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• ~..,, The High Cost of Regulating Low Riskt"~-~'.i:t_; 
By LEsTER LAVE ' product recalls and endless negligence seem, they have helped these agencies to -t. 

11 I've got a little list. Of Society offend- suits. The "little list" better include data ignore minimal risks. · The num~rs coulg ·'~ 
ers who might well be underground. And collectors and computer analysts as well have spared DES, for instance. But they .~: 
who never would be missed-who never as plaintiffs' lawyers. are only a first step toward impr:oved regu~ 
would be missed." Gilbert and Sullivan, The producers of toxic chemicals had latory decisions. ' . : ; . , . ., 
Mikado. • faced sensitive rtsk . detection for more Congress faced up to • the problem · of --;-_· 

than half a decade. Toxicolo_gists have regulating pesticides (by the EPA) and ·; Soon after his inauguration, President 
Reagan appointed a "Lord High Exec'u­
tioner" for regulatory reform (the Bush 
task force) with a "little list" of regula­
tions to be rescinded. 

been perfecting highly sensitive tests for . drugs (by the FDA), instructing the agen- •• 
carcinogenicity and for reproductive risks. cies to balance .,risks against benefits. 
Minute changes observed in physiological Imagine the courage it took for Uie ·FDA to / 
function with unknown implications for publish the amounts of insects and rodent -
health are used as indicators of serious · feces that It would . tolerate as contami· • ,. 

The regulatory reform effort accom- toxic effects of chemicals. While many of . nants in food. Risk-benefit evaluations are ,. 
plished little because the administration the consequences are • abhorrent, the not easy and their conclusions certainly :.-
underestimated the public's desire to be chance of them occurring with the use of are not without controversy, as the FDA ' 
protected and because almost every regu- most chemicals is miniscule. discov~red. But they are,,necessary. ~ 
lation generates a constituency of compa- DES, a growth stimulant for steers that The ' Lord . High Executiorier'.s "little • 
nies that ~rofit from it and will lobby for is carcinogenic in humans, was tolerated I list" and regulatory euthanasia:' cannot 
it. These realities prevent dramatic re- as Jong as no residual could be detected in work. The time has come to recognize the •• 
form. edible meat. By the mid· 1970s, analytical complexity of regulatory reform and ban-

The harm of health and -safety regula- chemists could detect two parts per billion, ish such simplistic approaches. In this sea " 
tion arises from two sources: (1) the ten- 1 and so DES was banned. One estimate of of risks, which are to be ignorep. and whicll 
dency of Congress to shirk difficult deci- the cost of banning DES included almost a reduced? Two" principles wquld be of enor-
sions by stating pious hopes rather than 10% increase in beef prices; yet the benefit mous help: (1) Ignore feinimal risks, and 
feasible goals in regulatory , legislation ; of banning DES was estimated to be far (2) , Balance risks against benefits and con- ' 
and (2) progress in American science. By Jess than one fewer cancer each year. trol costs where risks are not negligible. ·"' V 

some macabre. irony, health and safety With hard work and American· ingenu- --- 1 
- - • l 

regulation has perverted scientific prog-' ity, we'll be ablll to detect risk for all Mr. Lave is professor of economics . 
ress from strengthening the economy to chemicals-and 1then for all consumer and public policy at the Graduate School - .. • 
paralyzing it. products and jobs . . • A zero-risk goal will of Industrial Administratio11, Carnegie- - ·• 

Health and safety legislation sets unre- paralyze the entire economy. Better add Mellon Universi ty. 
alistic expectations of zero risk or zero dis- toxicologists, all biomedical researchers -------------=~~ 
charge. Thus, an area becomes a candi· and especially analytical chemists to the 
date for regulation as soon as scientists !.' little list." •• 
can identify a risk. This identification sets Clearly, Congress needs to set goals 
the regulatory machin_ery in motion toward other • than zero risk. How safe is safe 
a goal of zero risk, insofar as it is per- enough? The answer depends on more than 
ceived by the regulators to be feasible. • the risk of an activity,- Safety goals also 

Until recently, these two defects were depend on the benefits and costs of enhanc-
not a problem. Risks could not be detected ing safety . . Try banning automobiles to end 
until there was a substantial body· count- the carnage on the higbways. Try banning 

• such as liver cancer resulting from vinyl pharmaceuticals because. their side effects, 
chloride or Jung cancer from .asbestos. pose _risks. The hard question 'is·: llow I 
Since data ,were not collected systemati-. ' much , safety .do people want, considering • 
cally and science was Jess advanced, a risk the benefits and costs of making products .• 
became apparent only where a major . and processes less risky? • 
problem existed. • • In searching for some ·alternative to 

Risk detection is becoming exquisitely zero risks, 'the courts have introduced the 
sensitive. No longer . will the Consumer notion of "significant risk." The Supreme 
Product Safety Commission or • the Na- Court found that _the Occupational Safety 
tional Highway Traffic Safe_ty Administra- and Health Administration had not shown , 
tion "stumble" across patterns 1n the filed there was· a "significant risk" at the. olg 
complaints. Injuries . .are now being re- • •• benzj!ne standard. • Thus, OSHA bad n6 
ported systematically and ·are· analyzed by basis for • revising tile ' st3.lldard: ·., • {~· •. 
cqmputers. • - ' • • ' '. • ' • . R.ecenUy, some agencies have grappled i 

For a complicated, widely•used product with "significllJ1trisk." The 'Nuclear·Regu- ' 
such as an automobile, it is a statistical\ latory Co~ion set a risk goal for nu-

1certainty that some aspect can be shown to clear power. ~ks to the surrounding.1 pop-
pose an abnormal risk-if enough data are ulation I may not be increased m!)re than 
collected. At least one of. the hundreds of 0.1%; one part in 1,000. The Food and Drug 
potential problem sources, "from bumpers Administration now acts as if. a food addi· 
to gas tanks, from tires to head restraints, tive is not really a carcinogen if it would 
will appear to generate difficulties, com- , cause Jess than one cancer per million life­
pared with other cars, even if the overall times of those exposed: The EnvironmeI)tal 
safety record is much better than .average. ', Protection Agency regards one, cancer: jp'' 
Scientific progress leading to sensitive risk 100,000 lifetil)1es as -negligible., • \ ,, :Y 

,-d~tection raise_~ th~_specter of innumerable However.J.:' rbitr. :•:. • ' • 
.\' ) .~ .. .- : "7' .£: ·, ......... ~ c';~· ;t - .. 
'1 ·'· ,>. I / ,,._ J· . . . • "\. 
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Advanced Study Program 

MEMORANDUM 

Interested Participants in the Regulatory Colloquium 

Robert W. Crandall, Senior Fellow, Economic Studies Progryt,J::?._,, 
Lester B. Lave, Carnegie-Mellon University ~ 

Sixth Regulatory Colloquium, Tuesday, May 10, 1983. 
3:00-5:00 p.m. 

May 4, 1983 

The Brookings Institution is pleased to invite you to attend the 
sixth in our se·ries of Regulatory Colloquia. This colloquium is 
structured to bring leading researchers and writers on regulation to 
discussions with senior staff of federal regulatory agencies. The 
object is to find new generic ideas for designing and executing 
regulatory programs to meet the requirements of such new initiatives as 
Executive Order #12291. 

Richard Merrill, Dean of the University of Virginia Law School and 
Joe Rodricks of ENVIRON Corp. will discuss the recently-published 
National Academy of Sciences Report, Risk Assessment in the Federal 
Government: Managing the Process, the first chapter of which is 
enclosed. Professor Merrill and Dr. Rodricks served on this NAS panel 
that examined the alternative institutional structures for managing 
risk assessment in federal agencies. 

The meeting will take place at The Brookings Institution on 
Tuesday, May 10 , 3:00-5:00 p.m., followed by a reception. 

Please let Julia Sternberg (797-6284) know if you plan to attend. 

We look forward to seeing you on May 10. 

Enclosure 

• 



Risk 
Assessment 

in the Federal 
Government: 

Managing 
the Process 

Committee on the InstJtutJonal Means for 
Assessment of Risks to Public Health 

Commission on Llf e Sciences 

NatJonal Research Council 

NA110NAL ACADEMY PRESS 
Wclshlngton. D. C. 1983 



NOTICE: The project that is the subject of this report 
was approved by the Governing Board of the National 
Research Council, whose melllbers are dr awn from the 
councils of the National Academy of Sciences, the 
National Academy of Engineering, and the Institute of 
Medicine. The members of .the committee responsible for 
the report were chosen for their special competences and 
with regard for appropriate balance. 

This report has been reviewed by a group other than 
the authors according to procedures approved by a Report 
Review Committee consisting of members of the National 
Academy of Sciences, the National Academy of Engineering, 
and the Insti~ute o_f Medicine. 

The National Research Council was established by the 
National Academy of Sciences in 1916 to associate the 
broad community of science and technology with the 
Academy's purposes of furthering knowledge and of 
advising the federal government. The Council operates in 
accordance with general policies determined by the 
Academy under the authority of its Congressional charter 
of 1863, which establishes· the Academy as a private, 
nonprofit, self-governing membership corporation. The 
Council has become the principal operating agency of both 
the National Academy of Sciences and the National Academy 
of Engineering in the conduct of their services to the 
government, the public, and the scientific and 
engineering c0111munities. It is administered jointly by 
both Academies and the Institute of Medicine. The 
National Academy of Engineering and the Institute of 
Medicine were established in 1964 and 1970, respec­
tively, under the charter of the National Academy of 
Sciences. 
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the Food and Drug Administration, Department of Health 
and Human Services. 

Library of Q:>ngress Catalog Card Number 83-80381 

International Standard Book Number 0-309-03349-7 

Available fro1111 

NATIONAL ACADEMY PRESS 
2101 Constit~tion Avenue, NW 
Washington, o.c. 20418 

Printed in the United States of America 

I 
The Nature of 

RiskAssessment 

Recent criticisms of the conduct and use of risk assess­
ment by regulatory agencies have led to a wide range of 
proposed remedies, including changes in regulatory stat­
utes and the development of new methods for assessing 
risk. The mandate to this Committee was more limited. 
Our objective was to examine whether alterations in 
institutional arrangements or procedures, particularly 
the organizational separation of risk assessment from 
regulatory decision-making and the use of uniform guide­
lines for inferring risk from available scientific infor­
mation, can improve federal risk assessment activities. 

Before undertaking to determine whether organizational 
and procedural reforms could improve the performance and 
use of risk assessment in the federal government, the 
Committee examined the state of risk assessment and the 
regulatory environment in which it is performed. In this 
chapter, we define risk assessment and differentiate it 
from other elements in the regulatory process, analyze the 
types of judgments made in risk assessment, and examine 
its current government context. Because one chronic 
health hazard, cancer, was highlighted in the Committee's 
congressional mandate and has dominated public concern 
about public health risks in recent years, 1110st of our 
report focuses on it. Furthermore, because activities in 
four agencies--the Environmental Protection Agency (EPA), 
the Food and Drug Administration (FDA), the Occupational 
Safety and Health Administration (OSHA), and the Consumer 
Product Safety Commission (CPSC)--have given rise to many 
of the proposals for changes in risk assessment practices, 
our review focuses on these four agencies. The conclu­
sions of this report, although directed primarily at risk 
assessment of potential carcinogens as performed by these 

17 

·, 



20 

requires extrapolation from high to low dose and extra~ 
lation from animals to humans. A dose-response assess­
ment should describe and justify the methods of extrapola­
tion used to predict incidence and should characterize 
the statistical and biologic uncertainties in these 
methods. 

Exposure assessment i s the process of measuring or 
estimating the intensity, frequency, and duration of 
human exposures to an agent currently present in the 
environment or of estimating hypothetical exposures that 
might arise from the release of new chemicals into the 
environment. In its most complete form, it describes the 
magni tude, duration, schedule, and route of exposure, the 
size, nature, and classes of the human populations 
exposed, and the uncertainties in all estimates. Exposure 
asses1111ent is often used to identify feasible prospective 
control options and to predict the effects of available 
control technologies on exposure. 

Risk characterization is the process of estimating the 
incidence of a health effect under the various conditions 
of human exposure described in exposure assessment. It 
i1 performed by combining the exposure and do1e-response 
assessments. The summary effects of the uncertainties in 
the preceding steps are described in this step. 

The relations among the four steps of risk assessment 
and between ri1k assessment and risk management are 
depicted in Figure I-1. The type of research information 
needed for each step is also illustrated. 

SCIBNTIPIC BASIS POR RISK ASSESSMENT 

SteE, 1. Hazard Identification 

Although ri1k aa1e1sment as it is currently practiced by 
federal agencies for the estimation of carcinogenic risk 
contains several relatively new features, the scientific 
basis for much of the analysis done in risk assessment is 
well established. This i1 especially true of the first 
1tep in the assessment process, hazard identification. 
Pour general cla1ses of information may be used in this 
step, epidemiologic data, animal-bioassay data, data on 
in vitro effects, and comparisons of molecular structure. 

Epidemiologic Data 
Well-conducted epidemiologic studies that show a posi­

tive association between an agent and a disease are 
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accepted as the most convincing evidence about human risk. 
This evidence is, however, difficult to accumulate, often 
the risk is low, the number of persons exposed is small, 
the latent period between exposure and disease is long, 
and exposures are mixed and multiple. Thus, epidemiologic 
data require careful interpretation. Even if these prob­
lems are solved satisfactorily, the preponderance of 
chemicals in the environment has not been studied with 
epidemiologic methods, and we would not wish to release 
newly produced substances only to discover years later 
that they were powerful carcinogenic agents. These 
limitations require reliance on less direct evidence that 
a health hazard exists. 

Animal-Bioassay Data 
The most commonly available data in hazard identificzr 

tion are those obtained from animal bioassays. The infer­
ence that results from animal experiments are applicable 
to humans is fundamental to toxicologic research, this 
premise underlies much of experimental biology and medi­
cine and is logically extended to the experimental obser­
vation of carcinogenic effects. Despite the apparent 
validity of such inferences and their acceptability by 
most cancer researchers, there are no doubt occasions in 
which observations in animals may be of highly uncertain 
relevance to humans. 

Consistently positive results in the two sexes and in 
several strains and species and higher incidences at 
higher doses constitute the best evidence of carcinoge­
nicity. More often than not, however, such data are not 
available. Instead, because of the nature of the effect 
and the limits of detection of animal tests as they are 
usually conducted, experimental data leading to a posi­
tive finding sometimes barely exceed a statistical thresh­
old and may involve tumor types of uncertain relation to 
human carcinogenesis. Interpretation of some animal data 
may therefore be difficult. Notwithstanding uncertainties 
associated with interpretation of some animal tests, they 
have, in general, proved to be reliable indicators of car­
cinogenic properties and will continue to play a pivotal 
role in efforts to identify carcinogens. 

Short-Term Studies 
Considerable . experimental evidence supports the propo­

sition that most chemical carcinogens are mutagens and 
that many mutagens are carcinogens. As a result, a 
positive response in a mutagenicity assay is supportive 
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evidence that the agent tested is likely to be carcino­
genic. Such data, in the absence of a positive animal 
bioassay, are rarely, if ever, sufficient to support a 
conclusion that an agent is carcinogenic. Because short­
term tests are rapid and inexpensive, they are valuable 
for screening chemicals for potential c~rcinogenicity and 
lending additional support to observations from animal 
and epidemiologic investigations. 

Comparisons of Molecular Structure 
Comparison of an agent's chemical or physical proper­

ties with those of known carcinogens provides some evi­
dence of potential carcinogenicity. Experimental data 
support such associations for a few structural classes, 
however, such studies are best used to identify potential 
carcinogens for further investigation and may be useful 
in priority-setting for carcinogenicity testing. 

Step 2. Dose-Response Assessment 

In a small number of instances, epidemiologic data permit 
a dose-response relation to be developed directly from 
observations of exposure and health effects in humans. 
If epidemiologic data are available, e~trapolations from 
the exposures observed in the study to ,lower exposures 
experienced by the general population are often necessary. 
Such extrapolations introduce uncertainty into the esti­
mates of risk for the general population. Uncertainties 
also arise because the general population includes some 
people, such as children, who may be more susceptible 
than people in the sample from which the epidemiologic 
data were developed. 

The absence of useful human data is common for most 
chemicals being assessed for carcinogenic effect, and 
dose-response assessment usually entails evaluating tests 
that were performed on rats or mice. The tests, however, 
typically have been designed for hazard identification, 
rather than for determining dose-response relations. 
Under current testing practice, one group of animals is 
given the highest dose that can be tolerated, a second 
group is exposed at half that dose, and a control group 
is not exposed. (The use of high doses is necessary to 
maximize the sensitivity of the study for determining 
whether the agent being tested has carcinogenic poten­
tial.) A finding in such studies that increased exposure 
leads to an increased incidence has been used primarily 
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to corroborate hazard identification, that is, to show 
that the agent does indeed induce the adverse health 
effect. 

The testing of chemicals at high doses has ·been 
challenged by some scientists who argue that metabolism 
of chemicals differs at high and low doses, i.e., high 
doses may overwhelm normal detoxification mechanisms and 
provide results that would not occur at the lower doses 
to which humans are exposed. An additional factor that 
is often raised to challenge the validity of animal data 
to indicate effects in man is that metabolic differences 
among animal species should be considered when animal 
test results are analyzed. Metabolic differences can 
have important effects on the validity of extrapolating · 
from animals to man if, for example, the actual carcino­
gen is a metabolite of the administered chemical and the 
animals tested di£fer markedly from humans in their pro­
duction of that m~tabolite. A related point is that the 
actual dose of carcinogen reaching the affected tissue or 
organ is usually not known, thus, dose-response informa­
tion, of necessity, is based on administered dose and not 
tissue dose. Although data of these types would certainly 
improve the basis for extrapolating from high to low doses 
and from one species to another, they are difficult to 
acquire and often unavailable. 

Regulators are interested in doses to which humans 
might be exposed, and such doses usually are much lower 
than those administered in animal studies. Therefore, 
dose-response assessment often requires extrapolating an 
expected response curve over a wide range of doses from 
one or two actual data points. In addition, differences 
in size and metabolic rates between man and laboratory 
animals require that doses used experimentally be con­
verted to reflect these differences. 

Low-Dose Extrapolation 
One may extrapolate to low doses by fitting a mathemat­

ical model to animal dose-response data and using the 
model to predict risks at lower doses corresponding to 
those experienced by humans. At present, the true shape 
of the dose-response curve at doses several orders of 
magnitude below the observation range cannot be deter­
mined experimentally. Even the largest study on record-­
the ED01 study involving 24,000 animals--was designed 
only to meaaure the dose correaponding to a 11 increase 
in tWIOr incidence. However, regulatory agencies are 
often concerned about auch lower risks (1 in 100,000 to l 
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in 1,000). Several methods have been developed to extrap­
olate from high doses to low doses that would correspond 
to risk of such magnitudes. A difficulty with low-dose 
extrapolation is that a number of the extrapolation 
methods fit the data from animal experiments reasonably 
well, and it is impossible to distinguish their validity 
on the basis of goodness of fit. (From a mathematical 
point of view, distinguishing among these models on the 
basis of their fit with experimental data would require 
an extremely large experiment, from a practical point of 
view, it is probably impossible). As Figure I-2 shows, 
the dose-response curves derived with different models to 
diverge below the experimental doses and may diverge sub­
stantially in the dose range of interest to regulators. 
Thus, low-dose extrapolation must be more than a curve­
fitting exercise, and considerations of biological plau­
sibility must be taken into account. 

Although the five models shown in Figure I-2 may fit 
experimental data equally well, they are not equally 
plausible biologically. Most persons in the field would 
agree that the supralinear model can be disregarded, 
because it is very difficult to conceive of a biologic 
mechanism that would give rise to this type of low-dose 
response. The threshold model is based on the assumption 
that, below a particular dose (the •threshold• dose of a 
given carcinogen) there is no adverse effect. This con­
cept is plausible, but not now confirmable. The EDo1 
study showed an apparent threshold for bladder cancers 
caused by 2-acetylaminofluorene1 when the data were 
replotted on a scale giving greater resolution (OTA, 
1981), the number of bladder tumors consistently in­
creased with dose, even at the lowest doses, and no 
threshold was detected. Another aspect of the debate 
over thresholds for inducing carcinogenic effects is the 
argument that agents that act through genotoxic mecha­
nisms are not likely to have a threshold, whereas agents 
whose effects are mediated by epigenetic mechanisms are 
possibly more likely to have a threshold. The latter 
argument is also currently open to scientific challenge. 
Finally, apparent thresholds observable in animal bio­
assays cannot be equated with thresholds for entire 
populations. Even if a threshold exists for individuals, 
a single threshold would probably not be applicable to 
the whole population. 

Animal-to-Human Dose Extrapolation 
In extrapolating from animals to humans, the doses 

used in bioassays must be adjusted to allow for differ-
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ences in size and metabolic rates. Several methods cur­
rently are used for this adjustment and assume that animal 
and human risks are equivalent when doses are measured as 
milligrams per kilogram per day, as milligrams ,per square 
meter of body surface area, as parts per million in air, 
diet, or water, or as milligrams per kilogram per lif e­
time. Although some methods for conversion are used more 
frequently than others, a scientific basis for choosing 
one over the other is not established. 

Step 3. Exposure Assessment 

The first task of an exposure assessment is the determina­
tion of the concentration of the chemical to which humans 
are exposed. This may be known from direct measurement, 
but more typically exposure data are incomplete and must 
be estimated. Models for estimating exposure can be com­
plex, even in the case of structured activity, as occurs 
in the workplace. Exposure measurements made on a small 
group (e.g., workers in a particular industrial firm) are 
often applied to other segments of the worker population. 

Exposure assessment in an occupational setting consists 
primarily of estimation of long-term airborne exposures in 
the workplace. However, because an agent may be present 
at various concentrations in diverse occupational set­
tings, a census of exposures is difficult and costly to 
conduct. In the community environment, the ambient con­
centrations of chemicals to which people may be exposed 
can be estimated from emission rates only if the transport 
and conversion processes are known. Alternative engineer­
ing control options require different estimates of the 
reduction in exposure that may be achieved. For new chem­
icals with no measurement data at all, rough estimations 
of exposure are necessary. Some chemical agents are of 
concern because they are present in foods or may be ab­
sorbed when a consumer product is used. Assessments of 
exposure to such agents are complicated by variations in 
diet and personal habits among different groups in the 
population. Even when the amount of an agent in a food 
can be measured, differences in food storage practices, 
food preparation, and dietary frequency often lead to a 
wide variation in the amount of the agent that individuals 
ingest. Patterns of use affect exposure to many consumer 
products, for example, a solvent whose vapor is poten­
tially toxic may be used outdoors or it may be used in a 
small, poorly ventilated room, where the concentration of 
vapor in the air is much higher. 
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Another important aspect of exposure assessment is the 
determination of which groups in the population may be 
exposed to a chemical agent1 some groups may be. especially 
susceptible to adverse health effects. Pregnant women, 
very young and very old people, and persons with impaired 
health may be particularly important in exposure assess­
ment. The importance of exposures to a mixture of carcin­
ogens is another factor that needs to be considered in 
assssing human exposures. For example, exposure to ciga­
rette smoke and asbestos gives an incidence of cancer that 
is much greater than anticipated from carcinogenicity data 
on each substance individually. Because data detecting 
such synergistic effects are often unavailable, they are 
often ignored or accounted for by the use of various 
safety factors. 

Ste£ 4. Risk Characterization 

Risk characterization, the estimate of the magnitude of 
the public-health problem, involves no additional scien­
tific knowledge or concepts. However, the exercise of 
judgment in the aggregation of population groups with 
varied sensitivity and different exposure may affect the 
estimate. 

SCIENTIFIC AND POLICY JUDGMENTS IN RISK ASSESSMENT 

The uncertainties inherent in risk assessment can be 
grouped in two general categories: missing or ambiguous 
information on a particular substance and gaps in current 
scientific theory. When scientific uncertainty is encoun­
tered in the risk assessment process, inferential bridges 
are needed to allow the process to continue. The Commit­
tee has defined the points in the risk assessment process 
where s uch inferences must be made as components. The 
judgments made by the scientist/risk assessor for each 
component of risk assessment often entail a choice among 
several scientifically plausible options7 the Committee 
has designated these inference options. 

COMPONENTS OF RISK ASSESSMENT 

A list of caaponents in carcinogenicity risk assessments 
was compiled by the Committee and is given below. This 
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list is not exhaustive or comprehensive, .nor would all 
components listed be found in every risk assessment. The 
actual array of components in a particular risk assess­
ment depends on a number of factors, including the types 
and extent of available data. 

Hazard Identification 

Bpidemiologic Data 
• What relative weights should be given to studies 

with differing results? For exaaple, should positive 
results outweigh negative results if the studies that 
yield them are coaaparable? Should a study be weighted in 
accord with its statistical power? 

• What relative weights should be given to results 
of different types of epideaiologic studies? For exaaple, 
should the findings of a prospective study supersede those 
of a case-control study, or those of a case-control study 
those of an ecologic study? 

• What statistical significance should be required 
for results to be considered positive? 

• Does a study have special characteristics (such 
as the questionable appropriateness of the control group) 
that lead one to question the validity of its results? 

• What is the significance of a positive finding in 
a study in which the route of exposure is different from 
that of a population at potential riak? 

• Should evidence on different types of responses 
be weighted or combined (e.g., data on different tW10r 
sites and data on benign veraus aalignant tumors)? 

Ani■al-Bioasaay Data 
• What degree of confiraation of positive results 

should be necessary? Is a positive result from a single 
aniaal study aufficient, or should positive results fro■ 
two or more animal studies be required? Should negative 
results be disregarded or given less weight? 

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

• How should evidence of different ■-tabolio 
pathways or vastly different ■-tabolic rat•• between 
animals and humans be factored into a risk assea ... nt? 

• Bow should the occurrence of rare tuaors be 
treated? Should the appearance of rare tuaors in a 
treated group be considered evidence of carcinogenicity 
even if the finding ls not statistically significant? 
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• How should experimental-animal data be used when 
the exposure routes in experiaental animals and hW1Ana 
are different? 

Should a dose-related increase in tUJ110r• be die­
counted when the tW110rs in question have high or extremely 
variable spontaneous rates? 

• What statistical significance should be required 
for results to be considered positive? 

• Does an experillent have special characteristic ■ 
(e.g., the presence of carcinogenic contaainanta in the 
teat substance) that lead one to question the validity of 
it■ results? 

• How should finding■ of tissue damage or other 
toxic effect■ be used in the interpretation of tWDOr 
data? Should evidence that tu.:>ra aay have resulted from 
these effect■ be taken to ■ean that they would not be 
expected to occur at lower doses? 

• Should benign and ■alignant lesions be counted 
equally? 

• Into what categories should tW110ra be grouped for 
statistical purposes? 

• Should only increase■ in the nuabera of tU110rs be 
considered, or should a deer•••• in the latent period for 
tu.:>r occurrence also be used aa evidence of 
carcinogenicity? 

Short-Tera Test Data 
• Bow ■uch ~•ight should be placed on the result■ 

of various ahor~-tera teats? 
• What degree of confidence do ahort-tera teat• add 

to•the result• of animal bio••••Y• in the evaluation of 
carcinogenic rieke for humane? 

• Should in vitro traneforaation teat• be accorded 
■ore weight than bacterial ■utagenicity teats in •••king 
evidence of a possible carcinogenic ·effect? 

• What statistical significance should be required 
for results to be considered positive? 

• Bow should different reeults of comparable teat• 
be weighted? Should positive reeulte be accorded greater 
weight than negative results? 

Structural Similarity to Known Carcinogen• 
• What -additional weight doe• structural aiailarity 

add to the results of ani■al bioaaeaye in the evaluation 
of carcinogenic riaka for huaana? • 
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General 
• What is the overall weight of the evidence of 

carcinogenicity? (Thia determination must include a 
judgment of the quality of the data presented in the 
preceding sections.) 

Doae-Res~nse Assessment 

Epidemiologic Data 
• What dose-response models should be used to 

extrapolate from observed doses to relevant doses? 
Should dose-response relations be extrapolated 

according to beat estimates or according to upper confi­
dence limits? 

• How should risk estimates be adjusted to account 
for a comparatively short follow-up period in an epide­
miologic study? 

• For what range of health effects should responses 
be tabulated? For example, should risk estimates be made 
only for specific types of cancer that are unequivocally 
related to exposure, or should they apply to all types of 
cancers? 

• How should exposures to other carcinogens, such 
as cigarette smoke, be taken into consideration? 

• How should one deal with different teaporal expo­
sure patterns in the study population and in the popula­
tion for which risk eatiaatea are required? For exalll)le, 
should one assume that lifetime risk is only a function 
of total dose, irrespective of whether the dose was 
received in early childhood or in old age? Should recent 
doses be weighted leas than earlier doses? 

• How should physiologic characteristics be factored 
into the dose-response relation? Por exuple, ia there 
something about the study group that distinguishes it■ 
response froa that of the general population? 

Animal-Bioaasay Data 
• What mathematical models should be used to extrap­

olate from experimental doses to huaan exposure■? 
• Should dose-response relations be extrapolated 

according to beat estimates or according to upper con­
fidence limits? If the latter, what confidence liaits 
ehould be used? 

• What factor should be used for interspecie• con­
vereion of doae froa animals to huaana? 
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• How should information on comparative metabolic 
processes and rates in experimental animals and humans be 
used? 

If data are available on more than one nonhUJDan 
apec:iea or genetic strain, how ahould they be used? 
Should only data on the most sensitive specie& or strain 
be used to derive a dose-response function, or should the 
data be cOlllbined? If data on different species and 
strains are to be cOlllbined, how should this be accom­
pliahed? 

How should data on different types of tumors in a 
single study be cOlllbined? Should the assessment be based 
on the tW10r type that waa affected the 110st (in some 
sense) by the exposure? Should data on all tU110r type• 
that exhibit a statistically significant dose-related 
increase be used? If so, how? What interpretation 
ahould be given to statistically significant decreases in 
tU110r incidence at specific aitea? 

!~sure Aasesaent* 

• Bow should one extrapolate exposure ■eaaureaents 
froa a ... 11 segment of a population to the entire 
population? 

• How should one predict disperaion of air pollu­
tant• into the ataoaphere due to convection, wind cur­
rent•, etc., or predict aeepage rate• of toxic chemicals 
into ■oil• and groundwater? 

• Bow should dietary habits and other variations in 
lifestyle, hobble■, and other hwaan activity pattern• be 
taken into account? 

• Should point eatiaatea or a distribution be used? 
• Bow should differences in ti■ing, duration, and 

age at firat exposure be esti■ated? 
• What is the proper unit of doae? 
• Row should one eatiaate the si•• and nature of 

the populations likely to be expoaed? 
• How ahould exposures of special risk groups, auch 

as pregnant waaen and young children, be estimated? 

*Current Mthoc!s and approach•• to exposure aasea ... nt 
appear to be ■ediu~ or route-specific. In contrast with 
hazard identification and dose-response asses ... nt, expo­
sure aasess■ent ha• very few COIIIPOnents that could be 
applicable to all media. 
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Risk Characterization 

• What are the statistical uncertainties in esti­
mating the extent of health effect■? How are these 
uncertainties to be computed and preaented? 

• What are the biologic uncertainties in estiaating 
the extent of health effects? What is the_ir origin? How 
will they be estimated? What effect do they have on quan­
titative estimates? How will the uncertainties be 
described to agency deciaion-aakera? 

• Which dose-reaponse aaaeasmenta and exposure 
aasesnenta should be used? 

• Which population groups should be the primary 
targets for protection, and which provide the moat 
meaningful expreasion of the health risk? 

THE INTERPLAY OF SCIEOCE AND POLICY IN RISK ASSESSMENT 

A key premise of the proponents of institutional separa­
tion of risk assessment is that removal of risk assessment 
from the regulatory agencies will result in a clear demar­
cation of the science and policy aspects of regulatory 
decision-making. However, policy considerations inevi­
tably affect, and perhaps determine, some of the choice• 
among the inference options. To exuine: the types of 
judgments required in risk assessment, the Committee haa 
analyzed several components and the inference options for 
each. 

Hazard Identification 

The Committee has identified 25 components in hazard 
identification. These components differ in a number of 
ways. However, two major differences germane to the 
question considered here are the degree of scientific 
uncertainty encountered in each and the effect of 
choosing different inference option• on the outcome of 
the risk assessment. Consider the following examplea. 

One component of risk assessment is the decision aa to 
whether to use experimental animal data to infer risks to 
humans. Although data from studies of rats and mice may 
not always be predictive of adverse health effects in 
humans, the scientific validity of thia approach ia widely 
accepted. The use of positive animal data is the aore 
conservative choice for thia component. The use of 
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negative animal data to determine the absence of carcino­
genic risk is less conservative, especially when the sen­
sitivity of the assay is low. (The Committee uses the 
term conservative with appropriate modifiers to describe 
the degree to which a particular inference option for 
components in hazard identification will increase the 
likelihood that a substance will be judged to be a 
significant hazard to human health). 

A component about which there is considerably more 
scientific uncertainty than the preceding example is the 
question of whether to count all types of benign tumors 
as evidence of carcinogenicity. Some benign tumors prob­
ably can progress to malignant lesions and some probably 
do not. The judgment that benign tumors and malignant 
tumors should be counted equally will affect tumor inci­
dence and may influence the yes-no determination in 
hazard identification, and it can also affect the dose­
response relation by increasing incidence at the doses 
tested. Thus, counting benign tumors is often the more 
conservative approach. 

The examples just given differ in the degree to which 
scientific understanding can inform the judgments to be 
made. They are similar, however, in that for each, the 
available inference options differ in conservatism. For 
many components, this difference in degree of conserva­
tism among plausible inference options is not as clear as 
in the preceding examples and depends on the data avail­
able on a given substance. For example, the decision to 
combine incidences for all tumor types and calculate an 
overall tumor incidence can influence the final yes-no 
decision in hazard identification. However, in this case, 
whether such a choice is more conservative than not com­
bining incidences depends on the incidences for each tumor 
type in test and control animals. If the incidence in 
control animals is slightly below the incidences in test 
animals for all tumor types and individual differences 
are not statistically significant, combining all tumor 
types would be more conservative. However, if incidences 
show no consistent trend and differences are statisti­
cally significant for only one tumor type, combining the 
tumors would be less conservative. 

Dose-Res1?.2,nse Assessment 

The Committee has identified 13 components of dose­
response assessment. Two major components are high- to 
low-dose extrapolation and interspecies dose conversion. 
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In a recent NRC report on the health effects of 
nitrate, nitrite, and !-nitroso compounds (National 
Academy of Sciences, 1981), three extrapolation models 
(the one-hit model, the multistage model, and the multi­
hit model) were used to estimate the dose of a carcino­
genic nitrosamine (dimethylnitrosamine) needed to cause 
cancer in one of a million rats. The doses calculated 
were 0.03 parts per billion (one-hit), 0.04 ppb (multi­
stage), and 2.7 ppb (multihit)J that is, the risk esti­
mate per unit of dose would be lower for the one-hit and 
multistage models than for the multihit model for this 
experiment. 

Other judgments in dose-response assessment that will 
affect the final estimate include choice of the experi­
mental data set (from among many that might be available) 
to be used to calculate the relation between dose and 
incidence of tumors (e.g., use of the most sensitive 
animal group will result in the most conservative esti­
mate), choice of a scaling factor for conversion of doses 
in animals to humans (the risks calculated can vary by a 
factor of up to 35, depending on the method used), and 
the decision of whether to combine tumor types in deter­
mining incidence (as mentioned earlier, the decision to 
lump tumors might be more or less conservative than the 
decision not to combine incidences from different tumor 
types). 

EXJ?.2.Sure Assessment 

Discussion of specific components in exposure assessment 
is complicated by the fact that current methods and 
approaches to exposure assessment appear to be medi~ or 
route-specific. In contrast with hazard identification 
and dose-response assessment, exposure assesnent has very 
few components that could be applicable to all media. 
For example, a model describing transport of a chemical 
through the atmosphere is necessarily quite different 
from a model describing transport through water or soil, 
whereas the use of a particular dose-response extrapola­
tion model in dose-response assessment is independent of 
the medium or route of exposure. In any event, an 
assessor has several options available for estimating 
exposure to a particular agent in a particular medium, 
and these options will yield more or less conservative 
estimates of exposure. Among the options are different 
assumptions about the frequency and duration of human 
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exposure to an agent or medium, rates of intake or con­
tact, and rates of absorption. 

Risk Characterization 

The final expressions of risk derived in this step will 
be used by the regulatory decision-maker when health risks 
are weighed againat other societal costs and benefits to 
determine an .appropriate action. Little guidance is 
available on how to express uncertainties in the under­
lying data and on which dose-response assessments and 
exposure assesSJDents should be combined to give a final 
estimate of possible risk. 

Basis for Selecting Inference Options 

The Committee has presented some of the more familiar, 
and possibly more controversial, components of risk 
assessment. A review of the list of components reveals 
that many components lack definitive scientific answers, 
that the degree of scientific consensus concerning the 
best answer varies (some are more controversial among 
scientists than others), and that the inference options 
available for each 'component differ in their degree of 
conservatism. The choices encountered in risk assessment 
rest, to various degrees, on a mixture of scientific fact 
and consensus, on informed scientific judgment, and on 
policy determinations (the appropriate degree of 
conservatism). 

That a scientist makes the choices does not render the 
judgments devoid of policy implications. Scientists dif­
fer in their opinions of the validity of various options, 
even if they are not consciously choosing to be more or 
less conservative. In considering whether to use data 
from the most sensitive experimental animals for risk 
assesB11ent, a scientist may be influenced by the species, 
strains, and gender of the animals tested, the charac­
teristics of the tumor, and the conditions of the experi­
ment. A scientist's weighting of these variables may not 
easily be expressed explicitly, and the result is a mix­
ture of fact, experience (often called intuition), and 
personal values that cannot be disentangled easily. As a 
result, the choice made may be perceived by the scientist 
aa based priaarily on inforaed scientific judgment. Proa 
a regulatory official's point of view, the same choice 
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may appear to be a value decision as to how conservative 
regulatory policy should be, given the lack of a decisive 
empirical basis for choice. 

A risk assessor, in the absence of a clear indication 
based on science, could choose a particular approach 
(e.g., the use of an extrapolation model) solely on the 
basis of the degree to which it is conservative, i.e., on 
the basis of its policy implications. Furthermore, a 
desire to err on the side of overprotection of public 
health by increasing the estimate of risk could lead an 
assessor to choose the most conservative assumptions 
throughout the process for components on which science 
does not indicate a preferred choice. Such judgments 
made in risk assessment are designated risk assessment 
policy, that is, policy related to and subservient to the 
scientific content of the process, in contrast with policy 
invoked to guide risk management decisions, which has 
political, social, and economic determinants. 

When inference options are chosen primarily on the 
basis of policy, risk management considerations (the 
desire to regulate or not to regulate) may influence the 
choices made by the assessors. The influence can be 
generic or ad hoc1 i.e., assessments for all chemicals 
would consistently use the more or less conaervative 
inference options, depending on the overall policy orien­
tation of the agency (•generic•), or assessments would 
vary from chemical to chemical, with more conservative 
options being chosen for substances that the agency wishes 
to regulate and less conservative options being chosen for 
substances that the agency does not wish to regulate. 
(The desire to regulate or not would presumably stem from 
substance-specific economic and social considerations.) 
The possible influence of risk management considerations, 
whether real or perceived, on the policy choices made in 
risk assessment has led to reform proposals (reviewed 
later in this report) that would separate risk assessaent 
activities from the regulatory agencies. 

Table I-1 recapitulates the terms introduced in this 
discussion. 

RISK ASSESSMENT IN PRACTICE 

This section addresses past agency practices of risk 
assessment associated with efforts to regulate toxic 
substances. 
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TABLE I-1 Summary of Terms 

Risk Assessment. Risk assessment is the qualitative 
or quantitative characterization of the potential health 
effects of particular substances on individuals or 
populations. 

Risk Management. Risk management is the process of 
evaluating alternative regulatory options and selecting 
among them. A risk assessment may be one of the bases of 
risk management. 

Steps. Risk assessments comprise many or all of the 
following steps: hazard identification, dose-response 
assessment, exposure assessment, and risk 
characterization. 

Components. Steps in risk assessment comprise many 
components--points in a risk assessment at which judg­
ments must be made regarding the analytic approach to be 
taken. 

Inference options. For many components, two or more 
inference options are available. 

Risk Assessment Policy. Risk assessment policy 
consists of the analytic choices that must be made in the 
course of a risk assessment. Such choices are based on 
both scientific and policy considerations. 

RISK ASSESSMENT AND REGULATORY DECISION-MAKING 

The regulatory process can be initiated in many ways. 
Each regulatory agency typically has jurisdiction over a 
large number of substances, but circumstances force an 
allocation of resources to a few at a time. The decision 
as to which substances to regulate is based, at least in 
part, on the degree of hazard. Thus, some notion of rela­
tive hazard (implicit or explicit, internally generated 
or imposed by outside groups) is necessary. Critics of 
federal regulation have contended that the agencies have 
not set their priorities sensibly. In general, agency 
risk assesaaenta for priority-setting have been more 
informal, less systematic, and less visible than those 
for establishing regulatory controls. 
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Agenda-setting involves decisions about which sub­
stances should be selected (and often in what order) for 
more intense formal regulatory review. All programs face 
this problem, but it assumes different configurations: 
some programs cover a finite and known set of chemicals 
that must be reviewed, so the order of the regulatory 
reviews is the key question, and the primary job of the 
risk assessor is to help the agency implement a worst­
first approach. For example, EPA's pesticides program 
has long had lists of suspect pesticide ingredients, and 
agency officials have had to decide which ones warrant 
formal consideration of cancellation or of new controls. 
An agency's agenda may also respond to private-sector 
initiatives (in the case of approval of new drugs or 
pesticides), conform to statutory directives, or react to 
new evidence of hazards previously unrecognized or thought 
to be less serious. This agenda formation phase, too, 
involves elements of risk assessment by the agency, the 
Congress, or private-sector entities, that is, there must 
be some assessment, however informal, that indicates 
reason for concern. 

For many items on an agency's regulatory agenda, 
hazard identification alone will support a conclusion 
that a chemical presents little or no risk to human 
health and should be removed from regulatory considera­
tion, at least until new data warrant renewed concern. 
If a chemical is found to be potentially dangerous in the 
hazard-identification step, it could then be taken through 
the steps of dose-response assessment, exposure assess­
ment, and risk characterization. At any of these steps, 
the evaluation might indicate that a substance poses 
little or no risk and therefore can be removed from 
regulatory consideration until new data indicate a need 
for reevaluation. 

Chemicals that are judged to present appreciable risks 
to health are candidates for regulatory action, and an 
agency will begin to develop options for regulating expo­
sures. Regulatory options usually involve specific 
product or process changes and typically need to be based 
on extensive engineering and technical knowledge of the 
affected industry. Evaluation of the regulatory options 
includes recomputation of the predicted risk, in accord 
with altered expectations of exposure intensity or nwa­
bers of persons exposed. 

Many of the activities of regulatory agencies do not 
conform to this sequential approach. However, regardless 
of the sequence of steps and the number of steps used to 
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determine whether regulatory action is warranted, risk 
assessment serves at least- two major functions in regula­
tory decisions, first, it provides an initial assessment 
of risks, and, if the risk is judged to be important 
enough to warrant regulatory action, it is used to evalu­
ate the effects of different regulatory options on expo­
sure. In addition, it may be used to set priorities for 
regulatory consideration and for further toxicity testing. 

These varied functions place different requirements on 
risk assessors, and a single risk assessment method may 
not be sufficient. A risk assessment to establish testing 
priorities may appropriately incorporate many worst-case 
assumptions if there are data gaps, because research 
should be directed at substances with the most crucial 
gaps1 but such assumptions may be inappropriate for 
analyzing regulatory controls, particularly if the regu­
lator must ensure that controls do not place undue strains 
on the economy. In establishing regulatory priorities, 
the same inference options should be chosen for all chemi­
cals, because the main point of the analysis is to make 
useful risk comparisons so that agency resources will be 
used rationally. However, this approach, which may be 
reasonable for priority-setting, may have to yield to 
more sophisticated and detailed scientific arguments when 
a substance's c0111111ercial life is at stake and the agency's 
decision may be challenged in court. Furthermore, the 
available resources and the resulting analytic care 
devoted to a risk assessment for deciding regulatory 
policy are likely to be much greater for analyzing 
control actions for a single substance than for setting 
prioritiea. 

THE AGEl«:IES THAT REGULATE 

The approach to risk assessment varies considerably among 
the four federal agencies. Differences stem primarily 
from variations in agency structure and differences in 
statutory mandates and their interpretation. 

Organizational Arrangements 

The Food and Drug Administration (FDA) is a component of 
the Department of Health and Human Services, whose 
Secretary is the formal statutory delegate of the powers 
exercised by FDA. FDA is headed by a single official, 
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the Commissioner of Food and Drugs, who is appointed by 
and serves at the ple~sure of the Secretary of the Depart­
ment of Health and Human Services. It is organized in 
product-related bureaus, each of which employs its own 
scientists, technicians, compliance officers, and adminis­
trators. FDA has a long (75-year) and strong scientific 
tradition. According to a recent Office of Technology 
Assessment summary, FDA had taken or proposed action on 
24 potential carcinogens by 1981. 

Like FDA, the Environmental Protection Agency (BPA) is 
headed by a single official, but EPA's Administrator is 
appointed by the President subject to Senate confirmation. 
Also like FDA, EPA resembles a confederation of relatively 
discrete programs that are coordinated and overseen by a 
central management. The agency was established in 1970, 
but many of its programs (e.g., air and water pollution 
control and pesticide regulation) predate its formation 
and previously were housed in and administered by other 
departments. Other programs, such as those for toxic 
substances and hazardous waste, are rather :new. EPA's 
research, policy evaluation, and, until rec;:ently, enforce­
ment efforts were separated organizationally from the 
program offices that write regulations. EPA has had the 
widest experience with regulating carcinogens, as of 
1981, it had acted on 56 chemicals in its clean-water 
program, 29 in its clean-air pr~ram, 18 in its pesticide 
program, and two in its drinking-water program. 

The Occupational Safety and Health Administration 
(OSHA) is part of the Department of Labor. The agency's 
head is an Assistant Secretary of Labor, who requires 
Senate confirmation. Although FDA and EPA derive their 
scientific support largely from their own full-time 
employees, until the late 1970s OSHA relied on other 
agencies, primarily the Natio~l Institute of occupa­
tional Safety and Health, an agency of the Department of 
Health and Human Services. This division reflects a 
conscious congressional choice in 1970 to place the 
health experts on whom OSHA was expected to rely in an 
outside environment believed more congenial to scientific 
inquiry and less vulnerable to political influence. As 
of 1981, 18 potential carcinogens had been acted on by 
OSHA. 

The Consumer Product Safety C011mission (CPSC) enforces 
five statutes, including the Consumer Product Safety Act 
and the Federal Hazardous Substances Act. Both empower 
CPSC to regulate unreasonable risks of injury from prod­
ucts used by consumers in the home, in schools, or in 
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recreation. The much smaller CPSC differs sharply from 
the other three agencies in two important respectsz it 
does not have a single administrative head, but instead 
is governed by fiv,e Commissioners, who can make major 
regulatory decisions only by majority vote1 and the 
Commissioners are appointed for fixed terms by the 
President with Senate confirmation. Before 1981, CPSC 
had acted on five potential carcinogens. 

The four agencies have attempted to coordinate risk 
assessment activities in tbe past, most notably through 
the Interagency Regulatory Liaison Group (IRLG), which 
formed a work group on risk assessment to develop a guide­
line for assessing carcinogenic risks. Assisted by scien­
tists from the National Cancer Institute and the Natibnal 
Institute for Environmental Health Sciences, it examined 
the various approaches used by the four agencies to evalu­
ate evidence of carcinogenicity and to assess risk. The 
IRLG (1979a,b) then integrated and incorporated these 
evaluative procedures into a document, •scientific Bases 
for Identification of Potential Carcinogens and Estima­
tion of Risks,• which described the basis for evaluation 
of carcinogenic hazards identified through epidemiologic 
and experimental studies and the methods used for quanti­
tative estimation of carcinogenic risk. 

Regulatory Statutes* 

Examination of the statutes that the four agencies admin­
ister reveals important differences in the standards that 
govern their decisions. The Office of Technology Assess­
ment has sUJ11111Arized (Table I-2) statutes that pertain to 
the regulation of carcinogenic chemicals. In particular, 
the statutes accord different weights to such criteria as 
risk, costs of c6ntrol, and technical feasibility. In 
addition, differe'nt modes of regulation vary in their 
capacity to generate the scientific data necessary to 
perform comprehensive risk assessments. 

Several laws' require agencies to balance regulatory 
costs and benefits. Examples of balancing provisions are 
found in the Safe Drinking Water Act1 the Federal Insecti­
cide, Fungicide, ,and Rodenticide Act, the Toxic Substances 

*This discussion draws heavily on the Office of Tech­
nology Assessment report, Technologies for Determining 
Cancer Risks from the Environment, 1981. 
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Control Act, and the section on fuel additives in the 
Clean Air Act. Under such provisions, a risk assessment 
can be used to express the nature and extent of public­
health benefits to be attained through regulation. 

Some regulatory programs involve the establishment of 
technology-based exposure controls. This approach is 
followed, for example, in portions of the clean-water 
program and the part of the hazardous-wastes program that 
deals with waste-incineration standards. In such pro­
grams, a risk assessment may be used to show the human 
exposure that corresponds to a specific degree of risk or 
to calculate the risk remaining after control technologies 
are put in place. 

Some statutes mandate control techniques to reduce 
risks to zero whenever hazard is affirmed. Such tech­
niques include outright bans of products, as envisioned 
in the Delaney clause in the Federal Food, Drug, and 
Cosmetic Act. In addition, if the concept of a threshold 
below which carcinogens pose no risk is not accepted, 
strict interpretations of ample margin of safety language 
in federal clean-air and clean-water legislation would 
require that exposures to carcinogenic pollutants be 
reduced to zero. The role of risk assessment in cases 
where mandatory control techniques must reduce risks to 
zero may be simply to affirm that a hazard exists. 

The difference between programs that involve premarket­
ing approval of substances and programs that operate 
through post hoc mechanisms, such as environmental emis­
sion limits, may have an important influence over the 
quality of risk assessments. The most important effect 
of this difference may lie in the fact that premarketing 
approval programs (such as those for pesticides, for new 
human drugs, and for new food additives) empower an agency 
to require the submission of sufficient data for a compre­
hensive risk assessment, whereas other programs tend to 
leave agencies to fend for themselves in the acquisition 
of necessary data. 

There can be little question that differing statutory 
standards for decision affect the weight that agencies 
accord risk assessments. Like differences in the mode of 
regulation, they probably have affected the rigor and 
scope of many assessments. If risk is but one of several 
criteria that a regulator must consider or if data are 
expensive to obtain, it would not be surprising if an 
agency devoted less effort to risk assessment. However, 
the Committee has not discovered differences in existing 
statutes that should impede the adoption of uniform, 



TABLE I-2 Public Laws Providing for the Regulation of Exposures to Carcinogens 

Legislat ion 
(Agency) 

Federal Food, Drug 
and Cosmetic Act: 
(FDA) 

Food 

Defini t ion of tox ics o, 
hUMds used lo, regul• 
l ion ol carcln_<l!!_ens 

Carcinogenicity for add• 
i tive defined by Oelaney 
Clause 

Contaminants 

Degree ol protection 

No risk permilted, ban of 
additive 

" necessary for the protec• 
lion of public health . . . •• 
sec. 4011 (:Me) 

Drugs Carcinogenicity is defined Risks and benefits of drug 
as • risk are balanced. 

Cosmel ics 

Occupational Safely 
and Health Act 
(OSHA) 

Clean Air Act (EPA) 

Sec. 112 (station­
ary sources) 

Sec. 202 (vehicleaj 

·· substance injurious under 
conditions of use pr• 
scribed:· 

Not defined in Act (but 
OSHA Generic Cancer 
Policy defines carcinogens 
on basis of animal IHI 
results or epidemiology.) 

"an air pollulant. . . which 
. . . may causa, or contrib­
ute to, an lncreaM In mo,• 
tality or an Increase In s• 
rlous Irreversible, or Inc• 
pacitatlng reversible, 111· 
ness:· sec. 112(•1 (1) 

"air pollutant from any 
. . . new motor vehlclea . . . 
or engine, which . .. cauM, 
or conlribute to, air pollu­
t ion which may reasonably 
be antlclpaled to endanger 
public health or welfare." 
sec. 202.t.(a) (1) 

Sec. 211 (fuel add- Same as above (211(c) (1)). 
ltlws) 

CINII Water Act 
(EPA) Sec. 307 

Fedefal lnMCtlclde, 
Fungicide, and~ 
denllclde Act and 
the Federal Environ­
mental Pfftlclde 
Control Act (EPA) 

Toxic pollutants listed In 
CommlttN Report 95-30 of 
HouM Committee on Pub­
lie Wortia and Tranapor• 
tatlon. Uat from consent 
dectee betw- EDF, 
NROC, Citizens for·Bettar 
Environment and EPA. 

One which result• In "un­
reuonable advetN affecta 
on the environment or wlll 
ln-.olve unreaaonable 
hazard to the autvlval of a 
speclea declared 
endangered . .. " 

Action laken on the basis 
that cosmetic Is 
adulteraled. 

" adequately assurH to Che 
exlent feasible that no 
employee will suffer 
material Impairment of 
health or functional 
capacity . . . " sec. ll(b) (5) 

"an ample margin of Hfety 
to protect lhe public 
health . .. " MC. 112(b) (1) (B) 

" standards which reflect 
the greateat degree of eml• 
slon reduction achleveeble 
through ... technology 
.. . available . .. " sec. 202{111 
(3)(a) (1) 

Same H above (211(c) (2) 
(a)). 

Oeflned by applying BAT 
economically ach'-■Ole 
(MC. 307(a) (2)), but affluent 
1-1• are to " provide(&) an -
ample margin of Hfety." ' 
(sec. 307(8) (4)1 

Not specified. 

Agents regulaled as carcinogens 
(or proposed for regulation) 

21 food additives and colors 

Three subslancas-allaloxin, PCBa, 
nitrosamtnes 

Not determined 

Not determined 

20 substances 

Asbestos, betyllium, mercury, vinyl 
chloride, benzene, radionuclldea, and 
arsenic (an additional 24 substances 
are being considered) 

OleHI partlculatH standard 

411 substancH listed u carcinogens 
byCAG. 

14 rebuttable presumptloos against 
reg istrations elthef Initiated or com­
pleted; nine pestlcldN voluntarily 
withdrawn from martiet. 

Basis ol lhe 
legislation 

Risk 

Balancing 

Balancing 

Risk. No health 
c laims are allowed 
for " cosmet ics." II 
claims are made, 
cosmetic becomes 
a " drug." 

Technology (or 
balanc ing) 

Risk 

Technology Sec. 
202(b) (4) (B) in• 
eludes a risk-risk 
test tor deciding 
between pollutant 
that might result 
from control •t· 
tempts. 

Balancing. 
Technology-based 
with consideration 
of costs, but 
health-based In 
requ irement that 
standards provide 
ample margin of 
safety. 

Technology 

Sec. 2(bb) Balanc• 
Ing: ' 
" unreasonable ad­
verse effects . . . " 

Remarks 

Basis of the Air• 
borne Carcint> 
gen Policy 

Sec. 202(b) (4) (A) 
specifies that no 
pollution control 
device, system, 
or element shall 
be allowed II 11 
presents an un­
reasonable risk 
to health, wel­
lare or aalety. 

A cost-benefit 
comparison of 
competing con­
trol technologlea 
Is required. 

" Unreasonable 
adverse effect's" 
means ·•un,_ 
sonable risk to 
man or the 
environment t•k• 
Ing into account 
the economle, 
social, and -
vlronmental 
coats and 
benefits . . . " 

.. .. 
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TABLE I-2 

Leglalatlon 
(Agency) 

Resource Con..,,,•· 
lion and Reco-.ery 
Act(EPA) 

Safe Drinking Water 
Act (EPA) 

Toxic Substances 
Control Act (EPA) 

Sec. • (to require 
testing) 

Sec. 8 (to regulate) 

Sec. 7 (to com­
mence civil action 
against Imminent 
hazards) 

Federal Hazardous 
Substances Act 
(CPSC) 

Consumer Product 
Safety Act (CPSC) 

(Continued) 

Definftion ol toxics or 
hazards uaed for regul•· 
tlon of carcinogens 

One which "may cause, or 
significantly contribute to 
an Increase In mortality or 
an Increase In aerioua Irr• 
verslble, or Incapacitating 
reversible, Illness; or, poae 
• . . . hazard to human 
health or the environ-
ment . .. " sec. 1004(5) (A) 
(8) 

" contaminant(s) 
which .. . may have an 
adverse effect on the 
health of persons." aec. 
1.01(1) (8) 

substances which "may 
preaent an unreasonable 
risk of Injury to health or 
the environment ." sec. 4(a) 
(1)(A)(I) 

substances which "pr• 
aent(s) or will preNn1 an 
unreasonable risk of Injury 
to health or the environ­
ment." sec. 6(a) 

"Imminently hazardous 
chemical substance or 
mixture means a . .. 
substance or mixture 
which presents an Immi­
nent and unreasonable risk 
of aerious or widespread 
Injury to health or the en­
vironment." 

" any substance (other than 
• radioactive substance) 
which has the capacity to 
produce personal Injury or 
Illness . .. " 15 use sec. 

"products which present 
unreasonable risks of In­
jury ... In commerce, " and 
" 'risk of Injury' means • 
risk of death, personal In­
jury or aerlous or frequenl 
injury." 15 USC sec. 2051 

"Imminently hazardous 
consumer producl' means 
consumer product which 
preaenta Imminent and 
unreasonable risk of 
death, serious Illness or 
aevere personal Injury." 15 
use sec. 2061 

Degrff of protection 

" that necessary to protect 
human health and the envi­
ronment . . . " sec. 3002-04 

" to the extent 
feasible ... (taking coats in• 
to consideration) . .. " sec. 
1•12(a) (2) 

Not specified. 

"to protect adequately 
against such risk using the 
least burdensome requlr• 
ment" sec. 6(•) 

Based on degrH of protec­
tion In sec. 8 

" establish such reasonable 
variations or additional 
label requirements . . . 
necessary for the protection 
of public health and 
ufety . . " 15 USC sec. 

"standard shall be 
reasonably necessary 10 
prevent or reduce an 
unreasonable risk of Injury." 
15 USC sec. 2056 

Agent• regulated H carcinogen, 
(or propoMd for regulation) 

U substances proposed for listing as 
hazardous wastes 

Trlhalomethanes, chemicals formed by 
reactions betWHn chlorine uaed as 
disinfectant and organ ic chemicals. 
Two pesticides and 2 metals classified 
as carcinogens by CAG, but regulated 
beCauae of olher toxicit ies. 

Six chemicals used to make plHtics 
pliable. 

PCB• regulated as directed by the law. 

Five aubatances: asbestos, benzene, 
benzldlne (and benzidin•based dyes 
and pigments), vinyl chloride, "tria" 

8Hil of the 
legislation Remarks 

Risk. The Admini- -·· 
atrator can order 
monitoring and 
NI standards for 
sites. 

Balancing 

Balancing: " unrea­
sonable risk" 

Balancing: " unrea­
sonable rlak." 

Risk 

Balancing: " unrea­
sonable" 

"Highly 1oxic" 
defined as 
capacity to 
cause death, 
thus tox icity 
may be limited 
to acute toxicity. 

Standards are to 
be expressed, 
wherever feasi ­
ble, as perfor­
mance require­
ments. 

SOURCE: Office of Technology Assessment, Technologies for Dete.rmining Cancer Risks from 
the Environment, 1981. 
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government-wide risk assessment guidelines. Indeed, it 
is not satisfied that there are legal bases for inter­
agency differences in the performance--as distinct from 
the use--of risk assessment for chronic health hazards. 

CONCLUSIONS 

On the basis of a review of the nature and the policy 
context of risk assessment, the Committee has drawn the 
following general conclusions: 

1. Risk assessment is only one aspect of the process 
of regulatory control of hazardous substances. Therefore, 
improvements in risk assessment methods cannot be assumed 
to eliminate controversy over federal risk management 
decisions. 

Restrictive regulation has seemed onerous to manufac­
turers, distributors, and users of products judged useful 
and valuable, conversely, inaction and delay with respect 
to regulatory proceedings have appeared callous and 
irresponsible to others. These dissatisfactions have 
been manifested in many ways, including criticism of risk 
assessment processes. The Committee believes that much 
of this criticism is inappropriately directed and gives 
rise to an unrealistic expectation that modifying risk 
assesnent procedures will result in regulatory decisions 
more acceptable to the critics. Certainly risk assessment 
can and should be improved, with salutary effects on the 
appropriateness of regulatory decisions. However, risk 
management, although it uses risk assessment, is driven 
by political, social, and economic forces, and regulatory 
decisions will continue to arouse controversy and 
conflict. 

2. Risk assessment is an analytic process that is 
firmly based on scientific considerations, but it also 
requires judgments to be made when the available informa­
tion is incomplete. These judgments inevitably draw on 
both scientific and Policy considerations. 

The primary problem with risk assessment is that the 
information on which decisions must be based is usually 
inadequate. Because the decisions cannot wait, the gaps 
in information must be bridged by inference and belief, 
and these cannot be evaluated in the same way as facts. 
Improving the quality and comprehensiveness of knowledge 
is by far the most effective way to improve risk assess-
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ment, but sane limitations are inherent and unresolvable, 
and inferences will always be required. Although we 
conclude that the mixing of science and policy in risk 
assessment cannot be eliminated, we believe that most of 
the intrusions of policy can be identified and that a 
major contribution to the integrity of the risk assesa­
ment process would be the development of a procedure to 
ensure that the judgments made in risk . assessments, and 
the underlying rationale for such judgments, are made 
explicit. 

3. Two kinds of Policy can Potentially affect risk 
assessments that which is inherent in ' the assessment 
process itself and that which governs the selection of 
regulatory options. The latter, risk management policy, 
should not be allowed to control the former, risk 
assessment policy. 

Risk management policy, by its very nature, must entail 
value judgments related to public perceptions of risk and 
to information on risks, benefits, and costs of control 
strategies for each substance considered for regulation. 
Such information varies from substance to substance, so 
the judgments made in risk management must be case-­
specific. If such case-specific considerations as a 
substance's economic importance, which are appropriate to 
risk management, influence the judgments made in the risk 
assessment process, the integrity of the risk assessment 
process will be seriously undermined. Even the perception 
that risk management considerations are influencing the 
conduct of risk assessment in an important way will cause 
the assessment and regulatory decisions based on them to 
lack credibility. 

4. Risk assessment suffer■ from the current absence 
of a mechanism for addressing generic issues in isolation 
from specific risk management decisions. 

Although the practice of risk assessment has progreaaed 
in recent years, there is currently no mechanism for stim­
ulating and monitoring advances on generic questions in 
relevant scientific fields or for the timely dissemina­
tion of such information to risk assessors. 
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On M,11~11 •1 l!l77. ltw rO<XJ aoo Urug Adm,nistrahon ari­
nouM<e<1 ,1~ inll!nhon lo bJrt saccnunu. llie on1y mt1hc1a1 
CWPP1N>CJ ''"" 1,)1)10 ,n lhe un,led 51a,,;s 

flus ·~~-ci!Ji(T D<Oll'l)ll'd a COO.':tJrl'lflr ,~ponse ltla! was UPP," 
ceder>lfld "' 11'11! 'WSIO<yol lood ri;gulal•On ,n I'll~ c:o.inrry Thi 
FDA rec01V('d rnare 1tlan 100,0001,llOl<:!Sl lell<:!1~, a"<! 
Co111,11cS8 rct:e,vlld more rran a m,lhOr'l cornrnenI1 Or'l me 
proposed 1t1gJl111ory act,on r,fany scientists rnsagreed v.,th 
1he .,,e10,e1a1,on ol the l!~perirnema! evidence u~ to 
SUPPOl1 lhC FDAsooc,s+on Tc,ge1her. sc,enI,r,c ilrld OOM•c•J 
t«cto•s lklvl! c0t11t11111'd to ~hr a aebale ot national and 
1n terna1,or,a l pru,po<Hor> 

Un1011una101y , 1M ,nt,.,ns,ty w -m wh-ch actvocales tIav,; 
pu,sut'd 111equtost>0n 01 saccha•,n·s safely tlas POiar.zed tile 
debate The ernohon,al n.a1ure of lhe conlrOV!'rsy hil,; (lhsc1;red 
ralhet !l>an clilr•16d tt>e Iss,ies As a •esult. co,,wn,..rs are 
laced w•th 1he d1leff11T\8 01 cnoosm,g which side 10 beh w,• 

l'l 'l!SpO'lS0 10 th,SdlSU\11•· lheAmerican Co,J('( 00 Sc,e<lCe 
ano H•11th. an 'IOepe')(le,1• assocoa110fl ul sc1eril ·;ts trorn 
-nany d,sc,pl<'I('~. l'.n uncM·laken 11n exiensive ,e.,.e.,,. or the 
~coent,hc and P0P'J1111 I,tmature on 1he rela1,onstup bel""""" 
sacchaun and t>t!a,th. Thi!; papm 1s a summary ol the 
AmeucM COUnc, ·s ,evoew 

B,. •io on ,. a,,aIr.,,s o• the .,coenl•lic hlerahne. 11\a Amer m 
Counc" )fl Sc,enc'-' and Healltl recomml?flds 1ha1 saccn1u1fl 
be recen,I-eaas a saltr substance. Sacct,a•lfl sh0uld femain 
appm\/00 u a tooo aod,twe ror use m looch, beverages. Jr>d 
drug\ .., ,1hou1 !he nNld tor a spacial wafn,r,g ,llbel !he av.a!a 
b1iity o! saccha,,n «•>d saccna1in sweetened orOduels ,;,11011 
beneMs. rea• or pe,ceoved. to many Ameroc«ns There c; no 
ev-dence 10 ,nd,ca'.e that sacciar in. a: curre,i1Iev111s ol ,i!MI 
cause~ c~ncw or any other o,sea~P. ,n human beings. 
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Chronology o l E-..nis 

187ct UIscovery of ~~ccMnn by Cons1,rn1 1r , r,.I ,Iberq 
wOf~•ng a1 Johns llopk111· uni,ern,ty 

1800 Diocove1y reported In Ille Amencan CNJm,c;al .kxJmJ/ 
by C ~llhlt>erg and Ira Rcm5en 

11!8~ Ju"" 2. u~,Ied Slates paIen1 a"Narded to C ~;ii' bmg 
lor the • ·manu•11cture ot sacchaMe cornpo .. md 

tooo and Drug Actp;iaedby Coogress 

1911 Author,ia1100 01 Hemsen Boaro ot Gcmsullm<J Sc,c<11,1i, 
bpP.rts lo rev iew char~t:s ;,g;,i111st s.a fety 01 sacch01i1 
use m 10<.KJS lbv President TheOOO,e Roosevel t) 

1911 Food lnspec1,oo U9-c1s>0n 135: proh1b11s 1he "~"' ol ""~· 
cMnn ,n 1<'10d!; ,111crJuly 1. 1911. oo lt>e b.l~o, of .idul 

1911 ~ood lnspechori )ec,sI :in 138. 12 days a11er r 11 
13~. pl,ICM rrroralorou'ro on sacc'l<!ror oar ond 
equ1.,sts reevaI;;a1,0r1 by Remsen Board 

1912 July 12. Food lnspec1,on U•'!Cl'ion 146. all :>v.SUM/ of 
sacchar,n ,n toocts ·""1,,nded 1m 1nva11d~. oul l,m,ts 
g .. nmaluseolwcctoar.ro 

1914 StartoTWorldWa r I ,.1ccna1,nuse 1ncrHas!!Sdl.I ,nQ 
war years;,•; ~"Ir'' ,ur,pl,es are ra t,oned or cut CIT 

1938 rooc1. Dru, and O:sm,,hc Act pas>ed byCongrn~s; 
superseoesold ~ood an!] Drug Ac1 of 1906 

1939 Sta<I 01 Wo·id War II . saccha11n use aga,n fOCrPa•,P 
as a result QI sugar ·~:,ornng and stiorlagt>S. ~ I.Illy 

1nEurop,e 

1949 Fusi on,c 1estor,g o1 sacchar aond ,P.tat,or,~h,o to 

ca,c,nogeMSII 

1!!55 Natmnal Acau.,mv of Sciences report. The Siilvtyot 
A111/irnJ/Sw,;eteners tor Use in foods: saccharin and 
cycIarna1e aw reported IO D(l ~1e 1or hum11n cor 
sumpt,on 

""" cl >ekmey 

-, 

P111,113 
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OrallJrugs 

Weigh ing Risks and Benelits 

P;ig,10 

Will Saccharin Be Banned? 

r h,-. responsib 1l1ty tor a decision on sacchann·s fate has shitled 
from tile F<x>d and Drug AdministratlOll to the Congress. 
Although the moratorium imrx,sed on saccharin regulation in 
l;ite 1977 has exo,red. Congress Is now consKlenng an 
.-:xtensOO The House has already approved a two year 
extensOO. bu1 the Senate has not acted as yet For its pan, the 
f DA has staled that it will wait !or a Congressional decision 
hefore proceeding w~h rts own plans 

Because rt is the oofy apprO\led artilbal swcctener, Congress 
1s understandabfy reluctant to allow the FDA to ban sacchann 
However. the agency 1s nowconsldorIng approval tor two other 
low calorie sweeteners One. cyc lamate, wm; hanned in 1970 
because of a suspicion of carcinogenicity . Bui more recent 
evidence indicates that cyclamale does not cause cancer . The 
other is aspartame wh•ch although not linked to cancer. has 
Ileen questioned as a possible cau~ of Olhm health problems 
Should these compounds be approved. ,t is likely that pressure 
toretainsaccharinw1lld1rn1n,sh 

But 1rom a consu'ller's v,ewpo,nt. the best sotuat,on would result 
1t all three sweeteners were available This variety would allow 
manufacturers to reformolatethe1r products using a 
ccmb1na1ion of swcmericrs. thus reducing overall dependence 
on saccharin alooe And the use ol sacchann with cyclamates 
would g reatly improve the taste of diet foods and drinks by 
el1mina1ing saccharin's b•tter attertastc 

The recent Nationa· Academy of Sciences report on food safety 
has suggested several opuons tor regulat ing saccharin These 
include more restrictive cond,tlOlls ol use, app,oval as an over 
the-counter drug, or specia l warning labels BLJt tocons,cler 
these alternatives, there mu SI tirs.t be some chariges ,n !he food 
<;;,lety laws The FDA w,11 soon send tts suggestions 10 Cong re$$ 
Howevei. the cornpexity of the issue and the upccwr.ing r.ato:>nal 
elect ions may delay any actl!lrl for several years 
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