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May 1989

DISCUSSION DRAFT

Executive Order of , 1990

Risk Assessment and Risk Management

By the authority vested in me as President by the Constitution and laws of the
United States of America, and in order to improve consistency among federal agencies
in assessing the risks of potential environmental hazards, communicating risks to the
publie, and utilizing those assessments as the basis for regulatory decisions, it is
hereby ordered as follows:

See. 1. Definitions. For purposes of this Order:

(a) "Risk assessment" refers to the process of identifying hazards and quantifying the
degree of risk they pose for exposed individuals and populations. It also refers to the
document containing the explanation of how the process has been applied to an
individual substance or activity.

(b) "Risk assessment guideline" refers to a document specifying the assumptions and
methodologies that will be employed in performing risk assessments.

(e) "Risk management” refers to the regulation of risks.

(d) "Negative data" refers to data indicating that under certain conditions a given
substance or activity did not induce a toxic response.

(e) "De minimis risk" refers to risk which is clearly insignificant in relation to the
ordinary day-to-day risks faced by the average individual.

See. 2. Fundamental Principles. In conducting risk assessments, formulating risk
assessment guidelines, and making risk management decisions, Executive
departments and agencies shall be guided by the following principles:

(a) Consistency should be achieved to the maximum extent possible in risk
assessment procedures and risk management decisions among federal agencies and
programs and environmental media,

(b) Risks should be communicated to the public in a manner that emphasizes the
most scientifically realistic appraisal of expected risk for the average individual, with
due regard for more sensitive individuals.
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(¢} Scientific justification for assumptions employed in assessing risks should be
reviewed periodically.

-3

{d) Risk management decisions should be based to the maximum extent possible on

seientific data and judgment concerning actual risks rather than assumptions
concerning hypothetical risks.

(e) Risk management decisions should be made with due regard for allocation of

scarce societal resources available for mitigation of other significant environmental
risks and with due regard for substitution risks.

See. 3. Specific Criteria for Risk Assessments. In addition to the above fundamental
principles, Executive departments and agencies, shall adhere, to the extent permitted
by law, to the following criteria when preparing risk assessments and risk

assessment guidelines:

(a) Risk assessments shall employ the most scientifically realistic assumptiona.

{b) Where practicable, empirical data shall be employed in risk assessments rather

than assumptions or modeling.

{c) Apgency risk assessment guidelines shall provide for the use of alternatives to
linear dose-response models in cases where valid scientific data indicates the
likelihood of a non-linear mechanism of action.

(d) Due weight shall be given to relevant negative laboratory and epidemiological
data.

Seec. 4. Characterization and Communication of Risk. In communicating risk to the
public through official documents such as rulemaking notices, health advisories, and
health criteria documents, Executive departments and agencies shall exercise their

scientific judgment to;

(a) Provide (1) an estimate of the most likely risk for the average individual as well

as sensitive populations and highly exposed individuals, (2) an estimate of the most
likely risk to the entire exposed population in terms of expected annual cancer

incidences, as well as the most likely risk to sensitive or highly exposed populations

in terms of annual cancer incidences, and (3) an estimate of the "worst case" risk for

{1} and (2).

(b) If available scientific data are inadequate to permit statement of most likely risk

levels, state risk in terms of a range with upper and lower bounds.

e} Where possible, describe risk (1) by comparison with risks from other activities
or exposures familiar to and routinely encountered by individuals, (2) with
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explanation of major sensitivity and uneertainty factors, including an assessment of
the weight of the evidence.

(d) Include an explanation and assessment of any risks that could be increased
through regulation of the substance or activity under review - for example, by reason
of substitution products or activities, or diminishment of resources available for other
programs.

See. 5. Specific Criteria for Risk Management Decisions. In addition to the
fundamental principles in Sec. 2, Executive departments and agencies shall adhere,
to the extent permitted by law, to the following eriteria in making risk management
decisions:

{a) Strive for consistency among departments and agencies and across programs and
environmental media. Where a department or agency regulates a substance or
activity which has also been regulated by another department or agency, or has been
regulated by the same department or agency under a different program or authority,
the regulatory decision shall explain the extent to which it is consistent or
inconsistent with such preexisting regulatory actions and provide a clear and
reasonable justification for any inconsistency.

(b} Avoeid the regulation of de minimis risks.

(c) In cases where the health benefits of regulatory action are estimated, base such
estimates on assessment of most likely risk. If the data do not permit an assessment
of most likely risk, benefits shall be based on a mid-point in the range, adjusted for
the weight of the evidence.

(d) In determining margins of safety, give due regard to (1) the extent to which the
selection of assumptions for the risk assessment incorporates a margin of safety into

the ultimate risk assessment, and (2) the margins of safety utilized in other
programs.

(e) Take into account alternative means to obtain benefits, and approaches that

would allow regulated parties maximum flexibility in achieving the regulatory
objectives.
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Regulatory Policy Guidelines 4 and 5, Accompanying
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Assessment (Presidential Task Force on Regulatory
Relief, Aug. 1983)
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4. Regulations 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 hypothetical or remote.

Individual decisions involving risk are a routine of everyday
life: in driving, choosing an occupation, doing home repairs,
engaging in sports, and so on. Regulatory agencies are
frequently called upon to make decisions involving risk on behalf
of large segments of the public: 1in setting preduct, workplace,
or environmental standards, and in determining whether certain
products should be marketed at all., Agencies have sometimes made
these decisions much too conservatively, forcing expenditures on
risk reduction that greatly exceed the ordinary prudence of
private decisions involving risk. In many circumstances, it is
indeed appropriate that government should err on the side of
caution in protecting public health and safety. But a sense of
balance is reguired, and a sense of the limits of regulatory
policy in affecting the overall level of private and public risk
in society, A1l decisions involving risk--public and
private--have costs as well as benefits, and excessive costs in

any one arsa can be counterproductive on the whole, reducing

resources or incentives for increased health and safety in other

areas,

In recent vyears, scientists and policy analysts have
developed increasingly sophisticated procedures Ffor assessing
health and safety risks and for incorporating these assessments

into benefit-cost analyses. When evaluating product, workplace,
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and environmental standards, the calculation of potential
wenefits should derive from the best estimate of the expected
reduction in risk attributable to the standard, using the best
astimate of the wvalue of that risk reduction to the affected
group. When deciding whether to issue a license or permit for a
new project or product, the calculation of the deciéiun's
potential costs should include the potential costs of any
increase in risk--again using the best estimate of expected risk
and the best estimate of the value of avoiding it. 1In the first
=ase, the benefits of risk reduction are compared to the costs of
reduction; in the second, the costs of risk increase are compared
to the benefits of the new product or production process (these

henefits will often include reduced risks elsewhere).

To be useful in determining overall benefits and costs, risk
assessments must be scientifically objective and include all
relevant information, In particular, risk assessments must be
unbiased best estimates, not hypothetical "worst cases"™ or "best
cases." Extreme "best" or "worst" safety or health results
should be weighted (along with intermediate results) by the
probability of their occurrence to estimate the expected result
implied by the awvailable evidence. 1In addition, the distribution
of probabilities for various possible results should be presented
separately, so0 as to allew for an explicit "margin of safety" in

final decisions.
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Risk assessment is not simply a matter of estimating the
health effects of a particular substance at assumed lewvels of
exposure, cr- the safety effects of a particular product at
assumed levels of use, The risk of a substance in the real world
is the product of two factors: hazard (defined as health effects
at given levels of exposure), and actual exposure. At the
extremes, there is no risk from even an extremely hazardous
substance if no one is exposed to it, just as there is no risk
from widespread exposure to a substance that is not hazardous in
itself. Regulatory decisions cannot, therefore, be based solely
on abstract inferences from laboratory or epidemiological data.
Real-world exposure among those who would be affected by the

regulatory decision must be considered as well.
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5 Health, safety, and environmental requlations should address
ends rather than means.

fRegulations to limit environmental pollution, or to protect
the health or safety of workers or consumers, frequently dictate
the exact engineering methods for achieving their intended
results. Under the Clean Air Act, for example, some "new- source
performance standards" for controlling air pollution adopt
extremely narrow definitions of what constitutes a "new source”
of pellution, and effectively prescribe how each "new source"
must bhe designed and operated. As a result, individual
manufacturing plants often contain many separate "sources" of a
single air pollutant. Modernizing a single production facility
within a plant may create a new pollution "source"--even when the
net e=ffect is to reduce pollution by replacing an older and less
efficient facility. And every such "source" in the nation may be
required to meet the same federal design and operating specifica-
tions, regardless of whether. other approaches would readuce

pollution at less expense,

Regulations that impose precise engineering requirements are
generally cost-ineffective, especially when applied on a uniform
nationwide basis. The best means of accomplishing a given
environmental end varies from firm to firm, region to region, and
over time; imposing engineering uniformity on these natural
variations almost always results in too much economic cost for a
given environmental benefit, or too little environmental benefit

for a given economic cosk. Moreover, government-prescribed
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uniform technology retards productivity growth--dampening market
competition and reducing incentives for innovation in both

production and pollution-control markets.

For these reasons, requlatory standards should be adopted in

terms of results or performance rather than specifying the means

employed to achieve the results, Wwith performance-oriented
standards, regulated firms are responsible for meeting some
regulatory target, but are free to choose--or invent--the easiest
or cheapest methods to reach the target. The Food and Drug
Administration's "tamper-resistant packaging"™ regulation is a

good example of this approach.

In practice, the distinction between performance standards
and design standards is a continuum rather than a simple
ﬂlcthOmy. Regulatory policymaking usually involves selecting a
point on a spectrum running from pure design standards to pure
performance standards. The wvariety of approaches to protecting
workers from airborne health hazards is a typical example. There
is a spectrum of choices theoretically awvailable in defining a
standard, each one closer to the ultimate objective of protecting

workers' health:

o An engineering standard would prescribe the design and

operation of each source of the airborne chemical or

other substance in question.
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a an emission standard would prescribe the maximum rate of

emission from each source, but without prescribing the

engineering technigues for achieving these rates,

o A concentration standard would prescribe maximum ambient

concentrations of the chemical or substance, while
allowing any combination of emission rates from
different sources that would achieve the concentration

level,

o An exposure standard would prescribe maximum levels of

exposure for employees themselves, while allowing any
combination of ambient concentration controls, perscnal
protective devices (such as respirators), and work
rotation practices that would achieve the exposure

level,

o A& health standard would prescribe maximum lewvels of

intermediate health effects (blood levels of a given
indicator) or ultimate health effects (disease rates),
while allowing these levels to be achieved through
combinations of exposure 1limits and direct medical

surveillance.
While moving towards the performance end of the spectrum

produces more cost-effective regulations, this tendency 13 offset

by difficulties of enforcing performance standards in certain

119




_3"!'_
circumstances. A pure health standard would be impractical, for
example, where the disease being protected against manifests
itsalf only after decades of exposure. Uncertain causation
between a given design and a given performance objective is not,
however, an argument against performance standards, since this
uncertainty also applies to any design reguirement prescribed by

the government. To the degree that performance can be measured

or reasonably imputed, a standard based on this level of perfor-

mance is alwavs superior toc more means-oriented regulation.

performance standards should also be applied as broadly as
possible withocut creating too much wariation in regulatory
benefits. An example is the Environmental Protection Agency's
"amissions bubble" policy, which effectively regulates existing
air pollution sources on a plant-wide (sometimes even firm-wide)
basis rather than source-by-source. Under this policy, plant
managers can exceed amissions standards at any one source where
control costs are relatively high, so long as they achieve
equivalent reductions at other sources where control costs are
lower. EPA is actively considering ways to apply this approach

to new sources as well.

Automobile regulations offer similar opportunities for
requlating broadly rather than narrowly. The federal government's
automobile fuel economy regulations, while an unnecessary form of
regulation in themselves, at least have the virtue of applying to

4 manufacturer's entire fleet rather than to individual wvehicle
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4els, permitting manufacturers to vary fuel economy among
dels within a single constraint on average economy. Permitting
setwide avaraging of automobile emissions, not currently
rmitted, would yvield substantial cost savings without
ympromising air quality. EPA has recently proposed a rule to
.rmit averaging under its motor vehicle diesel particulates
-andard, and is preparing rules to permit averaging in other

235 as well.

performance standards are also an important counterweight to
1e "soak the rich" regulatory tendencies that appear to be
articularly damaging to productivity growth. For example, under
v¢ Clean Air B&ect and Clean Water Act, EPA i3 to set
schnology-based pollution-control standards; in various sections
f the Acts, the technology 1s to be the "best technology"™ that
s "economically £easible,"” (and other similar formulations).
hile the importance of control costs under these standards is
ften less than clear, one interpretation with some support in
he Congress and strong traditional support at EPA 1is that
antrols are to require the best technologies affordable by the
adustries to which they apply. Until recently, EPA analyses of
he economics of its rules placed heavy emphasis on industries'
inancial circumstances and other "affordability" factors, and
ittle emphasis on cost-effectiveness. This is a sure formula
or loading disproportunate costs on the most productive sectors

£ the economy, thus sguandering both environmental protection
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and potential economic growth; and the result has indeed been
wide wvariations in the cost-effectiveness of pollution controls

from industry to industry.

Under E.O. 12291, the Administration has placed major
emphasis on making technology-based pollution controls more
effective. EPA now calculates incremental removal costs as part
of all air and water pollution control rulemaking proceedings.
To facilitate cross-industry comparisons in its water program,
the Agency has established a formal weighting scheme £for the
toxicity of various pollutants, using the toxicity of copper as a
"numeraire"; the "copper-equivalent cost-effectiveness" of every
new water effluent guideline is now gauged against those of
existing guidelines. Similar cost-effectiveness benchmarks are
being introduced into the air pollution standards. While the
Clean Air and Water Acts remain strongly biased towards the
adoption of uniform engineering standards, cost-effectiveness
approaches such as these are helping to select engineering
controls with as much attention to ultimate performance as the
statutes permit, This will reduce the needless productivity
costs of pollution controls and also produce greater benefits for

the nation's environmental investments.
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The Justice Department has also returned antitrust
anforcement to its proper and vital function of policing against
serious restraints of trade. In recent decades--primarily
through government consent agreements and private treble-damage
suits-—antitrust had come to prohibit numerous trade practices
that promote rather than harm consumer welfare and efficient
respurce use. In the past two years, the Department has begun a
comprehensive reexamination of over 1,200 existing judicial
decrees:; several have already been the subject of successful
court actions revising or eliminating the decrees, and about 200
more are under active consideration. It also has begun an active
program of intervention in private antitrust actions, pressing
for new antitrust interpretations to allow economically
beneficial marketing and distribution arrangements, Jjoint
ventures among competing €irms, and protection of property rights
in new innovations. These- modifications of existing antitrust
Aoctrine will be especially important to the nation's

high-technology industries.

These raforms have permitted the Department to focus renewed
attention on sericus trade restraints, especially price-fixing
and hid-rigging: in fiscal year 1982 the Antitrust Division filed
more cases, and more criminal cases, than in any other year since

passage of the Sherman Act of 1890.

12. Risk Assessment, The advance of science has brought |

with it the discovery of new substances that may be hazardous to
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human health. 1Tn addition to discovering potentially-risky new
substances, new technigques and knowledge have led to discoveries
that substances previously considered safe may pose low level
risks, and have enabled scientists to detect the presence of
substances in products and the environment at Efar lower levels
than was previously possible,. These advances have made some
traditional regqulatory policies obsolete--especially those that
aim simply at identifying potentially hazardous substances, and
then ragquiring that they be controlled to the extent techno-
logically feasible or banned outright. As discussed in Part I of
this Report, the Administration needs to ensure that scientifi-
cally consistent policies for assessing the significance of
low-lavel risks are =stablished and that these assessments are

incorporated in regulatory decisions.

Over the past two years, the Administration has undertaken
several major eFforts to refine and update policies to reduce the
risks posed by hazardous substances in the environment, in the
workplace, and in consumer products., The President's Office of
Science and Technology Policy (0OSTP) is chairing a regqulatory
workx group composed of scientists Erom eight federal requlatory
and resesarch agencies; this group is developing a consensus
regarding the scientific principles needed for assessment of
carcinogenic risks, so that all Efederal agencies will have a
common scientific foundation upon which to base regulatory

policies rconcerning potential carcinocgens and other hazardous

substances,
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I1n addition to the OSTP effort, the Occupational Safety and
yealth Administration (OSHA), the Environmental Protection Agency
(EpA), and the Foed and Drug Administration (FDA) are separately
reviewing their existing policies on carcinogenic risk
assessment. OSHA is reviewing its "carcinogen policy"™ in light
sf important judicial and scientific developments since the
policy was issued in 1980. EPA withdrew its 1979 proposed policy
for airborne carcinogens under Section 112 of the Clean Air Act,
and has formed a special task group that is now soliciting
comments on a new draft policy. And FDA has solicited public
comments on its "constituents"™ approach to protecting the public
health against carcinogens in the food supply; this approach uses
risk assessment to determine whether an additive as a whole is
safe, even though one of its "constituents" may technically be a
carcinogen,

The Administration will complete these initiatives during
the next year and issue a consistent set of policies that, to the
extent allowed by the individual regulatory statutes, will permit
all f=deral agencies to employ risk assessment procedures based
on modern scientific thinking and the general policies of

Executive Order 12291.

13. Agricultural Marketing Orders. Fruit and wvegetable

marketing orders were identified early in 1981 by the Task Force
Eor reassessment and possible modification. After intensive

study, the Department published a review of marketing orders in
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Principles

Preface

The principles contained herein were derived from
the information detailed by the members of the Inter-
apency Staff Group. This zection attempts to provide,
in o nontechnical form, some important general state-
ments relevant to the evaluation of the role of ehemieals
in careinogenesis, These statements are intended to
serve as a bridge connecting the basic selence with mul-
tifaceted process of risk assessment,

Since there are gaps in the information available, dit-
ferences in evaluations and in seientific opinion may ex-
ist about certain of the points highlighted as principles.
However, these principles derive from a Weltan-
sehauung utilizing a balanced approach with an appre-
ciation of all elements of the problem, from hazard iden-
tification and estimation through exposure and risk
gzzessment. [t is clearly understood that new infor-
mation and newly emerging concepts may modily some
of these statements. Indeed. an unstated “zeroth” prin-
ciple is that regulatory judgments should embody an
openness to advances in science and emerging scientific
understanding. As a consequence, it is necessary that
the proeess which led to this document be a continaing
one. with periodic updates as new advances in science
dictate. For the time being however, as & result of an
arduous cooperative effort, these statements, we be-
lieve, reprezent an up-to-date summary on a number of
Important topies.

Principles Derived from the Mechanisms
of Carcinogenesis

Principle I. Careinogenesiz is a multistage phe-
nomenon that may involve the genome both directly and
indirectly, These stages of carcinogenesiz may be, to
varving degrees, influenced by a number of variables
such as age al exposure, diet, hormonal status, and
intra- and interspecies variability. which should be eon-
sidered when trving to predict human response to po-
tentially carcinogenic agents (zee pp. 200-212, 20—
2295

Principle 2. Approprviate v cifro and in vivo tests
can indicate that an agent has a certain action such as
genetic toxicity or prometion. Such information iz val-
uanle and may be useful in evaluating mechanismiz) of
caneer induction. However, in the evaluation of human
rizk, the attribution of observed findings of carcinogen-
ity to a particular biological effect must rest upon
sounid evidence that the effect is responsible for the
cancer induction, It must be kept in mind that a chemical
may contribute to carcinogenesis in multiple ways (see
Pp. 220-224.

Principle 3. At the present stage of knowledge, me-
chanistic considerations 2uch az DN A repair and other
biological responses. in general. do not prove the ex

istence of, the absence of, or the location of 3 threshold
for carcinogenesis, The presence or absence of a thresh-
old for one step of the carcinogenic process does not
necessarily determine the presence or absence of a
threshold for the whole process (see pp, 217=21%9),

Principle 4. The carcinogenic effects of agents may
be influenced by nonphysiological responses (such as
extensive organ damage, radical disruption of hormonal
funetion, saturation of metabolic pathways. formation
of stones in the urinary tract, saturation of DNA repair
with a functional loss of the system) indueed in the model
systems, Testing regimes inducing these responses
should be evaluated for their relevance to the human
response to an agent, and evidence from such a study,
whether pesitive or negative, must be carefully re-
viewed (see pp. 217-220).

Principles from Tesis of Cancer Induction

Principle 3. Short-term tests, such as assays for
point mutations, chromosomal aberrations, DNA dam-
age, and in oteo transformation are useful in sereening
for potential carcinogens, reaching a judgment on the
carcinmgenicity of a chemical, and providing information
an carcinogenic mechanisms (see pp, 227=230).

Principle . Short-term tests are presently limited
in their ability to predict the presence or absence of
carcinogenicity and cannot supplant data from long-
term animal studies or epidemiclogical investigations,
since the tests do not necessarily screen for all potential
means of cancer induetion and do not necessarily mimic
all reactions that would ocour i vive. Additional re-
zeareh is required to improve existing tests and develop
ones that identify chemicals which act by genetic mech-
anisms not yvet determined or which act by other. non-
genetie mechanisms {see pp. 227, 232-233).

Principle 7. Short-term tests should be carefully
selected Lo ensure they have been adequately validated.
Several tests with different endpoints may be required
to characterize a chemical's response (see pp, 230-232).

Principle 8. In the evaluation of long-term test re-
sults, the term “carcinogen” should be used in & broad
2ense, L.e., a substance which is capable under appro-
priate test conditions (Principles 10-123} of increasing
the incidence of neoplasms (combining benign and ma-
lignant when scientifically defensible) or decreasing the
time it takes for them to develop. Careful consideration
to the relevant issues cited in Principles 4, 9, and 14
should be given prior to a determination that a chemical
iz an animal carcinogen isee pp. 234-215),

Deference should be given to the TARC principle:
“that in the absence of adequate data in humans, it is
reasonable, for practical purposes, to regard chemicals
for which there is aufficient evidence of carcinogenicity
in animals as if they presented a carcinogenic risk to
humans.” However, this presumption is evaluated along
with other relevant information (Prineiple 251 in making
a final judgment concerning human carcinogenicity and
zhould not foreclose further inquiry into the human rel-
evance of animal carcinogens (see pp. 253-254).
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Principle 9. Some experimental animal models or-
dinarily have high incidences of certain tumors, The
evaluation of tumor data from such animals can pose
special problems, For example, the interpretation of
cancer incidence in some strains of rats with testicular
Or mammary tumors or in some strains of mice with
lung or liver tumors must be approached carefully in
the light of other bivlogical evidence bearing on poten-
tial earcinogenicity (see pp. 240-241).

Principle 10. Protocols for long-term tests should
be designed to achieve an appropriate balance between
the two essential characteristics of a biological assay:
adequate hiological and statistical sensitivity (a low false
negative rate) and adequate biological and statistical
specificity (a low false positive rate). The absence of
biazes in selection and allocation of animals between
control and treatment groups as regards diet, husban-
dry, necropsy, pathology, and from insufficient quality
eontrol, is erucial (see pp. 234-238, 241-243).

Principle 11. It iz appropriate to use test doses that
generally exceed human exposure levelz in order to
overcome the inherent insensitivity of the traditional
design of the long-term animal test. The highest dose
should be selected after an adequate prechronie study
and after evaluating other relevant information, as nec-
essary, to determine the highest dose consistent with
predicted minimal target organ toxieity and normal life-
span, except as a consequence of the possible induction
of cancer (see pp. 236-239),

Principle 12, The diagnosis of pathologic lesions is
complicated and requires judgment and appropriate ex-
perience. Diagnoses can differ, depending on the tissues
and species involved and can change with time as tech-
nigues improve and data on bioassays accumulate. Ae-
curate interpretation of tumor data is contingent upon
careful attention to gross observation, tissue sampling,
slide preparation and histologic examination. Diagnosis
of tumors should be puided by evidence of their histo-
genie origin and stage of progression (see pp. 240-241).

Principle 13. Appropriate statistical analysis
should be performed on data from long-term studies to
help determine whether the effects are treatment re-
lated or possibly due to chance. These should include a
statistical test for trend and a test based on pairwise
comparisons, including appropriate eorrection for dif-
ferences in survival. The weight to be given to the level
of statistical significance (the p-value) and to other avail-
able pieces of information is a matter of overall scientific
Judgment {zee pp. 241-243),

Principle 14. Decisions on earcinogenicity of chem-
icals in animals should be bazed on eonsideration of rel-
evant biological and biochemical data. Use of back-
ground or recent historical control incidence of tissue
specific tumors can be an aid, in addition to concurrent
controls, in the evaluation of tumor data. Care should
be exercised when combining different control groups.

Evidence of probable reproducibility is important.
This evidence can consist of independent confirmation
of the original findings or may be derived from inter-
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group comparisons of tumor incidence data, between
dose groups, sexes, strains or species. Evidence of dose
response increases confidence that the effect is treat-
ment-related: similarly, lack of an observed dose re-
sponse may reduce the likelihood that the effect is as-
soviated with the treatment.

Confidence is increased when: (1) the incidence of tu-
mors is markedly elevated in the treated groups com-
pared to controls: (2) tumor incidence is significantly
increased at multiple anatomical sites; and (3) tumor
latency is significantly reduced. In addition to tumor
incidence at specific sites, the stage in the development
of neoplasia should be evaluated. For example, the find-
ing that the majority of neoplastic lesions at a specific
site is more advanced in a treated group compared to
its control may provide additional evidence of a treat-
ment related effect, Conversely, the finding that the
control group lesions are more advanced might argue
that a marginal elevation of tumor incidence is not treat-
ment-related. The incidence of preneocplastic lesions in
treatment or control groups may, in certain instances,
provide evidence for the biological plausibility of a neo-
plastic response and contribute to the interpretation of
a bipassay. Identification of effects from prechronie
studies on the target organ(s) can aid in the evaluation
of long-term studies. Information on the activity of
chemicals at the physiclogical, cellular and molecular
level may be important to the evaluation of carcinogen-
icity data on a case-by-case basis (see pp. 238-243).

Principles for Epidemiology

Principle 15. The major strength of the epidemiol-
ogical method is that it is the only means of assessing
direetly the carcinogenic risk of environmental agents
in humans. However, the observational (nonexperi-
mental) nature of most epidemiologieal studies, as well
as the frequent paucity of relevant data, ean impose
sorious limitations on the method (zee pp. 243-244).

Principle 16. Descriptive epidemiological studies
{based on the measurement of disease rates for various
populations), including correlational studies (in which
the rate of dizease in a population is compared with the
apatial or temporal distribution of suspeeted risk fac-
tors), are useful to generate and refine hypotheses, or
provide supporting evidence in evaluating relationships
detected by other means, but rarely, if ever, provide
information allowing a causal inference (see pp. 244-
245

Prineiple I7. Well designed. conducted, and eval-
uated analytic epidemiclogical investigations of either
the case-control or cohort variety can provide the basis
for causal inferences especially useful for public health
decizions (see pp. 245-246).

Principle 18. Elements in interpreting the likely
causality of epidemiological observations include the
magnitude of the risk estimates (strength of associa-
tions); the possibility of their being due to chance (sta-
tistical significance); the rigor of the study design to
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qvoitd various kinds of bias, including those related to
election, confounding, classification and measurement:
doee-response relationships: the tempaoral relationships
hetween exposure and disease; the specificity of the
qazoeiations; their biological plausibility; and the re-
producibility of the findings (see p. 244),

" Principle I9. A high-quality negative epidemiol-
ogical study, while useful, cannot prove the absence of
an association between chemical exposure and human
cancer. Within the scope of the study, specifically for
the populations studied (ineluding concomitant expo-
sures), for the levels and durations of exposure to the
agents evaluated and for the time assessed following
exposure, a likely range can be determined for the es-
rimates of risk and the statistical likelihood of the study
to detect an effect can be assessed (zee p. 247).

Principles for Exposure Assessment

Principle 20. [t is desirable that exposure routes
employed in animal health effects studies are compa-
rable to human exposure routez both for the simplifi-
cation of risk assessment and because there mav be
important route-dependent differences in molecular,
hiochemiecal, and physical parameters in organs (see pp.
H9-212),

Principle 2. At present, a single generally appli-
cable procedure for a complete exposure assessment
does not exist, Therefore, in the near term, it is ex-
pected that integrated exposure assessments (utilizing
monitoring data, results from physical and chemical
models, and considerations of all routes of exposure
through all media) will be conducted on a case-byv-caze
haziz (zee pp. 248-251).

Principle 22. The depth and accuracy of an expo-
sure assessment should be tailored to provide the de-
gree of knowledge required to support analvtieal needs.
A preliminary assessment uzing available crude data
can often shed light on the upper or lower bounds of
potential risks (see pp. 248-2510.

Principle 23. An exposure assessment should de-
s¢ribe the strengths, limitations and uncertainties of the
available data and models and zhould indicate the as-
sumptions made to derive the exposure estimates (see
pp. 251-252),

Principle 24. In general. an array or range of ex-
posure values 12 preferable to a single numerical esti-
mate (see pp. 251-232).

Principles for Risk Assessment

Principle 25. Decisions on the caveinogenicity of
chemicals in humans should be based on considerations
of relevant data, whether they are indicative of a pos-
itive or negative response. and should use zound bio-
logrical and statistical principles, This weight of evidence
approach zhould include consideration of all relevant
factors and should give appropriate weight to each on
4 case-by-cpse basis. Examples of the types of infor-

mation that should be taken into aceount include: find-
ings from long-term animal studies (see Principle 14);
results from epidemiological studies (see Prineiples 16—
19%: rezults from in civo and in cifro short-term tests
(e Principles 5 and 6); and data from studies of mech-
anism, including factors such asz structure-activity re-
lationships, and known similarities and differences in
metabolic and kinetie profiles for different species (see
Principles 1-4 and pp. 253-234).

Principle 26. No single mathematieal procedure is
recognized as the most appropriate for low-dose ex-
trapolation in carcinogenesis. When relevaht biological
evidence on mechanizm of action (e.g., pharmacokinet-
ies, target organ dose) exists, the models or procedures
emploved should be consistent with the evidence. How-
ever, when data and information are limited, and when
much uncertainty exists regarding the mechanisms of
carcinogenic action, models or procedures which incor-
porate low-dose linearity are preferred when computi-
ble with the limited information isee pp. 255-258).

Principle 27. The quantification of the various
sources of uncertainty involved in cancer risk assess-
ment can be as important as the projection of the risk
estimate itself, The sources that might be addressed
include the statistical uncertainty assoeiated with the
given risk estimate (often expressed as upper and lower
confidence bounds); the variability introduced by the
selection of a particular low-dose extrapolation proce-
dure ioften expressed as an envelope of risk estimates
from a variety of plausible models); when risk estimation
is bused on laboratory-generated data. the biological
variability associated with the use of a particular test
organism and its scaling or extrapolation to man (see
pp. 2537-258),

Principle 28.  An estimate of cancer rizk for humanz
exposed to an agent can be no more accurate than an
exposure assessment that it utilizes. Lack of adequate
exposure data iz frequently a major limiting factor in
evaluation of carcinogenic risks for humans (see Prin-
ciples 20-24 and p. 234).

Prineiple 29.  While several considerations often en-
ter the rsk assessment process, it i2 important to tey
to maintain a elear distinetion among facts (statements
supported by data). consensus (statements generally
held in the scientific community), assumptions (state-
ments made to fill data gaps). and science policy deci-
slons (statements made o resolve points of current con-
troversy) (see pp. 257-3258).

Principle 30. Differences in human susceptibility,
anel variable and extreme exposures to chemicals sug-
gest the likelihood that there are subpopulations that
are at greater than average risk. Consideration should
be given to the identification of high risk populations
(see pp. 2089-212, 251).

Principle 31. Becauze of the uncertainties azsoci-
ated with rick azsessment, a full evaluation of risk to
humans should include a qualitative consideration of the
baizic strengths and weakneazes of the available hazard
and exposure data, in addition to any numerical esti-
mations that are made (zee pp. 257-258).
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Discussion in the 1990-91 Regulatory Program



REGULATORY PEOGRAM OF THE UNITED STATES GOVERNMENT

4

Two Executive orders establish principles of sound
regulatory management for agencies to follow in
ieveloping regulations. The orders combine with the
paperwork Reduction Act of 1980 to ensure that the
paperwork and regulatory burdens the Government
imposes are Necessary, tolerable, and cost-effective.

Both Executive orders are the outgrowth of succes-
«ive Presidents’ efforts since the 1960s to establish
procedures for Exeeutive regulatory oversight. Execu-
rive Order 12291 (see appendix I for the complete text)
sets out fundamental regulatory principles: it directs
agencies to justify the need for regulations, weigh
their costs and benefits, and choose the most cost-ei-
fective regulatory options. It also directs OIRA to
review the agencies’ rationales and assumptions and
to ensure that agency regulations are consistent with
Presidential policies and statutory intent. Executive
Order 12498 established the Regulatory Program of
the United States Government as a vehicle for agency

regulatory planning and coordination (see appendix II
for the complete text).

Taken together, the two Executive Orders form a
coherent framework for creating a regulatory strue-
ture that is humane, effective, and economically
sensible. Congress and the President, through the
enactment and approval of agency enabling legisla-
tion, have charged agencies with the ultimate respon-
gibility for acting within their specific policy areas.
Presidential regulatory oversight promotes a careful
weighing of such actions, and also seeks to harmonize
conflicts between competing agency mandates. It thus
fulfills the President’s Constitutional obligation to
manage the executive branch. The establishment of a
formal oversight process during the past decade
provides a method for rationalizing the Federal
Government’s maze of regulatory requirements, in-
creasing benefits and lowering costs. In the 1990s, this
process will guide the continuing evolution of regula-
tions that are both effective and prudent.

The Regulatory Program of the United States and
Executive Order 12498

Executive Order 12498 requires the annual publica-
tion of the Regulatory Program of the United States
Government. This document outlines the regulatory
priorities and important upcoming actions of all the
regulatory agencies. Most important iz what the
document represents—a process for planning and
eonrdinating agency actions in advance of rulemaking.

The 1990-1991 Regulatory Program sets forth each
apency’s objectives for the 1990 program year, span-
ning April 1, 1990, to March 31, 1991. It outlines the
issues agencies see as requiring immediate attention,

Future Policies and Proposed Conferences

Thiz overview discusses areas for further action on
regulatory issues, including possible next steps in
reforming economic regulation, efforts to develop a
aystem of regulatory budgeting, key issues in
developing scientific risk assessments as a part of the
development of sound regulatory policy, and the use of
information as a regulatory tool. The review also
provides a discussion of OMB's final regulatory impact
analysis (RIA) guidelines, and OIRA's response to the
comments received on the draft guidelines published
for comment in the 1988 Regulatory Program. Earlier

31-37.

as well as the steps each agency is taking to ensure
the cost-effectiveness of the regulatory approach it
proposes. The Regulatory Program thus allows Con-
gress and the American people to understand the
policy directions of the regulatory agencies. The
actions listed in the Regulatory Program represent the
major initiatives of the regulatory agencies, and may
be substantially revised over time, through Adminis-
tration decisions to guide and coordinate these agency
actions.

Regulatory Programs identified some major inconsis-
tencies and shortcomings in Federal agency analysis
of major regulatory actions.! Because of these inconsis-
tencies and shortcomings, and the potentially large
net benefits that would result from improved analysis,
OMB recognized the need for specific guidelines for
prepanng RIAs, The revised final RIA guidelines are
published in this Regulatory Program in Appendix V.

OIRA plans to seek advice on these regulatory
issues from the affected public and from academic and
other experts on regulations and regulatory policies

* Regulatory Program (1986-198T), pp. xix-xxvi, Regulatory Program 19871988, pp, xv-xii; and Hegulatory Program 1988-1989, pp.
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and practices, OMEB is considering a series of work-
shopz and conferences, open to the public, on the
following:
* The impact of the regulatory reform initiatives of
the 1980s;
* Guidance and coordination for ranking risks (rizk
aszsessment, management, and communication);
* The potential for development of the regulatory
budget concept; and
*» The use of information strategies and public
digclosure requirements to complement and possi-
bly replace more direct regulatory intervention.

The Council on

Maintaining American economic competitiveness
into the next century depends on the initiative and
innovativeness of the private sector. The Federal
Government can foster competitiveness by encourag-
ing a vigorous and competitive market environment
both in this country and in the world economy. One of
the more important steps the Federal Government can
take in promoting a competitive market environment
is to avoid unnecessary regulation.

Government regulation has an important role in
advancing sccietal goals—such as public health and
safety—where the market fails to protect such goals.
But regulation can also impose substantial costs on
American business, State and local governments, and
consumers that burden our competitiveness abroad
and our welfare at home. It is thus important to
assess, on a continuing basis, the need for both new
and existing regulations, balance the immediate
ohjeetives of such regulation with the broader objec-

Introductory discussions of these topics are pre-
sented below in the sections entitled “Reforming
Economic Regulation.” “Regulatory Review and the
Case for a Regulatory Budget,” “Current Regulatory
lzssues in Risk Assessment.” and “Information as a
Regulatory Strategy” OIRA seeks comments on all
these topics, Please send comments to the Office of
Information and Regulatory Affairs, Washington, DC
20503.

Competitiveness

tives of promoting the Nation’s welfare, and promote 2
reliance on markets wherever such opportunities
exist,

To assist regulatory oversight, President Bush
announced in Building a Better America, on February
9, 1989, that Vice President Quayle would chair the
Council on Competitiveness:

The Council will review regulatory wsves, and such other
isgwes s may be referred by the President, bearing on
competitiveness. In reviewmng regulatory matters, the
Council will be continuing the work of the former
President's Task Force on Regulatory Helief—chmired in
the Reagan Administration by then Vice Premdent Bush.

The Council will work closely with OIRA to augment
the regulatory review process, ensure that the benefits
of regulation outweigh their costs, and coordinate
development of legislative and administrative initia-
tives to reduce unnecessary regulatory burdens.

Reforming Economic Regulation

The United States has traditionally relied on a
“coat-of-zervice” approach to setting prices or rates for
public utilities or other industries that are considered
to be “natural menopolies.” Cost-of-service regulation
involves cumbersome and highly judgmental determ:-
nations of (1) the value of a firm's rate base, that is, its
assets dedicated to providing a good or service; (2) the
fair rate of profit (return on those assets; and (3) all
other costz associated with providing the good or
service, In addition, the process of determining the
“price” involves substantial costs to both the reg-
ulatory commission and the regulated industry

47-94.

because of complex and time-consuming ratemaking
procedures,

Most students of public utility regulation believe
that regulated industries are not as efficient or as
innovative as they could be.* When regulated rates are
tied directly to an individual firm's costs, thoze firms
have a reduced incentive to achieve long-term cost
reductions. Under this regulatory system, all cost
savings are eventually “passed through” to consumers;
the firm benefits only during the period of “regulatory
lag,” (that is, until rates are adjusted to reflect the
firm's reduced costa). Firms subject to cost-of-service

* S Alfred E. Hahn. The Economics of Regulotion: Principles and Institutions, New York: John Wiley & Sons, 1970, Chapter 2, pp
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supporters of this system argue that it would
Lrovide an incentive for better estimates of the costs of
:"t_g,,,.jﬂtj-.re proposals and a basis for an explicit
Jizcussion of the costs and tradeoffs of such proposals.
High cost ceilings would focus attention on the
.xpected benefits of the program, and alternative
.pproaches; cost ceilings that were too low would
yrevent agencies from issuing implementing regula-
-:-.un.a. Such an approach would, needless to say, give
wencies an incentive to choose regulatory approaches
-nat would produce the greatest benefits at the lowest

costs.
ISSUES AND AREAS FOR FURTHER STUDY

While the fiscal budget process provides a continu-
aus record of actual expenditures, there is no compara-
hle record of the cost of meeting regulatory require-
ments.™ Members of Congress and the past two
Administrations have considered developing an ae-
counting framework to record direct regulatory expen-
ditures, but more work needs to be done to solve the
practical accounting problems inherent in measuring
the private expenditures that Federal regulations
mandate. These include:

+ Developing a record of aectual expenditures while
minimizing the recordkeeping burden on the
private sector;

+ [dentifying an appropriate “baseline,” recognizing
that some costs would be incurred even in the
absence of Federal regulation; and

* Estimating the costs of forgoing certain products
where Federal regulation prohibits production or
distribution,

Each of these raises difficult izsues in designing an
effective regulatory budget process. For example, the
costs of banning a product are not directly measurable
and can only be estimated using complex statistical
models. However, measuring only the direct compli-
ance costs for oversight purposes creates a bias toward
banning substances and products instead of control-
ling them.

As a first step in determining the feasibility of the
regulatory budget concept, OMB has begun systemati-
cally to collect the costs of all significant published
regulatory actions. Analysis of these data should aid in
the development of ways to overcome the problems of
regulatory budgeting, uncover unforeseen problems in
developing cost estimates, and more fully refine a
workable regulatory budgeting process.

Current Regulatory Issues in Risk Assessment and Risk
Management

Many Federal agency regulatory decisions are
intended to reduce risks to human life and health.
Government regulations control which apricultural
chemicals may be used to reduce insect damage,
increase farm vields, and improve the quality of food
products. Other rules govern hazards in the Nation's
workplaces and emissions from its factories. There are
regulations directing the way in which automobiles
must be manufactured, commercial aircraft main-
tained, and trains operated. Hardly any widespread
human activity that entails rizk is free of some degree
of zocial control, often achieved through government
regulation.

Regulatory decisions invelving risk require agencies
0 address gquestions such as, “How safe is “safe’?” and
“How clean is ‘clean?” When government agencies
promulgate regulations intended to reduce a risk or
mitigate a hazard. they are engaging in what has

become known as risk management. These policy
choices inevitably involve consideration of both the
rizks entailed by the underlying activity and the social
consequences of regulatory intervention. Thus, the
first challenge of risk management is to set priorities
to determine which risks are worth reducing and
which are not.

For povernment to carry out its risk-management
responsibilities, there must be an extensive invest-
ment in the careful assessment and gquantification of
risks. The term risk assessment means the applica-
tion of eredible scientific principles and statistical
methods to develop estimates of the likely effects of
natural phenomena and human activities.

The need to keep risk assessment and risk manage-
ment separate has long been the objective of responsi-
ble public officials. In 1983, the National Academy of
Sciences (NAS) studied the process of managing risk

_'i Researchers. ;umg_d:ﬂemn: methods, assumptions, and time periods, have formed incomplete estimates by adding up the cost of
mdrvidual regulations. These estimates accordingly show considerable varintion for current annual costs ranging from 360 billion to $175

billion a vear—3 ta 15 percent of current Federal outlays.
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in the Federal Government and offered the following
recommendations, among others:

Recommendatior ! Regulatory agencies should take steps
to establish and maintain a clear conceptual distinetion
between assessment of risks and the consideration of risk
manggement alternatives: that is, the sdentific findings
and palicy judgments embodied in risk assessments should
be explicitly distngusshed from the political, economic,
and technical considerations that influence the design and
chowce of reguiatory scrategies !

Recommendanan 2: Before an agency derides whether a
substanee should or should not be regulated as a health
hazard, a detniled and comprehennive written risk assess-
ment should be prepared and made publicly available.
This writtan assessment should clearly distinguish be-
tween the scientific basis and the policy basis for the
Bgency’s concluawons,

The belief that risk assessment and risk manage-
ment should be kept separate enjoys widespread
support among professional risk-assessment practi-
tioners and risk-management officials. Others have
emphasized the importance of ensuring that policy
biases do not distort the analysizs of alternative
risk-management choices* The NAS principles have
also have been endorsed by a number of Federal
agencies, including the Office of Seience and Technol-
ogy Poliey (OSTP), the Environmental Protection
Agency (EPA), and the Department of Health and
Human Services (HHS:®

Unfortunately, risk-assessment practices continue to
rely on conservative models and assumptions that
effectively intermingle important policy judgments
within the scientific assesament of risk. Policymakers
must make decisions based on risk assessments in
which scientific findings cannot be readily differenti-
ated from embedded policy judgments. This policy
environment makes it difficult to discern serious
hazards from trivial ones, and distorts the ordering of
the Government's regulatory priorities. In some cases,
the distortion of priorities may actually increase
health and safety risks,

This section explores some of the continuing difficul-
ties that plague the practice of risk assessment, and
describes briefly their poliey implications. It can be
summarized in three observations:

The continued reliance on conservative (worst-casel
assumptions distorts risk assessment, yielding esti-
maies that may overstate likely risks by several orders
of magnitude. Many risk assessments are based on
animal bioassays utilizing sensitive rodent species
dosed at extremely high levels. Conservative statisti-
cal models are used to predict low-dose human health
risks, based on the assumption that human biological
response mimice that observed in laboratory animals.
Worst-case assumptions concerning aectual human
exposure are commonly used instead of empirical
data, further exaggerating predicted risk levels.

Conservative binses embedded in risk assessment
impart a substantial “margin of safety”. The choice of
an appropriate margin of safety should remain the
province of responsible risk-management officials, and
should not be preempted through biased risk assess-
ments. Estimates of risk often fail to acknowledge the
presence of considerable uncertainty, nor do they
present the extent to which conservative assumptions
overstate likely risks. Analyses of risk-management
alternatives routinely ignore these uncertainties and
treat the resulting upper-bound estimates as reliable
guides to the likely consequences of regulatory action,
Decisionmakera and the general public often incor-
rectly infer a level of scientific precision and accuracy
in the risk-assessment process that does not exist.

Caonservatism in risk assessment distorts the regula-
tory priorities of the Federal Government, directing
societal resources to reduce what are often trivial
carcinogenic risks while failing to address maore
substantial threats to life and health, Distortions are
probably most severe in the area of cancer-risk
assessment, because many conservative models and
assumptions were developed specifically for estimat-

* National Academy of Sciences, Risk Assesament in the Federal Government: Managing the Process, Washington, DC: National Acndemy

Press, 1983 (hereinaftor, VAS Risk Managemenr Study), p. 151
# Ihid., p. 153.

 For representative views of riske-nseessment practitioners see, eg., Lester B. Lave, The Strategy of Socinl Regulation: Decision
Fromeworks for Policy, Washingron, DC: Brookings, 1981; Lester B. Lave, “Methods of Risk Assessment,” Chapter 2 in Quantitarive Risk
Assessmens in Reguiation. Lester B. Lave, ed., Weahington. DC: Brookings, 1982, esp, pp. 52-534. For representative views of risk-management
officials see, e.g, William D. Ruckelshaus, “Science. Hisk, and Public Policy,” Vital Speeches of the Day, Volume 49, No. 20, August 1,

1963, pp, 812-615.

* Geg, e.g., Howard Kunreucher and Lisa Bendixen, “Benefita Assessment for Regulatory Problems.” and Baruch Fischhoif and Lows
Anthony CN_:. dr., *Conceptual Framewnork for Regulatory Beneflts Assessment,” Chapters 3 and 4, respectively, in Benefits Assessment:
The State of the Art, Judith D, Bentkaver, Vincen: T. Covello, and Jeryi Mumpewer, eds., Dordrecht, Netherlands: D. Reidel, 1986, pp,

=45, 5561,

*Sea U5 Office of Science and Technology Policy, “Chemical Carcinogens: A Review of the Science and Its Associated Principles,”

Principle 28 150 FR 10378, March 14, 1985, hereinafter, OSTE &

“Guidelines for Carcinogen Risk Assessment,” 51 FH 34001 (Septem
U.S. Department of Health and Human Services, Risk Assessmen

15k Asseasment Guidelines); 1.5, Environmental Protestion Agency,
ber 24. 1988, hereinafler, EPA Carcinogen Risk Assessment Guedelines &
ond Risk Management of Toxie Substances, April 1985, p. 20



OVERVIEW 15

;ng upper bounds for these risks. Risk-assessment
methods with similar conservative biases are less
.ommon elsewhere, particularly in those areas where
-eal-world data are available, or where the mechanism
E:w which injury or illness occurs is better understood.
"4 renewed commitment to the NAS recommenda-
tions is clearly warranted. As quantitative risk
assessment plays an inereasingly significant role in
risk management, the need to separate science from
policy becomes ever more important, if either process
is to maintain public confidence. As former EPA
administrator William D. Ruckelshaus has noted:

Risk assessment... must be based on scientific evidence and
sctentific consensus only. Nothing will ercde public confi-
dence faster than the suspicion that policy considerations
have been allowed to influence the assessment of risk. o

ALTERNATIVE RISK-ASSESSMENT
METHODOLOGIES

Risk assessments of chemical substances in general
iand of possible carcinogens in particular) invoive a
mixture of facts, models, and assumptions, There is
considerable debate concerning the scientific merits of
the models and assumptions commonly used in risk
assessments, In some cases, a scientific consensus has
developed to suppert a particular model or assump-
tion. In other instances, however, certain models and
assumptions are relied upon because they reflect past
practices rather than the leading edge of science.
Furthermore, a scientific basis for several of the most
critical models and assumptions simply does not exist.

Most scientists agree that these models and as-
sumptions impart a conservative bias: that is, they
lead to risk projections that the actual (but unknown)
risk is very unlikely to exceed. These “upper-bound”
estimates are often useful as a screening device, to
exclude from regulatory concern potential hazards
that are insignificant even under worst-case condi-
tions, Unfortunately, upper-bound risk estimates are
routinely employed for altogether different purposes,
such as estimating the likely benefits of regulatory
actions. Policymakers are required to act on the basis
of biased representations of both the magnitude of the

* William D. Ruckelshaus, (op. cit], p. 614.
f'USTP Guedelines, Gudeline 8. p, 10376,

underlying hazard and the extent to which Govern-
ment action will ameliorate it.

Contemporary risk assessment relies heavily upon
animal bioassay and epidemiology. Each approach has
theoretical advantages and disadvantages. In practice,
both can be misused to bolster preestablished conclu-
sions. The following discussion emphasizes problems
in carcinogenic risk assessment, because the preven-
tion and cure of cancer plays such a major role in
policy issues involving risks to life and health,

Animal Bioassay

Animal testing enables scientists to estimate risks
ex ante, before human health effects materialize,
whereas epidemiological studies can only deteet such
effects ex post. In addition, animal tests can be
conducted under tightly controlled laboratory condi-
tions, which provide more reliable estimates of
exposure and avoid many of the confounding factors
that often plague epidemiological investigations. The
relatively short lifetimes of experimental mammals
{(such as rats and mice) allow scientists to ascertain
the possible effects of long-term exposure in just a few
years,

Animal testing suffers serious limitations, however,
ariging from certain critical assumptions. Despite its
routine application, there is no accepted scientific
basis for the assumption that results can be meaning-
fully extrapolated from test animals to humans.®™
Some scientiste believe that animal data should not be
used in assessing human health risks ®

Another eritical limitation is the reliance on very
high doses to generate adverse effects in test ami-
mals.™ A mathematical model must be used to bridge
the gap between these high-dose exposures and the
low-dose exposures more typically faced by people.
Many different mathematical models can be con-
structed to fit the data at high doses. These models
often vary enormously, however, in their predictions of
risk at low doses.

Beyvond these unavoidable methodological con-
straints, the results of animal bicassays may be
subject to conflicting scientific interpretation or
strongly influenced by the choice of research method.

*See, g . Bruce Ames, Renae Magaw, and Lois Swirsky Gold, "Ranking Possible Carcnogenic Hazards,” Science, Vol 2368, April 17,
1987; Gia Batta Gori, “The Regulation of Carcinogenic Hazards,” Science, Vol. 208, April 18, 1960.

* OSTP Guidelines, Guideline 11, p. 10377.
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Tissue preparation and histology present obvious
opportunities for error. as experts may disagree as to
how slides should be interpreted™ This problem
generally is not significant at high doses, where
malignancies are often obvious. At low doses, however,
pathologists often differ in how they distinguish
tumors from hyperplasia. Subjectivity cannot be
avoided where such interpretations of the data must
be made,™

Epidemiology

Epidemiology is attractive because it largely avoids
these two problems. [t focuses on observable human
health effects instead of on hypothesized outeomes
based on animal experimentation, and it relies upon
real-world exposures to generate empirical data. Many
of the serious problems associated with animal studies
can be avoided, allowing researchers to develop risk
estimates that are directly related to human health.

Unfortunately, epidemiological research suffers from
its own set of limitations. For example, retrospective
studies often have difficulty correlating morbidity and
mortality with exposure to specific substances. Expo-
sure data are commonly lacking, incomplete, impre-
cise, or affected by svstematic recall or selection
biases. Furthermore, the risks these studies seek to
detect are often very small relative to background,
thus making statistically significant effects difficult to
observe. When health effects are latent, correlating
exposures to illness iz even harder,

Besides these unavoidable methodological limita-
tions, epidemiological studies often suffer from out-
right bias, Many studies employ scientifically ques-
tionable procedures aimed at demonstrating positive
relationships between specific substances and human
illness. ™ Some researchers use mappropriate statisti-
cal procedures to “mine” existing databases in search
of associations. One result of these practices is that

epidemiological studies often display contradictory
results.”

Despite these constraints, properly conducted am-
mal bicazsays and epidemioclogical studies both hawve
useful roles to play in quantitative risk assessment.
Indeed, they are complementary. The usual weak-
nesses of epidemiological investigations—unreliable
exposure data, confounding effects—are readily
avoided in laboratory experiments on animals. The
weaknesses of animal bicassays—high- to low-dose
extrapolation, animal-to-man conversion—do not arize
in epidemiological studies. Careful risk assessment
incorporates hoth types of analysis to ensure that the
emerging picture of human health risk is as complete
as possible, and that inferences derived from this
picture are themselves internally consistent.

ISSUES IN RISK ASSESSMENTS DERIVED
LARGELY FROM ANIMAL BIOASSAYS

Animal bioassays tend to dominate current risk
assessments. An important reason for this is that the
derivation of dose-response relationships is a critical
regulatory motive for performing quantitative risk
assessment, Animal studies are ideally suited to serve
this purpose by wvirtue of the controlled conditions
under which dose and response can be calibrated.
Epidemiological studies often are relegated to provid-
ing merely a “reality check” to ensure that the
implications of animal bicassays are plausibly consis-
tent with real-world experience. Because of this heavy
emphasis on animal testing, the focus here i3 on
several major problems that arise with respect to risk
assessments primarily based on the results of animal
bioassays.

The Use of Sensitive Test Animals

To enhance the power of amnimal tests, scientists
typically rely on genetically sensitive test animals. It

"1y the original analysis of the rat bioassay used to derive the dose-response function for dioxin, 9 of 65 controls were said 1o develop
liver tumors. An independent review of this data resuited in 16 of the 85 controls being classified as having such tumors. See U3
Enviranmental Protection Agency, A Cancer Risk-Specific Dose Estimate for 2, 3, 7, 8.TCDD, Appendiz A, EPAS00/6-B6/00TAb, June 1958

{hereinafter, Miorin Risk Assessment Appendiz A}, pp. 2-3.

™ (olin M. Park and Ronald D Snee. “Quansitative Risk Assessment: State-of-the-Art for Carcinogenesis” Chapter 4 in Risk Management
of Exigting Chemicals, Rockville, MD: Government [natitutes, 1983, p. 56

M alyan H. Feinatein, “Scientific Standards in Epidemiclogical Studies of the Mennce of Daily Life.” Science, Vol 242, December I.

1986, pp. 12571263,

# Linda . Mayes, Ralph I. Horowitz, and Alvan R Feinstein, “4 Callection of 56 Topics with Contradictory Results in Case-Cantrol
Research,” International Journal of Epidemioiogy, Yol. 17, No, 3 (1988}, pp. BB0—585.



OVERVIEW

5 unclear whether these species accurately mimic
bmh:,gjq:al responses in humana.

gome test species are extremely sensitive. For
xample, approximately one-third of all male BECIF1
mice, @ COMMon test species, spontanecusly develop
jiver tumors.* The same phenomenon occurred in an
important bioassay concerning dioxin using female
5prague-DaW]Ej’ {Spartan) rats. Tumors observed in
4nsed animals were predominantly located in the liver.
However, approximately one-fifth of the animals in the
control group also developed liver tumors.™ The
pelevance of elevated liver tumors in hypersensitive
species has been gquestioned by scientists and is not
univerzally considered probative evidence of carcino-
genicity. Nevertheless, cancer risk assessments often
proceed on the assumption that these data are
sufficient to conclude that a substance is indeed a
carcinogen.™

The reliance on zensitive test animals also biases
risk assessments in a more subtle way. It establishes
powerful incentives to search for and develop increas-
ingly sensitive test species, As test animals become
more sensitive, repeated testing using identieal proto-
cals will tend to result in higher and higher estimates
of msk even if all other factors are held constant.

" Ames et al, fop. cit.), p. 278
® Dioxin Risk Assessment Appendic A pp. 2-3

Selective Use of Alternative Studies

In their respective risk-assessment guidelines, both
OSTP and EFA recommend that relevant animal
studies should be considered irrespective of whether
they indicate a positive relationship” In practice,
however, studies that demonstrate a statistically
significant positive relationship routinely receive more
weight than studies that indicate no relationship at
all.¥ For example, the plant growth regulator
daminozide (Alar) and its metabolite unsymmetrical
1,1-dimethylhydrazine {UDMH) recently received B2
classifications {“probable human carcinogen”). Each of
these classifications was based on a single positive
animal bicassay™® Owvercoming such a classification
requires, at a minimum, two “essentially identical®
studies showing no such relationship.® In the case of
Alar and UDMH, however, a more stringent test was
apparently applied: Three high-quality negative stud-
ies showed no significant effects; these studies appear
ta have received little or no weight in the classification
decision,*!

Selective Interpretation of Results

Risk-assessment puidelines generally give the great-
est weight to the most sensitive test animals. Thus, if
a substance has been found to cause cancer in one

* Spe Ames et al, fop. eit), p. 276 iarguing that such data are irrevelant), OFTP Guidelines Guideline 9. p. 10377 {concluding that
such data “must be approached carefully™; and EPA Carcinogen Fisk Assessment Guidelines, p. 33385 (making the policy judgment that
such datn are sufficient evidence of carcinogenesis). Liver tumors dominated in EPA's diostin risk asseasment. See Dionn Risk Assessment,
appendix A. pp.2=3.

" Gep OETP Guidelines, Guideline 25, p. L0378 EPA Carcinogen Risk Assessment Guidelines, p. 33995,

*Sep EPA Corcinogen Risk Assessment Guidelines, p. 1399934000, A single animal test that shows a positive result “to an umususl
degree” ‘p. 138801 i5 sufficient ta warrant at least o B2 classification “probable human carcinogen”), even if this result sccurs in & species
known Lo have a high rate of spontaneous tumaors. A strong animal bicassay or epidemiclogreal study showing ne evidence of carcinogenic
offect cannol avercome this presumption ¢p. 340000,

“ Zer “Second Peer Review of Daminozide (Alart and UDMH (Unavenmetneal 1, 1-dimethyihydrazine),” Memerandum from John A
Quest to Mark Boodee. U5, Environmental Protection Agency, OPTS, May 15, 1988 (hereinatter, Aler/ UDME [nternal Peer Review No.
21 This internal OPTS panel reviewed several recent studies cn Alar and UDMH.

OIne study of Alar vielded a statistically signifiecant increase 1 common lung tumors in mice. but only for ene of three dosage levels.
Besuitz were not statistically significant at ane higher and two lower dosages, and controls also displayed unusually high tumor incidence.
1% of the lung tumers in dosed mice were benign, versus 33% in the contrals.

One soudy of UDMH vielded statistically sigruficant incresses in common lung and wncommon liver tumors in mice, but only for the
higher of two dosages. 37% of the lung tumors 1n dosed mice were benign, versus 100% in the controls. 28% of the liver tumors in dosed
Mice were befugn. no LUMOrs were observed in the controls.

Prior studies that purported to show a carcinogenic response had been judged inadequate by EPA's Scientific Advisory Panel. an external
peer review graup. The OMee of Pesticides and Toxic Substanees (OFTS) panel noted that & different internal EPA risk-nssessment panel
the Carcinogen Assesgment Groupi considered these studies sufficient ta justify B2 classifications when it evaluated them for EPA's Office
of Balid Wasie and Emergency Response. Despite the scientific controversy, the OFTS panel interpreted these prior studies as “supporting
evidence” under EPA's nsk-assessment guidelines

“2pe EPA Carcinogen Risk Assessment Guidelines, p. 33995 (eatablishing the need for replicnte identical studies showing no effect),
and p, 3355% (establizshing the minimum requirement of two well-designed studies showing no incrensed tumar incidence to warrant a “no
evidence” delerminationi,

- Y Alae UDMH Internal Peer Receew Noo 2. pp. 6. B 3. EPA's scheme for camcinogen classification is itself an issus among scientists.
Zee. g, L3 Environmental Proteetion Agency. Risk Assessment Forum, Workshop Report on EPA Guidelines for Cercinogen Risk
Assesrment, EPAG25/3-88013, Washington. DC: March 1983, pp. 21-26.
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species or gender but shown to exhibit no effects
elsewhere, the results pertaining to the sensitive
species or gender typically will be used to develop
estimates of human-health risks. For example, if male
mice develop cancer from a substance but female mice
and rats of both genders do not, then the results from
the male mouse often will be used to derive estimates
of cancer risks to humans

Once a positive result has been obtained in an
animal bioassay, a substance often will be provision-
ally classified as a probable human carcinogen. The
statistical burden of proof then shifts to the no-effect
hypothesis. Because it is logically impossible to prove
a negative, however, this practice establishes a
virtually irrebuttable presumption in favor of the
carcinogenesis hypothesis.

Severe Testing Conditions

Current risk-assessment protocols require the use of
very high doses. Unfortunately, high doses are often
toxic for reazons unrelated to their capacity to cause
cancer. A common procedure is to use what is called
the maximum tolerated dose (MTD), which is the most
that can be administered to a test animal without
causing acute toxicity. At such exposure levels,
substances often cause severe inflammation and
chronic cell killing. For example, formaldehyde causes
nasal tumers in rats when administered in high doses.
However, MTD administration severely inflames nasal
passage tissues. [t is therefore unclear whether the
cancers induced are caused by formaldehyde per se or
by the toade effects of high doses.

Resultz guch as these have caused zome scientists to
question the validity of rodent tests performed at the
MTD for estimating human health risks that arise
from exposure at low doses.” By combining very high
doses with highly sensitive test subjects, some animal
bioassays are predisposed to discover apparent carci-
nogenic effects.

Relevance of Animal Bioassay Results

An important reason why animals vary in their
sensitivity is that they have different physiologies,
metabolic processes, reproductive cycles, and a host of
other species-specific characteristics that largely re-
sult from unigue evolutionary paths. Each of these
factors needs to be carefully considered in evaluating
the significance of animal data with respect to human
health. This is recognized in both the OSTP and EPA
guidelines, but it is often neglected when the guide-
lines are applied to specific substances.*

The most important assumption in this regard is
that animal test results can be meaningfully extrapo-
lated to humans. A recent study of chemicals tested
under the auspices of the U.S. National Toxicology
Program shows that this assumption can lead to the
erroneous classification of many chemicals as probable
human carcinogens.” Positive associations have been
obtained in either rats or mice for half of 214
chemicals tested. However, results were consistent
across these two genetically similar species only 70
percent of the time. If it is assumed that rodent
bipassays have the same sensitivity and selectivity
with respect to human carcinogens as they do between
rodent species, and it is further assumed that 10
percent of all chemicals are in fact human carcine-
gens, then 27 of every 100 randomly selected chemi-
cals would be misclassified as probable human
carcinogens. Only three chemicals would be misclassi-
fied as noncarcinogens. Thus, “false positives” would
be 9 times more common than “false negatives.,™

Of course, this ratio of false positives to false
negatives reflects highly conservative “upper-bound”
assumptions concerning sensitivity and selectivity.
Given the high degree of similarity between rats and
mice and the limited resemblance between rodents
and humans, the sensitivity of rodent bioassays with
respect to human carcinogenicity is probably much
lower than 70 percent. Furthermore, other research
indicates that selectivity may be as low as 5 percent.

“gee EPA Carcirogen Risk Assessmen: Guidelines, p. 33997 (data from long-term animal studies showing the greatest sensitivity

should generally be given the greatest emphasisi
" Zew, 0., Ames ¢ al., (ap. cit.), pp. 276=277.

“OSTP Guidelines, Guideline 25, p. 10378; EPA Corcinogen Risk Assessment Guidelines, p. 34003 (responding to comments on th

draft guidelines and affirming agresment with

OSTP Guideline 25).

“ Lester B. Lave, Fanny K. Ennever, Herbert 5. Roaenkrane, and Gilbert 5. Omenn. “Information Value of the Rodent Bicassay,”

M:.lure Val. 336 (December 15, 1888), pp. 631-633.

* Folse negotives occur when a test fails to detect effects when they are in fact present. Sensitivity refers to the capacity of a test b
minimize false negatives. Folse positives cocur when a test appears to detect effects that in fact are absent. Selectivity refers to a test
abality to minimize false positives. The & to 1 ratio of false poaitives to false negatives calculated by Lave of ol assumes that both selectivat:

and sensitivity equal about T0%,
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e

Adjusting only for this lower _ﬁele:tivit:r suggests that
false positives are almost 30 times more common than
false negatives. 'I'!'uis_r_mses serious questions concern-
ing the practical utility of the current arppr?a.chrtn
animal bicassays for the purpose of quantitative risk
assessment.”’

Dther factors should also be considered when
relying upen animal bioassay results as the primary
hasis for quantitative risk assessments. For example,
certain substances are toxic or even carcinogenic by
one pathway but not by others, Nevertheless, animal
hioassay protocols often emphasize the most sensitive
pathway. As Jong as human exposure is likely to arise
the same way, then this choice may be reasonable.
However, the pathway to which the test species is
gensitive sometimes reflects an exposure route that is
implausible or irrelevant for humans. For example,
formaldehyde causes nasal tumors in rats at 12 times
the rate observed in the next most sensitive animal
species. This extreme sensitivity may be related to the
faet that rats breathe only through the nose.

There may be important differences between ani-
mals and humans that make specific tumors irrele-
vant. For example, some chemicals cause cancer in the
zymbal gland of the rat; because humans lack such a
gland it is unclear whether these results matter in
estimating human health risk. Other substances
induce cancer through biochemical mechanisms not
found 1n humans.

A greater controversy surrounds the question
whether the same weight should be given to benign
and malignant tumors. The scientific consensus is that
henign and malipnant tumors should be aggregated
only when it is scientifically defensible to do s0.* In
practice, however, benign and malignant tumors are
routinely aggregated unless a strong case can be made
against the practice.”® The difference between these
default assumptions is significant: One approach
counts only carcinomas that are present, whereas the
other counts tumors that might become carcinomas. In
an extreme case, a substance that promotes benign
tumors but never causes cancer could be classified as

a probable human carcinogen simply because benign
and malignant tumors are treated equally.

In addition, tumor incidence iz commonly pocled
across sites to obtain a total estimate of earcinogenic
effects.™ This implicitly assumes that cancer induection
is independent across sites and not the result of either
metastasis or the same biological mechaniam. Given
the extreme sensitivity of teat species and the regular
use of MTD administration, other explanations for
tumors occurring at multiple sites appear just as
plausible.

The Choice of Dose-Response Model

Mo single mathematical model is accepted as
generally superior for extrapolating from high to low
doses.® Consequently, Federal agencies often use a
variety of different models. Rather than being a
scientific footnote to the risk-assessment process,
however, the choice of model is actually an important
policy issue. The multistage model appears to be the
most commeonly used method for estimating low-dose
risks from chemicals, and there are two major sources
of bias embedded in this choice: its inherent conserva-
tism at low doses, and the routine use of the
“linearized” form in which the 95 percent upper bound
is uzed instead of the unbiased estimate.

The multistage model essentially involves fitting a
polynomial to a data set, with the number of “stages”
identified by the number of terms in the polynomial.
Since animal bioassays rarely have more than three
dose levels, it is unusual to see applications of the
multistage model with more than two stages. Al-
though the multistage model enjoys some scientific
support because it is compatible with multistage
theories of carcinogenesis, in practice the model fails
to include enough stages, due to the absence of
sufficient alternative exposure cohorts.

The multistage model typically vields low-dose risk
estimates that are higher than most other models. For
example, when five different dose-response models
were analyzed in a recent risk assessment of cad-
mium, estimates of cancer risks at moderate doses
varied by a factor of 100, This difference among

¥ Lave et al, fop. o), p. 631. Adjusting also for less sensitivity reduces the ratio of false positives to false negatives. For example, if
sensilivity is only 10 percent and all other parameters remain unchanged, then this ratio declines to 9.5 to 1. However, this implies that
h types of statistical errors are rampant, which raises questions concerning the practical utility of animal bicassays. This is, in fact,
precisely the concern raised by Lave of al., (op. cit.), who conclude that such testa are cost-effective investments in information only under

exiraordinary conditions.
*OSTP Guidelines, p. 10376

::F--Fﬂ Carrinogen Risk Assessment Guidelines, p. 33097,
Td

" OSTP Guidelines, Guideline 26, p. 10378; Ames ot ol fop. cit), p. 276
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estimates widened as doses declined toward the very
low levels within the range of regulatory concern. At
very low doses, two of the five models predicted excess
lifetime cancer risks greater than one in one thousand
(107}, a risk oftentimes regarded by policymakers as
unacceptable. However, two other equally plausible
models predicted essentially no excess cancer risk at
all. Since none of the five models offers a scientifically
superior basis for deriving low-dose risks, the choice of
model is therefore a pivotal policy decision. The
accepted practice under these circumstances is to
develop a subjectively-derived “best” estimate while
fully informing decisionmakers as to the extent of
uncertainty surrounding it.* In the cadmium case, as
in most others, this practice was not followed:
Estimates of the number of statistical cancers that
would be prevented by regulation were presented
based only on the multistage model.®

The linearized multistage model (LMS) is a special
version of the multistage medel in which the 95
percent upper confidence limit of the linear term is
used instead of the unbiased estimate. That is, the
model identifies the largest value for the linear term
that cannot be rejected at the 95 percent confidence
level and uses it in place of the unbiased estimate.
Aszsuming that the model has been correctly specified,
there is only a 5 percent chance that the true risk
exceeds this level.

The LMS has become the preferred statistical
approach because estimates derived from it appear to
be more “stable” than estimates obtained from the
ordinary multistage model. The “stability” izssue origi-
nally arose because unbiased estimates of low-dose
risks are very sensitive to the maximum-likelihood
estimate (MLE) of the value of the linear term. When
the MLE of the linear term is positive, it dominates
estimated risks at low doses. In some instances,
however, the MLE of the linear term is zero, and
low-dose risk estimates decline precipitously. Using
the 95 percent upper confidence limit ensures that the
linear term is always positive, thus eliminating the
inherent “instability” of low-dose risk estimates de-
rived from the multistage model. *

Another often-cited advantage of the LMS procedure
is that it provides a ‘“yardstick® for comparing
potencies across chemicals.® A uniform risk-assess-
ment procedure such as the LMS, it is argued, enables
policymakers to better understand the relative signifi-
cance of a broad array of chemical hazards and set
regulatory priorities accordingly.

Finally, the LMS is often defended on the ground
that it is prudent to err on the side of caution when
dealing with potentially carcinogenic chemicals. Be-
cause the LMS generates upper-bound risk estimates,
policymakers can be confident that actual risks are
likely to be lower,

Mone of these purported advantages of the LMS
approach has a sound statistical basis. It is a
fundamental axiom of statistics that unbiased esti-
mates are generally preferred to bissed ones. Using
the upper confidence limit inatead of the unbiased
estimate exaggerates underlying specification errors
instead of eliminating them. “Instability” is overcome,
but at the cost of greater errors in specification.

The inherent instability of the multistage model
reflects a generalized misspecification of dose-
response—that is, the real human dose-response
relationship is often wvery different from what the
multistage model constrains it to be. The model is
extremely sensitive to small differences in observed
tumor incidence, which can cause dramatic changes in
estimated low-dose risks. The LMS procedure elimi-
nates this sensitivity without remedying the underiy-
ing specification error. Proper statistical procedure
requires correcting model misapecification, not mask-
ing its symptoms behind biased parameter estimates.

The LMS procedure inflates low-dose risk estimates
by a factor of two or three when the MLE of the linear
term is positive. However, it increases low-dose risk
estimates by orders of magnitude when the MLE of
the linear term is zero.” This means that the degree of
hidden conservative bias is substantially greater for
what are demonstrably lower risks.

By its very nature, the LMS cannot serve as a useful
yardstick for comparing the relative risk of a variety of
potential carcinogens. If a given statistical procedure
generated identical biases across substances tested,

2 See, pg., OSTP Guidelines, Guidelines 27, 28, and 31, p. 10378, EPA Carcinogen Risk Assessment Guidelines, pp. 33899, 34003,

1850

* Oceupationnd Safety and Health Administration, “Occupational Exposure ta Cadmium; Proposed Rule” 55 FR 4076 (February 6,
1.

" Albert L. Michols and Hichard J. Zeckhauser, “The Dangers of Cavdon: Conservatism in Assessment and the Mismanagement of
Risk,” Chapter 3 in Advances in Applied Micro-Economics, Volume 4: Risk. Uncertainty, and the Valuation of Benefits and Costa, V. Kerry
Smith, ed., Greenwich, CT: JAI Press, 1986, pp. 5552, esp. pp. §2—63. A nontechnical version of this paper is available by the same
suthers ms “The Perls of Prudence: How Conservative Risk Assessments Distort Regulation,” Regulotion, NovemberDecember 1986, pp.

13-24.

U5 Envimnmental Prowetion Ageney, A Cancer Risk-Specific Dose Estimate for 23,7,8-TCOD, EPABIVG-ERO0TAL, June 1983

thereinatter, Dioxin Kisk Assessmentl, pp. 45—46.
™ Nichols and Zeckhauser, ap. cit., pp. 62-63.
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‘hen it would still ;.rie}d an aceurate rank-ordering of
-heoretical hazards. Similarly, if the procedure added
~.rochastic bias from a uniformly distributed random
J..{riﬂh]‘*' the resulting rank-ordering would still be
f”m__m.ﬂte on an expected-value basis. The problem with
:IH: L.MS is that it generates biases that intensify with
(e degree to which the multistage model miaspn_eciﬁes
the true dose-response relationship. Even if the
multistage model provided an aceurate rank-ordering
f hozards. the LMS3 could not do so, because it injects
hiases that are systematie with statistical
misspecification.

The LMS procedure (and the multistage model
iselfl is also fatally flawed as a yardstick for
regulatory priority setting because it fails to take
aecount of human exposure in the caleulation of unit
risks. HRegardless of the procedure’s capacity to
accurately rank-order hezards, failing to adjust unit
risks by relative human exposure virtually guarantees
that regulatory priorities will be misordered. Re-
sources tend to be focused on reducing the greatest
theoretical hezards rather than the most significant
human health rizsks. ™

Finally, the “margin of safety” argument in favor of
the LMS unequivocally contradicts the widely recog-
nized need to distinguish science from palicy.™ The
LMS introduces into each risk assessment a con-
servative bias of varying but unknown magnitude,
This practice fundamentally alters regulatory
decisionmaking, Instead of leaving policy decisions to
policymakers, the LMS disguises fundamental policy
decisions concerning the appropriate margin of safety
behind the veil of science.

In summary, the LMS cannot be justified as a
method of seientifie risk assessment. The “vardstick”
defense implicitly asserts that scientific advancements
in rizk-assessment methodology should take a back
seal 1o the preservation of an outdated and misguided

statistical procedure. The “margin of safety” argument
tacitly usurps from policymakers the authority and
responsibility for risk-management decisions. Finally,
the statistical “instability” overcome by the LMS is an
artifact of specification error, not any acientific theory
of human carcinogenesis that warrants the intentional
uge of biased parameter estimates. The habitual
reliance upon either the multistage model or its LMS
descendant cannot be supported by sound scientific
principles. g

Alternative models are available, of course, and they
have been applied in many quantitative risk assess-
ments. Because proper model specification is the
foundation of applied statistical methodology, alterna-
tives to the multistage model should be expected and
encouraged. Indeed, innovation is the hallmark of
scientific inquiry; policies that institutionalize any
particular model specification effectively stifle scien-
tific advancement.

Unfortunately, models other than the multistage
mode]l are often discouraged in practice.” Agencies
may require substantial scientific evidence in support
of an alternative model before allowing it to be used.
Alternative models thus face a burden of demonstrat-
ing scientific plausibility that the multistape model
cannot satisfy. Even in the extraordinary ecase in
which this burden can be satisfied, estimates may he
required from the linearized multistage model any-
way. ™

The potential human health threat posed by dioxins
provides an excellent example of the problem of model
selection. Using the same linearized multistage model,
EPA, the Centers for Disease Control (CDC), and the
Food and Drug Administration (FDA) have arrived at
upper-bound risk estimates that span an order of
magnitude.” Depending on the data and assumptions
used, the linearized multistage model predicts unit
risk factors that vary by as much as 1,200, with the

' Some scientsts have attempted to devise alternative indexes of relative human health rsk that explicitly account for variations in
human exposure. Ames et al., jap. cit.), pp. 272273, describe one such alternative {the Human ExposureBodent Patency index, or HERP)
and report index values for 36 substances. Because the HERP index is based on a relative rather than absolute scale. the distarting effect
of tonservative biases embedded in the underlying risk assessments has been significantly reduced. Many substances suspected of being
enviranmental carcinegens rank very fow on the HERP index. suggesting that regulatory priorities have been sertously musdirected.

See. eg.. NAS flisk Managemens Study, p. 161; OSTP Risk Assessment Guidelines, Principle 29, p. 10378: and EPA Carcinogen Risk
Adsessment Guidelines, p, 34001,

- eg., Ames ef gl ‘op. e, p. 276 (continued reliance on Jinear models despite the accumulation of evidence AgRinst lineartyl;
and Lester B, Lave, "Heaith and Safety Risk Analvsis: Information for Better Decisions,” Sceence, Vol. 236, April 17, 1987, pp. 291-295,
#5p. p, 292 |agencies often resist modeling improvements and daca that vield lower rizsk estimatesh

¥ EPA Carcinogen Risk Assessmant Guidelines, pp. 3399713888, “In the absence of adeguate information to the cantrary, the linearized
multiztage procedure will be emploved, Considerable uncertainty will remain concerning responses at low doses: therefore, in most
cases. an upper-limit sk estimate using the lineanzed multistage procedure shauld also be presented,”

“ Dioxin Risk Assessment Appendiz A, p. 13. Unbiased risk estimates vary by a similar factor.
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three risk estimates mentioned earlier clustered at the
high end of the range® Risk assessments based on
different models have led other governments to
establizsh unit risk factors that are a thousand times
less stringent than the most commonly used of these
three; one study suggests that this particular estimate
overstates the most likely risk estimate by a factor of
almost 5,000.%

Conversion from Animals to Humans

Once rizsk has been extrapolated to low doses in
rodents, scientists must convert them to human
dose-equivalents. The two most common approaches
involve the use of body-weight or surface-area conver-
sions, and there are scentific reasons for choosing
gither approach in individual cases. The surface-area
approach leads to estimates of risk that are between 7
and 12 times greater than those based on the
body-weight method, depending upon the test species.
Despite the ambiguity of the underlying science, the
more conservative surface-area method is often ap-
plied reflexively.®

ISSUES ARISING FROM HUMAN EXPOSURE
ESTIMATES

In addition to developing estimates of the dose-re-
sponse function. agencies must estimate the likely
level of human exposure. This section examines some
of the issues and problems that arise in conducting an
EXPOSUre assessment,

It is a penerally accepted principle of exposure
assessment that estimates should be based on the
most likely scenaro, with appropriate consideration of
uncertainty.® Nevertheless, agencies often use conser-
vative assumptions for exposure when real-world data
are unavailable, When each of these assumptions
tends to overstate likely human risks, the multiplica-
tive effect of even a small overstatement at each stage
in an exposure assessment will yield a substantial
overestimate of actual exposure. For example, the

multiplicative effect of overstating risk by a factor of
two at five different points in an exposure assessment
will averstate actual risk by a factor of thirty-two.

Worst-Case Environmental Conditions

When data are available they often relate to
unusually sensitive environments or highly contami-
nated conditions. When estimating regional or nation-
wide exposures, agencies often use data from these
local “hot spots™ in developing more general national
estimates of health risks. However, such data are
never representative and estimates extrapolated from
them are generally unreliable and misleading.

In addition, chemicals often degrade naturally after
they have been released to the environment. In some
cases, degradation occurs very quickly, whereas in
others the process may take many years or even
decades. A common practice in exposure assessment
modeling i3 to assume that exposures remain constant
over time—that is, chemicals are assumed never to
degrade, or degradation by-products are assumed to
pose identical risks.

The Maximum-Exposed Individual

In addition to estimating the amount of a substance
that may actually be present in the environment, a
risk analysis must also consider the conditions under
which humans may be exposed. Actual risks vary
considerably depending on location, mobility, and a
host of other factors. Nevertheless, estimates often are
based on the upper-bound lifetime cancer risk to the
maximum-exposed individual (MEI), the hypothetical
person whose exposure is greater than all others.
Sometimes, risks to the entire population are esti-
mated by assuming that everyone is exposed at the
MEI level, Because environmental regulations are
often justified using MEI-based risk assessments,
actual risks may be substantially lower than what
decisionmakers and the general public perceive them
to be.

" Disxin Risk Assessment, pp. 46—49. 105 rizk-specific doses {RzDs) derived from the linearized multistage model span the range from
0.001 to 1.2 picogramvhg day. The RaDs of EPA, CDC, and FDA are 0.006, 0.03, and 0.06 pg'kg'day, respectively.

** Digxrin Risk Assessment. p. 4.

- 3

“EPA Carcinogen Assessment Guidelines, p. 33998, "EPA wail continue to use this |surface area] scaling factor unless data on a speafic
agent suggest that a different scaling factor is justified.”

“ EPA guidance documents have historically called for unbiased estimates of exposure. See, e.g., 1.5, Environmental Protection Agency,
“Guidelines for Exposure Assessment,” 50 FR 34042-34054 (September 24, 1986, hereinafter, EPA Exposure Assesament Guidelines), U5
Environmental Pratection Agency, Superfund Public Health Evaluation Manual, OSWER Directive 92854-1, October 1986; and U.S.
Environmental Protection Agency, Superfund Exposure Assessment Manuaol (Revised Draft), OSWER Directive 9285 5-1, December 1986,
EPA recently abandoned the caleulation of unbiased exposure estimates for Superfund sites on the ground that it was insufficiently
conservative. EPA's new protocol requires the estimation of “reasonable maximum exposure”™ instead of the average and upper-bound
estimates. Reasonable maximum exposure constitutes a new term of art that EPA intends to be “well above the average case” but not as
extreme as the upper-bound [t provides a new opportunity for embedding conservative assumptions into exposure assessment and
exaggerating estimates of actual human-heslth risk at Superfund sites. See Risk Assessment Guidance for Superfund, Volume [: Human
Health Evaiuanon Marual /Port Al [aterim Fingl, EPA/S4V1-89/002. December 1989, Chapter 6, pp. 5. 47-50.

142



OVERVIEW 23

In developing the MEI risk. level, angly&es invari-
Jhly assume that the level of exposure is continuous
"cer a TO-year lifetime. This assumption overstates
yual risks, because people are mobile, encounter a
.nstantly changing portfolio of daily rizks to life and
heaith, and can take actions that reduce risk.

\esumptions vs. Real-World Exposure Data

The thread that connects these exposure assessment
ssues is that simple constructs which overstate
oxposure are typically used in lieu of real-world data,
often because such data are unavailable. The risk
sstimates generated by these models depend on the
calidity of their assumptions; even small biases in
exposure assessment assumptions can result in a
:ubstantial overstatement of risk.

For example, regulatory agencies may not have
cratistically reliable real-world data on pesticide
residues in agricultural products. They also may not
know the proportion of a given crop that has been
rreated with a particular pesticide. A common resolu-
tion of these unecertainties is to assume that residues
are equal to the regulatory “tolerance™—the maximum
level allowed to be present in food sold in interstate
commerce—and that 100 percent of the relevant crop
has been treated. Both assumptions overstate actual
exposure, but are encouraged by agency guidance as a
way to instill conservatism in risk assessment.® When
data are awvailable, however, the extent of this
ronservative bias becomes evident. In a recent special
review for the pesticide Captan, for example, EFA
reduced its earlier upper-bound lifetime cancer risk
estimate by two orders of magnitude when it replaced
the ongnal conservative assumptions with real-world
data, Even with these improvements, EPA still
reported that upper-bound risks were probably over-
stated. For example, field tests were performed based
on applications at the maximum legal rate and as
close to harvest as the label permits. Similarly, feeding
studies assumed that animal diets were dominated by
feedstuffs that happened to contain high residues
relative to other feedstuffs, such as almond hulls and
raisin waste. As EPA noted, even if these assumptions
dccuratelv reprezented typical animal diets, they
would do so only for portions of California where these

crops are grown; nationwide extrapolations based on
these “hot-spots” would very likely overstate expo-
sure.”” Since two of the highest product-specific risks
were attributed to milk and meat, these remaining
conservative biases can be expected to be significant.

IMPLICATIONS OF CONSERVATIVE RISK
ASSESSMENT FOR RISK MANAGEMENT
AND REGULATORY DECISIONMAKING

The primary purpose of risk assessment is to
provide data as a basis for risk management decisions.
Providing useful data requires the synthesis of
information concerning risks and exposure levels into
a coherent package that can be used to develop
regulatory options. Decisionmakers then can use these
risk estimates in evaluating regulatory alternatives.
Unfortunately, the way in which risk information is
characterized tends to overstate risks, making them
appear much greater than they are likely to be. As a
result, decisionmakers may make regulatory choices
that are very different from the ones they would make
if they were fully informed.

Quantification of Uneertainty

In accordance with the recommendations of the
National Academy of Sciences, the OSTP Guidelines
explicitly call for the guantification of uncertainty,
particularly as it arises in the selection of dose-re-
sponse models and exposure assumptions.® Unfortu-
nately, Federal regulatory proposals that utilize risk
asgessment rarely provide this information, nor do
they analyze the implications of uncertainty for
decisionmaking. Instead, many rizk assessments only
identify a lifetime upper-bound level of risk.®

The differences between upper-bound and expected-
value estimates may be congiderable. As we indicated
earlier, the upper-bound risk estimate for dioxin may
be 5,000 times greater than the most likely estimate.
Plausible risk estimates for perchloroethylene (the
primary solvent used in dry cleaning! vary by a factor
of about 35,000,

In some instances, decisionmakers may not be
informed that risk estimates differ because of policy
choices hidden in the risk-assessment methodology. In
EPAs proposed rule limiting emissions from coke

* EPA Exposure Assessment Guidelines, p. 34053, “When there is uncertainty i the scientafic facts, it s Agency policy to err on the

"-d?_ﬂl' public safety.”

" See. eg, US Enwironmental Protection agency, "Captan: Intent to Cancel Registrations; Conclusion of Special Review,” 54 FR

#127-8128 (February 24. 19881,
OSTP Guidelines, (Guideline 271, p. 10378,

f' See. e.g.. EPA Carcinogen Risk Assessment Guidelines, p. 33995,

" Michols and Zeckhauser. fop. ciri, pp. Bd=85
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ovens, for example, cancer risks were estimated based
on the LMS model—a model that iz designed to vield
upper-bound estimates of risk. In previous rules
invelving similar types of risks, however, EPA used
the unbiased maximum likelihood estimate. To the
extent that decisionmakers were not informed that the
higher estimate of risk was largely due to a different
low-dose extrapolation procedure, regulatory decisions
based on this risk assesament were likely to reflect
misunderstanding rather than science.™

Plausible estimates of likely eancer rizsk can often be
found buried in regulatory background documents,
However, Federal Register rulemaking notices seldom
present such estimates alongside upper-bound esti-
mates, This practice overstates baseline human health
threats, as well as the amount of risk reduction that
may be accomplished by regulation. Policymakers and
the public are misled because thev typically see only
the upper-hound estimates of the threat.

The prevalent Federal agency practice is to caleu-
late the bhenefitz of Federal regulatory initiatives
based solely on upper-bound estimates of risk and
exposure. In a recent proposal to reduce occupational
exposure to cadmium, for example, the Occupational
Safety and Health Administration (OSHA) developed
rizk estimates bazed on fve alternative models for
animal data, and two alternative models for human
data. Across these seven data‘model combinations,
estimated excess lifetime cancer risk at the least
stringent of the two proposed exposure standards
varied from 0 to 133 cases per 10,000 workers
occupationally exposed for 45 years. OSHA based its
proposed exposure standards on one of these
data/model combinations—the multistage model ap-
plied to animal data. This data'model combination
predicted an excess lifetime cancer risk of 106 per
10,000 exposed workers, and was used to estimate
aggregate cancer incidence and the nsk-reduction
benefits attributable to the new standard. Uncertain-
ties in the underiyning risk assessment, which span
several orders of magnitude, were not carried forward
through the exposure assessment and benefit calcula-
tion stages. This analytic error effectively obscured
the uncertainty surrcunding the true incidence of

cadmium-induced lung cancer, and resulted in benefit
estimates that may execeed actual reductions in
occupational illness by several orders of magnitude.™

Misordered Priorities, Perverse Qutcomes

Logically, one would expect that the routine over-
statement of likely rizsks would lead to inefficient
regulatory choices. Decisionmakers, convinced that a
certain substance or activity poses a significant threat
to public heaith, might well take actions that they
would otherwise resist. Alternatively, they might take
actions that address the wrong real-life risks.

To the extent that risk asseszments differ in the
degree to which they adopt conservative assumptions,
it iz diffieult to determine which activities pose the
greatest risks and hard to establish reasonable
priorities for regulatory action. Because conservatism
in risk assessment is especially severe with reapect to
carcinogens, it is reasonable to expect that other
health and safety rizsks tend to receive relatively less
attention and weight. As a result, soeiety may actually
incur greater total risk, because of misordered prioni-
ties caused by conservative biases in cancer nsk
assessment.

A perverse and unfortunate outcome of using
upper-bound estimates based on compounded conser-
vative assumptions is that the practice may actually
increase risk, even in situations where cancer iz the
only concern. Regulatory actions taken to address
what are in fact insignificant threats may implicitly
tolerate or ignore better known, documented rizks
that are far more serious. For example, before it was
banned, ethylene dibromide (EDB) was uszed as a
grain and soil fumigant to combat vermin and molds.
Vermin transmit diseaze, and molds harbor the
natural and potent carcinogen aflatoxin B. The
estimated human cancer risk from the aflatoxin
contained in one peanut butter sandwich is about 75
times greater than a full day's dietary risk from EDB
exposure, On this basis alone, it might have been
appropriate to accept a small increase in cancer risk
from EDB to reduce the much larger cancer risk from
aflatoxin, By eliminating the relatively small hazard
from EDB, Federal risk managers may have intensi-

"Lemer from Wendy Gramm (Administrater of the Office of Information and Regulatory Affairs) to Lee Thomas { Administrator of the

Emvironmental Protection Agencyi, August 12, 1988, p. 1,

4093.

"Occupational Safety and Health Administration, “Oecupational Exposure to Cadmium; Proposed Rule.” 55 Federal Reguster 4076, 4080,

-’_T'h:s 15 preciely the policy issue raised by Michols and Zeckhauser, (op. cit.), pp. #9=71, who note that EPA's 1985 decision to limit
lend in gasoline was threatened by concerns about potential increases in benzene exposure. Any tradeoff between lead and benzene rsks
would have been binsed against lead; as estimates of benzene risks are more conservative simply because it is a careinogen, wherens lead
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fed the relatively potent threat of aflatoxin associated

il an increase in the prevalence of mold contamina-
W
T4

o,

' UTh,_, emphasis on risks faced by the maximum-
Mwsgd individual may alsa cause a perverse result by
ipereasing averall pﬂp_uiauun nskls, For example,
pPas proposed regulation of the disposal of sewage
.judge would probably create more public heaith risk
than it eliminates, The proposal outlines a regulatory
seheme that would shift disposal from generally safe
i,lrﬂl_-ﬁres to relatively misky alternatives. Thus, setting
sludge quality standards to achieve an MEI upper-
pound lifetime cancer risk of one in 100,000 (1079
would prevent 0.2 statistical cancer cases resulting
from monofilling and land application. However, it
woild cause 2.0 additional statistical cancers by
forcing & shift away from these disposal approaches
roward incineration.™

These problems can be addressed by providing
decisionmakers with the full range of information on
the risks of a substance or an activity Thus,
decisinnmakers should be given the likely risks as well
as estimates of uncertainty and the outer ranges of the
potential risk, Then. if regulatory decisionmakers
want to choose a wvery cautious risk management
strategy, they can do so and a margin of safety can be
applied explicitly in the final decision. This approach
is superior to one in which the expected risk and an
unknown margin of safety are hidden behind the veil
of a succession of upper-bound estimates adopted at
kev points in the risk-assessment process.

The public and affected partiez also benefit from
knowing both the expected risk and the margin of
safety rather than being given upper-bound estimates
that are probably very different from actual risks.
Pepple are likely to have a better intuitive under-
standing of the significance of averages than they
have of unlikely extremes. To the extent that a margin
of safety is appropriate—perhaps to protect unusually
sensitive subpopulations—the magnitude of this mar-
gin can be mere readily communicated if made
explicit, [n addition. previding information in this way
zhould help improve public confidence in quantitative
rizk assessment as the hasis for decisionmaking.

AVOIDING CONSERVATIVE BIASES IN RISK
ASSESSMENT

Risk assessment remains a powerful and useful
selentific ool for estimating many of the risks that

* Ames of el rop. ol po 273

arise in a technologically advanced society. Unfortu-
nately, it is also susceptible to hidden biases that may
undermine its scientific integrity and the basis for
policymakers' reliance on such information in risk
management decizions. For polieymakers and the
public to continue to rely on risk assessment in the
development of regulatory initiatives, a renewed effort
must be made to separate science from policy and
provide risk information that is both meaningful and
reliable.

Expected Value Estimates

Perhaps the most important current need in regula-
tory decisionmaking is for carefully prepared and
scientifically credible estimates of the likely risks
involved. Relving on worst-case analysis based on
extremely conservative risk assessment and exposure
medels leads to widespread misunderstanding on the
part of both Government officials and individual
citizens. Decisionmakers at all levels need unbiased
and impartial risk information so they can focus their
attention on significant problems and avoid being
distracted by minutiae. ™

Weight-of-Evidence Determinations

Similar procedures are needed for assigning weights
to each relevant study in the risk-assessment litera-
ture. Current practice gives undue weight to studies
that show positive relationships. Resulting risk classi-
fications are thus conservatively biased estimates
derived from samples of similarly hiased observations.

Full Disclosure

Efficient and responsible decisionmaking requires
that policymakers and the public be fully informed
about the implications of the regulatory alternatives
among which they must choose. Meeting this require-
ment demands a careful discrimination between
science and policy. When risk estimates depend on
assumptions and judgments instead of data, the
meaning and implications of these nonscientific pa-
rameters must be clearly articulated,

Avoiding Perverse Outcomes

Careful attention needs to be paid to the likely
results of regulatory alternatives, with an eye toward
avoiding choices that have the perverse effect of
increasing net risk. All human activity involves risk.

*1".5. Environmental Protection Ageney, “Standards for the Disposal of Sewage Sludge; Proposed Rule,” 54 FR 5T46-5902 (February

fi. 1949,

* Nichals and Zeckhauser, op cet., pp. 72-78,
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responses to scientific uncertainty. In combination,
however, they result in a distortion equal to the
product of the individual conservative biases, To
illustrate, suppose that there are ten independent
steps in a risk assessment and prudence dictates
assumptions that in each instance result in risk
estimates two times the expected value. Such a
process would yield a summary risk estimate that is

i N PRSP SN T
policy choices are distorted from the course that would
have been selected if decisionmakers had been better
informed of the actual risks. Ironically, these policy
decizions may actually increase total societal risk. Too
much attention is focused on relatively small hazards
that have been exaggerated by conservative risk
assessments, leaving alone larger risks that have been
estimated using unbiased procedures.

— s

Information as an Alternative Regulatory Strategy

Federal regulation was initiated to deal with
economic problems caused by monopoly and so-called
“excess competition.” Subsequent events have shown
that, in general, economic regulation—fixing prices,
establishing restrictive terms of trade, and erecting
barriers to entrv—is usually inefficient and detn-
mental to innovation. In response to these lessons,
Federal regulation of this type has been under
increasing criticism. As indicated above, however,
much more needs to be done to reform economic
regulation and restore competition.

Federal regulation has more recently been imitiated
to deal with what economists call externalities,
gituations in which participants in voluntary market
transactions do not bear the full costs or capture all of
the benefits of these exchanpges. Commen examples of
externalities  include environmental pollution and
traffic congestion, common property resources such as
fisheries and public forests, and “public goods™ such as
basic scientific research. In each of these instances,
regulation mav be an appropriate mechanism to
modify or restore distorted market processes, or to
establish markets where heretofore they have not
existed. to maximize net social benefits (including
environmental. health, and safety benefits). The key
ingredient is the determination that existing markets
are, in some significant manner, failing to perform
efficiently.

The traditional regulatory approach to externalities
has been the promulgation of standards, Because this
approach often remedies existing externalities by
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creating new ones, economic incentive instruments are
becoming an increasingly popular alternative to stand-
ards. The principal attraction of economic incentives is
that they rely on market forces rather than attempt to
suppress them.

This section explores another alternative regulatory
strategy—the production, provision, or mandated
disclosure of information. The first subsection briefly
summarizes the economics of information as it relates
to regulatory decisionmaking. Three points stand out
in this discussion. First, because information is costly
to acquire and the capacity to process it is limited,
there is an optimal level of information for every
market transaction. Second, differences in the amount
and quality of information between buyers and sellers
are normal and do not necessarily indicate market
failure. Rather, these differences generally reflect
variations in the costs and benefits that are attribut-
able to information. Third, competitive markets pro-
vide powerful incentives for buyers and sellers to
reveal relevant information. Market processes, not
government regulations, provide the dominant motiva-
tion for generating, acquiring, and disclosing informa-
tion. The role of government regulation thus should be
to supplement these processes when they prove to be
inadequate, not to supplant them when they waork
well.

The second subsection identifies three rationales for
government intervention in the production or man-
dated disclosure of information. Two of these are
economic—the public-good character of some tyvpes of



