure to noncarcinogenic compounds involves a comparison of the actual or predicted exposure dose levels with the relevant acceptable standards set by the federal government for the protection of public health. The ratio of the dose level to the standard provides a numerical indicator of the transition between an acceptable and an unacceptable level of exposure. Characterization of risk to the environment generally involves a quantitative assessment of existing scientific information and EPA standards, criteria, and guidelines aimed at environmental protection. In addition, a general evaluation of an ecosystem can be used to assess overall environmental degradation and can serve as an indicator of damage. For example, primary productivity, species diversity, abundance, and distribution among trophic levels in lakes are often assessed in terms of their response to a pollutant. These data act as a qualitative index of ecosystem integrity. The effects of exposure on indigenous species, on the food chain, and on overall habitat must be examined. Bioconcentration and biomagnification potential and the flushing capacity of lakes also are important variables to be considered. Although risks to public welfare are more difficult to quantify, assessments can be made of the likelihood of declining property values and the monetary loss associated with contamination of groundwater supplies, degradation of agricultural land or fishing waters, and harm to recreational areas. Risk characterization also is used to evaluate the risks resulting from exposure to mixtures of compounds. This evaluation focuses on the possible synergistic, antagonistic, and additive effects of compounds of concern. The results of every risk estimation are prone to scientific uncertainty as a result of a number of deficiencies. There are limitations in the human and animal toxicological studies. There is a lack of exposure data. The assumptions
 
 attendant to extrapolation of high-tolow dose data and of interspecies data are other sources of uncertainty. There are limitations in the safety factors assumed in the development of acceptable levels of exposure to noncarcinogens. These uncertainties and assumptions must be discussed because they affect the risk apportioned from exposure to a given substance.
 
 Applications At Superfund sites, the basic question of “how clean is clean?” must be answered before policy makers can define adequate cleanup levels. Policy makers must consider cost and time constraints in addition to requirements for public health and environmental protection. For RCRA facilities, the use of risk assessment will be increasingly important, especially in light of the law’s provisions for corrective action. The problems associated with groundwater contamination and the cost, time, and technological difficulties involved in groundwater treatment and restoration will force facility owners and federal regulators, for example, to consider the so-called alternate concentration limits (ACLs) established as part of RCRA. ACLs are contaminant levels that are protective of public health and the environment. RCRA facilities with groundwater contamination problems can use risk assessment to determine levels that will be acceptable, and ACLs can be applied to Superfund sites that have contaminated groundwater. To use risk assessment as an effective management tool, policy makers must understand the basic limitations of the process. Risk assessment is an inexact science that cannot be used to predict actual or absolute risks. However, it can be used to help determine the existence of an actual or potential threat. Although risk assessment can be used to predict the likelihood and severity of damage, risk management is the policy decision-making step that determines whether the risk posed in a given case is acceptable. Although the definition of acceptability differs from case to case, it is important that the regulated community and the general public understand the value of risk assessment. Risk assessment can be the objective basis for determining acceptability and, ultimately, for sound environmental risk management decisions.
 
 Susan L. Santos is manager of the Risk and Environmental Assessment Group of E. C. Jordan Company in Wakejeld, Mass. She has an M. S. in civil engineering and public health from Tufts Universiv.
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