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Introduction

Since 1981, risk assessment has formed the methodological basis for much public policy related
to occupational and environmental chemicals in the US. Risk assessment rose to prominence out
of public concern over the potential contribution of chemical exposures to cancer and out of
public frustration with delays in regulation by the Environmental Agency (EPA) and the
Occupational Safety and Health Administration (OSHA). In addition, pressures from industry
required EPA and OSHA to provide a scientific rationale for specific regulatory decisions. The
past decade provides a convenient body of evidence upon which to consider the value of risk
assessment as a method for reaching public policy decisions. This paper will provide such an
evaluation; from the environmentalist perspective. My criteria include: the efficiency, adequacy,
clarity, enforceability, and public acceptability of regulation during this period. In addition, the
scientific validity of risk assessment is of concern to environmentalists, as it is to others.

Risk Assessment: the early years

In 1979, an interagency committee of the US government proposed guidelines for the
identification and assessment of chemical carcinogens (see OTA, 1987 for a history of carcinogen
risk assessment in the US). These have served as the source of subsequent science policy for
environmental regulation in the US since that time. Prior to 1979, regulation of toxic chemicals
had generally been based upon one of three principles: technology; risk: benefit balancing; or
banning. The technological basis for regulation was predicated on the availability of control
technology (Portney, 1990) or the limits of analytic chemistry (as in the Safe Drinking Water Act)
(Freeman, 1990). However, a technological basis is inherently unsatisfactory, when it limits risk
reduction by currently available technology. No further action can be taken in those cases where
relatively high levels of pollution remain even after controls are imposed, or where analytic
chemistry is insufficiently sensitive to measure contamination at the point of release.

The risk: balancing approach to regulation, embodied in statutes regulating pesticides,
incorporates an assumption that such a balance could be found. Put in other words, this assumed
that there were levels of exposure where risks were very low, or nonexistent, such that the benefits
of continued use were clear. In the early 1970s, it was generally assumed that pesticides were
nontoxic to nontarget species at some dose, either because of the nature of their toxic effects
(socalled threshold effects), or because of qualitative differences in species response (socalled
selective toxicity).

Some statutes empowered regulators to use the option to ban the production or use of a
substance entirely based solely upon the finding of hazard. The Delaney amendments to the
Food, Drug and Cosmetic Act, sections of the old Clean Air Act, and FIFRA permitted agencies
to prohibit releases and uses entirely without the need to calculate the extent of the hazard,
which is the function of risk assessment.
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The convergence of new statutes, new public health concerns, and new developments in science
in the mid-1970s caused many environmentalists, and others, to reconsider the appropriateness
of these approaches to regulating all types of toxic chemicals. The new statutes, such as the Toxic
Substances Control Act, required more explicit risk balancing; new initiatives, by EPA and
OSHA to regulate a broader range of industrial chemicals, provoked strong response from the
regulated community; and scientific developments supported a central role of mutagenesis in
the induction of cancer (OTA, 1987). Moreover, public concern over cancer heightened by
President Nixon's declaration of a "war on cancer" in 1971, coinciding with the creation of the
EPA and OSHA. One element in the "war on cancer" was disease prevention; after considerable
controversy, the _public health community had succeeded in translating the scientific consensus
on the role of cigarette smoking in carcinogenesis (Doll and Peto, 1981). The search for other
identifiable chemical etiologies of cancer was advanced by the development of relatively simple
assays for mutagenesis, including the Ames test. Prevention, as part of public health policy,
assumes the obligation to act prior to the induction of disease or death. To prevent chemical-
induced disease, action must be taken prior to information on human response. The 1979
proposals on risk assessment were thus premised on the following: chemical exposures were a
significant contribution to overall incidence of cancer; preventing chemical-induced cancers
required identification of potential human carcinogens prior to human exposure on such a scale
that epidemiological studies could demonstrate plausible associations between exposure and
disease; the evaluation of potential carcinogens should be quantitative as well as qualitative, in
order to base rational regulations under the risk balancing statutes (OTA, 1987).

Debate continues on the quantitative contribution of chemical exposures to human cancer (see,
for instance, Perera and Boffetta, 1988; Davis, et al, 1990; Doll and Peto, 1981). It is unlikely that
epidemiological studies can completely resolve this issue, given problems in exposure
assessment and the likelihood of complex interactions among chemical exposures, genetics and
socalled lifestyle factors (including smoking and diet).

Methods for the identification of carcinogenic chemicals have been applied for over a decade,
using animal models, structure: activity analysis, and sort term in vitro tests. As this information
increased, regulatory agencies needed criteria for judging the results of these tests and assays,
examples of which can be found in the decision rules of the US National Toxicology Program
(NTP) and the International Agency for Research on Cancer (see Huff, et a, 991, for a discussion
of these rules and their science base). However, as discussed above, for regulatory purposes,
qualitative methods were insufficient to support regulation, particularly after the US Supreme
Court struck down OSHA's benzene standard because of an insufficient science based rtionale
for risk assessment and reduction.

From 1979 to 1987, in the US regulatory agencies developed more specific principles upon which
to base quantitative risk assessment for chemical carcinogens. These principles were bounded
by several important policy decisions that were generally accepted in the 1980s: first, they were
to operate in the absence of human data, relying upon results from experimental research;
second, they were to provide quantitative estimates of dose at level of risk that were deemed
politically acceptable; and third, they were to be presumptively conservative, tat is, protective
of human health in the case of uncertainty. These are policy decisions. They have largely shaped
the continuing debate over quantitative risk assessment in the US (see, for instance, Silbergeld,
1991).
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Risk Assessment in Theory and Practice, 1980-1990

Although risk assessment has been utilized widely in US policymaking since 980, the
environmental community remains divided over its acceptability as a policy tool. For some the
mere use of risk assessment is an admission that some amount of risk i§ acceptable; to these and
other advocates, te imposition of any risk is unlawful under certain statutes (such as the old
Clean Air Act) and unethical in most circumstances Doniger, 1978). This is a powerful argument,
and the American tradition of rejecting unequal treatment under the law challenges the
allocation of individual risks in a way that inevitably affects some person(s) more tan others (and
others not at a, given the strict interpretation of risk assessment as a probability estimate).

Other environmentalists (including this author) have supported the appropriate use of risk
assessment for its potential to increase the efficiency of government response in preventing
disease. Environmentalists ave generally supported a strict interpretation of risk assessment
guidelines at te level of hazard identification (e.g., the criteria that support the designation of
a chemical as carcinogenic in animals) and have resisted modifications in the methods for dose:
response calculation and dose: exposure extrapolation from those that build in elements of
conservatism. In theory, environmentalists have strongly argued for continuing the qualitative
assumption that animal carcinogens, under any circumstances of dosing, are probably human
carcinogens.

The most controversial provisions of quantitative risk assessment are the default assumptions for
quantitating exposure and risk at low levels, in the range generally accepted by policymakers
(that is, between 1:10,000 to 1:1,000,000). The major default assumption is based upon the
molecular biological theory of cell mutation, the socalled single-hit theory of mutagenesis. This
assumption is the basis for the linearized multistage model of arcinogenesis, which provides the
rationale for the statistical approaches used to derive unit risk estimates from experimental dose:
response data (Huff, et al, 1991). Because policy decisions require estimation of dose beyond the
range of feasibly obtainable experimental or human data, inference rules must be used to
extrapolate to the range of concern. Since 1980, the EPA has relied upon the assumption that
carcinogens at molecular doses increase the probability of cancer by some amount greater tan
zero, and that in the low dose range increments of dose are associated with proportional
increases in risk (OTA, 1987). It is admitted that this assumption, being generic, does not
necessarily reflect chemical-specific mechanisms of action.

Environmentalists and others have defended the default assumptions, and the rules that cover
extrapolation from experimental data to estimated human dose, to provide conservative buffers
for uncertainty and possible variation in sensitivity within the human population (Perera and
Boffeta, 1988; Huff, et al, 1991). Critics, particularly those who generally favour less stringent or
frequent egulation, have objected to the general application of these default rules (Nichols and
Zeckhauser, 1986). They have challenged the relevance of animal data for particular types of
carcinogens on the basis of purported species differences in metabolism, target tissue response,
or inherent sensitivity; they have objected to the extrapolation principles, such as dose scaling;
and they have rejected the general applicability of the linearized model to all carcinogens (Ames,
et al, 1987). Over the past 7 years these objections have arisen in the context of proposals to
regulate specific chemicals, such as methylene chloride, formaldehyde, perchloroethylene, and
the dioxins (Robinson and Paxman, 1992). In no instance have the critics presented compelling
scientific evidence to justify alternate approaches to risk assessment. Critics have also objected
to the bias towards conservatism that operates in risk assessments (Nichols and Zeckhauser,
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1986); however, as pointed out by Finkel 1989) and Allen et al 1990) it is not clear that these
rules always result in gross overestimates of risk.

In principle it is unreasonable to object to the admission of "better science" in risk assessment.
Relevant data on specific chemicals may be very useful in judging the applicability of the general
default rules. The problem is that we do not really know what these data are, or how we would
incorporate them into alternate methods of risk assessment. The critics of risk assessment more
often than not are in disagreement with the hazard identification stage, and they do not accept
the NTP bioassay as a reliable method of identifying carcinogens (Ames, et al, 1987; Huff, et al,
1991). It is also not always recognized that risk assessment is primarily a policy tool, not the
complete method of testing scientific hypotheses. Public health policy and clinical medicine
have similar relationships to basic science: both are practical disciplines that demand, at some
point, action in the face of residual uncertainties.

Has risk assessment improved public health?

This question may be answered in several ways; I shall focus on the perspective of process. Has
the use of risk assessment improved policymaking, in terms of efficiency, speed, and
acceptability? The record over the past decade does not support a positive view, although it is
difficult to distinguish problems in the process from political interferences (Lash, 1984). Despite
the confidence of some that risk assessment could be insulated from the political and economic
parts of policymaking (Ruckelshaus, 1984; also NRC, 1984), it is in practice impossible to
separate risk assessment and risk management from each other (Silbergeld, 1991).

It would be difficult to claim that the US process of policymaking is efficient or expeditious. One
problem with the adoption of risk assessment as a policy tool is the difficulty in terminating data
accumulation, even temporarily. While research continues it does not reach incontrovertible
certainty. Risk assessment per se provides no guidance as to how much information is sufficient
for decisionmaking. For most of the chemicals of great public concern in the 1980s - lead,
dioxin, formaldehyde, Alar, ethylene dibromide - no final regulatory action has resulted after
years of arguments over data and data analysis (Robinson and Paxman, 1992; Roach and
Rappaport, 1990).

Risk assessment can encourage the use of research as a delaying tactic, given the high stakes of
most regulatory action in the US. Because it is impossible for EPA to issue interim rules for a
particular chemical, each step in the process has increasingly higher stakes for all parties
concerned. The history of EPA dealings with the dioxins is illustrative. By the end of the 1970s,
EPA had concluded its first evaluation of the health and ecological hazards of 2 3 7,
8-tetrachlorodibenzo-p-dioxin (TCDD) in connection with regulations under the Clean Water
Act. However, in 1981, this process was suspended after an intervention by the Dow Chemical
Company with Dr. John Hernandez, then Deputy Administrator of EPA In 1983, the second
wave of environmental controversies over dioxin erupted, with the revelations of contamination
in communities in Missouri, Illinois, and New York (Reggiani, 1980). The strong provisions of the
hazardous waste cleanup statute, Superfund, required EPA to take action at these sites, but it
did not have a standard. The agency's hand was forced by the Centers for Disease Control, whose
scientists used risk assessment principles to calculate public health guidance for evacuation of
contaminated communities (Kimbrougb, et al, 1985).
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EPA reopened its process of risk assessment for the dioxins shortly afterwards, and in 1986 the
first health assessment document (HAD) for TCDD was published. Using standard methods of
quantitative risk assessment, the EPA proposed an extremely low unit risk for lifetime exposure
to TCDD 0016 fg/kg/day (a unit risk is the lifetime daily dose associated with an increase in
cancer risk of 1:1,000,000). This HAD immediately raised political controversies as more and
more dioxin-contaminated sites were discovered, in New York and New Jersey. In addition, it was
found that municipal waste incinerators could be sources of dioxins from the incomplete
combustion of certain precursor materials in the presence of halogens (Denison and Silbergeld,
1988). The Environmental Defense Fund petitioned and later sued the EPA, under the Toxic
Substances Control Act, to regulate the ongoing releases of dioxins and related compounds from
a range of sources, including chemical production, industrial waste disposal, and solid waste
incineration. An important part of EDF's petition was the novel proposal to treat the dioxins and
furans as a class of similarly toxic chemicals, based upon structural fit to the socalled dioxin or
Ah receptor. This proposal has been adopted by many national regulatory agencies, in the
socalled toxic equivalency factor approach.

The inclusion of municipal incinerators as sources of dioxins and furans was controversial, and
regulation was delayed as EPA undertook another assessment of the risks of dioxin in 1988.
EPA's first proposal was to average the risk estimates produced by its own scientists, those at
CDC, and at other national agencies (Finkel, 1988), but scientific objections to this method
encouraged the agency to adopt a more science-based approach. The conclusions of that review
were basically a restatement of the 1986 risk assessment.

However, a new political obstacle to regulation under the 1988 risk assessment was the revelation
that pulp and paper mills could also generate substantial dioxin and furan inputs through the
use of chlorine bleach processes. The paper industry, facing very strict regulation on its
discharges and waste disposal practices (including land farming of its solid waste), forced EPA
into another reconsideration of the risk assessment. The third risk assessment reevaluation is
ongoing t the EPA at the present time (April 1992). Enormous pressure has been brought on
regulators and scientists involved in this activity. The chlorine industry contributed funds for the
convening of a scientific meeting at the world renowned Banbury Center in October 990 a
public relations firm retained by the industry then disseminated misleading information on the
nature and conclusions of this meeting (see Bailey, 1992).

This process of assessment and reassessment has not encouraged public confidence in risk
assessment. Moreover, the highly sophisticated use of risk assessment methodologies by the
waste management industry, seeking permission for siting its incinerators and landfills, has
increased public suspicion of the validity of the numbers because of the ease with which a large
and profitable industry of consulting risk assessors can produce a growing pile of documents
purporting to estimate the precise risks of such facilities.

Public suspicion has often been attributed to public ignorance of the nature of risk and the
technical steps of risk assessment (Davies, et al, 1987; Viscusi and Zeckhauser, 1992). If this is the
source of the public's reaction, then it is important to consider how, and whether, this can be
overcome. Investing government decisionmaking in a process inaccessible to public
understanding is contrary to principles of American government (Ruckelshaus, 1985). On the
other hand, the public may not be so much ignorant as it is cannily skeptical of a method that
does not seem able to generate stable estimates of risk. If this is the case, unless the method can
be greatly improved and a broader consensus generated as to its scientific validity, then it will
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not be possible to persuade the public to believe something that industry, environmentalists, and
academic scientists periodically attack in both theory and practice (Silbergeld, 1991; Zeckhauser
and Viscusi, 1990, Finkel, 1989 Ames, et al, 1987).

Alternatives to Risk Assessment

The drive to risk assessment, as noted above, arose from several sources, including scientific
advances, pressures upon agencies to specify risk estimates more precisely and with greater
documentation, and the desire of the public for more decisions on toxic chemicals. The practical
application of risk assessment does not seem to have answered these needs: risk estimates may
appear to be more precise, but very few - industry, regulators, scientists, or the public - actually
believe their precision. Scientific advances in our knowledge of carcinogenesis make the process
more complicated and open up more possible models to guide extrapolation. Finally, the last
decade has seen fewer regulations rather than more, as compared to the 1970s.

There are alternatives to risk assessment. First, we could return to the technology-based or the
banning approach to regulation. Both of these approaches, as discussed above, are based upon
a qualitative finding of risk (hazard identification), which triggers either the application of best
available control technology or an outright ban or restriction upon use. Commoner 1990) has
argued that only bans have significantly reduced environmental risks, citing the consequences
of EPA actions to ban DDT and other organochlorine pesticides, and the drastic reductions in
the allowable use of lead in gasoline. International agreements to ban the production and use of
ozone-depleting chemicals are more recent examples of this approach, as is the OECD
experiment in multinational approaches to risk reduction for socalled "sunset" chemicals,
whose risks are sufficiently great that no quantitative calculation of risk is necessary to justify
concerted action.

Second, we could adopt simpler rules for risk estimation. The approach used in the Netherlands,
to apply a safety or uncertainty factor to all types of toxicants, avoids the need to select
mechanism-based approaches to classes to toxicants, based upon endpoint and assumed
mechanism of action. An advantage of this approach is that it restores priority for chemicals that
may not be carcinogenic, but highly toxic for reproduction of the nervous system; arguably, these
types of chemical risks have been overlooked in the US in the past decade (for neurotoxins, see
NRC, 1992). However, this approach does not reduce the problems of determining levels
(no-effect or lowest observed effect) to which to apply safety or uncertainty factors (Roach and
Rappaport, 1990).

Third, we could utilize novel tools of risk reduction, that avoid the burden of setting point
estimates for standards and guidelines. The approach embodied in California's Proposition 65,
largely written by EDF, sidesteps the entanglements of full risk assessment as the path to
reaching specific standards. Risk assessment is used to trigger disclosure provisions, rather than
to specify control actions. Under Proposition 65, industries and other sources must disclose to
the public when they release or otherwise expose people to chemicals known to cause cancer or
reproductive effects in humans or animals. Te requirement of disclosure is different from an
overt, enforceable requirement to bring these exposures down to specific levels below which a
specified increase in risk is estimated to occur. A recent review of implementation of Proposition
65, by California's state government, concludes that it is an efficient and productive mechanism
for risk reduction (Book, 1992). Several examples of product reformulation, to avoid disclosure,
have already occurred (Smith, 1990).
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A similar approach operates through the Toxics Release Inventory (TRI) in the US. TRI requires
industrial sources to report annually their releases of toxic chemicals into air, water, and surface
environments. This provision in the Superfund amendments, written by environmentalists, has
elicited risk reduction measures by industry in the absence of point estimates of risk on a
chemical-by-chernical or release-by-release basis. Because of industry reaction to disclosures,
EPA established the socalled 33/50 initiative to reduce release of high-priority toxic chemicals
by 50% from 1990 to 1995 (EPA, 1992). The success of this program depends upon two factors:
first, the disclosure provisions of the TRI program are mandatory and accessible to computer-
literate citizens; and second, most releases are generated by a small and identifiable segment of
industry (see Table 1). About 10% of reporting facilities release more than 75% of the high
priority toxic chemicals (EPA 1992). If the goal of halving these releases within years can be
accomplished without specific regulations, then the need for quantitative risk assessments will
be greatly reduced. It remains to be seen te extent to which such innovative approaches can be
used in other areas of risk reduction.

Summary

The rise of risk assessment in the US was supported and encouraged by environmentalists in the
late 1970s. However, in practice, risk assessment has not proved to expedite regulatory actions
to reduce risks, and public acceptance of the techniques of quantitative risk has decreased over
the past decade. A review of the paralysis induced in EPA by TCDD exemplifies the scientific
and political problems with risk assessment. In addition, the exclusive focus of risk assessment
upon cancer has probably resulted in lost opportunities to reduce human exposure to other types
of toxic substances, and, by implication the incidence of noncancer disease and disability.

Alternatives to the use of risk assessment include a return to technology-based or "pure" risk
approaches, where quantitation of risk is not mandatory. The new Clean Air Act of 1990 to some
extent exchanges the "pure" risk approach for technology-based regulation, with more
specification of technology-forcing (Robinson and Paxman, 1992). Although no political
consensus has been reached to repeal the remaining "pure" risk provisions of the Food, Drug
and Cosmetic Act, it is unlikely that extending a "pure" risk strategy for industrial chemicals
would be politically popular. Another alternative is the use of risk assessment as a
semiquantitative signal for action, using disclosure as a means of stimulating action without
specification of the precise standard to be reached. This approach has clearly resulted in
relatively rapid response by industry, to avoid disclosure, but it is ultimately limited in its efficacy
to reduce risks. There are limits to the impact of information on human behavior (Viscusi and
Magat, 1987), and there may be cases where semiquantitative actions will not reduce risks to the
level deemed acceptable. Attempts to reduce exposure to tobacco smoke may have reached their
plateau of efficacy in the US. Nevertheless, this approach is preferable to the handing over of
regulatory decisionmaking to a technological elite, whose members alone can understand the
increasingly arcane basis and data analysis of quantitative risk assessment (Ruckelshaus, 1985;
Silbergeld, 1991). Environmentalists today as in the past (Hays, 1987) accept the challenge of
integrating public health goals into broader commitments to a just and workable democratic
society.
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Table 1. The Toxics Release Inventory in Action:
Effects of Disclosure upon Industry Behavior*

Cheniicals Targetted for Reductions Percent of total releases by
Under the 33/50 Program Companies in 33/50 Program

Percent

benzene 73

cadmium and compounds' 49

carbon tetrachloride 90

chloroform 88

chromium and compounds 42

cyanides 79

lead and compounds' 60

mercury and compounds' 93

methyl ethyl ketone 56

methyl isobtyl ketone 62

methylene chloride** 62

nickel and compounds 59

tetrachloroethylene 56

toluene 45

trichloroethane 43

trichloroethylene 43

xylenes 51

*From EPA, 1992.
**Chemicals also identified in OECD "sunset chemicals" risk reduction program, 1992.
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