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to ecological risks in relation to contaminant assessments and
environmental management programs.

Based on the recent developments in both RA and EIA
studies, itis timely to develop specific guidance and protocols
that will ensure the incorporation of RA principles in the EIA
process. The possibilities range from the determination of
relative risk indices for single issues such as the choice of
pesticides or herbicides in forestry or range management
plans to the use of environmental pathways modeling and risk
calculations for industrial plant and/or waste site emissions to
the use of quantitative probabilistic calculations for industrial
or power plant accidents or for highway/railway accidents
and associated chemical spills. The potential benefits of
including of RA principles include: (1)encouragement of
integrated thinking (such as for environmental transport
pathways and associated health/ecological effects) by the
interdisciplinary teams conducting EIA studies; (2)the op-
portunity to focus attention on risk reduction activities such
as waste minimization, pollution prevention, and mitigation
measures; and (3)the inclusion of emphases on emergency
response measures in the event of accidents and associated
environmental perturbations.

This paper focuses on some pragmatic suggestions for incor-
porating RA principles in EIA studies. The paper begins with
some background information on risks in the EIA process.
This is followed by a brief review of the classical RA process,
including a range of useful tools for environmental impact
studies. Several examples of the incorporation of RA in EISs
are then briefly described. The final focus is on a series of
needed actions to facilitate the incorporation of RA principles
in EIA studies.

RISKS IN THE ENVIRONMENTAL IMPACT
ASSESSMENT PROCESS

The current CEQ regulations in the United States address
risks both directly and indirectly (40 CFR pp. 929-971). A
directreference is in the definition of significantly (§1508.27),
wherein one standard for evaluating the intensity (or severity)
of impact involves considering “...the degree to which the
possible effects on the human environment are highly uncer-
tain or involve unique or unknown risks.”

Risks are indirectly referenced in relation to incomplete or
unavailable information (§1502.22) as follows:

When an agency is evaluating reasonably foresee-
able significant adverse effects on the human envi-
ronment in an environmental impact statement and
there is incomplete or unavailable information, the
agency shall always make clear that such informa-
tion is lacking.

(a)If the incomplete information relevant to reason-
ably foreseeable significant adverse impacts is es-
sential to a reasoned choice among alternatives and
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the overall costs of obtaining it are not exorbitant, the
agency shall include the information in the environ-
mental impact statement.

(b)If the information relevant to reasonably foresee-
able significant adverse impacts cannot be obtained
because the overall costs of obtaining it are exorbi-
tant or the means to obtain it are not known, the
agency shall include within the environmental im-
pact statement: (1)a statement that such information
is incomplete or unavailable; (2)a statement of the
relevance of the incomplete or unavailable informa-
tion to evaluating reasonably foreseeable significant
adverse impacts on the human environment; (3)a
summary of existing credible scientific evidence
which is relevant to evaluating the reasonably fore-
seeable significant adverse impacts on the human
environment; and (4)the agency’s evaluation of such
impacts based upon theoretical approaches or re-
search methods generally accepted in the scientific
community. For the purposes of this section, “rea-
sonably foreseeable” includes impacts which have
catastrophic consequences, even if their probability
of occurrence is low, provided that the analysis of the
impacts is supported by credible scientific evidence,
is not based on pure conjecture, and is within the rule
of reason.

It is interesting to note that human health impacts have been
either ignored or given only superficial attention in most
environmental impact statements (EISs) prepared in the
United States, despite the fact that in the 1979 CEQ regula-
tions, it was explicitly indicated that “the degree to which the
proposed action affects public health or safety” should be a
criterion taken into account in determining impact signifi-
cance (Arquiaga et al., 1991).

Harvey (1990) tied risk assessment needs in the EIA process
to a worst-case analysis requirement which was included in
the CEQ regulations from 1979 to 1986 and to the reasonably
foreseeable analysis requirement which has existed since
1986. Evaluation of low probability events with potentially
catastrophic environmental consequences could be associ-
ated with either the worst-case or reasonably foreseeable
analyses; such evaluations can be aided by the application of
risk assessment principles and practices. Harvey (1990)
recommended the use of the health risk assessment process in
EISs based on inclusion of the following: (1)a clear statement
of assumptions and scientific judgments; (2)delineation of
the nature and magnitude of uncertainties; (3)separation of
risk assessment and risk management considerations; (4)ex-
planation of the choice of the methodology; (5)presentation
of risk estimates; and (6)specification of the role of risk
assessment in decisionmaking.

In December 1989, the ministers of environment and health
from 29 European countries signed a charter on the environ-
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ment and health (WHO, 1989). One strategic element in the
charter was that the EIA process should give greater emphasis
to the health aspects of projects/plans/programs.

Finally, Carol Borgstrom, director of the Office of NEPA
Oversight of the U.S. Department of Energy (DOE), at a
recent meeting on future challenges of NEPA, identified
three key challenges (Smith, 1989): “(1)the scientific basis
for impact projections must advance along with the complex-
ity and sophistication of proposed actions; (2)greater empha-
sis must be placed on risk assessment and risk communica-
tion (with the scientific community and with the public) in the
NEPA process; and (3)more attention must be given to broad
policy issues and cumulative impacts in the NEPA process.”

If RA is to be effectively incorporated in the EIA process, it
is necessary to understand the process and associated uncer-
tainties. The following sections provide this information,
along with numerous pragmatic suggestions and approaches,
many of which could be incorporated in EIA studies.

BRIEF OVERVIEW OF THE RISK ASSESSMENT
PROCESS

Risk assessment as traditionally used for health effects and
regulatory decisionmaking can be divided into four major
steps: hazard identification, dose-response assessment, ex-
posure assessment, and risk characterization (NRC, 1983;
Cohrssen and Covello, 1989). Of the four steps, hazard
identification is the most easily recognized in the actions of
regulatory agencies (EPA, 1984). It is defined as the process
of determining whether exposure to an agent can cause an
increase in the incidence of a health condition (e.g., cancer,
birth defect). Itinvolves characterizing the nature and strength
of the evidence of causation.

Dose-response assessment is the process of characterizing
the relation between the dose of an agent administered or
received and the incidence of an adverse health effect in
exposed populations and estimating the incidence of the
effect as a function of human exposure to the agent (NRC,
1983). It takes account of intensity of exposure, age pattern
of exposure, and other possible variables that might affect
response, such as sex and lifestyle. A dose-response assess-
ment usually requires extrapolation from high to low dose
and from animals to humans. A dose-response assessment
should describe and justify the methods of extrapolation used
to predict incidence and should characterize the statistical
and biologic uncertainties in these methods.

Exposure assessment is the process of measuring or estimat-
ing the intensity, frequency, and duration of human expo-
sures to an agent currently present in the environment or of
estimating hypothetical exposures that might arise from the
release of new chemicals into the environment (NRC, 1983).
In its most complete form, it describes the magnitude, dura-
tion, schedule, and route of exposure; the size, nature, and
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classes of human populations exposed; and the uncertainties
in all estimates. Exposure assessment is often used to identify
feasible prospective control options and to predict the effects
of available control technologies on exposure.

Risk characterization is the process of estimating the inci-
dence of ahealth effect under the various conditions of human
exposure described in exposure assessment (NRC, 1983). It
is performed by combining the exposure and dose-response
assessments. Risks could be classified in this step according
to type of activity (e.g., explosion, continuous discharge);
exposure (e.g., instantaneous, chronic); probability of occur-
rence; severity; reversibility; visibility; duration; and ubig-
uity of effect (Sors, 1982). The summary effects of the
uncertainties in the preceding steps should be described in
this step.

Variations and adaptations of the health-focused RA process
have been presented by others even though different termi-
nology has been used (O’Riordan, 1979; Rowe, 1979; Go,
1987). Various similarities and differences between EIA and
RA have been discussed by O’Riordan (1979) and Andrews
(1988). Giroult (1988) has suggested the integration of health
impact concerns in the EIA process, with Table 1 summariz-
ing a proposed environmental health impact (EHIA) process.
Martin (1984) has developed a seven-stage quantitative risk
assessment method for human exposures from industrial
plant accidents (Table 2).

A methodology that integrates human health and ecological
risks into environmental impact studies has been proposed, as
shown in the Figure 1 flow diagram (Arquiaga and Canter,
1991). This health impact methodology includes focused
scoping to determine if health impact issues should be ad-
dressed and the delineation of pertinent institutional laws,
regulations, executive orders, policies, and guidelines related
to potential health impact concerns. The health impact-
related features of the project and relevant alternatives and
affected environments are to be addressed, along with their
typical features related to the physical/chemical, biological,
cultural, and socioeconomic impacts. The technical core of
the proposed methodology includes impact identification via
the preparation of lists of health-related factors and exposure
scenarios; impact prediction via the use of exposure assess-
ment, dose-response assessment, and health impact charac-
terization; and impact evaluation by considering regulatory
limits and other factors. Significant undesirable health im-
pacts should then be addressed via mitigation through control
of sources, control of exposure, and/or health services devel-
opment. The incorporation of health impact information in
decisionmaking associated with selecting the proposed ac-
tion is then addressed. The methodology also includes an
activity on planning and implementing a health impact moni-
toring system along with other relevant environmental moni-
toring. Finally, suggestions are included on how to integrate
health impact information in an EIS systematically.
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Table 1. Proposed Environmental Health (EH) Impact Assessment Process
Steps to Be Taken Tools to Be Used
Step1  Assessment of primary impacts on environmental parameters Regular EIA process
Step2  Assessment of secondary or tertiary impacts on environmental
parameters resulting from the primary ones Regular EIA process
Step3  Screening of impacted environmental parameters of recognized
health significance (EH factors) Epidemiological knowledge
Step4  Assessment of the magnitude of exposed population for each
group of EH factors Census, land-use planning
Step5  Assessment of the magnitude of risk groups included in each
group of exposed population Census
Step 6  Computation of health impacts in terms of morbidity
and mortality Results from risk assessment studies
Step 7  Definition of acceptable risks (or of significant health impacts) Assessment of trade-off between human
and economic requirements
Step 8  Identification of efficient mitigation measures to reduce Abatement of EH factors’ magnitude,
significant health impacts reduction of exposure, reduction of
exposed populations, protection of
risk groups
Step9  Final decision:  Yes, if public health authorities are satisfied with proposed mitigation measures to control
significant health impact,
No, if significant health impact was assessed and if doubt remains on the efficiency of
proposed mitigation measures.
Source: Giroult (1988).

One pragmatic aspect of hazard identification may include
the selection of indicator chemicals; this selection can be
aided by considering the following toxicological, environ-
mental, and practical criteria in a yes/no response mode
(Hertzman et al., 1989): (1)toxicological—threshold effects,
nonthreshold effects, oral absorption, dermal absorption,
pulmonary absorption, acute effects, chronic effects, and
dose-response curves; (2)environmental—mobile and per-
sistent; and (3)practical—represent their chemical class, re-
liable sampling and analytic methods exist, and the chemicals
are present or potentially present in high levels. The EPA has
developed the Integrated Risk Information System (IRIS) to
provide an authoritative source of risk information for chemi-
cals of environmental and public health concern. IRIS is an
on-line data base of risk summaries for over 370 chemicals.
It provides information on the relationship between chemical
exposure and estimated human health effects (DOE, 1991).

Dose-response modeling typically involves the extrapolation
of laboratory toxicity data collected on rats or mice to
potential responses in humans. This type of information
would be needed for environmental impact studies on projects/

plans/programs involving chemical usage, releases to envi-
ronmental media, and/or disposal. Many scientific argu-
ments exist as to the validity of the dose-response approach;
one key concern is related to extrapolating high-dose effects
to low-dose effects. Dose-response assessment often re-
quires extrapolating an expected response curve over a wide
range of doses from a minimal number of actual data points.
In addition, differences in sizes and metabolic rates between
humans and laboratory animals require that doses used ex-
perimentally be converted to reflect these differences (NRC,
1983). Extrapolation to low doses by fitting a mathematical
model to animal dose-response data and using the model to
predict risks at lower doses corresponding to those experi-
enced by humans can be done; however, the dose-response
curves derived with different models can diverge substan-
tially in the dose range of relevance in an impact study.
Another complicating factor in extrapolating from animal
studies to human doses is that toxicants in the human body can
exhibit complex transport and metabolic processes involving
absorption, metabolism, binding, and excretion (Manahan,
1990).
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Stage 1  Quantitative Plant Description
Location and layout of site
Process flow schemes
Equipment list

Inventories and normal conditions
Remote-operated valves

Stage 2 Identification of Failure Cases

From examination of the historical record

Stage 3  Estimation of Primary Failure Frequencies

Methods:
Historical experience

Stage4  Prediction of Discharges

Stage 5  Prediction of Dispersion

Stage 6  Calculation of Impact and Hazard Distances
Flammable materials:
Distance to lower flammable limits
Ignition probability
Toxic materials:

Stage 7 Risk Contour Plots

Table 2. A Quantitative Risk Assessment Method

Number and diameters of pipework connections

From hazard and operability study (systematic questioning of every part of the process and utility plant)
From technical audit (study and design, construction, and operating procedures)

Probability that plant failures postulated will occur in a given period of time

Fault tree analysis—analysis of probabilities of failure case-based on probabilities of contributory events

Quantity, speed, and form of hazardous material escapes

Modeling of dispersion characteristics of released material

Distance to toxic threshold criterion, taking into account duration of exposure

Hazard distances corresponding to selected damage levels and associated probabilities for each failure case
Assessment of probability of domino damage
Superimposition of risk contour plots onto a population map of the area

Source: Martin (1984).

Complete incorporation of RA principles in the EIA process
should encompass the consideration of both human health
effects and environmental (ecological) effects. Suter (1989)
has argued that toxicity testing and human exposure consid-
erations are not sufficient for determining environmental
risk; instead, he recommends that ecological risk assessment
is the best approach for assessing toxicological effects under
NEPA. Dose-response considerations for ecological effects
entail assembling information on the toxicity of indicator
chemicals to pertinent terrestrial and aquatic plants and/or
animals, with consideration also given to consequences in
food chain and ecosystem relationships as a result of potential
toxic effects on system components.

Callahan (1989) has suggested three approaches for accom-
plishing exposure assessments, including: (1)direct mea-
surement via personnel or personal monitoring; (2)use of

tissue levels or biomarkers along with pharmacokinetics to
reconstruct what the absorbed dose must have been at some
time in the past; and (3)predicting or estimating exposure
based on knowledge of sources, environmental pathways/
fate, monitoring results of concentrations in environmental
media, modeling results, and knowledge about population
habits. Relative comparisons of these three approaches are
included in Table 3 (Callahan, 1989). The predictive ap-
proach is the one most frequently associated with the EIA
process.

Total human exposure (THE) refers to a new approach for
accurately assessing public health risk, and it can be used in
the EIA process. The approach considers a three-dimen-
sional “bubble” around each person and measures the con-
centrations of all pollutants contacting that bubble, through
the air, food, water, or skin (Ott, 1990). Two basic THE
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Figure 1. Conceptual Framework for Proposed Health Impact Prediction
and Assessment Methodology
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Source: Arquiaga and Canter (1991).

approaches have emerged: (1)the direct approach, using
probability samples of populations and measuring pollutant
concentrations in the food eaten, air breathed, water drunk,
and skin contacted; and (2)the indirect approach, using hu-
man activity pattern-exposure models to predict population
exposure distributions. The direct approach—probability
sampling with exposure monitoring—has been called the
total exposure assessment methodology (TEAM).

Risk evaluation can be accomplished by one of several
approaches. One of these involves relative comparisons.
Comparison of the risk in question with others commonly
encountered is perhaps the most common form of risk com-
parison (Lee and Nair, 1979). In this kind of analysis, the
consequences are typically reduced to a common denomina-
tor—usually death (Conway, 1982). Another approach is to
interpret the results on the basis of a number of factors that
affect risk perception (Merkhofer, 1987; Slovic, 1987). An-

other example of a potential approach forrisk evaluationin an
environmental impact study is the Chemical Manufacturers
Association (CMA) hierarchy of 14 risk comparisons ar-
ranged into 5 ranks from most to least acceptable (Table 4)
(Hance et al., 1990).

Figure 2 shows a rapid risk assessment method that employs
four levels each for frequency or probability of occurrence
and severity or magnitude of the impact (Carpenter and
Maragos, 1989). This method was developed for application
in the EIA process. The severity is defined for each level
according to the specific hazard being studied. Categories
may be established in a semiquantitative way based on
consequence to life or safety, time of interrupted operations,
and monetary loss. The result is a useful, necessarily flexible
separation of risks into categories ranging from high to
acceptable levels. Some sample definitions are shown on
Figure 2 for an industrial hazard, but the assessor should
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Table 3. Comparative Information on Three Approaches for Exposure Assessment

Approach Features
Direct Measurement Description:
of Exposure with an organism.
Examples: Radiation Dosimeters.
Advantage:
Disadvantages:  Sources not always clear.
May be costly.
Reconstructive Description:
Exposure Assessment
Examples: Biomarkers.
Advantages:
after exposure.
Disadvantages:
Sources not always clear.
Predictive Description:
Exposure Assessment
Examples:
use of exposure scenarios, etc.
Advantages:
Usually less costly.
Disadvantages:

Direct, real-time measurements of the contact of a chemical or substance

TEAM! study measurements with solvents.

Can be best indication of actual exposures in sampled population.

Methods not well developed for all chemicals.

Results at one location may not apply elsewhere .

Measurement of chemical or other indications of changes in body

tissues, fluids, etc., and relating these measurements back to exposure.
Calculation of absorbed dose via use of body burden and pharmacokinetics.
Can provide direct evidence that chemical has crossed exchange boundaries
Can be a good indication of past exposures.

Cannot predict future exposures.
Will not work for all chemicals.

Research/data base not well developed.
Estimation of contact intensity, frequency, duration, and route by
estimation of concentration in media and/or estimation of the habits/activities

of individuals or populations that bring them into contact with the chemical.

Estimation of exposure via source estimation, monitoring data, fate models,

Can be used to estimate past, present, or future exposures.
Powerful risk management tool to evaluate options.

Can have limited accuracy, may be misleading.
May be difficult to validate.

Relies on data that may not be available.

Source: Callahan (1989)

ITEAM = total exposure assessment methodology (focuses on measurements of various chemicals).

constructascale tofit the problem at hand. A group of experts
and officials familiar with the hazard can then judge where a
specific development situation would be placed in the risk
matrix. Any risk that combines catastrophic or critical
severity with frequent or reasonably probable occurrence is
rated high and must be reduced before the development
proceeds.

A final example of a potentially useful approach for risk
characterization (interpretation) involves the use of focus
groups; such groups have informal discussions in which a
skilled moderator probes group member attitudes and opin-
ions on a specific topic (Desvousges and Smith, 1988). Focus
groups can be used to explore risk perceptions, evaluate
perceptual cues and information processing, pretest risk
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Table 4. Hierarchy of Risk Comparisons

First-Rank Comparisons

1. Comparisons of the same risk at two different
times.

2. Comparisons with a standard.

3. Comparisons with different estimates of the same
risk.

Second-Rank Comparisons

4. Comparisons of the risk of doing something vs.
not doing it.

5. Comparisons of alternative solutions to the same
problem.

6. Comparisons with the same risk as experienced in
other places.

Third-Rank Comparisons

7. Comparisons of average risk with peak risk at a
particular time or location.

8.  Comparisons of the risk from one source of a
particular adverse effect with the risk from all
sources of the same adverse effect.

Fourth-Rank Comparisons

9. Comparisons of risk with cost, or of one cost/risk

ratio with another cost/risk ratio.

10. Comparisons of risk with benefit.

11. Comparisons of occupational risks with environ-
mental risks.

12.  Comparisons with other risks from the same
source.

13.  Comparisons with other specific causes of the
same disease or injury.

Fifth-Rank Comparisons

14. Comparisons of two or more completely unrelated
risks, especially if they disregard “outrage factors”
like voluntariness, control, dread, and familiarity.

Source: Hance, Chess, and Sandman (1990).

communication materials, select risk communication chan-
nels, design risk mitigation policies, and/or assess risk com-
munication effectiveness. One example of risk communica-
tion material is a risk ladder developed by a focus group
(Desvousges and Smith, 1988).

DEALING WITH UNCERTAINTY

While the four major components of the risk assessment
process are well defined, process limitations and uncertain-
ties can occur in numerous ways. Figure 3 displays examples
of such limitations/uncertainties for each RA component
(Paustenbach and Keenan, 1989). In addition, Martin (1984)
noted thateven though there has been a growing interest in the
environmental health impact assessment (EHIA) process, it
has not been rapidly implemented due to a number of limits
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and constraints; examples of such deterrents are listed in
Table 5. Therefore, an important aspect of incorporating RA
principles in the EIA process would be to recognize and
address uncertainty. Suter et al. (1987) have described
several types of uncertainty in the EIA process, including
modeling errors, natural stochasticity, and parameter errors.
To illustrate a pragmatic approach, Hance et al. (1990) have
made the following 11 suggestions for dealing with uncer-
tainty; they could be used in the EIA process.

1. Do not wait to be confronted. Acknowledge uncertain-
ties up front.

2. Putbounds on uncertainty: Say the level is between two
known quantities; give error bars and confidence lim-
its—for example, that you are 95 percent sure the correct
estimate is between X and Y; provide other people’s
estimates.

3. Make it clear that not all data are equally uncertain.
Saying you are uncertain is not the same as claiming
ignorance.

4. Say what is certain. Tell what you do know.

5. Say what has been done to reduce uncertainty. Talk
about how you have resolved related uncertainties and
how that has helped the process. Discuss research you
have already done and the ways it has reduced uncer-
tainty.

6. Say what you will do to reduce uncertainty further. And
say when the results of studies, new information, etc. will
be available.

7. If the remaining uncertainty is very small or very diffi-
cult toreduce further, say so. Science is never absolutely
certain, but if some findings (good ones or bad ones) are
very nearly certain, say so, and explain that this is as
close as the science comes.

8. Explain your cautiousness—and do not call your esti-
mates or actions “conservativeness,” a term people find
confusing. Be overcautious until you are more sure, and
talk about the margins of safety you are folding into your
risk estimates to make sure that uncertainty does not lead
to a safety problem.

9. Do not hide behind uncertainty. If it is more likely than
not that the problem is real, say so.

10. Acknowledge and apologize if the company has dragged
its feet. If you should have found out by now, admit it,
and get cracking.

11. Never say, “There’s no evidence of X” if you have not
done the study that tests the possibility.
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Figure 2. Rapid Risk Assessment Method
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EXAMPLES OF RISK ASSESSMENT CONCEPTS
IN ENVIRONMENTAL IMPACT STUDIES

Risk assessment concepts, including relative risk compari-
sons, have been used for arange of purposes in environmental
studies and decisionmaking. As noted earlier, RA was
developed as a process basic to the establishment of environ-
mental regulatory standards. One example is the use of RA
for drinking water standards, described by Cotruvo (1989).
This use of RA could be pertinent in delineating relevant
guidelines for impact interpretation in the EIA process.

The EPA has developed several project-specific risk assess-
ment methodologies for waste disposal and remediation.
Examples include methods for municipal sludge landfilling
(ECAO, 1989a), municipal sludge incineration (ECAO,
1986a), ocean disposal of municipal sludge (ECAO, 1986b),
and land application of municipal sludge (ECAO, 1989b and
1989c). These methodologies can be used in the EIA process
for such proposed projects.

During the decade of the 1980s, considerable attention was
given to the cleanup of uncontrolled hazardous waste sites in
the United States, and this attention continues. The DOE has
a policy whereby, for remedial actions, the requirements of

NEPA are integrated with those of the Comprehensive Envi-
ronmental Response, Compensation, and Liability Act
(CERCLA), as amended (MacDonell et al., 1991). NEPA
analysis has typically been applied to impacts from actions at
clean sites (e.g., for construction activities), and a loosely
structured process has been used to estimate relative risks for
NEPA analyses. Risks estimated for Superfund (CERCLA)
sites are used to focus the decisionmaking process for those
sites. The EPA has developed a detailed framework for
preparing baseline health risk assessments for these sites;
these are called integrated exposure assessment studies (PRC,
1985; EPA, 1985 and 1988). A guidance manual for health
assessments at CERCLA sites has also been developed (ATS,
1992).

Some EISs have also begun to include RA concepts related to
either human health risks and/or ecological risks (Canter,
1990). The EISs that have addressed health risk impacts have
used different approaches. For example, an EIS on cannabis
(marijuana) eradication used a probabilistic approach fo-
cused on environmental transport of chemicals and cancer
risks (DEA, 1986). An EIS on the L-Reactor operation at the
Savannah River Plant used a similar approach for radiation
risks (DOE, 1983). A qualitative-quantitative approach was
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Figure 3. Examples of Possible Pitfalls in Conducting or Presenting Health Risk Assessments

Hazard Dose-Response Exposure Risk
Identification Assessment Assessment Characterization
Consider all Present only an upper Only address the Characterize low-dose
animal carcinogens bound of risk rather maximum exposed modeling results as
(equally) as a serious than the best estimates individual (MEI). an actual increased
human hazard. and the bounds. risk rather than a
plausible upper bound.
Neglect to consider Consider risk estimates Repeatedly use Represent one-in-a-
weight of evidence from only one conservative or million increased
when evaluating low-dose model. Wworst-case cancer risk as a serious
numerous data sets. assumptions. public health hazard.

Disregard insight
gained from
epidemiology data.

Neglect the importance
of environmental fate

when estimating exposure.

Fail to conduct an
uncertainty analysis.

Fail to scale up data
from rodents to
describe humans.

Fail to validate
reasonableness of the
exposure assumptions.

Neglect to consider
background levels
of exposure.

Neglect to adjust
for biological data.

Neglect to use biological
monitoring to confirm
exposure estimates.

Fail to use weight of
evidence approach to select
low-dose extrapolation
methodology.

Source: Paustenbach and Keenan (1989).

used in an imported fire ant EIS; health impacts were typi-
cally described in a qualitative manner, with the inclusion of
some quantitative information that served as the basis for
health impact estimation (APHIS, 1981). Qualitative de-
scriptions served as the basis for the health risk impacts
addressed in a Tulsa, Oklahoma, wastewater system EIS
(EPA, 1982). A vegetation management EIS used a relative
risk approach for 11 herbicides (FS, 1988). The L-Reactor
EIS used the most thorough and scientifically based ap-
proach. This was not surprising, since extensive technology

exists for identifying and quantifying health risks from radia-
tion at nuclear facilities.

A more recent EIS includes both health and ecological risks.
The U.S. Forest Service has completed an EIS for vegetation
management in national forests in the Appalachian Moun-
tains. This area includes all of Kentucky, Tennessee, and
Virginia and parts of Alabama, Georgia, North Carolina,
South Carolina, and West Virginia, in the southeastern United
States (FS, 1988). Vegetation management refers to the
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Table 5. Summary of Limits and Constraints
on the Environmental Health Impact
Assessment Process

1. The Nature of Environmental Health Impacts
Many indirect secondary and tertiary effects
Impacts frequently nonspecific

Interactions among environmental health factors
common

Complex spatial and temporal characteristics

Highly probabilistic character of many
environmental health impacts

Perception problems

2. Limits of Scientific Knowledge
Problems in identification of hazards
Limitations of epidemiology methodology

Inadequacies in biological knowledge of chemical
toxicity and environmental disease processes,
mechanisms for biological defense and activation,
and biological receptors that act as targets for
toxic reactions

Limitations of analytical methodology
3. Biological Variation
Heterogeneous human populations

Difficulties with animal toxicological studies,
including different disease susceptibilities,
metabolic differences, and problems with
extrapolation models

4. Resource Constraints

Manpower: training and personnel deficiencies,
poor intersectoral coordination

Finance
Information

Source: Martin (1984).

manipulation of plants by means other than timber harvest. It
is done to help young trees survive and grow, to provide a
variety of wildlife habitats, to maintain mountaintop balds
and recreation areas, to reduce hazardous fuels, and to main-
tain safe and efficient travelways and utility lines.

The Forest Service EIS analyzed the effects of vegetation
management methods on human health and safety, wildlife,
threatened and endangered species, vegetation, soils, water
and aquatic animals, air, visual quality, cultural resources,
wildfire, recreation, and social and economic conditions.
Based on issues raised by the public, the document evaluated
eight alternatives that differed with respect to areas treated,
mix of methods, and intensity of tools available in each
method. The EIS compared the risks associated with eleven
herbicides currently in use or planned for usage in the area. A
comparative RA approach documented probable effects on
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human health, wildlife, and aquatic species that could result
from use of the herbicides 2,4-dichlorophenoxyacetic acid
(2,4-D), 2-(2,4-dichlorophenoxy)propionic acid (2,4-DP),
dicamba, fosamine, glyphosate, hexazinone, imazapyr, piclo-
ram, sulfometuron methyl, tebuthiuron, and trichlopyr and
the herbicide adjuvants kerosene, diesel oil, and limonene in
vegetation management programs in the study area.

NEEDED ACTIONS

As illustrated by the above-described examples of tools and
techniques, RA principles can be utilized in the planning and
implementation of environmental impact studies. This is
already occurring to some extent, based on both direct and
indirect references to risk in the CEQ regulations. If the
regulations remain as they are, two steps could be taken to
enhance the incorporation of RA principles in EIA studies.
First, one or more technical and policy-related conferences
on the relationships between RA and EIA could be planned
and conducted. The conferences should be targeted toward
those individuals in governmental agencies, private industry,
and consulting firms who are involved in the preparation of
environmental assessments (EAs) and EISs. The CEQ, along
with the EPA and other pertinent agencies, could take the lead
in this effort. Otherwise, professional organizations and/or
academia could take the initiative for the conferences.

The second action item should be the planning and conduc-
tion of training courses (of two to five days’ duration) for EIA
practitioners on the pragmatic ways in which RA principles
can be incorporated in EIA studies. The same potential
sponsors as for the technical/policy-related conferences could
be involved, with perhaps the best choice being an initiative
from academia.

The most appropriate action is modification of the CEQ
regulations to include specific risk-related requirements that
address risk/hazard assessments and the inclusion of contin-
gency plans, as appropriate, in EIA studies. The leadership
for such a modification would need to come from CEQ. The
conferences and training courses mentioned above could
facilitate interest and support for modifying the regulations.
In addition, pertinent conferences and training courses would
also be desirable following any modifications.

From a pragmatic perspective, the EIA process should ad-
dress the probability of accidents associated with the pro-
posed project/plan/program and the potential health and
ecological consequences of such accidents. For example,
such analyses would be pertinent for chemical plants, power
plants, transportation-related chemical or oil spills, and pipe-
line accidents. Dam safety associated with flood control and
hydroelectric projects could also be analyzed. The primary
focus of the analyses should be on mitigation measures to
reduce the likelihood of accidents and to respond to the
potential environmental consequences. Examples of mitiga-
tion measures include project design features, retrofitting of
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existing systems, inclusion of monitoring and forecasting and
warning systems, and contingency planning and prepared-
ness for accidents (Smith, 1992).

As a natural consequence of any modifications to the CEQ
regulations, it is assumed that CEQ (and/or other agencies as
appropriate) would need to develop more detailed guidance
on the potential advantages/disadvantages of RA in EIA
studies, where RA should or could be included, how RA
results should be interpreted, and where such results and
interpretations should be incorporated into EIA documenta-
tion. This could include the development of technical infor-
mation, perhaps based on selected case studies, on the range
of possible approaches when incorporating RA into EIA
studies. Examples of the range of tools or methodologies
(approaches) include relative risk indexes, event trees or
decision networks, environmental transport and fate models,
dose-response models, and risk evaluation (interpretation)
approaches. These do not represent all the necessary tech-
nologies in actually conducting an EIA; however, they do
present a synopsis of a range of necessary considerations.
Finally, it may be appropriate to develop a methodology that
completely integrates the consideration of human health and
ecological risks with environmental impact studies.

CONCLUSIONS

Fundamental principles associated with RA and EIA studies
were enunciated in the 1970s, with the conduct of such
studies moving toward maturity in the 1980s. Recent devel-
opments in RA studies have expanded coverage from human
health effects to ecological effects. The EIA studies are now
devoting greater attention to health impacts and contingency
planning for accidents involving environmental releases of
chemicals and/or waste materials. Based on these develop-
ments, it is timely to develop specific actions to ensure that
RA principles are incorporated into the EIA process. The
potential benefits of the inclusion of RA principles include:
(1)encouragement of integrated thinking (such as for envi-
ronmental transport pathways and associated health/ecologi-
cal effects) by the interdisciplinary teams conducting EIA
studies; (2)the opportunity to focus attention on risk reduc-
tion activities such as waste minimization, pollution preven-
tion, and mitigation measures; and (3)emphasis on emer-
gency response measures in the event of accidents and
associated environmental perturbations.

The current CEQ regulations for EIS preparation address
risks both directly and indirectly, including the need to
address reasonably foreseeable significant adverse effects
that could have catastrophic consequences even if their
probability of occurrence is low. RA-based methodologies
typically include steps related to hazard identification, dose-
response assessment, exposure assessment, and risk charac-
terization. Several EIA-related methodologies already incor-
porate these steps, although the terminology varies.
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Examples of practical suggestions for incorporating RA
principles and steps in EIA studies include: (1)selection of
indicator chemicals based on toxicological, environmental,
and practical criteria; (2)careful extrapolation of human,
animal, and plant toxicity data to relevant environmental
conditions in the studies; (3)prediction of human exposures
and/or environmental conditions based on knowledge of
sources, environmental pathways/fate, monitoring results of
concentrations in environmental media, modeling results,
and knowledge about population habits; and (4)evaluation of
human health/ecological risks based on relative comparisons
with factors such as known daily risks, time variations,
pertinent standards, and average versus peak conditions.
Uncertainty related to impact identification, quantification,
interpretation, and mitigation should also be addressed.

Five EISs present examples of approaches used to address
health risks, with the range including a probabilistic ap-
proach, a qualitative-quantitative approach, qualitative de-
scriptions, and a relative risk approach. '

Two things could be done to enhance the inclusion of RA
principles in the EIA process. First, one or more technical and
policy-related conferences on the relationships between RA
and EIA could be planned and targeted toward those
individuals in governmental agencies, private industry, and
consulting firms who are involved in the preparation of EAs
and EISs. Second, training courses (of two to five days’
duration) should be planned and conducted for EIA
practitioners on the pragmatic ways in which RA principles
canbe incorporated in EIA studies. The mostinclusive action
would be modification of the CEQ regulations to include
specific risk-related requirements in EIA studies. The CEQ
(and/or other agencies as appropriate) would then need to
develop detailed guidance on the potential advantages/
disadvantages of RA in EIA studies, where RA should or
could be included, how RA results should be interpreted, and
where such results and interpretations should be incorporated
into EIA documentation.
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