United States General Accounting Office

G AO Report to Congressional Requesters

August 2001 CHEMI C AL RI SK
ASSESSMENT
Selected Federal

Agencies’ Procedures,
Assumptions, and
Policies

GAO

Accountability * Integrity * Reliability

GAO-01-810



Report Documentation Page

Report Date Report Type Dates Covered (from... to)
00AUG2001 N/A -

Title and Subtitle Contract Number

CHEMICAL RISK ASSESSMENT: Selected Federal

Agencies Procedures, Assumptions, and Policies Grant Number

Program Element Number

Author (s) Project Number

Task Number

Work Unit Number

Performing Organization Name(s) and Addr ess(es) Performing Organization Report Number
U.S. General Accounting Office P.O. Box 37050 GAO-01-810
Washington, DC 20013

Sponsoring/M onitoring Agency Name(s) and Sponsor/Monitor’s Acronym(s)

Address(es)
Sponsor/Monitor’s Report Number (s)

Distribution/Availability Statement
Approved for public release, distribution unlimited

Supplementary Notes

Abstract

Asused in public health and environmental regulation, risk assessment is the systematic, scientific
description of potential adverse effects of exposures to hazardous substances or situations. It is a complex
but valuable set of tools for federal regulatory agencies, helping them to identify issues of potential
concern, select regulatory options, and estimate the range of aforthcoming regulations benefits. For
example, the Environmental Protection Agency (EPA) used risk assessment information in a 1998 final
rule to conclude that disinfection byproducts (e.g., chloroform) in drinking water could cause as many as
9,300 bladder cancer cases a year, and that a 24-percent reduction in those byproducts could result in
monetized health benefits of about $4 billion.1 However, risk assessments are also sometimes
controversial, as evidenced by the fact that the disinfection byproduct rule was successfully challenged in
court over whether the agency used the best scientific evidence available in support of certain
assumptions.2 Given the significant yet controversial nature of risk assessments, it isimportant that
policymakers understand how risk assessments are conducted, the extent to which risk estimates produced
by different agencies and programs are comparable, and the reasons for differences in agencies risk
assessment approaches and results.

Subject Terms




Report Classification
unclassified

Classification of thispage
unclassified

Classification of Abstract
unclassified

Limitation of Abstract
SAR

Number of Pages
234







Contents

Letter 7
Results in Brief 9
Background 11
Context for Agencies’ Chemical Risk Assessments Is Important 18
Agencies’ Risk Assessment Procedures Share Common Features, But

Substantive Differences Also Exist 23
Agencies’ Risk Assessment Procedures Often Include Precautionary

Assumptions and Methods 30
Risk Characterization Policies and Practices Emphasize Transparency 43
Conclusions 46
Agency Comments and Our Evaluation 48

Appendixes AppendixI.  Objectives, Scope, and Methodology 50

Appendix II: Chemical Risk Assessment at the Environmental
Protection Agency 55
Context for EPA Chemical Risk Assessment 56
Risk Assessment Procedures 64
Guidelines 65
Agencywide Risk Assessment Procedures 67
Hazard Identification 68
Dose-response Assessment 71
Exposure Assessment 79
Ecological Risk Assessment 81
Program-specific Risk Assessment Procedures 84
Office of Pesticide Programs 85
Office of Pollution Prevention and Toxics 90

Office of Emergency and Remedial Response (Superfund

Program) 94
Office of Solid Waste 99
Chemical Emergency Preparedness and Prevention Office 103
Office of Air and Radiation 107
Office of Water 112
Risk Assessment Assumptions and Methodological Choices 118
Risk Characterization 151

Appendix III: Chemical Risk Assessment at the Food and Drug
Administration 153
Context for FDA Chemical Risk Assessment 154
Risk Assessment Procedures 158
Differences in Risk Assessment Among FDA Product Centers 159
CFSAN Risk Assessment Procedures 162

Page 1 GAO-01-810 Chemical Risk Assessment



Contents

Glossary

Tables

CVM Risk Assessment Procedures 166
CDRH Risk Assessment Procedures 167
Risk Assessment Assumptions and Methodological Choices 170
Risk Characterization 182
Appendix IV: Chemical Risk Assessment at the Occupational Safety
and Health Administration 184
Context for OSHA Chemical Risk Assessment 184
Risk Assessment Procedures 186
General Approach 186
Hazard Identification 187
Dose-response Assessment 188
Exposure Assessment 193
Risk Assessment Assumptions and Methodological Choices 194
Risk Characterization 199
Appendix V: Chemical Risk Assessment at the Department of
Transportation’s Research and Special Programs
Administration 201
Context for RSPA Chemical Risk Assessment 201
Risk Assessment Procedures 204
Guidance 204
Risk Assessment Approach 205
Identifying Hazards 206
Analyzing the Consequences and Probabilities of Risks 212
Risk Assessment Assumptions and Methodological Choices 216
Risk Characterization 218
220
Table 1: Comparison of Selected Major Assumptions or Methods
Used in EPA, FDA, and OSHA Risk Assessments 41
Table 2: Chemical Risk Statutes, Tasks, and Mandates for EPA
Offices 57
Table 3: EPA’s 1986 Classification System for Characterization of
Carcinogenicity 68
Table 4: Summary of EPA's Ecological Risk Assessment Process 83
Table 5: EPA Risk Assessment Assumptions and Methodological
Choices 120
Table 6: Differences in FDA Chemical Risk Assessment Factors 160
Table 7: FDA Risk Assessment Assumptions and Methodological
Choices 171

Page 2 GAO-01-810 Chemical Risk Assessment



Contents

Figures

Table 8: OSHA Risk Assessment Assumptions and Methodological

Choices 194
Table 9: UN Classification System for Transport of Dangerous
Goods 207
Table 10: Hazard Classification System of RSPA's Hazardous
Materials Regulations 208
Table 11: Example of a Hazardous Materials Risk Assessment
Matrix 215
Figure 1: Typical Sequence of Risk Assessment and Risk
Management Processes 13
Figure 2: Full Toxicity Data Is Available for Only a Small Portion
of High-Production- Volume Chemicals 15
Figure 3: Extrapolation for Carcinogens 74
Figure 4: Derivation of a Reference Dose Using the Benchmark
Dose Approach 78

Page 3 GAO-01-810 Chemical Risk Assessment



Contents

Abbreviations

ADI acceptable daily intake
AWQC ambient water quality criteria
BAF bioaccumulation factor

BAT best available technology
CAA Clean Air Act

CAAA Clean Air Act Amendments

CEPPO  Chemical Emergency Preparedness and Prevention Office

CERCLA Comprehensive Environmental Response, Compensation, and
Liability Act

CSFII Continuing Survey of Food Intakes by Individuals

CWA Clean Water Act

DES diethylstilbestrol

DOT Department of Transportation

ED effective dose

EPA Environmental Protection Agency

EPCRA  Emergency Planning and Community Right-to-Know Act
FAA Federal Aviation Administration

FDA Food and Drug Administration

FDAMA Food and Drug Administration Modernization Act
FFDCA  Federal Food, Drug, and Cosmetic Act

FHWA Federal Highway Administration

FIFRA Federal Insecticide, Fungicide, and Rodenticide Act
FQPA Food Quality Protection Act

FRA Federal Railroad Administration

FTA Federal Transit Administration

GHS globally harmonized system

HAZMAT hazardous materials

HHS Department of Health and Human Services
HMIS Hazardous Materials Information System

HPV high production volume

IRIS Integrated Risk Information System

ISO International Organization for Standardization
LED lowest effective dose

LOAEL lowest observed adverse effect level
LOEL lowest observed effect level

MACT maximum achievable control technology
MCL maximum contaminant level

MCLG maximum contaminant level goal

MEI maximally exposed individual

MLE maximum likelihood estimate

Page 4 GAO-01-810 Chemical Risk Assessment



Contents

NAAQS
NAS
NCTR
NOAEL
NOEL
NRC
OAQPS
OAR
OERR
OHMS
OHMT
OPP
OPPT
OPPTS
ORD
OSHA
OSwW
ow
PBPK
PEL
PMN
POD
RCRA
RfC
RfD
RSC
RSPA
SAR
SARA
SDWA
SOPs
STEL
TI
TSCA
TWA
UCL
UN
USCG
USDA

Page 5

national ambient air quality standards

National Academy of Sciences

National Center for Toxicological Research

no observed adverse effect level

no observed effect level

National Research Council

Office of Air Quality Planning and Standards
Office of Air and Radiation

Office of Emergency and Remedial Response
Office of Hazardous Materials Safety

Office of Hazardous Materials Technology
Office of Pesticide Programs

Office of Pollution Prevention and Toxics
Office of Prevention, Pesticides and Toxic Substances
Office of Research and Development
Occupational Safety and Health Administration
Office of Solid Waste

Office of Water

physiologically based pharmacokinetic
permissible exposure limit

premanufacture notification

point of departure

Resource Conservation and Recovery Act
reference concentration

reference dose

relative source contribution

Research and Special Programs Administration
structure-activity relationship

Superfund Amendments and Reauthorization Act
Safe Drinking Water Act

standard operating procedures

short-term exposure limit

tolerable intake

Toxic Substances Control Act

time-weighted average

upper confidence limit

United Nations

United States Coast Guard

United States Department of Agriculture

GAO-01-810 Chemical Risk Assessment



Contents

Page 6 GAO-01-810 Chemical Risk Assessment



EGAO

Accountablllty * Integrity * Reliability
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The Honorable W. J. (Billy) Tauzin
Chairman, Committee on Energy and Commerce
House of Representatives

The Honorable Paul E. Gillmor

Chairman, Subcommittee on Environment
and Hazardous Materials

Committee on Energy and Commerce

House of Representatives

As used in public health and environmental regulation, risk assessment is
the systematic, scientific description of potential adverse effects of
exposures to hazardous substances or situations. It is a complex but
valuable set of tools for federal regulatory agencies, helping them to
identify issues of potential concern, select regulatory options, and estimate
the range of a forthcoming regulation’s benefits. For example, the
Environmental Protection Agency (EPA) used risk assessment information
in a 1998 final rule to conclude that disinfection byproducts (e.g.,
chloroform) in drinking water could cause as many as 9,300 bladder cancer
cases a year, and that a 24-percent reduction in those byproducts could
result in monetized health benefits of about $4 billion.! However, risk
assessments are also sometimes controversial, as evidenced by the fact
that the disinfection byproduct rule was successfully challenged in court
over whether the agency used the best scientific evidence available in
support of certain assumptions.” Given the significant yet controversial
nature of risk assessments, it is important that policymakers understand
how risk assessments are conducted, the extent to which risk estimates
produced by different agencies and programs are comparable, and the
reasons for differences in agencies’ risk assessment approaches and
results.

“National Primary Drinking Water Regulations: Disinfectants and Disinfection Byproducts”
(63 FR 69390, Dec. 16, 1998). The Food and Drug Administration published a related rule on
disinfection byproducts in bottled water on March 28, 2001 (66 FR 16858).

2Chlorine Chemistry Council v EPA, 206 F.3d 1286 (D.C. Cir. 2000). In March 2001, EPA
announced that it would propose a new assessment for chloroform, the disinfection
byproduct that was the subject of the dispute, using an approach based upon different
assumptions.
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You asked us to provide information on selected federal agencies’ risk
assessment procedures and the similarities and differences in how the
agencies’ personnel are directed to conduct risk assessments. As you
requested, our review focused on the human health and safety (and, to a
lesser extent, ecological) risk assessment procedures of the following four
agencies with primary responsibility for regulating or managing risks from
potential exposure to chemicals: (1) EPA; (2) the Food and Drug
Administration (FDA) within the Department of Health and Human
Services (HHS); (3) the Occupational Safety and Health Administration
(OSHA) within the Department of Labor; and (4) the Department of
Transportation’s (DOT) Research and Special Programs Administration
(RSPA). These agencies regularly conduct chemical risk assessments in
support of regulatory activities and/or illustrate the diversity of risk
assessment procedures. Our primary objectives were to identify and
describe (1) the general context for the agencies’ chemical risk assessment
activities; (2) what the agencies view as their primary procedures for
conducting risk assessments; (3) what the agencies view as their major
assumptions or methodological choices in their risk assessment
procedures; and (4) the agencies’ procedures or policies for characterizing
the results of risk assessments. In addressing each of these objectives, we
also identified similarities and differences between and within the
agencies. To the extent feasible, we were also asked to identify as part of
the third objective, (a) at what stages of the risk assessment process the
assumptions are used, (b) the reasons given for their selection, (c) their
likely effects on risk assessment results, and (d) how they compare to the
assumptions and choices used by other agencies or programs in similar
circumstances.

We addressed these objectives by reviewing agencies’ general guidance
documents or, if there were no such documents, specific examples of
agencies’ risk assessment procedures. We also reviewed previous reports
on agencies’ procedures, interviewed agency officials, and provided
detailed descriptions of the relevant procedures to agency officials for their
review and comment. Our review focused on chemical risk assessments in
selected agencies, and therefore did not cover all types of risk assessments
or even all agencies or programs that conduct chemical risk assessments.
Also, our review did not evaluate how the selected agencies’ procedures
and policies are applied in individual risk assessments, or how risk
assessment results are used in making regulatory decisions (risk
management). We provided a draft of this report to five risk assessment
experts to ensure technical accuracy. We also provided a draft to officials
in each of the four agencies for their review and comment. The comments
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that we received from both the experts and the agencies are reflected in the
“Agency Comments and Our Evaluation” section of this letter. We
conducted this review between February 2000 and March 2001 in
accordance with generally accepted government auditing standards.
Details of our scope and methodology are presented in appendix .

Results in Brief

The context in which chemical risk assessments are conducted plays an
important role in determining what type of assessments federal regulatory
agencies perform and why certain approaches are used. The statutory and
legal context determines the general focus and goals of an agency’s risk
assessment activities and also may shape how risk assessments for those
activities are supposed to be conducted. The specific tasks and purposes
for which an agency will use the results of a particular risk assessment
determine the questions that the assessment needs to address and its scope
and level of detail. For example, risk assessments used by OSHA to set
occupational health standards must demonstrate that a significant risk
exists and that the proposed standard would reduce that risk. However, in
different contexts, FDA and EPA might use risk assessment procedures to
estimate the dose of a chemical that people could consume daily without
harmful effect, and not necessarily need to estimate the actual risk
associated with exposure to that chemical. In other words, the focus of
federal agencies’ “risk” assessments can sometimes be characterized more
accurately as safety assessment (i.e., estimating an exposure level below
which no significant risk will occur) rather than as risk assessment (i.e.,
simply describing the likelihood of a risk).

All four of the agencies included in our review have standard procedures
for conducting risk assessments involving chemical agents, although the
agencies vary in the extent to which they have documented their
procedures in written guidance. There are more similarities than
differences in the overall chemical risk assessment procedures developed
by three of the agencies—EPA, FDA, and OSHA. These agencies’
procedures generally follow four-step process recommended by the
National Academy of Sciences (NAS) of hazard identification, dose-
response assessment, exposure assessment, and risk characterization.
However, there are variations both among and within the agencies in the
details of those steps, particularly during the exposure assessment step
because agencies’ regulatory authorities regarding chemical agents tend to
vary according to the kinds or sources of exposure. The risk assessment
procedures in DOT’s RSPA are not based on the NAS four-step process
because of the particular regulatory context in which RSPA operates.
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Instead, a classification system that is harmonized with international
agreements defines what is to be considered a hazardous material for
transportation purposes according to the general physical characteristics
of the material (e.g., whether it is explosive, flammable, or toxic). RSPA’s
analyses of risks then focus on identifying the potential circumstances
under which unintentional releases of hazardous materials could occur
during transit (e.g., due to transportation accidents) and assessing their
consequences and probability of occurrence.

Assumptions are an unavoidable part of risk assessment because science
cannot always provide definitive answers to questions raised at various
stages of an assessment. Agency guidelines and officials we contacted
during our review identified a large number and wide variety of
assumptions that may be used, in the absence of adequate information,
during the first three steps of a risk assessment. The agencies frequently
indicated that particular assumptions were chosen on the basis of their
evaluation of available scientific information, precedents established in
prior assessments, or policy decisions related to the agencies’ regulatory
missions or mandates. In about half of the assumptions and
methodological choices identified, the agencies described their likely
effects on risk assessment results, most commonly (particularly at EPA and
FDA) indicating that they were precautionary in nature.” Agencies use
precautionary assumptions to ensure that a risk assessment will not
underestimate risks. Consequently, they have the effect of raising the
agencies’ estimates of risk, compared to less precautionary options, and
potentially lowering the chemical doses or exposure levels at which
agencies might take regulatory action. Precautionary assumptions are
particularly common in the agencies’ procedures for initial screening risk
assessments, when the primary task is to determine whether a risk might
exist and more detailed analysis is needed. Agency guidelines and related
documents indicate that subsequent assessments should involve more
rigorous analyses and fewer precautionary assumptions. There are both
similarities and differences in the assumptions and methods identified by
EPA, FDA, and OSHA. RSPA, given its focus on analyzing transportation
accident scenarios rather than chemical toxicity, uses different

*These are also referred to as “conservative” or “public-health conservative” assumptions.
For consistency, we use the term precautionary throughout this letter. However, in the
technical appendices on individual agencies we use the terms expressed in agency
documents or by agency officials.
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assumptions and methods because it tends to deal with different analytical
issues.

Both EPA and DOT have written, agencywide risk characterization policies
that emphasize clear, complete, and transparent disclosure of the data,
methods, assumptions, and limitations of their risk assessments. The
policies also encourage agency personnel to characterize their risk
estimates in terms of ranges or distributions rather than simply providing a
single point estimate of risks. Both agencies also encourage the use of peer
review to obtain the views of other scientists and experts on the agencies’
risk assessments. Although FDA and OSHA do not have written risk
characterization policies, officials of those agencies said that in practice
they tend to emphasize comprehensive characterizations of risk
assessment results, discussions of limitations and uncertainties, and
disclosure of the data and analytic methodologies on which the agencies
relied.

The complexity and diversity of risk assessment policies, procedures,
assumptions, and other choices affecting risk estimates underscore the
importance of transparency in both individual risk assessments and
agencies’ general guidance documents. That transparency is particularly
important with regard to disclosing why certain data, methods, and default
assumptions are selected, and under what conditions the agency would
depart from its default assumptions or methods. Prudent use of risk
assessment results in formulating public policy requires policymakers to be
aware of the assumptions and methods used in the preparation of the
assessments.

Background

Risk assessments are conducted to estimate whether and/or how much
damage or injury can be expected from exposures to a given risk agent and
to assist in determining whether these effects are significant enough to
require action, such as regulation. The effects of concern can be diseases
such as cancer, reproductive and genetic abnormalities, workplace injuries,
or various types of ecosystem damage. The risk agent analyzed in an
assessment can be any number of things, including chemicals, radiation,
transportation systems, or a manufacturing process. The product of a risk
assessment is a quantitative and/or qualitative statement regarding the
probability that an exposed population will be harmed and to what degree.

Risk assessment, particularly quantitative risk assessment, is a relatively
new discipline, developed in the first half of the 20" century to establish
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various health and safety codes and standards. The role of risk assessment
in the regulatory process was accelerated by the enactment of various
health, safety, and environmental statutes in the early 1970s. The
development of chemical risk assessment procedures has traditionally
followed two different tracks—one for assessments of cancer risks and
another for assessments of noncancer risks. The procedures associated
with cancer risks have historically assumed that there is no “threshold”
below which an agent would not cause adverse effects. In contrast,
procedures for assessments of noncancer risks were largely developed
under the assumption that there is such a threshold—that exposures up to
a certain level would not be expected to cause harm.

In 1983, NAS identified four steps in the risk assessment process:

(1) hazard identification (determining whether a substance or situation
could cause adverse effects), (2) dose-response assessment (determining
the relationship between the magnitude of exposure to a hazard and the
probability and severity of adverse effects), (3) exposure assessment
(identifying the extent to which exposure actually occurs), and (4) risk
characterization (combining the information from the preceding analyses
into a conclusion about the nature and magnitude of risk).* This paradigm,
originally intended to address assessments of long-term health risks, such
as cancer, has become a standard model for conducting risk assessments,
but is not the only model (e.g., different models are used for ecological risk
assessments). According to NAS, the results of the risk assessment
process should be conceptually distinguished from how those results are
used in the risk management process (e.g., the decision on where to
establish a particular standard). As illustrated by figure 1, the risk
management decision considers other information in addition to the risk
characterization.

‘Risk Assessment in the Federal Government: Managing the Process (commonly referred
to as the “Red Book”), National Research Council of the National Academy of Sciences
(National Academy Press, 1983).
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Figure 1: Typical Sequence of Risk Assessment and Risk Management Processes

Risk assessment Risk management

Control Legal
options considerations

Dose-response
assessment

Risk
H d Risk management
,, nazard characterization decisions
identification

Exposure

assessment Other economic

and social factors

Source: EPA Office of Research and Development.

More recent reports have updated and expanded on these original
concepts. In 1996, NAS urged risk assessors to update the original concept
of risk characterization as a summary added at the end of a risk
assessment.” Instead, the report suggested that risk characterization
should be a “decision-driven” activity directed toward informing choices
and solving problems and one that involves decision makers and other
stakeholders from the very inception of a risk assessment. In this updated
view, the nature and goals of risk characterization are dictated by the goals
of the risk management decisions to be made. Similarly, the
Presidential/Congressional Commission on Risk Assessment and Risk
Management (hereinafter referred to as the Presidential/Congressional
Commission) recommended in 1997 that the performance of risk
assessments be guided by an understanding of the issues that will be
important to risk management decisions and to the public’s understanding
of what is needed to protect public health and the environment.°

SUnderstanding Risk: Informing Decisions in a Democratic Society, National Research
Council of the National Academy of Sciences (National Academy Press, 1996).

Risk Assessment and Risk Management in Regulatory Decision-Making, The

Presidential/Congressional Commission on Risk Assessment and Risk Management, (Final
Report, Volume 2, 1997).
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Data on Chemical Health
Effects and Exposures Are
Limited

Substantial numbers and amounts of chemical substances and mixtures are
produced, imported, and used in the United States. For example, there are
over 70,000 commercial chemicals in EPA’s Toxic Substances Control Act
(TSCA) Chemical Substances Inventory, and the agency receives about
1,500 petitions each year requesting the approval of new chemicals or new
uses of existing chemicals.” However, there is relatively little empirical
data available on the toxicity of most chemicals and the extent to which
people or the environment might be exposed to the chemicals. For
example, we previously reported that EPA’s Integrated Risk Information
System (IRIS), which is a database of the agency’s consensus on the
potential health effects of chronic exposure to various substances found in
the environment, lacks basic data on the toxicity of about two-thirds of
known hazardous air pollutants.® Furthermore, to the extent that data on
health effects are available, the data are more often from toxicological
studies involving animal exposures than from epidemiological studies
involving human exposures. As a consequence, chemical risk assessments
must rely often on extrapolation from animal studies and are quite different
from risk assessments that use epidemiological studies or actuarial data
(such as accident statistics).

"Excluding polymers (which are considered unlikely to present significant risk concerns),
EPA’s TSCA inventory identified about 15,000 chemicals produced or imported at levels
above 10,000 pounds per year. There are also other categories of chemical substances (such
as drugs, cosmetics, food additives, and pesticides) that are exempt from TSCA but subject
to control under other federal statutes. The number of chemicals actually in commerce
varies as new chemicals are added and other chemicals are withdrawn.

SMajor Management Challenges and Program Risks: Environmental Protection Agency
(GAO/OCG-99-17, Jan. 1999).
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The limited nature of information on chemical toxicity was illustrated in a
1998 EPA report on the data that were publicly available on approximately
3,000 high-production-volume (HPV) chemicals.” For each of these
chemicals, EPA examined the available data corresponding to six basic
tests that have been internationally agreed to as necessary for a minimum
understanding of a chemical’s toxicity."” As shown in figure 2, the agency
concluded that the full set of basic toxicity data was available for only
about 200 (7 percent) of the chemicals, and that 43 percent of the
chemicals did not have publicly available data for any of the six tests.

|
Figure 2: Full Toxicity Data Is Available for Only a Small Portion of High-Production-
Volume Chemicals

7% e Have all six of basic tests for
minimum understanding of
toxicity per the international
Screening Information Data
Set

Are missing all of these tests

Have one to five of these tests

N= 2863 HPV chemicals

Source: EPA, Chemical Hazard Data Availability Study: What Do We Really Know About the Safety of
High Production Volume Chemicals? (April 1998).

*High-production-volume chemicals are those imported or produced at volumes of more
than 1 million pounds per year. Note that, for regulatory approval purposes, some offices
within EPA have access to confidential business information on commercial chemicals and
pesticides that would not be reflected in this study of “publicly available” toxicity data.

YThe six tests are acute toxicity, chronic toxicity, developmental/reproductive toxicity,

mutagenicity, ecotoxicity, and environmental fate. Collectively, these tests are known as the
Screening Information Data Set program.
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There are also significant gaps in the available data on the extent to which
people are exposed to chemicals. For example, last year we reviewed
federal and state efforts to collect human exposure data on more than 1,400
naturally occurring and manmade chemicals considered by HHS, EPA, and
other entities to pose a threat to human health."! We reported that, taken
together, HHS and EPA surveys measured the degree of exposure in the
general population for only 6 percent of those chemicals. Even for those
chemicals that were measured, information was often insufficient to
identify smaller population groups at high risk (e.g., women, children, and
the elderly).

Uncertainty Contributes to
Controversy about
Chemical Risk Assessment

There is an ongoing debate about the appropriate application of risk
assessment in federal regulation. In 1990, Congress mandated that a
commission be formed to “make a full investigation of the policy
implications and appropriate uses of risk assessment and risk management
in regulatory programs under various Federal laws to prevent cancer and
other chronic human health effects which may result from exposure to
hazardous substances.” The Presidential/Congressional Commission
published its final report in 1997, and noted that often “the controversy
arises from what we don’t know and from what risk assessments can’t tell
us.”'? NAS has also emphasized that science cannot always provide
definitive answers to questions raised during the course of conducting a
risk assessment, so risk assessors must use assumptions throughout the
process that reflect professional judgments and policy choices."

UToxic Chemicals: Long-Term Coordinated Strategy Needed to Measure Exposures in
Humans (GAO/HEHS-00-80, May 2, 2000). See also Environmental Information: EPA
Needs Better Information to Manage Risks and Measure Results (GAO-01-97T, Oct. 3,
2000).

2Framework for Environmental Health Risk Management, The Presidential/Congressional
Commission on Risk Assessment and Risk Management, (Final Report, Volume 1, 1997), p.
23.

BSee Risk Assessment in the Federal Government: Managing the Process (1983) and
Science and Judgment in Risk Assessment (1994).
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One focus of the risk assessment debate has been agencies’ use of
precautionary assumptions and analytical methods. The term
“precautionary” refers to the use of methods and assumptions that are
intended to produce estimates that should not underestimate actual risks.
Some critics of federal risk assessment practices believe agencies use
assumptions that are unjustifiably precautionary in the face of new
scientific data and methods, thereby producing estimates that overstate
actual risks. The critics contend that this effect is compounded when
multiple precautionary assumptions are used. Others, however, criticize
agency practices for not being precautionary enough in the face of
scientific uncertainties, failing, for example, to adequately account for the
synergism of exposures to multiple chemicals or the risks to persons most
exposed or most sensitive to a particular toxic agent."* Other observers,
including NAS, have expressed concerns about whether the agencies’
procedures and assumptions are sufficiently transparent, thereby providing
decision makers and the public with adequate information about the
scientific and policy bases for agencies’ risk estimates as well as the
limitations and uncertainties associated with those estimates.

YProposals have been introduced in Congress regarding this issue. For example, H.R. 199,
proposed in the 106™ Congress, would have required the EPA Administrator to evaluate,
among other things, environmental health risks to vulnerable subpopulations (e.g., children,
pregnant women, and the elderly) and to ensure that all EPA standards protect such
subpopulations with an adequate margin of safety.
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Context for Agencies’
Chemical Risk
Assessments Is
Important

We have discussed these issues in several previous reports. For example, in
1993, we noted that EPA used precautionary assumptions throughout the
process that it used to assess risk at Superfund hazardous waste sites, and
that the agency had been criticized for overstating risk by combining
precautionary estimates.'”” In September 2000, we reported on EPA’s use of
precautionary “safety factors” pursuant to the Food Quality Protection Act
of 1996.'° In October 2000, we said that three factors influenced EPA’s use
of precautionary assumptions in assessing health risks: (1) the agency’s
mission to protect human health and safeguard the natural environment,
(2) the nature and extent of relevant data (e.g., animal versus human
studies), and (3) the nature of the health risk being evaluated (e.g., cancer
versus noncancer risks)."”

The context in which chemical risk assessments are conducted plays an
important role in determining what type of assessments federal regulatory
agencies perform and why certain approaches are used. Two dimensions
seem particularly important to understanding the context for an agency’s
chemical risk assessment activities: (1) the general statutory and legal
framework underlying the agency’s regulation of chemicals and (2) how the
agency plans to use the risk assessment information.'®* The statutory and
legal framework determines the general focus and goals of an agency’s
chemical risk assessment activities and also can shape how risk
assessments for those activities are supposed to be conducted. The
specific tasks and purposes for which an agency will use the results of a
particular risk assessment determine the questions that the assessment
needs to address and the scope and level of detail of the assessment.

BSuperfund: Risk Assessment Process and Issues (GAO/T-RCED-93-74, Sept. 30, 1993).

5Children and Pesticides: New Approach to Considering Risk Is Partly in Place
(GAO/HEHS-00-175, Sept. 11, 2000).

"Environmental Protection Agency: Use of Precautionary Assumptions in Health Risk
Assessments and Benefits Estimates (GAO-01-55, Oct. 16, 2000).

80ther contextual factors, such as the data limitations and scientific uncertainty, are also
important. On a practical level, the availability of resources (e.g., staff, schedule, funding,
data) also affects the scope and level of detail that an agency can provide in any given risk
assessment. However, such factors are either so broadly applicable or so case specific that
they do not distinctively characterize the risk assessment procedures of an agency or
program.
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Statutory and Legal
Framework

A diverse set of statutes addresses potential health, safety, and
environmental risks associated with chemical agents. These statutory
mandates generally focus on different types and sources of exposure to
chemicals, such as consumption of pesticide residues in foods,
occupational exposures to chemicals, or inhalation of toxic air pollutants.
Therefore, different agencies (and different offices within those agencies)
have distinctive concerns regarding chemical risks. For example, each
major program office within EPA (e.g., the Office of Air and Radiation or
the Office of Water) is responsible for addressing the risk-related mandates
of one or more statutes (e.g., the Clean Air Act, the Clean Water Act, or the
Safe Drinking Water Act). Also, international agreements provide
important legal context for transportation risk assessment activities. For
example, criteria for classifying dangerous chemicals in transportation
have been internationally harmonized through the United Nations’
Recommendations on the Transport of Dangerous Goods.

The legal framework underlying chemical regulation influences both the
extent to which risk assessment is needed for regulatory decision making
and how risk assessments are supposed to be conducted. Some statutes
require regulatory decisions to be based solely on risk (considering only
health and environmental effects), some require technology-based
standards (such as requiring use of the best available control technology),
and still others require risk balancing (requiring consideration of risks,
costs, and benefits). For example, section 112 of the Clean Air Act (CAA),
as amended, has a technology-based mandate requiring the use of the
maximum achievable control technology to control emissions of hazardous
air pollutants. A risk assessment is not needed to determine such
technology, but would be used to evaluate residual risks that remain after
that technology is in use. Some statutes also place the primary
responsibility for conducting risk assessments and compiling risk-related
data for a particular chemical or source of exposure to chemical agents
with industry, states, or local entities, rather than with the federal
regulatory agencies. For example, industry petitioners have the primary
responsibility to provide the data needed to support registration and
tolerances from EPA for their pesticides, including information on the
toxicological effects of the pesticides."

19 Registration involves the licensing of pesticides for sale and use in agriculture and
extermination. No chemical may be sold in the United States as a pesticide without such
registration, which establishes the conditions of legal use. Pesticide tolerances are the
concentrations permitted to remain in or on food, as it is available to the consumer.

Page 19 GAO-01-810 Chemical Risk Assessment



Statutes can also affect risk assessment by specifically defining what will
be considered a hazard, directing the agency to take certain
methodological steps, or specifying the exposure scenario of regulatory
concern. For example, in response to the “Delaney Clause” amendments to
the Federal Food, Drug, and Cosmetic Act, FDA identifies any food additive
for which an adequately conducted animal cancer study indicates that the
additive produces cancer in animals as a carcinogen under the conditions
of the study. No further corroboration or weight-of-evidence analysis is
required. The Food Quality Protection Act of 1996 requires EPA to add an
additional 10-fold safety factor to protect infants and children when
deriving standards for allowable pesticide residues in foods, unless reliable
data show that a different factor will be safe. Provisions in the
Occupational Safety and Health Act focus OSHA's risk assessments on
estimating the risks to workers exposed to an agent for a working lifetime.

However, in most cases the statutes simply provide a general framework
within which the agencies make specific risk assessment assumptions and
methodological choices. For example, section 109 of the CAA requires EPA
to set national ambient air quality standards that in the judgment of the
EPA Administrator—and allowing for an “ample margin of safety”—are
requisite to protect the public health.* EPA risk assessors translate that
general requirement into specific risk assessment assumptions and
methods (e.g., whether to assume a threshold or no-threshold relationship
between dose and response at low doses).

Use of Risk Assessment
Results

The specific purpose or task of an assessment determines the kinds of risk
information needed for the agency to make its risk management decisions,
and can significantly influence the scope and level of detail required of a
risk assessment. For example,

e If the agency'’s task is to set a specific health-based standard (e.g., a
national air quality standard), a rigorous and detailed estimate of risks at
particular exposure levels might be required.

e If the agency’s task is to decide whether to approve the production and
use of commercial chemicals or pesticides, risk assessors may initially
focus on potential upper-bound exposures (e.g., assuming that a
chemical agent will be used at the maximum level permitted by law or

% An ambient air quality standard is a national target for an acceptable concentration of a
specific pollutant in air.
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focusing on individuals who consume the greatest amounts of a food
containing residues of the agent at issue). If such upper-bound
estimates exhibit no cause for concern, the agency may have no need to
complete a more comprehensive and refined risk assessment.

¢ A decision on whether to add or remove a chemical from the list of
potential hazards might focus the risk assessors on determining whether
the potential risk is above or below a specific threshold level, such as
the risk of 1 extra cancer case over the lifetime of 1 million people.

The influence of the specific regulatory task at hand is illustrated by a
method commonly used by agencies for risk assessments of noncancer
health effects. Agencies such as EPA and FDA have historically attempted
to identify a dose level of a chemical associated with no observed adverse
effect level (NOAEL) in animal experiments—or the lowest observed
adverse effect level (LOAEL) in the study, if every tested dose exhibited
some effect.”! They then divided that NOAEL or LOAEL dose by multiple
“safety” or “uncertainty” factors to account for the possibility that humans
may be more sensitive to the chemical than animals and other
uncertainties. This procedure is designed to identify a dose not likely to
result in harm to humans, not to provide an explicit quantitative estimate of
the risks associated with a given chemical. In other words, sometimes the
focus of federal agencies’ “risk” assessments could more accurately be
described as a safety assessment (i.e., estimating a “safe” level of exposure
to chemical agents or a dose below which no significant risk is expected to
occur) rather than a risk assessment (i.e., estimating the actual risks
associated with exposures to chemical agents).

Implications of Contextual
Differences

Because of contextual differences, the risk assessment procedures used,
the resulting risk estimates (and regulatory actions based upon those
estimates), and even whether a substance would be subject to risk
assessment, can vary among different agencies and programs within the
same agency. The following examples illustrate how contextual
differences affect the conduct of risk assessments.

¢ Because regulation of certain wastes may be impractical or otherwise
undesirable, regardless of the hazards that the waste might pose,

ZFDA often determines a no observed effects level (NOEL) rather than a NOAEL because
many significantly altered, standard toxicological endpoints are assumed to be adverse to
animals and/or humans even in the absence of data affirming that assumption.
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Congress and EPA exempted certain materials (e.g., agricultural or
mining and mineral processing wastes) from the definitions of
hazardous wastes. If a material meets one of the categories of
exemptions, it cannot be identified as a hazardous waste even if it
otherwise meets the criteria for listing as a hazardous waste. For
example, according to EPA's RCRA Orientation Manual, wastes
generated in raw material, product storage, or process (e.g.,
manufacturing) units are exempt from EPA’'s hazardous waste regulation
while the waste remains in such units. However, OSHA might assess
and regulate risks associated with such materials as part of its mission
to protect the health of employees in the workplace.

¢ FDA and EPA both assess potential human health risks associated with
ingestion of chemical substances. If a substance is being assessed by
FDA as a food additive and results from any adequate study indicate that
the substance produces cancer in animals, FDA labels that additive as a
carcinogen without considering other scientific evidence (per the
Delaney clause of the Federal Food, Drug, and Cosmetic Act, as
amended). However, when assessing the risks associated with
consumption of residues from animal drugs (FDA) and pesticides (EPA)
the agencies may need to consider many scientific studies in
determining whether and under what conditions an agent might cause
cancer or other adverse health effects in humans.

e EPA’s risk assessments of commercial chemicals under TSCA vary
depending on whether the chemical at issue is “existing” or “new.” For
EPA to control the use of an existing chemical, the agency must make a
legal finding that the chemical will present an unreasonable risk to
human health or the environment. EPA said this standard requires the
agency to have conclusive data on risks associated with that particular
chemical. By comparison, newly introduced chemicals can be regulated
based on whether they may pose an unreasonable risk, and this finding
of risk can be based on data for structurally similar chemicals, not just
data on that particular chemical. Because industrial chemicals in
commerce were “grandfathered” under TSCA into the inventory of
existing chemicals more than 20 years ago, without considering whether
they were hazardous, there are situations in which existing chemicals
might not be controlled while, at the same time, EPA would act to
control a new chemical of similar or less toxicity.

e Within EPA’s Office of Water, risk assessments vary depending on
whether the assessment is done to establish drinking water standards or
standards for ambient water (e.g., bodies of water such as lakes and
rivers). Risk assessments for drinking water standards focus solely on
human health effects, but assessments used to establish ambient water
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Agencies’ Risk
Assessment
Procedures Share
Common Features, But
Substantive
Differences Also Exist

quality criteria consider both human health and ecological effects. Even
when considering just the human health risks, an important difference
between the ambient and drinking water risk assessments is an
additional focus for ambient water on exposures to contaminated water
through consumption of contaminated fish or shellfish. This additional
factor is a primary reason for potential differences in drinking water and
ambient water risk estimates and standards for the same chemical.

Appendices II through V describe the relevant contextual factors for each
of the four selected agencies in greater detail.

All four of the agencies included in our review have standard procedures
for conducting risk assessments, although the agencies vary in the extent
to which their procedures are documented in written guidance. In general,
there are more similarities than differences across EPA, FDA, and OSHA
procedures, because each of these agencies generally follows the four-step
NAS risk assessment process. The procedures address the same basic
questions regarding hazard identification, dose-response assessment, and
exposure assessment. The specific analytical methods and approaches in
those procedures are also very similar (e.g., extrapolating from animal
study data to model dose-response relationships in humans, and generally
using different procedures for assessing cancer and noncancer risks). The
most substantive differences across and within these agencies are related
to exposure assessment, reflecting the diversity in the agencies’ regulatory
authorities regarding chemical agents across different kinds or sources of
exposure. For example, both OSHA and EPA consider methylene chloride
(also known as dichloromethane) to be a probable human carcinogen.
However, this same chemical can be identified as a significant hazard by
one agency in one exposure setting (OSHA for purposes of assessing health
risks associated with occupational exposures) but as a low hazard by
another agency in a different setting (EPA for purposes of Superfund
hazard ranking screening).? RSPA, although sharing a concern over
identifying risks and analyzing their consequences and probabilities of

% EPA has taken other actions regarding exposures to methylene chloride. For example,
EPA requires that releases of methylene chloride of 1,000 pounds or more be reported to the
federal government. EPA also has guidelines on how much of this chemical people can be
exposed to without harming their health (e.g., EPA recommends that children not drink
water that contains more than 13.3 parts of methylene chloride per million parts of water for
longer than 1 day or with more than 1.5 parts per million for longer than 10 days).
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occurrence, has a different structure to its risk assessments than the other
three agencies because of its focus on risks associated with unintentional
releases of hazardous materials during transportation. In general, all four
agencies are incorporating more complex analytical models and methods
into their risk assessment procedures. However, some of the advanced
models require much more detailed information than may be currently
available for many chemicals.

Risk Assessment
Procedures at EPA

EPA has extensive written internal risk assessment procedures. For
example, EPA has agencywide guidelines, policy memoranda, and
handbooks covering the following aspects of risk assessment:

carcinogen risk assessment,

neurotoxicity risk assessment,

reproductive toxicity risk assessment,

developmental toxicity risk assessment,

mutagenicity risk assessment,

health risk assessment of chemical mixtures,

exposure assessment,

ecological risk assessment,

evaluating risk to children,

use of probabilistic analysis in risk assessment,

use of the benchmark dose approach in health risk assessment, and
use of reference dose and reference concentration in health risk
assessment.

EPA also has numerous program-specific guidelines and policy documents,
such as the Risk Assessment Guidance for Superfund series and a set of
more than 20 science policy papers and guidelines from the Office of
Pesticide Programs in response to the Food Quality Protection Act of 1996.
Many of the agency’s guidance documents are draft revisions to earlier
documents or procedures or draft guidance on new issues that have not
previously been addressed by EPA. Although such drafts are not yet final,
official statements of agency policies or procedures, they may better
represent the current practice of risk assessment in EPA than earlier “final”
documents.
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EPA generally follows the NAS four-step risk assessment process. (The
major exception is the agency’s Chemical Emergency Preparedness and
Prevention Office, which follows a different set of procedures because of
its focus on risks associated with accidental chemical releases from fixed
facilities. See app. II for a discussion of this office’s risk assessment
procedures.) EPA’s risk assessment activities generally involve both the
program offices (e.g., the Office of Air and Radiation or the Office of Solid
Waste) and the Office of Research and Development (ORD), which is the
principal scientific and research arm of the agency. ORD often does risk
assessment work for EPA program offices that focuses on the first two
steps in the four-step NAS process—hazard identification and dose-
response assessment—in particular, the development of “risk per unit
exposed” numbers.? Preparation of the final two steps in the process—
exposure assessment and risk characterization—tends to be the
responsibility of the relevant program offices. Several programs, for
example, frequently use a single hazard assessment, but for different
exposure scenarios. There are, however, exceptions to this generalization.
For example, ORD carries out all steps for highly complex, precedent-
setting risk assessments, such as those for dioxin and mercury. There are
also instances when EPA program offices carry out all four steps of the
process. In some situations, EPA agencywide procedures also depart
slightly from the NAS paradigm. For example, when assessing noncancer
health effects, EPA’'s normal practice is to do hazard identification in
conjunction with the analysis of dose-response relationships, rather than as
distinct steps. According to EPA’s guidelines, this is because the
determination of a hazard is often dependent on whether a dose-response
relationship is present. In the case of ecological risk assessments, EPA’s
guidelines suggest a three-step process consisting of (1) problem
formulation, (2) analysis, and (3) risk characterization, rather than the four-
step process used for health risk assessments.

BORD also manages EPA’s IRIS database that contains agency-consensus information on
human health effects that may result from exposure to various chemicals in the
environment.
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EPA has identified several new directions in its approach to exposure
assessment. First is an increased emphasis on total (aggregate) exposure
to a particular agent via all pathways. EPA policy directs all regulatory
programs to consider in their risk assessments exposures to an agent from
all sources, direct and indirect, and not just from the source that is subject
to regulation by the office doing the analysis.** Another area of growing
attention is the consideration of cumulative risks, when individuals are
exposed to many chemicals at the same time. The agency is also increasing
its use of probabilistic modeling methods to analyze variability and
uncertainty in risk assessments and provide better estimates of the range of
exposure, dose, and risk to individuals in a population than are provided by
single point estimates. EPA’s guidance on probabilistic methods outlines
standards that exposure data prepared by industry or other external
analysts must meet to be accepted by EPA.

Risk Assessment
Procedures at FDA and
OSHA

FDA and OSHA also generally follow the NAS risk assessment paradigm,
but neither FDA nor OSHA had written internal guidance specifically on
conducting risk assessments at the time of our review. However, both
agencies’ standard procedures are well documented in the records of
actual risk assessments and in summary descriptions that have appeared in
scientific and professional literature. In addition, FDA has published
volumes of guidance on risk assessments for use by external parties
affected by the agency’s regulations (e.g., animal drug manufacturers
seeking FDA approval for their products). According to FDA officials, the
documents are meant to represent the agency’s current thinking on the
scientific data and studies considered appropriate for assessing the safety
of a product, and sometimes include detailed descriptions of the risk
assessment methods deemed appropriate to satisfy FDA’s requirements
under various statutory provisions. However, these guidelines do not
preclude the use of alternative procedures by either FDA or external
parties.

The responsibility for conducting risk assessments in FDA is divided
among the agency’s program offices. For example, FDA’s Center for Food

#“The Presidential/Congressional Commission noted that, traditionally, risk assessments
have largely focused on assessing the risks of just one chemical in one medium at a time.
Although some EPA offices, such as the Office of Pesticide Programs and Office of Water,
conduct more comprehensive risk assessments, the Commission pointed out that few other
regulatory agencies consider exposures or risks comprehensively, and EPA often does not
do so because of resource or statutory limitations.
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Safety and Applied Nutrition (CFSAN) is responsible for assessing risks
posed by food additives and contaminants, while the Center for Veterinary
Medicine (CVM) is responsible for assessing risks posed by animal drug
residues in food. In addition, FDA's National Center for Toxicological
Research conducts scientific research to support the agency’s regulatory
needs, including research aimed at understanding the mechanisms of
toxicity and carcinogenicity and at developing and improving risk
assessment methods. FDA officials said that there are variations in the risk
assessment approaches used among the agency’s different product centers
and, in some cases, within those centers. In general, those variations are
traceable to differences in factors such as the substances being regulated,
the nature of the health risks involved (particularly carcinogens versus
noncarcinogens), and whether the risk assessment is part of the process to
review and approve a product before it can be marketed and used
(premarket) or part of the process of monitoring risks that arise after a
product is being used (postmarket). For example, risk assessments by
CFSAN'’s Office of Food Additive Safety and Office of Nutritional Products,
Labeling and Dietary Supplements are mandatory for new dietary
ingredients (and are used for premarket review of such ingredients) but
discretionary for other food (and are associated with postmarket review).
A unique characteristic of the hazard identification phase of risk
assessment in FDA is that, by statute, if there is an adequate study that
indicates a food additive can cause cancer in animals, that additive is
labeled as a carcinogen under the conditions of the study. No additional
corroboration or weight-of-evidence analysis is required in such cases, and
there is no need to complete the other three risk assessment steps before
proceeding to a regulatory decision. FDA’s CVM is permitted to allow the
use of carcinogenic drugs in food-producing animals under the DES
proviso of the Federal Food, Drug, and Cosmetic Act, as amended,
provided that “no residue of such drug will be found.”
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OSHA'’s Directorate of Health Standards Programs is primarily responsible
for conducting the agency’s chemical risk assessments. Such assessments
focus specifically on the potential risks to workers associated with
exposures to chemicals in an occupational setting. In contrast to agencies
regulating environmental exposures to toxic substances, OSHA frequently
has relevant human data available on occupational exposures. Even when
the agency assesses risks based on animal data, OSHA said that the
workplace exposures of concern are often not far removed from levels
tested in the animal studies. Therefore, OSHA’s risk assessments do not
extrapolate as far beyond the range of observed toxicity as might be
necessary to characterize environmental exposure risks. OSHA’s risk
assessment procedures have also evolved to consider data from advanced
physiologically based pharmacokinetic (PBPK) models on the relationship
between administered doses and effective doses (i.e., the amounts that
actually reach a target organ or tissue).” However, PBPK models are
complicated and require substantial data, which may not be available for
most chemicals. OSHA therefore developed a set of 11 criteria to judge
whether available data are adequate to permit the agency to rely on PBPK
analysis in place of administered exposure levels when estimating human
equivalent doses.

BPharmacokinetics is the study of the absorption, distribution, metabolism, and elimination
of chemicals in humans and animals. It is the basis for developing what are believed to be
more realistic and accurate models of the movement and interactions of a chemical with
blood, tissues, and organs once it enters the body, including consideration of the body’s
ability to repair damage caused by a chemical.
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Risk Assessment
Procedures at RSPA

The applicable risk assessment guidance for RSPA is generally documented
within broader DOT-wide guidance on conducting regulatory analyses and
also in materials describing the agency’s Hazardous Materials Safety
Program. Because of the particular regulatory context in which it operates,
RSPA does not apply the NAS four-step paradigm for risk assessment used
by EPA, FDA, and OSHA. RSPA is primarily concerned with potential risks
associated with the transportation of hazardous materials. In particular, it
is concerned with short-term or acute health risks due to relatively high
exposures from unintentional release of hazardous materials. For its
purposes, RSPA identifies chemicals as hazardous materials according to a
regulatory classification system that is harmonized with internationally
recognized criteria and EPA-defined hazardous substances. This
classification system defines the type of hazard associated with a given
material according to chemical, physical, or nuclear properties (e.g.,
whether it is an explosive, a flammable liquid, or a poisonous substance)
that can make it dangerous in or near transporting conveyances.
Therefore, a chemical’s toxicity is only one of its characteristics of concern
to RSPA, rather than being the primary focus of analysis as in assessments
of the other three agencies. The risk analyses by RSPA focus on identifying
the potential circumstances under which unintentional releases of
hazardous materials could occur during transit (e.g., due to transportation
accidents) and assessing their consequences and probability of occurrence.
Analysis of different modes (e.g., via truck, rail, or aircraft) and routes of
transportation is an important component of RSPA’'s consequence and
probability analyses.” Through DOT databases, directly relevant data on
the incidence and severity of hazardous materials transportation accidents
are available to assist RSPA in identifying and analyzing hazard scenarios.

Appendices II through V provide more detailed descriptions of the standard
procedures for chemical risk assessments in each of the four selected
agencies.

% Assessment and regulation of risks associated with substances transported by bulk marine
carriers are the responsibility of the United States Coast Guard.
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Agencies’ Risk
Assessment
Procedures Often
Include Precautionary

Assumptions and
Methods

Assumptions and methodological choices are an integral and inescapable
part of risk assessment. They are often intended to address uncertainty in
the absence of adequate scientific data. However, those assumptions and
methods may also reflect policy choices, such as how to address variability
in exposures and effects among different individuals and populations, or
particular contextual requirements. To the extent that the four agencies
identified the specific reasons for selecting their major assumptions or
methods, they most often attributed their choices to an evaluation of
available scientific data, the precedents established in prior risk
assessments, or policy decisions related to their regulatory missions.
Agencies’ statements regarding the likely effects of their preferred
assumptions and methods most often addressed the extent to which the
default options would be considered precautionary. Some of the major
assumptions and methodological choices of EPA, FDA, and OSHA address
similar issues and circumstances during the risk assessment process,
especially regarding assessment of a chemical’s toxicity.

Agencies’ Assumptions and
Methodological Choices
Vary

Agency procedural guidelines and officials we contacted during our review
identified a large number and wide variety of major assumptions and
methodological choices that they might use when conducting chemical risk
assessments, in the absence of information that would indicate the
particular assumption or method is not valid in a given case. Some of these
assumptions and methodological choices were very broad (e.g., the
common assumption that, in the absence of evidence to the contrary,
substances that produce adverse health effects in experimental animals
pose a potential threat to humans). Other assumptions and choices were
more specific, covering particular details in the analytical process (e.g.,
identifying the preferred options for extrapolating high dose-response
relationships to low doses). EPA and OSHA identified some of their choices
as the default assumptions and methods of their agencies. FDA officials
said that their agency does not require the use of specific default
assumptions or risk assessment methods, but there are assumptions and
methods that typically have been used as standard choices in FDA risk
assessments. Although assumptions are also needed in RSPA’s risk
assessments, RSPA officials said that they do not have any default
assumptions. Instead, they said that their assumptions are specific to, and
must be developed as part of, each risk assessment.

Appendices II through V present detailed information on some of what the
agencies identified as their major assumptions and methodological choices
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in chemical risk assessments. The tables illustrate both the number and
variety of assumptions that agencies may use when conducting those
assessments.

The following sections summarize information that was available from the
four agencies’ procedures and related documents on (a) when the agencies
employ major assumptions and methods, (b) their reasons for selecting
these options, (c¢) the likely effects on risk assessment results of these
options, and (d) how they compare to the assumptions and choices used by
other agencies or programs in similar circumstances. In some cases the
agencies’ documents did not contain this information, but there is no
requirement that the agencies do so. Also, the reason for using a particular
assumption and its effect on risk assessment results can vary on a case-by-
case basis, and therefore might not be addressed in general risk assessment
guidance. Nevertheless, both NAS and the Presidential/Congressional
Commission recommended greater transparency regarding the procedures,
assumptions, and results of agencies’ risk assessments. Also, as will be
discussed more fully later in this report, the agencies’ own risk
characterization policies and practices emphasize the value of such
transparency in communicating information about risk assessment
procedures and results. Recent regulatory reform proposals considered by
Congress have had provisions requiring transparency in the use of
assumptions.?’

When Assumptions and
Methods Are Used

As previously mentioned, NAS and the Presidential/Congressional
Commission have both emphasized that science cannot always provide
definitive answers to questions raised during a risk assessment. For
example, in 1983, NAS identified at least 50 points during the course of a
cancer risk assessment when choices had to be made on the basis of
professional judgment, not science. EPA’s guidelines similarly point out
that, because there is no instance in which a set of data on an agent or
exposure is complete, all risk assessments must use general knowledge
and policy guidance to bridge data gaps. Except in the case of RSPA,
default or standard assumptions and methods may be used by agencies to

¥For example, S. 746, proposed in the 106™ Congress, provided that when a risk assessment
involves a choice of assumptions the agency must (1) identify significant assumptions and
their scientific and policy bases, (2) explain the basis for any choices among assumptions,
and (3) describe reasonable alternative assumptions not selected that would have had a
significant effect on the results of the assessment.
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address these gaps in knowledge, and to encourage consistency in the
efforts of agencies’ risk assessors to address such basic issues as:

¢ uncertainty in the underlying data, model parameters, or state of
scientific understanding of how exposure to a particular chemical could
lead to adverse effects;

e variability in the potential extent of exposure and probability of adverse
effects for various subgroups or individuals within the general
population;*® and

e statutory requirements (and the related general agency missions) to be
protective of public health and the environment (e.g., to set standards
with “an adequate margin of safety”).

However, agency risk assessors have considerable flexibility regarding
whether to use particular assumptions and methods, even when the agency
has default or standard options. For example, EPA stated that its revised
guidelines for carcinogen risk assessment were intended to be both explicit
and more flexible than in the past concerning the basis for making
departures from defaults, recognizing that expert judgment and peer
review are essential elements of the process. The Executive Director of
ORD’s Risk Assessment Forum pointed out that, although EPA’s guidelines
always permitted such flexibility, without detailed guidance on departing
from default assumptions there had been a tendency for analysts to not do
so. He also stated that when determining whether to use a default, the
decision maker must consider available information on an underlying
scientific process and agent-specific data, and that scientific peer review,
peer consultation workshops, and similar processes are the principal ways
of determining the strength of thinking and the general acceptance of these
views within the scientific community. FDA officials emphasized that their
agency does not presume that there is a “best way” of doing a risk
assessment and does not require the use of a specific risk assessment
protocol or of specific default assumptions, but they are continually
updating procedures and techniques with the goal of using the “best
available science.”

BThere is a conceptual difference between uncertainty and variability. Uncertainty is a
property of a lack of knowledge and may be reduced through study and additional
information. Variability is a property of a system or population (e.g., every person has
different physical characteristics) and can only be understood, not reduced, through further
study. See Adam Finkel, “A Second Opinion on an Environmental Misdiagnosis,” New York
University Environmental Law Journal, Volume 3 (1995), p. 299.
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Agencies identified assumptions and methodological choices throughout
the risk assessment process, and each of the first three steps in the process
can have its own set of issues and choices that risk assessors need to
address. During hazard identification, agencies must make choices about
which types of data to use and what types of adverse effects and evidence
will be considered in their analyses. For example, risk assessors need to
decide whether data on benign tumors should be used along with data on
malignant tumors as the basis for quantitative estimates of cancer risks, or
whether only data on malignant tumors should be used. During dose-
response assessment, agencies may need to make assumptions when
extrapolating effects from animals to humans (e.g., how to determine
equivalent doses across different species). In particular, choices among
assumptions and methods are needed when estimating dose-response
relationships at doses that are much lower than those used in the scientific
studies that provided the data for quantitative analysis. During exposure
assessments, assumptions might be needed to address issues such as when
exposures occur (e.g., in infancy or childhood versus as an adult), how long
exposures last (e.g., short versus long term and continuous versus
episodic), differences in exposures and effects for the population as a
whole versus those affecting subpopulations and individuals, and questions
about the concentration and absorption of chemical agents. Assumptions
about human behavior also affect the relative likelihood of different
exposure scenarios. For example, in assessing children’s residential
exposures to a pesticide, risk assessors might need to make assumptions
about how long children play in a treated area, the extent to which they are
wearing clothing, and potential hand-to-mouth exposure to treated soil,
among other factors.
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Why Particular Assumptions
and Methods Are Selected

Agencies generally indicated that they use their major assumptions and
methodological choices in risk assessments when professional judgments
or policy choices must substitute for scientific information that is not
available or is inconclusive. We examined risk assessment guidance
documents and procedures in the four agencies to determine whether the
agencies stated a specific scientific or policy basis for their choices, as
recommended by NAS and the Presidential/Congressional Commission. In
approximately three-quarters of the choices that we reviewed, the agencies
provided at least some rationale for the use of particular assumptions or
methods. The reasons most commonly cited were (1) an evaluation of
available scientific data, (2) the precedents established in prior risk
assessments, and (3) policy decisions related to their regulatory mandates.
In some instances, the agencies cited more than one reason in support of
their choices. For example, officials from FDA’s Center for Veterinary
Medicine said they assume that an adult weighs 60 kilograms when
converting an acceptable daily intake (ADI) to an intake level of residues in
food because of historical precedent and because this assumption should
protect women, growing adolescents, and the elderly.*

®According to FDA officials, if there is a need to convert an ADI (expressed as milligrams
per kilogram body weight per day) to an intake level (expressed as the number of milligrams
of an additive that would be acceptable on a daily basis), they multiply the ADI by the
assumed weight of a person. Officials from FDA’s Center for Food Safety and Applied
Nutrition said they assume values of 60 kilograms for adults and 15 kilograms for children,
based on historical precedents which were based on population-based surveys.
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Of the three reasons, the agencies most often cited their evaluation of
available scientific evidence as a reason for selecting particular
assumptions or analytical methods. For example, one of the default
assumptions in EPA’s carcinogen risk assessment guidance is that positive
effects in animal cancer studies indicate that the agent under study can
have carcinogenic potential in humans. EPA cited scientific research
supporting this assumption, such as the evidence that nearly all agents
known to cause cancer in humans are carcinogenic in animals in tests with
adequate protocols. Other EPA guidelines stated that, in general, a
threshold is assumed for the dose-response curve for agents that produce
developmental toxicity. EPA’s guidelines noted that this assumption is
based on the known capacity of the developing organism to compensate for
or repair a certain amount of damage at the cellular, tissue, or organ level.
OSHA cited scientific evidence and the views of the Office of Science and
Technology Policy on chemical carcinogenesis (the origin or production of
a tumor) to support its choice to combine data on benign tumors with the
potential to progress to malignancies with data on malignant tumors
occurring in the same tissue and the same organ site.”

®The National Science and Technology Policy, Organization, and Priorities Act of 1976
created the Office of Science and Technology Policy within the Executive Office of the
President to provide advice to the President on issues relating to science and to coordinate
federal efforts in science and technology.
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Even when basing a choice upon available scientific studies and data,
professional judgment may still be required regarding which particular
method or assumption to choose among competing alternatives. The
scientific evidence might show a range of assumptions or methods that
provide plausible results and may, in specific cases, vary in terms of which
one best fits the available evidence. For example, different mathematical
models can be used for estimating the low-dose effects of exposure to
suspected carcinogens. A basic problem for risk assessors is that, while
the results produced by different models may be similar at higher doses,
the estimates can vary dramatically at the low doses that are of concern to
agency regulators. One study of 5 dose-response models showed that all of
the models produced essentially the same dose-response curves at higher
doses, but the models’ estimates differed by 3 or 4 orders of magnitude
(values 1,000 to 10,000 times different) at lower doses.?® Because the
mechanism of carcinogenesis is not sufficiently understood, none of the
mathematical procedures for extrapolation has a fully adequate biological
basis.* Furthermore, because of the limitations in the ability of toxicologic
or epidemiologic studies to detect small responses at very low doses, dose-
response relationships in the low-dose range are practically unknowable.

Agencies can encounter similar problems in attempting to determine how
much of a chemical will produce the same effect in humans that was
observed in animals. An interagency group of federal scientists that
studied this issue noted that, although many alternatives had been
developed for such cross-species scaling, and despite considerable study
and debate, “no alternative has emerged as clearly preferable, either on
empirical or theoretical grounds.” The group noted further that the
various federal agencies conducting chemical risk assessments therefore
developed their own preferences and precedents, and this variation “stands
among the chief causes of variation among estimates of a chemical’s
potential human risk, even when assessments are based on the same data.”
For purposes of consistency in federal risk assessments, the group
recommended a method intermediate between the two methods most

3 See “Criteria for Evidence of Chemical Carcinogenicity,” Interdisciplinary Panel on
Carcinogenicity, Science 225 (1984), pp. 682-687.

% See, for example, General Principles for Evaluating the Safety of Compounds Used in
Food-Producing Animals, DHHS/FDA/CVM (revised July 1994).

3 “Draft Report: A Cross-Species Scaling Factor for Carcinogen Risk Assessment Based on
Equivalence of mg/kg®*/Day,” 57 FR 24152 (June 5, 1992). No final report has been issued.
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commonly used by federal agencies, but reiterated that methodologies in
use “have not been shown to be in error.”

Other reasons cited by the agencies for selecting assumptions or methods
included the precedents established in prior risk assessments and policy
decisions related to their regulatory missions and mandates. For example,
FDA officials said that their practice of using the most sensitive species and
sex when calculating the ADI of animal drug residues in food was based on
historical precedents dating back to at least 1954. In other instances, FDA
said that its use of precautionary assumptions was based on the agency’s
statutory responsibility to ensure to a “reasonable certainty” that the public
will not be harmed. Similarly, EPA guidelines pointed out that the default
assumptions used in the agency’s risk assessments were chosen to be
health protective because EPA’s overall goal is public health protection.
For example, EPA’'s neurotoxicity guidelines said that a choice to use the
most sensitive animal species to estimate human risk “provides a
conservative estimate of sensitivity for added protection to the public.”

Effects of Agencies’
Assumptions and Methods
on Risk Estimates

The agencies provided information in their guidelines on the likely effects
of using particular assumptions or methods in about half of the examples
that we reviewed. When that information was provided, it was usually in
the context of whether and to what extent the agencies’ choices could be
considered precautionary. In a number of cases, EPA and FDA
characterized their assumptions and methods as precautionary in that they
were intended to avoid underestimating risks in the interest of protecting
public health. Such assumptions tend to raise an agency’s estimate of risk
and lower the levels of exposure that are of regulatory concern.
Precautionary assumptions and methodological choices were a common
component of programs that have “tiered” approaches for conducting risk
assessments (e.g., EPA’'s Superfund and pesticides programs). In these
tiered risk assessment approaches, agencies move from initial rough
screening efforts to increasingly more refined and detailed levels of
analyses. The initial screening assessments will typically involve very
precautionary “upper-bound” or even “worst-case” assumptions to
determine whether there is cause for concern. Successive tiers of
assessment, if deemed necessary, are characterized in agency documents
as more detailed and focused assessments that require more extensive data
and rigorous analysis. For example, EPA indicated that its screening
assessments might well use precautionary upper-bound point estimates of
exposures (e.g., that a chemical is used on 100 percent of the eligible crop
and at the maximum permissible limit). However, subsequent tiers of
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assessments might refine those estimates through the use of probability
distributions of exposure parameters or the use of monitoring data on
actual exposures, when feasible.

OSHA and RSPA also use precautionary assumptions in certain parts of
their risk assessment procedures. However, these agencies identified few
of their risk assessment assumptions and methods as precautionary. In
fact, OSHA sometimes selected assumptions or methods that it explicitly
characterized as less precautionary than those used by other agencies in
similar circumstances. For example, OSHA stated that its standard
approach to low-dose extrapolation can be much less precautionary than
EPA’s or FDA's approaches because it tends to use central estimates of
potency rather than upper-bound confidence limits. OSHA officials also
noted that the algorithm they use is less precautionary because it may lead
to models that are sublinear at low doses.

The effect on risk estimates of using any one assumption is likely to be less
significant than that of applying a series of assumptions while conducting a
risk assessment, particularly if the assessment is compounding a string of
largely precautionary assumptions. As we previously pointed out,
assumptions and choices may be needed at many points during each step of
an agency'’s analysis. The agency’s policy may well be to use precautionary
choices at most, if not all, of those points, if adequate information is not
available to indicate that the precautionary choice is invalid in a specific
case. The potential for such a string of precautionary assumptions is
illustrated by the set of standard choices identified by FDA for risk
assessments of carcinogenic animal drug residues in foods consumed by
humans.

1. Regulation is based on the target tissue site exhibiting the highest
potential for cancer risk for each carcinogenic compound.

2. If tumors are produced at more than one tissue site, the minimum
concentration of the compound that produced a tumor is used.
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3. Cancer risk estimates are generally based on animal bioassays, using
upper 95-percent confidence limits of carcinogenic potency.*

4. Low-dose extrapolation is done using a nonthreshold, conservative,
linear-at-low-dose procedure (i.e., assuming that there is no dose that
would not cause cancer and that effects vary in proportion to the
amount of the dose).

5. Itis assumed that the carcinogenic potency in humans is the same as
that in animals.

6. The concentration of the residue in the edible product is at the
permitted concentration.

7. Consumption is equal to that of the 90" percentile consumer.
8. All marketed animals are treated with the carcinogen.

9. Inthe absence of information about the composition of the total
residue in edible tissue, assume that the entire residue is of
carcinogenic concern.

FDA's description of its risk assessment procedures acknowledged that
these assumptions “result in multiple conservatisms” and stated that some
of these choices are likely to overestimate risk by an unknown amount
(although the fourth assumption could also underestimate risk by an order
of magnitude). However, the agency also said that these assumptions are
prudent because of the uncertainties involved and cited its statutory
responsibility to ensure to a reasonable certainty that the public will not be
harmed. It is important to keep in mind that the primary purposes for
preparing such assessments are to identify safe concentration levels in
edible tissues and residue tolerances (the amount permitted to remain on
food) for postmarket monitoring rather than to produce a general estimate
of the risk posed by use of the animal drug.

¥ Bioassay refers to the use of living organisms to measure the effect of a risk agent or
condition—for example, a test for carcinogenicity in laboratory animals that includes near-
lifelong exposure to the agent being tested.
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Comparison of Agencies’
Assumptions

Agency documents very rarely made direct comparisons of their
assumptions and methodological choices to those used by other agencies,
and there is no requirement that they do so. Our review indicated that EPA,
FDA, and OSHA risk assessment procedures have many basic assumptions
in common—for example, that one can use results of animal experiments
to estimate risks to humans, and that most potential carcinogens do not
have threshold doses below which adverse effects would not occur. There
are other default or standard assumptions and models in the three
agencies’ risk assessment procedures that are similar, but not identical.
For example, all three agencies employ a linear mathematical model for
low-dose extrapolation (in the absence of information indicating that a
linear model is inappropriate in a particular case). However, the agencies
prefer different options in the details of fitting such models, such as the
point of departure to low doses. EPA and FDA also consider similar, but
not identical, sets of uncertainty or safety factors when using the NOAEL
approach for noncancer risk assessments. Finally, as the discussion above
regarding low-dose extrapolation illustrates, there are also instances in
which the agencies use different assumptions in similar circumstances.

Table 1 compares and contrasts some of the risk assessment assumptions
or analytical methods identified in the guidelines or other descriptive
documents of EPA, FDA, and OSHA for use under similar circumstances.*
(Note that, for comparability, the examples in table 1 all focus on
carcinogen risk assessments based on animal studies, but the agencies’
major assumptions and methods are not limited to only carcinogen risk
assessments. Note also that the “circumstances” listed in the table also
include that the assumption or method would be used in the absence of
data to the contrary.)

PBRSPA is not included in this table because it uses a different process for risk assessments,
and its assessments do not focus on the carcinogen risk assessment issues highlighted in the
table. However, RSPA’s risk assessment methods are similar to EPA's Chemical Emergency
Preparedness and Prevention Office, which also focuses primarily on short-term risks
associated with accidental releases of chemicals.
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Table 1: Comparison of Selected Major Assumptions or Methods Used in EPA, FDA, and OSHA Risk Assessments

Circumstance

EPA

FDA

OSHA

Which species/sex to use in
animal studies.

Use most sensitive species/sex.

Use most sensitive species/sex.

Use most sensitive species/sex
for tumor sites appropriate for
routes of exposure experienced
by workers.

Whether to include data on
benign tumors in a cancer
assessment.

Include data on benign tumors if
they have the capacity to
progress to the malignancies
with which they are associated.
Benign tumors that are not
observed to progress to
malignancy are assessed on a
case-by-case basis.

Include data on benign tumors if
they have the capacity to
progress to the malignancies
with which they are associated.
Benign tumors that are not
observed to progress to
malignancy are assessed on a
case-by-case basis.

Combine data on benign tumors
with the potential to progress to
malignancies with data on
malignant tumors occurring in
the same tissue and the same
organ site.

Preferred cancer low-dose
extrapolation method if a
mathematical model is used.

Default depends on the agent’s
mode of action. For example, if
mode is not understood or
believed to be linear, a linear
approach is recommended.
When data supports a nonlinear
mode of action, the default
changes to a margin of exposure
analysis.

Use a no-threshold, linear
extrapolation method.

Use a particular no-threshold,
linear approach known as the
“maximum likelihood estimate in
the Crump-Howe
reparameterization of the
multistage model.” (This
particular approach may lead to
models that are sublinear at low
doses.)

Point of departure in preferred
approach to low-dose
extrapolation (i.e., the data point
from which the agency
extrapolates to lower,
unobserved dose-response
relationships).

Use the lower 95-percent limit of
the doses that are estimated to
cause a 10-percent response
(i.e., an effect in 10 percent of
exposed subjects). (This dose is
referred to as the LED,,.)

Use data at the upper 95-
percent confidence limit.

According to agency officials,
OSHA does not use a point of
departure. OSHA tends to use
central estimates of potency,
such as the maximum likelihood
estimate of the parameterized
dose-response function.

Preferred method for cross-
species scaling of equivalent
doses (i.e., how the agency
converts data from doses given
to one species, such as rats in a
toxicological study, to doses
presumed to have an equivalent
effect on another species, such
as humans).

For oral exposure, recommends
use of a scaling factor of body
weight to the % power.

Recommends use of scaling
factor of body weight to the 3
power. (However, risk assessors
may also use the default of body
weight scaling.)

Assumes that equivalent doses
scaled by body weight would
lead to equivalent risks.
(However, it may in the future
move to % -power scaling.)

Source: GAO analysis
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There appears to be some convergence in the agencies’ risk assessment
assumptions in at least one area where there had been significant
differences—their methods for cross-species dose scaling. In the absence
of adequate information on differences between species, EPA’'s standard
practice in carcinogenic risk assessments had been to scale daily
administered doses by body surface area, whereas FDA’s and OSHA’s
standard practice had been to scale doses by body weight. Recently, the
agencies have either adopted, or consider as one of their options, the
expression of doses in terms of daily amount administered per unit of body
weight to the 34 power.*

All four of the agencies included in our review have also been incorporating
more complex analytical methods and models into their risk assessment
procedures. Some of these methods (such as the use of probabilistic
analyses to provide distributions of exposure parameters) help to address
issues of uncertainty and variability in risk assessments and lessen the
need for some precautionary assumptions. Other advances, such as the use
of PBPK models, can provide better insights into how and to what extent a
chemical might produce adverse effects in humans. One outcome of the
integration of these methods into agencies’ procedures is a diminishing of
the traditional distinction between cancer and noncancer risk assessment
methods. EPA, in particular, has noted that it is less likely to consider
cancer and noncancer endpoints in isolation as it develops and
incorporates more advanced scientific methods to measure and model the
biological events leading to adverse effects. According to EPA, the science
of risk assessment is moving toward a harmonization of the methodology
for cancer and noncancer assessments.

The use of newer, more complex models and methods also opens up a new
range of choices and assumptions in the analysis—along with the potential
for risk estimates to diverge because of the different assumptions that
might be used. For example, in its methylene chloride final rule OSHA
reported on the results of its analyses as well as risk assessments
submitted to OSHA by other risk assessors.”” Although most of the risk
assessments used a linearized multistage model to predict risk, there were
differences in the estimates produced by these assessments. OSHA

% Across the range of plausible values, the body weight approach is generally considered the
least precautionary, surface area scaling the most precautionary, and (body weight)** the
midpoint value.

3“Occupational Exposure to Methylene Chloride,” 62 FR 1494 (Jan. 10, 1997).

Page 42 GAO-01-810 Chemical Risk Assessment



Risk Characterization
Policies and Practices
Emphasize
Transparency

pointed out that the differences in risk estimates were not generally due to
the dose-response model used, but to whether the risk assessor used PBPK
modeling to estimate target tissue doses and what assumptions were used
in the PBPK modeling.

Appendices II through V present more detailed information on some of the
major assumptions and methodological choices in each of the four selected
agencies.

In the risk characterization step of a risk assessment, agencies bring
together the results of the preceding analyses in the form of estimates and
conclusions about the nature and magnitude of a potential risk. Agencies’
risk characterizations play a crucial role in explaining to decision makers
and other interested parties what the agency’s risk assessors have
concluded and on what basis they reached those conclusions. Both EPA
and DOT have agencywide written policies on risk characterization that
emphasize the importance of providing comprehensive and transparent
characterizations of risk assessment results. Although FDA and OSHA do
not have written risk characterization policies, officials of those agencies
pointed out that, in practice, they also tend to emphasize comprehensive
characterizations of risk assessment results, discussions of limitations and
uncertainties, and disclosure of the data and analytic methodologies on
which the agencies relied.
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EPA’s program offices are generally responsible for completing risk
characterizations, and EPA’s agencywide guidance on this issue includes a
risk characterization policy, a guidance memorandum, and a handbook.
EPA’s policy stipulates that risks should be characterized in a manner that
is clear, transparent, reasonable, and consistent with other risk
characterizations of similar scope. EPA said that all assessments “should
identify and discuss all the major issues associated with determining the
nature and extent of the risk and provide commentary on any constraints
limiting fuller exposition.” EPA’s policy documents also recommend that
risk characterization should (1) bridge the gap between risk assessment
and risk management decisions