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In the Benzene case, the Supreme Court held that OSHA can regu-
late workplace carcinogens only if quantified data show a significant risk
of harm at current exposure levels. In the author's view, the Benzene
decision undermines the remedial purpose of the OSH Act, leaving work-
ers at risk when scientific testing, due to inherent limits of cost and design,

overlooks toxic effects. The author urges allowing OSHA to regulate
workplace toxins on the basis ofpolicy considerations when quantitative
risk assessment is impossible.

INTRODUCTION

In 1970, a mounting toll of workplace illnesses, injuries and deaths
moved Congress to enact the Occupational Safety and Health Act.
With its passage, Congress took long-needed action to diminish work-
place exposure to carcinogens and other toxins. In keeping with the
Act's remedial spirit, Congress authorized the Occupational Safety and
Health Administration to promulgate rules setting ceilings on toxin
exposures.

In the Benzene case,' the Supreme Court enunciated the eviden-
tiary requirements for promulgating such occupational health stan-
dards. A plurality of the Court2 held that the Occupational Safety and
Health Administration,3 before promulgating occupational health stan-

' Earlier drafts were read by Professor Alvin Klevorick, Yale Law School, and Helaine
Pleet, M.D., M.P.H., formerly of the Centers for Disease Control and the California Department
of Public Health. I profited immensely from both; however, I alone am responsible for any defects
that remain.

t Associate Professor of Philosophy, University of California (Riverside). M.S.L. 1981,
Yale Law School; Ph.D. 1971, Philosophy, University of California (Los Angeles); B.A. 1966,
Mathematics, University of Colorado.

I. Industrial Union, AFL-CIO v. American Petroleum Inst., 448 U.S. 607 (1980) (hereinaf-
ter referred to as the Benzene case or American Petroleum Institute].

2. Justice Stevens wrote the plurality decision, joined by Chief Justice Burger and Justices
Powell and Stewart. Justices Powell and Rehnquist filed separate concurrences.

3. Hereinafter referred to as OSHA or the agency.
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dards, must show that workers already face a "significant health risk"
at existing levels of exposure. Dicta in the case suggest that OSHA
must demonstrate that significant health benefits likely will accrue at a
reduced exposure level. Moreover, it must prove these conditions by a
preponderance of the evidence.4

While there is good reason to believe that the Court wrongly inter-
preted the Occupational Safety and Health Act,5 the primary focus of
this article is elsewhere. I argue that the decision and its presupposi-
tions have undesirable consequences for OSHA's attempts to promul-
gate environmental exposure standards under conditions of scientific
uncertainty.

The Court and even some commentators seem to assume that
OSHA can provide the relevant scientific information to demonstrate a
"significant risk" of material health impairment when a risk in fact ex-
ists. This assumption is mistaken. Statistical limitations, and the con-
ditions and costs of epidemiological research, make it virtually
impossible to obtain scientific results in a wide range of cases. Thus, a
researcher can fail to detect a "significant health risk" even though a
threat to health exists. The Benzene decision misapprehends the nature
of the scientific tools at hand. Scientists and technicians using animal
and epidemiological studies-the foundations for setting exposure
standards-will face nearly insuperable difficulties in satisfying the evi-
dentiary requirements of the Benzene decision.

When the inherent limitations of scientific testing prevent the con-
crete establishment of a potentially serious risk to health, policy consid-
erations such as the health of our workforce should play a more active
role in guiding the promulgation of environmental exposure standards.
The Court, however, has attached talismanic significance to raw scien-
tific data and to the quantification of scientific results as the foundation
for occupational health standards. Allowing policy considerations to
fill the interstices of scientific knowledge would introduce flexibility
into OSHA rule promulgation, and would be a justifiable expression of
our concern for the well-being and safety of our workforce.

II

THE BENZENE CASE STANDARD

The Occupational Safety and Health Act authorizes the Secretary
of Labor (the Secretary) to promulgate "occupational safety and health

4. 448 U.S. at 642-44. 653.
5. 29 U.S.C. §§ 651-678 (1976) [hereinafter cited as the OSH Act or the Act]. See the dis-

sent's arguments, 448 U.S. at 688-724, and Note, Cost-Beneit Analysisfor Standards Regulating
Toxic Substances Under the Occupational Safely and Health Act: American Petroleum Institute v.
OSHA, 60 B.U.L. REv. 115, 123-41 (1980).
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standards."6 Section 3(8) of the Act defines such standards as those
which require "conditions, . . . practices, means, methods, operations
or processes, reasonably necessary or appropriate to provide safe or
healthful employment and places of employment."17 Section 6(b)(5) di-
rects the Secretary, when promulgating occupational health standards
for "toxic materials or harmful physical agents," to

set the standard which most adequately assures, to the extent feasible,
on the basis of the best available evidence, that no employee will suffer
material impairment of health or functional capacity even if such em-
ployee has regular exposure to the hazard dealt with by such standard
for the period of his working life.8

The same section mandates:
Development of standards. . . shall be based upon research, demon-
strations, experiments, and such other information as may be appropri-
ate. In addition to the attainment of the highest degree of health and
safety protection for the employee, other considerations shall be the
latest available scientific data in the field, the feasibility of the stan-
dards, and experience gained under this and other health and safety
laws.

9

Since the early twentieth century, benzene has been recognized as
a toxic substance. 10 Exposure to ambient concentrations of 20,000
parts benzene per one million parts air (20,000 ppm) will result in death
within minutes. Brief exposure to milder airborne concentrations (250-
500 ppm) causes nausea, breathlessness, vertigo and other unpleasant
reactions. Extended or chronic exposure to even lower concentrations
(25-40 ppm) has been shown to cause non-malignant but potentially
fatal blood abnormalities such as aplastic anemia, leukopenia, and dys-
functional blood marrow, as well as chromosomal aberrations. I"

In 1969, the American National Standards Institute adopted a
benzene limit of 10 ppm, which OSHA adopted without rulemaking as
a national consensus standard in 1971.12 Although a number of studies
had suggested a link between benzene exposure and leukemia, it was
not until the 1970's that "several additional studies reported a statisti-
cally significant increased risk of leukemia among workers occupation-
ally exposed to high levels of benzene and concluded [that] benzene

6. 29 U.S.C. § 655 (1976). The Secretary of Labor has delegated this authority to the Assis-
tant Secretary of Labor for Occupational Safety and Health, the chief executive officer of OSHA.
The Secretary and OSHA thus are referred to interchangeably in this article.

7. 29 U.S.C. § 652(8) (1976) (emphasis added).
S. 29 U.S.C. § 655(b)(5) (1976).
9. Id

10. American Petroleum Inst. v. Occupational Safety & Health Admin., 581 F.2d 493, 498
(5th Cir. 1978), aj'd, 448 U.S. 607 (1980).

i. Id
12. Id See 29 U.S.C. § 655(a) (1976), granting the Secretary this authority. The standard is

codified at 29 C.F.R. § 1910.1000 Table Z-2 (1977).
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was a leukemogen . ,,t that is, a substance tending to induce
leukemia.

In light of this new evidence, OSHA proposed to lower the perma-
nent benzene standard, even though it could not determine a safe expo-
sure level. The Secretary argued that section 6(b)(5) compels the lowest
exposure limit possible when safe levels of a proven carcinogen are un-
known." This approach parallels the agency's generic cancer policy:

[Wlhenever there is a quantum of proof--either from animal experi-
ments, or, less frequently, from epidemiological studies-that a sub-
stance causes cancer at any exposure level, an emergency temporary
standard [will] be promulgated immediately, requiring employers to
provide monitoring and medical examinations and to reduce exposures
to the lowest feasible level. t5

Public hearings were held during the summer of 1977. The following
February, OSHA promulgated a permanent benzene standard which
reduced the maximum exposure limit from the national consensus stan-
dard of 10 ppm to 1 ppm.'6

Various benzene producers sought pre-enforcement review of the
new standard.17 In American Petroleum Institute v. Occupational Safety
and Health Administration,"1 the Fifth Circuit invalidated the standard
on the ground that OSHA had exceeded its delegated rulemaking au-
thority. The court held that OSHA failed to demonstrate that the 1
ppm exposure limit was "reasonably necessary or appropriate to pro-
vide safe and healthful employment," as required by section 3(8).19
The Fifth Circuit concluded that section 6(b)(5) did not give OSHA
"unbridled discretion" to adopt standards designed to create a risk-free
workplace regardless of cost.

On certiorari, the Supreme Court affirmed the judgment of the
Fifth Circuit.2' In a plurality opinion written by Justice Stevens,22 the
Court ruled that the 1 ppm exposure limit standard was not supported
by appropriate findings. The new benzene standard did not rest on a
finding that exposure to 10 ppm of benzene would cause leukemia while

13. 581 F.2d at 498 (footnote omitted). See studies cited Id at 498 n.13.
14. 448 U.S. at 613, 624-25, 637.
15. Id at 645 n.51.
16. 581 F.2d at 498, 499. OSHA's statement in support of the reduction is published at 43

Fed. Reg. 5,918-70 (1978).
17. The OSH Act provides that any person "adversely affected" by a health and safety stan-

dard may challenge the validity of that standard in an appropriate United States court of appeals.
29 U.S.C. § 655(0 (1976).

18. 581 F.2d 493 (5th Cir. 1978), at'd, 448 U.S. 607 (1980).
19. Id at 510.
20. Id at 502.
21. Industrial Union Dep't, AFL-CIO v. American Petroleum Inst., 448 U.S. 607 (1980).
22. Joining Justice Stevens were Justices Stewart, Powell, and Chief Justice Burger. The

Chief Justice and Justice Stewart joined in the opinion in its entirety, while Justice Powell joined
only in Parts I, II, I1-A, III-B, III-C and III-E. Id at 611, 664.
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exposure to I ppm wouldnot; OSHA acted upon an assumption, accord-
ing to the plurality, that exposure to 10 ppm of benzene might cause
leukemia and that the number of such cases might be reduced by lower-
ing the permissible exposure level to I ppm.

The plurality interpreted section 6(b)(5), which empowers the Sec-
retary to promulgate occupational health standards "reasonably neces-
sary or appropriate to provide safe or healthful employment," as
requiring the Secretary to make a threshold finding that a workplace is
"unsafe" before issuing a toxic material exposure standard.23 Accord-
ing to the plurality, "safe" does not mean risk-free, and a workplace is
not "unsafe" unless it poses a "significant risk of harm" to the worker.24

Even a finding of significant harm may not suffice. The dicta inti-
mate that the Secretary must further show improved safety at the new
lower levels.25 And the burden of proof, for an informal and non-ad-
versarial rulemaking, is unusually heavy: both findings apparently
must be supported by a preponderance of the evidence.26 The OSH
Act itself specifies a relatively probing scope of judicial review, the sub-
stantial evidence test:27

As we read the statute, the burden was on the Agency to show, on the
basis of substantial evidence, that it is at least more likely than not that
long-term exposure to 10 ppm of benzene presents a significant risk of
material health impairment... [t]he closest [OSHA] came to making a

23. Id at 642, interpreting 29 U.S.C. § 655(b)(5) (1976) (emphasis added).
24. Id
25. Id at 642-44.
26. The Court cited no independent statutory authority for this newly imposed burden of

proof.
The same considerations that govern the allocation of the burden of proof are relevant to its

weight. The agency as the challenger should bear a heavier burden of proof in situations where
congressional policy favors preserving the status quo. F. JAMES & G. HAZARD, CIVIL PROCEDURE
252-53 (1977); C. MCCORMICK, HANDBOOK OF TmE LAW OF EVIDENCE 785-89 (1972). The oppo-
site is true in the context of occupational health. The remedial bent of the OSH Act, which was
enacted in response to "the grim history of our failure to heed the occupational health needs of
our workers," S. REP. No. 1282, 91st Cong., 2d Sess. 2 (1970), supports a minimal quantum of
proof. JAMES & HAZARD at 249-53. The fact that industry, not OSHA, controls access to expo-
sure data, does likewise. Id

27. Section 6(b)(5), 29 U.S.C. § 665(b)(5) (1976), requires the agency to support its findings
with substantial evidence. The substantial evidence test is a departure from the more deferential
"arbitrary and capricious" standard which typically governs informal rulemaking proceedings.
Compare section 10(e)(2)(A) of the Administrative Procedure Act, 5 U.S.C. § 706(2)(A) (1976).
Although the Benzene case did not discuss the meaning of the substantial evidence requirement,
the plurality gave this comparatively stricter standard of review prominence throughout the opin-
ion. Since the decision turned on OSHA's failure to find a significant risk of material health
impairment, the Court did not need to decide whether OSHA had satisfied the substantial evi-
dence test. 448 U.S. at 640. See also infra note 31.

Subsequent circuit court decisions have differed over the degree of judicial deference the
substantial evidence test warrants. For respectively intrusive and deferential conceptions of the
OSH Act "substantial evidence" standard after the Benzene case, compare Texas Independent
Ginners Ass'n v. Marshall, 630 F.2d 398, 404 (5th Cir. 1980) with United Steelworkers v. Mar-
shall, 647 F.2d 1189, 1207 (D.C. Cir. 1980).
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finding that benzene presented a significant risk of harm in the work-
place was its statement that the benefits to be derived from lowering the
permissible exposure level from 10 to I ppm were "likely" to be
"appreciable."2

The plurality noted in dicta that its newly announced significant
risk requirement is not a "mathematical straitjacket," and that OSHA
is not required to conclude with scientific certainty that such a risk ex-
ists before regulating toxic substances in the workplace. 29 Neverthe-
less, the plurality's view of the substantial evidence test 30 apparently
forces OSHA to rely on quantified data rather than partly or wholly on
policy considerations when it promulgates exposure standards.3

Writing separately, Justice Powell concluded that the OSH Act re-
quires the agency "to determine that the economic effects of its [health]
standard bear a reasonable relationship to the expected benefits. 32

Justice Rehnquist concurred in the judgment, but concluded that sec-

28. 448 U.S. at 653. Justice Powell did not join in this section of the pluarlity's opinion.
This passage seems to authorize the reviewing court to independently assess whether a pre-

ponderance of the evidence exists in determining whether the agency meets the substantial evi-
dence test. In effect, this would import a traditional trial court burden of proof standard into the
judicial scope of review. This reading, if correct, would contradict the Court's own pronounce-
mients which interpret the substantial evidence test as requiring "something less than the weight of
the evidence... Consolo v. Federal Maritime Comm'n, 383 U.S. 607, 620 (1966) (emphasis
added). In Consolo, the Supreme Court held that an agency finding cannot be reversed for lack of
substantial evidence merely because substantial evidence supports a contrary outcome. Id at 618.
There the Court remarked-

(T]he possibility of drawing two inconsistent conclusions from the evidence does not
prevent an administrative agency's finding from being supported by substantial
evidence.

Id at 620.
29. 448 U.S. at 656. For lower court elaboration of the "significant health risk" standard

and its methodological requirements, see Pratt & Whitney Aircraft v. Secretary of Labor, 649 F.2d
96 (2d Cir. 1981); Texas Independent Ginners Ass'n v. Marshall, 630 F.2d 398 (5th Cir. 1980);
American Textile Mfrs. Inst. v. Donovan, 617 F.2d 636 (D.C. Cir. 1981).

30. See supra note 27.
31. Responding to the dissent, the plurality sympathized with the need for value judgments

in rulemaking:
[Wihile the Agency must support its finding that a certain level of risk exists by substan-
tial evidence, we recognize that its determination that a particular level of risk is "signifi-
cant" will be based largely on policy considerations.

448 U.S. at 655 n.62. The opinion conceded that section 6(b)(5), which allows the Secretary to
regulate on the basis of the "best available evidence," relaxes the seemingly stringent substantial
evidence test:

As several Courts of Appeals have held, this provision requires a reviewing court to give
OSHA some leeway where its findings must be made on the frontiers of scientific
knowledge.

Id at 656. The opinion went on, however, to define such leeway in terms of the data that would
suffice, implying that some empirical data is necessary. Id Nowhere did the plurality ever sug-
gest that policy considerations alone could constitute substantial evidence, e.g., in the face of a "no
effects" finding. See infra text accompanying notes 58-60, 103-104, 114-16.

32. 448 U.S. at 667 (Powell, J., concurring). The plurality did not reach the issue of cost-
benefit analysis, since "the Secretary did not make the required threshold finding" of a significant
health risk. I at 640.
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tion 6(b)(5) of the Act constituted an invalid delegation of legislative
power, insofar as it applies to:

[Amny toxic substance or harmful physical agent for which a safe level
... is, according to the Secretary, unknown or otherwise
,infeasible."

33

Four justices dissented34 from the judgment affirming the lower
court's invalidation of the 1 ppm benezene standard, calling the plural-
ity's analysis "both extraordinarily arrogant and exraordinarily un-
fair,'""- and in flagrant disregard of restrictions on judicial authority. 36

After reviewing the administrative record and the evidence compiled
by the Secretary in support of the new occupational health standard for
benzene, the dissent concluded that the Secretary's determinations were
supported by "substantial evidence"37 and therefore that the 1 ppm
standard should withstand judicial review.

The dissent found "particularly embarrassing" the plurality's con-
struction of the OSH Act as requiring the Secretary to determine that a
"significant risk of harm" exists before an occupational health standard
may be promulgated.38 The dissenting justices agreed that the "signifi-
cant risk" standard did violence to congressional intent to the extent
that it rendered superfluous the first sentence of section 6(b)(5), which
requires the Secretary to promulgate the standard "which most ade-
quately assures. . . that no employee will suffer material impairment
of health."39

In response, the plurality downplayed the harshness of its stan-
dard.' Despite qualifying language, however, the plurality gave prom-
inence to the "significant risk of harm" test. Although the test is

33. Id at 688 (Rehnquist, J., concurring).
34. Justices Marshall, Brennan, White and Blackmun.
35. 448 U.S. at 695 (Marshall, J., dissenting).
36. Id at 688 (Marshall, J., dissenting).
37. See supra note 27.
38. 448 U.S. at 709 (Marshall, J., dissenting).
39. Id, quoting section 6(b)(5), 29 U.S.C. § 655(b)(5) (1976). See Baird, INDUsrIAL UNION

DEPARTMENt, AFL-CIO V. AMERICAN PETROLEUM INsTITUrE: Limiting OSHA 's Authority to
Regulate Workplace Carcinogens Under the Occupational Safety and Health Act, 9 B.C. ENvTL.
AFF. L. REv. 623, 670-71 (1981).

The commentators roundly criticize the effort to ground the "significant risk" requirement in
section 3(8), which limits occupational health and safety standards to those "reasonably necessary
or appropriate" to provide a safe workplace. See supra text accompanying note 7. For a sugges-
tion that section 3(8) necessarily gives broad discretion to OSHA, since there was no legislative
debate to the contrary, see Comment, Avoiding the Use of Cost-Benefit Analysis in the Context of
Occupational Safety and Health, The Requirement of Significant Risk;IND sTRIA4L UNION DEPR
MENT.AFL-CIO P. THEAMERfCAN PErROLEUM INsTITUTE, 22 B.C. L. REv. 1149, 1156 (1981)
[hereinafter cited as Boston College Comment]. One observer remarked that the phrase "reason-
ably necessary or appropriate" "almost never [is] used to impose a requirement other than that
agency actions bear a reasonable relation to statutory purposes." The Supreme Court, 1979 Term,
94 HARV. L. Rev. 75, 246 (1980).

40. See supra notes 29-31 and accompanying text.
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accordionlike,4" a strict interpretation would certainly hamper OSHA's
generic policy on carcinogens.42 To the extent that OSHA cannot rely
upon its generic cancer policy, it will have to evaluate suspect sub-
stances on a case-by-case basis, 43 costing time and expense.

Those who argue that OSHA will be forced to postpone indefi-
nitely many of its regulations are surely correct. Even so they still may
be too optimistic. The commentators,4 like the Court, seem to assume
that the agency can provide the relevant information to demonstrate a
significant risk of material health impairment when one exists. The
remainder of this article will examine why this assumption is mistaken
in many particular circumstances and logically impossible in others.

III
FACT AND POLICY ISSUES IN EPIDEMIOLOGICAL STUDIES

The Benzene case plurality implicitly committed itself to scientific
models that do not correspond to the practical, statistical or policy real-
ities in which they must be applied. In order to establish a quantifiable
risk of harm to workers from a disease like cancer, scientists must rely
upon either animal studies or epidemiological studies of humans ex-
posed to the potential carcinogen. As this section will discuss, both are
dependable indicators that a substance is a carcinogen at some expo-
sure level, but neither can reliably assess the risk at particular exposure
levels.

A. Measuring Risks

Relative risk and attributable risk are the two basic measures of
health risks in the workplace that quantitative risk assessments gener-
ate.45 The first statistic, relative risk, is the ratio of the incidence rate of
disease for those exposed to a disease-causing substance to the inci-
dence rate among those not exposed:46

incidence rate among exposed
Relative risk =

incidence rate among nonexposed

41. See supra note 31. See supra note 29 for subsequent lower court cases applying the
standard.

42. Boston College Comment, supra note 39, at 1169. See also Baird, supra note 39, at 683;
Comment, The Supreme Court's New Occupational Health Standardfor Benzene Exposure: Regu-
latedlndustrr Triumph Oer Employee Health, 1981 UTAH L. REV. 525, 531, 533. See upra text
accompanying note 15.

43. Boston College Comment, supra note 39, at 1169.
44. See, e.g., id. at 1169-70.
45. I consider the only concept of attributable risk relevant to our purposes. See J.

MAUSNER & A. BAHN, EPIDEMIOLOGY: AN INTRODUCTORY TEXT 322-23 (1974) for a discussion
of several other concepts of risk.

46. Id at 322.
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For instance, if the incidence rate of lung cancer in the general "nonex-
posed" (i.e., non-smoking) population is 7/oo.ooo, and the incidence rate
among heavy smokers is t6610o.ooo, the relative risk is 23.7. 47

Attributable risk is the "arithmetic . . . difference in incidence
rates between an exposed group and a nonexposed group."4 Thus, in
the case of lung cancer, the risk attributable to heavy smoking is
166/100,000 minus 7/oo.ooo or 159/too.ooo. Since attributable risk measures how
many cases can be avoided by making a workplace as safe as the gen-
eral environment, it is crucial for estimating the costs and benefits of
removing a health hazard.4 9

B. Di97culties with Animal Studies

At the 1978 OSHA hearings on the agency's new carcinogen pol-
icy, most if not all of the expert witnesses agreed that "animal evidence
alone should serve as the basis" for regulating carcinogens.50 A host of
reasons recommend this advice. To begin with, all but one, or possibly
two, of the chemicals that "cause cancer in humans. . . are known to
cause cancer in animals." Of these chemicals, most that induce cancer
in one mammalian species also induce cancer in others. The pathologi-
cal development of tumors in various species of animals resembles that
in man. Finally, human and animal molecular interactions show a
close resemblance in laboratory testing.5

Animal studies have several advantages over their human counter-
parts. Few industrial chemicals have been adequately tested by epide-
miological studies to discover whether they cause cancer in humans.
For one thing, epidemiological studies are notoriously insensitive, and
a survey that fails to show positive results merits little weight. More-
over, it is still too soon to observe the effects of newer synthetic chemi-
cals, given the long latency period of cancer. Ethical considerations
also come into play. There is no moral justification for waiting for "ev-
idence of harm in exposed workers when risks can be established rela-

47. Figures are from id, quoting Doll & Hill, Lung Cancer and Other Causes of Death in
Relation to Smoking, 2 BR. MEo. J. 1071, 1073 (1956).

48. MAUSNER & BAHN, supra note 45, at 322.

49. All of these risk measures are potentially misleading. No one statistic tells policymakers
all they need to know. Relative risk may exaggerate the risk of a rare disease. One could have a
relative risk of 24 whether the prevalence of the disease in the population is Yioo or VAo.ooo as long as
exposure to some health hazard makes one 24 times more likely than the general population to
contract it. Attributable risk may overestimate risks unless one is explicit about the denominator.
In many ways relative risk is best, used in conjunction with the risk rate to the general population
(/o.ooo in the smoking example) for it provides a measure of the danger of an exposed group
relative to the general population. In addition, as we will see, it is the easiest to provide through
scientific studies.

50. 45 Fed. Reg. 5,061 (1980).
51. Testimony of Dr. Arthur Upton, Director, National Cancer Institute. Id
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tively quickly by animal experimentation." 5 2

There are serious problems, however, in using animal studies to
establish health risks to humans. Detecting an incidence of cancer as
low as .01% (VAo.ooo) in experimental animals, for example, "would re-
quire hundreds of thousands of animals.'"53 Since such experiments
would be prohibitively expensive, researchers instead expose relatively
small groups of experimental animals to high doses of a suspected car-
cinogen and then use "biologically reasonable models in extrapolating
the results to estimate risk at low doses."5 4 For example, OSHA identi-
fies at least three relatively simple models for extrapolating from high
dose to low dose levels in animals.55 These models produce results that
differ by as much as a factor of 1,000, or three orders of magnitude.5 6

Ex'rapolating from animals to human beings compounds the uncer-
tab tty.5 A striking illustration of these difficulties is provided by a re-
cent OSHA survey of private estimates of the lifetime risk from
exposure to 1 ppm vinyl chloride. Among the thirteen studies sur-
veyed, the estimates of risk varied a millionfold.53

Further, suppose, as the plurality intimates, that the OSH Act re-
quires quantifying the risk to workers by a preponderance of the evi-
dence.-9 If this means OSHA must have at least fifty-one percent
confidence in the results, the plurality's requirement defies established
scientific reasoning. It is an accepted principle of nondeductive scien-
tific reasoning that the greater the number of hypotheses available to
explain given data or to predict a certain result, the lower the
probability that any one of the hypotheses is correct. 60 For example, if
two mutually exclusive hypotheses both explain the results of an exper-
iment, the probability that either one is true cannot exceed fifty percent.
With numerous hypotheses for extrapolating from high to low dose re-
sponses in animals and several others for extrapolating from animals to
humans, a respectable researcher cannot claim that the chosen risk
quantification is more probably true than false. Were OSHA required
to quantify the risks to humans, it could not in good conscience satisfy
the plurality's preponderance of the evidence requirement.

52. Testimony of Dr. David Rail, Director, National Institute of Environmental Health Sci-
ences. Id

53. NATIONAL ACADEMY OF SCIENCES, DRINKING WATER AND HEALTH 55 (1977), quoted
at 45 Fed. Reg. 5,087 (1980).

54. Id
55. 45 Fed. Reg. 5,184 (1980). See also Leape, Quantitative Risk Assessment in Regulation of

Ensironmental Carcinogens, 4 HARV. ENVTL. L. REV. 86, 100-03 (1980).
56. Id at 98-100, 45 Fed. Reg. 5,185 (1980).
57. See generally id at 5187-97.
58. Id at 5200.
59. See supra text accompanying notes 27-3 .
60. See L. WRIGHT, BETTER REASONING: TECHNIQUES FOR HANDLING ARGUMENT, Evi-

DENCE AND ABSTRACTION 92-97 (1981).
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The preceding discussion assumes that the suspect substance is a
known carcinogen, at least in animals. Animal studies that show "no
harmful effect" pose problems of an entirely different order. One
might suppose that such optimistic results rule out the risk of harm to
human beings. That is not the case, for a "no effects" or negative study
in one animal species does not show a suspected substance is safe for
animals or humans. Because the difficulties of "no effect" or "nega-
tive" studies are even greater than those of positive studies, OSHA will
rely on them as indicators that a substance is not carcinogenic only
under very special circumstances. First, there must be no positive tests
to the contrary, for positive tests always supersede negative tests. Sec-
ond, the results of negative tests must be conclusively established, and
established for two different animal species.6 ' The second requirement
is so difficult to satisfy that one researcher has said that in order to
establish with "95 percent confidence that a realistic dose of just one
substance causes fewer than one cancer in a million subjects would re-
quire a test involving at least 6,000,000 animals. 62

C. Difculties with Epidemiological Studies

Epidemiological studies of human beings exposed to a substance
in the past or present provide the best scientific evidence that a sub-
stance is carcinogenic at specific levels of exposure. Such studies, how-
ever, face a number of practical and theoretical difficulties.63

1. Discovering Risks

Human health risks at particular exposure levels can be detected
either through cohort or case-control epidemiological studies. A cohort
study compares the incidence of disease in a group exposed to rela-
tively high levels of a health hazard with the incidence of disease in a
group representative of the general population.64 In a case-control
study, "people diagnosed as having a disease (cases) are compared with
persons who do not have the disease (controls). 65 Clearly, fewer peo-
ple are needed in a case-control than in a cohort study, for only those

61. 45 Fed. Reg. 5,087.
62. Mantel & Schneiderman, Estimating "Safe" Levels, A Hazardous Undertaking, 35 CAN-

CER RESEARCH 1379, 1383 (1978). McGarity, Substantive and Procedural Discretion in Administra.
tive Resolution of Science Policy Questions: Regulating Carcinogens in EP4 and OSH4, 67 GEO.
LJ. 729, 734 (1979). makes the same point, referring to Schneiderman, Mantel & Brown. From
Mouse to Man-Or How to Getfrom the Laboratory to Park Avenue and 59th Street, 246 ANNALS
OF THE N.Y. ACAD. oF Set. 237, 241 (1975). See infra text preceding note 104. The example
quoted is clearly one extreme, but it suggests the problems researchers face with "no effect"
studies.

63. I am indebted to Dr. Helaine Pleet for advice about and information for the discussion
in this section.

64. MAUSNER & BAHN, supra note 45, at 312-13, 322-25.
65. Id at 312-13.
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with the disease, not those exposed to a risk factor, are the objects of
examination. In either case, a positive correlation between a risk factor
and the disease means that those exposed will tend to develop the dis-
ease and those not exposed will tend not to develop it.

Case-control studies are essentially retrospective. The researcher
takes a group that has contracted a disease, compares characteristics of
that group and its environment with those of the general population,
and tries to isolate factors that might have caused the disease. Cohort
studies can be retrospective or prospective. In a prospective study, a
sample population exposed to a potential disease-causing factor is fol-
lowed forward in time. Its disease rate is then compared with the dis-
ease rate of a group selected randomly from the general population. In
a retrospective study the same method is employed, only using histori-
cal data. The researcher studies the cold record of a group of people
exposed to some suspected disease-causing factor over some time pe-
riod to establish their disease rate. That rate is then compared with the
disease rate for a similar group from the general population.

Each kind of study has its advantage% and its problems. The case-
control study can provide an estimate of relative risk,66 and incurs little
expense, due to the small sample size. 67 Likewise, the case-control ap-
proach is especially suited to the study of rare diseases.6

1 Its disadvan-
tages, however, are numerous. It requires thorough and sophisticated
diagnosis to insure a properly representative control group.69 The inci-
dence rate cannot be derived, for there are no appropriate denomina-
tors for the populations at risk.70

The case-control approach, like the retrospective cohort study, re-
quires historical information about its subjects. This creates problems
of accuracy and documentation. 7' Information about past events re-
garding doses and exposure may not be available. In some cases,
records have not been kept; in others, no one measured the risk factor.
Sometimes it is difficult to separate and measure the effect of one risk
factor compared with another.72 For example, rubber workers are ex-
posed to vinyl chloride, polychlorinated biphenyls, chloroprene, sele-
nium compounds, benzidrine and its salts, aniline, carbon tetrachloride
and benzene, all of which are either suspected or federally regulated

66. Id at 316, 318. The estimation can be made only under certain assumptions, since the
magnitude of the incidence rates cannot be derived. Id ; see infra text accompanying note 70.

67. Id at 318.
68. Id at 328.

69. Id at 315.
70. Unlike a retrospective cohort study. Id at 316.
71. See Infra text accompanying notes 78-87.
72. MAUSNER & BAHN. s.pra note 45, at 93. These same problems plague retrospective

cohort studies. See infra text accompanying note 82.
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carcinogens.7 3 Case-control studies also run the risk of bias, since both
the informant and the interviewer know the subject has the disease. 4

In contrast, a prospective cohort study is free from bias. And co-
hort studies yield incidence rates and attributable risk as well as rela-
tive risk." But cohort studies, particularly prospective ones, have their
drawbacks too. All cohort studies require large numbers of subjects
and a long followup period, which increases with the latency period.
Predictably, then, such studies are costly.76 In a prospective study, sub-
jects may drop out. (In a retrospective study, they may be difficult to
trace.) Criteria and method may change as the years progress. Finally,
since most carcinogens have a latency period of five to fifty years,77

there are ethical problems in exposing people to suspected carcinogens
for the period a prospective cohort study requires.

2 Practical Problems

The costs and bioethical aspects of a prospective cohort study
prompt most epidemiologists to rely on case-control or retrospective
cohort studies. For this reas6n, it is worthwhile examining the numer-
ous practical difficulties inherent in relying on historical information.
Frequently, industry data on workplace exposure to harmful sub-
stances is inadequate.78 When this is a problem, epidemiologists must
resort to a worker's duration of employment as a measure of total expo-
sure. The proper interpretation of this data, like any indirect measure-
ment, is understandably a point of controversy, 79 and in any event,
often companies fail to keep this information.80 Even if such data ex-
ists, it does not necessarily reveal which employees actually worked in
the contaminated quarters."

As was mentioned above, workers are often exposed to more than
one chemical agent, which makes both case-control and retrospective
cohort studies much more difficult, if not impossible, to conduct.82 In
addition, the dosage of exposure frequently varies over time. 3

Job mobility and population heterogeneity also take their toll.
Since there is considerable job mobility in American employment, the

73. Schottenfeld & Haas, Carcinogens in the Workplace, 29 CA-A CANCER J. FOR CLINI-
CtANS 144, 156-59 (1979).

74. MAUSNER & BAHN, supra note 45, at 320.
75. Id at 323-24.
76. Id at 324-25.
77. See representative latency periods for various causes in Schottenfeld & Haas, supra note

73, at 156-59.
78. 45 Fed. Reg. 5,040 (1980).
79. Id
80. Id
81. Id
82. Id See supra text accompanying notes 72-73.
83. Id at 5,043.
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effect of a carcinogen easily can be overlooked. The briefer the expo-
sure, the longer the latency period of the disease.8 4 Even if an epidemi-
ologist has data for one population and its set of characteristics for
either a cohort or case-control study, it is difficult to extrapolate to
other populations and their characteristics. 5 Populations can vary in
socioeconomic status, age at which exposure occurred, smoking history,
and other factors that affect susceptibility.86

These practical problems make it difficult, perhaps nearly impossi-
ble, to obtain scientifically respectable results to quantify health risks to
workers and to provide even the most rudimentary dose-response curve
for a substance. In fact, one researcher has suggested that the relevant
data is missing for most chemical substances and industrial processes.8 7

As we have seen with regard to animal studies, there are more complex
ways of estimating such information, but they introduce additional un-
certainties which are incompatible with the preponderance of evidence
requirement.

3. Theoretical Problems

Even without these practical difficulties, serious mathematical and
statistical problems would remain. These statistical problems com-
bined with practical constraints are incompatible with the Court's re-
quirement that OSHA demonstrate a "significant health risk" before
promulgating a more restrictive occupational health standard.

To see these points we must delve into the theory of hypothesis
acceptance and rejection. The need is not to learn statistics, but rather
to introduce enough terminology to characterize the main risk and
proof variables with which epidemiologists must work.

In studying a carcinogen such as benzene, a scientist considers two
hypotheses. The first posits that exposure to benzene is not associated
with greater incidence of a certain disease, say, leukemia or aplastic
anemia, than that found in the general population. The second hy-
pothesis assumes that exposure to benzene is associated with a greater
incidence of such diseases. In statistical parlance, the first is known as
the null hypothesis, while the second is called the alternative hypothe-
sis." When should one reject the null hypothesis and accept the alter-
native hypothesis, and what errors might there be in accepting one or
the other?

Since an epidemiological survey studies small samples of both ex-
posed and unexposed populations, there remains the possibility that the

84. Id at 5,040.
85. Id at 5,041.
86. Id at 5,042.
87. Id at 5,044.
88. A. FEINSTEIN, CLINICAL BIoSTATISTics 320-21 (1977).
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study will erroneously favor a certain hypothesis by chance alone.
That is, a researcher risks inferential errors from studying a sample
instead of the whole population in question. The researcher runs the
risk of making one of two kinds of mistakes. The study might show
that the null hypothesis should be rejected (and the alternative hypoth-
esis accepted) when in fact the null hypothesis is true. This is called a
type I error.8 9 Or, the study might show that the null hypothesis should
be accepted when in fact the null hypothesis is false and the alternative
hypothesis is true. This is a type II error °

TABLE I
Null hypothesis is Null hypothesis is
actually true, e.g., false, alternative
benzene is not hypothesis is true,
positively associated e.g., benzene is
with cancer associated with

cancer.

Null hypothesis is No error Type H error
accepted

Null hypothesis is
rejected and
alternative Type I error No error
hypothesis is
accepted

In the abstract, the fact that two kinds of errors can be committed
in such studies is of little interest. Instead, one wants to know the
probability of committing such errors by chance alone. The probability
of committing a type I error is normally designated a and the
probability of committing a type II error is designated P3. 9 Conven-
tionally, ax is set at .05 so that there is only a one in twenty chance of
rejecting the null hypothesis when it is true. In other words, if ax is'.05,
and the study shows the null hypothesis should be rejected, the chance
of doing so correctly is ninety-five percent. 92 Convention also sets P
between .01 and .20, when a is .05. When 3 is .20, one takes one
chance in five of rejecting the alternative hypothesis as false when it is

89. Id at 321-22.
90. Id at 32425. Table I is adapted from id at 325 (Table 1).
91. See generally id at 320-34.
92. Walter, Determination of Sign jcant Relevant Risks and Optimal Sampling Procedures in

Prospective and Retrospective Comparative Studies of Various Sizes, 105 AM. J. oF EPIDEMIOLOGY
387, 391 (Table 2) (1977). I do not discuss how the various statistical variables are derived for a
particular study from the raw data, but only wish to show the conceptual relationships among
them.
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true, for example, of saying benzene is not associated with leukemia
when in fact it is.93

Perhaps more important is 1 - 13, or the "power" of a statistical test.
Since the probability of accepting or rejecting the alternative hypothe-
sis is I, and since 3 is the probability of rejecting the alternative hy-
pothesis (accepting the null hypothesis) when the alternative hypothesis
is true, 1 - 13 is the probability of accepting the alternative hypothesis
when the alternative hypothesis is true. Obviously this is a crucial sta-
tistic, for it tells the chance that benzene, for example, is indeed associ-
ated with cancer. When 13 equals .20, the power of one's statistical test
is .80. This means the scientist has an eighty percent chance of ac-,
cepting the alternative hypothesis as true when it is true.

One can think of ac, P, and 1 - 03 as measures of the "risk of error"
or "standard of proof." What chance of error is a researcher willing to
take? Is a twenty percent (13=.20) chance of saying benzene does not
cause cancer, when in fact it might, an acceptable risk? When workers
may be contracting cancer even though a study shows they are not, is
their health worth a twenty percent gamble?

Alternatively, we might think of a , 3, and 1 - 3 as measures of
proof. What standards of proof do we demand of researchers? Must
benzene be condemned by mere preponderance of evidence, say fifty-
one percent (I - 3 = .51)? That is to say, must researchers be fifty-one
percent sure that benzene is a carcinogen with high risk for workers
before regulating it? Should OSHA be permitted to take a forty-nine
percent chance (13=.49) that benzene is not a high risk carcinogen to
workers, when in fact it might be? These questions only precede more
complex matters, for the standards of proof demanded of statistical
studies have implications for the costs of doing such studies and for the
relative risks that can be detected.

In order to fully see these trade-offs we need two other variables:
N, the total number of people studied in the exposed and unexposed
groups, and 8, the relative risk one wants to detect.94 At the outset of
the study one usually sets 8 at some value considered an unreasonable
risk to health for public policy purposes, say, a relative risk of 2, 5, or
10.95 The value chosen depends upon many factors, including the seri-
ousness of the disease, its incidence in the general population, and how
great a risk the exposed group justifiably should be expected to run. 6

93. FEINSTEIN, supra note 88, at 324-25.
94. See FEINSTEIN. supra note 88, at 320-24.
95. That is, the incidence of disease in a group exposed to a risk factor would be two, five or

ten times greater respectively than the incidence of disease in the general population. See supra
text accompanying notes 46-47.

96. To be more precise about this, however, 8 need not be set in advance, for it depends
upon the number of people to be studied and the prevalence of the underlying disease, in addition
to the values of c and 3.
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If one wishes to detect a very small relative risk between two groups,
e.g., a relative risk of 2 for a rare disease, large numbers of exposed and
unexposed individuals must be studied. A large relative risk, such as a
risk of 6, requires fewer individuals to obtain statistically significant
results.

The relation between the relative risk and the number of subjects
raises a more general issue. a, 3, 8 and N are interrelated. If any three
of them are known the fourth can be determined. Typically, one would
not be interested in solving for a, and thus it is specified at the outset.
A researcher who knows a, 8, and N can solve for 13 and thus discover
what the power of the study (1 - 13) would be. If the observed data
support the alternative hypothesis, but the power of the test is fifty per-
cent, the results are not conclusive. Alternatively, knowing a, N and 3
(or alternatively I - 3) makes it possible to calculate the lowest risk for
which one could test. For example, it might be impossible to test for a
relative risk smaller than 6, if one had an insufficient number of people
to study.

Because the variables are interdependent, crucial trade-offs are in-
evitable. Consider four alternatives.

(1) In the first example, suppose we want to discover whether a
suspected carcinogen, C, is associated with a particular cancer L. Sup-
pose the incidence of L in the general population is Vo.ooo, and we want
to be ninety-five percent sure that if our study shows that there is not an
association between C and L, none exists. Thus we set a at .05. Sup-
pose we set 13 at a typical value of .20, so we have only one chance in
five of committing a type II error, and an eighty percent chance of sta-
tistically accepting the alternative hypothesis when it is true. Suppose
further that we regard a relative risk of 3 (8= 3) as a "serious" risk
worth investigating for public health purposes.9 7 Given these values,
we would have to study 7,695 people exposed to C, and (I assume for
the sake of simplicity) an equal number who are not exposed to obtain
statistically significant results at a relative risk of 3.98 That would be
prohibitively expensive.

(2) Suppose we can study only 2,150 workers who were exposed
to C. We want to be ninety-five percent confident (a = .05) of results
favoring the null hypothesis and eighty percent confident (1 - 13 = .80)
of any results that favor the alternative hypothesis when the prevalence

97. This is a complicated matter, for relative risk does not tell us certain information. A
three-times normal risk of a certain kind of cancer may merit further investigation. If the preva-
lence of disease in the general population is Vxoo.o0o,oo, the risk is not worth study, unlike a disease
with a prevalence of Vo or A.ooo. See supra note 49.

98. All the figures used in these examples are courtesy of Dr. Helaine Pleet and the com-
puters at the Centers for Disease Control in Atlanta, Georgia. That information is summarized in

the Appendix. Similar numbers can be calculated from the equation in note 100 infra. The par.
ticular numbers in alternative (I) come from line 3(c) of the Appendix.



1983] EPIDEMIOLOGY AND PROCEDURAL PROTECTIONS 389

of the underlying disease is Vto.ooo. What relative risk can we hope to
detect? At best we only could detect a relative risk of 6, or two times
what we thought was "serious" enough to warrant social attention. 9

Put differently, given a at .05, P at .20, and N at 2,150, a relative risk of
6 is the smallest risk we could detect with eighty percent confidence.

(3) Epidemiological studies are flexible enough, however, to de-
tect a lower relative risk, say 8 = 3, by making some trade-offs. If we
kept N and a constant (N = 2,150, a = .05), P would have to be corre-
spondingly raised to .44, lowering 1 - P to .56. 00 Because P = .44, there
is a forty-four percent probability of mistaking a toxic substance for a
benign substance by chance alone. We could only hope to find a rela-
tive risk of 3 among the 2,150 exposed workers if we were willing to
foresake confidence in the results and if we were willing to take a con-
siderable chance of leaving workers exposed to a possibly harmful
carcinogen.

(4) Epidemiological flexibility allows a final alternative. If we
had only 2,150 workers to study and wanted to be able to detect a rela-
tive risk as low as 3, we could increase a instead of P. With P set at .20,
the resultant a would equal .33.101 This creates a thirty-three percent
chance of concluding that benzene is associated with a threefold in-
crease in cancer when it is not. That is, we could be only sixty-seven
percent confident of negative results, instead of having the ninety-five
percent confidence researchers typically demand. A standard epidemi-
ological text notes that "it is generally accepted in the medical litera-
ture that it is [only] safe to reject a null hypothesis when there is a less
than five percent chance of being wrong (type I error)."," Thus, even
though we can reach statistically significant results for a relative risk of
3 by increasing a to .33, this is inconsistent with current scientific meth-
odology and would seriously undermine the credibility of the study.

99. Id The particular numbers for alternative (2) come from line 5(c) of the Appendix.
100. 0=.44 is a value computed from the following equation:

(pig, + Psq2 )
n=K(p-p2)2

Walter, supra note 92, at 387-88 (equation (2)). K = (z. + zo)2, p, = disease rate among exposed
individuals, P2 = disease rate among non-exposed, n = the size of each group (assumed to be
equal), q, = l-p!, q2 = -P2., and z. and zp are the points in the normal distribution defined by
the type I and II error rates respectively. The equation is for a one-tailed test of significance.

101. Based on computation from equation (2) in Walter, supra note 92, at 387-88.
102. A. RIMM, BAsIc BIOSTATISTIcs IN MEDICINE AND EPIDEMIOLOGY 201-02 (1980).
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From these examples we can construct the decision tree displayed
in Table II. It is not immediately evident which alternative is the most
attractive. Alternative (1) is excluded for reasons of cost. Alternatives
(2) and (3) put workers at considerable risk, and alternative (4) risks
undermining the credibility of the research because it is inconsistent
with scientific practice. Whatever the final choice, however, the Court's
"significant health risk" and quantification requirements impose hard
choices on researchers. We can easily imagine cases in which the
Court's requirement would make it statistically impossible to detect a
significant health risk. Assume that a relative risk of 3 is considered
legally significant for a disease that occurs in eight people of every
10,000. If there were only 1,000 workers to study (with a at .05 and P at
.20), a relative risk could not be detected below 8.73, even if it turned
out the substance in question did cause a threefold increase in mortality
among workers. Workers would be exposed to a trebled increase in
mortality although the study could not reliably detect the risk. 03

Alternative (2) suggests some interesting results for "negative" or
"no effect" studies. Assume a study is run on 2,150 exposed workers
with at at .05 and 0 at .20, when the prevalence of the underlying dis-
ease is VAo.ooo. With these values, we only could be confident of de-
tecting a relative risk of 6. But suppose no relative risk were detected,
that is, the study was "negative" or showed "no effect" between the
chemical C and the disease L. What could we infer? At most we
would be justified in concluding that the relative risk was less than 6. It
might be 5.8 or 1, but given the constraints on the study, we could not
conclude so statistically. Thus, a "negative" result (i.e., accepting the
null hypothesis) in this situation is of little value. Although we could
not know it from the numbers of people studied, the workers might
well face high risk. This example illustrates the general problem with
"no effect" studies. Short of a positive association between the sus-
pected substance and the disease, the most that can be inferred is that
the relative risk to people is not as high as the relative risk tested for in
the study. 04

As striking as these examples are, they only intimate the statistical
problems a cohort study of benzene-caused leukemia would pose. Al-
ternatives (1) through (4) assume that the prevalence of the hypotheti-
cal disease L in the general population is Yto.ooo. In fact, however, the

103. This figure is taken from Walter, supra note 92, at 391 (Table 2).
104. By comparison, the Benzene case plurality noted that only 1,440 employees exposed to

benzene worked in benzene plants. 448 U.S. at 616 n.6. Of course, thousands of other workers
were exposed to benzene in other industries. To study a group of employees working in uniform
conditions in a single plant, it might be difficult to obtain a large enough sample for a statistically
significant result in a case-control study. One might of course be able to find exposure conditions
in several different plants that would be uniform enough for a defensible study, but that would be
fortuitous.
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prevalence of leukemia (the carcinogenic disease related to benzene ex-
posure) in the general population is between Mioo.ooo and IM/io.o 0t 5 That
is, it is ten times rarer than the hypothetical example assumed. As a
consequence the difficulties sketched above are even greater for an epi-
demiological study of benzene exposure.

If we construct analogues to alternatives (1) through (4), the results
change simply because leukemia is rarer than the hypothetical disease
L. In alternative (1), holding ot, 3 and 8 constant and changing the
incidence of L to eight per 100,000 for leukemia, we would have to
study 77,087 people exposed to benzene and an equal number not ex-
posed to obtain statistically significant results." 6 In alternative (2),
holding at, 3 and 8 constant and using the prevalence rate of leukemia,
we would have to study 21,580 people in order to detect a relative risk
of 6.107 Pared back to 2,150 subjects, we could detect a statistically sig-
nificant relative risk no lower than thirty-nine. 10 8 If we were forced to
study as few as 1,000 people, we could reliably detect a relative risk no
lower than 50.109 Studying as many as 10,000, we could detect a rela-
tive risk of no less than 9.'10 In alternative (3), holding a, 8, and N
constant, we would lack even fifty percent confidence in our results."'I
Even increasing ot to sixteen percent would not decrease the chance of a
type II error below fifty percent." 2 With a disease as rare as leukemia,
and no more than 2,150 subjects, it is impossible to obtain statistically
useful results in a cohort study. Analogues of alternative (4) lead to

105. DEMOGRAPHIC ANALYSIS SECTION, Div. OF CANCER CAUSE & PREVENTION, NATIONAL
CANCER INST., MONOGRAPH No. 57, SURVEILLANCE, EPIDEMIOLOGY AND END RESULTS: INCI-
DENCE AND MORTALITY DATA 1973-1977 662-63 & Table 51 (1981).

106. This figure is from line 3(d) of the Appendix.
107. This figure is from line 5(d) of the Appendix.
108. This figure is from Walter, supra note 92, at 388 (equation (4)).
109. This figure is from Walter, upra note 92, at 391 (Table 2).
110. Id
S11. 1 put this point in a general way because of statistical problems. A sample of 2,150

people is so small compared to the disease rate of leukemia that the assumptions underlying the
usual epidemiological equations no longer apply. The most important of these assumptions is that
there is a normal distribution of diseased individuals throughout the population. In a group of
2,150 people on the average only .17 people would contract leukemia. Since people come in mul-
tiples of 1, a probability procedure is needed to estimate how many discrete individuals are likely
to contract leukemia. The problem is analogous to one of estimating how many times a coin will
come up heads if it is flipped 25 times. The chance of k individuals contracting leukemia (with a

prevalence of 8/100,000) is given by the formula for a Poisson distribution:

e-M(M)k
p(k) = k!

where e is the mathematical constant and M is the mean of the sample population being studied.
when a = 1.5%, 8 = 3, and 03 = 90.5%. Thus, the chances of making a type II error are nearly one
hundred percent. When a = 16% and 8 = 3, P3 = 59.7%, one could not be more than forty percent
confident that a positive outcome was correct. Professor David J. Strauss of the Department of
Statistics, University of California at Riverside, pointed this out to me.

112. .See supra note II1.
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similarly unsatisfactory results. The upshot is that the rarer a disease,
the greater the problems faced by epidemiologists.

These problems axe incident to a cohort study. A case-control
study which looks only at diseased people and compares them with a
control group requires fewer subjects, thus lowering the costs. The
trade-offs and statistical difficulties imposed are exactly the same, how-
ever. " 3 The trade-offs involved between relative risk and type II errors
mean that either study may conclude that workers face no risk when in
fact they do. The demand for risk quantification prior to regulation,
while preserving a patina of precision about health risks, runs a sub-
stantial chance of leaving workers exposed to potentially dangerous
substances. The problems just discussed are, of course, exacerbated for
the "significant health benefit" model, for reasons already considered.

4 The Idea of a Legitimate "No (Legally) Signftcant Health Risk"

Given the problems outlined above, the 'issue then becomes
whether we should err on the side of optimism or on the side of caution
in assessing the risk of harm. The difficulties with animal and epidemi-
ological human studies suggest that caution is the wiser tack.

Recent work by the International Agency for Research on Cancer
(IARC) reinforces this conclusion. IARC studied 368 substances se-
lected on the basis of two criteria: "a) evidence of human exposure and
b) evidence of carcinogenicity in experimental animals and/or of a

113. The following table shows the number of subjects needed to calculate various values of
relative risk for cohort and case-control studies of congenital heart disease, a relatively common
disease whose prevalence is .008 (4.ooo) in the general population. The table assumes a = .05 and

= .10.

Relative Risk Cohort Study Case-control study

2 3,837 188
3 1,289 73
4 712 45
5 478 34
6 280 24
7 168 18

Taken from Schlesselman, Sample Size Requirements in Cohort and Case-Control Studies of Dis-
ease, 99 AM. J. oF EpIDEMtLoooy 381, 382-83 (Tables 2 and 3) (1974). Note that the requisite
sample size would have to become larger as the disease becomes rarer. See supra text accompany-
ing notes 106-112.

Despite the dramatic difference in the numbers of people needed for cohort and case-control
studies, both studies have similar statistical problems. In each, the lower the relative risk one
seeks to detect, the higher N must be. In addition, if N is fixed, the lower the relative risk, the
lower the power of the study (I-A), and the less confidence we can have in the outcome. This
increases the chance of a type 1I error, that is, of test results that show that workers are not at risk
when in fact they are. In any case, both studies must consider and separately account for the
carcinogenic effects of additional substances to which the worker subjects were exposed. See
supra text accompanying notes 72-73; Walter, supra note 92, at 393. Negative results in both
studies have the same inconclusive effect. See supra notes 61-62, 103-04, infra notes 114-16, and
accompanying text.
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human risk." 1 4 The study concluded that present epidemiological
data are too limited to reliably detect a threat to man in the vast major-
ity of substances that are known to induce cancer in animals:

[tiwenty-six chemicals or industrial processes were identified as associ-
ated with an excess carcinogenic risk to man ... and for a further 221,
some evidence of carcinogenicity in one or more animal species was
found. For the majority of these 221 chemicals evidence of human ex-
posure exists but no evaluation of the carcinogenic risk to man was
made, either because no epidemiological studies or case reports were
found (205 compounds), or because the results were inconclusive (16
compounds). For the remaining 121 chemicals, the available studies
were inadequate to make an evaluation of the presence or absence of a
carcinogenic effect. . . Thus, of the 368 compounds reviewed in the
IARC monographs, less than 8% had received adequate investigation to

judge whether or not they had carcinogenic effects in humans. This is a
grossly inadequate basis on which to assess the percentage of human can-
cers "caused" by occupational exposure.I s

Testifying before OSHA, Dr. Irving Kessler of Johns Hopkins
University indicated that deficiencies exist in the quality as well as in
the quantity of epidemiological studies of occupational groups:

In fact there have been relatively few controlled epidemiological stud-
ies of occupational groups. Rather, the large majority of human studies
have been conducted upon hospitalized patients with and without a
given disease. Only in the last few years, with the emergence of interest
in occupational health hazards, have occupational studies been under-
taken by epidemiologists. With a few exceptions, most of these could
not, until recently, have been classified as well designed and controlled
epidemiological studies. This is an emerging and very important field
where methodologic approaches are still being developed." 6

The Benzene case thus invites the criticism that its proof standards
are scientifically illegitimate in the sense that failure to quantify a sig-
nificant health risk may result from a number of factors irrelevant to
establishing the scientific truth that a health risk exists. Further, the
IARC results show that 92 percent of all known or suspected carcino-
gens have not yet been positively identified as being either dangerous to
or safe for humans in the workplace at any exposure level. The evi-
dence of the presence or absence of carcinogenicity at particular expo-
sure levels is even less conclusive.

114. Tomatis, Agthe, Bartsch, Huff, Montesano, Saracci, Walker & Wilbourn, Ealuation of
the Carcinagenicity of Chemicals: A Review of the Monograph Program of the InternationalAgency

for Research on Cancer (1971 to 1977), 38 CANCER RESEARCH 877, 878 (1978).

115. Testimony of Dr. David Rall, Director, National Institute of Environmental Health Sci-
ences, 45 Fed. Reg. 5,044 (1980) (emphasis added).

116. Id See supra note 31 and accompanying text.
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5. Policy Assumptions Implicit in Epidemiological Studies

The plurality opinion suggests that occupational health regulations
ultimately must rest upon empirical facts rather than upon policy con-
siderations." 7 The outcome of epidemiological studies themselves,
however, rest on and are shaped by assumptions that are the equivalent
of social policy considerations.

The decision tree at Table II provides an apt illustration. Alterna-
tive (1) must be rejected for reasons of time and cost, although it
promises the most accurate results. Epidemiologists must consider so-
cial policy trade-offs when weighing the desirability of obtaining the
most accurate information against the cost and morality of doing so.
Some studies are prohibitively expensive; others are unethical.

Alternatives (2) and (3) involve the latter problem. These ap-
proaches illustrate the trade-offs that must be made between relative
risks traded for and the chance of making a type II error. Either (2) or
(3) takes the risk of leaving workers exposed to potentially dangerous
carcinogens which the study could not detect. Whether or not epidemi-
ologists should conduct studies which run such risks goes to the very
design of a study and infects its product. With either (2) or (3), re-
searchers may obtain a "no effect" outcome and have a false sense of
security while workers' lives are endangered.

Finally, studying the same number of workers, scientists could
adopt alternative (4) and increase the risk of a type I error to 33 per-
cent. At stake is the credibility of the study. Almost all scientific jour-
nals require that statistical results run no more than a five percent
chance of a type I error."'8 The choice between (4) on the one hand
and (2) and (3) on the other requires balancing the potential loss of
credibility against the chance of leaving workers exposed to potentially
harmful chemicals.' 19

These observations support several inferences. Any facts pro-
duced by an epidemiological study under less than ideal research con-
ditions are heavily infected by policy considerations. Beyond the
questions of scientific respectability and costs, scientists must render
judgments of the very kind the Act requires: how great a risk to work-
ers' health should be countenanced? These choices are especially criti-
cal when a study shows "no effect" between exposure to a substance
and the presence of disease. In planning their studies, scientists must
make many of the same policy judgments apparently forbidden OSHA

117. See supra notes 30-31 and accompanying text. I only briefly indicate the nature of this
problem, since a thorough discussion will appear in a forthcoming paper by Dr. Helaine Pleet.

118. See supra note 92 and accompanying text.
119. In some respects a study that risks a type I error, i.e., showing there is a risk to workers

when in fact there is none, may be preferable to the other alternatives. However, it is not clear
how credible such studies would be in the eyes of the scientific community.
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when it promulgates rules. If epidemiologists must make such policy
judgments in designing their studies, why cannot OSHA make them in
deciding whether to regulate a substance?

IV

A PROPOSAL FOR OCCUPATIONAL HEALTH STANDARD
PROMULGATION

Justice Marshall, writing for the dissent in the Benzene case, re-
jected the "significant health risk" standard and the evidentiary re-
quirements which attend it. In his view, when the "magnitude of risk
cannot be quantified on the basis of current techniques,"' 2 ° the Secre-
tary should be permitted to act primarily on policy grounds. 12' Justice
Marshall provided few details but his comments suggest the following
guidelines. First, the Secretary should act in accord with the remedial
purpose of the Act,'22 which is highly averse to risks to workers' health.
When risks cannot be quantified, they could be established by expert
opinion, 123 akin to the practice of congressional committees. Second,
an appropriate margin of error may be used to establish both risks and
new exposure standards, subject to the "feasibility" requirement.'24 Fi-
nally, policy guidance is especially appropriate for known carcinogens,
since any "deficiency in knowledge relates to the extent of the benefits
rather than their existence. . . ."125

Decisions "to take action in conditions of uncertainty bear little
resemblance to the sort of empirically verifiable factual conclusions to
which the substantial evidence test is normally applied,'126 and thus
require a higher degree of deference. The spectre of unbridled agency
discretion gives cause for concern. There exist, however, additional
criteria which can facilitate a more inquisitive judicial review without
forsaking worker health. Recognizing the risk-averse nature of the Act,
the Court should require OSHA to articulate fully the policy considera-
tions behind the agency's assessment of risks and its determination that
more restrictive standards are appropriate. These would include, but
would not be restricted to: evidence of carcinogenicity in humans; evi-
dence of carcinogenicity in more than one animal species; and the like-
lihood that practical problems unrelated to the existence of an actual
health risk led to negative results in human studies.' 27 Further, when

120. 448 U.S. at 690.
121. Id at 716.
122. Id at 706.
123. Id at 707.
124. Id at 693.
125. Id at 707-08.
126. Id at 706.
127. McGarity, supra note 62, at 734.
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OSHA relies on biological extrapolation models, it should explain why
it prefers one to another.' 28 The agency should also set forth and ex-
plain the relative risk a particular epidemiological study assumes as
well as the power of the test.

Suppose workers challenge an OSHA standard because they be-
lieve it offers them insufficient protection. The Court should examine
OSHA's reasons for not setting a more stringent standard. It should
pay particular attention to "no adverse effect" animal or human epide-
miological studies at the current exposure level. As we have seen, nu-
merous practical considerations can undermine the scientific legitimacy
of such a "no adverse effect" finding. And, there are good statistical
reasons for being more wary of negative results than of positive results.
For example, a study may have ignored risk-averse statistical variables.
The relative risk considered "safe" may have been set high to cut re-
search costs with the result that a "no observed effect" finding would
fail to preclude the existence of a considerable risk. Even if OSHA
found a statistically significant risk, and even if it were quantified,
OSHA might not have considered it "significant" or one important
enough to regulate.'2 9

Suppose on the other hand that industry challenges the environ-
mental standard as overly restrictive. Here the Court should look
closely at any quantified risks in light of the "substantial evidence" test.
If the risks were not quantified, then it would have to look closely at
expert testimony and any extrapolation models which OSHA used to
judge the risk "significant."

In sum, OSHA should quantify risks when the scientific data justi-
fies doing so, but it should rely on guided policy considerations when
such data is not available. Consider two examples. In the
ethyleneimine controversy, OSHA found ethyleneimine (EI) was carci-
nogenic in two animal species.130 Using extrapolation models the sec-
retary found El carcinogenic in human beings. 31 The reviewing court
determined that the experiments were based upon substantial evidence
and concluded that the Secretary had in effect made a legislative choice
"that if carcinogenicity in two animal species is established, as a matter

128. Schottenfeld & Haas, supra note 73, at 152. The scientific community favors risk averse

extrapolation models, which also accord with the risk conservatism of the statute.

129. The Court should scrutinize OSHA's policy reasons for believing such a risk was not
monetarily worth protecting against, and its reasons for believing that large numbers of workers
would not be affected. In particular, the Court should be especially critical of the benefit informa-

tion on which OSHA relied as well as the cost information on which the economic "feasibility" of

the standards was based, for such benefit and cost information is systematically biased toward
industry. The costs of providing devices in the workplace to protect health are readily ascertain-
able, but the benefits of being free from disease are not so easily discerned.

130. Synthetic Organic Chemical Mfrs. Ass'n v. Brennan, 503 F.2d 1155, 1158 (3d Cir. 1974).

131. Id at 1159.
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of law §§ 6(a) and 6(b)(5) require that they be treated as carcinogenic
in man."'32 The court held that there was substantial evidence in the
record as a whole to support the Secretary's findings.' 3

This decision furnishes a model for allowing OSHA to meet its
burden of proof based upon policy considerations. Even the Benzene
case, which quoted the El decision with approval, 34 might authorize
such a model. Yet a strict interpretation of the "significant health risk"
model would preclude such a decision.

Consider a second example. Assume there is evidence that a sub-
stance is carcinogenic in animals, and carcinogenic in human beings at
high exposure levels. But assume further that poor recordkeeping im-
pedes a retrospective cohort epidemiological study, while a case-control
study is precluded because no one has yet died from exposure to the
substance at levels of the consensus standard. Finally, assume that
conservative extrapolation models from both animal studies and from
high exposure levels in humans indicate that there is considerable risk
to humans at consensus standards. In light of the risk-averse nature of
the statute, the evidence of carcinogenicity in animals, and the fact that
the appropriate epidemiological studies cannot be done because of
poor recordkeeping, the Court should allow OSHA to proceed with
rulemaking.

Or assume the same facts with one new embellishment. Posit an
epidemiological study showing no risk to humans at consensus levels of
exposure. Assume its sample was so small that no significant relative
risk could be detected below a value of 9, for a disease with a preva-
lence in the population of o.o0. With so small a sample, one runs the
risk that 72 of every 10,000 workers exposed at the consensus standard
will contract the cancer associated with the substance despite the
study's apparent optimism. In this situation, OSHA would be justified
in promulgating a new standard based primarily on reasons of policy.

V

CONCLUSION

Epidemiology, the chief research tool for discovering risks to
human health in the workplace, faces numerous practical and statistical
obstacles in detecting such risks. This fact alone should not prevent
OSHA from setting higher workplace health standards; although this
fact makes it, when scientific facts are uncertain, OSHA could supple-
ment its factual conclusions with policy considerations consistent with
the aims and goals of the OSH Act. However, because the Court has

132. Id
133. Id at 1160.
134. 448 U.S. at 657 n.64.
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imposed a procedural rule which well may require the quantification of
scientific results, in many cases OSHA will be effectively prevented
from setting lower exposure standards even when toxic substances pose
health risks.

Nevertheless, the Court's options remain open. It can reinforce
the strict rule which makes it quite difficult for OSHA to set lower stan-
dards and which flies in the face of scientific method and knowledge, or
it can permit a more relaxed procedural requirement, along the lines
proposed here. A less rigid rule would be more consistent with the
OSH Act's legislative purpose and would evidence a proper under-
standing of scientific methodology and the difficulty of setting exposure
standards under conditions of uncertainty. Which choice is followed
will have important consequences for the well-being and safety of our
workforce.
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Appendix

Representative Statistical Values for Prospective Epidemiological Studies of

Diseases at Various Incidence Rates

Incidence of disease in Numbers of Subjects to be Studied
general population: N/2 N/2 N

exposed unexposed total

1) 8 =1.5 (relative risk)
ct =.05 (risk of type I error)
3 .20 (risk of type II error)

a) 8/100 a) 691 691 1,382
b) 8/1,000 b) 7,631 7,631 15,262
c) 8/10,000 c) 77,022 77,022 154,044
d) 8/100,000 d) 770,939 770,939 1,541,878

2) 8 =1.5
=.05

f3 =.05
a) 8/100 a) 1,212 1,212 2,424
b) 8/1,000 b) 13,382 13,382 26,764
c) 8/10,000 c) 135,078 135,078 270,156
d) 8/100,000 d) 1,332,037 1,332,037 2,664,074

3) 8 =3
a =.05
13 =.20

a) 8/100 a) 62 62 124
b) 8/1,000 b) 756 756 1,512
c) 8/10,000 c) 7,695 7,695 15,390
d) 8/100,000 d) 77,087 77,087 154,174

4) 8 =3
a =.05
13 =.05

a) 8/100 a) 109 109 218
b) 8/1,000 b) 1,326 1,326 2,652
c) 8/10,000 c) 13,495 13,495 26,990
d) 8/100,000 d) 135,191 135,191 270,382

5) 8 =6
t =.05

13 =.20
a) 8/100 a) 13 13 26
b) 8/1,000 b) 207 207 414
c) 8/10,000 c) 2,150 2,150 4,300
d) 8/100,000 d) 21,580 21,580 43,160
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6) 8 =6
a =.05
3 =.05

a) 8/100 a) 22 22 44
b) 8/1,000 b) 363 363 726
c) 8/10,000 c) 3,771 3,771 7,542
d) 8/100,000 d) 37,845 37,845 75,690


