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DISCLAIMERS

This document has been reviewed in accordance with United States Environmental
Protection Agency policy and approved for publication and distribution. Mention of trade names
or commercial products does not constitute endorsement or recommendation for use.

This document presents an analysis of EPA’s general risk assessment practices, based on
typical historic and current practice. The document does not establish new Agency policy or
guidance or amend any existing Agency policy or guidance. Nor does the document attempt to
present binding prospective requirements, necessarily applicable to future agency actions. The
use of the words “should,” “can,” “would,” and “may” in this document means that something is
suggested or recommended, but not required.

A particular risk assessment practice described in this document may not apply to an
individual situation based upon the circumstances. Interested parties are free to raise questions
and objections about the substance of the practices discussed in this document and the propriety
of the application of those practices to a particular situation. Any individual or site-specific risk
management decision will be based on the applicable statute and regulations, and on facts
specific to the circumstances at issue. Variance from the approaches outlined in this document
does not necessarily have any significance. EPA and other decision makers retain the discretion
to adopt approaches on a case-by-case basis that differ from those described in this document
where appropriate.

Risk assessments discussed in this staff paper reflect a “snapshot” in time and may not be
reflective of any further assessment activity past the time of a particular description. For
example, the Integrated Risk Information System (IRIS) descriptions, particularly of past
assessments, may not be reflective of the current IRIS data base, as assessments are continuously
updated. Further, it is important to note that current IRIS health assessments are conducted using
the 1999 draft cancer guidelines (as of this examination), and not the 2003 draft final cancer
guidelines.
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1. INTRODUCTION TO EPA RISK ASSESSMENT

1.1 Overview
1.1.1 What Is Risk Assessment?

The most common basic definition of risk assessment used within the U.S.
Environmental Protection Agency (EPA) is paraphrased from the 1983 report Risk Assessment in
the Federal Government: Managing the Process (NRC, 1983), by the National Academy of
Sciences’ (NAS’s) National Research Council (NRC):

Risk assessment is a process in which information is analyzed to determine if an
environmental hazard might cause harm to exposed persons and ecosystems.

This process is highly interdisciplinary in that it draws from such diverse fields as
biology, toxicology, ecology, engineering, geology, statistics, and the social sciences to create a
rational framework for evaluating environmental hazards. While this definition has been
somewhat enhanced and elaborated upon through subsequent NAS writings, it still basically
describes risk assessment as it is performed within EPA. EPA uses risk assessment as a tool to
integrate exposure and health effects or ecological effects information into a characterization of
the potential for health hazards in humans or other hazards to our environment.

1.1.2  Why Does EPA Conduct Risk Assessments?

The mission of the EPA is to protect human health and to safeguard the natural
environment — air, water, and land — upon which life depends. EPA fulfills this mission by,
among other things, developing and enforcing regulations that implement environmental laws
enacted by Congress. The implementation of environmental laws may include grants and other
financial assistance to state and tribal governments carrying out environmental programs
approved, authorized, or delegated by EPA.

Determining environmental standards, policies, guidelines, regulations, and actions
requires making decisions. Environmental decision making is often a controversial process
involving the interplay among many forces: science, social and economic factors, political
considerations, technological feasibility, and statutory requirements. There are often conflicting
interests regarding these various forces than can have a bearing on environmental decisions.
Setting an environmental standard that is too lax may threaten public health, while a standard that
is unnecessarily stringent may impose a significant marginal economic cost for small marginal
gain. Environmental decisions are often time-sensitive, for example when public health is
known or suspected to be at risk. The decisions must frequently be made with incomplete or
imperfect information and many times under the additional pressure of heightened public
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scrutiny and concern. And, once made, the decisions are often challenged in court and subject to
high levels of public and scientific scrutiny.

EPA conducts risk assessment to provide the best possible scientific characterization of
risks based on a rigorous analysis of available information and knowledge — that is, a
description of the nature and magnitude of the risk, an interpretation of the adversity of the risk, a
summary of the confidence or reliability of the information available to describe the risk, areas
where information is uncertain or lacking completely, and documentation of all of the evidence
supporting the characterization of the risk. EPA then incorporates this risk characterization with
all of the other relevant information — social, economic, political, and regulatory — in making
decisions (policies, regulations) about how to manage the risk. Risk assessment, therefore,
informs decision makers about the science implications of the risk in question. Risk assessments
that meet their objectives can help guide risk managers to decisions that mitigate environmental
risks at the lowest possible cost and which will stand up if challenged in the courts.

1.1.3 How Does EPA Use Risk Assessments in Decision Making?

The primary purpose of a risk assessment is to inform the risk manager’s decision making
process. The primary purpose of a risk assessment is not to make or recommend any particular
decisions; rather, it gives the risk manager information to consider along with other pertinent
information. EPA uses risk assessment as a key source of scientific information for making
good, sound decisions about managing risks to human health and the environment. Examples of
such decisions include deciding permissible release levels of toxic chemicals, granting permits
for hazardous waste treatment operations, and selecting methods for remediating Superfund sites.

The use of credible science in risk assessment helps make and support risk management
decisions, but it is not the only factor that the risk manager considers. It is generally recognized
— by the science community, by the regulatory community, and by the courts — that it is
important to consider other factors along with the science when making decisions about risk
management. In some regulations, the consideration of other factors is mandated (e.g., costs).
Some of these other factors include:

a. Economic factors — the costs and benefits of risks and risk mitigation
alternatives.

b. Laws and legal decisions — the framework that prohibits or requires some
actions.
C. Social factors — attributes of individuals or populations that may affect their

susceptibility to risks from a particular stressor.
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d. Technological factors — the feasibility, impact, and range of risk management
options
e. Political factors — interactions among and between different branches and levels

of government and the citizens they represent.

f. Public factors — the attitudes and values of individuals and societies with respect
to environmental quality, environmental risk, and risk management.

1.1.4 What Is Some Historical Perspective Relevant to EPA Risk Assessment
Practices?

EPA was involved with risk assessment practices since EPA’s early days, although risk
assessment per se was not a formally recognized process then. EPA completed its first risk
assessment document in December 1975: Quantitative Risk Assessment for Community Exposure
to Vinyl Chloride (Kuzmack and McGaughy, 1975). The next significant document appeared in
1976: Interim Procedures and Guidelines for Health Risk and Economic Impact Assessments of
Suspected Carcinogens (Train, 1976). The preamble of this document, signed by the
Administrator, signaled the Agency’s intent that “rigorous assessments of health risk and
economic impact will be undertaken as part of the regulatory process.” A general framework
described a process to be followed in analyzing cancer risks of pesticides, and the document
recommended that the health data be analyzed independently of the economic impact analysis.
Later, in 1980, EPA announced the availability of water quality criteria documents for 64
contaminants (USEPA, 1980). This was the first application of quantitative procedures
developed by EPA to a large number of carcinogens, and the first EPA document describing
quantitative procedures used in risk assessment.

Then in 1983, the NAS published Risk Assessment in the Federal Government: Managing
the Process (NRC, 1983; commonly referred to as the “Red Book™). EPA has integrated the
principles of risk assessment from this groundbreaking report into its practices to this day. The
following year, EPA published Risk Assessment and Management: Framework for Decision
Making (USEPA, 1984), which emphasizes making the risk assessment process transparent,
describing the assessment’s strengths and weaknesses more fully, and providing plausible
alternatives within the assessment.

Shortly after the publication of the Red Book, EPA began issuing a series of guidelines
for conducting risk assessments (e.g., in 1986 for cancer, mutagenicity, chemical mixtures,
developmental toxicology, and in 1992 for estimating exposures). Although EPA efforts focused
initially on human health risk assessment, the basic model was adapted to ecological risk
assessment in the 1990s to deal with a broad array of environmental risk assessments in which
human health impacts are not directly at issue. EPA continues to make a substantial investment
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in advancing the science and application of risk assessment through continual updates of these
guidelines and the development of newer guidelines as needed. Refer to the section in the
References set aside for the listing of these EPA guidelines.

Over time, the NAS expanded on its risk assessment principles in a series of subsequent
reports, including Pesticides in the Diets of Infants and Children (NRC, 1993), Science and
Judgment in Risk Assessment (NRC, 1994; also known as the “Blue Book™), and Understanding
Risk: Informing Decisions in a Democratic Society (NRC, 1996). For example, the NAS places
equal emphasis on fully characterizing the scope, uncertainties, limitations, and strengths of the
assessment and on the social dimensions of interacting with decision makers and other users of
the assessment in an iterative, analytic-deliberative process. The purpose of this process is to
ensure that the assessments meet the intended objectives and are understandable. EPA risk
assessment practices have evolved over time along with this progression of thought, and in many
cases helped drive the evolution of thinking on risk assessment.

In 1995, EPA updated and issued the current Agency-wide Risk Characterization Policy
(USEPA, 1995a). The Policy calls for all risk assessments performed at EPA to include a risk
characterization to ensure that the risk assessment process is transparent; it also emphasizes that
risk assessments be clear, reasonable, and consistent with other risk assessments of similar scope
prepared by programs across the Agency. Effective risk characterization is achieved through
transparency in the risk assessment process and clarity, consistency, and reasonableness of the
risk assessment product — TCCR. EPA’s Risk Characterization Handbook (USEPA, 2000a)
was developed to implement the Risk Characterization Policy.

The Congressional/Presidential Commission on Risk Assessment and Risk Management
(CRARM) was created by the Clean Air Act Amendments of 1990 and formed in 1994. Its
mandate was 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, designed to
prevent cancer and other chronic health effects that may result from exposure to hazardous
substances. More specifically, its mandate was to provide guidance on how to deal with residual
emissions from Section 112 hazardous air pollutants (HAPs) after technology-based controls
have been placed on stationary sources of air pollutants. In 1997, the Commission published its
report in two volumes (CRARM, 1997a; CRARM, 1997b). These discussed the importance of
better understanding and quantification of risks, as well as the importance of evaluating strategies
to reduce human and ecological risks.

EPA’s risk assessment principles and practices build on our own risk assessment
guidances and policies — such as the Risk Characterization Policy; Guidance for Cumulative
Assessment, Part 1: Planning and Scoping (USEPA, 1997a); the Risk Assessment Guidance for
Superfund, or RAGS (USEPA, 1989a, and subsequent updates); EPA’s Information Quality
Guidelines (USEPA, 2002a); and A Summary of General Assessment Factors for Evaluating the
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Quality of Scientific and Technical Information (USEPA, 2003a) — as well as the NAS, the
CRARM, and others’ concepts. It is understood that risk assessment provides important
information about the nature, magnitude, and likelihood of possible environmental risks to
inform decisions — principles that evolved out of these many efforts.

1.2 EPA Process for Evaluation of Risk Assessment Principles and Practices

1.2.1 Why Are We Conducting an Evaluation of Our Risk Assessment Principles
and Practices Now?

EPA constantly evaluates its risk assessment principles and practices, mostly via a
gradual refinement of particular practices that may not be overtly visible to the public. There are
times when EPA takes a concentrated, focused approach: for example, when revising a major
risk assessment guideline such as for cancer assessment. EPA conducts a wider, general review
of its risk assessment principles and practices occasionally to help strengthen core values and
increase its ability to make better decisions.

In early 2002, the position of the EPA Science Advisor was established. The Science
Advisor’s overarching responsibility is to coordinate and oversee the scientific activities of the
program and regional offices at EPA. Part of this responsibility is to ensure the best use of
science at the Agency and in its decisions. At the Science Advisor’s request, EPA staff began
looking at the Agency’s risk assessment practices and training with an eye to update them. When
the Office of Management and Budget (OMB) solicited comments on risk assessment practices
across the federal government (see section 1.2.4), we (EPA staff) took this as an opportunity to
concentrate on a wider review to evaluate current risk assessment practices across programs and
regions.

1.2.2 What Is the Purpose and Intent of This Staff Paper?

This staff paper was developed to give the EPA scientific and technical professional staff
an opportunity to present what we (EPA staff) believe are the current EPA risk assessment
principles and practices. The practices are presented in the context of the public comments
submitted to OMB. The paper’s purpose is first to open a dialogue among EPA risk assessors
and risk managers about Agency risk assessment practices. Then, as we engage the public, we
will continue the dialogue about how we can move forward together to clarify and, where
appropriate, strengthen our risk assessment practices.

The staff paper is intended for a wide audience of people who are very familiar with risk
assessment principles and practices -- risk assessors and risk managers within the EPA as well as
those outside EPA with knowledge of risk assessment practices. The discussion contained here
IS not meant to be a primer on risk assessment or an introduction for those not very familiar with
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these practices. Since the comments address complex and sometimes subtle nuances of risk
assessment, the staff paper attempts to deal with those comments and concepts at that level of
discussion.

1.2.3 Through What Process Is EPA Conducting This Evaluation?

Specifically for this evaluation, on June 17, 2003, an Agency-wide memorandum was
issued from three EPA senior managers (Jessica Furey, Associate Administrator for OPEI; Paul
Gilman, EPA Science Advisor and Assistant Administrator for ORD; and Stephen Johnson,
Assistant Administrator for OPPTS) to start this evaluation. The memorandum called for the
establishment of an Agency-wide workgroup, the Risk Assessment Task Force, to review risk
assessment principles and practices at the Agency. The Risk Assessment Task Force focused on
the practices, assumptions, defaults and principles identified in the comments sent to OMB (see
section 1.2.3 below), as well as issues identified from within EPA. Generation of this report on
the initial analyses of the Task Force (EPA staff) is the first step in a multi-step process. In the
future, EPA expects to communicate with stakeholders about the results of this staff evaluation
and give them opportunities for dialogue, in order to understand their concerns.

1.2.4 How Does the 2003 OMB Draft Report to Congress Relate to Our
Evaluation?

On February 3, 2003, OMB published in the Federal Register (FR) a request for
comments on its Draft 2003 Report to Congress on the Costs and Benefits of Federal
Regulations (USOMB, 2003a). In this FR notice, OMB also sought the public’s views on a
number of important issues pertaining to the practice of risk assessment. OMB received many
public comments and these were passed onto EPA. Our effort takes advantage of this
information as we review risk assessment principles and practices at the Agency.

OMB issued its final report to Congress on regulatory policy in September 2003
(USOMB, 2003b) based on the comments it received on the February draft report. The final
report presents findings on major federal rulemakings finalized over the previous 10 years,
specific regulatory reforms, guidance on regulatory analysis, homeland security proposals, and
Agency consultations with states and local governments. The report also deals with the concept
of precaution in U.S. approaches to risk assessment and management. OMB concludes that
precaution plays an important role in risk assessment and risk management, but precaution,
coupled with objective scientific analysis, needs to be applied wisely on a case-by-case basis.
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1.2.5 What Is the General Nature of the Comments on EPA Risk Assessment
Practices Submitted to OMB?

The vast majority of the comments can be generally summarized from the American
Chemistry Council (ACC) submission. ACC’s basic recommendations are not radical or
particularly new. They reiterate three points that can be found in the 1991 Executive Office of
the President document Regulatory Program of the United States Government (EOP, 1991):

a) Risk assessments should not continue an unwarranted reliance on “conservative
(worst-case) assumptions” that distort the outcomes of the risk assessment,
“yielding estimates that may overstate likely risks by several orders of
magnitude.”

b) Risk assessments should “acknowledge the presence of considerable uncertainty”
and present the extent to which conservative assumptions may overstate likely
risks.

c) EPA risk assessments must not “intermingle important policy judgments within
the scientific assessment of risk.” Rather, the “choice of an appropriate margin of
safety should remain the province of responsible risk-management officials, and
should not be preempted through biased risk assessments.”

On the other hand, various other comments submitted suggest that EPA risk assessments
do not fully address all risks. Generally, these latter comments relate to issues of cumulative and
aggregate risk. They state that EPA risk assessments concentrate on single chemical/stressor
risks, failing to account for multiple chemical/stressor exposures and other factors as life-stage,
lifestyle, and increased susceptibility of certain exposed populations. This practice would tend to
underestimate risk in real-world scenarios.

1.3 Organization of This Document
1.3.1 How Are the General Comments Addressed?

This document examines EPA risk assessment principles and practices in light of the
general comments outlined in the preceding section. The comments focus on issues of
conservatism in risk assessment (e.g., overstated/understated risks), use of rigid default
assumptions, poor transparency in the risk assessments we produce, and unacknowledged
uncertainty. The following chapters are designed to address these general comments (issues).
Chapter 2 deals with the issue of conservatism. Chapter 3 discusses the nature of uncertainty and
variability and how EPA deals with these in risk assessment. Chapter 4, on defaults and
extrapolations, discusses how assumptions can be used when chemical- and/or site-specific data
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are not available or are inadequate to use in performing a risk assessment. The next chapter,
chapter 5, approaches the use of site- and chemical-specific data. This chapter emphasizes the
Superfund approaches — many of the specific comments we received were specific to
Superfund.

Most of the comments EPA received focused on human health assessment. Many of the
principles and practices, though, apply to ecological health assessments as well. Chapter 6
briefly discusses and evaluates our ecological health assessments.

The last chapter, chapter 7, provides a summary of the Risk Assessment Task Force
conclusions and recommendations, with transparency in our risk assessment practices as a focus.

1.3.2 How Are the Specific Comments and Examples Addressed?

This document is organized to address the overarching issues of conservatism,
uncertainty, and transparency. However, many comments focused on specific risk assessment
principles and practices as well as specific chemical assessments as examples. We will not
discuss every specific comment in a “one to one” discussion, although there are some instances
in the following chapters for which specific examples are provided to illustrate a point. While
we will mention specific chemicals and specific rulemakings in the context of the general issues
discussion, we will not discuss individual chemical- or site-specific decisions, as these are
generally of high importance to many, are complex, and (in many cases) are still in active
interaction with interested stakeholders.

1.4  Other Components Impacting Risk Assessment, But Not Addressed in This
Document

1.4.1 What Impact Do the OMB and EPA Information Quality Guidelines Have
on EPA Risk Assessment Practices?

The OMB guidelines state that information needs to be “objective, realistic, and
scientifically balanced” (USOMB, 2002). EPA embraced the OMB guidance when developing
its Information Quality Guidelines (USEPA, 2002a). These guidelines point to our reliance on
the extensive use of peer review, the practices found in the various risk assessment guidelines
and the Risk Characterization Policy, and the Agency-wide use of EPA’s Quality System. These
EPA practices help ensure that information we use is objective, realistic, and scientifically
balanced. As we stress, EPA uses scientific peer review to help ensure the quality of the risk
assessments we generate and to keep the assessments as objective, and as consistent, as possible.
EPA’s Peer Review Handbook (USEPA, 2000b) stresses that peer review panels be balanced in
terms of their expertise and biases so that a reasonable and scientifically balanced review results.
Further, conflicts of interest need to be readily identified. The Risk Characterization Policy
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encourages presentation of all plausible viewpoints that are realistic and scientifically
supportable. In 1984, under EPA Order 5360.1, an Agency-wide Quality System was
established. In 2000, Agency-wide policies were defined in EPA Order 5360.1 A2 and EPA
Manual 5360 A1, which expanded the policy to accommodate current and evolving needs of the
Agency. EPA’s Quality System helps ensure that we stay objective in the use of information in
any assessment we generate (USEPA, 2000c, 2000d). In association with the Information
Quality Guidelines, we also developed general assessment factors related to quality issues
regarding scientific and technical information (USEPA, 2003a). One should take these
assessment factors into consideration as appropriate when evaluating the quality and relevance of
information, regardless of source.

Many parties believe that EPA risk assessment practices do not follow this guidance. We
believe EPA conducts risk assessments consistent with this guidance, as evidenced by some of
the efforts detailed in the paragraph above. We continually strive to publicly present our risk
assessment practices and guidance documents and subject them to peer review. Our Risk
Characterization Policy directs us to consider all scientifically plausible and supportable
viewpoints, but this information is only part of the full range of information risk managers use to
make a decision.

1.4.2 Why Is Peer Review So Important?

The value of scientific peer review in ensuring the quality of our scientific and technical
products is critical to EPA and is widely understood and accepted across the Agency.
Conscientious use of peer review is essential to the credibility of the risk assessments EPA uses
to support its decisions. Consistent Agency-wide application of peer review has been an EPA
priority for many years and continues to be so. Since issuing the peer review policy in 1993,
EPA has continually supported and strengthened the policy and practices of peer review, which
in turn have supported and strengthened our risk assessment principles and practices. For
example, peer review gave us an opportunity to seek expert review on many of the issues
highlighted in this document, such as the reasonableness of assumptions and methodologies used
in Agency risk assessments.

A peer review is a documented critical review of a specific scientific or technical work
product, conducted by qualified individuals (or organizations) who are independent of those who
performed the work (at a minimum, from a different office) but who are collectively equivalent
in technical expertise (i.e., peers). EPA’s Peer Review Handbook (2™ Edition; USEPA 2000b) is
one of the most advanced treatments of peer review for intramural research and
scientific/technical analysis of any federal agency. By utilizing the practices embodied in the
Handbook, EPA ensures the credibility and quality of the risk assessments we generate to support
Agency decisions.
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2. EPA RISK ASSESSMENT AND PUBLIC AND
ENVIRONMENTAL HEALTH PROTECTION

2.1 Public and Environmental Health Protection (“Public Health Protection”)

EPA’s risk assessments are conducted in support of its mission to protect public health
and the environment. Given the uncertainty, variability, and data gaps encountered when
conducting any risk assessment, a key objective for EPA's risk assessments is that they avoid
both underestimation of risk and gross overestimation of risk.

2.1.1 What Is EPA’s General Approach for Developing Risk Assessments?

Over the years, practices have been developed to assess risk based on available data and
information, and EPA has been at the forefront of much of this development. Risk assessment is
a complex process, requiring the integration of data and information across a broad range of
activities and disciplines, including source characterization, fate and transport, modeling,
exposure assessment, and dose-response assessment. EPA seeks to use the available information
(data) in an objective, realistic, and scientifically balanced way. In each specific assessment, the
Agency incorporates the relevant data and information to the extent possible (e.g., see chapter 5).
Where relevant chemical- and/or site-specific data are not available, EPA uses specific default
assumptions and extrapolations to fill in the data gaps and allow the risk assessment to proceed
(see chapter 4) so that the Agency can ultimately make the decisions required under its mandates.
This approach is consistent with the NRC’s recommendation about EPA’s use of defaults (NRC,
1994). In general, EPA’s default assumptions are based on peer reviewed studies, empirical
observations, extrapolation from related observations, or scientific theory.

2.1.2 What Is the “Conservatism” Issue in Terms of Public Health Protection?

Because of data gaps, as well as uncertainty and variability in the available data, risk
cannot be known or calculated with absolute certainty. Further, as Hill (1965) noted, a lack of
certainty or perfect evidence “does not confer upon us a freedom to ignore the knowledge we
already have, or to postpone the action that it appears to demand at a given time.” Therefore,
consistent with its mission, EPA risk assessments tend towards protecting public and
environmental health by preferring an approach that does not underestimate risk in the face of
uncertainty and variability. In other words, EPA seeks to adequately protect public and
environmental health by ensuring that risk is not likely to be underestimated. However, because
there are many views on what “adequate” protection is, some may consider the risk assessment
that supports a particular protection level to be “too conservative” (i.e., it overestimates risk),
while others may feel it is “not conservative enough” (i.e., it underestimates risk). This issue
regarding the appropriate degree of “conservatism” in EPA’s risk assessments has been a concern
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from the inception of the formal risk assessment process and has been a major part of the
discussion and comments surrounding risk assessment.

Even with an optimal cost-benefit solution, in a heterogeneous society, some members of
the population will bear a disproportionate fraction of the costs while others will enjoy a
disproportionate fraction of the benefits (Pacala et al., 2003). Thus, inevitably, different
segments of our society will view EPA’s approach to public health and environmental protection
with different perspectives.

The NRC in its 1994 report (NRC, 1994) examined the conservatism issue, particularly as
it relates to the default assumptions EPA uses. The Committee did not reach consensus on the
degree to which *“conservatism” should play a role in defining defaults. This issue was heavily
debated to the point where divergent views were offered, one advocating the principle of
“plausible conservatism” and the other the maximum use of scientific information in selecting
defaults. In general, EPA uses defaults that guard against underestimating risk while also being
scientifically plausible given existing uncertainty. EPA’s use of various default assumptions is
the basis for many of the differences of opinion about its risk assessment practices. This
concern, identified by the NRC in 1994, continues today as indicated by many of the comments
submitted to OMB.

The question of conservatism is heightened by the ambiguous definitions and uses of the
term *“conservatism” by the various concerned parties, including those that feel EPA
overestimates risk and those that feel the Agency systematically understates risks. Some of the
various concepts associated with term “conservatism” include prudence versus misestimation,
conservatism as a response to uncertainty or variability, “level of conservatism,” and “amount of
conservatism” (NRC, 1994).

2.1.3 Is Science Policy Utilized Within the Risk Assessment Process?

Science policy positions and choices are by necessity utilized during the risk assessment
process. Two major ways in which the risk assessment process uses science policy are described
below in this section. Note that the utilization of science policy in the risk assessment process is
not meant to “bury” or “hide” risk management decisions within the risk assessment. The use of
any policy choice needs to be transparent in a risk assessment. In addition, although science
policy is utilized in the risk assessment process, it is important to recognize that the policy
positions themselves are developed outside the risk assessment. These policy positions are
usually supported by scientific data and/or consensus and ensure that the risk assessment
proceeds in a way that best serves the needs of the decision maker and the Agency.

First, there are some basic, fundamental policy positions that frame the risk assessment
process to ensure that the risk assessments produced are appropriate for a particular decision.
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For example, since EPA is a health and environmental protective agency, EPA’s policy is that
risk assessments should not knowingly underestimate or grossly overestimate risks. This policy
position prompts risk assessments to take a more “protective” stance given the underlying
uncertainty with the risk estimates generated. Another framing policy position is that EPA will
examine and report on the upper end of a range of risks or exposures when we are not very
certain about where the particular risk lies. For example, in a screening-level risk assessment for
hazardous air pollutants (HAPS), the risk assessment starts with a 70-year exposure to assess an
individual most exposed (see section 2.2.7 for more discussion on this specific example).
Further, when several parameters are assessed, upper-end values and/or central tendency values
are generally combined to generate a risk estimate that falls within the higher end of the
population risk range. Currently, the use of the upper part of a range pertains more often to the
exposure component of the risk assessment than the hazard/dose-response portion. Many
comments to EPA suggest that the combining of upper ends leads to unreasonable estimates of
risk. We generally believe otherwise (e.g., see section 2.1.6), and we feel that this practice
should be explained clearly in the risk characterization to ensure that risk managers can make an
appropriate decision consistent with the Agency’s goal of public health and environmental
protection. These policy positions not only shape the risk assessment process, but are also a
factor in the decision making process outside the risk assessment.

Second, default assumptions utilized in any given risk assessment entail science policy
positions or choices. These science policy choices are more specific than the framing science
policies, but generally are consistent with the framing policies. For example, a change that is
considered adverse (i.e., associated with toxicity) in an animal study is assumed to indicate a
problem for humans unless data demonstrate otherwise. As discussed more fully in chapter 4
(particularly sections 4.1.1. and 4.1.2), default assumptions are generally supported by scientific
data and/or scientific consensus. Their use in risk assessments is to allow the risk assessment to
proceed when chemical- and/or site-specific data are missing or not useful.

Most importantly, any science policy position or choice used in the risk assessment
process does not direct the risk assessment itself toward a specific risk management decision,
e.g., the use of a specific risk estimate. Rather, the risk assessment informs the decision maker
about the potential risks and uncertainties around the risk estimate(s). These characterized risks
are then considered in light of the other factors before a decision is made (see section 1.1.3);
science policy is one of the factors that help a risk manager make a decision.

2.1.4 What Impact Does Statutory Language Have on EPA Risk Assessment
Practices for Public Health Protection?

The discretionary power afforded to agencies in making regulatory decisions varies
greatly (OSTP, 1995). EPA faces regulatory, licensing, and other decisions covering a wide
range of environmental issues and pollutants. These decisions are made within a number of EPA
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program offices, each responding to a unique mixture of statutes, precedents, and stakeholders.
Congress establishes legal requirements that generally describe the level of protectiveness that
EPA regulations must achieve and, infrequently, Congress imposes specific risk assessment
requirements. In addition, court precedents can affect how EPA considers assessments of risk.
Given this apparent variety of goals, the constraints within which those goals must be reached,
and the discretionary powers afforded, it is to be expected that decisions made in one EPA
program office, for one particular environmental issue, may appear at least on the surface to be
based on different risk considerations and/or public health protection goals from those used in
other EPA program offices and for other environmental issues. For example, there may appear to
be a variation from one EPA risk management decision to another in the way in that public health
protection goals have been balanced against other considerations such as technological
feasibility, precedent, and cost. However, overall, EPA generally interprets its statutes to be
protective of public health and the environment.

Apparent inconsistencies in risk assessment practices across EPA can stem from
differences in statutory language. For example, individual statutes identify varying risks to
evaluate and to protect against (e.g., establish a margin of safety; protect sensitive resources;
reduce overall risks) and mandate different levels of protection (e.g., protect public welfare;
prevent unreasonable risk; reduce overall risks; function without adverse effects). Examples
among major EPA program offices illustrate some of the different Congressional mandates
regarding risk assessment and risk management practices:

a)  Inthe case of threshold effects ... an additional ten-fold margin of safety for the
pesticide chemical residue shall be applied for infants and children ... (OPPTS;
FFDCA 8408 (b)(2)(C))

b)  The Administrator shall, in a document made available to the public in support of
a regulation promulgated under this section, specify, to the extent practicable:

1) Each population addressed by any estimate of public health effects;
2) The expected risk or central estimate of risk for the specific populations;

3) Each appropriate upper-bound or lower-bound estimate of risk ... (OW;
SDWA § 300g-1 (b)(3))

C) The Administrator shall ... [add] pollutants which present, or may present,
through inhalation or other routes of exposure, a threat of adverse human health
effects...or adverse environmental effects through ambient concentrations,
bioaccumulation, deposition, or otherwise but not including releases subject to
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regulation under subsection (r) of this section as a result of emissions to air...
(OAR; CAA 8112(b)(2))

d) ... Provide an ample margin of safety to protect public health or to prevent an
adverse environmental effect (OAR; CAA 8112(f)).

Similarly, individual statutory requirements regarding the appropriate level of protection
can have a significant impact on the focus (the purpose and scope) of a risk assessment, which
can lead to the appearance of inconsistency in risk assessment practices. Such requirements vary
across Agency programs; for example:

a) ... To assure chemical substances and mixtures do not present an unreasonable
risk of injury to health or the environment (OPPTS; TSCA 82(b)(3)).

b) ... Function without unreasonable and adverse effects on human health and the
environment (OPPTS; FIFRA 83).

C) ... Necessary to protect human health and the environment (OSWER; RCRA
83005 as amended).

d) ... Provide the basis for the development of protective exposure levels (OSWER;
NCP §300.430(d)).

e) ... Adequate to protect public health and the environment from any reasonably

anticipated adverse effects (OW; CWA 8405(d)(2)(D)).

Even the statutory language used for different statutes administered within one major office,
EPA’s Office of Air and Radiation (OAR), shows differences:

a) ... Protect public health with an adequate margin of safety (OAR; CAA §109).

b) ... Provide an ample margin of safety to protect public health or to prevent an
adverse environmental effect (OAR; CAA 8112(f)).

c) ... Protect the public welfare from any known or anticipated adverse effects
(OAR; CAA §109).

d) ... [Not] cause or contribute to an unreasonable risk to public health, welfare, or
safety (OAR; CAA 8202(a)(4)).
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e) ... Protect sensitive and critically sensitive aquatic and terrestrial resources (OAR,;
CAAA 8404 (Appendix B)).

f) ... Reduce overall risks to human health and the environment (OAR; Title VI of
CAA).

9) ... Actions to mitigate environmental and health risks (OAR; SARA Title IV).

For example, within OAR’s National Ambient Air Quality Standards Program, the
primary standards are health-based and do not consider costs or technological feasibility. The
secondary standards consider the impacts of pollutants on human economic well-being such as
visibility, agricultural productivity, and ecological impacts. Under the Clean Water Act, EPA’s
Office of Water (OW) publishes ambient water quality criteria based on protecting human health;
these risk assessments do not consider the cost or technological feasibility of meeting these
criteria. Under the Safe Drinking Water Act, OW conducts risk assessments to determine non-
enforceable Maximum contaminant level goals (MCLGs). OW then sets enforceable Maximum
contaminant levels (MCLs) as close as technically feasible to the MCLGs after taking costs into
consideration.

In its report on chemical risk assessment, the General Accounting Office, or GAO,
(USGAO, 2001) recognized how contextual differences in statutes may affect the focus of risk
assessments. By taking an overall public health protective stance (as a response to uncertainty
and variability), EPA’s approach to risk assessment takes into account the variety of language
found in the various statutes and allows some overall consistency in the Agency’s risk
assessment practices, while allowing specific EPA offices to follow their particular mandates.

2.1.5 Does EPA Take a Reasonable Approach to Public Health Protection?

Since uncertainty and variability are present in risk assessments, EPA usually
incorporates a “high-end” hazard and/or exposure level in order to ensure an adequate margin of
safety for most of the potentially exposed, susceptible population, or ecosystem. EPA’s high-end
levels are around 90% and above — a reasonable approach that is consistent with the NRC
discussion (NRC, 1994). This policy choice is consistent with EPA’s legislative mandates (e.g.,
adequate margin of safety, see section 2.1.4). Even with a high-end value, there will be exposed
people or environments at greater risk and at lower risk. In addition to the high-end values, EPA
programs typically estimate central tendency values for risk managers to evaluate. This provides
a reasonable sense of the range of risk that usually lies on the actual distribution.

When EPA has usable data which show that protection at a higher level (e.g., 99%) or
lower level (e.g., 90% or lower) is appropriate, then managers may use the information to make
the risk management decision. For example, exposure data used for risk assessment are
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frequently based on studies, such as controlled field trials for pesticides, that reflect high-end
exposures. Usually, the relationship between these levels and the actual levels to which people
are exposed is not known. This leads to uncertainty in estimates about the percentile of the
population exposed in a given assessment. Therefore, the risk management decision regarding
the percentile at which to regulate needs to consider how close the exposure data are likely to
approximate actual exposures in the population being considered. Typically, percentiles chosen
for pesticides regulation can range from possibly the 70" or 80™ percentile in situations (e.g.,
occupational) where it is known that use of the available data will clearly overestimate exposure
to the 99.9" percentile when the data are likely to closely approximate the population exposures
(e.g., specific dietary exposures).

Whatever hazard and exposure values are used to estimate risk, it is important to be
transparent in characterizing the range of possible risks. For example, if we identify certain
populations that will be at greater risk than the high end we propose, then it is important to
highlight these populations so decision makers can make appropriate decisions regarding their
possible risk. The risk assessment should not make that decision; it should characterize that risk
and who or how much is at risk. Consequently, managers may decide on a greater level of action
in a certain locale, if conditions warrant, than may be appropriate elsewhere. On the other hand,
risk assessments should also characterize the range of risk, including the lower levels of risk.
EPA’s policy is to characterize the range of risk and to also highlight exceptionally susceptible
populations (USEPA, 1995a, 2000a).

While the need for a full characterization of risk is stated in EPA’s policies and guidance,
the actual characterization in risk assessments may not be so explicit. Therefore, we may need to
more consistently characterize the range of risk and highlight susceptible populations in our risk
assessments. This greater transparency will help make the reasonableness of the estimated risk
for the exposed population or ecosystem more understandable. Related to this, the NRC pointed
out in 1994 that there is little empirical evidence to suggest that EPA’s potency, exposure, or risk
estimates are markedly higher than estimates embodying a reasonable degree of prudence (i.e.,
the conventional benchmarks of the 95" or 99" percentiles that statisticians use) (NRC, 1994).

2.1.6 What Happens When Default Assumptions Are Combined?

Some comments assert that EPA has so overemphasized conservatism that most risk
estimates are alarmingly false, meaningless, and unscientific. It should be noted that the use of
default assumptions does not render the process or results non-scientific. The basis of the
argument that EPA’s risk estimates are alarmingly false suggests that combining several values
(e.g., use of values at a default level of 95%) results in excessive overestimates of risk. For
example, it is implied that combining two 95" percentile defaults results in an estimate above the
99" percentile, that combining three 95" percentile defaults results in an estimate above the 99.9"
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percentile, and so forth. Suggestions have also been made that using the mean instead of the 95"
percentile in these types of calculations would result in a less conservative risk estimate.

However, the final distribution in these types of calculations is influenced differently by
the different inputs, and just multiplying the numbers as implied above will not lead to the
answers above. In estimating exposure or risk using percentiles, how much “influence” using a
particular 95" percentile value has in the ultimate exposure or risk calculation depends on more
than just its position in the percentile rankings. It depends also on the variability of the data
within the distribution for the input factors, the shape of the input distributions, and even the
number of data points. If all the input variables show the same variability, shape, etc., then the
above reasoning about compounding values is true. This is rarely the case in actual situations,
however.

For illustrative purposes, consider a case where the calculated exposure is a product of
several input factors. If most of these factors have little variability (e.g., the average lifetime of
70 years, or the volume of air breathed per day varies within plus or minus 25% for almost all the
population subgroups) and the concentration of a chemical that the population is exposed to
varies by three orders of magnitude, then the resulting percentile position of the calculated
exposure within the resulting exposure distribution will be much more influenced by which value
is selected from the input distribution of concentrations than it will be for which value is selected
for the other factors. Selecting the mean value for the concentration input value and 95"
percentile values for the others will result in a calculated exposure that is much closer to the
mean of the resulting distribution than the 95™ percentile (or higher), because the resulting
distribution is heavily influenced by the concentration input. Conversely, selecting the 95"
percentile from the concentration input distribution and the means of the others will result in a
calculated exposure that is close to the 95" percentile of the resulting exposure distributions.
Consequently, in the cases where all the input distributions are not the same in variability, where
the final estimate falls on the combined distribution depends on which input variable is selected
as 95™ percentile.

In fact, the example above is similar to the RME (reasonable maximum exposure)
calculated in Superfund assessments. Typically, the concentrations in environmental media are
highly variable and the other parameters are less variable. Selecting the mean of the
concentration distribution, while setting one or more of the other parameters at the 95™ percentile
value, usually results in an estimate that is reasonably conservative (with the acknowledgment
that each case, due to its unique data set, will be different).

An additional factor within the RME calculation is that the 95% upper confidence limit
(UCL) on the mean of the concentrations is used instead of the mean itself. Using the mean
concentration for an area with contaminated soil is in effect setting a scenario where it is equally
probable that the exposed individual will be at any given location in the area. When the site has
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“attractive nuisances” with higher concentrations, the risk assessor factors this into the
assessment. The coverage of the data set within the area affects the confidence in the mean
calculated from the data. For example, confidence in calculating the true mean for a one-acre site
with three data points will be much less than for a one-acre site with 300 data points. The 95%
UCL allows the assessor to have some confidence that the mean is not being underestimated for a
relatively sparse data set. On the other hand, for a robust data set, the 95% UCL will be quite
close to the mean itself, so it does not introduce appreciable additional conservatism into the
estimate of exposure. Further, the upper confidence limit on the mean is not the same as the 95"
percentile of observed concentrations.

For many other exposure calculations that EPA performs, the Agency’s 1992 Guidelines
for Exposure Assessment (USEPA, 1992a) provide specific guidance on how to construct
estimates using distributions of contributing factors, taking into consideration that the resulting
exposure estimate will be more sensitive to some factors than others. These guidelines suggest
that when exposure data or probabilistic simulations are not available, an exposure estimate that
lies between the 90" percentile and the maximum exposure in the exposed population be
constructed “by using maximum or near-maximum values for one or more of the most sensitive
variables, leaving others at their mean values” (USEPA, 1992a).

Nor is just using the mean instead of the 95" percentile necessarily less “conservative.”
A percentile distribution, such as the collection of data associated with soil concentrations on a
specific site, is an ordered series of data values. The values for the data may be such that the 95
percentile value may be higher or lower than the mean. While the mean of a data set is most
often below the 95" percentile, consider a data set of 100 soil samples in which 97 samples are at
the background level, 1 part per million (ppm), for a given pollutant, while the remaining
samples are at 50 ppm, 100 ppm, and 1,700 ppm. The 95" percentile of this data set is 1 ppm,
which is actually numerically indistinguishable from the minimum value; the mean, 1.947 ppm,
lies between the 96" and 97™ percentile. Consequently, use of the 95" percentile value in a
calculation instead of the mean does not necessarily make the calculation more — or less —
conservative. While the mean does indeed fall below the 95™ percentile for the vast majority of
cases EPA sees, the fact remains that mathematical manipulation of percentile data and selection
of values from percentile distributions for purposes of estimating resulting exposures in a given
scenario needs to be considered on an individual basis to determine the degree of “conservatism.”

Risk estimates often involve adding risks from various chemicals. This can be done by
adding doses for chemicals with the same mode of action (the approach used by EPA’s Office of
Pesticide Programs, or OPP), or it can be approximated by adding, for example, the resulting
single-chemical cancer risks for various chemicals (the approach EPA uses in permitting and in
its Superfund program). Adding individual chemical risks to estimate a combined, cumulative
risk presents several complexities (USEPA, 2003b). For example, chemical interactions, which
can lead to synergism or antagonism, are poorly understood. Also, there is a statistical
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complexity because the risks themselves are expressed as upper bound estimates of risk and not
most likely estimates. Cogliano (1997) showed that adding upper bound estimates may make the
resulting risk sums more conservative, but that the actual resulting risk values are not misleading
and are probably within a factor of 2 or 3 of the estimates that would result from calculating the
95% UCL of the sum of the most likely estimates. Cogliano states:

(A)s the number of carcinogens increases, the sum of upper bounds becomes increasingly improbable as an
estimate of overall risk. At the same time, however, the analysis shows that the sum of upper bounds is not
a misleading estimate of overall risk. Obtaining similar results for different case studies suggests that these
conclusions apply to more typical mixes of carcinogens.

Central estimates of the overall risk can differ from the sum of upper bounds by a factor of 2 - 5, as the ratio
between overall upper and lower bounds decreases ...

In conclusion, this analysis shows that sums of plausible upper bound risk estimates do provide useful
information about the overall risk from several carcinogens. The overall risk depends on the independence,
additivity, and number of risk estimates, as well as shapes of the underlying risk distributions.

In response to both uncertainty and variability, EPA develops risk estimates using default
assumptions based on empirical evidence or based on scientifically sound extrapolations.
Further, EPA risk assessments are in fact a combination of both high-end and central tendency
estimates. Consequently, the resulting risk estimates are expected to be on the high end of the
range of risks but within the range of plausible outcomes. The combination of default
assumptions is therefore reasonable, especially for independent factors, and does not result in
exaggerated estimates. On balance, while the resulting estimates are likely to be reasonable,
without a detailed uncertainty analysis it is not possible to determine where on the range of
plausible outcomes the estimates actually reside.

2.2 General Risk Assessment Approaches Used by EPA for Public and Environmental
Health Protection (“Public Health Protection”)

2.2.1 How Comprehensive Are EPA’s Risk Assessments?

EPA cannot perform a time- and resource-intensive risk assessment for every situation
and EPA decision. Consequently, for each risk assessment, EPA selects an approach that is
consistent with the nature and scope of the decision being made. The appropriate approach
depends on the needs of the decision maker and/or the role that risk information plays in the
decision, balancing uncertainty and resources. Even using the best models and data, uncertainty
is still inherent in the process. Given that uncertainty is inherent, there is a continuing tension
between improving our understanding in order to make a decision and the reality of limited
resources to perform the analysis and the desire for timely decision making. Figure 2-1
illustrates this risk assessment continuum and the balance of resources and uncertainty as the
assessment becomes more complex.
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Figure 2-1. The Risk Assessment Continuum

The following graphic illustrates that risk assessment can be performed with low levels of
data and relatively little effort to develop conservative estimates of risk. Depending on the
outcome and the needs of the risk manager, higher levels of analysis may be performed. Note
that as one moves up the risk assessment continuum, the data needs and costs also rise.

However, the quality of the result should also rise as well. (The following graphic is intended to
be illustrative of the concept of tiered approaches. The actual modifications to the risk
assessment that occur as the assessment is refined may vary from the sequence described here
and are dependent on study-specific circumstances. In addition, a tiered approach is not
prescriptive: one may begin with a screening-level assessment or begin with a higher level of
analysis, as needed.)

Add quantitative uncertainty/variability analysis

More refined exposure assessment (e.g.,
probabilistic exposure assessment)

More refined dispersion modeling and exposure
modeling

Simple dispersion model, no exposure modeling

Lookup Table
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2.2.2 Whom Is EPA Trying To Protect?

EPA typically cannot protect every individual but rather attempts to protect individuals
who represent high-end exposures (typically around the 90" percentile and above) or those who
have some underlying biological sensitivity; in doing so, EPA protects the rest of the population
as well. In general, EPA tries to protect sensitive individuals based on normal distribution of
sensitivities. EPA considers the most sensitive individuals where there are data, but does not
necessarily attempt to protect “hypersensitive” individuals. The degree to which sensitive
individuals are protected, or explicitly defined, may vary between programs based on factors
such as the need to balance risk reductions and costs as directed and constrained by statutory
authority. Programs may approach the problem semi-quantitatively (e.g., selecting individual
parameter values at specified percentiles of a distribution) or qualitatively (e.g., making
conservative assumptions to ensure protection for most individuals), though no overall degree of
protection can be explicitly stated.

2.2.3 Are Risk Assessment and Risk Management Separate?

At EPA, risk assessment (evaluation of the science) and risk management (decision
making, setting of policy) are not necessarily separate. We believe it is appropriate to involve
decision makers from the beginning, as they typically initiate requests for risk assessments or
analyses. Consequently, separating them entirely from the risk assessment process is neither
logical nor desirable. Also, risk assessments typically are coordinated with the evaluations of
economics, feasibility of remedies, and community concerns, for example, so that their results
can be factored into decisions. EPA’s Risk Characterization Handbook (USEPA, 2000a)
describes in detail the roles of the risk assessor and risk manager in the risk assessment process.
Further, the NRC report on understanding risk supports the concept that risk assessment is
conducted for the purpose of supporting risk management, and risk management considerations
shape what is addressed in a risk characterization (NRC, 1996).

Briefly, risk assessors are best qualified to understand the quality and nature of the data
and to use that data to determine what the risk is, who/what is affected, the level of comfort with
the conclusions, the uncertainty and variability inherent in the assessment, and the strengths and
weaknesses of the assessment. In other words, they are the best qualified to make the scientific
judgments necessary in risk assessments, including selecting models and data and assigning
defaults where data gaps exist. Risk managers are responsible for valuing the risk and determine
the amount of protection (as well as conservatism) to be applied in a decision. As a decision
maker, the risk manager integrates the risk assessment with other considerations in order to make
and justify regulatory decisions.

However, the comments point out that many of the default assumptions and policy
choices inherent in the risk assessment may frequently not be apparent to the risk managers. It is
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the role of the risk assessors to transparently characterize such details (e.g., default assumptions,
data selected, policy choices) so as to make clear the range of plausible risk. The risk managers,
in their role, should inquire about the use of defaults and the choices made, if not characterized
clearly, in order to be fully informed before using the risk assessment in making a decision.

2.2.4 How Do “Planning and Scoping” Help Environmental Risk Assessment?

In environmental risk assessments, planning and scoping are performed prior to the main
analytic work. This initial work defines the questions and issues to be addressed, the analysis
needed to address these questions/issues, and the knowledge and information needs of the
analysis.

Several general planning and scoping steps are relevant for many environmental risk
assessments (see below), but specific circumstances are also important. EPA’s recently
completed Framework for Cumulative Risk Assessment (USEPA, 2003b) provides some general
planning and scoping steps:

a) Defining the Purpose of the Assessment

b) Defining the Scope of Analysis and Products Needed

C) Agreeing on Participants, Roles and Responsibilities

d) Agreeing on the Depth of the Assessment and the Analytical Approach

e) Agreement on the Resources Available and Schedule

f) Problem Formulation

9) Developing the Conceptual Model

h) Constructing the Analysis Plan

Problem formulation is a systematic planning step, linked to the regulatory and policy
context of the assessment, that identifies the major factors to be considered in a particular
environmental assessment. The problem formulation process results in a conceptual model that
identifies the sources, stressors, exposed populations, and the relationships among them.

The conceptual model and the associated narrative show the basic rationale for the

decisions made concerning the course of action for the risk assessment. Specifically, the
conceptual model and associated narrative provide: (1) the scientific rationale for selecting the
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stressors, sources, receptors, exposed populations, exposure or environmental pathways, and
endpoints/effects; (2) the scientific, technical, economic, or sociologic basis for the conceptual
model; and (3) the scientific implications of additional data gathering.

The final stage in the planning and scoping process is the development of the analysis
plan (see discussion in USEPA, 1998a). This plan describes how hypotheses about the
relationships among the sources, stressors, exposure conditions, populations, and adverse
effects/endpoints presented in the conceptual model and narrative will be considered during the
risk analysis phase of the assessment. The plan includes a rationale for which relationships are to
be addressed and which methods and models will be used, and discusses data gaps and
uncertainties. The plan may also compare the level of confidence needed for the management
decision with the confidence levels expected from alternative analyses in order to determine data
needs and evaluate which analytical approach is best.

As stated in the EPA Science Policy Council’s 2002 Lessons Learned on Planning and
Scoping for Environmental Risk Assessments (USEPA, 2002b), formal planning and dialogue can
improve the final risk assessment product by making it more specific to the needs of decision
makers and other stakeholders. Many questions and issues may be candidates for consideration
and analysis in a risk assessment. Planning and scoping help define the boundaries of the
analytic work (i.e. “what’s in and what’s out” of the assessment), reducing ambiguities about
what can and cannot be done with assessment results, and helping to reduce analytic work to
manageable segments.

As important as how planning and scoping is done is that it is done. In general, planning
and scoping are performed, to some degree, for all assessments. However, they may not be
inclusive or explicit on all factors. For example, simplified analytical approaches have been
developed and implemented over time. For each of these methods or analytical approaches,
choices of what’s in and what’s out have already been made. These choices made may have been
explicit when these approaches were developed, but may have become accepted over time and
therefore no longer acknowledged. This may be especially true for the toxicity reference values.
Some of the criticisms related to these components may stem from the lack of explicit
characterizations of what they represent.

2.2.5 How Does EPA Use a Screening Risk Assessment?

Where data are sparse and uncertainty great, EPA carries out a screening risk assessment
that tends to use default assumptions to avoid underestimating risk. These screening assessments
typically provide high-end and bounding estimates. Pathways of trivial importance are then
eliminated, and the remaining estimates are refined. This approach either demonstrates with
minimal effort that no risk is large enough to consider reducing or, if that is not the case, it
eliminates further work on refining estimates for pathways or chemicals that are clearly not
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important. This is consistent with the NRC’s recommendation that EPA should use bounding
estimates for screening assessments to determine whether further analysis is necessary (NRC,
1994). If risks are not of concern even with these high-end or bounding screening estimates, then
one can be fairly confident that the risks are not of concern. However, if these screening tests
show that the risks are potentially of concern, then a more refined risk assessment may be
warranted that uses more detailed data, models, etc., though at greater expense. An example is
provided in section 2.2.7. These high-end screening assessments usually contain many default
assumptions since data are generally not available. However, when usable data are available,
they are considered instead of the defaults.

Many comments that focused on the screening assessments of risks may have
misunderstood the purpose of these assessments. For example, the degree to which default
assumptions are used in exposure assessments depends on the purpose of the assessment. By
their very nature, screening assessments are broad in scope and based on relatively sparse data.
In these cases, EPA attempts to clearly identify that the assessments are for screening purposes
and to explain the meaning of the results and the utility of the assessment in the context of
whatever decision is at hand.

2.2.6 'What Happens if EPA Identifies a Potential Risk That Needs To Be
Addressed After a Screening Risk Assessment?

When a screening assessment identifies the potential for a non-trivial risk, EPA decides if
pursuing that risk is appropriate based on its current priorities and available resources. If the
Agency decides to pursue the risk, more detailed, refined risk assessments are then performed,
though the degree of refinement (i.e., where the risk assessment falls along the continuum shown
in figure 2-1) depends on the type of decision, the available resources, and the needs of the
decision maker. For those pathways or chemicals that were shown to be non-trivial by bounding
estimates, we work to refine our estimates of exposure and dose. At this point we estimate
exposures, doses, and responses that fall on the distribution of actual exposures pertinent to the
population under study. In performing this continued analysis, we use a combination of data,
ranges of data, distributions of data, and assumptions about each of the factors needed to estimate
risk. Generally, we perform both central tendency and high-end estimates (and, increasingly, we
develop fully probabilistic risk distributions). Each of these estimates is surrounded by
uncertainty (perhaps unquantifiable); the degree of uncertainty depends on the quality and
comprehensiveness of the available data.

For the more refined assessment, EPA would like to use appropriate and available data to
generate a more data-based assessment. This poses great difficulty when the data are not
available and/or adequate. If data are simply not available, then we usually employ basic default
assumptions. More frequently, data are available but deemed inadequate by EPA. This creates a
potentially confrontational situation if the generator of the data claims the data are adequate.
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Peer review has been extremely helpful for determining the adequacy of the data, and EPA
makes extensive use of this process. When peer review judges the data to be inadequate, we
generally fall back on using defaults to help assess the risk. This situation probably is the basis
for many of the comments that EPA does not use current data and/or chemical- or site-specific
data. In fact, we do try to use the most relevant information as validated by peer review.

When exposure or dose estimates have sufficiently narrow uncertainty relative to the
needs of the decision maker, we can develop the final risk assessment. Otherwise, the data or
assumptions used usually have to be even further refined, if resources allow, in an attempt to
further reduce uncertainty and bring the estimated exposure or dose closer to the actual values in
the population. Refining the estimates usually requires that new data be considered. These data
may come from other studies in the literature, information previously developed for a related
purpose and adapted, or new survey, laboratory, or field data. The decision about which
particular parts of the information base to refine should be based both on which data will most
significantly reduce the uncertainty of the overall exposure or dose estimate of interest, and on
which data are in fact obtainable either technologically or within resource constraints. After
refinement of the estimate, we again determine whether the estimates provided will be sufficient
to answer the questions posed to an acceptable degree, given the uncertainties that may be
associated with those estimates. Refinements proceed iteratively until the assessment provides
an adequate answer for the decision maker within the resources available.

2.2.7 How Are High-End Exposures Reflected in EPA Evaluations?

Although populations experience a range (or distribution) of exposures, a number of
environmental statutes require that EPA consider those exposures at the high end of the
distribution when making certain decisions. Utilizing high end exposures as one component of
the risk decision making process helps to ensure equitable protection across an exposed
population (i.e., protecting a high end person in a population helps ensure protection of most of
the population).

One example of this is EPA’s approach for evaluating a population’s high end exposure
to hazardous air pollutants (HAPs). This has sometimes been referred to as evaluation of “the
porch potato” (i.e., the assumption that someone lives outdoors at the point of maximum
concentration at or beyond the fence line of a facility for 24 hours a day for a lifetime). This
section discusses the statutory and analytical frameworks that provide the basis for EPA’s risk
assessments for HAPs pursuant to certain provisions of the Clean Air Act (CAA).
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What Is the Statutory Basis for EPA’s Selection of Exposure Scenarios When Assessing
Hazardous Air Pollutant Risks?

The Clean Air Act identifies the risk to the individual most exposed (IME) as the risk of
interest when making certain decisions about the regulation of HAPs. Specifically, the 1990
CAA Amendments direct EPA to consider risk to the IME when determining whether a source
category may be deleted from the list of sources of HAPs (Section 112(c)(9)(B)(i)), and when
determining whether residual risk standards are necessary (Section 112(f)(2)(A)). Residual risk
standards are the mechanism that Congress provided EPA for addressing public health and
environmental risks that may remain after the regulated community has implemented technology-
based standards for the control of HAPs.

In addition, Section 112(f)(2)(B) of the 1990 CAA Amendments incorporates by
reference the use of a two-step risk assessment framework for setting residual risk standards
under Section 112(f)(2)(A). (Note: EPA has not yet proposed any residual risk standards, but is
working on a number of residual risk determinations and expects to issue the first proposal in
2004.) The two-step framework was articulated in EPA’s 1989 Benzene NESHAP (54 Federal
Register 38044) and consists of:

1)  Afirst step, in which EPA ensures that risks are “acceptable.” As explained in the
Benzene NESHAP, in this step EPA generally limits the maximum individual risk,
or “MIR,” to no higher than approximately 1 in 10 thousand. The benzene
NESHAP defines the MIR as the estimated risk that a person living near a plant
would have if he or she were continuously exposed to the maximum pollutant
concentrations for a lifetime (70 years).

2) A second step, in which EPA establishes an “ample margin of safety.” In this
step, EPA strives to protect the greatest number of persons possible to an
estimated individual excess lifetime cancer risk level no higher than
approximately 1 in 1 million.

In judging whether risks are acceptable and whether an ample margin of safety is
provided, the benzene NESHAP states that EPA will consider not only the magnitude of
individual risk, but “the distribution of risks in the exposed population, incidence, the science
policy assumptions and uncertainties associated with the risk measures, and the weight of
evidence that a pollutant is harmful to health.” Therefore, decisions under Section 112(f)(2)(A)
typically will include consideration of both population risk and individual risk, as well as other
factors. (Note that the ample margin of safety analysis in the second step of the residual risk
framework also includes consideration of additional factors relating to the appropriate level of
control, “including costs and economic impacts of controls, technological feasibility,
uncertainties, and any other relevant factors.”)
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What Analytical Framework Does EPA Use to Estimate the “IME” and “MIR?”

Risk assessment for air toxics involves using models to estimate HAP concentrations in
air (and other media, as necessary), and then combining these HAP concentrations with other
exposure assumptions and measures of pollutant toxicity to estimate risk (usually
deterministically). As a result, OAR’s risk estimates are ultimately a function of the values
selected for numerous parameters, including: HAP-specific emission factors, meteorological
parameters (e.g., wind speed, wind direction, precipitation, temperature), stack parameters (e.g.,
height, diameter, temperature, exit velocity), distance to receptor, and duration of exposure (e.g.,
residential occupancy period).

The exposure scenario that EPA uses to estimate the MIR is provided in the Benzene
NESHAP. The Benzene NESHAP specifies that the MIR be based on exposure to the maximum
pollutant concentrations for 70 years. The Benzene NESHAP indicates that it is appropriate to
account for habitability when identifying the location of maximum pollutant concentrations.
Therefore, EPA may characterize the maximum off-site annual average concentration in
habitable areas (e.g., excluding such areas as lakes) to estimate the MIR.

OAR typically uses a tiered analytical approach when estimating risk to the IME. As
discussed above, because there are many parameters that influence an individual’s exposure, it is
not possible to identify the actual individual in the population who is most exposed. OAR
recognizes, however, that it is very unlikely that there exists an individual who should be
characterized using the worst-case values of all exposure and toxicity parameters. Nevertheless,
a tiered analysis often begins with a “worst-case” or bounding analysis that generally sets
parameters at values that maximize the estimate of risk (e.g., exposure is assumed to continue for
a lifetime). If risks estimated using such an analysis are not of concern, then there is no need to
refine the analysis further, and EPA may proceed with the appropriate action (i.e., EPA may
delete the source pursuant to 112(c)(9)(B)(i) or make a determination not to propose residual risk
standards under 112(f)(2)(A)). If risks estimated in the initial analysis are of potential concern,
analysts may make successive refinements in modeling methodologies and input data to derive
successively less conservative, more realistic, estimates of the risk to the IME.

In refining the risk estimate for the IME, the exposure assumptions for which OAR has
the best alternative information generally are modified first. For example, where facility-specific
information is available, OAR will use the actual locations of residences (e.g., placing the
receptor in the geographic center of a populated census block near a facility) to estimate the
concentrations of HAPs in air. OAR also may conduct additional data gathering and analysis to
further refine the characteristics of the actual emissions and emission points. The goal of
successive tiers of the analysis is to start with a bounding or worst-case exposure estimate and
then move away from the worst-case parameters until the combination of parameter values
represents, in the judgment of the assessor, the exposure experienced by the individual in the
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population who is most exposed. However, where the risk estimates are below the level of
concern, there is no need to conduct additional analysis to refine the estimates further, even if the
estimates might still overestimate the risk to the individual in the population who is most
exposed.

As described above, the risk estimate is a function of the values of a number of
parameters. In refining the bounding or worst-case risk analysis, OAR has not modified the
assumption of 70-year, 24-hour per day, outdoor exposure. Although OAR recognizes that the
majority of people do not reside outdoors and in one location for their entire lives, and that there
is a general trend of increased population mobility, OAR believes that the data available for
refining assumptions for exposure duration and frequency are less certain than the data available
for refining other parameter values. For example:

a) Residential occupancy periods may be influenced by factors (e.g., economic,
geographic) that may cause local population mobility patterns to differ from
national estimates of population mobility.

b) If a source of concern occurs in the majority of communities in the country, then it
is possible that an individual may be exposed to the source for a longer period of
time than one might predict using national estimates of population mobility. That
is, even though an individual moves, the individual’s new residence may be
located near a similar source of concern.

C) If a single source impacts a large geographic area, then it is possible that an
individual may move or travel from one point of exposure to the source to another
point of exposure to the same source.

d) Exposure to HAPs may not diminish when individuals are indoors. Empirical
data for many pollutants show that long-term average indoor concentrations of
outdoor air pollutants are roughly equivalent to long-term average outdoor
concentrations of those pollutants (e.g., Sexton et al., 2004).

Moreover, OAR is cognizant that NRC acknowledged some of these issues in its 1994 report,
which recommended that: “EPA should use the mean of current life expectancy as the
assumption for the duration of individual residence time in a high-exposure area, or a distribution
of residence times which accounts for the likelihood that changing residences might not result in
significantly lower exposure. Similarly, EPA should use a conservative estimate for the number
of hours a day an individual is exposed, or develop a distribution of the number of hours per day
an individual spends in different exposure situations.”
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3. UNCERTAINTY AND VARIABILITY

3.1 Overview

Uncertainty and variability exist in all risk assessments. Even at its best, risk assessment
does not estimate risk with absolute certainty. Thus, it is important that the risk assessment
process handle uncertainties in a predictable way that is scientifically defensible, consistent with
the Agency’s statutory mission, and responsive to the needs of decision makers (NRC, 1994).
Instead of explicitly quantifying how much confidence there is in a risk estimate, EPA attempts
to increase the confidence that risk is not underestimated by using several options to deal with
uncertainty and variability when data are missing. For example, in exposure assessment, the
practice at EPA is to collect new data, narrow the scope of the assessment, use default
assumptions, use models to estimate missing values, use surrogate data (e.g., data on a parameter
that come from a different region of the country than the region being assessed), and/or use
professional judgment. The use of individual assumptions can range from qualitative (e.g.,
assuming one is tied to the residence location and does not move through time or space) to more
quantitative (e.g., using the 95" percentile of a sample distribution for an ingestion rate). This
approach can also fit the practice of hazard assessment when data are missing. Confidence in
ensuring that risk is not underestimated has often been qualitatively ensured through the use of
default assumptions.

EPA has been increasingly concerned about characterizing uncertainty in its risk
estimates. EPA’s 1986 set of Risk Assessment Guidelines explicitly stated the importance of
characterizing uncertainty. EPA’s Exposure Assessment Guidelines developed this theme further
for the exposure assessment part of risk assessment. EPA’s Risk Characterization Policy
provided even more direction for describing uncertainty in risk estimates. For probabilistic
analysis specifically, EPA made significant efforts in recent years to use probabilistic techniques
to characterize uncertainty; these include the March 1997 Guiding Principles for Monte Carlo
Analysis (USEPA, 1997b), the May 1997 Policy Statement (USEPA, 1997c¢), and the December
2001 Superfund document Risk Assessment Guidance for Superfund: Volume IIl — Part A,
Process for Conducting Probabilistic Risk Assessment (USEPA, 2001a)

3.2 Uncertainty and Variability
3.2.1 What Is Uncertainty?

Uncertainty can be defined as a lack of precise knowledge as to what the truth is, whether
qualitative or quantitative.
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Numerous schemes for classifying uncertainty have been proposed. The preferred
approach of the NRC (1994) focused on two broad categories: parameter uncertainty and model
uncertainty. These are defined below in sections 3.2.2 and 3.2.3.

3.2.2 What Is Parameter Uncertainty?

Risk assessments depict reality interpreted through mathematical representations that
describe major processes and relationships. Process or mechanistic models use equations to
describe the processes that an environmental agent undergoes in the environment in traveling
from the source to the target organism. Mechanistic models have also been developed to
represent the toxicokinetic and toxicodynamic processes that take place inside the organism,
leading to the toxic endpoint. The specific parameters of the equations found in these models are
factors that influence the release, transport, and transformation of the environmental agent, the
exposure of the target organism to the agent, transport and metabolism of the agent in the body,
and interactions on the cellular and molecule levels. Empirical models are also used to define
relationships between two values, such as the dose and the response. Uncertainty in parameter
estimates stem from a variety of sources, including:

a) Measurement errors:

1)  Random errors in analytical devices (e.g., imprecision of continuous
monitors that measure 