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ABSTRACT
CONTROLLING WORKPLACE CARCINOGENS:

THE IMPACT OF EVIDENTIARY UNCERTAINTY UPON
REGULATORY EFFECTIVENESS

By

Dan Engelberg

Even the most casual glance at federal efforts to control
carcinogens conveys an impression of ineffectiveness. Few substances
have been regulated in the more than ten years since Congress began to
direct sustained attention toward the risks posed by cancer-causing
substances. One possible explanation for this is that the agencies of
the government to which Congress has delegated its power have been
unable to reach a consensus among expert 6pinion regarding the
- principles of science upon which the evidence for rational and legally
defensible regulation must be based.

This dissertation explores this hypothesis by examining three
questions. The first question concerns the general structure of the
evidence underlying standards controlling exposure to carcinogens. This
structure is described and alternative approaches that might be taken
within this structure are discussed with a particular emphasis toward
identifying and assessing the significance of the sources of uncertainty
within each. It is concluded from this examination that any rational
scheme of regulating suspected carcinogens must be based upon
conspicuous and radical uncertainty.

The second qqestion of the paper is what implications this
uncertainty has for effective standard-setting. This question is

explored by analyzing the constraints upon standard-setting imposed
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through the legal system as well as those imposed by the uncertain
character of the evidence. The legal system requires that government
actions be based upon enough evidence to ensure that individuals’ rights
not be violated unfairly. It is argued that by itself, evidentiary
uncertainty is not a constraint upon regulatory effectiveness. Rather,
it is the relationship between this uncertainty and the requirement of
due process that limits the ability of agencies to effectively control
suspected carcinogens. The rights of parties who have legal standing to
question standards in federal courts has imposed an excessive strain
upon every stage of standard-setting. Thus, the constraint on
rule-making is not simply scientific, but also social, political, and
legal.

The third question of the paper concerns the degree of power of
agencies to employ less strict standards of proof than is presently
necessary. A case study 18 presented of what has been the most
ambitious attempt by any federal agency to make it easier to regulate
suspected carcinogens: OSHA’s generic cancer policy. The attempt by
"the Occupational Safety and Health Administration to issue an effective
"generic cancer policy" failed because the Agéncy was unable to resolve
the tension between its dual constraints of radical evidentiary
uncertainty and the obligation to respect rights of due process in a way
that would make it significantly easier to set standards. Thus we
conclude that OSHA effectivély did not have the power to shift the
"burden of uncertainty."

It is inferred from this, as well as the general inability of
federal agencies, that regulators do not possess the effective power to

shift the burden of uncertainty sufficiently to permit a concerted and
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long~term program that would identify, assess and control the risks from
carcinogens. If this is to be done it can only be by the public
confronting the political issue of how much protection it wishes the
government to offer and by Congress designing administrative mechanisms

that will enable this to be realized.
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PART I

BACKGROUND, PROBLEM STATEMENT AND METHODS



CHAPTER ONE

INTRODUCTION

This work stems from the author’s perplexity regarding the question
of how federal agencies should transfer wealth and create and dispose of
rights of private citizens through their regulatory powers when the
information that forms the logical basis for the decisions is
fundamentally uncertain. When the opinions of experts differ in a
fundamental way, how should "life-or-death" decisions be made? Although
the thrust of this dissertation is not an attempt to directly answer
this question, it will undertake to suggest an answer based on an

analysis of the way in which it is done at present.

A. The Cancer Problem: A Dilemma for Regulation

Cancer is arguably the greatest public health problem faced by the
more developed countries. After diseases of the circulatory system it
claims the most lives of any single cause of death. Four hundred
thousand Americans die of cancer each year.1 It knows no equal in the
pain and suffering that accompanies each death. Americans spend more
than six billion dollars every year on various forms of cancer

treatment.2 By comparison, the general fund budget of the State of

1 This figure was obtained by multiplying the cancer death rate (see
note 5) by the present population of 225 million.
2

A recent study estimated the average "three year costs" of
treatment as $16,700: Abt Associates, Inc., Cancer Insurance Costs and
Benefits, Washington: National Credit Union Administration, 1980, p.
44, This number was then multiplied by the estimated number of deaths.




Michigan in 1982 is five billion dollars.3 Moreover, cancer morbidity
and mortality rates have been increasing during most of this century.
Whereas the death rate from cancer in 1920 was 83.2 per hundred
thousand,4 by 1977 it had more than doubled to 178.7.5

The federal government has a legitimate role in mitigating health
hazards.6® But the regulation of the actions of private citizens by the
government needs to proceed with a cautious regard for due process.7
So, Congress’ constitutional power to "provide for the . . . general
welfare" is bounded by its obligation to respect the due process rights
of individuals. The first principle of due process is that the

assignment of responsibility rests with the individual who did in fact

3 Michigan, Budget Message of the Govermor, 1982, page v.

4 U.S. Bureau of the Census, Mortality Statistics 1929, Washington,
D.C.: U.S. Government Printing Office, 1932, p. 28.

5 U.S. National Center for Health Statistics, Vital Statistics of
the United States, vol. II, Washington, D.C.: U.S. Government Printing
Office, 1981, p. 1-7. It is likely, however, that a portion of this
reported increase neglects more efficient pathological procedures and
reporting techniques.

6 U.S. Constitution, Article I, section 8. Usually, however,
Congress does this under its power to regulate interstate commerce (also
section 8).

7 The Constitutional basis of this is in the Fifth Amendment.



cause the injury-a Thus, a regard for due process in the regulation of
carcinogens necessitates an understanding by regulators of scientific
evidence adequate (however interpreted) for the ensuring of the rights
of due process.

This obligation to adhere to due process produces a dilemma for the
regulator. How is he to protect the public health while ensuring that
positive findings are based on adequate evidence? He cannot forget

that:

A sanction imposed in the absence of a causal relationship between
the prohibited activity and posited adverse consequences would be
arbitrary and hence unconstitutional.
What is most conspicuous about the evidence upon which regulations
controlling carcinogens must be based is the extreme degree of
uncertainty ordinarily attached to it.

Through these regulations government transfers rights and pioperty
between individuals and between groups. When it acts to control a
carcinogen, government is conferring additional "health rights”™ upon
some and taking away economic rights from others. Certainly, some of
the losers will also be beneficiaries, but this will be the exceptional

case. In general, the losers and gainers will constitute distinct

groups.

8 Marcia Gelpe and A. Dan Tarlock, "The Uses of Scientific
Information in Environmental Decisionmaking,”™ 48 S. Cal. L. Rev. 371,
372 (1974).

9 Ibid., Pe 375.



Part of this work will focus on the regulating of carcinogens in
the workplace. This is done for several reasons, some of which are
detailed later in this Chapter. But there is one general reason that
deserves mention at this point. The effects of technological change are
often strongest and most immediate in the workplace. This is because
technological revolutions are first revolution; in production processes,
and secondly in the products themselves. And furthermore, harmful
substances and techniques are typically more concentrated and pervasive
in the workplace than in the consumption sector of the economy. It is
for these reasons that the individual as worker has been less insulated
from many of the technological jolts of the past two hundred years than
he has been as consumer.

In the present case, that of carcinogens, this is undoubtedly the
case. Workers in certain industries and occupations are exposed to
vastly higher levels of suspected carcinogens than the typical consumer.
Although the population at risk is often relatively small, the risk
which these people face is much greater -- according to most
exposure/risk models.l0

In spite of the fact that it cannot be asserted with the same
degree of confidence that attaches to most of the inferences which we
draw upon in our day-to-day activities, it remains a fact that workers
exposed to certain chemicals are contracting cancer and dying with
fearful statistical regularity. How is government to respond? The

degree of certainty required to permit government to sanction possibly

10 Inequity of risk, then, is an aspect of the workplace situationm.
This aspect may be seized upon to justify extra-market mechanisms of
risk reduction.



life threatening actions is the sort of concern which admits of no easy

rule providing sufficient guidance in specific situations.

B. Problem Statement

Within the last twelve years there has been an explosion of laws
designed to protect the public from health risks. This surge of
attention by Congress reflects a general concern that the public not
suffer undue or excessive harm. Yet, these laws are little more than
delegations of authority to one or another agency to employ ambiguously
specified powers to attain vague policy goals.

One clear example of this is exemplified by the Occupational Safety
and Health Act (OSH Act) which was passed by Congress and signed into
law by President Nixon in 1970 after a long and arduous st:ruggle.n
This law reflects a concern for the healthfulness of the working
environment and.a belief that then current mechanisms for ensuring it
were inadequate. .

Yet, as will be shown in Part III, the general vagueness of this
law (and others) has contributed to a great deal of uncertainty,
misdirection and ineffectiveness by the agencies in which Congress
entrusted its powers. For exumple, whereas the National Institute for
Occupational Safety and Health published a 1ist of fifteen hundred
“"suspected” carcinogens, in the twelve years since the passage of the
OSH Act the Secretary of Labor, in whom standard-setting powers are

vested, has issued health and safety regulations for only twenty-three

11 For a concise description of its legislative history see: The Job
Safety and Health Act of 1970, Washington, D.C.: Bureau of National
Affairs, 1971. For an insider's view see: Lloyd Meeds, "A Legislative
History of OSHA,"™ 9 Gonzaga Law Review 327 (1974).




substances. And this is a notable achievement compared to what other
agencies have been able to accomplish. The Environmental Protection
Agency, for example, has managed to regulate only four substances as
"hazardous air pollutants” under the Clean Air Act of 1970 and six
chemicals or chemical families as "toxic pollutants”™ under the 1972
Amendments to the Federal Water Pollution Control Act.l2

There are two roots of the vagueness.. One is that lawmaking in the
United States is largely a mattef of consensus-building. This property
was manifestly present in the framing of the 0SH Act. Generally
speaking, voluntary agreements among divergent interests can be reached
either through compromise, or, if compromise is impossible, by deferring
the irreconcilable issues explicitly or through ambiguous language. The
last alternative was taken by Congress in developing critical sections
of the OSH Act. Because it was politically essential that Congress pass
some law, incompatible differences were hidden through equivocation.
This will be explained in somewhat greater detail in Chapter Seven.
Using a term that will be explained in Chapter Two, this type of
equivocation pesulte~in uncertainty as to what type of regulatory
“framework™ should be employed in standard-setting. The agency
possesses unclear instructions concerning what decision rule to employ
in regulating substances.

The other root of legislative vagueness is insufficient
understanding of the object of regulation or of the regulatory
environment. This root has been manifestly present in the field of

toxic substances. With a better understanding of the mechanisms whereby

12 These substances are enumerated on page 198.



substances cause cancer and other chronic diseases, Congress would have
been able to devise clearer laws. Because the mechanisms were so
uncertain, Congress was reluctant to specify the evidence that would be

acceptable in rule-makings.

C. Thesis and Purposes of the Work

In the absence of direction by Congress in these two areas,
agencies have been obliged to first determine the proper regulatory
frameworks under which they should operate to then determine the
acceptable standards of evidence.l3 It is the thesis of this
41ssertation that the regulatory ineffectiveness alluded to earlier has
stemmed in large part from an inability by agencies to devise for
themselves frameworks and rules for standard-setting.

In investigating this thesis the following descriptive aims will be

pursued:

(1) To describe the general structure of the evidence and
potential regulatory frameworks underlying standards
controlling exposure to carcinogens.

(2) To determine the properties of the evidence that hinder
effective standard-setting.

(3) To ascertain the degree of power that agencies possess to
make rule-making more effective.

13 If the rationale for a regulation can be viewed as a syllogism in
which the regulation itself is the conclusion, then the framework would,
be the major premise and the standards of evidence would be the
determinants of the minor premise. For example, the hypothetical
regulation, "Exposure to vinyl chloride should be limited to one part
per million,” follows upon the general assumptions: (1) all substances
with a certain set of properties should be regulated in a certain
specified way and (2) vinyl chloride possesses this set of properties.



D. Research Questions and Format

This dissertation is organized around a set of specific research
questions. At this point these questions will be set forth and their

significance to the overall thesis and purposes will be explained:

(1) What is the logical structure to which the evidence underlying
agency actions to regulate suspected carcinogens must comport?

If this work is to have any general relevance its conclusions must
be true of a class‘of régulations'rather than any single one. If the
thesis is to be tested for a class of regulations one way of doing it is
to determine those properties that are common to all of them and to show
that the theorized response occurs as a result of them. With this
purpose in mind, the next Chapter outlines a model of the environment
for standard-setting for toxic substances, and in Part II certain
critical components of this model will be sketched in greater detail.

In Part III a case study will be examined through this modél.

(2) How does uncertainty enter the process and what is its magnitude?

For reasons which will be explored in Part II of this work the most
glaring feature of the evidence to regulate a substance as a carcinogen
is the manifest presence of radical uncertainty.14 In the Introduction
to Part II a preliminary model of scientific uncertainty will be
offered. Chapters Three, Four and Five, in whole or in part, will then

examine the various ways in which uncertainty enters the evidentiary

14 By "radical” uncertainty is meant uncertainty of unknown
dimensions, whose bounds can at best be approximated.
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process for carcinogens and will assess its magnitude. Although
attention will focus upon regulating carcinogens, it is suggested, but
al argument will not be presented, that many other chronic diseases

adhere to the same general model.

(3) 1s there a tension between this uncertainty and the legal and
political constraints upon standard-setting which hinders
rule-making in this area?

It is important for the purposes of this work that the impact of
this uncertainty upon rule-making be assessed. This will be done
through examining how agencies have dealt with these issues. The focus
of this discussion will be upon the standard-setting activities of the
Occupational Safety and Health Administration. The discussion in Part
IIT will be directed toward its regulatory experience and will postulate
an explanation for its seeming inability to meet the mandate contained
in the OSH Act to "assure so far as possible every working man and woman
in the Nation safe and healthful working conditions and to preserve our
human resources."l3 This explanation will be in terms of the
interaction between evidentiary uncertainty and the political and legal

constraints under which OSHA operates.

e —

15 The Occupational Safety and Health Act of 1970, 29 U.S.C. et seq.
1651, T 1t 1s interesting to note that although the law's aim is to
assure healthful conditions "so far as possible”™ OSHA only has the power
to set health and safety standards to assure health and safety "to the
eéxtent feasible" (section 6 (b)). OSHA's statutory powers and
Tespongibilities will be discussed in greater depth in Part III.
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(4) ~What is the conceptual basis for regulating substances generically
as done by the Occupational Safety and Health Administration?

One intriguing idea that would enable regulatory agencies to
increase their effectiveness is for them to regulate substances
"generically”. Under a generic approach framework and evidentiary
issues are dealt with once, and in all future rule-makings are
considered "settled" to one degree or another. Chapter Six will deal in
part with the motivation for this regulatory approach and will offer two

Justifications for it.

(5) Through a case study examination of OSHA’s rule-making process,
and from the answers to the earlier questions, what conclusions
can be drawn regarding the power of federal agencies to
meaningfully and effectively control carcinogens as required under
their mandates?

Beginning in 1976 and continuing into the present OSHA has expended

a large part of its resources in developing a generic policy to govern

future regulations concerning carcinogens. It has proven to be the most

ambitious single attempt by any federal agency that would contribute to
reducing the risks from toxic substances. It was also significant in
being the most explicit attempt by any agency to decide the issues of
framework and evidence that Congress had left unresolved. Because of
these factors as well as the breadth of public participation in the

rule-making, it is expected that some insight can be drawn from it

pertaining to the general field of toxic substance regulation.

E. Limitations of the Study

This work is. hampered by a pair of limitations. The first is that

much of the author’s learning in the fields of science which occupy his
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attention in Part II has been self-taught. Thus, it is almost certain
that he has overlooked points and issues of significance. It is hoped,
though, that this naivete has not materially affected the validity of
the arguments. To remain silent on issues whose resolution rests on
questions of science has been the intention of this work.

But, and -this is a key point in the analysis, many of the
scientific questions are inherently unanswerable in a scientific
framework. Although the questions possess a scientific form — that is,
they look like other questions that are amenable to the methods of
science -- they cannot be answered because they do not make "logical
sense" and "physical sense."” This places a decision-maker who must make
a decision in an obvious quandary. The question =—— and the issue which
rests upon it — will be resol;red (whether or not this is recognized)
using nonscientific instruments.

Thus, it might even be expected that this naivete has sharpened the
acuity with which the distinctions and properties, which might be taken
for granted by one who is more expert, are perceived. The author has
sought to compensate for this inexperience through extensive reading in
the literature. And as these Chapters are not meant to be critical
discussions of the science one might expect that the damage is not too
great.

Another limitation of this study is its nearly total reliance upon
secondary sources of information. The case-study of OSHA’s experience
in standard-setting contained in Part III is drawn almost completely
from published material. Only one of the "players" was interviewed by
the author. However, the author did have access to a wealth of printed

material. In particular, the weekly Occupational Safety and Health
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Reporter, published by the Bureau of National Affairs proved to be most
helpful. So, once again, hopefully the study was able to overcome this

handicap.



CHAPTER TWO

MODEL SPECIFICATION, INFORMATION COLLECTION,
AND METHODS OF INTERPRETATION AND ANALYSIS

A. Model Specification

Care must be exercised in building a model for a system. For once
a model is chosen it replaces the object itself as the focus of study.
A model that is an inaccurate representation of the system will yield
biased conclusions. Although theoretical, this work aims to be
descriptive of the conceptual structure which federal decision-making
regarding carcinogens should logically comport to. So, it is important
that an accurate appraisal of this structure be presented., Because this
study is focusing on the conceptual context of decision-making the model
minimizes the internal structure of the agency. It can be viewed as a
"black box" model. This avoids the necessity of making any assumptions
concerning internal agency organization or politics.l As a result, the
argument should hold for any organization which has the function of
regulating carcinogens under the American legal system.

The rule-making process consists of a number of stages. They are a
product of administrative and statutory law. As will be seen in Part
I1I, the OSH Act specifies fairly detailed procedural guidelines that
must be adhered to in issuing health and safety standards. This degree
of specification is routine in the federal statutes that deal with

carcinogens.

1 The seminal discussion of these issues is found in Herbert Simon.
Administrative Behavior, (2nd ed.) New York: The Macmillan Company,
1961.

14
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The case study of OSHA’s cancer policy is examined as a series of
steps each of which is potentially taken by any federal agency prior to

a regulation taking effect:

(1) developing and issuing a proposal;

(2) presenting the proposal to the public and allowing comments;
(3) issuing a final standard and responding to comments;

(4) defending that standard in a court of law.

Since, and in large part as a result of, the passage of the

Administrative Procedure Act in 19462 federal actions have become more

open. Parties have increasingly been able to interject their views into
individual rule-makings. Clearly, this results in the potential for
greater responsiveness on the part of government agencies. It also
increases the ability of the public to influence the process. But, at
the same time, it raises the amount of "friction" in the process. At
several points in the process, parties who wish to thwart a standard are
able to delay the process. And under certain circumstances this tactic
can bring about the defeat of the standard. In fact, OSHA’s cancer
policy, which will be the subject of the case study in Chapter Six, is
an example of this outcome.

In order to highlight the issues raised in Chapter One, standards

are typified as resulting from three "factors" and four "components”.

2 5 U.S.C. 551 et seq.
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The factors describe the types of consideration that enter into

producing the standard. The three factors are:

(1) politico—economic;
(2) legal;
(3) evidentiary.

Although these will not be discussed in any detail at this point as
their interactions are part of this study, a few general comments will
be made here.

The politico-economic factor is seen in the influence of interest
groups upon the rule-making process. This influence is manifested in
various forms, either directly upon the agency responsible or
indirectly, by pressing other parts of the govermment to influence the
agency. Granted this is a simplification, but it should suffice for the
purposes of this study. As a first approximation, two types of interest
groups apply pressure upon OSHA. '"Business interests” is one. 'Labor"
and "public interest" is another. In Part II distinctions will be drawn
among these types.

The legal factor is, quite simply, those aspects of the law that
have an influence upon the regulation or the rule-making process. There

are three parts of the law that are applicable here:

(1) the statutory authority under which action is taken;

(2) procedural requirements governing the form and substance of
these actions;

(3) due-process requirements protecting the rights‘of private
parties.
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Whereas Congress confers power upon the agency, there are restrictions
(usually loosely defined) upon what an agency can do and how it can go
about doing it. These powers and limitations will be discussed in Part
I1I.

Depending upon what regulatory framework is employed to set
standards, different types of evidence will be necessary. Although
every framework requires some types of scientific information, there are
other scientific issues that are superfluous. And some, but not all
frameworks call for determining the economic costs of the standard.

In principle, the third factor, evidentiary, is the dominant input
into agency decisions. According to bureaucratic theories of
administrative behavior, the agency executes a closely defined set of
functions with little discretion.3 1In reality, however, administrative
behavior is heavily influenced by political considerations and forces.
Nevertheless, evidence forms a crucial part of any standard. But, as
shall be seen, the structure of administrative decision-making is
composed in such a way that the other factors acquire greater influence
when there is a large degree of uncertainty in the evidence.

Standards controlling the risk from carcinogens stem from a

"logical argument" composed of four steps or "components". They are:

(1) Recognizing that a problem exists that warrants regulatory
action by the agency.

The first step is a threshold determination. For reasons that will be

discussed in Chapter Three, it is based upon epidemiological evidence.

—————

3 See Max Weber, The Theory of Social and Economic Organization, New
York: The Free Press, 1947.
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Based upon this determination Congress may decide to enact a law. For
example, the recognition that there was an epidemic of workplace
injuries and diseases brought about the passage by Congress of the OSH
Act in 1970.% Thus, although the agency need not make this
determination, for it to have received its authority, it must have been
made. It should be noted at this point that the soundness of this
determination is irrelevant to the agency. That is to say, OSHA’s
authority does not stem from the existence of a "workplace health
epidemic.”" Thus, on a macro level, occupation can have very little
influence upon the national cancer rate (a debatable point) and OSHA
would still be obligated to control individual risks. This very point

will be discussed in Part III.
(2) Identifying the source of the risk.
The second step is based upon four types of evidence:

(1) epidemiological studies on humans;
(2) in vivo biocassays in animals under experimental conditions;
(3) 4in vitro "short-term tests";

(4) tests of structural similarity to "known" carcinogens.

Each of these is grounded in scientific assumptions that will be

eéxamined in Part II. They are based to differing degrees on assumptions

——

4 The Act begins, "The Congress finds that personal injuries and
illnesses arising out of work situations impose a substantial burden
upon, and are a hindrence to, interstate commerce in terms of lost
production, wage loss, medical expenses, and disability compensation
paymntso" (52, 29 U.S.C. § 651 (1975)).
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regarding the largely unknown mechanisms of carcinogenesis. They are
listed in order of increasing degree of emphasis upon these assumptions

(and, for this reason, in order of decreasing evidentiary strength).

(3) Assessing the risks posed by the substance (and, in some
schemes, the benefits that it provides, the cost
effectiveness and/or feasibility of its control).

Any rational decision rests upon an assessment of its impact. The third
step presumes a regulatory framework that is to one degree or another
exogenous to the evidence itself. It is given in part by the legal
(statutory) mandate within which the agency operates. But within this
mandate, the agency will ordinarily have certain discretion in
determining the framework within which it will weigh the evidence. It

will be argued that there are four frameworks relevant to regulating

suspected carcinogens:S

(a) the market framework;
(b) the "no-risk" framework;
(¢) the technology~based framework;
(1) economic feasibility
(11) technology-forcing
(d) risk-benefit and cost-benefit analysis.

Applying the framework allows the agency to determine a target level of

control (a "permissible exposure level").

5 This framework is adapted from that contained in: Lester Lave,
The Strategy of Social Regulation, Washington, D.C.: The Brookings
Institution, 1981.
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(4) Determining the most effective strategy for control.
Once it arrives at a "PEL" the agency can seek to attain this through
any of several strategies. Although they will only be discussed in

passing in this study the strategy choices include:

(1) mandating the use of:
(a) "personal protective devices” and/or
(b) "engineering controls”

(2) mandating that the exposure level be reached through:
(a) specific, detailed solutions or

(b) “performance standards” which can be met through any
mechanism that the affected firms choose.

The following table illustrates the relationships between the factors

and the components of standard setting:

TABLE 1.

THE INFLUENCE OF THE FACTORS
UPON THE COMPONENTS OF THE STANDARD

Steps in Comstructing a Standard

Factors

Recggnition Identification Assessment Control
Political Yes No Yes Yes
Legal No No Yes Yes
Evidentiary Yes Yes Yes Yes

A health standard is a complex product of a whole series of choices
made and decisions taken. This study aims to highlight how these

choices are made and the assumptions upon which they are based.
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B. Information Collection

The bulk of the information upon which this work is drawn consists
of published material. In the discussion of the nature of the evidence
that figures into regulations an author was accepted as an informed
source if his works were cited by others. With rare exceptions, all of
the works that are referred to had been published prior to the
publication by OSHA of the final cancer policy. Most of them were cited
in the preamble to the final rule.6

The sources of information on agency policy are articles in
professional and trade journals, and agency publications. In addition,
one of the architects of the cancer policy was interviewed. Although
the examination in Chapter Seven centers on OSHA policy, it will refer
to the policies that other federal agencies have with respect to

carcinogens.

C. Interpretation and Analysis

This study is a conceptualization of the evidentiary framework
around carcinogen regulation, how it interfaces with the legal framework
Within which agencies operate, and a short examination of how the
dilemmas that arise therefore gave birth to an alternative amode of
Tegulating (generically). So, the tools of interpretation and analysis
that will be employed are those of judgment and inductive and deductive

reasoning.

———

6 U.S. Occupational Safety and Health Administration, "Identificationm,
Clasgsification and Regulation of Potential Occupational Carcinogens," 45
Federal Register 5001 (1/22/80). Hereafter, this will be referred to as
"Hearings."
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Chapters Three through Five, for example, are centered around two
parallel arguments, one deductive and one inductive. There is the
deductive argument that any rational carcinogen regulation must be based
on a certain train of reasoning that is set forth and termed
"identification/assessment." At the same time, there is the inductive
argument that the presence of various specific sources of uncertainty in
the identification/assessment process lend uncertainty to the process as
a whole. Treating these two‘inferences as premises in a further
deductive argument, it can be concluded that any rational carcinogen
regulation will necessarily be based on uncertain evidence. So, it is

this type of interpretation and analysis that will be employed.



PART 1II
SOURCES OF UNCERTAINTY

"The conclusions reached in science are always, when
looked at closely, far more provisional and tentative than
are most of the assumptions arrived at by our colleagues in
the humanities. But we do not talk much in public about
this, nor do we teach this side of science . . . There are
more than seven times seven types of ambiguity in science,
all awaiting analysis. The poetry of Wallace Stevens in
crystal clear alongside the genetic code.”

Lewis Thomas, "The Art of Teaching Science,"
New York Times Magazine, (3/14/82), p. 91.

23



INTRODUCTION TO PART II

The estimates that form the basis for regulations controlling
carcinogenic risk possess a great deal of uncertainty. This evidentiary
uncertainty enters into each component of the standard, affecting each
one, and thereby the published regulation itself. The adequacy of
regulatory responses to this risk is quite sensitive to the degree of
uncertainty attached to the estimates.

The objective of Part II is to show that the science of carcinogen
identification and assessment is so frail that it can offer little in
the way of probable and ampliative knowledge to guide decision makers in
Government. At several crucial junctures in the logical decision
process "trans—~scientific” issues sneak in to muddy the clear waters of
scientific discourse. Rarely can a meaningful decision be reached on
issues like the human carcinogenicity of substances without retreating
into a highly personal conception of what science is that is inherently
unscientific.

There is a common misconception that experimental procedure is very
much l1ike a recipe in which the researcher follows a series of clearly
8tated steps to come up with an unambiguous conclusion. In reality,
however, nothing could be further from.the truth. Experiments, like all
research, are very often a matter of trial and error, full of false
starts, oversights and mistaken assumptions. But some experiments are
"dirtier” than others. The problem with most types of experiments
vwithin the field of carcinogen identification is that uncertainty floods
in, swamping the evaluations. Because there are no recipes, "scientific
Judgment” plays a larger role than might be hoped for. And, although

there appears to be a consensus in the scientific community on the
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appropriateness of many of the assumptions that underlie the evaluation
procedure, there are several crucial ones for which a consensus does not
exist. Determining their appropriateness is simply "beyond" science.
Alvin Weinberg termed these "...questions which can be asked of science

and yet which cannot be answered by science . ... trans-scientific."l

But judgments must be made. Individuals with scientific
credentials are urged from all sides to offer guidance in the name of
"Science." Scientific judgments, though, are meant to be made from an
attitude of skepticism. An initial attitude of skepticism may be lost
in the desire to employ one’s knowledge to the perceived greatest good.
Thus many of the answers to purportedly scientific questions are laced
with a heavy dose of personal bias.

As has been mentioned, one of the most conspicuous features of this
process is the manifest presence of uncertainty. There is no getting
avay from it. Moreover, its presence is not fully appreciated by many
participants in the process. It will be suggested later how such a
radical degree of uncertainty might distort deliberations. At this
point a short schema and description will be presented. For the
Purposes of this paper, there are three types of questions whose
resolutions involve the introduction of a certain amount of uncertainty

into the deliberation. They are:

- gcientific
= trans—-scientific

- normative

z Alvin Weinberg, "Science and Trans-Science," 10 Minerva 209
1972).
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Those individuals whose job it is to make final determinations must be
able to recognize and identify by type each question and, to the extent
possible, to place bounds around the degree of uncertainty that it

imposes.

Scientific Uncertainty

Any question—-answering process involves a certain likelihood that
study design, procedure or analysis is faulty and biased to a large
enough extent as to invalidate the conclusion. Thus, uncertainty is
intrinsic to scientific investigation. This is particularly comnspicuous
vhen the theoretical underpinning (in physiology and biochemistry) and
the logistics (of, most notably, animal studies) provide tenuous bases

for reliable estimation.

Trang-scientific Uncertainty

The uncertainty that arises as a result of the intrusion in a study
of a trans-scientific question is one that looks as though it is
answerable, but is not. Trans-scientific questions can be identified,

but the degree of uncertainty that they induce camnnot be estimated.

Normative Uncertainty

Normative uncertainty is somewhat different than both of those
discussed above. Since the assessment process involves a weighting of
the relative desirability of various impacts of a particular strategy,
and since nature does not present us with these weights, they must be
imposed. Thus, there is not a great deal that can be said objectively

regarding the rightness or wrongness of any particular distribution of
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impacts. For millenia, thinkers have thrown themselves headlong against
this problem. And it has not yet been satisfactorily solved. They all
fall prey to G. E. Moore’s "naturalistic fallacy": of attempting to
derive an "ought" from an "is".2 But in so far as no distribution can
be shown to be optimal, whichever is chosen, the assessment possesses a
probability less than one of being so.

It i8 easy to fall into the belief that the
identification/assessment process is free of all value assumptions. But
nothing could be more wrong. Indeed, one explanation that shall be
offered for the tremendous diversity of opinion among expert viewpoints
of the same data is the application to this "raw data" of different
value assumptions. It shall be argued that their inevitability suggests
that one should not attempt to suppress them, but rather to 1d.ent:lfy
them.

One should look at many of the questions that require "scientific
Judgment" such as those that are being examined in this part in light of
subjective value assumptions. It very well may be that values intrude
in the name of scientific judgment, and that they play a role in the
1dentification process as well as the assessment process.

The evaluation of substances as carcinogenic is a complex task.
The following three Chapters are meant to suggest just how very complex

1t is.

~——

2 F. E. Moore, Principia Ethica, Cambridge: Cambridge University
Press, 1956, p. 13.




CHAPTER 3

RECOGNITION

There is no evidence that industrialization has caused an
increase in cancer . . . At the moment there’s no hint of a
ma jor new cancer threat.

John Cairnsl

The role of occupational carcinogens is critical but greatly
underrecognized in the recent increases in cancer rates . .
. Death rates due to cancer will reach epidemic proportions
if they continue at the current rate.
Joel B. Swartz2
A. Introduction

It is easy to understand any distress felt by government regulators
when they are confronted with such widely disparate views concerning the
most fundamental of questions. When basic assumptions that underpin
regulatory attitudes are thrown into question, this suggests either a
radical subjectivism on the part of one or both advocates, or a radical
degree of uncertainty in the descriptive paradigm itself.

At this point the general question of control will be addressed:
that is, what is the relative significance of envirommental as opposed
to genetic factors in determining cancer incidence rates? There is
ample evidence that environmental factors are contributory to certain
human factors. A first indication is had by observing that cancer

incidence varies greatly from one country to another. For example,

although cancer of the liver is the most common cancer among men in

—

1 Paraphrased from Occupational Safety and Health Reporter, vol. 11,
Pp. 450-1, (11/5/81) from a statement at the semi-annual meeting of the
Chemical Manufacturers Association.

2 Paraphrased from Occupational Safety and Health Reporter, vol. 10,
P. 560, (10/23/80) from a statement at the annual meeting of the
American Public Health Association.

28
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Mozambique, it is rare in the United States and Europe. The opposite is
the case for cancer of the lung. Cancer of the bladder is common in
Egypt, and cancer of the stomach is especially common in Japan.3 And of
course, skin cancer is more common in sunny areas. Indeed, a highly
significant fact is that it is quite difficult to find a cancer that hgs
a constant incidence rate throughout the world.4 One study estimated
that an imaginary population, which had the lowest recorded incidence
rate for each type of cancer would experience an overall incidence rate
one-tenth that of most Western countries.’ This had prompted some to
argue that 902 of human cancers are attributable to environmental
factors. However, for two reasons which will be discussed below, the
evidence is insufficient to support this conclusion.6

Different social groups appear to be afflicted with certain cancers
to differing degrees. For example, one study suggested that for nearly
all common cancers, there is an inverse relationship between the extent
of education and incidence rates.’ This has been explained in terms of
diet as well as locality (there being a greater likelihood of a person
with little education living in a highly industrialized region than a

3 John Cairns, Cancer: science and society, San Francisco: W. H.
Freeman and Company, 1978, p. &41.

4 There does appear to be a rare form of cancer of the kidney in
children that fits in this category, however: R. W. Miller, "Interim
Teport: UICC internmational study of childhood cancer,” 10 International
Journal of Cancer 675-677 (1972).

S John Higginson, "Present Trends in Cancer Epidemiology,” 8
Canadian Cancer Conference 40 (1969).

6 The first reason is that these studies make no attempt at all to
control for genetic factors, and man is very heterogeneous genetically.
The second is that it seems that cancer etiology is multi-causal. Thus,
“cause” and "attribute” (in their verbal forms) take on special meaning.

7 A. M. Lilienfled, M. L. Levin, and I. I. Kessler, Cancer in the
United States, Cambridge: Harvard University Press, 1972, p.
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person who is more well educated - the mediating variable being "income
level™).

The problem with this type of evidence, however, is that it makes
no attempt to control for any effects due to genetic constitution. Much
of it 1s as suggestive of genetic determinants as it is of environmental
determinants. Although it certainly is difficult to control for
heredity, it can be done. Actually there are two ways of doing it. One
can perform a time-series study of a population with a genetic pool that
is assumed to be stable and an environment that had undergone (or is
presently undergoing) a period of consistent change. The other way of
controlling for genetic factors is to study the correlation between

differing cancer susceptibility and the degree of heredity similarity.

B. Cross—Sectional Studies

The ideal experimental design that employs the latter étudy method
examines sets of identical twins because it controls perfectly for
8enetic factors. I'f heredity were a significant factor then one would
expect that there would be a significantly higher correlation in
incidence in identical than_in non-identical twins. But the evidence
Seems to suggest cherwise. For example, in a study of 1,.528 identical
twins and 2,609 fraternal twins of the same sex, the pairwise
Correlation in incidence rates was similar enough in the two groups for
the authors to conclude that "gene differences can only to a limited

@xtent explain the diversity in the population with regard to the
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occurance of malignant growth."8 One author drew the general conclusion
that "identical twins were not much more alike in the cancers they
suffer than.are nonidentical twigs.."’:

of sonewha.t less elegance are studies of cancer risk am'ong members
of family units. Some of these studies suggest a genetic influence in
certain particular types of cancer. One study, for example, suggests i
that cancer of the stomach and large intestine is somewhat more common
in "relatives of patients';.lo Another study found that "grandmothers,
mothers, aunts, and sisters of women with breast cancer have had breast
cancer with a frequency which is significantly greater than that of
women in a similar age range in the general population."ll However,
there does not appear to be evidence that many families face a
heightened susceptibility to all forms of cancer in general.lz

Cross—sectional studies are of more than theoretical interest.
They provide information upon which to notify members of 'high-risk"
groups, warning them of their enhanced susceptibility. They can then be

advised what lifestyle changes might reduce the risk that they face.

C. Time-Series Studies

Studies of migrants have also provided valuable information

Tregarding the relative importance of environmental and genetic factors

—

8 B. Harvald and M. Hauge, "Heredity of Cancer Elucidated by a Study
Of Unselected Twins," 186 Journal of the American Medical Association
749 (1963).

9

Cairns, supra n. 3 at 53.
10 1pq., p. 52.

11 Madge Macklin, "Comparison of the Number of Breast Cancer Deaths
Observed in Relatives of Breast Cancer Patients and the Number Expected
on the Basis of Mortality Rates," 22 Journal of National Cancer
Ingtitute 927 (1959). )

12 Cairns, supra n. 3 at 52.

<

e
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in determining an individual’s susceptibility to various cancers. The
idea i8 to compare incidence rates of a large migrant group with those
of the people who remained at home. Of course, this is best done when
the population has fairly homogeneous genetic characteristics. It is
also assumed that the migrant groups possesses "typical" genetic
qualities. In a sense, it is like performing a controlled experiment on
the environmental factors contributory to cancers. One study compared
cancer mortality among Japanese and Japanese Americans. It suggests
that initial differences between incidence rates of various cancers
decline within a generation or two. That is, within one or two
generations, these migrants take on the cancer characteristics of the
rest of the American population. Stomach cancer declines, and cancer of
the large intestine, breast and prostate increases in relative
frequency. Since there is little mixing of the genetic pool through
intermarriage among first generation Japanese Americans, the conclusion
Seems to be that these changes stem from the changed environment rather
than genetic facto;s.13
In another study, Jewish migrants to Israel were seen to exhibit
Cancer incidence rates typical of their country of origin. Their
Children, born in Israel had much lower incidence levels, typical of the
Native population. 14
Time series information also seems to indicate that the incidence

Tates of certain common cancers have changed over the past several

—————

13 W. Haenszel, M. Kurihara, M. Segi, and R. K. C. Lee, "Stomach
Cancer Among Japanese in Hawaii" 49 Journal of the National Cancer

Ingtitute 969-88, (1972); W. Haenszel, et al., ﬁLarge-bovel Cancer in
%awaiian Japanese," 51 Journal of the National Cancer Institute 1765-79,
1973).

14

Cairns, supra n.3 at 5l.
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decades. For example, the mortality rate from lung cancer has increased
more than twelve-fold since 1930. It is believed that most of this
change is due to the spread of cigarette smoking throughout society that
began in the later years of the nineteenth century for men and during
the Great Depression for women.l3 Further, mortality rates from cancer
of the pancreas and cancer of the nervous system have risen four to
five-fold since 1940. Leukemias have also increased in relative
frequency.l6

Not all changes have been increases, however.' The mortality rate
from stomach cancer has declined five-fold. And the death rate from
cancer of the cervix has been declining since 1950.17

Based on this evidence, it is fairly clear that cancer incidence
rates are associated with changes in the environment;.it is only through
environmental changes that changes in cancer rates can be explained.
And it 1is only through differences in environmental factors that
different incidence rates can be explained in a fairly homogeneous
genetic pool (e.g.; migrant studies, studies with identical twins).

All of these studies seem to indicate that one or another form of
cancer is related to environmental factors. And taken together they
provide strong grounds for the inference that cancer in general has
environmental determinants, and therefore is preventable.

But what is conspicuous about most of these studies is that they do
not hypothesize etiologies. They are simply descriptive of the variation

in cancer risk as a function of time or geographical location. If

r—

15 1bid., pp. 43-5.
16 Ibid., p. 46.

17 Ibid.
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epidemiology is ". . . the study of the distribution and determinants of
disease prevalence in man,"l8 then these studies partake of the first -
and less significant - of the two conjuncts. It is one thing to
recognize increased risk; it is entirely another to identify its

cause(s).

D. Studies of the Influence of the Workplace on Cancer Rates

Nowhere is the uncertainty that is characteristic of this entire
field more evident than in the vast scope of the various projections of
the significance of the work environment in the determination of the
national cancer incidence rate. From one perspective, the importance of
this question is obvious. If society is to expend scarce resources in
the general attack on workplace cancer, it only makes sense to inquire
Wwhat benefit the expenditure will bring about. From another
perspective, such estimates are irrelevant at the present time to a
Justification of any particular control strategy by OSHA. In a static
sense, OSHA’s mandate has already been determined in the 1970 law. As
the Agency argued in the preamble, published with the cancer policy in

the Federal Register:

This regulation was not and is not predicated on the assumption
that occupational factors are responsible for any specific
fraction of the cancer burden in the U.S. population . . . Even 1if
such groups (of workers at risk) were small, OSHA would be
Justified, indeed required, to regulate their exposure in order to
eliminate their risk of illness and death.l9

—

18 MacMahon and Pugh, Epidemiology: Principles and Methods, Boston:
Little Brown and Co., 1970, p. 1.

19 Hearings, supra Ch. 2, n. 6 at 5031.



35

Although strictly speaking this is true (Congress makes the law and the
agencies do its will), each agency has a great deal of discretion over
how it interprets the law and the vigor with which it carries it out.

So, the more general question, which may or may not concern OSHA,
is addressed here. One can only begin to answer it upon determining the
marginal impact that the work environment has upon the cancer rate: how
many fewer individuals would contract the disease if the contribution of
the work environment were nil. As a first approximation, this figure
would represent the total potential benefit of efforts to control
workplace carcinogen.

The first thing to consider is that any control strategy would

likely create beneficiaries other than the workers themselves. In so
far as the workplace is not a closed system, cancer—-causing substances
have the ability to migrate out of the actual property that the work is
be ing performed on. A molecule of vinyl chloride is as strong a
Carxrcinogen beyond the factory walls as it is within them. It is all too
€a gy to undervalue the marginal benefit of a regulation by focusing
80 Jely upon its "primary" benefits. This should be avoided by
Comsgidering "externalities".

On a conceptual level, failing to do this is a serious oversight.

But on account of the vast uncertainty surfounding estimates of the
Primary impacts of an occupational carcinogen standard, it could be
axrgued that it really does not matter very much whether the external

benefits are treated in more than a qualitative, impressionistic way, or
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whether they are even treated at all.20 When there is an extreme degree
of uncertainty surrounding a question it makes little practical
difference to its proper formulation and resolution whether
three-fourths or nine-tenths of the relevant factors are addressed.

The great variability of published estimates of the relative
contribution of workplace exposure to the mortal cancer rate makes it
very difficult to draw meaningful conclusions. Table 2 illustrates
this. The estimates range from 12 to more than 20Z. The reasons behind
this variability will be outlined presently. It needs to be pointed out
here, though, that these numbers hide the significant statistic of the
contribution in absolute terms. Since approximately 400,000 people die
of cancers in America each year, the "modest™ figure of 12 masks the
actual impact of 4,000 deaths. It might be interesting to bear in mind
that about 40,000 Americans died in the ten years of the Vietnam war, an
average also of 4,000 deaths each year.

Reading these studies, one is struck by the acknowledgement of the
eéxtreme degree of uncertainty in the projections. One important reason
is that there is no logical basis for deriving economy-wide estimates
Upon the little information that is available concerning the few
Substances whose carcinogenicity can be estimated. As the last study

Cited above argued:

20 A point to ponder: When all that can be donme is to treat a
consideration impressionistically, is it better to ignore it entirely?
I will suggest here, something different- that it doesn't matter. That
18, which tactic distorts the cause of rational decision making less?
Impressions can be misleading, contributing to a poor decision.
Perhaps, like much else here, even a decision regarding this needs to be
guessed at ad hoc.



37

TABLE 2.

ESTIMATES OF THE RELATIVE CONTRIBUTION OF WORKPLACE EXPOSURE
TO THE NATIONAL CANCER RATE

Estimate of Percent of Cancers

Reference That are Occupationally Related

Higginson/196921 1% of mouth cancers
: 1-2% of lung cancers
102 of bladder cancers
2% of skin cancers

Higginson & Muir/197622 "probably 1~32 of all cancers”
Wynder & Gori/197723 4% for men

2Z for women
Do11/197724 "of relatively small importance"”
Cole/197723 less than 15% for men

less than 5% for women
NCI, NIEHS, NIOSH/197826 "as much as 202 or more"
21 5,

Higginson, "Present Trends in Cancer Epidemiology,” 8 Proceedings
of the Canadian Cancer Congress 40~75 (1969).

22 J. Higginson & C. S. Muir, "The Role of Epidemiology in Elucidating
the Importance of Environmental Factors in Human Caner, 1 Cancer
Detection and Prevention 79~105 (1976). -

23 E. L. Wynder & G. B. Gori, "Guest Editorial: Contribution of the
Environment to Cancer Incidence: An Epidemiological Exercise,” 58
Journal of the National Cancer Institute 825~832 (1977).

24 R. Doll, "Strategy for Detection of Cancer Hazards to Man,” 265
Nature589-596 (1977). \

25 P. Cole, "Cancer and Occupation: Status and Needs of
EPidemiolog:lcal Research,” 39 Cancer 1788-1791 (1977).

26 National Cancer Institute, National Institute of Envirommental
Health Sciences & National Institute for Occupational Safety and Health,
Estimates of the Fraction of Cancer in the United States Related to
Occupational Factors, (draft report), (9/15/78). The political context
of this report will be discussed in Chapter Seven where it is referred
to as the "HEW Report”.
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e « o in our view, existing methods for such extrapolation leave
enough questions open concerning their precision as to make us
unwilling to attempt large scale estimates - particularly in the
absence of exposure data. Hence we can say nothing firm about the
magnitude of future risks attributable to the unquantified
present-day exposures. (p. 18)
Yet, this avowed unwillingness did not prevent the authors - among them
the most highly respected authorities in the field - from attempting a
large scale estimate, albeit ome with very broad implied confidence
limits.
The report was deeply critical of earlier estimates as being
unreasonably conservative. It stated that as a group they are
characterized by four pitfalls and it warned that overlooking these

pitfalls results in the failure to appreciate the actual significance of

occupational factors on the cancer rate:

(a) incomplete data
The data in humans for most substances for which there is evidence
that they are animal carcinogens is "either lacking or inadequate to
_determine whether or not the substances are associated with excess

Cancer incidence in exposed human populations.” (page 2)27

(b) the fallacy of "one effect-one cause" explanations
Although the process that results in a malignant tumor is not well
understood, it does appear that many (or most) types of cancer have more

than one necessary cause. Although this point is discussed in greater

~—

Ly This is based on Lorenzo Tomatis et al., "Evaluation of the
Carcinogenicity of Chemicals: A Review of the Monograph Program of the
International Agency for Research on Cancer," 38 Cancer Research 877-85
(1978).
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detail in Chapter Four, let it suffice to say at this point that one
might infer that many cases of cancer that are attributed to other
factors (notably smoking) would not have occurred if the individual had
not also been exposed to a substance in his place of employment. So,

many cancers could very well be misreported.

(c) latent period, age, and duration of exposure

The period of time from the point at which a cancer is "initiated"
to that at which a tumor becomes noticeable is measured in years, and
sometimes in decades. The "chemical revolution" to which many people
attribute a significant portion of today’s cancer deaths is fairly
young. Thus there may not have been enough time for the full effects of

the new workplace technologies to become manifest.

(d) changes in exposure patterns

Occupational exposure data for most suspected carcinogens are
insufficient to permit aggregate risk estimation (page 5). A particular
Problem is that workers who are exposed to a suspected carcinogen are
Dot exposed to only one, but to several over the course of their
€mployment. Since many cancers are associated with more than one
factor, this multiple exposure makes it particularly difficult to
distinguish a tumor’s "cause."

This study is enlightening, not only in what it says (which is
important) but also in the way it says it. For the study provides vivid
evidence of the non-objectivity of science.

First, the way in which its conclusions are phrased is misleading.

For example, asserting that workplace exposure may be marginally
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decisive in "as much as 20Z or more" of cancers that are yet to be
initiated and will result in death means nothing more nor less than that
there is little basis at all for any estimate. It is consistent with
the "real" figure being higher or lower than 20Z. Strictly speaking
this phrase means the same as the following: "Occupationally related

cancers may comprise as little as or less than 20 (or even 5%) of total

cancer mortality in forthcoming decades." But the way in which the
conclusion is phrased should be noted. For it transmits a clear sense
that enough is known to justifiably make these learned men wary.
Al though this fear may be justified, as will be shown presently the
evidence adduced in the report is insufficient to draw the extreme
conclusion that the sense of the statement imparts.

The author’s caution is expressed in two of the study’s

conclusions:

Patterns and trends in total cancer incidence (and mortality)
in the U.S. are consistent with the hypothesis that
occupationally-related cancers comprise a substantial and
increasing fraction of total cancer incidence. (p. 24)

There 18 no sound reason to assume that the future consequences
of present-day exposure to carcinogens in the workplace will be

less than those of exposure in the recent past. (p. 24)
Both of these are true. But they convey a sense that is not true in the
S8ame way. For what is left unstated is that the evidence is consistent
With other, quite different conclusions as well. One could almost say
that the'atatements express half the truth because of the variety of
Senses that they convey.

The authors acknowledge that there is a certain measure of

imprecision, such as is inherent in any study of this nature, but they
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assert that the estimates are approximately correct, and argue that 202
is not an unreasonable projection of that proportion of cancer mortality
that is attributable to workplace exposure.

This is an example of subjectivity couched in the garb of
"objective” science. To understand these conclusions you need to
appreciate not just the science but also the context within which they
were written. The only way to understand this obvious slant is as a
reaction to what the authors viewed as a dangerous tendency among
members of the scientific community to give short shrift to the
influence of occupation on the cancer rate. Thus is explained the two
levels of meaning contained in these passages. The author’s intent can
be understood as the desire to present neutral science, whose words
convey additional meaning which (as I just argued) is not neutral.

More significant for the purposes of this paper is the inadequacy
off the report’s methodology. As the last cited conclusion suggests,
the authors believed that there was evidence sufficient to estimate what
the present consequences are of past exposure to carcinogens in the
Workplace. And indeed, any projection of the future presumes an ability
to do at least this. This estimating procedure forms the crux of the
8tudy. But there is gobd reason to believe that their estimates had
insufficient basis in evidence.

To see this, one needs to look at how they were arrived at. The
Procedure was to look at six widely used substances for which an
estimate can be made of a "risk ratio" of certain cancers and then to
mltiply this factor by the number of workers who come into contact with
the substance in an occupational setting. The average number of excess

cancers would be equal to (R-1)NI where "R" is the substance’s risk
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ratio, "N", the numbgr of workers exposed, and "I", the age-—adjusted
incidence rate of cancer at the sites in question in U.S. males. But
their data is very misleading. The data for "N" is very ambiguous. For
example, it is stated that two million workers are currently exposed to

benzene. This figure is drawn from the National Occupational Hazard

Survey undertaken by NIOSH in 1977.28 Indeed, that survey found that
approximately two million Americans are exposed to benzene on the job
(p. 218). Bt;t this tells only part of the story. For the study also
found that of these, about fifty thousand - or one in forty - are
exposed "full-time" (p. 232).29 The survey does not even suggest what
the range or distribution is of the concentrations to which any of these
workers are exposed. This would not matter if the risk ratio (R) was
based upon a survey of a representative sample of these two million
workers, but it isn’t. The study upon which this risk ratio was based
had a cohot!: of 748 workers occupationally exposed to benzene in the
Production of a natural rubber cast film at two locations in Ohio.30 of
these, seven died of cancer whereas fewer than 1.5 would have been
expected.3l Although the published findings do not state it, presumably
thege workers had been exposed for more than nine hours each day. But
the NCI, NIEHS, NIOSH study makes no attempt at presenting a rationale
for extrapolating the mortality data from the full-time workers to the

two million workers who are exposed to benzene. Yet, in spite of this

——

28 National Occupational Hazard Survey, vol. 3, U.S.D.H.E.W., P.H.S.,
C.D.C., Cincinnati, Ohio, December, 1977.

29 "Full-time" is defined as "in excess of four hours per working
day.".

30 Peter Infante et al., "Leukemia in Benzene Workers," The Lancet,
1977 (7/9/77), p. 76

31 Ibido, Pe 77.
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the report infers that all two million workers exposed to benzene face
the same risk.

The report can be better understood in the context in which it was
prepared, for it was fairly unusual. Many of the scientists who were
supportive of OSHA’s "cancer policy" regulation were concerned by the
impression that the policy’s opponents had offered at the public hearing
in 1978 that occupational exposure is a negligible contributor to the
national cancer rate. They responded by issuing this report which is
both a critique of previous "underestimates" and a presentation of a
better estimate. It was written as much (or more) to advance the
regulation’s prospects as to contribute to scientific understanding.
Thus, the report can perhaps be better understood as a statement of
political or personal values than as a statem;nt of science.

None of this is meant to suggest that the proportion of cancer
attributable to occupational exposure is less than the authors hint at
(that is, 20Z). Rather, all that is intended here is to suggest that
they have offered insufficient evidence to warrant the conclusion that
it 18. One could even make the strong assertion that because they have
not shown what the present consequences are of past exposure, the
projection that the future will likely be like the past is meaningless.

But the report was not unique in its difficulties. Any estimate of
the significance of the workplace on cancer rates must fall prey to the
sort of weaknesses that this did; it must be based upon assumptions that
are little more than hunches. It appears that there is simply no way to
assess the impact of occupation on cancer rates. Even if the question
could be operationally defined (which it may not be owing to the general

ignorance of the mechanisms of carcinogenesis) the data collection
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problems are immense. But this does not mean that there is no reason to
control occupational exposure to suspected carcinogens. Whether or not
there is an epidemic of occupational cancers, there was a sufficient
enough likelihood of there being one to warrant Congress directing its
attention to it and conferring authority upon the Department of Labor to
identify, assess and control individual carcinogens. The following two
Chapters examine the rationale for this process and its significant

sources of uncertainty.



CHAPTER 4

IDENTIFICATION

A. Introduction

It is often repeated that man's 1nteraétion with the enviromment is
complex. But it may be difficult to really appreciate just how complex
the interaction is. Thousands of new chemicals are introduced every
year. Each of these poses a risk of various forms of toxicity. The
number of possible different toxic reactions multiplies exponentially
when additive and synergistic combinations are admitted.

Except for a blanket prohibition of the manufacture of any
non—~naturally occurring substance, the control of potential carcinogens
requires a method to distinguish between substances and combinations.
This Chapter will be concerned with elucidating the questions which
arise in any such method (or protocol) and different types of solutions
to them. The aim is to show that there are several different types of
questions calling for different types of answers.

Through an analysis of the models that are employed, the manner in
which evidence 18 accumulated to support a scientific judgment being
made that one or another chemical (or substance) is a human carcinogen
is explored in this Chapter.1 Such a judgment rests upon a series of

complex inferences which are themselves based upon models that assert to

1 This distinction between chemical and substance is an
acknowledgment of the present uncertainty surrounding views of the
nature of carcinogenesis. Malignant neoplasms have been induced in the
laboratory through dermal contact with various solid-state substances.
It is also commonly recognized that asbestos fibers have been linked
with various forms of cancer. Coke~oven emissions are thought to be
carcinogenic. And, of course, forms of energy are thought to be linked
with cancer. So, the mechanism may be physical as well as chemical.

45
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being adequate representations of actual components of the regulatory
scenario. There are four evidentiary models upon which this judgment

could be based. They are outlined in Table 3.

A. Sources of Evidence

1. Egidemiologz

In several instances retrospective epidemiological studies have
been performed pointing‘to the carcinogenicity of certain chemicals.
The first carefully done study identified the increased risk of scrotal
cancer among chimney sweeps in the latter part of the eighteenth century
in London, and postulated that it was due to the soot (coal tar) in the
chimneys.

It 18 no coincidence that the bulk of epidemiological studies
pointing to the carcinogenicity of chemicals have been of occupational
groups. There are two important reasons for this. The first is that
workers constitute a relatively easily identifiable study group.2 The
second is that ordinarily, worker exposure to these chemicals is at far
higher concentrations and for longer periods of time than for the
general population. As a result (assuming that toxicities obey positive
exposure/response relationships), their effects among workers are more
obvious, with a higher statistical significance. 8So, although most
man~made chemicals are omnipresent, the existence of a readily
identifiable study population with a different exposure level permits
meaningful cross—~sectional study. This largely explains the vivid

relationship between reported cancer outbreaks and workers.

2 Difficulties have been noted in Chapter Three.
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TABLE 3.

GENERAL CLASSIFICATION OF TESTS AVAILABLE TO DETERMINE

PROPERTIES RELATED TO CARCINOGENICITY3

Time Basis Conclusion, if result
Method System required for test Result is positive
Epidemiology Human Months to Chemicals that Chemical is assoc- Chemical is
lifetimes cause cancer can iated (pos) or is recognized as a
can be detected not . associated (neg) human carcinogen
in studies of wvith an increased
human populations incidence of cancer
Bioassay Intact 2to 5 Chemicals that Chemical causes (pos) Chemical is
animals years cause tumors in or does not cause recognized as a
animals may cause (neg) increased carcinogen in that
tumors in humans incidence of tumors? species and as a
potential human
carcinogen
Short-term Bacteria, Generally Chemical inter- Chemical causes (pos) Chemical is
tests yeast, few weeks action with DNA or does not cause a potential
cultured can be measured (neg) a response carcinogen
cells, in biological known to be caused
intact systeas by carcinogens
animals
Molecular “Paper Days Chemicals with Structure resembles Chemical may
structure chenistry” like structures (pos) or does not be hazardous.
analysis interact simil- resemble (neg) That determin-

arly wvith DNA

structure of known
carcinogen

ation requires
further testing

3 Reproduced with slight adaptions from Office of Technology Assessaent,
OTA, 1981, p. 1

Determining Cancer Risks from the Enviroument, Washington:

4 Por interpretation of this see the body of the paper

Assessment of Technologies for
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The one clear strength of epidemiological studies stems from the
fact that their subjects are human beings. A positive study does not
Present the further question of extrapolating to human beings (which
will be discussed later). Further (and along the same lines), because
the test situation is identical ~ or quite similar ~ to the regulatory
one, potentially significant synergisms and antagonisms which might be

overlooked in the laboratory are included. Epidemiology is:

e « o an extremely important tool in identifying occupational
exposures and other hazards because it studies people in the
context in which they are exposed. So it identifies excess risk
that might have been missed in studying pure exposures.>
As should grow clear, no other form of evidence can give reliable
estimates of the quantitative risk of human exposure. But there are
significant limitations to the method. When a closer look is taken at

it, it will be seen that these weaknesses impose severe restrictions on

its employment.

" (1) Epidemiology is weak in detecting and in identifying the
causes of small degrees of excess risk. According to one study, the
lowest excess cancer risk that is directly observable in a human
population is the 30X risk of childhood leukemia among children who were
exposed to radiation 12‘352526 It is apparent that a potentially

significant degree of absolute risk could exist undetected if the

5 Hearings, Federal Register 5039 (statement by Dr. Robert Moore of
the National Cancer Institute.

6 Earl Diamond et. al., "The Relationship of Intra~Uterine Radiation
to Subsequent Mortality and Development of Leukemia in Childrem,” 97
American Journal of Epidemiology, 283~313, (1973)
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exposed population were large enough. For example, although it would be
difficult to detect the cause of one percent excess risk of death, even
in a population of one million, ten thousand people would likely die
from the hazard. A related statistical weakness is a hazard common to
many occupational studies. Excess risk may be hidden by small sample

size.

Modern technology enables large amounts of particular chemicals or
products to be produced by very few people. In these
circumstances it might be difficult to recognize the effects of
even a relatively potent carcinogen, particularly if the %Ipe of
cancer hazard involved occurs commonly in unexposed people.

(2) The absolute realism of the test model that was pointed out
earlier as being an asset is.also a liability. 1In reality, we all
encounter an uncountable number of stresses on our bodies. The trick in
any experiment is to determine whether the test sample has responded
significantly differently from the control and if so, to determine the
cause. When a controlled experiment fixes all factors but one, it has
rendered the second step superfluous. But the epidemiologist rarely can
isolate a single factor. 1Indeed, when there is no inkling as to
substance's carcinogenicity, he would have little reason to attempt to.8

A problem that the epidemiologist faces is that even those people

who' can be identified as having come into contract with a specific

chemical very likely have been exposed to other (known or unknown)

7 Hearings, Federal Register 5041 (statement of Dr. Francis J.C.
Roe, as a witness for the American Industrial Health Council).

8 This underlines the benefit of a screening process in testing that
shall be discussed later in this Chapter.
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carcinogens. It may be difficult to determine the marginal risk of
anyone of them.

This idea was expanded upon in reference to occupational studies in
the last Chapter. According to one expert, there is adequate exposure
data for onlj three or four of the known human carcinogene.9 Causes of
this are (1) inadequate exposure records and (ii) increasing worker

mobility.

The observations emanating from epidemiological studies may be
suspect because of lack of accurate data and limited or incomplete
follow~up from the onset of some remote exposure, even if it was
of short duration. In the studies that depend upon recall, the
workers may be unaware of the identity of the substances that they
have handled. Routine records rarely satisfy the needs of
epidemiological research, but rather what may be needed is the
development of a standardized comprehensive occupational health
information system with prospective monitoring throughout a
defined work force. Job titles may not connote a specific
exposure, or the same title may encompass a multitude of possible
toxic agents that are likely to produce a variety of effects.
Each individual worker may have moved through a number of
different jobs even within the same manufacturing industry. The
task is to attempt to group the various jobs into homogeneous
categories of exposure.]-

In designing epidemiological (or even laboratory) studies it is
important to recognize the tradeoff that exists between reducing the
number of confounding factors present, and testing for additive,

synergistic or antagonistic relationships that might more closely

duplicate the real-world environment. This tradeoff was vividly

9 Testimony of Dr. William Nicholson at the hearing regarding OSHA's
generic cancer policy, and included by OSHA in its discussion of the
issues accompanying publication of the final regulation. Hearings, supra
Ch. 2, n. 6 at 5040.

10 D. Schottenfeld, J. F. Haas, et. al., "The American Petroleum
Institute ~ Memorial Sloan ~ Kettering Cancer Study of Morbidity and
Mortality among Petroleum Refinery Workers,” 1978, p. 6 (cited in Ibid.
at 5043)
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illustrated in Irving Selikoff's studies of shipyard workers handling
asbestos. He found that although working with asbestos was a health
risk (of lung cancer and other cancers and lung diseases) it was a major
risk for those asbestos workers who smoked cigarettes.

In a study of 370 asbestos workers, it was found that whereas the
observed mortality rate from bronchogenic carcinoma was 7.6 times the
expected rate, the combination of cigarette smoking and working with
asbestos increased the risk to 92 times that of men who neither smoked
" nor worked with asbestos.ll The study suggested that the additional
risk of a non~smoker who works with asbestos dying of bronchogenic
carcinoma was negligible (although 3 of the 87 non~s¥okers died of
asbestosis and one of peritoneal mesothelioma). But the authors felt
that the small sample size rendered this inconclusive.l2

This raises the question (that will be discussed later) whether
society ought to respond to this threat to health by controlling the
substance or by controlling the worker (through voluntary or involuntary
restrictions). If, in fact, the threat is to smokers, would an adequate
response to the workplace threat be (assuming away, if possible, the
environmental threat) to mandate or advise workers not to smoke. This
is a difficult question, which will certainly continue to appear -~ as it

already has in connection with fertile women working with suspected

11  1Irving Selikoff, E. C. Hammond &AJacob Churg, "Asbestos Exposure,
Smoking and Neoplasia,” 104 Journal of the American Medical Association
106, 110 (1968).

12 Ibid.
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teracogens.13 Any response assumes preconceptions of the nature of the
relationship between the individual and society, as well as the meaning
of "equal treatment” and an understanding of the etiology of these
diseases.l4

Of course, not all occupational health risks can realistically be
controlled by ad justing mediating factors. An instance is that of
soft~coal miners who were reported to be at increased risk of cancer of
the stomach, but when the effects of social class were evaluated, the
association was much reduced.ld Mining Eompanies could attract
employees from a different social class by say, adjusting wages
sufficiently, but for some reason this seems like an "Alice in
Wonderland™ solution.

As wvas pointed out in Chapter Three, perhaps the most decisive
weakness of epidemiology in detecting carcinogenic risk is the
terrifically long latency periods of most types of cancer and the
undetectability (at present) of the disease during this period of time.
Coupled with the irreversibility (at present) of most types of cancer,
this makes them undefusable time~bombs. By the time a substance were to

be indicted,

13 Apparently a number of companies make a practice of excluding
women of child-bearing age from certain jobs: (New York Times, 9/8/80,
p. 1l4). 1If teratogenicity is indicative of carcinogenicity, which might
be a reasonable assumption since they both operate through the genes,
then discriminating on this basis could be considered imprudent as well
as unjust ~ to the beneficiaries.

14 On the relationship between notions of disease etiology and
political responses cf. Sylvia Tesh, "Disease Causality and Politics,” 6
Journal of Health Politics, Policy and Law, 369~90 (1981).

15 Philip Cole and Marlene Goldman, "Occupation”, in Persons at High
Risk of Cancer, ed. Joseph F. Fraumeni, New York: Academic Press, Inc.,
1975, p. 169.
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there could be thousands of people who would already be destined to die
of the disease.l®

As a result of all of these weaknesses, it must be concluded that
except possibly as an adjunct to other methods, the epidemiological
approach forms an inadequate framework for determining the
carcinogenicity of substances. The principal problem is the
unreliability of negative conclusions. Due to the before-mentioned
factors, there is a tendency to overlooK the toxicity of many chemicals,

In addition, there is the logical property of épidemiology as
science that a negative can not be proven. The most that can be
concluded from a study in which the hypothesized result did not occur is
that a positive outcome was not indicated. Thus, no study or
combination of studies permits the conclusion that the substance under
examination is not carcinogenic. Now that this has been pointed out,
brackets should be drawn around it. For, in spite of this restrictionm,
iethodologically aware scientists have, for centuries, been making
statements that have sounded very much like denials of the existence and
efficacy of various entities. Did Michelson and Morley prove that there

is no ether? Did Copernicus prove that the earth is not the center of

the universe?

16 "Along with the observation that the rapid introduction of new
substances into the marketplace and, hypothesized increasing rate of
obsolescence of newly discovered chemicals, it might be argued that the
results of many positive epidemiological studies would be superfluous by
the time they were issued.
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In essence, this issue is a red herring. We do not expect absolute
certainty anyway. One can be perfectly comfortable asserting that there
is no ether in spite of the inability to prove 1t.17 More importantly,
however, for the subject at hand, the chain of reasoning from cause to
effect often has many far weaker links than this logical one. Although
there should be concern for the inability to prove, as this Chapter will
demonstrate, in carcinogen testing there are reasons far more compelling

than logical ones.

2. Animal Studies

It 18 an inescapable fact that most of the routine screening of
chemical substances for carcinogenicity as practiced today 1is
based on completely outdated concepts of cancer and the mechanisms
involved in carcinogenesis. . . Poorly designed and poorly
executed tests provide little protection for humans and are a
waste of valuable resources.

Although direct observation and positive evidence from human
studies are the ideal for evaluation of carcinogenic hazard, the role of
epidemiology in any conscious screening strategy must necessarily be
limited. The weaknesses of an identification procedure that relies

solely on evidence from humans have been pointed out. An approach that

limited acceptable evidence to epidemiological studies would be

17 However, an investigator must bear in mind that his assertions are
never indisputably true and, more importantly, that they are meaningful
only within a very restricted context. Such is the message in Thomas
Kuhn's The Structure of Scientific Revolutions, Chicago: University of
Chicago Press, 1970.

18 F. J. C. Roe and Mary J. Tucker, "Recent Developments in the
Design of Carcinogenicity Tests on Laboratory Animals,” Experimental
Model Systems in Toxicology and Their Significance in Man: Proceedings
of the European Society for the Study of Drug Toxicity, vol. 15, ed. by
W. A. M. Duncan, New York: American Elsevier Pub. Co. Inc., 1974, pp.
171, 176.
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exceedingly slow and wasteful. In the language of economists, in
general it would not be very cost~effective. Furthermore, such a
strategy would be insensitive to low~dose risks. It is fortunate,
therefore, that there exist other sources of information upon which to
base regulatory decisions. Of these, the controlled laboratory animal
study is the most highly regarded model. What is done is to substitute
other species of mammals whose metabolisms are sufficiently similar to
man's to permit the assumption that its reaction to the chemical would
also be similar.l9 The animal model avoids or has a greater potential
of surmounting four weaknesses of human studies: (1) The potential
ethical dilemma of human experimentation in prospective epidemiological
studies is avoided.20 (2) Because these test animals have shorter
lives they have shorter latency periods for cancers. Confirmation or
disconfirmation is quicker, resulting in a greater potential for prompt
decisions being based upon more evidence and a potential saving in
lives. (3) By using a large number of test animals it is possible to

design studies that can test for a statistically significant response at

19 As will be discussed later, results are never assumed to be
identical; there are various ways of quantifying risk, and ordinarily
there is a multiplicative inter~species safety factor (usually 10Z) when
extrapolating the no~effect dose level to man.

20 This dilemma is replaced by susceptibility to criticism by
anti~vivisectionists. Two bases for this criticism will be discussed
later in the Chapter. Although there are several valuable discussions,
perhaps the most well~known is Peter Singer's Animal Liberation, New
York: Random House, 1975. In "Anti-~vivisection: The Reluctant Hydra,"
Robert White defends his use of animals (40 American Scholar 503-512,
1971).
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a lower dose level.2l (4) There is a greater ability to exclude

confounding factors from the experiment.22

Introduction

Typically, the vast bulk of evidence confirming a substance as a
carcinogen is based on the animal model. But this model and all studies
based upon it contain certain critical and not indisputable assumptions.
It is no wonder, therefore, that a great deal of attention is directed
toward determining the relevance of animal studies for identifying a
substance as a human carcinogen. One can ask this both of animal
studies in general and of particular studies. Although there are
assumptions that underlie all of them, there are others that are
encountered only on particular occasions. What each of these
assumptions does is to lend a measure of uncertainty to the evidence and
the rationale for the decision to which it contributes.

This is not the proper forum for an attempt at an in-~depth
discussion of all of these assumptions and of the science behind them.
But because of the great importance that is attached to this approach it

is vital that the degree of uncertainty it lends to the policy-making

21 But there is reason to believe that "mega~mouse” studies will also
prove to be inconclusive in the low dose range. For example, the Office

of Technology Assessment recently argued that the EDO1 study exposing
24,000 female mice at several low doses of acetylaminofluorene (a

'known' human carcinogen) was inconclusive (Assessment of Technologies
for Determining Cancer Risks from the Enviromment, Washington: OTA,
1981, pp. 167~9). Nathan Mantel and Marvin Schneiderman draw the
general conclusion that in general 'megamouse' experiments are likely to
be futile ("Estimating 'Safe' levels, a Hazardous Undertaking,” 35
Cancer Research 1379, 1975).

22 Confounding factors are never totally excluded. There will be
more on this point later.
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process be established. H. F. Kraybill recognized the animal model as

being a primary focus of interest when he wrote:

It is this area which poses major problems and engages the
attention of scientists, consumer activists, regulatory officials,
industrial representatives, and legislators. It is an area of
science and trans~science that reflects much emotionalism; it
abounds with opinions conditioned by prior experiences and
scientific indoctrination and opinions reflecting parochial
interests and influence, that evolve into controversy until some
resolutions can be achieved. 1In essence, in these developments it
is invariably a situation where frequently more "heat is generated
than 1ight” and some issues, although apparently resolved by one
means or another, are debated, scientifically, for years.2

This section focuses upon the injection of uncertainty into the
identification process in order to assess the extent of the impact that
it has in the overall regulatory process. A practical and illuminating
way of viewing these sources of uncertainty is by employing a four
dimensional matrix to order them.

The first dimension is that of the source of the question. It

describes the branch of knowledge that the question belongs to. The

values of this dimension are:

(1) statistical
(2) biological
(3) experimental

The first two should be fairly clear. But the third may require

explanation. The proper design and implementation of a chronic animal

23 H. F. Kraybill, "From Mice to Men: Predictability of Observations
in Experimental Systems and Their Significance in Man,” Human
Epidemiology and Animal Laboratory Correlations in Chemical
Carcinogenesis, ed. by Frederick Coulston and Philippe Shubik, Norwood,
New Jersey: Apex Pub. Corp., 1980, p. 20
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test is exceedingly complex. There are literally hundreds of things
that can go wrong, each one throwing the significance of the results
into question. Careful attention to biological and statistical
considerations will not guarantee that it will be conducted correctly.
Common sense and a careful attention to detail is also essential. As
shall be seen, the presence of contaminants in the food supply, for
example, is one way in which a seemingly successful study can be
invalidated. Yet neither an understanding of the biology of the test
species nor of statistics and sampling techniques can instruct the
researcher on how to evaluate its significance to the study.

The second dimension describes the framework within which the
degree of significance of the source of uncertainty can be assessed.
This dimension has already been discussed in the Introduction to Part

II. Labelled "mode"” its values are:

(1) scientific
(2) trans~scientific
(3) normative

The third dimension is important for it describes the stage in the
study that the issue typically first arises. The values of this

dimension are:

(1) design
(2) experiment
(3) analysis

The fourth dimension is the object of the question. It classifies

the question according to the type of objection it raises. Each
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question is directed toward either the study's validity or its relevance
to men at experienced exposure levels. The first type of object throws
into question the validity of its findings (typically, that the test
agent was/was not the cause of the excess tumors in the test sample).
The second type of object questions the meaningfulness of the results.

This framework is an oversimplification of what, in reality, is an
exceedingly complex process. But it should have value as a first
attempt at classifying uncertainty in animal studies with the ultimate
aim of assessing its impact on regulations.

In this section, the approach of listing and discuséing those
common questions of most animal tests that are open to debate will be
taken, employing the same four dimensional matrix that was referred to
earlier.24 The following table lists and classifies the more
congpicuous sources of uncertainty in animal studies.23
As a general observation, one notices that none of the questions 1is
normative in nature. However, it very well may be that the
trans—-scientific questions, if tﬁey are to be resolved, can be resolved
only in terms of values and an implicit social utility function. But
more regarding this point later.

As should grow clear, even the line between science and
trans—science is hazy. It is often uncertain whether or not a question

is answerable. Of course, this is to be expected since science does not

24 From a practical point of view, it is not important merely that
they are open to debate, that is that they are debatable. It is enough
that they are debated. Whether justified or not, the existence of
scientific discussion transforms the regulatory process.

25 Although they are all discussed in several places, the immediate
source for most of them is Kraybill cited supra n. 23.
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TABLE 4.

Uncertainty in Animal Studies

Type of uncertainty26 Source Stage Mode Object
animal exposure v. human exposure 1 3 2 2
improper test species and strains 2 1 2 2
cellular threshold 2 1 1 1
metabolic overloading 2 1 1 1
time~to~tumor formation 1 1 2 2
dose level 1 1 2 2
benign tumors 2 3 1 1
failures to consider the role of diet, 2o0r 3 1 lor 2 1

state of nutrition and diet contaminants

inappropriate route of administration 3 1 1 2
contaminants in the test agent 3 1lor 2 1 1
statistical considerations 1 3 2 1
non—~positive resulﬁs 2 1 1 2
Source Stage Mode Object

(1) statistical (1) design (1) scientific (1) reliability

(2) biological (2) experiment (2) trans~scientific (2) relevance
(3) experimental (3) analysis (3) normative

26 This 1list does not come close to exhausting all of the different
types of uncertainty that enter into carcinogen evaluation via chronic
animal testing, It is intended to be a demonstration of its
pervasiveness and the importance of paying close attention to it.
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stand still. Indeed, science, as a process, is largely the development
of methods to answer questions that had been unanswerable.

Care needs to be taken in approaching each of these sources of
uncertainty. There is little to be gained in treating them in terms of
whether or not they invalidate the study. Rather, it is more fruitful
to seek to determine the general degree of uncertainty that they place
on the study results and conversely, how much useful information is
transmitted in spite of the uncertainty.

When speaking of uncertainties in the scientific process one can
draw an analogy to electronics. When transmitting information as
electro~magnetic energy one seeks to convey as much information (signal)
with as little interference (noise) as possible. No matter how
carefully one designs an electronic system there will always be
interference. One must reconcile himself to this if he is to
communicate at all.27

But the problem is not simply how much "noise” to allow into valid
research. It is also how to detect the signal from the noise in the
first place. This is one way to view many of these questions: as the

inability to even determine what is informative in the results.

27 So, this is true of all information systems including ordinary as
well as formal languages. On this general point, one is best referred
to Ludwig Wittgenstein's Philosophical Investigations, (tr. G.E.M.
Anscombe), New York: The MacMillan Company, 1953.
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a. Animal Exposure v. Human Exposure:

The search for a species comparable to man has been in many
instances 1lip service to a seemiggly unattainable ideal, the
pursuit of the philosopher's stomne.

It was mentioned earlier that our lack of understanding of the
relationship between test animals and man as systems within which the
test agent acts imposes a severe constraint upon the extrapolation of
information concerning the former to the latter. Scientists do not use
animals because the results are inherently meaningful for man, but
because prospective clinical trials on man of suspected carcinogens are
considered unacceptable and unproductive.

The decision to use animals involves an implicit acceptance of the
uncertainty involved in drawing inferences between species that are
similar but different. Some extrapolations are more acceptable than
others. Physicists, for instance, have limited license to infer the
kinetics of galactic or subatomic behavior from insights derived from
experience with "ordinary” objects. Certain of the rules are taken to
apply irrespective of the size or position of the object. On the other
hand, it would be wrong to infer from one's experience of one's own
consciousness that all objects are conscious.

Not all objects respond to changes in their.environment as do
humans. This is a result of differences in physiology and anatomy as
well as psychology (when it makes sense to draw a comparison on these

levels). But some "objects” respond more like people than others. The

28 Food Safety Council, Proposed System for Food Safety Assessment,
Washington: Food Safety Council, 1980, p. 85



63

choice of rodents as typical test species involves tradeoffs between
degree of similarity, experimental feasibility and ethical
congsiderations. Although rodents' bodies behave like man's there are
other animals that are more like man (apes for example). The results of
a carefully designed and administered experiment involving one hundred
gorillas would very likely be more relevant to man than an experiment
with one hundred mice. But such an experiment would be vastly more
expensive as well as more difficult to control (since gorillas are more
heterogeneous than inbred rodents, and are more difficult to manage).
In addition, to seek to induce tumors in gorillas would be considered by
most people to be unethical.29 And, of course, there just aren't that
many gorillas.30

But in so far as mice are not men, they will not react to suspect
carcinogens in quite the same way as humans will, barring any reason to
believe otherwise. And, in using another animal as a proxy for man, the
results lose a certain indeterminate degree of legitimacy. This needs
to be recognized. Although it cannot be eliminated, within certain
limits in time this uncertainty can be quantified (transformed from

"radical”™ to "ordinary” uncertainty) through a greater understanding of

29 There are two roots of this belief. The first stems from our
species chauvinism. Because they are quite a bit like us, we invest the
Great Apes with a certain human-ness. Secondly, because there exists
evidence that they possess a rather rich mental life, one could quite
easily offer Kant's argument that they should never be treated solely as
means to our own ends, but as ends in themselves.

30 Illustrating the rule that there is never unanimity in the
scientific community, one of the witnesses at OSHA's cancer policy
bearings argued that there should be experimentation upon primates
preliminary to judging a substance to be a carcinogen (James Jandl,
testifying on behalf of the trade association, American Industrial
Health Council: 8 Occupational Safety and Health Reporter 87, (B.N.A.;
6/22/78).




64

the differences between the species. But this necessitates a sufficient
understanding of‘contrasting metabolisms as well as of the chemical
action of the agent to permit comparisons to be drawn.

In his approach to this question, a scientist is exercising
discretion. There are always two criteria to the legitimate exclusive
exercise of discretion by an individual or a class of individuals. The
first is an opaqueness of proper rules of procedu;e to the untrained
observer. The second is the existence of a class of people to whom by
reason of their training or natural ability these rules are more
transparent. With one exception only when these two conditions are
fulfilled is there a rationale for some people to possess exclusive
powers of 1nterpretation.31

It can be asked with good reason whether the second condition is
fulfilled in the present instance (as well as the other trans-~scientific
issues). Does their greater knowledge imbue experts with any greater
ability to correctly make the tradeoffs among relevance, expense and
ethics that were described above? |

As a non~expert, it is not at all clear how this question should be
answered. It would be naive to expect all reasoning to follow an
explicit, clearly marked sequence of steps. That rules cannot be
specified does not imply that the process is aimless. Perhaps, by
virtue of their training and experience, these people acquire some type

of intuition that has not yet crystallized into a set of rules. But if

31 The exception is when this "separation of powers"™ serves the
broader interests of the society, community or group. Although
indefensible in a radical act utilitarian scheme, this rule could be
defended in a rule utilitarian or an ontological system of ethics.
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the remarks of the experts cited above are to be taken at face value,

there is reason to doubt it in this particular case.

b. Improper Test Species and Strains:

There is a certain amount of discussion concerning the nature of
restrictions to be placed upon the species and strains to be used in
animal tests. If the object of a test is to provide information that
can be accurately extrapolated to man, then an animal should be used
whose reaction to the substance is thought to be as similar to man as
possible. If, on the other hand, the objective i8 to provide
information to enable man to be screened from suspect carcinogens, then
there may be a rationale for using animals that are thought to be more
Sensitive than man. Once more, this determination rests upon an
asgssgumption of how science is to be used. Science itself does not
Present us with a "best” solution.

Certain highly inbred strains of mice, for example, have 5 high
8 pontaneous tumor incidence. It is interesting to note that this
incidence rate may vary from generation to generation. Thus, in onme
Colony it changed from 10Z to 80X in a ten year pex:iod.:"2 So it is
L mporcant to know the correct rate that tumors are occurring
8 pontaneously (particularly when it is of the same type as that induced
by the test agent) so as to be able to correctly infer the contribution
Of the substance.

It could be inferred that a high incidence of spontaneous tumors

Suggests an elevated susceptibility to carcinogenesis in general. This

32 Roe and Tucker, supra n. 18 at 175.
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may lead to an unrealistically high incidence of tumors in animals
exposed to the test agent. On the one hand, this may be advantageous in
leading to protective regulations. But, from the viewpoint of
scientific honesty, disguising biases in this way can be considered a
questionable practice. It has been characterized as "tantamount to
recommending to an analytical chemist that he use a dirty test tube."33

But there is even a more fundamental constellation of uncertainties
here. It stems from our lack of understanding of the metabolism of the
test animals that are used, .how it varies from man's, and what are the
implications of the differences in terms of the reliability of

extrapolating the results.

€. Cellular Threshald:

The issue of whether there is a biological threshold to
carcinogenesis is one of the most complex. According to this hypothesis
there is a dose below which a proven carcinogen will not produce tumors.
It 1ig a difficult question to shed light on, both experimentally and
theoretically. To provide reasonably probative evidence, one would need
o design an experiment involving thousands of animals subjected to
low-~dose exposure. And it is reasonable to assume that no experiment
Could be designed to test whether single low~dose exposures would result
in any elevated risk at all. It seems likely that to test for even
Potent carcinogens would require perhaps millions of animals.

Furthermore, at this stage of our understanding of the processes,

theory provides little insight into this question. In the remainder of

3 1bid., p. 171.
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this section, the major issues involved in determining whether there is
in fact a threshold to carcinogenesis will be explored. In addition,
anambiguity between two different ways in which the term "threshold”
isused will be resolved.

Four different types of argument are offered in support of the

threshold. They are:

(1) The apparent existence of threshold effects for other types
of toxicity argues for a threshold in carcinogenesis.

(2) The ability of cells to repair damage to their chromosomes
is overwhelmed at high dose exposures, thus accounting for
mutations which should, therefore, be absent at low dose
levels.

(3) The metabolic pathways through which carcinogens pass differ
between high and low dose exposure. The chemical that is
the proximate cause of the initial reaction is only formed
when the normal pathways are bypassed.

(4) There is an inverse relationship between dosage and latency
period such that at very low levels of risk there 1is a
"practical threshold.” 1In essence, the individual would die
of other causes before the tumor has an "opportunity” to
form.
Since, strictly speaking, only the first two are arguments to the

existence of a threshold, they alone will be discussed in this section

and the other two will be discussed later.

(1) The first is an argument by analogy. It points to threshold
effects in other types of toxic reactions and suggests that a similar
reaction occurs here. Very often this claim is based on the observation
that certain bionutrients that are essential dietary supplements or at
least are universally present in minute doses are toxic at higher doses.
Mention was made in the cancer policy hearings to Vitamin D as well as

nickel, chromium, cobalt, selenium, lactose, maltose and other
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substances that are everpresent in trace amounts and are toxic in higher
concentrations.34

One needs to be careful in pursuing analogical arguments. They are
subject to two types of refutation. The first is that the original
;obaervation", although prima facie may appear to be self-evident, upon
closer examination may in fact be mistaken. Severai witnesses took this
tact at the he#rings, pointing out that there is no reason to believe
that beneficial and harmful effects need be mutually exclusive at
different doses. Essentially, this argues that to draw this analogy is
to beg the question at hand: of‘the4impossib111ty of making low~dose

inferences. Dr. Arthur Upton argued that:

I do not see the existence of evidence for essentiality of a
material as a trace nutrient is incompatible with the concept that
that same material may be carcinogenic in trace amounts. So I
don't think that kind of evidence in any way contradicts the
notion that there may be in fact no non—~carcinogenic or safe level

in the cancer risk sense.33
The second type of refutatiol iq that the analogy is inappropriate.
One current theory of carcinogenesis (the "one~hit” model) is based upon
the assumption that a tumor arises from a reaction between a cell and a
single molecule of the offgnding substance. If this is the case, then a

cancer would be unlike other types of toxicity in which there exist

plausible grounds for believing that there are threshold effects:

« « o experience teaches us that the kind of toxicity that results
in acute renal shutdown, that results in respiratory failure,
cardiac arrest, acute hematologic insufficiency, generally

34  Hearings, supra Ch. 2, n. 6 at 5129-~30.

35 Ibid. p. 5130.
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involves a measure of tissue insult that does in fact to all
practical intents and purposes represent a threshold; whereas with
other kinds of effects, we may be dealing with subtle injury to
perhaps only a single cell in the body.:"6

The analogical argument is conditional upon a yet unproven theory of

carcinogenesis. Indeed, there appears to be a great deal of evidence to

suggest that this theory is incorrect.37

(2) It is commonly bclalieved that most (but not necessarily all)
cancers start as chromosomal damage. Cells possess mechamisms whose
function is to repair this type of cell injury. A properly repaired
cell will not lead to a tumor. This argument for the existence of a
threshold assumes that at low doses this repair mechanism operates
perfectly, but is overwhelmed at a certain level (or rate) of injury.
The belief that there is a self-repair mechanism is based on studies
that have shown that the rate of genetic alteration is greater than the
rate of final mutation.38 It is believed that cells possess enzymes
that can break the abnormal bonds created and restore the DNA to its
original state. The longer the period of time before a cell replicates,
the greater will be the chance of the damage being repaired. If the
alteration is repaired then it will not be passed on as a mutation.

The issue is whether DNA repair is efficient without fail. For
there to be an actual threshold then the repair mechanism must operate
perfectly. There seems to be some debate on this issue. One witness to

OSHA's cancer policy hearings stated that the system is "essentially

36 Ibid. pp. 5124~25 (Testimony of Dr. Arthur Uptonmn).
37 1bid., pp. 5129-31.

38 Ibid., p. 5126.
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100%" effective.39 But there is a big difference between being actually
and essentially 1002 effective. It is the difference between the
existence and the non—existence of a threshold. Indeed, those who claim
1002 effectiveness are claiming something that they cannot prove. This
type of claim falls prey to the inductive fallacy. And, although the
author 1s not a biologist, it seems to make common sense that no
biological function is efficient all of the time.

Another protective mechanism cited by witnesses at the cancer
policy hearings is the detoxification of carcinogenic metabolites prior
to their interaction with DNA. One witness argued that there is in fact

a threshold as a result of this mechanism:

« o+ o there is a concentration at which detoxification can handle

the material in such a way that the reactive metabolites do not

get to the critical macromolecules, and therefore you do not get

tumorigenicity. So I believe not only in these studies is there a

no-effect level. I think there is a real no-effect level.40
Again, there is considerable controversy concerning the absolute
efficacy of this mechanism.

Although these arguments for the existence of a threshold have
perhaps not been given their due at this level of analysis they do not
persuade. But that is not to say that the position that they assert is
mistaken. For those who argue against it must oppose the arguments

rather than the purported existence if the threshold itself. When they

do argue against the existence itself, they do so based upon their own

39 Ibid., p. 5128 (Statement by David Brusick, a witness for the
American Industrial Health Council).

40  1pid., (Dr. Ralph Freudenthal of Stauffer Chemical Co.).
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models of carcinogenesis, which may of course be inaccurate in certain
critical respects. One cannot observe a threshold, but can only infer
its existence. Given the tenuousness of the theory of carcinogenesis,
any inference, for or against, is bound to be open to question.

A distinction between thresholds for individuals and thresholds for
populations needs to be made. Experience would seem to suggest that
individuals have (at least "practical”) thresholds for cancer. After
all, not everyone exposed to carcinogens gets the d;eease. But it is
not as evicient that populations have them. That is, susceptibility will
vary among people, and it has not (and perhaps cannot) be shown that
there is an exposure level below which no member of a population will
get the disease. And given the information so far presented there is no
way to d;tetmine at what level such a threshold would exist. When
focusing on population thresholds (which, after all, is the relevant
issue for the government regulator) it must be borne in mind that
various members of a population are exposed to differing exposures of
various carcinogens some of which may act additively or synergistically.

So, the marginal effect of a low exposure to a carcinogen may be greater

than one would otherwise expect.

d. Metabolic Overloading:

It has been mentioned that it is common practice for the dose
schedule in an experiment to far exceed the exposure levels that humans
would likely receive. The rationale for this is statistical. But there
is a crucial biological assumption that underpins this practice: that
it 1s possible to predict on the basis of the response at high doses

what the response would be at lower (more realistic) exposures.
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Mathematically, this is to say that the dose/response curve is
continuous over wide intervals.%l But, what if this assumption is
invalid? There is strong evidence that chemicals will take altogether
different metabolic pathways at different dose levels. Piper, et al.,
demonstrated- that pharmacokinetic data for different doses of 2,4,5~T
argue for the conclusion that at high doses the detoxification
processes, such as excretion, are altered.%2

The Biological explanation is that:

e« « « when the dosage for an animal is massive, its natural

detoxification systems or defense mechanisms . . . are usually

overvhelmed . . . result is that the detoxification mechanisms of

the host become incapable of providing the necessary protection.43
Because not enough is known of the factors that 1ﬂf1uence
carcinogenesis, one might guess at whether "metabolic overloading™ is a
relevant uncertainty that should be considered.

Once again, this is a tradeoff between minimizing the risk of false
negatives and false positives. This dilemma is reconciled in common
practice by testing at high doses and accepting the possibility of false
positives. This stems from a sense that chronic toxicity testing is a
public health function. But, if indeed there is an alteration of the

metabolic pathway, then the results would likely be meaningless. This

has to do with the shape of the dose/response cure, an issue which shall

41 A stronger assumption that the curve possesses a slope of the same
sign might also be necessary.

42 W.N. Piper, et al., "The Fate of 2,4,5~Trichlorophenoxyacetic acid
(2,4,5~T) Following Oral Administration to Rats and Dogs,” 26 Journal of
Toxicology and Applied Pharmacology 339 (1973).

43 Hearings, supra Ch. 2, n. 6 at 5089 (Comment by Borden Chemical,
Inc.).
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be discussed at greater length later. This danger can be minimized
somewhat through an understanding of the changes in metabolism from high
to low dose.

Weinhouse showed in 1955 that glyoxylic acid conversion to
oxalatein rate liver is dose dependent.“‘ Although at low doses the
oxidation is entirely to carbon dioxide, there is a partial oxidation to
oxalate at high doses. If one could draw an analogy to carcinogenesis,
this would suggest that in certain instances the proximate cause of the
tumor would only be formed when the mediator (the test substance) were
present in high concentrations in the animal's system. Under these
circumstances the dose/response curve would be discontinuous. One would
be able to predict from high dose data what the response to the test
agent would be at low doses. So, it is important, when possible, to
determine prior to a test that the agent takes the same path in low
doses as in the administered dose range for the chronic test.

There is an interesting seeming related par:adox.“5 This is that
substances that have a higher acute toxicity are more likely to escape
detection as potential carcinogens. This is due to the fact that
substances that are not acutely toxic can be tested at higher dose
levels without incurring short term effects. The estimated maximum
tolerated dose (EMID) is determined during a subchronic test. Clearly,
a substance that is acutely toxic at low doses cannot be administered in

high doses in a chronic test. Therefore, assuming a dose/response curve

44 g, Weinhouse, "The Synthesis and Degradation of Glycime,” in A
Symposium on Amino Acid Metabolism, ed. William McElroy and M. Bentleyl
Glass.

45 This “"seeming” paradox becomes real only if there is a positive
relationship between the probability of a substance having acute effects

and also being a carcinogen.
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that has a positive slope, the researcher would need very many more

animals to detect excess tumors at a statistically significant level.

e. Time~To~Tumor Formation:

This is an argument that states that a substance may be
carcinogenic, yet not cause cancer. This paradox is resolved through
the insight that the period of time during which it is latent may extend
past the individual's lifetime. This is certainly a relevant
consideration in designing regulations regarding the human
carcinogenicity of subsgances. In a 1967 article H. Druckrey argued
that there is an inverse logarithmic relationship between dose/effect
and time~to~tumor.%6 Thus, at sufficiently low exposures, the latent
period from exposure to tumor would exceed the lifetime of the animal.
This has been characterized as a "practical threshold.” This theory was

clearly articulated by Dr. Hardin B. Jones:

Both threshold and non~threshold patterns of dose~effect
relationships show a further influence of dose on risk of cancer
in that the time to the appearance of cancers (the "latent
period™) increases as a fractional power of the reduction in
exposure. When degree of exposure to a carcinogen becomes
sufficiently small, the risk of cancer may become zero because
there is not enough time, within the life span, for any cancers to
develop.47

This view has been contested as being a statistical artifact of
populations, rather than being true of all members of a population.

Druckrey's conclusions were based upon studies comparing the mean values

46 H. Druckrey, "Quantitative Aspects in Chemical Carcinogenesis,”
Potential Carcin&%7nic Hazards from Drugs, ed. Rene Truhaut, Berlin:
Springer Verlag, 1967, p. 60.

47 Hearings, supra Ch. 2, n. 6 at 5132.



75

of latency periods of samples under differing test doses. Statistical
inference is not predictive of individuals. Thus, it cannot be inferred
that a mouse ~ or a person ~ will have a practical threshold at any dose

level for a proven (or for that matter, suspected) carcinogen.

This formulation does not address when the earliest cancers appear
but only the median time to appearance. One needs, in additionm,
information on the distribution of time of appearance to evaluate
the concept of a "practical threshold. If the distribution is
narrow in time, the concept may have meaning. If the distribution
is broad, it will not be meaningful. One might expect in

genetically heterogeneous animal, like man, that the distribution
will be broad.%48

f. Dose Level:

While discussing whether it can be determined that a threshold
exists for carcinogens the necessary and universal practice of testing
at high dose levels was referred to. The rationale for this practice is
that in a sample of 50 or 100 animals the test agent would have to be
incredibly potent to yield a meaningful (that 15, statistically
significant) elevation in tumor yields at ordinary dose levels. A
subqtance that was moderately or weakly carcinogenic would require
either hundreds or thousands of animals, or unrealistically high dose
levels. For reasons of expediency the latter option mist be chosen.49

But this option entails uncertainty.

48 M.A. Schneiderman et al., Thresholds for Envirommental Cancer:
Biological and Statistical Considerations, presented at the New York
Academy of Sciences Conference on the Scientific Basis for the Public
Control of Environmental Health Hazards, 1978, p. 7.

49 For example, to indict a substance that was tumorigenic in 1 out
of 1000 individuals exposed would require a group of 5000 test animals
and 5000 untreated controls at a .05 level of significance.
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In order for this practice to make good scientific sense it must
betrue that a substance that is carcinogenic at high (experimental)
doses 18 also carcinogenic at low (realistic) doses. This is a crucial,
and controversial, assumption because often the tested dose levels have
absolutely no connection to reality. This assumption is vigorously
supported by many researchers. Among them is Arthur Upton:
Contrary to widespread popular belief, there is no evidence that a
chemical which is carcinogenic at high doses would not also be
carcinogenic at lower doses. The evidence, in fact, is that it is
likely to be carcinogenic at any dose, but at a frequency which is
much less likely to be detectable at low doses than at high
doses.>0

It is contested by others, largely on the basis of the contention that

at such high doses the chemical is metabolized differently in some

cases, possibly accounting for the elevation in tumor yield:

Only relatively high doses can, in practice, yield statistically
significant data. But frequently such high doses produce cancer
simply because their very immensity overwhelms the biochemical
pathways that would detoxify smaller, more realistic doses.
(author's italics)31
The issues surrounding the possibility of metabolic overloading are
discussed in an earlier section. At this point, let it suffice to say
that from a raw logical point of view it is conceivable that metabolic
over~loading could account for the excess tumors reported in a study.
Whether in fact it ever does, the scientific community as a whole is
unable to decide.

One is tempted to conclude that absent decisive evidence either

vay, the issue of whether to test at high doses (EMTD's) pits risk

50 Hearings, supra Ch. 2, n. 6 at 5085.

51 Hearings, supra Ch. 2, n. 6 at 5088 (statement of Dr. Perry
Gehring of Dow Chemical).
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TABLE 5.

CORRELATION OF EXPERIMENTAL DOSES IN
ANIMALS TO CALCULATED EQUIVALENT EXPERIMENTAL EXPOSURE IN MAN

Chemicals

Cyclamates

011 of Calamus

Saccharin

DES (Diethylstilbestrol)

Safrole

TCE (Trichloreothylene)
(in decaffeinated coffee)

DDT (DDE) - mouse diet

Experimental Dose

5% in diet (2.18 gms/day)

5000 ppm in diet

52 in diet

1 clinical treatment

5000 ppm

900 mb/kg BTWT - female

1200 mg/kg BTWT - male

853 times general population exposure

3 times work exposure

Equivalency
Calculated
Human Intake
Levels

552 bottles
of soft
drink (max)

250 qts of
vermouth/dry

800 12 ounce
bottles of
soft drink

5 X 106 1bs.
of liver for
50 years

613 bottles
of rootbeer
per day

5 X 107 cups
per day*

10 x 107
cups per day

316
mg/lifetime

Data from various sources

Cup of coffee = 9 X 104 mg of TCE for 150 mg cup.
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minimalists against risk acceptors. This would be true but for the
consideration that just as overloading may result in carcinogenic
metabolites being produced, it is conceivable that it could result in
non—~carcinogens where carcinogens would be produced normally. This was
suggested by Hooper, Harris, and Ames. Referring to studies that they
saw as suggesting that carcinogenic response at low doses 1s greater
than would be predicted from a linear extrapolation of high dose

response they argued that:

The explanation for this proportionately greater activity at low
doses may be that the mechanisms that activate vinyl chloride to
the proximate carcinogen are saturated at high doses.>52

So, high dose testing introduces the uncertainty of overlooking a

carcinogen as well as of falsely identifying a substance as one.

8+ Benign Tumors:

According to convention, a tumor is not considered a cancer unless
it is invasive. These tumors are termed "malignant.” What is most
terrible about cancer is its ability to spread to multiple and distant
8ites throughout the body (metastasize). It is this that frustrates any
attempt at surgical excision and that can introduce an almost fatalistic
acceptance of personal defeat. An abnormal growth tht does not possess
the ability to invade normal tissue or to spread to other parts of the

body is termed "benign.” Generally a benign tumor is less

52 N. K. Hooper, R. H. Harris and B. N. Ames, "Chemical Carcinogens,”
(letter) 203 Science 602 (1979).
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life~threatening because it can be more easily eliminated through
surgery.

It sometimes happens that a chronic toxicity test will yield
benign, but not malignant tumors. How is this evidence that the
chemical is associated with a statistically significant incidence of
benign tumors, to be evaluated?

First of all, the term "benign” is a misnomer since no tumor is

really benign.

In the first instance, benign tumors may cause death in man and
animals without.ever undergoing malignant transformation. The
induction of a benign tumor is, itself, therefore, an indication
of a serious adverse reaction.J
But because they can be more easily excised, they are not as dangerous
in themselves as those that invade normal tissue.
The more important question is whether a benign tumor is indicative
of a potential for malignancy. One study concluded that, "There can be
no doubt from a survey of experimental studies that benign neoplasms are

often precursors of malignancies."y‘ Dr. Benjamin Trump took an even

stronger position during the cancer policy hearings:

In all of the examples that we have worked with, what used to be
or what some people might have called benign lesions years ago are
clearly part of the progression from normal to mlignant.ss

33 U.S. Food and Drug Administration Advisory Committee on Protocols
for Safety Evaluation, "Panel on Carcinogenesis Report on Cancer Testing
in the Safety Evaluation of Food Additives and Pesticides,” 20
Toxicology and "Applied Pharmacology, 419, 420 (1971).

54 Ibid.

35 Hearings, supra Ch. 2, n. 6 at 5100.
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This view\was also held by Dr. Umberto S;ffiotti and Dr. Richard
Griesemer. A somewhat weaker view was held by Dr. Curtis Harris who
testified that he knew of no chemical that caused only benign tumors.J6

Yet neither of these postions entails that benign tumors be treated
in the same way as malignancies. In the first place, even if the
progression from benign to malignant is inevitable, if it takes longer
than the individual's lifetime, it might be reasonable to consider it
moot from a public health standpoint.57 After all, cutaneous moles
remain benign. Does it make sense to view a substance that induces
warts in the same way as one that directly induces metastasizing
carcinomas?

But a number of scientists contested even the assumption of the

inevitability of the progression from benign to malignant:

Most of the biological evidence of the behavior of neoplasm comes
from man and from clinical experience, and it is evident that the
vast majority of benign neoplasm do not progress to malignant and
that malignant neoplasm does not develop from benign neoplasm.s8

Considering all tumors (benign or malignant) equally significant
as indicators of carcinogen exposure will neither increase our
understanding nor provide information on carcinogenic hazards.>?
Again, this issue is not readily resolvable because of a lack of

understanding of the mechanism of carcinogenesis. Which tumors progress

from benign to malignant and how? The distinction between benign and

56  1bid.

57 On the related notions of latency and time-to-tumor, see pp-.
74-75.

58

Hearings, supra Ch. 2, n. 6 at 5103 (statement by Dr. Richard
Bates).

59 Ibid. (statement by Drs. Paul Newberne and Adrienne Rogers).
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malignant is viewed by some as artificial; an attempt to make a

distinction when the nature of the differences is not known.

The terms benign and malignant reflected the expected outcome of
the presence of the tumor in the individual patient. They bore no
relationship to the causal events leading to these tumors and
whether or not such events would produce the same or a different
kind of tumor in another individual.60

Dr. Richard Bates so aptly spoke of the real significance of the issue:

As with many other questions, the regulator must make a decision

before arguments have ceased within the scientific community.

These may either lean toward protecting human health or toward

protecting economic enterprise. In the former case a significant
increase in benign tumors would be considered an index of
carcinogenicity. In the latter case less weight would be placed
on benign tumors.
h. PFailures to Consider the Role of Diet, State of Nutrition and Diet
Contaminants:

It is now clearly appreciated that the process of tumor formation
is multi-factoral. The carcinogenic mechanism can be enhanced by the
pPresence or absence of any of several different environmental
components. Although as a general statement this is known, not enough
is known of the nature of the process in specific instances to permit
the researcher to determine what portion of excess tumors can be
explained by the diet of the animals. This can only be determined by

comparing the tumor yields of different groups, each of which had been

on a different diet. Yet, clearly, this is an expensive procésa. But

60 Hearings, supra Ch. 2, n. 6 at 5013 (statement by Dr. Richard
Bates).
61

Hearings, supra Ch. 2, n. 6 at 5104.
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it is unarguable that without assessing the potential influence of diet
on the test results, the degree of confidence with which they can be
accepted is diminished.

How strong an influence might diet have upon excess tumor yield?

In 1953 Tannenbaum and Silverstone wrote,

« « o natural foods contain a number of constituents which have
been given little attention in nutrition and cancer research
because they are apparently not dietary essentials. In.additionm,
there must be others yet undetected. Perhaps among these
unregarded substances are some with carcinogenic activity; and
others that potentiate or oppose the action of carcinogenesis.62
The Food Safety Council stated that, "Dietary factors are probably among
the most important modifiers of carcinogenicity and other forms of toxic
manifestations."63
There is evidence to suggest that variation of macro-nutrients
(protein,fat, carbohydrate) as well as micro-nutrients and contaminants
will vary tumor iield. Table 6 contains the results of one study that
varied the amount fed to mice. The study indicates a significance
difference in tumor yield solely as the result of difference in
quantity fed. It is particularly interesting that in this experiment,
the ad 1libitum—fed mice ate very little more (5.8 g. per day) than the
mice restricted to 4 or 5 g. per day. The authors thought this

persuasive evidence that the difference was not due to the presence of

contaminants in the food.

62 A. Tannenbaum and H. Silverstone, "Nutrition in Relation to
Cancer,” 1 Advances in Cancer Research 451 (1953).

63

Food Safety Council, supra n. 28 at 125.
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TABLE 6.

CANCERS IN AFFLUENT MICE

Group Number Number Weieht of Survival to Number of
of mice per cage diet per day 18 months tumours

1 40 1 4»3 4

2 40 1 5¢g Similar 4

3 40 1 as libitum 32

4 40 5 as libitum 23

Mice = Outbred Swiss Albino Males
Diet = Standard pelleted

Feeding Total Liver Lung Lympho—~ Other
tumours by tumours tumours reticular neoplasms
18 months neoplasms

4 g. diet day 4 1 1 2 0

1 mouse cage

S g. diet day 4 2 0 1 1 testis

1 mouse cage

Diet ad 1libitum 32 15 2 11 2 testis

1 mouse cage 1 kidney
1 thyroid

Diet ad 1libitum 23 8 6 9 0

5 mice/cage

F. J. C. Roe and Mary J. Tucker, "Recent Developments in the Design of
Carcinogenicity Tests on Laboratory Animals,” Experimental Model Systems
in Toxicity and Their Significance in Man, ed. W. A. M. Duncan, New
York: Elsevier Publishing Company, Inc., 1974, p. 173.
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Absent a fuller understanding of the ways in which carcinogenesis
proceeds and the ability to predict, for each cancer type, the influence
of the various diets on which test animals will be raised, researchers
must be concerned with limiting the presence of non-nutritive
contaminants. There are two general strategies toward this end. The
first 18 to use open—-formulas or semi-synthetic diets for laboratory
animals. Because of their more uniform composition they are preferred.
But there is a certain amount of discussion as to whether they are
feasible. Although one study argued that, "The increase in cost of
feed, although appreciable (from approximately 10 cents a pound to
approximately 50-60 cents a pound) represents only a minor fraction of
the total cost of a carcinogenesis sl:udy,"64 there were others that
considered costs "prohibitive 65 and the diets "expensive and not
readily available. ~66

The other strategy is to provide for "the systematic or continuous
analysis of the laboratory animal ration. At least this effort provides
a profile on the extent and type of contamination that the laboratory
must consider and evaluate."$7 One tactic is to subject each batch of
mixed feed to analytical chemistry cnalysis to determine dosage of the
test agent as well as to detect the presence of likely contaminants and

the concentration of macro and micro-nutrients in the feed. Any

64 FDA Advisory Committee on Protocols for Safety Evaluation, "Report
on Cancer Testing in the Safety Evaluation of Food Additives and
Pesticides,” 20 Toxicology and Applied Pharmacology 419, 428 (1971).

65 Roe and Tucker, supra n. 18 at 175.

66 Food Safety Council, supra n. 28 at 125.

67 Kraybill, supra n. 23 at 26. ‘
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nutrient which exceeds a 102 variation from the desired level could be
discarded.68

Although less ambitious than providing a semi~synthetic diet, the
logistical problems can be awesome. With these complexities come an
enhanced risk of experimental error, for example, overlooking a batch or
misreading its identification card.

Uncertainty also creeps into the study results as the result of the
everpresent possibility of contamination of the animals' environment, as
well as through data collection problems. To check the former, one

ambitious study:

e o« o included checking food, bedding, and water for bacterial and
fungal contamination before they were used on the study,
monitoring the environmental conditions (swabs and air samples
from the animal rooms, and environmental bedding and water as it
as removed from the cage) and monitoring the animal caretakers and
animal for evidence of bacterial, fungal, parasitic, or viral
infections. In addition, evaluations were performed on numerous
biological indicators to assure successful autoclave operation
throughout the support areas.b

These precautions are very expensive; their opportunity cost must be
recognized. It is likely that, assuming fairly fixed budgets for
carcinogen assessment, the price of reducing uncertainty in one
experiment will be sacrificing another study entirely. Before a
decision on the appropriateness of these precautions is made, one would

want to

68 Carol R. Johnson, "Logistics of Conducting a Chronic Study With
24,192 Mice,"” Innovations in Cancer Risk Assessment, ed. Jeffrey A.
Staffa and Myron A. Mehlman, Park Forest South, Ill.: Pathotox Pub.,
1979, p. 205.

69  1bid., p. 206
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assess the extent to which instituting them reduces uncertainty as well
as the extent to which certainty is desirable in that study.’0

The risk of data collection problems can never be eliminated. Some
of the sources are: skipped cages, incorrect animal identificationm,
inconsistent observations, transcription errors in recording animal
weights and food consumption and incomplete recording of data. However,
computer assisted techniques have recently been developed to reduce this
risk.71

Although the risk of experimental error can never be eliminated,
some techniques are "safer” than others. An important issue is whether
protocols and standards should be established for the design and
interpretation of bioassay data. The issue revolves around a tradeoff
between guidance and flexibility. This issue arose during the hearings
to consider OSHA's generic cancer policy. Arguing that absent explicit
guidance (in the form of binding regulations governing acceptable
experimentation) "poor scientific practices and the possibility of
significant regulatory error” will be encouraged, Drs. Paul Newberne and

Adrienne Rogers stated that the policy needs to establish:

clear criteria for published studies which will be considered
acceptable as evidence of carcinogenicity in animals. . . Proper
standards of acceptability of data or test protocols should
recognize and provide for these factors in advance. . .
establishing the scientific criteria on an ad hoc, after the fact
basis is highly unsatisfactory from a scientific point of view,

70 When risk is assessed quantitatively, the actual numbers obtained
in this phase are more important than, say, under the Delaney Amendment
for food additives. But, on the other hand, because of the all or
nothing decision rule for food additives under Delaney, the potential
impact of an error is greater.

71 see Johnson, supra n. 68.
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and we would assume the same is also true form a regulatory point
of view.’2

Dr. Rogers testified during the hearings that:

« « o the proposed regulation should include provisions which to
the extent possible assure that regulatory decisions which use it
as a framework are based on sound, relevant data. . ."

Advocating pre—~specification of bioassay protocols does not,
however, eliminate all vestiges of scientific judgment in the
interpretation of study results. In response to the question, "If an
experiment did not meet your criteria, would you consider it to be an
invalid test. . . would you consider any conclusions drawn from that to
be invalid with respect to carcinogenicity?”, Dr. Rogers replied, "No.
It depends on what the conclusions are that one is going to draw."74

The opposing point of view is that protocols should be flexible
enough to allow scientists leeway in the design of experiments.
Implicit in this argument is the assumption that the complexity and
diversity of experimental conditions do not permit categorization, much

less standardization of protocols:

« « « the task of distinguishing between. . . valid and relevant
tests and . . . invalid and irrelevant tests is not one that can
be delegated to a computer. For this purpose, there is no better
way than to rely on the collective judgment of a group of

72 Hearings, supra Ch. 2, n. 6 at 5143.
73 1bid., p. 5144.

74 1pbid., p. S14l.



Tis an
vl e
[T3TAEN
LR
e

o



88
1n4ﬁ?endent, relevantly experienced and well~informed scientists.

This argument implies the necessity of having a panel of "the most
knowledgeable and experienced experts“76 to evaluate each study
aeparatgly.77 A term that is often used in connnection with this issue
is "scientific judgment.” There i8 no need for detailed guidelines when
one has adequate faith in the ability of scientists to design, execute

and interpret the results of experiments.

e o« othe studies will be validated by scientists of repute or an
advisory committee. Therefore, there is no need to write in
obvious criteria. . . to suggest that these criteria should be
written into the document is excessive material. I think it is a
waste of paper.78

e « othere will be experiments where the data is interpretable

even though it may not fulfill the current NCI bioassay
description.79

It may be that the field is too complex to allow for meaningful, yet

flexible guidelines. One must wonder, however, how much of this

aversion to prespecification is the result of the complexity in the

object, and how much is due to a recognition that scientists are often

unable to agree on the parameters of a protocol. If this is the case

(that acceptable experimental conditions camn not be consensually

prespecified) then why should one expect consensus to be reached on the

75 1bid., p. 5143.

76 Even the existence of protocols does not remove the necessity for
a panel since experiments may not adhere to even the most rigorously
drawn protocols.

77 Hearings, Federal Register 5142 (statement of Dr. Leon Golberg).

78 Ibid., p. 5140 (statement of witnesses for NIOSH).
79 Ibid. (statement of Dr. Bernard Weinstein)
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significance of a study ex post? Does hiding behind the cloak of

"scientific judgment” mask this inability?80

i. Inappropriate Route of Administration:8l

Here, the issue is how much stock to place on the result of studies
in which the agent in question is administered to the test animals along
a route different from that by which man is commonly exposed. For
example, can we conclude from a study that found elevated tumor rates
after adsorbates of industrially polluted water were injected
subcutaneously into rodents that these adsorbates are carcinogenic to
man when drunk?82 Although there are several questions here, one of
" them is how relevant is information from a route of exposure that is
different than that which the substance would take in man. There seems
to be a general consensus among laboratory scientists that an
experimental model should be as similar as possible to the systems that
it approximates. That includes route of exposure. But that avoids the
question that has been brought up earlier of whether such a study as the
one mentioned above contains any extractable information at all. When
considering guidelines or regulhtions governing these adsorbates, ought
NIOSH or OSHA to discount entirely a study because it administered them

along an "inappropriate” route? A related question is whether, if this

80 In the last Chapter a connection will be drawn between the limits
of scientific judgment and the mandates of regulatory responsibility.

81 The language is Kraybill's. It is not meant to beg the question
of whether the technique is inappropriate.

82 It is further complicated when there is no elevated response when
rodents are exposed orally. In fact this is what occurred: W. C.
Hueper and C. C. Ruchhoft, "Carcinogenic studies on adsorbates of

industrially polluted raw and finished water supplies,”™ 9 Archives of
Industrial Hygiene and Occupational Medicine 488-495, (1954).
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type of study contains some measure of relevant information, it is wrong

to pursue this tactic after more relevant models have been explored.

jo Contaminants in the Test Agent:

Just as the belief that a malignancy can be caused by very low
exposure to a carcinogen urges caution with regard to the handling by
humans of these substances, the potential for the presence in the test
environment of a contaminating carcinogen in a very low - and perhaps
undetectable - dose may suggest that caation should be taken in
interpreting the positive or negative results of a study. If a
Contaminant occurs in the test agent itself, as opposed to the diet, it
wi1l1l selectively affect the test animals. The con‘trol will be

una ffected. The results wi'll be biased.

There have been numerous reports that call attention to the fact
that the biological response was frequently altered when impurities or
Comntaminants in the chemical to be tested were removed by purification
or a different-synthesis.83 It is reasonable to presume that there are
also instances when this contamination goes undetected.

Unlike the other sources of uncertainty, this does not involve, at

leag: prima facie, a clear bias toward false positives. For some

ton ¢ aminants, if present, might suppress the initial carcinogenic
reaetion, thereby lowering response rate. But it is not unreasonable to

*XPect that most contaminants would raise it.

\
83

Kraybill, supra n. 23 at 28.
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k. Satistical Considerations:

Perhaps the most under—~appreciated aspect of carcinogen testing is
its inherently statistical character. Although necessary, the raw data
is insufficient to determining whether a substance causes -~ Br is
correlated with -~ a certain type of cancer.84 an integral part of
scientific method involves the analysis of the data obtained in the
actual experiment. In the fields of toxicity testing this analysis will
be statistical.

Mechanical laws are generally contrasted with statistical laws on
the basis that the first "assert universal or invariant connections in

nature."85 Experience has shown that any two particles attract each
other with a force inversely proportional to the square of the distance
Separating them. A single counterexample would serve to invalidate this
principle.

Statistical laws are different in asserting tendencies rather than
inwariant connections in nature. As a result they are not predictive of
Ind £ vidual events. Michael Scriven argued that "statistical statements
are too weak ~ they abandon the hold on the individual case . . . An
éVera t can rattle around inside a network of statistical laws."86 So,
they <can be disposed of only by demonstrating that the asserted tendency

is €& 1ge. The proposition that 75% of Americans are over 5'6" in height
———

8

a:t This distinction between "causation” and "correlation” is commonly

meaributed to Hume who held that the first term is epistemogically

thaningless and ontologically moot. All that the world discloses is

that @vents have occurred in a certain order; and from this we infer
€ they will continue to do so; they are correlated.

85
M. R. Cohen, A Preface to Logic, Cleveland: World Publishing
Company, 1944, p. 147

86

Ex Michael Scriven, "Truisms as the Grounds for Historical

Frplanations," in Gardiner, ed., Theories of History, New York: The
®® Ppress, 1959, p. 467.
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does not give warrant to the conclusion that a particular American is
over 5'6" and observing that a person is shorter does not provide
evidence of any kind against the proposition; indeed the law predicts
that certain people will be shorter.

Sight must not be lost\ of the fact that statements that are phrased
as conclusions are nothing more than inferences. The statement that 752
of Americans are so tall is based upon evidence culled as data from
studies of the height of Americans. Its reliability will be based upon
a number of considerations. One, clearly, is the sample size. The
larger the sample the more realistic will be the conclusion reached. In
the ultimate case, the sample is coextensive with the population. Then
it can be said with certainty that at that point in time "X"Z of the
population is taller than 5'6".87

But in the typical case a sample is tested, and is taken to be
representative of the population. This assumption of representativeness
is basic; it underlies all scientific inference, nomological as well as
statistical. In animal tests, the 50 or 100 mice chosen in the test
group are thought to be typical of the class of mice. In the language
of statistics, it is an unbiased sample. But of course, there is really
no way of testing for bias. It can only be guarded against, through
randomization or by increasing the size of the sample.

The aim of chronic toxicity testing is not to determine whether
particular individuals will become 111 as a result of contact with the

substance. Rather, it 18 to correctly identify a substance as capable

87 Assuming, of course, that the data is collected in a span of time
during which there are neither births and deaths, nor height changes
across the line of demarcation.
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or incapable of causing cancer in humans, and to provide the basis for
determining how many people would likely be harmed. The method that is
employed is to administer the test substance under carefully controlled
conditions to a group of animals.

The normal procedure is to perform a hypothesis test with a single
level of significance attached. It is not necessary to go into the
mechanism of how a test is constructed since there is no single best
methodology. According to one approach used by the National Cancer
Institute the chemical is administered over a period of eighteen to
twenty months to ﬁle and female mice and over a period of twenty to
tw.enty-four months to male and female rats. Each of the four
species/sex combinations has two treated groups of fifty animals each
and a control group of fifty an:lm'als. One of the treated groups is
administered the substance at the estimated maximum tolerated dose and
one group at half that dose.88

The null hypothesis is that the substance has no effect. The data
will be consistent to one degree or another with tﬁe truth of the null
hypothesis. The object is to determine to what degree it is consistent.
Within this framework there are two kinds of error.39 One can wrongly
reject the null hypothesis ~ that there is no difference, accepting the
alternative that (in this instance) the substance does account for the

excess tumors. This is termed a type I error. On the other hand, one

88 T. R. Fears & R. E. Tarone, "Response to 'Use of Statistics When
Examining Lifetime Studies in Rodents to Detect Carcinogens,'” 3 Journal
of Toxicology and Enviromnmental Health 629,630 (1977).

89 This method is referred to as the Neyman~Pearson formulation of
hypothesis testing. Among other places, it was advanced in: J. Neyman
& E. S. Pearson, "The Testing of Statistical Hypotheses in Relation to
Probabilities 'A Priori',"” 24 Proceedings of the Cambridge Philosophical
Society 492~510 (1933).
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can fail to reject the null hypothesis when, in fact, there 1s a
difference. This is termed a type II error. The following table

illustrates the possibilities:

TABLE 7.
TEST RESULTS

UNKNOWN TRUE STATE OF NATURE

Hp true Ho false
Test Concludes:

Do not reject Hg Correct Wrong
(type II error)

Reject Hp Wrong Correct
(type I error)

There is a tradeoff between these two types of error. If one wishes,
the probability of a type II (or type 1) error can be reduced to zero.
That is to say, the possibility that a substance did in actuality
account for the differences was not indicted can be avoided by calling
any substance "tumorigenic” regardless of what the data shows. But that
stance presumes a philosophical orientation that is never taken, for it
renders the test itself superfluous. Most people would consider it an
unbearably restrictive attitude, for it ascribes infinitely greater
utility upon the protection from the use of a suspected carcinogen than
upon the potential benefit of that substance in use.

Even accepting the reasonableness of ascribing infinitely greater
worth to the restrictive practice because it leads to (presumably) to
less risk (which is wrong since there are risks to health in either
option) the decision-maker would need some evidence upon which to base

his decision. It only makes sense to protect the public from those
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substances for which there is reason to be protective. The evidence to
base these suspicions on must come from somewhere. Even Descartes would
not believe that such complex ideas as these would be a priori. These
suspicions must rest upon tests such as those in question here. The
purpose of assessing the probabilities of type I and II errors is to
provide a rational basis for suspicions.

These reflections bear a number .of points. First, the extent to
which we are willing to accept on type of error affects that to which we
are forced to accept the other type. Minimiiing type II error increases
the probability of type I error. Second, the determination involves a
tradeoff between incommensurable risks. Thus, science cannot offer any
“right” answer. Third, determining the error that we are willing to
accept is normative as well as descriptive.

When scientists test for statistical significance at a 5% level,
they are really setting the probability of a type I error at 5Z. What
this means is that the null hypothesis would be wrongly rejected in
about five out of one hundred independent tests. Increasing the level
of significance would increase the probability of wrongly failing to
reject 1t.90 The chart on the following page illustrates the nature of
the tradeoff.

The point here, as in most of the other questions, is how to trade
off the probability of false negatives against that of false positives.
In so far as (1) there is no best ratio of one to the other and (2) the
nature of the uncertainty is itself so uncertain, there will rarely be a

consensus among knowledgeable scientists on whether to design this

90 The only way of decreasing the probability of both type I and type
II errors is to increase sample size.
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FIGURE 1.

Two doses, one species, 20 sitss
19 (a, B) nominsi sign. %

PROBABILITY OF FALSE NEGATIVE p

PROBABILITY OF FALSE POSITIVE a

animal bioassay. Test positive for a site if positive for both
doses. Excess 10%. True tumor rate in controls 2%. Nominal critical values
from one-tailed Fisher exact test.

Source: Talbot Page, infra n. 92 at 149.
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uncertainty in or out.91l It is my contention that the first conjunct
necessitates a valuational process; assessing the relative importance of
measures to protect public health on the one hand and the protection of
the economic property of flexibility in developing and marketing
industrial products on the other.

Although the curriculum vita of Science does not mention expertise

at conducting suchvvaluations, any study necessarily involves several.
On one level this may seem rather shocking. After all, we do not expect
scientists to go around making the ethical judgments implicit in this
type of assessment: trading off the likelihood of the detection of one
type of risk to one segment of society against that of another type of
risk to a different segment. But this is.just what they must
necessarily be doing. [But furthermore, it is possible that the way in
which scientists perceive and judge the nature of the uncertainty itself
is partially determined by their approach to this tradeoff.]

Clearly, the level of significance at which a test is performed is
a very important aspect of experimental design.92 If analysis was
simply a mat;er of counting tumors, then testing at a 10Z significance
level would reject some null hypotheses that a 52 level would not. Some

substances would be better classified as carcinogenic according to one

level but not the other.

9 By "consensus” is meant the existence of agreement among the bulk
of informed individuals.
92

Talbot Page argued that under certain realistic conditions, the
tradeoff can become highly skewed. Setting a 5 level of significance
can result in a true false positive considerably less than 1% and a true
false negative as high as 74X (see Figure 1). "A Framework for
Unreasonable Risk in the Toxic Substances Control Act,” in Management of
Assessed Risk for Carcinogens, ed. William Nicholson, New York: New
York Academy of Sciences, 1981, p. 148.




98

The beauty of statistical inference rests in its ability to
quantify one aspect of uncertainty. But the reader must be careful not
to attach too much confidence in its capacity to quantify uncertainty
per se. One should be careful not to attach unwarranted importance to
the issue of significance levels. If analyzing an animal test was
simply or largely a matter of counting tumors (and if all tumors were
homogeneous) then significance levels would be very important. But
there is not recipe for this type of analysis. As Fears ald Tarone

pointed out:

Evaluation of the carcinogenic properties of a test compound is
not strictly a statistical decision process. No two animal
experiments are exactly alike, because there are differences in
survival patterns, differences in the selection of dose levels,
different modes of chemical administration and different
laboratory techniques. We cannot define one set of rejection
criteria that can be applied to every experiment. Any decision
concerning the carcinogenic potential of a test chemical must also
incorporate the experience and knowledge of the participating
veterinarian, pathologist, toxicologist, and pharmacologist. The
role of the statistician in this process is to examine carefully
the observed survival and tumor patterns and to quantify the
strength of the evidence concerning the null hypothesis that the
chemical under test has no tumorigenic effect. This
quantification can be obtained through the judicious use of the
significance tests.93

Yet, although it would be naive to attach very great import to the
statistical issue of the level of significance, that and other
statistical issues such as the proper study size do contribute to the

conduct of animal experiments. There are statistical uncertainties

which simply cannot be obviated, and must be reckoned with in the only

93 Fears and Tarone, supra n. 88 at 630.
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way that any of the uncertainties can be dealt with in this field: by
identifying them and seeking to determine how they affect the decision

process.

1. Non-Positive Results:

It is incontestable that the object of animal tests is to determine
whether the test agent is a human carcinogen. A human carcinogen is a
substance that will induce tumors in man. Not all human carcinogens
will induce tumors in all men. So, a human carcinogen is a substance
that will induce tumors in some men.

The evidence for the conclusion that a substance is a human
carcinogen is drawn from the results of certain tests on animals.
Implicit is the drawing of an analogy between the response of the
animals and that of man. If, in a properly designed and performed test,
there is a statistically significant elevation in the tumor yield, it is
inferred that the substance is carcinogenic in that species (or that
strain).94 Ordinarily, assuming away other questions of the possible
hyper-susceptibility of the species (or strain), these results would be
taken to provide evidence that the substance is a human carcinogen.

But it is certainly very possible that an experiment involving a
substance that is carcinogenic in the test species (or strain) would not
yield statistically significant results. Individual mice may have
varying susceptibilities. It could be that the animals in the test
group are resistant. Thus, although it is possible to show that a

substance is a carcinogen to the species (strain), it is not possible to

94 On the role of "statistical significance in animal experiments,
see p. 93.
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demonstrate that it is not a carcinogen.95 It is therefore not possible
to demonstrate from an animal test that a substanée is not a human
carcinogen.

It is for this reason that it is preferable to speak of this type
of result as being "non-~positive” as opposed to "negative.” For reasons
of scientific logic, no experiment or set of experiments can show that a
substance 1is not a éarcinogen.

It is not immediately clear, however, what type of evidence such a
result provides. To simply label the results "non—~positive” might
suggest to some that they provide no information whaésoever -~ and
perhaps that they can be ignored. There are many who hold to a weaker
variant of this position.96

There are other researchers who see a difficulty with this
position. They argue that although a non-~positive result cannot be
taken to be demonstrative of non-~carcinogenicity, it does impart useful
information. Rather than label it "non~positive” they might prefer to
label it "suggested negative" to signal the type of information that

they see in the results. This position starts with a reductio ad

absurdum of the strict view that negative results should be ignored.97
Would twenty studies with non~positive results be as uninformative as

one? If you were committed to saying that one holds absolutely no

95 Notice how the inductive fallacy is avoided for positive results:
by construing a carcinogen as a substance that yields tumors in some
(not all) individuals.

96 According to this variant positive results should generally
supersede negative findings. 1In connection with this point see
Hearings, supra Ch. 2, n. 6 at 5079-~84.

97 The more widely held view is that negative results should be
treated less seriously than positive results are. However, once one
accepts that they should be respected at all he is faced with
determining the difficult question of degree: how much less.
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information, then you must be equally committed to the position that
twenty impart no information either. But somehow this does not make
sense. Unless one is prepared to assert that the informativeness is
emergent (in the same way as some would argue that "mind” is emergent in
"brain”) he would be forced to hold that even one study with a
non~positive result contains some information. But how much?

This issue (and other related ones) was discussed in the cancer
policy hearings. Several witnesses spoke of the inherent insensitivity
of current practice. There is a high probability that a test will yield
a false negative. This offers reason to believe that an indeterminate,
but large, proportion of all negative results will be false, not
informative, largely as a result of relatively small sample sizes. One

of the witnesses at the cancer policy hearings spoke to this issue:

In actual practice, statistical considerations only permit the

detection of a risk several fold large than this for rare tumors

and considerably larger if the types of tumors induced are those

found with significant frequency in untreated control animals.98
These tests will very likely not detect the carcinogenicity of
substances that impose a smaller, but real, risk.

The other perspective argues that the biological design of animal
experiments minimizes the risk of false-~negatives (thereby making
non~positive results more meaningful than one might expect). Although
the small samples used limit the ability to detect carcinogens in the

test species, the determination of human carcinogenicity which is based

upon this earlier determination is severely biased in the other

98 Hearings, supra Ch. 2, n. 6 at 5081 (statement of Dr. Richard
Bates).
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direction, toward increasing the probability of false-positives -- and
reducing the probability of false-negatives. This bias is a result of
the tendency to choosing species that are highly susceptible to

carcinogenesis.

It is sometimes suggested that man may be more sensitive than
laboratory animals to the induction of cancer by a particular
agent. This possibility certainly exists just as does the
possibility that a particular agent that does not cause cancer in
animals will do so in man. Either situation could arise, for
instance because the metabolism of an agent in man is different
from its metabolism in laboratory animals. However, by far the
more likely situation is that laboratory animal test systems are
more sensitive than man. I say this because of the greater
likelihood that the laboratory animals used for tests will have
been selected for genetically-determined or virus-determined high
sensitivity to tumor inductiom. Also, several aspects of the
laboratory environment (e.g. over—-feeding, abnormal hormonal
status . . .) increase the risk of tumor development in response
to non-specific factors.

However non-positive results are interpreted when deciding to regulate a
substance as a carcinogen, there will always remain a danger that they
are being misinterpreted. Uncertainty arises with respect to the
decision taken because it will not be known whether they are being

interpreted correctly.

3. Short Term Tests

Although in vivo tests constitute the bulk of the evidence used to
identify carcinogens, as a group they are not without weaknesses.
Several of them were examined in the preceeding pages. These weaknesses

lead to the conclusion that even under optimal conditions the evaluation

99 Hearings, supra Ch. 2, n. 6 at 5081 (statement by Dr. F. J. C.
Roe).
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of the results of a study calls for careful scientific judgment to be
employed. This type of judgment is not rule—~based in the same way as
other routines are. There is room for dispute, both in the proper
design of a study and in the evaluation of one already performed.

Yet, because of the great similarity between man and the animals
used it is commonly felt that they constitute signals with significant
import for man. However, another weakness that has been spoken of only
in passing 1s less easily reconcilable with the regulatory aims of the
Federal agencies. This is the tremendous amount of time and expense
involved in animal tests. A typical chronic test can take three years
and cost hundreds of thousands of dollars. Quite simply, it is not
possible at this point in time to perform a rigorous enough test on
every controllable substance that man comes into contact with.100 There
18 a need, therefore, for additional sources of evidence to serve either
as an adjunct to or as a substitute for in vivo methods.

Within the past decade several different models have been developed
that respond to this need for cheap and quick assays. These include in
vitro tests for mutagenesis in bacteria (notably in Salmonella

typhimurium using the 'Ames test'), fungi (notably yeast), insects

(notably Drosophila melanogaster) or in mammalian somatic cell cultures.

100 Inserting the modifier "controllable™ is based on the belief that
it does not make any sense to test those components of our environment
that we have no power to protect ourselves from. (Although 1 suspect
that this is merely an intellectual exercise, since there may, in
reality, be no members of this class). I am not even sure of my initial
intuition (to ignore uncontrollable components) since the knowledge of
carcinogenicity may, it itself, have utility.
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These tests are inexpensive and fast. The Ames test, for example, can
be completed in two to three days.l0l

These tests operate by seeking to induce gene mutations in the in
vitro test system. There is a great deal of evidence suggesting a
correlation between mutagenesis and carcinogenesis.l02 1In particular,
experimental evidence suggests that initiation (recognized as the first
stage of carcinogenesis) often involves a mutation event.103

In two studies of 152 chemicals, at least 80Z of the known chemical
carcinogens were found to be mutagens and less than 102 of the chemicals
believed to be non-carcinogenic were indicated to be mutagens.1°4 This
is the rationale for using mutagenicity assays. In one publication the

Salmonella/Ames was described in the following terms:

This test is currently the most widely used of the short term
tests. A large number of known carcinogens have been tested and
shown to be mutagens in this system. The method is very efficient
for detection of organic chemical carcinogens (about 90 of those
tested can be detected), but it does not detect all classes of
carcinogens with equal efficiency. . .

The procedure uses several specially constructed strains of the
bacterium Salmonella typhimurium. These strains contain different
mutations that inactivate the genes necessary for the synthesis of
the amino acid histidine, and as a result that bacteria cannot
grow unless this amino acid is added to the growth medium. The
test is carried out by exposing the bacteria to the chemical to Le
tested and measuring the number of bacterial colonies that are
able to grow in the absence of histidine. Each such bacterial
colony 1is the product of a mutational event.' A correlation
between increasing dosage of a chemical and increasing numbers of
colonies shows the chemical to be mutagenic. The method also
incorporates rodent (or human) liver extracts into the assay

101  pood Safety Council, supra n. 28 at 51.

102 cairns, supra Ch. 3, n. 3 at 91.

103  Pood Safety Council, supra n. 28 at 51.

104 prederick DeSerres, "The Utility of Short-Term Tests for
Mutagenicity as Predictive Tests for Carcinogenic Activity,” in The
Prediction of Chronic Toxicity from Short Term Studies, ed. by Duncan et
al., Amsterdam: Excerpta Medica, 1976, p. 113.
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mixture to provide 'activating enzymes' which are necessary to
metabolize some carcinogens to their active forms.105
But this is a mixed bag. Some important carcinogens, e.g.
asbestos and carcinogenic hormones, may not operate directly through
genetic mechanisms; they would therefore give rise to negative results
in mutagenicity assays.1°6 Further, these tests are vast
oversimplifications of (1) the complexity of the in vivo system and (2)
the multi-stage process involved. In the animal there are many factors
that could mediate or accelerate the activity that the mutation gives

rise to.

It is impossible in mutagenicity assays to duplicate the
concentration of the ultimate reactive metabolite, organ-specific
release, biological half-life, organ specific DNA repair or
replication frequency and immuno-surveillance.l07

However, one of two authors willing to hold that at the present

these tests are well enough understood to offer sufficient evidence that"

a substance is a carcinogen stated that:

Positive results in several, valid short-term tests indicate that,
without waiting for the results of long-term animal exposure
studies, operations involving the chemical should be immediately
examined and human exposure reduced to as far as is practical.lo8

105 office of Technology Assessment, Cancer Testing Technology and
Saccharin, Washington: Government Printing Office, 1977, P. 10l.

106 pood Safety Council, supra n. 28 at 53.

107 1bid., p. 53. .

108 Hearings, supra Ch. 2, n. 6 at 5173 (comments by the Chemical
Industry Institute of Technology).
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But there are several who considered it to be a possibility in the
future.109 That, in general, this 1is not considered viable today is due
to two factors. Along with the probability of false positive and false
negative results, another mitigating factor is the inability of these
tests at present to give quantitative results. Referring to the Ames

test one researcher concluded:

We are not really sure whether the difference in the frequency of
revertants obtained with two different chemicals means that they
have different degrees of potency with regard to mutagenic
activity.1l10
It shall be seen in the next Chapter that for the purposes of
regulation, it is not enough that science identify the substance as a
human carcinogen.111 The enabling statutes of most of the Federal
agencies giving power to regulate carcinogens also mandate that in some
way or other this be done based upon an assessment of the risk that
their use possesses. This assessment can only be performed after
determining how potent is the garcinogenicity of the substance. The
Ames test, if it 18 unable to aetermine mutagenic potency, 1s_also
unable to determine carcinogenic potency. Indeed, considering how
simplified a representation of the in vivo situation is this short-term
test, one would wonder how valuable information on mutagenicity would be
even if it were available.

Thus, it seems more reasonable to treat short-term tests as

adjuncts to animal tests. The two roles that have been proposed for it

109 pood Safety Council, supra n. 28 at 54.

110 DeSerres, supra n. 104 at 114.

111  The law makes an exception for food additives for which this
identification is sufficient to regulate the substance.
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are as a pre-screen, to select those substances which warrant the
additional time and expense of a chronic test and as an additional
(albeit, a small) piece in the evidentiary puzzle indicating (and to a
lesser extent acquitting) the substance in question. How this latter
function would be fulfilled operationally (that is, how these tests
would be evaluated and how much weight they would be seen to carry to
support or refute the results of an in vivo test) is unclear, but it
seems reasonable that they should possess some weight. Dr. David Rall

argued this point during the generic cancer hearings:

There is no question that positive results in short-term tests
(such as the Ames test, induction of unscheduled DNA repair, or
malignant cell transformation in vitro) add to the confidence that
one would have in a single positive animal test. This is not to
say that these short-term tests are equivalent to lifetime
bioassays in rodents: it merely reflects the fact that most
carcinogens give positive results in short-term tests. Hence, 1if
there is any reluctance to accept the result of a single animal
bioassay, positive results in short-term tests would add
sufficient evidence to overcome this reluctance. Certainly, it
seems reasonable to use them in this way rather than to demand a
second lifetime test in a rodent, which would be lengthy and
expensive.112

Most proposals to employ in vitro tests as a preliminary step in the
identification/assessment process envision using a "battery”™ of several
different assays. Depending on the scheme, one or two positive results
would trigger a chronic test.

A possible weakness of a multi-stage screening procedure is that
each stage increases the amount of uncertainty of the entire assessment

process. The extent to which false positives and false negatives impact

on the ultimate decision will be magnified by each additional step

112  Hearings, supra Ch. 2, n. 6 at 5170.
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taken. For example, in a two-stage screening procedure with each step
having a 102 probability of false positives, the probability of a false
positive of the entire scheme would be 197 (assuming that these

probabilities were independent).

4, Structural Similarity to Known Human Carcinogens

According to some scientists, if two chemicals have sufficiently
similar structures, that one is a carcinogen comnstitutes presumptive
evidence that the other 1s as well. This belief is based upon the

"structure-function theory.” This holds that,

"It is the structural properties of the carcinogen which determine
its pathway of activation, and our knowledge of the structural

similarities enables us in many cases to predict which pathway
will be followed for the activation of a particular compound."113
Like that from short-term tests, the evidence from this method can
be used in either of two ways. It can be used either to set priorities
for further testing or as evidence in itself for regulations. To

illustrate the second use, Dr. David Groth of NIOSH stated during the

cancer policy hearings that:

The fact that nickel sulfide has been found to be carcinogenic in
rats by inhalation would indicate that nickel compounds in general
are probably carcinogenic, and we would like to recommend that
nickel compounds should be regulated as such.lla(ltalics added)

113 yritten comments of Dr. Peter Goldman into the record of the
generic cancer policy, Hearings, Ibid., p. 5176.

114  oral comments during the generic cancer policy, Hearings, Ibid.,
p. 5177. —
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One of the difficulties with regulating a substance on these grounds is
that even if it is a carcinogen, this evidence from "paper chemistry”
does not offer any insight into its potency. There would be no grounds
for postulating a dose/response curve, unless it too were done by
analogy with the "parent carcinogen.” The tenuousness of the evidence

for conventionally derived dose/response curves shall be discussed in

Chapter Five. Basing it on that of another chemical simply builds
another source of uncertainty into the derivation.

The real problem with this type of evidence is that even closely
related chemicals may differ with respect to carcinogenicity. The
clearest instance of this is that although 2-acetylaminofluorene is a
well documented carcinogeé, its close relative, 4-acetylaminofluorene is
not.113

In 1980 EPA used evidence of strutural similarity to regulate six
chemicals under section 5(e) of the Toxic Substances Control Act.l16
Based on the National Cancer Institute bioassay that had shown a related
chemical to be carcinogenic, EPA stipulated that the manufacturer
provide more information regarding their toxicity before manufacture
could begin. Interestingly, although this is an instance of the use of
the first mentioned type of use of structural similarity, i.e., to set

priorities for further testing. Because it resulted in the company's

115 This is reproduced from Office of Technology Assessment,
Assessment of Technologies for Determining Cancer Risks from the
Environment, p. 115.

116 pavid Dickson, "More Tests Required on New Chemicals,” 285 Nature
60 (1980).
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eventual discontinuation of testing and marketing, it had the same
effect as a substantive’'regulation banning the chemicals.ll?

Examining this from a legal perspective, this illustrates a
potential danger in regulation. When animal bioassays can cost up to
one million dollars, it is important that the grounds for requiring them
be meaningful. If EPA were to require that expensive tests be performed
on weak suspicions of a chemical which is only marginally profitable to
begin with, this could have the same result of banning the substance on
these same limited grounds, an action which if itself taken would likely
be overturned in Court. This simply argues for the paramount importance

of Federal Agencies using these methods of inference with great care.

E. Conclusion

If regulation is to be rational it must be based upon a;:ceptable
evidence. At the present time, evidence for the carcinogenicity of a
substance comes from four sources. Each of these sources used
individually, or jointly, is typified by glaring sources of uncertainty.
At a first level of approximation, this uncertainty in experimental
design, conduct and analysis necessitates the employment in even the
most carefully specified study of "scientific judgment” in deciding how
to deal with it. Moreover, in many instances there is not the type of
consensus among practitioners of how these issues are to be dealt with
that is characteristic of "normal” science. As a result, it 1is

presently impossible to specify a "correct” protocol.

117 1bi4.
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The net effect of this is to seriously hinder regulatory
:ule-mak:lng. Agencies are hampered in their efforts to promulgate
regulations, fulfilling their legislative mandates, by the ability of
people to raise meaningful and sometimes irresolvable questions
regarding the evidence on which these rules are based. Federal Courts
have been forced to play a large, and largely ﬁnwanted role in this
framing of regulationms.

An indication that the entire field is a quandary is the ability of
what had been considered to be unassailable assumptions to be rejected.
This is amply illustrated in a recent reversal of position with the EPA

on two fundamental and long—~held positions:

e o« o known as the Clay Memorandum, (this document) reverses ten
years of EPA and federal regulatory policy affirming the principle
that positive animal studies predict for carcinogenicity in man
with an acceptable degree of certainty and that no threshold can
be established for a carcinogen below which it can be consideredto
be safe.l18
Whether this action is legally defensible is unclear. It is based as
much on questions of law as on the scientific issues themselves. But
that such a radical turnaround can even be proposed is significant in
itself. If retained, the implications for the number of substances
regulated are immense.
The issue of how evidence is used to assess the degree of control
appropriate for substances that the evidence has shown to cause cancer

will be examined in the next Chapter. The operative uncertainties are

even more significant.

118  Jacqueline Warren and Ross Sandler, "EPA's Failure to Regulate
Toxic Chemicals,” Enviromment, vol. 23, no. 10, (Dec. 1981), p. 4.



CHAPTER FIVE

THE ART OF ASSESSMENT

A. Introduction

Assume that the substance in qﬁestion has been ideﬁtified to an
adequate definite degree of satisfaction as a human carcinogen. That is
to say, the determination has been made that exposure to the substance
would present at least some people with a finite risk of developing
malignant tumors. There are many reasonable ways of proceeding on this
information. The substance can be removed from all further economic
transactions, exposure to it by workers and or the public can be
limited, controls can be placed upon the ways in which it is used, and
doing nothing are some of the types of actions that govermment can make
with respect to a substance that it has identified as posing some risk
of bbeing a human carcinogen. It seems clear that any of these (and
others) in many of their variants and in combination with others

presents a rational response to this piece of information. Absent some

112
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additional act of judgment, no one of these options can be considered
"better” than any of the others.l

One strategy can be shown to be better than the others only after
it has been shown to offer a more rational response to the risks
presented. The risks and benefits of the strategy need to be assessed.
Any rational solution must be based upon such an assessment. By no
means is this a fundamentalism with respect to risk~benefit analysis,
sengitivity analysis and other formal met:hodologies.2

B. Four Frameworks for Regulat:lon

There are several frameworks that can be employed for guiding
government action with respect to protecting the public from human

carcinogens. There will be briefly described in this Chapter and it

1 In the absence of any information whatsoever, one is bound only by
the dictates of pure reason. As one acquires more and more knowledge,
his realm of rational choice becomes increasingly circumscribed.
Conversely, with more knowledge we should be better able to make the
correct decision. (There are two exceptions to this that are highly
relevant to the present discussion: when valuational assumptions are
manifestly present; and when there are factual determinations that are
conspicuously irresolvable.) The identification of the substance as a
human carcinogen can logically endorse any and all of these responses.
I totally disagree with those who see underdetermination as sanctioning
one or another particular strategy over its competitors. And I
particularly object to those arguments that lead to the conclusion on a
riori ethical grounds. One writer, for example, argued for the
"immortality” of risk benefit analysis because it is counter to
"objective individual necessity.” (Sheldon Samuels, "The Uncertainty
Factor,” in The Management of Assessed Risk for Carcinogens, ed. William
Nicholson, New York: The New York Academy of Sciences, 1, p. 276.)

2 With regard to these tools I am in agreement with Baruch
Fischhoff: "We would be kidding ourselves . . . to believe that
cost~benefit anmalysis, or any technique 1is going to save us from
confronting our uncertainty and conflicts about what we know and what we
want. Excellent cost-~benefit analyses can help guide and order our
thinking: however, we seldom should put much faith in their bottom
line.” (Testimony before the Committee on Interstate and Foreign
Commerce, U.S. House, "Use of Cost~Benefit Analysis by Regulatory
Agencies,” 96th Cong., 2nd sess., 26~7 (1980).
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will be suggested how they would be used. Each stems from a different
philosophy of the proper role of government, and from a different vision
of the amenability of the problem to solution. It must be kept in mind
that an agency does not possess absolute freedom to determine which
framework it chooses. Although they may all make sense prima facie, the
agency is constrained by its statutory diiection to a more limited range
of choices. Certain statutes are quite specific in the degree to which
they guide substantive rule-~making. Other statutes grant the agency
more opportunity to shape its own approach in meeting its mandated
responsibilities.3

One conspicuous property of these statutes is the ambiguity
contained within the language itself. Even where they clearly direct
that one of the frameworks be used, it shall be seen that in almost
every case they leave undetermined how it should be used. This
indicates a property of the frameworks in themselves (with the two
exceptions of the market framework and the no~risk framework). They are
under~specified in that each one permits a great deal of leeway. The

frameworks that shall be discussed in this Chapter are’:

(1) Market regulation

(2) No-risk

(3) Technology—~based standards

(4) Risk—~benefit and Cost—~benefit analysis

3 Whether this freedom stemmed from a political decision by Congress
that the Agency ought to possess it or rather to the political inability
for it to achieve a consensus is another question. Whether such a
decision (to allow discretion) is properly that of Congress or of the
Agency 1s yet another issue.

4 Adapted from Lester Lave, The Strategy of Social Regulation,
Washington: The Brookings Institution, 1981.
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(1) Under the market regulation framework, the assumption is that the
government should act only to insure the proper functioning of a
competetive market, notably through correcting externalities and
providing complete information to individual economic agents. One way
of limiting conventional pollutants is to institute a system of effluent
charges wherein the damage is given a price and then polluters' behavior
will be subject to the incentive mechanisms of the market. In the area
of carcinogens, the most effective tactic within the market framework is
for government to provide more complete information to the "consumers”
of the substance. When it ordered the labelling of cigarette packages
it was relying on each consumer to make an informed ~ and rational -
choice for himself. OSHA's recurrent attempts to issue 'a regulation
requiring the labelling of hazardous substances (when viewed alone) also
assume that total utility will be maximized through the market. Within
the market framework there are two limitations in the labelling
approach. First, it will be effective only when the substance imposes
costs solely on the decision maker. Providing information to cigarette
smokers may permit them to make the correct choice for themselves
(although one might question even this) but non~smokars who find
themselves forced to inhale the smoke have not been provided with the

ability to make a choice correct for themselves.?

AN

5 As a response to this realization, witness the movement by local
governments to limit smoking in public places. An example of an
externality that the market system cannot correct is exposure to fertile
men and women of suspected teratogens. The unborn cannot decide. The
question reduces to who should decide for them: government or the
prospective parents.
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The second limitation is that it may be difficult to decide how
to}hrase the information so that it offers a fair statement of the
facts. Any statement of this sort, such as, "Cigarette smoking may be
hazardous to your health,” presumes that those substances within
cigarettes have been identified as hazardous. It was shown in the
previous Chapter that it is not difficult to consider most
identifications conjectural. Thus, any label that is more than a bare
recital of the laboratory results (and perhaps even this) would be less
than the unvarnished truth. And it would be unrealistic to expect the
“cons@ers" of the hazardous substances to be able to understand the
technical language of science. So, there arises a dilemma regarding how
to be "fair” to the facts and also fair to the consumer. |

The virtue of a system of market regulation is that when it
operates effectively it grants individuals freedom to make decisions for
themselves: to smoke or not to smoke; to work with hazardous chemicals
or not to. But it is not easy to design regulations that accurately
inform the individual of the risks that he faces.

The market model also assumes that given adequate and accurate
information, individuals will choose that action that most furthers
their own interests. Admitting the possibility, though, that people
will not always act rationally, it must be granted that merely informing
people will not guarantee that they will correctly act to maximize their
own welfare. This instance of market failure is more difficult to
remedy. It may be seen as suggesting the need for some rational agent
to act on behalf of the irrational individual. This is one of the

rationales for the other frameworks that shall be discussed, in which
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government performs the risk assessment on behalf of the people at
risk.6

The market framework, as it has been construed here, is one in
which government action is restricted to keeping the system of voluntary
change of economic resources and goods and services smoothly
functioning. One of the avenues individuals have for resolving
complaints within the market framework as well as the others that will
be examined in turn is to sue for damages. The possibility of
successful suits could serve to affect decision~making by firms. If it
could be shown by an individual, to the satisfaction of a Court, that he
had been legally damaged by the actions of the company marketing the
suspected carcinogen, then he could possibly receive monetary damages.
Further, 1f it could be shown that the firm's actions are likely to
endanger individuals in the future, then these actions could be
enjoined.

For example, the American Tobacco Co. was sued by a person who
ha?‘moked Lucky Strike cigarettes for fifty~six years until his
physicians told him that he had contracted lung cancer.” Although the
case was ultimately decided against the plaintiff, this illustrates omne
remedy open to individuals, and thereby to society as a whole to
alleviate suspected risks. The fact that although the jury had made the
finding that smoking was a proximate case of the development of the lung

cancer, the case was still decided against the plaintiff illustrates the

6 The other rationale is the non~excludibility of pollution control.
Carcinogen protection is a public good. The degree to which it is for
workers depends upon how effective personal protection devices are in
preventing cancer.

7 Green v. American Tobacco Co., 304 F.2d 70 (5th Cir. 1962), rev'd

on rehearing, 325 F. 2d 673 (oth Cir. 1963) cert. denied 377 U.S. 943
(1964), aff'd on rehearing per curiam, 409 F. 2d 116 (5th Cir. 1969).




118

weakness of this legal recourse.8 The fact that, more recently, a
former shipyard employee won a voluntary settlement from Johns-~Manville
for asbestos related injuries illustrates that it can be successful.?

In principle, of_course, firms' behavior will be influenced by the
possibility of such settlements. Thus, if it feels that the evidence
suggests that manufacturing substance X will introduce a likelihood of
suits for negligence in the future, it may decide not to proceed. But
there are two reasons to discount the effectiveness of this with respect
to carcinogens or other chronically toxic substances. The first is that
the firm may believe that it will not be in business by the time that
the damage has been manifested, a decision handed down. Just as one
cannot sue a dead person, he cannot sue a corporation that no longer
exists. Second, the net present value of a sum of damages awarded
twenty or forty years in the future will be greatly discounted by most
corporation managers. So, for both of these reasons, if the firm's
objective function is to maximize the net present value of profits, then
it may well be rational for it to disregard the risk of monetary
settlements in the far future. This is particularly the case in present
American business structure. For management decisions, to market or not
to market substances, are typically made by individuals whose

performance is evaluated by how well they perform today with little

8 The Court held that the manufacturer could not be held liable
without a breach of an implied warranty that such cigarettes were
"reasonably wholesome or fit for the purpose for which they were sold.”
325 F. 24 at 676 (dissenting opinion).

9 11 Occupational Safety and Health Reporter 544 (12/17/81); More
than 12,000 asbestos actions have been filed in federal courts.
According to a spokesperson for the insurance industry, "The sheer
volume of these lawsuits threatens to bring the American judicial system
to a standstill” [11 OSH Rptr 524 (12/10/81)].
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concern for the future. These decision-makers are likely not to remain
with the same firm for twenty or thirty years, so they may feel no
personal 1ncent_:lve to minimize the risk of costs incurred far in the
future.l0

The effectiveness of this common law remedy in influencing
decisions is also mitigated by the possibility that far in the future
the firm will not have funds sufficient to repair the damage done. With
reference to this, EPA recently promulgated a regulation requiring
hazardous waste management facilities to have liability 1nsurance.1}
Although it has been criticized as being inadequate, it does suggest
another way of Government intervening to keep the system vell-oiled.12

The other remedy that was mentioned earlier is that of injunctionms.
Based upon the way in which the Court reads the evidence and applies
legal standards of proof, this remedy can either be effective or
ineffective. However, based on past experience, there is reason to
believe that the burden of persuasion for the plaintiff seeking

injunctive relief in environmental lawsuits is very high.13

10 Reynolds Sachs argues that manufacturers are likely to design
products of more or less the same degree of safety, regardless of how
liability is assigned. ( Neglieelce or Strict Product Liability: 1Is
There Really a Difference in Law or Economics?” 8 International and
Comparative Law 259, 276-7 n. 36 (1978). Also see Michael Baram and
Kevin McAllister, Alternatives to Regulation, Lexington, Mass.:
Lexington Books, 1982, esp. Chapter 2.)

11 12 Environment Reporter 1635 (4/16/82).

12 The criticism was mentioned in Ibid., p. 1636.

13 Donald Large and Preston Michie, "Proving that the Strength of the
British Navy Depends on the Number of 0ld Maids in England: A
Comparison of Scientific Proof with Legal Proof,” 1l Environmental Law
555 (1981).
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(2) Under the no-risk framework, government acts to exclude
frogkirculation any substance that 1s found to present any risk at all.
This is the operating phil&éophy behind only one section of the law.
The "Delaney Clause” of the Food, Drug and Cosmetic Act stipulates that
a food additive may not be considered safe and may not be used in any
amount if it is found to induce cancer when ingested by man or animal,
or if it 1is found, after tests which are appropriate for the evaluation
of the safety of food additives, to induce cancer in man or animal.l4
No conceivable benefit could outweigh the risk, however minimal, of a
carcinogen.

There are several ways of designing a no-risk system. Under the
Delaney Clause a substance is identified as posing a risk if it is
tumorigenic in any animal at any dose level. Congress éould also, 1f it
wished, define a risk as existing only when the substance was found to
induce cancer in man. If it then excluded that substance from
circulation, that too would constitute a no-risk system. Positive
evidence from animal tests would not be considered suggestive of a risk
to humans. Furthermore, there are many considerations that are left up
to the Food and Drug Administration in evaluating tests that are
submitted to it. The issues that were discussed in the preceeding
Chapter are very influential in determining the results of a study --
that is, whether or not the substance is "found” to cause cancer. A

no-risk framework will prescribe strict treatment of carcinogens. But

14 The section states, "That no additive shall be deemed safe if it
is found to induce cancer when injested by man or animal, or if it is
found, after tests which are appropriate for the evaluation of the
safety of food additives, to induce cancer in man or animal.” (21
U.S.C. 348 (c)(3)(A)). Elsewhere, the Act states that any food that is
not deemed safe is to be banned.
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this will be largely meaningless if a high threshold must be reached
before a substance is determined to pose a risk. In addition,
administrative oversight may allow carcinogens to remain in circulation,
and they could be bureaucratically redefined as not being food
additives.ld

This view that no risk will be condoned has a two-fold root. On
the one hand, there is a pervasive lack of confidence on the part of
scientists in their ability to actually quantify the level of risk that
a human carcinogen presents.16 It is one thing to identify a substance
as posing some risk. But it is entirely something else to measure this
degree of risk. The Office of Technology Assessment referred to this in

its report on saccharin:

The "Delaney clause” reflects the present state of technology in
which laboratory methods can predict that a specific substance is
likely to cause cancer in humans, but cannot reliably quantify
this potential.l?

The second ingredient is a strongly aversive attitude toward risk in
the presence of uncertainty. An infinitely greater weight is given to
protect from risk than from the benefits that the substance offers. But
there is no logical reason why the uncertainty that results from an
inability to quantify risk need be approached hesitantly. If one knows

that there is some risk that he will drown if he goes rafting down the

Snake River, but has absolutely no idea of the magnitude of that risk,

15 William Lowrance, Of Acceptable Risk, Los Altos, Calif.: William
Kaufmann, Inc., 1976, p. 83.

16 The methodology of risk quantification will be discussed later in
this Chapter. A

17 Cancer Testing Technology and Saccharin, supra Ch. 4, n. 105 at 5.
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prima facie it makes equally good (and bad) sense to go as it does not

to go. In order to decide he needs to possess some decision~rule
instructing him how to act in the presence of uncertainty. Conversely,
how he acts will be as much a reflection of that decision-~rule as of
anything else.

The Delaney Clause can be viewed as a decision-~rule, guiding action
in the presence of uncertainty. But also, as an act itself, it is a
reflection of the attitude of Congress toward quantification of
uncertainty. It reflects a hesitant, risk minimizing attitude. Looking
at various statutes to decipher Congress' attitude toward various risks
one finds the attit&de that more care should be taken to guard against
ingested carcinogens than those inhaled. But this attitude had changed
when sixteen years after the drafting of the Delaney Amendment to FDCA
Congress passed the Safe Drinking Water Act of 1974 which stipulated
that contaminants in the drinking water be reduced "to the extent
feasible. . . (taking costs into consideration).”18 This apparent
inconsistency might be taken to suggestla weakness in the risk
aversiveness of the Delaney Amendment.

The no~risk framework can be attacked for both of these
ingredients. First, as we shall see later, it is asserted by some that
although not an exact science, quantification does offer some generally
reliable information. Why throw out the baby with the bath water? The
second root can be attacked for naivete. Such absolutism has no place
in rational regulation. In purchasing diet soda with saccharin,

consumers express their preferences. Presumably the saccharin is

18 42 y.s.c. 300g~1(a)(2) (1978)
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offering some benefit to these consumers. To disregard this benefit is
to consciously misallocate resources, unless the value of even the
smallest risk is at least as large as the value of any benefit foregone
by its exclusion from the market.

The response to these arguments is that the value of risk
quantification if largeiy illusory and, as such, it is too easy to be
‘lulled into a (false) sense that the numbers are more certain than they
are. Forbidding the quantification of risks guards against this
numericél fallacy. This dispute will be examined in some greater detail
in connection with the treatment of the risk-~benefit framework.

The no~risk framework confronts a difficult conceptual dilemma with‘
regard to a substance that is both a carcinogen and performs a health
function for which there is no substitute. This dilemma is not simply
hypothetical. FDA has had to meet it with regard to sodium nitrite.
Sodium nitrite is added to cured meats to inhibit the growth of C.
botulinum. "Without the protection of nitrite in cure& meats, botulism
could become a common disease causing many deaths."19 Furthermore,
there is no known substitute for nitrite.20 Moreover, it is estimated
that at least eighty percent of the total body burden comes from other
sources.

Although nitrites themselves are suspected to be carcinogens, a
common metabolite ~ nitrosamines ~ are considered "extremely potent
carcinogens.”21 The regulatory fates of sodium nitrite and saccharin

illustrate the principle that ways will be devised to get around strict

19 Lave, supra n. 4 at 55.

20 However, there are compounds, eg. potassium sorbate, that enhance
its effects so that less need be used.

21 Lave, supra n. 4 at 49.
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rules. In 1980 FDA terminated its proposal to eliminate nitrite
additives.22 And beginning in 1977 Congress has set moratoria on the
power of the Commissioner of FDA with respect to saccharin. The
Saccharin Study and Labeling Act Amendments of 1981 provide a 24 month
moratorium with respect to the authority of the Secretary of Health and
Human Services to amend or revoke the certification of saccharin.

There appears to be a broad consensus that the Delaney Amendment is
unworkable. But it ’15 politically difficult, or impossible, for
Congress to actually revoke it since it really has taken on a
larger-than-1ife significance. It symbolizes the concern of Government
for protecting the American people. Voting to revoke it could be
considered callous by constituents. So, it is politically wiser to find

solutions for each problem as it arises, as was done for saccharin.23

(3) The technology-based standards framework is a response to the
criticism than the no-risk framework mandates that unreasonable
sacrifices be made to respond to uncertain risks from carcinogens. It
finds its most explicit expression in sections of the Clean Air Act and
Clean Water Act.24

The primary advantage of this framework is that while it is a more
meaningful decision~rule than the two frameworks discussed above, it

entails a less rigorous examination of benefits and costs than does

22 1bid., p. 54.

23 The dilemma for saccharin arose on account of its being the only
non-nutritive sweetener that was known since cyclamates had been taken
off the market.

24 42 U.S.C. 7401 et seq. (1982) and 33 U.S.C.1251 et seq. (1978).
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risk-~benefit or cost-benefit analysis. Three variants have been used
thus far. The first is an "economic feasibility” interpretation. It is
found in §6(b) of the OSH Act. It is meant to be protective, yet not
to the extent of eliminating risks. Its chief disadvantage is that it
does not offer a logical connection between the evidence of risks and
strategies for reducing them. Under this approach, standards would be
based upon the level of control that an industry could afford. Yet,
there is no logical reason why society would benefit more from the
higher level of risk reduction that an affluent industry can afford to
implement simply because it is feasible.

Further, it acts as a disincentive to innovation and efficient
management insofar as it "taxes”™ profitable polluters at a higher level
than unprofitable ones. Let us imagine an industry comprised of small,
marginal firms operating with a very small profit margin. This industry
is involved in producing a potent carcinogen. Under an "economic
feasibility”™ variant of technology~based standards this industry would
not be bound to any degree of control.

Another variant of technology~based standards is
"technology~feasibility.” Under this variant the ultimate profitability
of the firm is not directly considered. For example, section 301 of the
Clean Water Act (which does not govern .carc:lnogena) sets effluent
limitations for point sources. It requires that "the best practicable
control technology currently available” be applied.25 This was
interpreted by the Eighth Circuit Court of Appeals as "intend(ing) to

limit the use of available technology only where additional technology

25 33 U.S.C. 1311(b)(1)(A) (1978).
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necessary to achieve a marginal level of effluent reduction is wholly
out of proportion to the cost realized."26 [The only way to understand
this is by adding "the benefits of"” before the phrase "additional
technology necessary.”] According to this interpretation of the
statute, Congress is mandating that EPA weigh health improvements more
heavily than economic costs. EPA should force industry to introduce
technologies that have lower marginal social benefits than privately
incurred costs. Regulation should stop only when the marginal cost
bears absolutely no resemblance to the benefit that it brings about.

The Court seems to be saying that regulators should act
irrationally; impose restrictions past the point where marginal benefits
equal marginal costs. The statement could have been worded différently
with better results by mandating that health benefits be accorded a
large weight. Both interpretations would be extensionally equivalent,
but the latter one is consistent with a view that regulations "make
sense.” This is mentioned here because it is important to counter the
view, that decisions like this might further, that strict environmental
regulation is irrational. Whether or not it is rational depends upon
what value is placed upon the prevention of a marginal decline in
health.

Even more strict is a "technology~forcing”™ interpretation. A

unique instance of this occurs in Title II of the 1970 Amendments to the

26 CPC International, Inc. v. Train, 540 F. 2d 1329, 1341 (8th
Circuit 1976). Certiorari was denied by the Supreme Court (430 U.S. 966
(1977). It appears that the Court was confusing two variants of the
technology~based framework. For on the following page it stated, "What
is required for new source standards is a thorough study of initial and
annual costs and an affirmative conclusion that these costs can be
reasonably borne by the industry." (at 1342) Clearly, these passages
mean different things.
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Clean Air Act. So concerned was Congress with pollution from automobile
emissions that it mandated a 90 percent reduction by 1975 in the maximum
allowable emissions of hydrocarbons and carbon monoxide from automobiles
allowed in 1970.27 This was to be followed ome year later by a similar

reduction in nitrogen oxide emissions.

Although the Act was not the first federal statutory attempt to
control air quality, its perspective was unique: rather than
regulate from the standpoint of what was technically feasible, it
started from a point of determining what air standards were
necessary to protect the gublic health, and it required technology
to meet those standards.2

The concept of "technology~forcing" presumes that the means for meeting

the standard, although they do not yet exist, are attainable, and that

the achievement of that standard is paramount.

There are three roots of technology-~based standards. First is that
health is something important, and so should be protected as strongly as
is reasonable. Whether or not this is a rational intuition depends upon
how you set up the decision. But at base, the techmology—~based
-framework reflects a strong (perhaps overriding) concern for health
protection. Secondly, it also reflects a distrust of the absolute
protectiveness that is implicit in the no~risk framework. Health
protection is a scarce good, and should be rationed (to one degree or
another), as are other economic goods.

The third root of the technology~based framework is a distrust of

the more explicit comparisons between benefits and costs that are part

27 42 U.S.C. 7521(b).

28 Cynthia J. Bolbach, "The Courts and the Clean Air Act,”
Enviromment Reporter, Monograph No. 19, 7/12/74, p. 1. ’
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of the risk—~benefit and cost-~benefit frameworks. These frameworks will
presently be d:lscﬁssed and the reasons for this distrust assessed.
Although the technology-~based framework is motivated by a rejection
of an emphasis upon numerical exactitude it has been interpreted (even
in its technology~forcing version) to require an accounting of
regulatory feasibility. Congress did not intend to bankrupt American
enterprise.29 But even these cost data are highly uncertain. The best
example of this is seen in the widely inflated estimates that the vinyl
chloride industry had made of the cost of complying with a one ppm
standard. The industry claimed that not only would a one ppm standard
force most companies out of the business, but moreover, it was

technologically impossible to meet.30 On these, as well as other

grounds, the standard was challenged and ultimately the Courts upheld
1t.31 And neither of the predictions came to pass.32 It seemed to have
had little impact on capital costs.

Nicholas Ashford traced the roots of this uncertainty as to cost

estimates:

29 It is reasonable to ask, though, why not. If a firm is performing
a harmful act, why should government be constrained in its response to
allowing that firm to retain a profit? The answer is ultimately
ansverable only on a political level that it is impossible to reach a
consensus in Congress to support a more radical (in the sense of being
disruptive of the status quo) alternative.

30 David Doniger, "Federal Regulation of Vinyl Chloride: A Short
Course in the Land and Policy of Toxic Substances Control,” 7 Ecology
Law Quarterly 497, 552 (1978).

Socieé_% of the Plastics Industries, Inc. v. OSHA, 509 F 2d 1301
(2d Cir. ), cert. denied sub nom, Firestone Plastics Co. v. United
States Dep't of Labor, 421 U.S. 992 (1973).

32 Doniger, supra n. 30 at 63.
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Agencies depend to a large extent upon industry data to derive estimates
of compliance costs. I do not believe I am being too unkind in
questioning the bias of those estimates. The regulatory agencies
themselves do not have access to the information concerning alternative
products and processes and resulting costs which would enable them to
come up with the best estimates of the cost of compliance.
In addition, compliance costs often fail to take three crucial issues
into account. First, their economies of scale which arise in the demand
induced increases in the production of compliance technology. Second,
is the ability of the regulated industrial segment to learn over time to
comply more cost effectively ~ what the management scientists call the
learning curve.
Third -~ and this is a critical issue ~ compliance costs based on present
technological capabilities ignore the crucial role played by
technological innovation, which yields benefits to both the regulated
firms and the public intended to be protected.33

But the technology—~based framework is vastly more complicated to
administer than the no risk framework. It takes a prodigious amount of
resources to evaluate all the many categories of production in a single
industry, and to determine for each that standard which is economically
or technologically feasible. As an example, EPA issued guidelines for
the Canned and Preserved Seafood Processing Point Source Category.
There were 33 separate categories, from "Non-remote alaskan crab meat
processing” to "Southern non~breaded shrimp processing in the contiguous
states."34

The technology~based framework is clearly a compromise between
more%xtreme solutions. Like the other frameworks it occupies an area on

a spectrum. At one end, it approaches the no~risk framework. In its

technology~forcing version, it could be given a strict interpretation.

33 U.S. Congress, House, Committee on Interstate and Foreign
Commerce, Cost~Benefit Analysis: Wonder Tool or Mirage?, 96th Cong.,
2nd sess., 11 (1980).

34 U.S. Environmental Protection Agency, "Canned and Preserved
Seafood Processing Point Source Category,” 40 Code of Federal

Regulations 408 (1981)
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On the other hand, it is more commonly seen as a vehicle for informally
and implicitly expressing society's preferences for trading off the
alleviation of health risks against the sacrifice necessary to bring

this about.

(4) Risk-Benefit and Cost-Benefit Analysis

Risk-benefit analysis offers many faces. To one person it is "in
the same class of endeavor as alchemy and'astrology."35 To another, it
is "the only reasonable mechanism for evaluating and selecting among
regulatory Options."36 What will be suggested in this section is that
the truth falls somewhere in between.

What risk-benefit analysis is in actuality is a tool to
assfﬁzé;cision makers to identify and compare the benefité and costs of
an action. Whether its aims are achievable is an important question, as
is whether it is intrinsically biased, distorting rather than aiding the
cause of rational decision making. These are two of severa; questions
that shall be addressed in this section.

Risk-benefit analysis is related to cost-benefit analysis. The
notion of making public policy decisions on the basis of a comparison of
benefits and costs was operative during the nineteenth century. “The
Federal Government used this type of analysis for evaluating public
works projects."37 But interest has intensified within the past twenty

years, largely as a result of three influences. First, it is a response

35 Sheldon Samuels, "The Uncertainty Factor,” in Nicholson, supra Ch.
4, n. 92 at 269.

36 U.S. Congress. House. Committee on Interstate and Foreign
Comerce, Use of Cost-Benefit Analysis by Regulatory Agencies, 96th
Cong., lst sess., 56 (1§7§). Statement by Robert Crandall

37 Cost—-Benefit Analysis: Wonder Tool or Mirage?, supra n. 33 at 3.
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to the call for greater public accountability by Federal agencies in
rulemaking. When pursued, it is one way of shaping a decision to meet
the mandates of the Administrative Procedure Act. It can be appealed to
in response to the contention that an action was "arbitrary and
capricious.” It gives an aura of objectivity and careful scientific
logic. The second part of the explanation for the increasing use of
these methodologies is simply that they are part of a general increase
in the level of appreciation within the social sciences of a systems
perspective and the rising stature of economics with its central notion
of "opportunity cost.” Third is the nature of the problems that the
government is being called upon to respond to. Rule~of-~thumb
calculations fail to provide intellectually satisfying and defensible
solutions when the implications of decisions are varied and the
recipients of these effects diverse. If nothing else, these methods
offer a framework to structure a scenario around.38 These factors are
interconnected. The rise in complexity of public policy issues créates
a demand for sophisticated modelling techniques which in turn enable
greater power and control to be exercised over the real environment,
creating additional complex issues requiring further efforts at
modelling. The calls for public acountability of agency actions which
have been expressed in many appeals to the Judiciary may also be
influenced by the growing complexity of the issues in which the

government immerses itself in.

38 It is interesting that the great majority of criticisms that are
levelled against cost~benefit are on account of its weaknesses as a
method, not for the inappropriateness of methodological rigor to public
policy issues. I will discuss both types of criticism later in this
Chapter.
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Of all of the frameworks that are being examined, they are most an
art. In a sense this is ironic, since they have the highest aspiration
to the logical consistency of science. But, as shall be seen, this is
an inevitable result of their sophistication. What gets in the way of
these good intentions?

First, as was mentioned before, they are motivated by the (perhaps
naive) desire to rationalize public decisionmakingf If the rational
decisionmaker is someone who operates on Bayesian principles, then

nature frustrates the desire. As Jerome Cornfield pointed out:

The strict Bayesian decision procedure, which requires assignment of
prior probabilities to all the possible scientific hypotheses, utilities
to all the possible consequences, the computation of an expected utility
for each possible decision, and the selection of the decision with
maximum expected utility may be well beyond the capacity of any
scientifically, legally, or politically oriented decision-maker short of
Plato's philosopher king, even though it is the only coherent one.39

The philosophy behind risk—~benefit and cost—-benefit analysis is one
of practicality. Exponents advocate them as making good common sense.
Very often analogies are drawn comparing the assessment decision with
more mundane choice situations. In these ordinary situations we decide
after comparing risks and benefits. That we rarely are conscious of the
"calculations” does not mitigate the fact that we perform them. Indeed,
we perform them because it is rational to do so. Moreover, we judge a
person "sane” by the degree to which he acts upon the results of this
utility calculus. Should not the federal government strive toward

sanity?

There is more than one way of performing risk—~bemefit and

39 "Carcinogenic Risk Assessment,” 198 Science 693, 699n (1977).
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cost~benefit analyses. And there is more than one attitude of support
for them. 1In fact, there is a range of confidence with which one can
consider them of value in decision making. These positions will be
brought out in the following pages.
1 }k
There are four components of-i;-t~benefit analysis. They are

listed below:

(a) quantify risk

(b) place a value on this risk

(c) determine the cost of regulating in terms of the
(1) benefit foregone
(11) cost of control

(d) compare (b) and (c¢)

Some risk~benefit methodologies do not employ step (b). Rather than
being oriented toward maximizing utility they are cost-~effectiveness
criteria. It will be seen that they thereby avoid some of the
difficulties of the "full™ theory (at the price of diminished
“"sophistication”).

(a) Quantifying risk:

The first logical step in any carcinogen risk-~benefit assessment is
to determine the extent of the danger that the substance poses (measured
as the expected number of lives that would be lost) and to ascertain the
degree to which various control strategies would mitigate that danger.
The mechanisms for identifying a substance as a human carcinogen were
outlined in the preceeding Chapter. The model that, at the present
time, is most valuable in this is based on administering the substances

in high doses to test animals. The judgment that a substance that
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induces excess tumors in animals at abnormally high doses under
artificial experimental conditions will also do 8o in humans at much
lower doses under ordinary conditions is based upon a number of
assumptions that were discussed in the previous Chapter. The
universally admitted tenuousness of these assumptions attaches a fair
amount of uncertainty onto any conclusions reached. What it involves is
a qualitative judgment. But assessing the degree of risk is a numerical
Judgment. As such, it is more sensitive to the types of assumptions
that are made. One would expect, therefore, a greater degree of
uncertainty in this evaluation. If the determination that a substance
is a human carcinogen is sensitive to all of the assumptions of Qesign,
procedure and analysis, how much more sensitive to these assumptions
would be the assessment of the degree of risk that the substance poses?
Generally speaking, there are two approaches to assessing the
degree of risk posed to humans by a carcinogen. One type performs the
extrapolation by assuming ad hoc that test parameters lend a certain
factor of uncertainty and thereby (making the risk averse assumption
that greater uncertainty calls for greater protectiveness) derive
"acceptable daily intake” or "virtually safe dose” levels that purport
to incorporate some of the#e gsources of uncertainty. The second bases
its extrapolation on more elaborate models, that it is claimed fairly

closely represent carcinogenic processes.
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(1) Safety factors:

This methodology incorporates the first two steps of the assessment
process. For it seeks to determine an acceptable exposure level, and in
8o doing implicitly ascribes valuational weights to the objective "risk"
magnitudes. According to one proponent it operates "by the application
of common sense."%40 It stems from a sense of dissatisfaction with the
standard method of extrapolating risk downward by means of one or
another mathematical model (which is discussed in greater detail in the
following subsection). It is asserted that these techniques are
unreliable when their predictions can be tested, and (what is worse)

often untestable.

It is common knowledge that the extrapolation of values beyond the
region covered by the data is very dangerous. The uncertainty of
approximation increases with the remoteness of the estimated point
from the midpoint of the curve.4l

The safety factor method is presented as a reasonable approach in the

face of "extrapolative uncertainty.” .

The use of a factor of safety based upon informed scientific
judgment is the only practical method of determining a safe level
of intake for man from the results of tests upon animals.42

It has a deceptively simple three~step procedure. In the first

step, an experiment that will offer results relevant to man is designed.

The next step is to ascertain the "minimum measured cancer-~producing

40 Carrol S. Weil, "Statistics vs Safety Factors and Scientific
Judgment in the Evaluation of Safety for Man,” 21 Toxicology and Applied
Pharmacology 454, 460 (1972).

41 Ibid., p. 459.

42 Ibid. » PP. 462-3.
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dose level” (MiE). This is the lowest dose at which a significant
tumorigenic effect is observed. Certainly this level will be dependent
upon the experiment design (eg. how many animals are used, for how long
a period of time the substance was administered, nutritional factors,
and levels of significance) and for this reason the first step is very
important. In the last step, the MIE is divided by a certain factor to
yield a "virtually safe dose,” or "acceptable daily intake” for humans.
The magnitude of this factor will, in each proposed scheme, reflect
both the objective uncertainties attached to extrapolating risk to
animals under experimental conditions to human beings under actual
c;nditions of exposure. To illustrate how this operates, one
scientist's proposal that a factor of 5000 be attached to the MiE will

be outlined. His proposal consists of four components:

(a) a factor of 10 to reflect "animal to animal variation.”

(b) a factor of 10 "to translate the results from animal to

mane.

(e) a factor of 10 to allow for certain complicating factors in
carcinogenesis such as irreversibility and potential
co~carcinogenesis and initiation~promotion that may be
present due to the exposure to other materials.

(d) a factor of 5 because the minimum~effect level will be
greater than the no~effect dose level.

43 Ibid., pp. 461-2; this was a proposal for the maximum allowable
in food. Similar reasoning could lead to proposals for exposure in
other media as well. Weil suggests that MiE rather than NoEL be used
because it is "more respectable” (p. 462). This is a conservative
assumption since he points out that typically MiE will be less than 5

times as large as NoEL.
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If, for example, the MiE is 100mg/kg, then under Weil's proposal the
maximum acceptable exposure would be set at .02 mg/kg. As has been
suggested, even this type of procedure "must be regarded as (a)
mathematical formalism. . ."%4 It assumes "a specification of a
theoretical dose-response curve and a procedure for estimating its
parameters from responses at all dose levels."45 For example, Weil's
proposal would be consistent with a "one-hit"” model having a virtually
safe dose at 2 X 104 of the MiE. Rather than pretending simplicity and
burying biological and statistical assumptions, is it not better to base
the model upon meaningful assumptions? The problem with the safety
factor method is that it is theoretically too casual. But proponents
possess a meaningful response that is, perhaps, too easily dismissed.
The response is based upon an observation that has already been
mentioned and that forms a thread throughout this dissertation; that
theoretical robustness is no substitute for explanatory meaningfulness.
If the test of the pie is in the eating, not the baking, then the test
of a risk assessment model is in the predicting, not in the
specification.46

The argument is on a philosophical level. It asks why needless
theoretical clutter should be added to an already hopelessly untidy

regulatory environment. ' The response, again, must be on a philosophical

44 Cornfield, supra n. 39 at 698.

45 Food Safety Council, supra Ch. 4, n. 28 at 138.

46 This analogy is only meant to be suggestive. For history has
judged theories on criteria other than predictive efficacy. Indeed, the
Ptolemaic paradigm was overturned in part because the Copernican view
predicted the same phenomena that the other did, but with greater
simplicity.
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level. It reflects a view (perhaps naively?7) stressing regulatory
accountability. The more fully the model is specified, the more open it

is to criticism.

(11) Explicit Mathematical Models:

The second tactic toward quantifying risk is to prespecify a
dose/response curve having a slope that has its justification in
biological and statistical theory, and then to extrapolate downward from
experimentally observed (d,r) coordinates to a realistic dose range in
order to determine a risk associated with it. The following table taken
from a study on risk assessment lists several of the biological factors

that should be considered: 48

Evaluation of Chronic Cancer Bioassay Data
Number of Species and Stains Affected
Number of Tissue Sites at Which Tumors Occur
Latency Period
Dose Level and Duration of Exposure Required to Induce
Tumors (potency)
Proportion of Malignant vs. Benign vs. Pre-Neoplasm Change

Evaluation of Characteristics of the Compound
Chemical Similarity to Other Known Carcinogens
Metabolic and Pharmacokinetic Data
Binding to DNA, RNA, and Protein
Physiological, Pharmacological and Biochemical Properties
Genotoxicity and Activity in Short Term Tests for
Carcinogenicity

47 "Naively” because as shall be seen, a strong argument can be made
for the view that these models are not "falsifiable” (even the
"mathematizers” grant this) and therefore do not meet Popper's criterion
of a proper scientific theory. 1Indeed, in one document the authors
advocated "the development of orderly and systematic procedures for
low-dose risk assessment which utilize all available biological and
statistical information” two paragraphs after they had conceded that
these models were essentially untestable, (Food Safety Council, supra
Ch. 4, n. 28 at 144).

48 1p14., p. 138.
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Population At Risk
Age
Sex
Physiologic State
Conditions of Exposure’

Much of this information will be available to the assessor. What
will not be available, however, are rules detailing how this information
is to be used. Thus, this information is of limited value to
decision-making.

What 1s also absent from this list is one factor that is especially
troublesome: the variation in response between test species and man.
It is particularly troublesome because there is little basis at present
for any sort of interspecies comparison between average
susceptibilities. Although it is reasonable to believe, for instance,
that there is a positive or a negative relationship between potency and
certain of the factors listed in the table, not even this much can be
foretold regarding the animal/man-extrapolation for any particular
substance. As was seen in the previous Chapter, epidemiological data
will suggest one type of relationship ex Egstz One substance implicated
through epidemiological study will have been predicted in mice for
example, but not in rats, while the reverse will hold for another
substance. And at this time, there is no way of explaining why this
should happen. How much more sensitive is risk quantification to this
fundamental uncertainty?

But "the extrapolators” feel that however questionable their
estimates of risk may be, they are less tenuous than any estimate that
has absolutely no basis in theory. How questionable are they though?

One might think that there would be no way to determine this. In fact,
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it 18 quite simple to do so by examining the variability among
estimates, each one equally well-entrenched in theory. A number of
different models have been proposed. What is interesting about them is
that, based on different biological assumptions, they offer vastly
different predictions of low-dose response rates based on the same
experimental results. Futhermore, there is no way to distinguish among
them, theoretically or experimentally, on the basis of predictive

accuracy.

While a variety of mathematical models have been discussed for the
recommendation in favor of any one of these models for all
applications cannot be made at this time. Because the mechanisms
of carcinogenesis are not understood, even those mathematical
models drawing on biological theory cannot claim to be universally
correct. Similarly, statistical considerations alone cannot lead
to the adoption of one particular model for purposes of risk
assessment. Even an optimally designed experiment involving a
moderately large number of experimental animals will have only
limited power to discriminate between two plausible models .49

The graph on the following page illustrates the rangé of predictions of

four models based on the same experimental evidence:

For any population exposed, it is generally impossible to estimate
within a factor of five or six the expected future cancers from a
given dose of the suspected carcinogen. Evidence from animal
studies and limited epidemiological evidence are simply inadequate
to draw very precise conclusion concerning the effect of the doses
encountered by human beings.so

So, 1f all of the models are equally well entrenched in theory, then

the subjective uncertainty presently attached to the extrapolative

49  1bid., pp. 143-4.

50 Robert W. Crandall, "The Use of Cost-Benefit Analysis in
Regulatory Decision-Making,” in Nicholson, supra Ch. 4, n. 92 at 10l.
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FIGURE 2.

—A Stylized Dose-Response Curve
and Some Extrapolated Curves
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‘ method as a whole is a function of the variability of the predictions of
low-dose response, based upon the same experimental data. If the
estimates are closely clustered, this argues for the reliability of any
one of them or all of them. Table 9 reports the results of 14 bioassays
of 13 substances. Table 10 presents the estimates for widely used
models of the "virtually safe dose” for risk levels of 10~4 and 10-6.

With one exception, the ratio between high and low estimates is
always greater than a factor of ten (the exception is
hexachlorobenzene). And in one instance, that of vinyl chloride at a
VSD of 106 it was as high as 108. So, if the government aims to
protect 99.992 of all individuals exposed to vinyl chloride, it would
presumably make equally good sense to limit exposure to either 2 ppm or
3.0 X 105 ppm (or anything in between). Under these circumstances, it
is reasonable to question the value to rule-making of quantitative risk
assessment.

A report of the National Academy of Sciences concerning saccharin
described the lack of consistency of risk projections. It reported the

risk of ingesting 0.12 grams per day of saccharin:3l

51 Marvin Schneiderman, "Regulation of Carcinogens in an Imprecise
World,” in Nicholson, supra Ch. 4, n. 92 at 227. Moreover, in these
projections rat dose was ad justed to human dose by comparing skin
surface area. It is interesting that different results would be
obtained were the adjustment done on the basis of a constant ratio of
saccharin to food injested.
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TABLE 8.

DIVERSE ESTIMATES OF RISK

Model Lifetime Cases Per 106 Exposed
One~hit model (Hoel) 1,200
Two—~stage model (Hoel) 5
Multi-~-hit model (Food Safety Council) 0.001
Probit (Mantel/Bryan) 450

Typically, the linear extrapolation to zero (one~hit) model leads
to the lowest VSD, the multi-~hit model to the highest. It must be
understood that the quantitative extrapolation of risk, through the
models that generate these estimates, disguise a great number of
gscientific and normative assumptions. By way of illustration, one might
focus upon the one~hit model. A hit is "any event necessary for the
production of an observable consequence."52 So, according to the
one~hit model, a malignant tumor arises from a single (irreversible)
biological event. That event is a sufficient cause for the tumor. Omn a
cellular level, we "picture” that once this event occurs, the remaining
steps are inexorable, i.e., the sequence occurs with a probability equal
to one. This single hit need not be a unique event-~type. It camn occur
in any one of several ways. However, all of these logically
distinguishable events can be grouped together given the name "X". An

event is "X" if and only if:

52 Cornfield, supra n. 39 at 698n.
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(1) It occurs of a single event.53

(2) 1Its occurring is a sufficient condition for the prediction of
a tumor
That the carcinogenic mechanism is "one~hit" is unprovable at the
present time for any particular chemical or for all chemicals. There is
epidemiological evidence that at low doses risk from cigarette smoking
18 linear with respect to dose.5% But difficulties associated with
epidemiological data~collection make this only suggestive.55 In any
event, proven linearity for any one or set of substances would at best
suggest linearity for anmother.

It seems reasonable that different biological sequences might
occur, all with the same endpoints (exposure to a carcinogen,
development of a tumor) but with different event~sequences in between.
Perhaps the common popular simplificatidn fallacy of "forgetting this”
is the result of our grouping all of these widely divergent diseases
under the single name "cancer”. This linguistic simplification is

itself the result of our lack of understanding of what distinguishes one

53 It is difficult to get a handle on this without going into more
detail than it is worth to this paper. What I mean, though, can perhaps
be illustrated through an analogy with an electrical switch. Either the
switch 18 closed, allowing current to "flow" or it is open, preventing
current from "flowing.” In a sense this is a single event. But in
another sense, it is not (for it can be analyzed as consisting of a set
of lesser events).

54 Harold A. Kahn, "The Dorn Study of Smoking and Mortality Among
U.S. Veterans: Report on Eight and One~Half Years of Observations,” in
Epidemiological Approaches to the Study of Cancer and Other Chronic
Diseases, ed. William Haenszel, (NCI Monograph #19), Bethesda, Md:
National Cancer Institute, 1966, p. 1 (esp. chart omn p. 7).

55 It is also asserted that radiation induced cancer is linear with
respect to dose. But even this has been questioned. (see Bertram
Wolfe, "Low~Level Radiation: Predicting the Effects,” 196 Science 1387
(1977)). And, in any event, one thing that seems clear regarding
chemical carcinogenesis is that it differs from radiation induced
carcinogenesis.
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from another. So really, what it comes down to is the impossibility of
demonstrating the appropriateness of any one extrapolative model, not
simply because of the poverty of scientific theory, but also, because it
can be proven only once it becomes superfluous. This last argument is
applicable not only to the one~hit model, but to any extrapolation risk
model.

Risk~benefit analysis, and indeed any procedure for assessing risk,
is incapable at the present time of appreciating the extent to which
exposure to more than one carcinogen at the same time or in sequence may
influence the degree of risk that any one of them poses individually.
Although a weakness in experimental design, rather than of analysis, it
is expressed in the assessment.

In actuality, humans are exposed to many substances which according
to some widely held views of carcinogenesis, may act synergistically. A
laboratory experiment that did not test substances together would
overlook this possibility. And an analysis based on these studies would
be unable to assess its influence on the degree of risk presented.

It was mentioned earlier that the one~hit model typically leads to
the lowest estimate for VSD. An argument for its use makes use of this
tendency, pointing out that adopting this model is a way of compensating
for the uncertainty attached to the risk assessment process.56 The
problem with this, though, is that it confuses the first two steps of
risk assessment. It is not for statisticians to distort the asse;sment

process by incorporating into the first step a risk averse attitude

56 Cornfield, supra n. 39 at 695.



148

toward uncertainty. That is not to say that the uncertainty should be
ignored either.

Any estimate of risk should include two components.57 First, 1t
should include a best estimate of the probability of harm that is to be
expected at various dose levels. It should be kept as free as possible
from purposeful bias. Secondly, it should‘include an estimate of the
uncertainty associated with this estimate. Although experimental data
will not have been collected at these low doses, and so there cannot be
a standard deviation in the classical statistical sense, it 1s essential
that some verbal description be offered of the degree of faith that
should be attached to the estimate of the "mean” probability. With
these two pieces of information, it will be suggested in the following
section that the decision of how the second should affect the manner in
which the first is treated is to be made within the political sphere.53

In certain instances, there will be reason to believe that the
probability estimates are more uncertain than at others. There is
little doubt, for example, that aflatoxin is a more potent carcinogen

than sodium saccharin.

57 William B. Upholt, "Models for Extrapolation of Health Risk,” in
Environmental Modeling and Simulation, ed. Wayne Ott, Washington: U.S.
Environmental Protection Agency, 1976, p. 184.

58 When I speak of uncertainty in this connection I am referring to
all of the sources of uncertainty that I have identified so far in these
Chapters that are present in the evidence (and those that I have
omitted). So, the possibility of metabolic overloading and nutrient
contamination, for example, usher in the possibility of bias, and
thereby create uncertainty in any estimate reached, whatever it may be.
I have not come across any suggestions for a procedure for quantifying
this uncertainty. Moreover, I suspect that the absence of a method 1is
more than temporary. For, as I have sought to show, it 1is
unquantifiable. Indeed, the huge variability of low-~dose
extrapolations, indicating the unknowable uncertainty of just this last
step in the risk assessment process, demonstrates this.



149

An additional complication is that there is no reason to believe
that the uncertainty is symmetrical. 1Indeed, it is logical that in
individual instances it be asymmetrical. The evidence may suggest that
the VSD (10~%4) of vinyl chloride is 6 X 10~3 ppm (a made up number).
All of the terrifically complex information has been analyzed. 6 X 10~3
may be the best estimate. But it probably is not the least unbiased
estimate. As an estimate it is reached by analyzing the data
statistically, and making judgments as to how each recognized source of
uncertainty should be dealt with, while ignoring those that are not
recognized. Each judgment imposes a certain strain upon the final
probability estimate that is impossible to quaﬁéify. Most of the time,
this strain of uncertainty will be either positive (that the mean
results in an understatement of risk) or negative (that it results in an
overstatement of risk). But rarely will this uncertainty be neutral.
For ex#mple, if a time~to~tumor model is used in risk quantification,

then if it is wrong it is more likely to underestimate than overestimate

risk. What is the sum total of all of this uncertainty?59 Perhaps
there is an equal amount of strain biasing the estimate upward and
downward. But this is not likely, particularly when the evidence
relating to the substance's carcinogenicity has been gathered, judgments
made, by a relatively small group of individuals, each person with
certain attitudes toward proper scientific method and the role of
carcinogen screening. Under these circumstances one would expect a

certain consistency of bias.

59 It 18 not meant that a downward bias counters an upward bias,
resulting in less uncertainty overall. 1 am not sure to what degree it
would. I am merely saying that the sign of the uncertainty is affected.
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Each model yields coefficients that represent the degree of risk
that an individual who 18 exposed to the substance faces at each level
of exposure. To arrive at the total risk that the substance poses, this
coefficient is factored by the number of people exposed at each level.
In order to be able to determine the optimal strategy of control, the
extent of risk expected at each level of controllable exposure should be
evaluated. The various control strategies would likely reduce the
present risk to varying degrees. All of these considerations could be
summarized as in the table on the following page describing the risk at
various control levels posed by a hypothetical substance "XXX."

In light of these very serious doubts regarding the value of
quantitative risk assessment, what role should it play in the regulatory
process? One position was expressed by Arthur Upton in 1979, who at the

time was the Director of the National Cancer Institute:

Current scientific knowledge is not sufficiently advanced to the

use of quantitative risk assessments as a primary basis for the

regulatory decisions involving human exposure to carcinogens.6°
Part II contains a discussion of OSHA's response to these and related
uncertainties as it was expressed through its "generic” cancer policy.
It is hoped to show that the cancer policy provides a focus for
examining issues of proper regulatory responses to the manifest preseﬁce

of uncertainty in risk assessment in light of the other constitutional

and statutory obligations of these federal agencies.

60 As reported in 8 Occupational Safety and Health Reporter 1800
(5/31/79).
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(b) Placing a Value on Risk:61

The quantification of risk associated with a type of action (such
as the action of being exposed to vinyl chloride in a factory) is quite
different from condemning or accepting its presence. To do the latter
presupposes a moral attitude toward the action.62 How that risk 1is to
be viewed requires a distinctly ethical judgment. But like any ethical
Jjudgment it can be mapped with only a fair amount of distinctness.

There is no getting around the fact that the science of morals is
radically incomplete. This has great significance for risk-~benefit
analysis. Whereas the motivation elsewhere in this érocess is the
desire to achieve'a fuller "understanding of,” a searching outward to
discover how the world works, this stép involves a very different type
of activity. The ascription of moral indicators upon actions does not
involve knowledge per se. G.E. Moore argued that "Good"” 1is a
non—~natural category.63 It i8 not found in objects, but rather placed
onto them. As a result, there is no uncertainty more radical than that
examined in this section.

If Moore is correct, then methodologies for attaching ethical
ascriptions operate through an act of inference from natural categories.
Broadly speaking, there are two ways in which this can be done. In the
first, risk activities are classified according to pre-~stated criteria,

and values are attached to them by how they fulfill these criteria. The

61 Not all risk—~benefit strategies include this step.

62 Even cost effectiveness criteria involve an implicit valuationm.
It is not more natural to aim for the highest ratio of deaths
averted/costs incurred than some other ratio.

63 Principia Ethica, Cambridge: Cambridge University Press, 1956,
P 13.
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best example of this methodology is valuing a death or injury by the
amount of the explicit costs that society incurs as a result.

In the second methodology, evidence for the ascription is obtained
from subjective empirical input. The evidence for the acceptability of
a risk is taken from people's judgments. For instance, according to the
"willingness~to~pay” criterion, the value of a risk is equal to the
maximum amount of money that an individual would be willing to pay to
avoid 1it.64

Also falling within this subjectivist methodology is the system
employing "revealed preferences.” In this, evidence for the ascription
is obtained from the ways in which people make judgments in similar
situations in which they find themselves. This methodology stems from
the assumption that the rules that the govermment composes to bind the
activities of its citizens should not be dissimilar to those that they
bind themselves by. That people consider these other risks acceptable

would constitute prima facie evidence that govermment should consider

comparable risks within its regulatory purview acceptable.

In actuality, people do not base choices solely on the attendant
risks, but on whether the potential benefits justify taking the risks.
So studying people's risk~taking behavior reveals the nature of this
tradeoff rather than the value that they attach to risk quanta. But, in
spite of this, the method of "revealed preferences” is dealt with in

this section.

64 Or, in a slightly different formulation, the minimum amount of
money that a person would accept to incur it. Theory suggest that these
would yield different numbers. And evidence supports it. For a fuller
discussion, see "willingness~to~pay"” below.
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(1) The Direct Method of Analysis:

The value that this method places upon avoiding a risk i1s equal to
the expected‘value of costs the mitigating the risk would avoid. So,
the trick is to identify and place a value upon the negative effects of
the "average” occupational cancer.

For example, the "costs” of an occupationally induced cancer
include the costs of medical care, but also lost wages as well as the
pain and suffering of the worker, and the anguish felt by the family and
friends. The employer loses the services of a (presumably) productive
and experienced worker.63 Further, there is likely to be a "leveraging
effect.” To avoid future conflicts with the rule-making agencies, firms
are likely to internalize aspects of a health rationale. So there will
be unknown beneficiaries. The extent of the marginal impact of the
regulation upon future decisions may be difficult to gauge.66

There are serious limitations in even the most sophisticated
analysis. The difficulty of placing a value on amenities for which the
market does not fix one has been extensively discussed in the
literature. What is the value of pain and suffering averted? Two
methods that are employed to approach this question will be discussed.

But what is often overlooked in market economies is that price as
an index of value is a fiction. That the interaction of supply and

demand or relative scarcity should determine the worth of a good is a

65 U.S. Congress, Senate, Committee on Govermmental Affairs, Benefits
of Environmental, Health and Safety Regulation, (Prepared by the Center
for Policy Alternatives), 96th Cong., 2nd sess., 6 (1980).

66 Although 1f it is as efficient as the leveraging effect of
prosecuting .tax offenders, it is probably significant.
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convention.67 1t may be acceptable to use "price"” as a proxy for
“value."68 But if it is used in this way'it should be understood that
this decision is arbitrary.

A 1ist of the harmful effects due to carcinogenic risk on the job

could include:

(1) health care costs and associated losses
(2) lost earnings69
(3) psychological costs

It might also be appropriate to view the more pervasive occupational
carcinogens from a macro-~economic perspective to determine their
influence upon the national economy. For example, it was estimated in
one study that occupational exposure to asbestos will be associated with
between 58,000 and 75,000 cancer deaths per year.7° If correct, this

would certainly have an impact on the following parameters:

67 The alternative preferred by neo~classical economists employs the
notion of consumer's surplus. I will discuss this in connection with
the willingness—to~pay criterion. Marxist economists, of course, accept
the labor theory of value (according to which, as a first approximation,
the value of a good is based on the amount of labor that went into its
production). The labor theory would have a very difficult time of
recognizing, and of placing value on, the pain and suffering averted
through a regulation (although this does not say that Marxists would).

68 This ignores the possibility of price distortions which distance
the concept of "value” even further from that of "price.”

69 Lost earnings are used simply because as a measure it is easier to
estimate: T.C. Schelling, "The Life You Save May Be Your Own," in
Problems in Public Expenditure Analysis, ed. Samuel B. Chase,
Washington: The Brookings Institution, 1968, p. 135. But it confuses
"11fe” and "livelihood.” Among the paradoxical results (some of which
will be considered later) that follow is that the value of death avoided
is no different from the value of unemployment avoided.

70 HEW report, supra Ch. 3, n. 26 at 10.
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(1) employment
(2) productivity
(3) prices

(4) 1investment
(5) GNP

A recent study estimated average direct costs for the first three
years of cancer treatment at $16,700.71 Using data from a study by the
National Center for Health Statistics, the average amount of lost
earnings that are foregone as a result of a cancer death is
approximately $43,000 (at a 6 per cent discount rate).’2 The choice of
discount rate, although a technical issue, can very significantly alter
net present value as is shown in the figure on the following page.
Whether or not average lost earnings for occupationally induced cancers
is larger or smaller than this is highly uncertain. There is reason to
believe that it is higher, and reason to believe that it is lower.
$43,000 would reflect the lost earnings of all cancer deaths whether or
not these people were employed or would have been employed. But, on the
other hand, a reasonable suapicion is that the bulk of the burden of
risk is faced by lower paid workers. So the average would be‘biased

upward and downward.

71 Abt Associates, p. 44. It stated that "three year costs” are a
"modest understatement of lifetime costs.” (p. 45).

72 Dorothy Rice and Thomas Hodgson, "Social and Economic Implications
of Cancer in the Untied States,” in U.S. Congress. Senate Committee on
Labor and Human Resources. National Cancer Program, 1979. 96th
Congress, lst Session, 1979. This estimate is very tenuous. I derived
it by dividing their estimate of total lost earnings due to mortality
from neoplasms (p. 51) by the estimated number of cancer deaths (p. 70).
Both of these estimates are questionable, but hopefully they are "in the
ballpark.” ’
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FIGURE 3.

Present Value of Lifetime Earnings, Discounted at 6 Percent and
10 Percent, By Age According to Sex, 1977
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Source: Thomas Hodgson, "'Social and Economic Implications of Cancer
in the United States,” in Nicholson, supra Ch. 4, n. 92 at 201.
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Thus, the version of the direct method that has been presented here
would estimate the average value of a cancer death at something like
$60,000. From society's standpoint it would make sense to expend up to
$60,000 of its resources in preventing that death (if strategies would
be absolutely certain of success).73 Prevention would save
approximately $17,000 worth of health care resources and spare a laborer
whose lifetime marginal revenue produced (discounted at 6 per cent) is
approximately $43,000.

The chief objection to this way of placing value on risk is that in
effect it views a person's value simply as a means of producing a stream
of output whose contribution is measured by his earnings. This is
referred to as the human capital approach. The primary complaint is
that it is counter-intuitive. For example, it excludes all intangibles
and non-wage related activities. Each of us likes to think that we are
"worth” more than what we can produce and market. Moreover, since the
average discounted lifetime earnings of the very young and the elderly
are lower than of middle-aged people risks to them could be valued
lower. Furthermore, if women and blacks are discriminated against in
wvages, then their product would not even reflect the value of their

product.

73 A variant of this with repugnant implications is to consider
output net of consumption, since the loss also frees up goods and
services. But since we would not want to be forced into the position of
arguing that a person who would consume more than he would contribute to
national produce would possess negative value, and therefore it would be
of value to society that he die, most people would not consider this
framework acceptable. But, perhaps a "cold-blooded” utilitarian might.
(For a "cold-blooded utilitarian™ view see Burton Weisbrod, Economics of
Public Health, Philadelphia: University of Pennsylvania Press, 1961,

pP. 35.)
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Cancer has a cost in pain and suffering that cannot be disregarded.
People are not indifferent to whether or not they suffer and encounter
pain in 1life. So, it is important to somehow include these intangibles
as costs of cancer risk.’%

One of the most intractable problems is whether, and if so, how to
discount future benefits. Nicholas Ashfold suggests that health
benefits be discounted at a lower than market rate, reflecting the
“"belief that certain amenities, such as health, become more valuable
relative to other goods in this society as time passes and the standard
of living improves."’3

Because it is counter-intuitive, the direct method of valuing risks
would be considered by most people to be inappropriate. By confusing
the value of a 1life and the market value of one's product it leads to
paradox. It disregards those products of life, including thoughts and

feelings, that are not traded on the market.’6

ii. Indirect Methods of Valuing Risks

Because it is counter—-intuitive, the direc,t method outlined above
fails to adequately value the risk manifested in exposure to
carcinogens. Another valuational method is to infer these values from

people's behavior or from their intuitions regarding the acceptability

74 For a reasonable argument that the psychic costs to othersof a
person's death are sufficiently correlated with monetary costs so as to

permit the latter to be used as an index for the former, see Ibid., pp.
96-98.

75 "Alternatives to Cost Benefit Analysis in Regulatory Decisions,”
in Nicholson, supra Ch. 4, n. 92 at 138.

76 The ready reply to this objection is to ask why we should trust
our intuitions. To discuss these issues in any greater depth would be
inappropriate in this paper.
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of risk.’’ Two instances of this method are "revealed preferences” and

“"willingness-to-pay.”

(a) revealed preferences:

The method of revealed preferences has received an increasing
amount of attention recently.78 Technically, it sidesteps the question
of how to place a value on risk. It is based on the insight that all
activities involve a certain amount of risk and that society expresses
socially acceptable tradeoffs between the benefits conveyed through and
the risks entailed by those activities that are considered acceptable.
Measuring risk and benefit data for hazardous, yet common activities
will reveal risk-benefit tradeoffs that can be used to set permissible
exposure levels for carc:lnogeﬁs. “"Acceptable risk for a new technology
is defined as that level of safety associated with ongoing activities
having similar benefit to society.”79

In an early study Chauncey Starr drew the following conclusions

about society's risk preferences:so

77 U.S. Congress, Senate, Committee on Governmental Affairs.
Bﬁeﬁnefits of Environmental, Health and Safety Regulation, supra n. 65 at
17.

78 Chauncey Starr, "Social Benefit versus Technological Risk,” 165
Science 1232-38 (1969). Harry Otway and J.J. Cohen, "Revealed
Preferences: Comments on the Starr Benefit-Risk Relationships,” IIASA
RM 75-5, Laxenburg, Austria: International Institute for Applied
Systems Analysis, March 1975. W.D. Rowe, An Anatomy of Risk, New York:
John Wiley & Sons, pp. 261-66, 1977, Baruch Fischhoff et al.; "Weighing
the Risks,” Environment, vol. 21, no. 4 (May 1979), pp. 20, 32.

79 Fischhoff et al., supra n. 78 at 20.

80 Starr, supra n. 78 at 1237.
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The indications are that the public is willing to accept
"voluntary"” risks roughly 1000 times greater than
"involuntary risks.

The statistical risk of death from disease appears to be a
psychological yardstick for establishing the level of
acceptability of other risks.

The acceptability of risk appears to be crudely proportional
to the third power of the benefits (real or imagined).

The social acceptability of risk is directly influenced by
public awareness of the benefits of an activity, as
determined by advertising, usefulness, and the number of
people participating.

In a sample application of these criteria to atomic power
plant safety, it appears that an engineering design
objective determined by economic criteria would result in a
design—-target risk level very much lower than the present
socially accepted risk for electric power plants.

The following chart compares risk and benefit to American society from

various sources. Risk is measured as fatalities per person—hour of

exposure.

Benefits reflect the average contribution of an activity to

the participant's income or the average amount of money spent on the

activity.

There are several weaknesses in this approach that limit its

relevance to public decision making:

(1)
(2)
(3

(4)

It ignores distributive considerations (although they could
be considered)

It ignores external benefits of the activity (although, in
principle, they could be included).

It assumes that past behavior is a valid predictor of
present preferences.

It overlooks imperfections in information, and the ability
to analyze information. People do not always understand the
implications of their actions. If they did, they might act
differently.
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FIGURE 4.

Risk (R) Plotted Relative to Benefit (B) for Various Kinds
of Voluntary and Involuntary Exposure

1

o 400 . 800 1200 1600 2000 2400
AVERAGE ANNUAL BENEFIT/PERSON INVOLVED (DOLLARS)

Source: Starr, supra n. 78 at 1234.
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(B8) willingness-to—pay:

An extensive literature has arisenm around the concept of
"consumerfsurplus."al Implicit in this is the belief that the value of a
good to a person is equal to the maximum that that person would be
willing to pay for 1t.82 This 1s termed “"compensating variation.” This
compensating variation would be equal to the area below the demand curve
and above the price line (the difference between what he would pay and
what he has to pay).

To see how it might be used, consider Table 8 at the end of the
preceding section on quantifying risk. It presents the likely
probability of mortality due to exposure to a hypothetical carcinogen at
different exposure levels. A random sample could be taken, in which
people would be asked how much money they would be willing to pay to
reduce risk from present levels to each alternative that corresponds to
a particular control strategy. An average value would be taken to
represent a social preference function and would then be multiplied by
the number of workers exposed to obtain the value of reducing the risk
to each of these levels. For example, if the poll yields the conclusion
that people would be willing to pay $10,000 to reduce the risk from
present levels to 10-3 per year of exposure (corresponding to control
strategy "l1") then the value of the risk that would be averted by

instituting this strategy would be $100,000,000.
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