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FOREWORD

This report is a product of the Science Policy Impact Analysis Project sponsored by the
office of Environmental Management (EM) in coordination with the Office of
Environment, Safety and Health (EH) of the U.S. Department of Energy (DOE). The
project was initiated to assist EM and EH'’s Office of Environmental Guidance in gaining
insight into the use of “science policy” in the environmental risk assessment and
management processes, and the development of environmental regulation. In
particular, EM’s mission is to use cost-effective and technically sound approaches:

» To ensure that risks to the environment and human health and safety posed
by active, inactive, and surplus facilities and sites are reduced to prescribed
and acceptable levels; and

» To minimize, handle, treat, store, transport, and dispose of DOE waste safely.
Rational risk Management is essential to accomplish EM’s mission, especially
given the current resource constraints and projected growth of its program.

The report is intended to describe science policy issues and decisions, and how they
have been addressed and used in risk-based environmental regulatory decision making.
For the purposes of this project, “science policy issue” is defined as a gap or uncertainty
in scientific knowledge or data arising in the risk assessment process, and “science
policy decision” is defined as the policy decision made to bridge the gap or uncertainty
in scientific knowledge and data. Science policy decisions are frequently the driving
force in the environmental risk assessment and management processes. DOE’s need for
information relating to the use of science policy developed as a result of a number of
efforts, including those:

» To revise environmental directives and promulgate radiation rules for
protection of the public and the environment and to develop supporting
guidance documents;

» To develop and integrate risk and environmental management strategies for
site remediation; and

» To improve and develop more consistent environmental risk assessment
methodology and decision-making processes through coordination with
other government agencies and organizations via interagency working
groups.

Knowledge of the existence of science policy issues and how science policy decisions are
made may be important to DOE in the development or implementation of many
programs and directives. For example, EH’s Office of the Environment is in the process
of promulgating the DOE rule concerning radiation protection of the public and
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environment (to be codified at 10 CFR Part 834) and revising DOE'’s principal
environmental protection directive (DOE 5400.1).

The foundation of the environmental and public radiation protection system in the
proposed rule is the as low as reasonably achievable (ALARA) process. The ALARA
process employs a systems-type approach to ensure that protective and cost-effective
controls are implemented in public and environmental protection matters. It requires
consideration of and comparisons between radiation doses and health effects to the
public and workers, environmental impacts, costs, and natural and cultural resources.
Similarly, in the development of DOE 5400.1, DOE is considering applying a systems
approach to environmental management of DOE facilities. This systems approach will
require that the development of site-specific environmental protection strategies
consider all media, pathways, impacts, and risks in a manner that, on balance, results in
the most effective, protective, and practical approach. As with the ALARA process, this
approach requires that benefits and costs of different health and environmental
endpoints be compared and assessed equitably. Hence, a clear understanding of science
policy issues and decisions, and their possible impacts to the decision-making process
may be an important consideration in the implementation and development of these
environmental protection requirements.

In the development of DOE environmental risk management strategies relating to
cleanup and remediation programs, it is necessary to assess and characterize as
rigorously as possible the impacts and risks to human health, the environment, and
cultural, natural, and other resources associated with sites and facilities operations. The
fair comparison of these varied impacts and benefits requires a clear understanding of
the assessments. Toward this end, and consistent with recommendations from the
National Academy of Sciences, it is desirable to distinguish the objective, science-based
elements from the policy-based elements of environmental risk assessment and
management decisions. Additionally, to characterize impacts or risks, it is necessary to
have an understanding of the effects of policy-based decisions on the assessments and
management decisions.

The Sandia National Laboratories (SNL), a DOE national laboratory, was tasked to
conduct the Science Policy Impact Analysis Project. As part of the project, the
Regulatory Impact Analysis Project, Inc. (RIAP), a nonprofit research organization, was
tasked to prepare this report. In developing this report, RIAP sought and received input
from a large number of individuals and organizations with expertise and experience in
regulatory risk assessment and risk management. Contacts included scientists and risk
assessors in government, academia, and industry and nonscientist risk managers, policy
makers, and regulatory experts (see Appendix I for a list of project information
sources). We express our deep appreciation to these individuals and organizations.

RIAP collected more than 1,500 studies, reports, documents, and analyses concerning
environmental, safety, and health regulatory actions involving risk assessment. Despite
the large number of documents collected, the project’s data collection effort does not
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and is not intended to reflect the total information on environmental risk assessment
and risk management in print. Nonetheless, we are confident that sufficient information
was collected and analyzed to produce a report that factually and fairly discusses and
characterizes the role of science policy in environmental risk assessment and
management.

The project was conducted in two stages. In the first stage, RIAP collected information
through: (1) interviews with individuals in the public and private sectors who are
knowledgeable about regulatory risk assessment and science policy and (2) research
into environmental protection and regulatory issues that were raised by project
information sources known to RIAP staff, or developed through project research efforts.

From the many regulatory topics and decisions identified through project research
efforts, eight were selected as vehicles through which to discuss science policy and its
regulatory impacts. Factors considered in selecting these topics for presentation in the
final report were: (1) the nature and extent of the science policy issues involved; (2) the
nature and extent of the regulatory impacts of the associated regulatory program; (3)
familiarity of the regulatory topic among the public; and (4) variety among topics with
respect to regulatory programs and agencies. The second stage of the project involved
comprehensive research of the selected topics and preparation of the final report. While
the examples selected for review may or may not impact DOE, the analyses of science
policy issues are pertinent to DOE’s efforts to develop environmental protection
strategies or requirements, insofar as such development uses environmental risk
assessment methodology.

This report discusses science policy primarily in the context of cancer risk assessment.
Science policy is addressed only briefly in the context of ecological risk assessment and
only incidentally in the context of noncancer risk assessment. The lack of attention to
ecological and noncancer risk assessment or the assessment of their impacts or benefits
should not be viewed either as a shortcoming of the report or a dismissal of such issues
as unimportant or uninteresting. As a matter of fact, much of DOE’s desire for an
improved understanding of science policy issues and decisions is derived from the need
to compare and balance competing ecological and resource related impacts to cancer
and noncancer health risks in the decision making process. Risk assessment has
historically focused on the likelihood of inducing cancer in humans. However, as the
recent Environmental Protection Agency reassessment of dioxin risks indicates,
noncancer effects may be triggered at very low levels of exposure. Noncancer risk
assessment is an emerging area, not nearly as well studied as carcinogenicity, that m
may become a driving force in risk assessments and cleanup decisions in the near
future. The focus of the project was science policy, not cancer, noncancer, or ecological
risk assessment. Because it is a more seasoned process, cancer risk assessment is a
more convenient vehicle through which to discuss science policy. We expect that
lessons learned in cancer risk assessment will be applicable to risk assessments for
other ecological and health endpoints.

iii



CHOICES IN RISK ASSESSMENT

Given that much has been written on environmental risk assessment and risk
management over the last twenty or so years, some may wonder what the value of yet
another exposition on these issues might be. This report addresses these issues from a
unique perspective. We do not intend to be critical or complimentary of the regulatory
risk assessment process. Recommendations for improving environmental risk
assessment per se or for further scientific research are not made in this report.
Although advances in scientific knowledge and assessment methodology are clearly
desirable and are occurring, advances in either area will not come soon enough to assist
regulators in addressing the onslaught of genuine and manufactured, known and
hypothetical, and significant and insignificant environmental, safety, and health risks
and issues currently facing DOE and other federal agencies. We accept environmental
risk assessment for what it is—a tool to assist regulators in making decisions
concerning difficult issues. This tool has its strengths and its limitations, which are the
focus of this report. Wider recognition and better understanding of these strengths and
limitations will not make regulatory decisions easier but may result in more informed,
unbiased, and transparent decisions.

We would like to express our deep appreciation to DOE’s Office of Environmental
Guidance, in particular Mr. Andrew Wallo, III, for input to and oversight of this project,
and SNL staff, particularly Dennis Berry, Ph.D.; Charles Massey, Ph.D.; and Ms. Teresa
Sype for their valuable assistance. Additionally, we would like to thank the reviewers of
this report, including William Raub, Ph.D. (Science Advisor to the Administrator of the
Environmental Protection Agency); Michael Gough, Ph.D. (Manager, Biological
Applications Program, Office of Technology Assessment, U.S. Congress); William Mills,
Ph.D. (Senior Scientist/Policy Advisor to the Committee on Interagency Radiation
Research and Policy Coordination); Bryan Hardin, Ph.D. (Director of the Washington,
D.C., Office of the National Institute for Occupational Safety and Health); Ronald Lang,
Ph.D. (President, American Industrial Health Council); Ernest S. Rosenberg, Ph.D., ].D.
(Director of External Affairs and Compliance Support, Occidental Petroleum Corp.); and
Joe Findaro, Esq. (Bayh, Connaughton, Fensterheim & Malone). Finally, we would like to
thank our staff who worked very hard in the preparation of this report: Ms. Martha D.
Kaufman and Ms. Hollie Burdt Sheaffer.

Steven ]. Milloy, Project Manager

Pamela S. Aycock, Research Manager

Jason E. Johnston, Senior Research Associate
Regulatory Impact Analysis Project, Inc. October1994
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EXECUTIVE SUMMARY

What Is Science Policy?

In the context of this report, “science policy issues” are the gaps and uncertainties in
scientific knowledge and data that arise in the assessment of risks to human health and
the environment associated with exposure to substances, conditions, activities, and
sites. “Science policy decisions” are the policy choices made to bridge such gaps and
uncertainties. Science policy decisions are vital to the regulatory risk assessment and
management processes. Science policy decisions enable regulators to justify the costs of
regulatory programs in terms of estimated health and environmental risk reductions.

Default Assumptions

Default assumptions are science policy decisions that are applied automatically when
certain science policy issues arise. Examples of science policy issues and the
corresponding default assumptions are presented in Table ES I. Default assumptions are
perceived—and criticized—by some as being conservative. There are others who
criticize them for insufficient protectiveness. The selection of default assumptions
generally is driven by the policy decision to avoid underestimating potential risks. Given
the frequent use of quantitative risk assessment in health and environmental regulation,
for any individual science policy issue, use of a default assumption may be the most
practical option for getting the work done. Departures from default assumptions have
been rare in the past, but alternate assumptions have been adopted in limited cases.
Attempts to depart from default assumptions in future risk assessments may invite
increased scrutiny, which could result in a reluctance to consider or adopt alternatives
based on new scientific information. Continued reliance on default assumptions can be
problematic in two scenarios:

1. Multiple conservative science policy decisions, known as "compounded
conservatism," may result in inconsistent or unduly biased decisions; and

2. Whether or not compounded conservatism results, policy makers, risk
managers, the media, and the public are often unaware of:

a. The gaps and uncertainties in scientific knowledge and data used in
conducting a risk assessment;

b. The policy-based default assumptions that are used to bridge these
gaps and uncertainties; and

c. The extent to which default assumptions may determine the outcome
of the risk assessment.

vi



FOREWARD

Table ES-1. Basic Science Policy Issues and Default Assumptions

Science Policy Issue

Default Science Policy Assumption

In the absence of adequate human data, what is
the relevance of animal bioassay data to the
estimation of human risk?

A substance that is carcinogenic to animals
is also a human carcinogen.

Is the occurrence of benign tumors in
experimental animals relevant to estimating
human cancer risk?

Benign tumors are combined with
malignant tumors in animals to establish
carcinogenic potential in humans.

When both positive and nonpositive cancer
incidence data exist, should the nonpositive
data be used for quantitative risk assessment
purposes?

In the presence of positive data, nonpositive
data do not indicate safety and should not
be used in quantitative risk assessment.

What is the relevance of data from animal
bioassays conducted with MTD protocols to
estimating potential human risk?

Carcinogenic effects observed at the MTD in
animals are predictive of effects in humans
at much lower doses.

Which animal species should be used to
represent humans in terms of carcinogenic
response?

The animal species exhibiting the greatest
sensitivity is the most appropriate for risk
assessment.

When predicting human health risk on the basis
of animal data, how should mechanistic
variations between species be taken into
account?

Differences between species in mechanisms
of carcinogenicity are not taken into account
when extrapolating data from one species to
another.

Data indicate that ingestion of a substance may
be associated with cancer. If inhalation
exposures are of concern, what is the relevance
of the ingestion data to the assessment of risk?

A carcinogen by one route of exposure is a
carcinogen by any other route of exposure.

The available data do not demonstrate the
absence or existence of a threshold for
carcinogenesis.

There is no nonzero dose below which an
increase in cancer risk does not occur.

Data indicate a dose-response relationship at
high doses, but few or no data concerning the
dose-response relationship at lower levels
exist.

The dose-response relationship is linear at
low doses.

If data on human exposure are unavailable for a
particular substance or site, how can exposures
be estimated for purposes of quantitative risk
assessment?

Chosen values for exposure variables are
upper-bound point estimates which, when
taken together, do not result in unrealistic
exposure estimates.
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Current scientific knowledge cannot determine which default assumptions are correct.
Science may never be able to answer certain questions that transcend the capabilities of
the scientific method. These “trans-scientific” questions include: “What is the shape of
the dose-response curve at low doses?” and “Do thresholds for carcinogens exist?”
Therefore, it is likely that policy-based default assumptions will always be necessary in
risk assessment. However, continued reliance on default assumptions in all cases
represents and promotes the stasis of science and risk assessment, and research will
continue to identify plausible alternatives for default assumptions. Pressure to
incorporate alternative assumptions in risk assessment is increasing.

Alternatives to the Default Assumptions

Plausible alternatives to the default assumptions are available in many, specific
instances. In most cases, justification of an alternative relies on chemical- and species-
specific data and arguments. Consequently, it is unlikely that any default assumption
will be completely replaced. A justifiable alternative may be identified for a class of
chemicals, but at present there is no universally justifiable and acceptable alternative to
any of the default assumptions. Replacement of default assumptions will occur only
after sufficient research and data have indicated that an alternative is more likely to be
correct than the default. The alternative must also still be protective of public health.
Thus, in the near future, research on alternatives will be limited in impact and will likely
result only in incremental changes in the risk assessment process.

The Comprehensive Methodology developed by the American Industrial Health Council
represents a potential revolution in the way risk assessments are conducted. Some
believe that, if combined with physiologically based pharmacokinetic models and
distributional exposure assessments, this methodology could be a dramatic
improvement over current risk assessment methods. Full and complete incorporation of
all uncertainty and variability would be achieved, and exposures and risks would be
expressed in terms of probabilistic distributions. Regulatory decision makers would be
presented with complete probabilistic descriptions of the ranges of expected exposures
and risks, rather than point estimates. Probabilistic distributions would enable decision
makers to consider the likelihood that various exposure and risk estimates will occur
and determine explicitly the appropriate degree of conservatism in regulations. This
would allow for a degree of separation of risk assessment and risk management, as
advocated by the National Research Council that cannot currently be achieved.

Such a change in environmental regulatory decision making within federal agencies will
require a commitment to the need for such a change as well as a commitment to funding
the required research. If regulatory agencies indicate a willingness to evaluate and
incorporate alternatives to default assumptions in regulatory risk assessments, the
regulated community will have an incentive to conduct the necessary research. In the
end, all parties likely will benefit as knowledge of mechanisms of carcinogenesis and
understanding of the hazards posed by environmental contaminants is increased.
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Case Studies on Science Policy

Fluoride in drinking water

Fluoride has been artificially added to drinking water as a public health measure to
reduce the incidence of dental caries since the U.S. Public Health Service (PHS) first
identified an optimal fluoride concentration in 1943. Nevertheless, communities have
debated the relative benefits of reduced dental caries and improved oral health versus
the potential risks of adverse health effects on teeth and bones. The public health
community has long held that the benefits of fluoridation far outweigh any potential
risks. Potential long-term health effects, however, are poorly understood. Recent animal
studies associating increased cancer risk with fluoridated drinking water provoked
renewed concern. Epidemiologic studies have not conclusively established an
association between fluoride and bone cancer risk in humans. The major science policy
issue considered in this case study is the evaluation of fluoride as to its potential to
cause cancer in humans. Two recent reviews of the available animal and human data
concluded that there is no evidence that fluoride is a human carcinogen. The
Environmental Protection Agency (EPA) subsequently announced that the existing
fluoride drinking water standards would not be revised. Given the benefits of
fluoridation and the ease with which cosmetic and potentially adverse effects can be
minimized or avoided, it would have been imprudent to suggest a change in the
regulation of fluoride in drinking water on the basis of inconclusive evidence of
carcinogenicity in male rats. A possible additional motivation behind the decision not to
change the regulatory standard for fluoride in drinking water might have been fear of
the tumult that would have ensued in the public health community and in the public at
large if fluoride were judged to be carcinogenic. Classification of fluoride as a possible
human carcinogen could have critically damaged the credibility of the PHS, which has
aggressively promoted fluoridation for fifty years.

Asbestos in consumer products

Due to its durability and heat-resistant properties, asbestos has been used in a variety of
consumer products since the late nineteenth century. Concern about asbestosis and
lung cancer associated with asbestos exposure has grown throughout the twentieth
century. Asbestos is regarded by EPA and the International Agency for Research on
Cancer (IARC) as a known human carcinogen. New uses of asbestos have been banned
in the United States since the 1980s. Considerable resources have been devoted to
removing asbestos from public buildings, especially schools. In response to growing
concerns about adverse health effects associated with asbestos, EPA promulgated a ban
on the manufacture, importation, processing, and distribution of existing consumer
products containing asbestos in 1989. The ban was remanded by the U.S. Court of
Appeals for the Fifth Circuit in 1991 because EPA had not sufficiently justified the ban
and had not fulfilled the requirements of the Toxic Substances Control Act (TSCA). The
science policy issues supporting the court’s decision were EPA’s inadequate
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consideration of risks to health and safety posed by potential asbestos substitute
Products and EPA’s use of analogous exposures to estimate benefits of the ban without
provisions for public review and comment. EPA has yet to take further action. If the
regulation of asbestos-containing products is revisited, special attention should be paid
to substitute risk issues. A risk analysis supporting a proposed regulation is not
complete unless the full consequences of the regulation are evaluated.

Unleaded gasoline

Automobiles and other motor vehicles are a widely recognized source of significant air
pollution. Pollutants of concern associated with motor vehicles include lead,
hydrocarbons, carbon monoxide, and nitrogen oxides. Unleaded gasoline, which was
originally required for use with catalytic converter-equipped cars, has been on the
market for more than twenty years. Continuing attention to reducing air pollution has
resulted in increasingly stringent exhaust emissions requirements on automobiles and
the elimination of leaded gasoline as a fuel. This case study focuses on unleaded
gasoline, which has been associated with kidney tumors in male rats. The central
science policy issue is determining the relevance of a particular type of kidney tumor in
male rats to human cancer risk assessment. As a default science policy decision, cancer
in animals is assumed to be predictive of carcinogenic effects in humans. EPA scientists
evaluated mechanistic data and determined that the kidney tumors observed only in
male rats exposed to unleaded gasoline were of no relevance to potential human cancer
risk. If unleaded gasoline had been implicated as a rodent carcinogen, and subsequently
suspected of being a human carcinogen, significant upheaval concerning the use of
unleaded gasoline could have ensued, potentially damaging the credibility of EPA which
has promoted the use of unleaded gasoline over the last twenty years.

Used oil

More than 1 billion gallons of used oil are generated each year in the United States. Used
oil contains a variety of toxic and carcinogenic substances and can therefore pose a
threat to human health and the environment, especially when improperly managed or
disposed. In developing the Hazardous Waste Management System mandated under the
Resource Conservation and Recovery Act (RCRA), EPA had to decide whether or not to
designate used oil as a hazardous waste. All hazardous wastes must be managed under
strict standards in Subtitle C of RCRA. EPA evaluated and re-evaluated the data and
requirements of RCRA and other statutes and changed its position several times. As a
matter of science policy, EPA determined that the hazards posed by used oil did not
meet the criteria for hazardous waste listing under RCRA. Litigation ensued when
petitioners questioned the validity of an EPA proposal not to list used oil on the basis
that the resulting stigma would have negative effects on recycling. Eventually, EPA
fulfilled the RCRA mandate and fostered recycling by instituting special management
standards for used oil but not listing it as hazardous waste.
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Trichloroethylene

Trichloroethylene (TCE) has long been used in a variety of industries and is therefore a
groundwater contaminant at numerous sites. Superfund law and policy require that
contaminants in certain groundwater aquifers be cleaned up to drinking water
standards. Remediation of contaminated groundwater often drives the cost and
duration of Superfund site cleanups. EPA classifies TCE as a probable human
carcinogen. However, evidence is gathering that TCE is either not carcinogenic or not as
carcinogenic in humans as once thought. Incorporation of alternative science policy
decisions could result in less stringent drinking water standards for TCE. The standards
applied to groundwater cleanup would also be less stringent, which would reduce
remediation costs but not public health protection.

Workplace indoor air quality

The Occupational Safety and Health Administration (OSHA) recently proposed to
regulate indoor air quality (IAQ) in the workplace. Improved IAQ is intuitively desirable,
but scientific data concerning IAQ are sparse. The lack of data limits OSHA’s ability to
assess the health risks posed to workers by poor IAQ. The proposed IAQ regulation
includes a ban on workplace smoking, except in specially designated and separately
ventilated areas, as well as measures designed to address other indoor air
contaminants. This case study examines the science policy in OSHA’s risk assessment
for environmental tobacco smoke (ETS) and the estimated costs and benefits of the
proposed smoking ban. Despite a relatively large database of information on human
lung cancer risk from exposure to ETS, OSHA had to make a number of science policy
decisions to conduct the quantitative risk assessment necessary to justify the proposed
smoking ban. Although the estimated costs of the proposed smoking ban appear to be
relatively low and the estimated benefits appear to be relatively high, the costs may be
incomplete and the benefits may be substantially overstated. The information database
for the remainder of the proposed rule for IAQ is not nearly as extensive as that for ETS,
and the associated science policy decisions are likely to be more tenuous than those for
ETS. Because the estimated costs of the portion of the proposed IAQ rule not addressing
smoking are very high, the proposed science policy decisions are even more
questionable.

Toxics Release Inventory

The Emergency Planning and Community Right-to-Know Act of 1986 (EPCRA) requires
industrial facilities to report their releases and transfers of toxic chemicals listed on the
Toxics Release Inventory (TRI). The purpose of such reporting is to provide
communities with information concerning routine local releases and transfers of toxic
chemicals. TRI reporting is not intended to reduce or restrict routine or permitted
releases of and exposures to chemicals and does not directly reduce health risks.
Congress established the initial list of chemicals subject to TRI reporting, but EPA is
authorized to add chemicals to and delete chemicals from the TRI. The criteria for listing
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chemicals on the TRI are expressly stated in EPCRA, but their broad wording requires
EPA to exercise judgment in determining whether a chemical is toxic. Decisions to label
chemicals as toxic depend on science policy decisions. This case study focuses on EPA’s
recent proposal to add another 313 chemicals to the TRI and provides insight on how
EPA currently makes science policy decisions in the context of TRI reporting.

Radon in drinking water

The 1986 Amendments to the Safe Drinking Water Act (SDWA) required EPA to regulate
eighty-three contaminants, including radon, by June 1989. On July 18, 1991, EPA
proposed a drinking water standard for radon of 300 picocuries per liter (pCI/L). The
proposed standard is based on the capability of available technology to reduce radon
levels in water to less than (100 pCI/L and on detection limits for radon in water. Final
drinking water standards for radon have not yet been promulgated due to the
controversial nature of the proposal and continued congressional and Science Advisory
Board involvement. EPA is under a court-ordered deadline to issue a final standard for
radon by April 30, 1995. The assessment of risks associated with exposures to radon in
drinking water is highly uncertain. Relevant science policy issues addressed in this case
study include the assumption of low-dose linearity for risk extrapolation, the use of
surrogate data to estimate risks of nonlung cancers associated with ingestion of radon
in drinking water, and the choice of assumed values for exposure variables used in the
quantitative exposure and risk assessment. EPA did not use maximally conservative
estimates and approaches in calculating the risk attributable to radon in drinking water.
Had typical default assumptions been used, the estimated benefits of adopting a
standard of 300 p CI/L would have been greater. The uncertainty regarding the risk
assessment is illustrated by alternative assumptions, which if used would reduce the
published risk estimates by a factor of ten or more. The SDWA does not allow for the
consideration of exposures and risks from other sources. Thus, despite widespread
dismay that EPA is proposing to devote considerable resources to addressing a small
portion of the total potential risk due to radon, EPA is subject to an antiquated, media-
specific law that effectively precludes multimedia approaches and relative risk
considerations.

Conclusions

Many risks to human health and the environment are “unprovable.”

Some risks to human health and the environment are provable. Provable risks can be
measured or observed directly and include actuarial risks such as those associated with
highway or air travel accidents. In contrast, other risks—such as those associated with
low-doses of radiation or exposure to chemicals in the environment—are often too
small to be measured or observed directly with existing scientific methods and available
resources. Additionally, specific health and environmental effects are often difficult to
attribute to specific causes because other competing causes cannot be excluded with
reasonable certainty. Such risks are unprovable. However, the fact that a risk is

Xii



FOREWARD

unprovable does not mean that it does not exist. Provable risks can be calculated,
whereas unprovable risks can only be estimated through the risk assessment process.
Although unprovable risks may be estimated and expressed in probabilistic terms, they
are at best educated guesses and do not constitute knowledge or uncontroverted fact. In
other words, the ability to produce a numerical estimate of an unprovable risk does not
mean that the risk is proven.

Science policy issues are unavoidable in, and science policy decisions are essential
to, the regulatory risk assessment process.

Risks are unprovable because of significant gaps and uncertainties in scientific
knowledge, data, and method. When risk assessment is used to estimate unprovable
risks, these gaps and uncertainties become science policy issues. Both risk assessors
and risk managers make science policy decisions in order to bridge the gaps and
uncertainties. Thus, science policy decisions enable the estimation of unprovable risks.

Science policy decisions, particularly when compounded, lead to conservative risk
assessment results.

By design, many science policy decisions lead to risk assessment results that are more
likely to overstate than to understate risks. In other words, compensation for the lack of
knowledge in the risk assessment process is intended to be protective of public health.
Risk assessment results are even less likely to underestimate risk when, as is generally
the case, a series of conservative science policy decisions is involved. There is nothing
wrong with such science policy decisions and risk assessments unless the nature and
extent of the science policy decisions made are not fully disclosed to policy makers, risk
managers, the media, and the public.

The existence and extent of science policy in risk assessment are rarely fully and
fairly disclosed.

The numerical results of risk assessments tend to be emphasized while discussions of
the role of science policy in generating the risk assessment results tend to be de-
emphasized. For example, given that many risks are unprovable, there is some
probability that, in fact, they are zero. For unprovable risks, science policy decisions
enable the estimation of nonzero risks. However, this fact rarely, if ever, is clearly
presented in a risk assessment. The lack of disclosure causes risk assessment results to
be communicated essentially as fact. Such communication is misleading. Lack of full and
fair disclosure of the role of science policy in risk assessment is not the fault of
regulators alone. Media communication of risk information tends to omit discussions of
science policy because such discussions: (1) do not fit into sound bites; (2) tend to
detract from the sensationalism of the risk information; or (3) are not simple to
communicate, and subtleties are lost.
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Science policy decisions are responsible for regulatory programs and regulatory
impacts that are justified on the basis of risk assessment.

For regulatory activities and programs that involve or depend upon risk assessment, the
science policy decisions made generally determine the existence, extent, and continued
credibility of the regulatory activities and programs. As illustrated by the case studies in
this report, science policy decisions have been instrumental in determining that:

» Used oil should not be classified as a hazardous waste subject to regulation
under Subtitle C of the Resource Conservation and Recovery Act;

» Unleaded gasoline is not carcinogenic to humans;

» Fluoridated drinking water is not carcinogenic, and drinking water should
continue to be fluoridated as a public health measure; and

» Commercial uses of asbestos could be banned under the Toxic Substances
Control Act.

In the future, science policy decisions will be used to help determine whether:

» Glass wool, food additives, nitrogen dioxide, sulfur dioxide, nitrate ion,
phosphorus compounds, and other chemicals will be added to the Toxics
Release Inventory,;

» Workplace indoor air quality will be regulated;
Drinking water standards for radon will be made more stringent; and

Remediation of Superfund sites contaminated with trichloroethylene will
continue to be as stringent as currently required.

As in the risk assessment process, science policy and other assumptions play a
significant role in the estimation of benefits and costs associated with regulatory
programs.

When risks can only be estimated, the benefits of regulatory programs to reduce those
risks also can only be estimated, are not verifiable, and depend on science policy-based
assumptions. Similarly, cost assessments often depend on assumptions, are uncertain,
and cannot constitute uncontroverted fact. An important distinction between estimates
of costs and benefits is in the certainty of their existence. Because it is not possible to
prove with certainty the existence of unprovable risks, the existence of benefits from
regulatory programs also cannot be proven. In contrast, while there is uncertainty
involved in cost assessments, such uncertainty is associated with the magnitude of the
estimated costs, not their existence.

Science policy decisions can be made so as to result in desired regulatory outcomes.

The case studies of fluoride in drinking water, asbestos in consumer products, unleaded
gasoline, and used oil are examples of decisions where science policy-based
assumptions help to justify desired regulatory outcomes.
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» In the case of fluoride in drinking water, the weight-of-evidence science
policy decision that fluoride was not carcinogenic in humans supported the
continued fluoridation of water, a highly valued and desirable public health
measure. This science policy decision also helped maintain the credibility of
the Public Health Service, which has been promoting the use of fluoride since
the 1940s.

» In the case of asbestos in consumer products, the science policy decision to
consider only the estimated cancer risk from asbestos brake products and
not to consider the potentially offsetting safety risk from the use of
nonasbestos brake product substitutes helped justify EPA’s decision to
promulgate a ban on commercial uses of asbestos.

» In the case of unleaded gasoline, the science policy decision that mechanisms
of carcinogenicity varied between rodents and humans provided the basis for
concluding that unleaded gasoline is not carcinogenic to humans. This science
policy decision helped maintain the credibility of EPA’s program to remove
lead from gasoline.

» In the case of used oil, the science policy decision that used oil is not a
hazardous waste facilitates used oil recycling. Labeling of used oil as a
hazardous waste would have resulted in a burdensome cradle-to-grave
regulatory scheme for used oil that might have undermined recycling efforts
and increased pollution from illegal or improper disposal of used oil.

For the foreseeable future, science policy will remain the key to all regulatory
programs that rely on quantitative risk assessment.

Although a great deal of scientific knowledge has been developed over the last twenty
years, existing knowledge still cannot answer all the questions we can put to it.
Advances in knowledge are not likely to come fast enough to address the onslaught of
genuine and manufactured, known and hypothetical, and significant and insignificant
risks faced by regulatory agencies, the regulated community, and the public. Although
continued scientific research is highly valued, from a practical point of view, regulatory
agencies rarely enjoy the luxury of time to wait for new research to aid them in
regulatory decisions. Hence, science policy decisions will continue to be relied upon by
regulators. For policy makers and risk managers who are aware of the tendency of risk
assessors to make conservative science policy decisions, regulatory decisions are easier,
because they know their decisions are not likely to be made on the basis of
underestimated risk.
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Recommendations

Policy makers, risk managers, the media, and the public should be made aware of
the role of science policy in risk assessment and subsequent risk management
decisions.

Although risk assessors are likely to be aware of science policy issues and decisions, the
same cannot be said for policy makers, risk managers, the media, and the public. Risk
assessors often fail to emphasize the existence and extent of science policy in risk
assessment. Where the role of science policy is not explicitly explained, risk estimates
may be erroneously communicated to policy makers, risk managers, the media, and the
public as uncontroverted fact. Because these groups are unaware of the role of science
policy, they often fail to inquire about its impact on risk assessment. Either failure may
result in regulatory decisions that are made on an uninformed basis to an uninformed,
misled, or unnecessarily alarmed public. Risk assessors should ensure that such
miscommunication does not occur. Policy makers, risk managers, and the media should
inquire about the existence and extent of science policy.

The federal government should institute a mandatory training and continuing
education program on regulatory risk assessment and risk management for policy
makers, risk managers, risk assessors, and their staffs.

Decisions based on risk assessment affect the health and of safety people, the condition
of the environment, the operation of the federal, state, and local governments, and the
operation of industries and businesses. Remarkably, no formal training in risk
assessment or risk management is required of the policy makers, risk managers and
risk assessors and their staffs who participate in the making of these weighty regulatory
decisions. In contrast, physicians, attorneys, policemen, firefighters, plumbers and
electricians, among others, are required to undergo substantial training, apprenticeship,
and licensing before engaging in their respective occupations. Although professional
societies exist, and regulatory agencies sponsor seminars and workshops from time to
time, there is no system in place which attempts to achieve a minimal level of
competence in the area of risk assessment and risk management among all policy
makers, risk managers, risk assessors, and their staffs. It is quite likely that a mandatory
training and continuing education program that explicitly discusses science policy as a
matter of policy rather than fact would: (1) improve awareness and understanding of
science policy throughout the federal government; (2) result in more effective, efficient,
and timely regulatory programs; and (3) pay for itself in a short period of time.

Communication of risk assessment results should emphasize the role of science
policy.

Because risk assessments for unprovable risks are educated guesses, risk assessment
results should never intentionally or inadvertently be presented as fact. Full disclosure

of the role of science policy should accompany risk estimates wherever presented,
including Federal Register notices, executive summaries of regulatory documents, press
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releases, and other public and media communications. Disclosure is ineffective if it is
inaccessible, comprehensive, explicit, and understandable. Disclosure should attempt to
address the following questions:

» Is the risk of concern provable, and can it be calculated? If the risk is
unprovable, is it because the risk is too small to be detected with current
scientific methods or because competing risk factors cannot be sufficiently
distinguished?

» If the risk is unprovable, or provable but incalculable, what are the gaps and
uncertainties in scientific knowledge and data that preclude the calculation of
risk?

» what science policy decisions have been made to bridge these gaps and
uncertainties? For unprovable risks, what science policy decisions have been
made that concern the existence of the risk?

» could alternative science policy decisions have been considered? What would
the impacts have been on the risk assessment of these alternative decisions?

» what are the implications for regulation of the science policy decisions made
as well as the alternatives? Do alternative science policy decisions reduce or
eliminate the basis for regulation? Does consideration of substitution risks or
lifecycle risks affect the basis for regulation?

Answers to these questions will facilitate understanding of the likelihood that a risk
exists and its potential magnitude. Improved understanding will enable: (1) policy
makers and risk managers to decide on a more fully informed basis whether and what
resources should be expended to address the risk; and (2) the public and media to
debate the issue on a more fully informed basis.

Risk assessment guidelines may help provide a framework for the use of science
policy in risk assessment, but only if such guidelines are flexible and complied with
in good faith.

Risk assessment guidelines can provide a framework within which regulators can make
science policy decisions. Such a framework would provide the regulated community and
the public with the “rules” for science policy decisions in regulatory risk assessment.
Flexible guidelines would delineate the factors to be considered in developing a risk
assessment and would require explanations for all judgments. Risk assessment
guidelines should not establish a cookbook approach. Unless the guidelines are flexible
enough to accommodate new scientific developments and specify the level of evidence
required to deviate from a default assumption, efforts to develop new knowledge may
be stymied or wasted. This could, in turn, inhibit advances in risk assessment. To the
extent that risk assessment guidelines actually provide policy guidance, such guidance
should be complied with in good faith by regulatory agency staff or it will be of little
practical value. With respect to potential judicial review, although it will be difficult for
a court to rule on the scientific merits of an agency science policy judgment, a court can
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rule whether that judgment has been explained adequately. Ultimately, the merits of the
judgment will be evaluated, and the agency’s credibility will be weighed in the court of
public opinion as well as by the scientific community.

Precedent has been established, and agencies should be encouraged to give
meaningful consideration to alternatives to the default assumptions used in risk
assessment.

Default science policy decisions generally are employed in risk assessment. In some
cases, however, regulatory agencies have opted to use alternatives to the default science
policy decisions where the alternatives are supported by scientific knowledge or data.
This trend should be encouraged. To the extent possible, risk assessment guidelines
should provide a timely and effective process for evaluating and implementing potential
alternatives to the default science policy decisions. Such a process should include a
compliance mechanism, perhaps independent from the particular regulatory agency, to
ensure an objective review.

Summary

Risk assessment is a valuable tool through which regulators can gauge the existence and
severity of potential risks to human health and the environment. Risk assessment
cannot provide the definitive answers policy makers, regulators, the regulated
community, and the public would like. Nonetheless, risk assessment based on science
policy can frame the debate about whether particular potential risks should be
regulated and who should bear the costs of regulation. Full and open disclosure of
science policy in risk assessment can take this debate to the next level.

Only when policy makers, risk managers, the public, and the media fully understand the
role of science policy decisions in risk assessment can the “real” issue in environmental
and public health protection be debated. We must determine what society is willing to
pay to reduce or avoid risks to human health and the environment which have been
identified and estimated using science policy rather than science alone. These risks may
or may not actually exist. If they do exist, they are likely to be relatively small or
indistinguishable from other risks. If risks are too small or indistinguishable, it likely
will not be possible to know whether regulation produced any benefit. The open debate
of the value and priority of regulating these types of risks will enable, but not guarantee,
policy and regulatory decisions to be made on a fully informed basis.
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WHAT IS SCIENCE POLICY?
WHAT ARE ITS IMPACTS?

A HYPOTHETICAL EXAMPLE

In the context of this report, “science policy issue” refers to the gaps and uncertainties in
scientific knowledge, data, and methodology that arise in assessing the risks to human
health and the environment of exposure to substances, conditions, activities, and sites.
“Science policy decision” refers to the decisions made by regulatory agencies to bridge
such gaps and uncertainties. Science policy decisions are vital to the current regulatory
risk assessment and risk management processes because they enable regulators to
develop a basis on which to justify the costs of regulatory programs in terms of health
and environmental risks reduced and benefits obtained.

To understand the role that science policy plays in risk assessment, consider the
following hypothetical, but not unrealistic, example. Suppose you are the regulatory
official responsible for determining whether and how human exposure to Substance X
should be regulated because it may cause cancer. You ask your staff scientists to
conduct the necessary risk assessment. Your staff will probably take the following
steps:1

1. Determine whether Substance X has the potential to cause cancer in humans;
2. Determine what level of human exposure to Substance X causes cancer;

3. Determine whether any individuals are exposed to Substance X at levels
which may cause cancer; and

4. Characterize and present all the scientific and risk information gathered.

Based on the information presented by your staff, you will decide whether and how to
regulate Substance X. Through comprehensive research, your staff have determined that
there are no available studies that directly associate Substance X with cancer in humans.
However, the results of several laboratory experiments published in the scientific
literature report that rats and mice fed relatively high doses (i.e, 1,000 milligrams of
Substance X per kilogram body weight daily [mg/kg/d]) in their diet for two years
experienced an increased incidence of tumors of the forestomach. Statistically
significant increased tumor incidence was not reported at the other dose levels tested in
the experiment (750, 500, and 250 mg/kg/d). The reported increase in cancer was

IThese steps correspond to the four-step risk assessment paradigm of hazard identification, dose-
response assessment, exposure assessment, and risk characterization. See (National Research Council
[NRC] 1983).
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statistically significant only if both benign tumors and malignant tumors were counted
together. Your staff conclude that the observed carcinogenic response in animals
indicates that Substance X may be carcinogenic in humans as well.

Your staffs then determine that Substance X is widespread in the environment and that
all humans are exposed to levels of Substance X of up to 0.01 mg/kg/d. Exposure to
Substance X is estimated to cause 1,000 deaths from cancer annually which would not
otherwise have occurred (referred to as excess or premature cancer deaths).

Based on the information presented by your staff, you conclude that a regulatory
program should be developed and implemented to reduce human exposures to
Substance X. Your staff have determined that Substance X can be virtually eliminated
from the environment, thereby avoiding 900 cancer deaths annually at a annual cost of
$1 billion. You calculate that such a regulatory program, which would expend
approximately $1.1 million per cancer death avoided, is relatively cost-effective when
compared to the costs of other regulatory programs. 2

Your staff were faced with several gaps and uncertainties in scientific knowledge, data,
and method in their attempts to estimate the risks associated with exposure to
Substance X. Your staff made several science policy decisions—some of which were
compelled by existing policy guidelines—to bridge those gaps. You may or may not have
been made aware of them or their impact on the conclusions reached by your staff. The
science policy issues and decisions relevant to this example are discussed below.

» Science policy issue and decision #1. No scientific studies associate human
exposure to Substance X with cancer. Your staff had no direct information
concerning whether Substance X might cause or be associated with cancer in
humans. Only rodent laboratory experiments associated Substance X with
cancer. In order to be protective of human health, your staff assumed that
Substance X could reasonably be expected to cause cancer in humans because
it has been demonstrated to cause cancer in animals.

» Science policy issue and decision #2. The animal study reported an
increase in cancer in the rat forestomach. Humans do not have forestomachs.
However, the human esophagus may be biologically similar to the rodent
forestomach and could respond similarly. In order to be protective of human
health, your staff assumed that the biological mechanism that led to cancer in
the rodent forestomachs has an analogous mechanism in humans.

2 The cost per premature death avoided has been estimated for a variety of environmental regulatory actions.
Example estimated costs per avoided death include $200,000 for trihalomethane drinking water standards, $3.4
million for radionuclide standards in mines, $110 million for the ban on asbestos in consumer products, and $5.7
trillion for the hazardous waste listing for woodpreserving chemicals (Office of Management and Budget [OMB] 1992,
12).
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» Science policy issue and decision #3. The increases in cancer incidence in
the rodent studies were statistically significant only if both benign and
malignant tumors were considered to be indicative of the carcinogenic action
of Substance X. Benign tumors, however, are not cancerous and do not
necessarily progress to malignancy. If only the malignant tumors associated
with Substance X in the rodent studies were counted, you could not conclude
with certainty that they were associated with exposure to Substance X.
However, because some benign tumors do progress to malignancy, in order
to be protective of human health, your staff assumed that both benign and
malignant tumors are indicative of Substance X’s carcinogenicity.

» Science policy issue and decision #4. The rodents were fed 1,000 mg/kg/d
of Substance X for two years. Estimated human exposures are 100,000 times
lower. Although you have no information either supporting or contradicting
an association between low-dose exposure to Substance X and increased
cancer risk in humans or animals, to be protective of public health, your staff
assumed that any human exposure to Substance X will result in increased
human cancer risk.

» Science policy issue and decision #5. Mathematical modeling to
extrapolate the rodent data to human risk estimates is necessary to estimate
how much cancer is attributable to Substance X. Using the linearized
multistage model, which is designed to calculate an upper-bound limit on the
risk at very low doses, in conjunction with population exposure estimates,
your staff estimated that human exposures to environmental levels of
Substance X are associated with 1,000 excess cancer deaths per year.

Thus, your decision to implement the regulatory program was made possible only by a
series of science policy decisions. Each of these decisions was made so as not to
underestimate possible risks to public health, and to reflect a desire to be protective of
human health in the face of uncertainty. The science policy decisions filled the voids in
knowledge which otherwise would have prevented your staff from quantifying potential
human cancer risk associated with exposure to Substance X. Without the resulting
quantitative risk assessment, you could not have understood the potential magnitude of
the problem or been able to make the risk management decision to proceed with a
regulatory program.

In the final analysis, if the risks approximate what your staff have estimated, you may
have made a good regulatory decision. However, you will most probably never know
whether your regulatory program was effective and avoided any cancer deaths. This is
because the risk estimate your staff calculated is completely hypothetical in nature.
Your staffs risk assessment is not an actuarial estimate, and it is not based on any
information concerning known human mortality caused by exposure to Substance X.
Furthermore, even if the estimated risk is real, it may be unprovable because it is either
statistically too small to be identified or cannot be distinguished from other risks with
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reasonable confidence given the limitations of current scientific methods. Finally, even
though you do not know whether the risks your staff predicted are real, you do know
that real costs will be associated with the regulatory program.? Even though the cost
estimates might not be entirely accurate, you have made the decision to implement a
regulatory program to reduce exposures to Substance X. This decision represents a
balance between a certain expenditure and an uncertain benefit.

As this hypothetical example illustrates, risk assessment, particularly quantitative risk
assessment, is practically impossible without science policy decisions. Science policy
enables risk assessments to be conducted in a rational manner even when ideal data are
unavailable and when scientific understanding is incomplete. Thus, because risks to
human health and the environment cannot otherwise be calculated, science policy plays
a central role in justifying environmental, safety, and health regulatory programs.
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2
A HISTORICAL PERSPECTIVE
ON SCIENCE POLICY

During the 1970s and 1980s many laws were enacted and amended to clean up and
protect the environment and to protect the health of workers and the public. These laws
included the Atomic Energy Act (AEA), Clean Air Act (CAA), Clean Water Act (CWA),
Toxic Substances Control Act (TSCA), Resource Conservation and Recovery Act (RCRA),
Safe Drinking Water Act (SDWA), Comprehensive Environmental Response,
Compensation and Liability Act (CERCLA or Superfund), Federal Insecticide, Fungicide
and Rodenticide Act (FIFRA), and Occupational Safety and Health Act (OSHAct). These
and other laws require regulatory agencies to:

» Identify environmental, health, and safety hazards;

> Establish limits on emissions and releases of various substances from
industrial facilities, waste sites, and motor vehicles, etc;

» Establish limits on permissible human exposure to substances in food,
drinking water, air, and in the workplace; and

» Oversee the cleanup of present and former industrial facilities and waste
sites.

Oftentimes, these activities are accomplished through a regulatory process which
depends in part on risk assessment. Although some environmental, health, and safety
laws contemplate “risk” as a basis for regulation (the Federal Food, Drug and Cosmetic
Act, TSCA, and Federal Hazardous Substances Act, for example), risk assessment is not
specifically mandated by most laws enacted to protect the public and environment.
Rather, risk assessment is a process that has been developed over time to assist
regulators in establishing a basis for implementing their statutory responsibilities
through regulation.

Risk assessment is defined as “use of the factual base to define the health effects of
exposure to hazardous materials and situations.” 1 Risk assessment is currently
understood to mean the process of estimating the likelihood and severity of adverse
outcomes to individuals and populations. Cancer risk assessment, therefore, is a
specialized form of risk assessment.

1 (National Research Council [NRC] 1983, 3) This publication is referred to herein as the Red Book.
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The U.S. Environmental Protection Agency (EPA) first issued formal guidelines for
conducting cancer risk assessments in 1976.2 These early interim guidelines recognized
two important facts regarding the role of science policy in risk assessment. First, most
risks are “unprovable”:

[1]n very few cases is it possible to “prove” that a substance will cause
cancer in man, because in most instances the evidence is limited to
animal studies.3

Risks may be unprovable because they are too small to be practically measured or
observed by current scientific methods.# Risks may be unprovable because for a given
adverse health or environmental effect, two or more potential causes may not be
distinguishable from each other.> Second, science policy decisions are key components
of risk assessment that assist in the estimation of unprovable risks.

The central purpose of the health risk assessment is to provide a
judgment concerning the weight of evidence that an agent is a potential
human carcinogen and, if so, how great an impact it is likely to have on
public health. Judgments about the weight of evidence involve
considerations of the quality and adequacy of the data and the kinds of
responses induced by the suspect carcinogen.®

The “weight of evidence” and “quality and adequacy of the data” are broad science
policy issues raised by the nature of unprovable risks. The judgments referred to in the
quotation above are the science policy decisions.

Because true risks are essentially unprovable, science policy issues are generally
addressed so as to be protective of public health. Therefore, by design, science policy
leads to risk assessments that are more likely to overstate rather than understate risks
to the environment and human health. Conservatism remains a key feature of science
policy in risk assessments today. 7 Because risk management decisions are often made
based on risk assessment results, conservative risk assessments lead to risk

2 Environmental Protection Agency [EPA] 1976)

3 (EPA 1976, 21403)

4 See (NRC 1991, 27-47) and (Seiler and Alvarez 1994).
5 See (NRC 1991, 27-47) and (Seiler and Alvarez 1994).

6 (EPA 1976, 21404). This quotation should not be construed as a complete or accepted definition of risk
assessment. The quotation addresses only hazard identification, one of the four parts to the risk
assessment process.

7 Dr. Lynn Goldman, EPA Assistant Administrator for Prevention, Pesticides and Toxic Substances, stated
at the 1994 annual meeting of the American Association for the Advancement of Science that risk
assessment involves making reasonable assumptions and setting science policies that bridge gaps in data
and understanding and that assumptions used by the government are often conservative and risk adverse
(Bureau of National Affairs [BNA] 1994a).
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management decisions and regulatory programs that may well be overprotective of the
environment and public health.8

Over time, regulatory risk assessments have spawned litigation, additional regulatory
activity, controversy and numerous scholarly efforts to analyze and improve the risk
assessment process. Some of the more notable events in the history of risk assessment
and risk management since 1976 are discussed below.

» 1980—Benzene decision.’ In a case involving the Occupational Safety and
Health Administration (OSHA) exposure standard for benzene, the Supreme
Court held that OSHA must provide an estimate of the actual risk associated
with a toxic substance. Although only OSHA was involved in this case, the
decision provided a de facto mandate for quantitative risk assessment at all
regulatory agencies. The Court recognized that OSHA may use assumptions
(i.e., science policy) in risk assessment, but only to the extent that those
assumptions have some basis in reputable scientific evidence.

» 1981—Executive Order 12291.1°0 President Ronald Reagan issued this
policy directive which instituted a new process for the review of regulatory
actions with annual economic impacts exceeding $100 million by the White
House Office of Management and Budget (OMB). From its issuance until its
revocation in 1993, this Executive Order provided OMB with authority to
review and control the fate of environmental regulation on the basis of cost-
benefit principles.1!

» 1981—0ffice of Technology Assessment.'? The Office of Technology
Assessment (OTA) of the U.S. Congress issued a report discussing risk
assessment methods and estimated the contribution of various factors,
including smoking, food, occupation, and environment to cancer risk.

8 We do not intend to imply either that overprotection of public health is desirable or that it is not. In
some cases, overprotection may be desirable; in other cases it may not be. Whether overprotection is
desirable, and what costs society is willing to pay for it, clearly depend on specific facts and
circumstances. Furthermore, because most risks are indeed unprovable, it is unlikely that the degree of
overprotection or under protection can ever be known or demonstrated.

9 Industrial Union Dept., AFL-CIO v. American Petroleum Institute, 448 U.S. 607 (1980) (Benzene).
10 (Executive Office of the President 1981)

11 “Principles contained in §2 of Executive Order 12291 include: “(a) Administrative decisions shall be
based on adequate information concerning the need for and consequences of proposed government
action; (b) Regulatory action shall not be undertaken unless the potential benefits to society for the
regulation outweigh the potential costs to society; (c) regulatory objectives shall be chosen to maximize
the net benefits to society; (d) Among alternative approaches to any given

12 (OTA 1991)
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» 1983—NRC Red Book.!? The National Research Council * (NRC) landmark
analysis of the regulatory risk assessment and risk management processes,
the Red Book, established the four-step paradigm for risk assessment: hazard
identification, dose-response evaluation, exposure assessment, and risk
characterization. The Red Book offered recommendations concerning the
development of risk assessment guidelines by regulatory agencies.1>

» 1984—EPA Risk Assessment Forum.!® Formed during the period when
EPA began developing risk assessment guidelines, EPA established the Risk
Assessment Forum to resolve significant issues arising from the use of risk
assessment guidelines and internal agency conflicts over technical risk
assessment issues.

» 1985—Executive Order 12498.17 This Executive Order explicitly included
risk assessment in the regulatory review process established under Executive
Order 12291 and required that regulatory agencies comply with the principle
that “[r]egulations that seek to reduce health or safety risks should be based
upon scientific risk-assessment procedures, and should address risks that are
real and significant rather than remote or hypothetical.”18

» 1985—O0STP cancer risk assessment guidelines.'® The White House
Office of Science and Technology Policy (OSTP) issued a report entitled
Chemical Carcinogens: A Review of the Science and Its Associated Principles.
This report reviewed the state of cancer risk assessment and established
thirty-one general principles for regulatory agencies to use in establishing
their own cancer risk assessment policies and procedures. Despite their
origin in the Executive Office of the President, the principles were advisory
and were therefore not binding on individual regulatory agencies.?0

» 1986—EPA Risk Assessment Council.?! The Risk Assessment Council (RAC)
was formed to focus on risk assessment policy issues, leaving the Risk

13 (NRC 1983)

14 The National Research Council was established by the National Academy of Sciences (NAS) in 1916 to
associate the broad community of science and technology with the NAS purpose of furthering knowledge
and of advising the federal government.

15 See further discussion below.
16 (BNA 1986)
17 (Executive Office of the President 1985)

18 Section 1(d) of Executive Order 12498, citing §4 of the August 11, 1983, report of the Presidential Task
Force on Regulatory Relief, “Reagan Administration Regulatory Achievements.”

19 (Office of Science and Technology Policy [OSTP] 1985)
20 (Federal Focus 1991, 35)
21 (BNA 1986)
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Assessment Forum to focus on technical risk assessment issues. The RAC was
replaced by the Science Policy Council in early 1994.

» 1986—EPA carcinogen risk assessment guidelines.?? EPA’s Guidelines for
Carcinogen Risk Assessment were the first revision of the 1976 Interim
Procedures and Guidelines. The 1986 guidelines, which remain in use today,
enunciate some of the more commonly encountered science policy decisions
that EPA relies upon in conducting risk assessments.

» 1987—Vinyl Chloride decision.?? In this litigation involving EPA’s air
emissions standard for vinyl chloride, the court interpreted the Clean Air Act
(CAA) to require EPA to first determine a “safe” level of exposure for air
pollutants before considering economic or technological feasibility of
achieving reduced emissions. The rule was remanded to EPA and, in the
subsequent rulemaking, EPA decided to emphasize quantitative risk
assessment in the establishment of CAA standards.

» 1989—Council on Environmental Quality Risk Analysis Guidebook.?*
The Council on Environmental Quality (CEQ) published a guidebook to risk
analysis which was designed for “consumers of risk information” and offered
“a balance between technical and nontechnical literature.”

» 1990—Clean Air Act Amendments. EPA has promulgated emissions
standards for only eight hazardous air pollutants in the twenty years since
the CAA was enacted in 1970. Therefore, Congress significantly reduced the
role of risk assessment in standard setting and required that initial emissions
standards be set on the basis of technology, rather than risk. Quantitative risk
assessment is to be used to evaluate whether or not the technology-based
standards are protective of public health with an ample margin of safety.

» 1990-1992—Interagency risk assessment coordination. The Federal
Coordinating Council on Science, Engineering and Technology (FCCSET),
operating under the direction of OSTP, set up two groups to address risk
assessment issues from an interagency perspective: (1) the Ad Hoc Working
Group on Risk Assessment which reported directly to FCCSET; and (2) the
Subcommittee on Risk Assessment which reported to the FCCSET Committee
on Life Sciences. In 1991, FCCSET announced that interagency consensus had
been reached concerning the cross-species scaling factor.2>

22 (EPA 1986)
23 Natural Resource Defense Council v. EPA, 824 F.2d 1146 (en banc) (D.C. Cir. 1987) (Vinyl Chloride).
24 (Council on Environmental Quality [CEQ] 1989)

25 (BNA 1992). See Chapter 3 and Chapter 4 for further discussion of the science-policy issue and decision
associated with the scaling factor.
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» 1991—First noncancer risk assessment guidelines.?® EPA has been
conducting risk assessments for health effects other than cancer for years.
The guidelines for developmental toxicity risk assessment are the first
noncancer risk assessment guidelines to be issued in final form by EPA. The
developmental toxicity guidelines were originally issued in interim form in
1986, along with guidelines for mutagenicity risk assessment.

» 1992—EPA risk characterization guidance.?’ Issued in memorandum
form, this guidance prescribes how risk assessment results should be
communicated by risk assessors and risk managers. This guidance
supplements the risk characterization guidance contained in EPA’s 1986
cancer risk assessment guidelines.

» 1992—Exposure assessment guidelines.?? EPA issued guidelines for
assessing exposure as part of risk assessment.

> 1992—0SHA Air Contaminants decision.?® In this case, the court struck down
permissible exposure limits (PELs) for 428 toxic substances on the basis that
assumptions used by OSHA in the risk assessments supporting the PELs were
not substantiated by the available scientific evidence. This case reiterates the
lesson of the Benzene decision that, although science policy is clearly
permissible in risk assessment, science policy decisions must have some
basis in fact. Through this rulemaking, OSHA was attempting to update
standards that had been set more than twenty years earlier. By requiring a
better substantiated scientific basis for assumptions—a requirement which
may not be practical or possible— this case may effectively block OSHA’s
ability to update many of the earlier standards, particularly en masse.

» 1992—Corrosion Proof Fittings decision.3? This court decision involved
EPA’s 1989 ban on the future manufacture, importation, processing, and
distribution of asbestos in almost all consumer and commercial products. The
court held that EPA failed to include and consider adequately the toxicity and
relative safety of asbestos substitutes. In viewing this omission as a fatal flaw,
the court stated that an agency is required to regulate on the basis of
knowledge rather than the unknown.

» 1993—First CRAM report.3! The NRC Committee on Risk Assessment
Methodology (CRAM) released the first of a series of reports on various

26 (EPA 1991)

27 (EPA 1992a)

28 (EPA 1992b)

29 AFL-CIO v. OSHA, 965 F.2d 962 (11th Cir. 1992) (Air Contaminants).

30 Corrosion Proof Fittings v. EPA, 947 F.2d 1201 (5th Cir. 1991) (Corrosion Proof Fittings) See Chapter 6
31 (NRC 1993)
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issues in risk assessment. The two key science policy issues addressed in this
report were the use of the Maximum Tolerated Dose (MTD) in animal cancer
bioassays and the development and implementation of a two-stage model of
carcinogenesis.

1993—Executive Order 12866.32 This Executive Order constitutes the
current Administration’s policy concerning regulatory review and expressly
revokes Executive Orders 12291 and 12498. Agencies are explicitly directed
to consider the degree and nature of risks posed by various substances or
activities within their respective jurisdictions. Although this Executive Order
continues the tradition of regulatory review of risk-based regulation by OMB,
it has been implemented so that OMB has relatively less ability to control
regulations.33

1993—Executive Order 12881.3* This Executive Order established the
National Science and Technology Council and effectively replaced FCCSET as
the Executive Branch entity overseeing the coordination of federal risk
assessment policy.

1993—EPA Science Policy Council. EPA replaced its Risk Assessment Council
with the Science Policy Council.35 The immediate priorities for the Science
Policy Council are to initiate and guide a process for strengthening EPA’s peer
review and risk characterization.3¢

1994—NRC CAPRA Report.3” The CAA Amendments of 199038 required
EPA to commission an NRC review and evaluation of EPA procedures for
cancer and, to the extent practicable, noncancer risk assessment. The NRC
found that EPA’s general approach to risk assessment is basically sound, but
the report included more than seventy recommendations focused on science
policy and improving current risk assessment methodology.3°

1994 —Interagency risk assessment coordination.*® EPA issued a report
designed to be a primer on federal risk assessments of neurotoxicity. The
document was prepared by scientists from twelve federal agencies meeting
since 1992 under the auspices of the now-defunct FCCSET.

32 (Executive Office of the President 1993a)

34 (Executive Office of the President 1993b)
35 (EPA 1993a)

36 (EPA 1994)

37 (NRC 1994)

38 Section 112(0).

39 See further discussion in text below.

40 (BNA 1994b)
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A useful perspective on how the risk assessment process has evolved and where it is
today is provided by a review and comparison of the recommendations contained in the
1983 Red Book and in the 1994 CAPRA Report. With respect to science policy, the Red
Book contained the following recommendations.*!

» Red Book Recommendation: Regulatory agencies should take steps to establish
and maintain a clear conceptual distinction between assessment of risks and
the consideration of risk management alternatives; that is, the scientific
findings and policy judgments embodied in risk assessment should be explicitly
distinguished from the political, economic and technical considerations that
influence the design and choice of regulatory strategies.

Although the recommendation that scientific risk assessment should be kept
separate from nonscientific, policy-driven risk management seems logical,
this recommendation is limited in impact. Science policy decisions are
essential to bridge gaps in knowledge so that risk assessments can be
conducted. Thus, risk assessment necessarily contains policy elements, and,
through these policy elements, risk assessment and risk management are
inextricably intertwined. This connection, however, does not justify
masquerading science policy decisions as scientific fact. Complete separation
of risk assessment and risk management is not feasible. At the very least, the
impact of science policy decisions on risk assessment should be clearly and
completely described.

o Before an agency decides whether a substance should or should not be
regulated as a health hazard, a detailed and comprehensive written risk
assessment should be prepared and made publicly accessible. This
written assessment should clearly distinguish between the scientific
basis and the policy basis for the agency’s conclusions.

This recommendation is potentially the most valuable concerning the use of
science policy in risk assessment. Full disclosure of the use of science policy
in risk assessment enables a more informed evaluation of and debate
concerning proposed regulatory programs. That is, more informed decisions
can be made as to whether it is worth expending limited resources to address
potential hazards only if policy makers, risk managers, and the public are
able to understand what is known, what is not known, what assumptions and
guesses have been made, and the range of potential benefits from regulating a
potential hazard. However, such disclosure does not just happen. Full
disclosure would have to be explicitly required; the requirement would have

41 (NRC 1983, 150-171)
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to be substantially complied with, and compliance would have to be
meaningfully enforced.#?

» Red Book Recommendation: The NRC recommended improving risk
assessment through the use of “inference guidelines,” which would provide
guidance to regulators concerning the use of science policy in risk
assessment.

The theoretical value of formal guidance to assist regulators in addressing
science policy issues is unquestioned. However, the practicality of risk
assessment guidelines as proposed is questionable. First, it appears to take
an inordinate amount of time to produce such guidelines. For example:

R/

¢ EPA’s interim carcinogen risk assessment guidelines were issued in 1976.
However, it was not until 1986 that they were produced in final form.
Further, although EPA has been in the process of revising the 1986
guidelines since at least 1989, a final revision has not yet been formally
adopted.*3

% In 1982, the Center for Food Safety and Applied Nutrition (CFSAN) of the
Food & Drug Administration (FDA) published a Redbook #* which
delineates the criteria by which FDA evaluates the safety of direct food and
color additives-4> Although revision of the FDA Redbook commenced as
early as 1986, a draft version was not made available for public comment
until March 1993. A final version is not expected before the end of 1994.

Second, expectations of risk assessment guidelines may be too high. Existing
guidelines tend to be more of a general description of what the risk
assessment process is rather than a set of rules for making specific judgments
in the risk assessment process. In individual risk assessments, science policy
decisions are made on the basis of available data and scientific knowledge. It
is difficult and probably not desirable to “hard code” specific science policy
decisions in risk assessment guidelines.

Third, to the extent that risk assessment guidelines are “rules,” they may be
applied inflexibly. New scientific knowledge which could modify or replace
specific science policy decisions contained in the guidelines may not warrant

42 An additional issue which seems to be overlooked by regulatory agencies is the inevitable simplification
of risk findings by the media. The subtleties of the risk assessment process, particularly science policy, are
generally lost immediately after release of risk assessment results. The result is an only partly informed
or a misinformed public.

43 EPA published a draft version for public comment in August 1994. As part of efforts to update and
revise the 1986 Guidelines, a panel of experts convened in September 1994 to review a document entitled
“Draft Revisions to the Guidelines for Carcinogen Risk Assessment (External Review Draft, August 1994).”
See 59 FR 43125 (August 22, 1994).

44 CFSAN’s Redbook should not be confused with the NRC’s Red Book.
45 (Department of Health and Human Services [DHHS] 1993)
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revision or reissuance of the guidelines. This may unduly limit the
incorporation of new scientific knowledge in science policy decisions.

Finally, and again to the extent that they are rules, for guidelines to have any
meaning, they must be complied with in good faith as they are voluntary in
nature. Even congressionally established scientific review bodies cannot
compel compliance. For example:

% EPA’s Science Advisory Board (SAB) is an independent body that Reviews
EPA risk assessments. However, the SAB merely advises the EPA and has
no enforcement authority.

% Congress often requires regulatory agencies to consult the NRC. However,
the NRC cannot compel a regulatory agency to adhere to its advice.

< The National Council on Radiation Protection and Measurements (NCRP)
was established in 1964 to, among other things, develop basic concepts
about radiation protection.*® Yet NCRP recommendations are not required
to be incorporated in federal radiation protection programs.4’

The issue of compliance is sensitive. During the 1980s, the OMB Office of
Information and Regulatory Affairs (OIRA) developed a great deal of
notoriety for its review and control over EPA regulations under Executive
Order 12291.48 During the Bush Administration, the Competitiveness Council,
led by Vice President Quayle, eclipsed OIRA. Under the current
Administration, the Competitiveness Council was abolished and OIRA has had
a lower profile, which raises questions about its review and enforcement
authority.#?

An alternative would be to allow the public to enforce compliance with the
guidelines through judicial means. However, most proposed legislation>?
does not provide for any compliance or enforcement mechanism, including
administrative or judicial review.

46 Pub.L. 88-376, §3, July 14, 1964, 78 Stat. 321.

47 One current example of this is the ongoing EPA rulemaking to issue cleanup standards for sites
contaminated with radiation. EPA is considering a cleanup standard that would limit radiation exposure
to the public to a dose equivalent of 15 millirem per year beyond natural background levels of radiation
exposure (BN A 1994f). This rule may apply to Superfund sites with naturally-occurring radioactive
material (NORM) wastes (EPA 1993Db). If finalized so as to include NORM wastes, this cleanup standard
would be over twenty times more stringent than the most recent recommendations of the NCRP (ie, 500
millirem per year) for NORM wastes (NCRP 1993).

48 In 1991, a Presidential Executive Order was recommended which would have vested OIRA with
extensive oversight authority concerning Executive Branch risk assessment activities. See (Federal Focus
1991). In 1992, a draft of such an Executive Order was being circulated within the Executive Branch by
the Executive Office of the President.

49 It has recently been reported that the number of EPA rules reviewed by OMB under Executive Order
No. 12866 has been reduced by 50 percent (BNA 1994c).

50 One exception is S. 490. See discussion in text.
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While disclosure would, and guidelines could be useful in risk assessment, the Red Book
did not recommend a mechanism to ensure compliance with either.

The 1994 CAPRA Report made a number of recommendations concerning the use of
science policy in risk assessment. Some of the general recommendations are discussed
below.>1

» CAPRA Report Recommendation: Because of limitations on time, resources,
scientific knowledge, and available data, EPA should generally retain its
conservative, default-based approach to risk assessment for screening analysis
in standard setting; however, several corrective actions are needed to make this
approach more effective.

In the context of the other recommendations of the CAPRA Report, this
recommendation acknowledges the reality that conservative, default-based
risk assessment is the only practical alternative available to all regulatory
agencies, not just EPA. However, without the “corrective action” phrase, this
recommendation would be a license for any regulatory agency to use science
policy as it sees fit with little accountability.

» CAPRA Report Recommendation: EPA should develop an iterative approach
to risk assessment. This will lead to an improved understanding of the
relationship between risk assessment and risk management and an appropriate
blending of the two.>2

Although sound in principle, it is not clear that an iterative approach would
be practical. Rulemaking is both labor- and time-intensive, thereby creating a
disincentive for iteration. For example, for most of EPA’s life, it has had
insufficient staff to write all the rules expected of it. Usually, the timetable for
a regulatory action is far shorter than the time required to do the scientific
research necessary to modify or replace a science policy decision. These
disincentives, however, do not preclude revisions to risk assessments that
can be incorporated in subsequent rulemakings. Revisions to risk
assessments affecting existing regulations are difficult because:

R/

¢ Regulatory agencies are reluctant to spend their limited resources
addressing already “settled” issues (unless there is pressure to do so);

R/

¢ Regulatory agencies risk their credibility by being perceived as wrong,
regardless of the bases for revisions; and

% As demonstrated by EPA’s ongoing reassessment of dioxin, it can be
difficult to reduce previous risk estimates.

51 (NRC 1994, E-7-E14)

52 The iterative approach is a process in which improvements are continually made to a risk assessment
until either the risk estimates are below the applicable decision-making level, further improvements in
scientific knowledge would not significantly change the risk estimates, or it is determined that further
analysis is not warranted (NRC 1994, E 1 3).
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Thus, it is not clear that regulatory agencies are willing to expend their
limited resources addressing the same hazards repeatedly.

» CAPRA Report Recommendation: For [the iterative approach] to work
properly, however, EPA needs to provide justification for its current defaults
and establish a procedure that permits departures from default assumptions.

The concept of developing criteria for departing from default assumptions is
sound, but the NRC did not recommend what form such criteria should take.
In any event, such criteria are not likely to provide for wholesale replacement
of default assumptions. As demonstrated by past EPA practice, departures
from default assumptions will most likely be addressed only on a case-by-
case basis.>3

» CAPRA Report Recommendation: When EPA reports estimates of risk to
decision makers and the public, it should present not only point estimates of
risk, but also the sources and magnitudes of the uncertainties associated with
these estimates.

Although not a new concept, this is clearly the most practical
recommendation of the CAPRA Report. The Red Book also contained this
recommendation in 1983, but full disclosure of the uncertainties in
regulatory risk assessment is not yet routine. This situation persists at EPA
despite the issuance of the 1992 risk characterization guidance. Full
implementation of this recommendation by regulatory agencies would
immensely improve the risk assessment and risk management processes in
the shortest time frame. Full disclosure of the uncertainties in regulatory risk
assessment would:

% Facilitate the accountability of risk assessors for their science policy
decisions;

% Enable policy makers and risk managers to evaluate potential regulatory
policy options from a more informed perspective; and

R/

¢ Enable the media and the public to evaluate from a more informed
perspective whether policy makers and risk managers are making
acceptable and desired risk management decisions.

In the eleven years from publication of the Red Book to publication of the CAPRA Report,
it has been learned that:

» Science policy decisions remain essential to the regulatory risk assessment
process; and

53 See Chapters 3 and 4 for further discussion.
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» Full disclosure of the uncertainties in regulatory risk assessments continues
to be the exception rather than the rule.

This perceived lack of progress may have led the 103rd Congress to become
increasingly interested in risk assessment and cost-benefit analysis. Specifically, the
following legislative actions related to risk assessment and/or regulatory impacts were
pending as of late September 1994:54

» 8. 81, the Economic and Employment Impact Act, would require cost analysis
and estimates and evaluation of the likely impact of federal legislation and
regulation on the private sector and state and local governments.

S. 110, the Environmental Risk Reduction Act of 1993, would allocate
environmental cleanup and remediation resources based on how much risk
each situation posed to human health, and would require the EPA
Administrator to seek outside advice when risks of environmental hazards
are assessed so as to ensure that EPA decisions are based on scientific data.

The Johnston amendment to the EPA cabinet bill (S. 171), named for its
sponsor, Sen. ]. Bennett Johnston (D-La.), would require EPA to improve its
discussion of human health risk assessments and include cost-benefit
analyses in rulemakings. This amendment was added to the EPA Cabinet bill
by a wide margin (95-3). A similar House amendment was introduced by
Reps. John Mica (R-Fla.) and Karen Thurman (D-Fla.) but was pulled from
consideration after a procedural vote in the House Rules Committee.

S. 490, the Regulatory Flexibility Amendments Act of 1993, would
reemphasize the need for federal agencies to comply with the Regulatory
Flexibility Act of 1980 and also permit private enforcement of the Act’s
provisions.

H.R. 830, the Regulatory Flexibility Amendments Act of 1993, and S. 165, an
amendment to the National Competitiveness Act of 1993 (S. 4), would
strengthen the Regulatory Flexibility Act of 1980, which requires regulatory
agencies to consider the effects of their regulations on small businesses.

H.R. 1088, the Small Business and Private Economic Sector Act is a
companion to S. 81.

H.R. 2910, the Risk Communication Act of 1993, would set out specific
requirements for EPA risk assessments and require EPA to publish a plan to
review and revise previous risk assessments.

H.R. 3171, the Department of Agriculture Reorganization Act of 1994, would
establish an Office of Environmental Risk Assessment that would be required

54 (BNA 1994d, BN A 1994e)

35



CHOICES IN RISK ASSESSMENT

to certify that the costs of Department of Agriculture environmental, health,
and safety regulations were justified by the risks.

H.R. 3395, the Preparation of Risk Assessments in Connection with Federal
Health and Safety or Environmental Regulations, would require federal
health, safety, and environmental regulations to be supported by risk
assessment, including comparative risk and cost analyses.

H.R. 4306, the Risk Assessment Improvement Act of 1994, would coordinate
the scientific assessment of health risks within EPA and establish a pilot
program to rank risks by severity.

The issue of “unfunded mandates” is also related to science policy. Risk assessments
often form the basis of regulations, such as drinking water standards, that local
governments must comply with. However, federal funding to comply with these
standards is not generally provided.>> In these cases, an unfunded mandate is said to
exist. Unfunded environmental mandates are often criticized because local governments
are compelled to devote their own limited resources to meeting federal requirements
rather than responding to local needs and concerns. A seminal report on the impact of
unfunded environmental mandates on nine Ohio cities estimated that compliance with
federal environmental mandates would cost $2.8 billion (in 1992 dollars) during the
period 1992-2001.5¢ A survey of 314 cities estimated the cost of complying with
unfunded federal mandates to be $54 billion for the years 1994-1998.57 The CWA, Safe
Drinking Water Act, and meeting solid waste disposal requirements were the most
costly unfunded federal mandates. Meeting unfunded mandates has been estimated to
consume approximately 12 percent of locally raised revenues.

Unfortunately, despite all of this proposed legislation and the good intentions of the
sponsors, little has been proposed that has not been tried before. For example:

» Mandatory cost-benefit analysis. Former and current Executive Orders
concerning regulatory review have required that federal agencies justify
regulations with societal impacts of $100 million or more.>8

55 A high priority of the current Administration is to establish a State Revolving Fund through the
reauthorization of the Safe Drinking Water Act. The fund would provide loans to local governments to
help finance needed infrastructure for treatment and source protection.

56 Ohio Metropolitan Area Cost Report for Environmental Compliance (September 15, 1992). Proposed
legislation concerning unfunded mandates includes: S. 993 (Community Regulatory Relief Act), H.R. 140
(Federal Mandate Relief Act of 1993), S. 1604 (Small Governments Regulatory Improvement and
Innovation Act of 1993), S. 1606 (Federal Mandates Funding Act of 1993), S. 1592 (Fiscal Accountability
and Intergovernmental Reform Act), S. 1188 (Federal Mandate Relief Act of 1993), S. 648 (The Federal
Mandates Relief Act), and S. 563 (CBO Analysis of Federal Mandates on State and Local Governments).

57 (U.S. Conference of Mayors 1993)

58 Seenn.10 and 32.
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» Scientific review. For example, EPA’s SAB is a group of recognized.
independent scientists who review many major EPA risk assessments. Other
federal agencies have analogous review bodies.

» Risk prioritization. EPA, through the SAB, has already completed a project
to examine the feasibility of prioritizing risks.>?

» Disclosure. For example: (1) OSHA is required by law to support its
regulations by “substantial evidence in the record”;®® and (2) EPA policy
guidance, consisting of previously issued risk assessment, exposure, and risk
characterization guidelines, already requires EPA staff to discuss fully their
risk assessments.

Moreover, it is not clear that legislation of this genre could achieve the goals that the
sponsors envision. First, the courts have had their hands full with citizen lawsuits to
compel EPA to comply with other statutory mandates as simple and clear-cut as
meeting deadlines for promulgating regulations.®! Second, with the exception of H.R.
4306, none of the proposed legislation provides compliance or enforcement
mechanisms, and nothing would ensure that EPA adhered to the spirit of the legislative
mandate. The following items illustrate why a compliance or enforcement mechanism is
essential.

» The standard of review under the Administrative Procedures Act®? is
“arbitrary and capricious.”®3 A thorough discussion of this standard is beyond
the scope of this report, but it has not proven to be a rigorous standard. As
long as an agency decision is rational or reasonable, and is on the record, the
decision will likely survive challenge under the arbitrary and capricious
standard.%*

» The Supreme Court’s decision in Chevron U.S.A., Inc. v. Natural Resources
Defense Council indicates that courts will defer to agency discretion where
legislation is silent.>

59 (SAB 1991)
60 See Chapter 10, nn. 9-12.

61 For example, the Bull Run Coalition was forced to sue EPA for failure to promulgate drinking water standards by
June 19, 1988, as required in the 1986 amendments to the Safe Drinking Water Act. Bull Run Coalition v. EPA. D.C.
Oregon, No. 88-6097-E (BNA 1988). The Bull Run Coalition also sued EPA for failure to promulgate other drinking
water standards by the requisite deadline (BNA 1990).

62 5 1J.5.C. §§551. This statute generally governs regulatory agency rulemakings.

63 5.5.C. §706(2)(A).

64 See (Administrative Conference of the U.S. 1991, 323-333).

65467 U.S. 837 (1984). In a unanimous opinion, the Court stated that “[jJudges are not experts in the field,
and are not part of either political branch of government. Courts must, in some cases, reconcile competing
political interests, but not on the basis of the judges’ personal policy preferences. In contrast, an agency to
which Congress has delegated policymaking responsibilities may, within the limits of that delegation,
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It is difficult to imagine legislation that is sufficiently detailed to address the area of risk
assessment comprehensively. As EPA recognized in the 1976 Interim Guidelines for
Carcinogen Risk Assessment:

Expert scientific judgments in the areas of toxicology, pathology,
biometry, and epidemiology are required to resolve uncertainties about
the quality, adequacy, and interpretation of experimental and
epidemiology data to be used [in] risk assessment.%¢

As long as “expert scientific judgments” are required, there will be no simple legislative
language which will improve regulatory risk assessment without also having the
unintended and undesirable effect of freezing the practice of regulatory risk
assessments in its current form.

The remainder of this report explores the impact of science policy on risk assessment.
Chapter 3 discusses the most common and fundamental science policy issues and
decisions in quantitative carcinogenic risk assessment. These science policy decisions
are referred to as “default assumptions.” Chapter 4 explores alternatives to the default
assumptions. Chapters 5 through 12 discuss the role of science policy in risk assessment
and risk management in the context of specific past and current regulatory actions.
Finally, Chapter 13 presents the conclusions and recommendations of the project.
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3
BASIC SCIENCE POLICY ISSUES
AND DEFAULT ASSUMPTIONS

Despite years of research and study, considerable uncertainty and a lack of specific
knowledge pervade the risk assessment process. These uncertainties give rise to
questions, but the resulting questions frequently cannot practically be answered by
science. In its 1983 landmark report on risk assessment, the Red Book,! the NRC
identified more than fifty science policy questions that arise in risk assessment (e.g.,
How should experimental animal data be used when the exposure routes in
experimental animals and humans are different?). Each of these questions represents an
instance in which science alone cannot provide the answers. In these cases, a science
policy decision is required.

In this chapter, ten major science policy issue areas in risk assessment are identified
and discussed. The individual discussions illustrate the relationship between the
science policy questions identified in the Red Book? and the major issue areas. Each of
these major science policy issue areas is generally addressed by a default assumption in
the risk assessment process (see Table 3-1). Default assumptions, the linchpins of the
U.S. regulatory carcinogen risk assessment process, may be based in science, but they
result from science policy decisions. Default assumptions are necessary to bridge
uncertainty, variability, and gaps in scientific knowledge and therefore allow the risk
assessor to continue the risk assessment. The origin and justification of each of the ten
major default assumptions are discussed in this chapter.

Default assumptions affect regulatory risk assessments because of their frequent
occurrence and conservative nature. Consequently, the choice, justification, and use of
default assumptions has come under increased scrutiny. Evolving science and new data
now indicate that many of the default assumptions may be incorrect or inappropriate in
several specific cases. Default assumptions remain largely in place eleven years after
publication of the Red Book and continue to drive the regulatory risk assessment
process. Regulatory agencies such as the Environmental Protection Agency (EPA) and
the Occupational Safety and Health Administration (OSHA) have high thresholds for the
quality and quantity of data required to justify departure from a default assumption.
Additionally, there is major institutional hesitance to redo an assessment if good data
become available late in the regulatory process. Thus, default assumptions may be

1 (National Research Council [NRC] 1983)

2 The Red Book (NRC 1983, 28) refers to gaps and uncertainties in scientific knowledge as components and
to assumptions as inference options.
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rigidly applied by a regulatory agency even if data indicate that the default assumption
may be wrong.

Table 3-1. Major Default Assumptions in Cancer Risk Assessment

1. A substance that is carcinogenic in animals is also a human carcinogen.

2. When both benign and malignant tumors are observed in animals, their
combined incidence is indicative of carcinogenic potential in humans.

3. In the presence of positive cancer incidence data, nonpositive data are not
indicative of safety and are not used in quantitative risk assessment.

4. Carcinogenic effects observed at the maximum tolerated dose in animal
bioassays are predictive of effects in humans at much lower doses.

5. The animal species exhibiting the greatest carcinogenic sensitivity is the
most appropriate species on which to base estimates of human cancer risk.

6. Differences between species in mechanisms of carcinogenicity are not taken
into account when extrapolating data from one species to another.

7. A carcinogen by one route of exposure is a carcinogen by any other route of
exposure.

8. There is no nonzero threshold dose below which an increased risk of
carcinogenic effects will not occur.

9. The dose-response curve is linear at low doses.

10. Chosen values for exposure variables are upper-bound point estimates
which, when taken together, result in realistic upper-bound exposure
estimates.

The ten science policy issues and associated default assumptions discussed in this
chapter were selected because of the relative frequency with which they occur in typical
regulatory risk assessments. The default assumptions discussed in this chapter (and
listed in Table 3-1) are phrased generally and are not meant to be representative of all
regulatory risk assessments. In fact, default assumptions are frequently not used when
specific data or information are available, and exceptions to each of the default
assumptions are known to exist (see Chapter 4). The purpose of this chapter is to
describe generally the assumptions that are most often made to bridge gaps in scientific
data and knowledge when no information is available. This is the essence of a “default”
assumption. The case studies prepared for and presented in subsequent chapters of this
report include several additional science policy issues and illustrate numerous
instances in which default assumptions were not used in particular regulatory risk
assessments.
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I. Use of Animal Data to Predict Human Risk

As elucidated in the Red Book,? the first step in a risk assessment is hazard
identification. This step involves determining if exposure to a substance can increase
the incidence of adverse health effects or accelerate death. Data concerning health
effects in humans are frequently not available, so toxicologists have developed testing
protocols to determine the potential health effects in animals. However, relying on
animal data raises several science policy questions. Consider the relevant science policy
questions regarding the predictive value and evaluation of animal studies for use in
human cancer risk assessment raised in the Red Book:

What degree of confirmation of positive results in animal studies should
be necessary? Is a positive result from a single study sufficient, or should
positive results from two or more animal studies be required? Should
negative results be disregarded or given less weight?

Should an animal study be weighted according to its quality and
statistical power?

What statistical significance should be required for results on an animal
study to be considered positive?

What is the overall weight of the evidence of carcinogenicity?

Using animal studies to predict potential cancer risks in humans involves considerable
uncertainty. Therefore, determining the relevance of animal data for quantitative
human cancer risk assessment requires a science policy decision:

» Science policy issue. In the absence of adequate human data, what is the
relevance of animal bioassay data to the process of estimating human risk?

» Default science policy decision. A substance that is carcinogenic to animals
is also a human carcinogen.

Ideally, hazard identification should be based on epidemiologic studies or other human
health effects data that are representative of realistic exposures to the substance in
question. However, it is seldom possible to rely on or develop new human data because:

» Human data are often not available, or readily or ethically obtainable;

» Available epidemiologic data may not be of sufficient quality because, for
example, of small sample size, biased sampling, or failure or inability to
control for confounding risk factors;

» Available human data tend to be limited to studies of highly exposed
workers; and

3 (NRC 1983, 19)
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» Epidemiologic studies are insufficiently sensitive to detect small increases in
risk.

To compensate for the absence of adequate human hazard or health effects data,> risk
assessors use data from long-term tests on live animals in order to predict human risk.
A substantial body of data suggests that many animal carcinogens may also be human
carcinogens. Therefore, this default assumption enjoys wide acceptance among decision
makers and is viewed as necessary and justifiable by most objective scientists in
industry and academia.® Because of the lack of human data for most chemicals of
concern, the International Agency for Research on Cancer (IARC) adopted this default
assumption as a “pragmatic” decision.” This assumption is essential to the current
regulatory risk assessment process because there is no alternative which will allow risk
assessors to estimate quantitatively human risk in the absence of human data. In fact,
the “most compelling argument in favor of this use of animal tests is the lack of any
better system for risk evaluation.”8

This default assumption is supported by the fact that, with the exception of arsenic and
environmental tobacco smoke, all known human carcinogens® have also been
reported to be carcinogenic in at least one animal study conducted in accordance with
accepted scientific research standards. For further support, a study compared
carcinogenic potency estimates for twenty-three chemicals showing strong evidence of
carcinogenicity in humans or animals and for which suitable data for quantitative
comparisons were available, and found that the potency estimates were generally
comparable, although outliers were observed.10

4 For example, a study with a cohort of 1,000-5,000 subjects cannot detect an increased risk below 5 or 10
percent. At the 95 percent confidence level, a nonpositive study with 1,000 cases is compatible with a 20
percent increase in risk (Buffler 1989, 37).

5 In addition to the subjective nature of science policy decisions, there is an additional layer of subjectivity
in risk assessment. Determining what constitutes “adequate” data is not an entirely objective decision,
nor can it be. Rarely are there complete data which would be considered probative of the health effects of
a chemical, its potency, or real levels of exposure and absorption. For example, the lack of exposure data
and reliance on “surrogates” for exposure data were the primary considerations in the judgment that the
epidemiologic data concerning diesel emissions and lung cancer were inadequate to classify diesel
emissions as a known human carcinogen. However, the absence of direct exposure measurements and
consequential use of surrogate exposure measures, such as being married to a smoker, was not viewed as
a deficiency in the judgment that environmental tobacco smoke is a known human carcinogen. See
(Environmental Protection Agency [EPA] 1990, 1-20; EPA 1992a).

6 (Office of Science and Technology Policy [OSTP] 1985)
7 (Ashby, et al. 1990, 271)

8 (McGarity 1979)

9 As classified by EPA’s carcinogen classification system.

10 (Allen, Crump, and Shipp 1988)
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Using animal data to predict potential human risks has been criticized because it might
lead to too many “false-positive”1! designations of substances as human carcinogens. A
review of animal bioassay conducted 