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Abstract: The US Environmental Protection Agency (EPA) has developed a
framework for human health risk assessment to inform decision making. The
National Research Council, in Science and Decisions, recommended that EPA
adopt a framework for risk-based decision making, which maximises the utility
of risk assessment. The framework considers the NRC’s recommendations and
builds upon existing agency guidance by emphasising the need to design risk
assessments to provide information most applicable to the decision-making
process. The framework ties together existing human health guidance, is
flexible to accommodate the range of assessments conducted across the agency
as well as future advances in risk assessment science, and considers
overarching themes including environmental justice and susceptible lifestage
risk. The framework integrates the concepts of planning and scoping and
problem formulation and provides for incorporation of stakeholder involvement
and peer review.

Keywords: risk assessment; decision-making; science and decisions; risk
assessment design, risk assessment utility.
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1 Introduction

Risk assessment has informed decisions made to protect human health and the
environment since the inception of the US Environmental Protection Agency (US EPA).
The Framework for Human Health Risk Assessment to Inform Decision Making
(Framework) (US EPA, 2014) draws on Agency experience and addresses the
recommendations on risk assessment process from the National Research Council’s
(2009) report, Science and Decisions: Advancing Risk Assessment, also known as the
Silver Book. This Framework seeks to address Silver Book recommendations on the
design of risk assessments and opportunities for improving their utility. The Framework
draws on a considerable body of additional expert advice, beginning with the NRC’s
(1983) report, Risk Assessment in the Federal Government: Managing the Process
(commonly referred to as the Red Book), followed by the NRC’s (1994) report, Science
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and Judgment in Risk Assessment (commonly referred to as the Blue Book), and
principles from the agency’s extensive human health risk assessment guidance. In US
EPA (1984), the agency issued Risk Assessment and Management: Framework for
Decision Making, which first articulated EPAs risk assessment framework. Shortly
thereafter EPA began issuing a series of risk assessment guidelines for various aspects of
risk assessment (e.g., cancer, chemical mixtures, developmental toxicity, exposure
assessment, mutagenicity, neurotoxicity, and reproductive toxicity) (US EPA 1986a,
1987, 2005, 1986¢, 2000a, 1991a, 1992a, 1986b, 1998a, 1996). EPAs efforts to advance
risk assessment practice have been in parallel with many other efforts including those of
the World Health Organization/International Programme on Chemical Safety, the
International Life Sciences Institute and the Alliance for Risk Assessment (Pastoor et al.,
2014; Dourson et al., 2013; Munns et al., 2003; Birnbaum et al., 2001).

In emphasising the planning aspects of risk assessments, the framework builds on
principles of EPAs 1997 Guidance on Cumulative Risk Assessment: Part 1: Planning and
Scoping, which described an approach where risk assessors and managers work together
to plan the purpose, scope, and technical approach for risk assessments
(US EPA, 1997). The 1997 guidance augmented the Agency’s 1995 Guidance for Risk
Characterization (US EPA, 1995) by emphasising the need for providing a transparent,
clear, consistent and reasonable basis for any assessment, as well as encouraging a formal
problem formulation exercise for all risk assessments. In 1997, the agency also published
the Framework for Ecological Risk Assessment (US EPA, 1992b) and subsequently
released the Guidelines for Ecological Risk Assessment (US EPA, 1998a), which
incorporated planning and scoping into the ecological risk assessment process. In 2003,
the Framework for Cumulative Risk Assessment (US EPA, 2003a) further built on these
documents in formulating a flexible structure for conducting a risk assessment to evaluate
cumulative human health or ecological risk. In 2006, the agency published A Framework
for Assessing Health Risk of Environmental Exposures to Children, which applied this
general structure in describing risk assessments focused on evaluating potential risks
arising as a result of early life exposure (US EPA, 2006).

The Framework highlights the interaction between risk assessment and decision
making, focusing on optimising the utility of a risk assessment to aid in making choices
among options. In this context, a well-conducted, useful risk assessment is one that
specifically fits its intended purpose. In addition, the context (e.g., regulatory decision
making) will affect the risk assessment in many ways. It is important to note, however,
that EPA maintains the conceptual distinction between risk assessment and risk
management, as described in the Red Book (NCR, 1983); the Framework does not allow
for the manipulation of the risk assessment to support predetermined policy or
management choices. As articulated by the NRC (2009) in the Silver Book, “[T]he
conduct of risk assessments used to evaluate the risk-management options [is] in no way
to be influenced by the preferences of risk managers”.

The Framework describes a process for conducting human health risk assessments
that are responsive to EPAs decision-making needs while providing an organising
structure for implementing existing and future EPA guidance on human health risk
assessment. Rather than establishing new guidance, the Framework compiles existing
Agency policy, guidance and guidelines into a single coherent document. The
Framework highlights the role of planning and scoping in designing a risk assessment
that serves its intended purpose, as well as the importance of scientific peer review and
public, stakeholder and community involvement. The Framework moves the agency
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forward in harmonisation of human health and ecological risk assessment methodology.
The Framework is designed to promote and increase the transparency of the EPA human
health risk assessment processes, following the general principles presented in Table 1.

Table 1 General principles of the Framework for Human Health Risk Assessment to Inform
Decision Making

o A risk assessment should be fit for its intended purpose.
o A risk assessment should state its purpose, context and scope clearly.

e Risk assessments should be based on exposure scenarios that are consistent with the purpose
and context. As appropriate, they should include consideration of susceptible population
groups and life stages.

¢ Risk assessments should follow an acceptable, overtly logical path, employing common sense
and sound judgment in applying relevant guidance.

o All steps, key assumptions, limitations and decisions, as well as associated rationales.

Source: US EPA (2014)

1.1 Fit for purpose

Risk assessments at EPA are performed to inform decisions. Thus, while planning and
performing the analyses, it is important to confirm that the assessment will address the
information needs of the decision makers. In the Silver Book (NCR, 2009), the NRC
recommended the use of a framework that “maximizes the utility of risk assessment,”
with a focus on assuring that risk assessments are well-tailored to the problems and
decisions at hand so to inform the decision-making process most meaningfully. In the
Framework, EPA introduces the concept of ‘fit for purpose’ to characterise risk
assessments designed to maximise the utility of risk assessments for agency decision
making. Associated work outside of the Agency addressing ‘fit for purpose’ has been
conducted through a workshop series under the auspices of the Alliance for Risk
Assessment (Meek et al., 2013).

The utility of a risk assessment is not evaluated as a separate step in the process or in
a final check that occurs once the risk assessment is completed. Instead, consistent with
the NRCs emphasis on consideration of a decision maker’s needs early in the process, the
Framework emphasises attention to utility throughout the process, beginning with
planning and scoping, and including a specific focus on the applicability of the risk
assessment for informing decisions. This is done through focused planning and problem
formulation, as well as during the process, to ensure that the informational needs for the
decision makers are met by the information being generated by the assessment. The
overarching questions in addressing ‘fit for purpose’ are these:

e Does the assessment inform choices among options?

e  Will the risk assessment need to be changed or expanded to discriminate between
options?

Questions to consider in evaluating the usefulness of the risk assessment design and its
implementation include those listed below:
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e Does the risk assessment design meet the objectives?

e Does the assessment, as implemented, meet the initial objectives, and is it consistent
with the planned attributes? If the initially identified objectives or attributes have
been modified, does the assessment incorporate the modifications?

e Ifthe assessment requires peer review, has this been done appropriately, and have
the issues raised during the peer review been addressed adequately?

e  How will the results of the risk assessment be communicated to decision makers and
stakeholders?

Depending on the answers to these and other questions, additional or revised analyses

may be considered in the assessment in order to address the specific options being
considered.

1.2 Framework overview
The main elements of the Framework as shown in Figure 1 are:

Figure 1 Framework for human health risk assessment to inform decision making
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e planning and scoping and problem formulation

e public, stakeholder and community involvement

e risk assessment including exposure and effects assessment and risk characterisation
e informing decisions.

EPA risk assessments address overarching themes including children’s environmental
health protection, cumulative risk assessment, environmental justice and sustainability.
These overarching considerations may not affect all analyses; early consideration and
discussion of these issues, however, can enhance the utility of the risk assessment. These
considerations alternatively or additionally may receive particular attention in the risk
management arena, depending on the decision context. Such attention may be
independent of a risk assessment and may require additional data to address one or more
of the overarching considerations.

The risk assessment may be evaluated via independent peer review and may receive
input from public, stakeholder and/or community involvement, recognising that
approaches for addressing these different audiences will vary among assessments.
Independent peer review helps to ensure the integrity and quality of the scientific and
technical aspects of the risk assessment.

2 Initiation of the risk assessment process

The Silver Book (NCR, 2009) noted that the risk assessment process begins with a
decision to conduct a risk assessment based on a ‘signal’ of potential harm. The initiation
of the EPA risk assessment occurs within a larger decision-making process. It is
important that planning for the risk assessment include consideration of the decisions that
the assessment is being conducted to inform. International Life Sciences Institute’s
(ILSIs) RISK21 project addresses problem formulation, utilising existing information,
and initiation of the risk assessment process focused on exposure rather than toxicity
(Pastoor et al., 2014).

2.1 Planning and scoping

Planning and scoping is an important first step to ensure that each risk assessment has a
clear purpose and well-defined vision and is critical to producing a sound risk assessment
that serves its intended purpose (NCR, 2009; Presidential/Congressional Commission on
Risk Assessment and Risk Management, 1997a, 1997b; US EPA, 1997, 1998b, 2000b,
2002a, 2003a, 2006). Questions addressed in the planning and scoping step (derived from
US EPA, 1997) are as follows:

e  What are the overall purposes and general scope of the risk assessment? Are there
legal limitations or other legal considerations? If so, what are they?

e  What risk assessment products (quantitative and qualitative) are needed by
management for informed decision making? What is needed for other analyses (e.g.,
economic analysis)?
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e  What resources are required, available or pending? Resources could include data or
models, funding, personnel, expertise and/or coordination with other organisations.

e  Who will be involved in conducting the risk assessment, and what are their roles
(e.g., technical, legal, or stakeholder)?

e  What schedule will be followed? This will include provision for timely input to the
decision-making process including internal and independent external peer review,
where appropriate.

In general, planning and scoping provides the opportunity for decision makers, risk
assessors and others interested in the process to consider the context in which the risk
assessment is being conducted and the purpose(s) for which the results will be used. In
this stage, risk assessors and decision makers discuss the options to be considered along
with any aspects of the risk assessment design for which there are policy implications.
Planning and scoping results in a common understanding of the boundaries for the risk
assessment and the process for how it will be conducted.

2.2 Problem formulation

Problem formulation systematically identifies the major factors to be considered in the
assessment. It draws from the regulatory, decision making and policy context of the
assessment and informs the assessment’s technical approach. EPAs Guidelines on
Ecological Risk Assessment defines problem formulation as the analytical phase of the
assessment in which “the purpose for the assessment is articulated, the problem is
defined, and a plan for analyzing and characterizing risk is determined” [US EPA,
(1998b), p.2]. The formalisation of this step is significant in harmonising human health
and ecological risk assessment across EPA and key in ensuring that risk assessments are
“fit for purpose’.

The outcomes of problem formulation are the conceptual model and analysis plan.
The conceptual model, through the use of a written description and visual representation,
identifies the stressor(s), the exposed population(s) and the endpoint(s) that will be
addressed in the risk assessment, as well as the relationships among them. The analysis
plan, which describes the approach for the risk assessment and how it will address the
Agency’s needs, is developed in light of the conceptual model, any programmatically
established assessment endpoints, and other planning considerations.

3 Public, stakeholder and community involvement

Effective public involvement can enhance the deliberative process and improve the
content of the Agency’s decisions (US EPA, 2003b). It provides EPA with the
opportunity to obtain and consider a range of views on the issue being assessed, as well
as on the options being considered. The Framework calls for public, stakeholder and
community involvement at key points in the risk assessment process. The timing,
frequency and level of involvement will depend on a number of factors, including
regulatory requirements, the nature of the decision, and community, stakeholder and
public interest.
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EPAs Public Involvement Policy [US EPA, (2003b), p.1] states that “EPA staff and
managers should seek input reflecting all points of view and should carefully consider
this input when making decisions.” In addition, the policy states that “EPA should not
accept any recommendation or proposal without careful, critical examination” [US EPA,
(2003b), p.1].

Individuals and groups decide for themselves whether, when and how to participate.
It is recognised that not everyone chooses to be an active participant in providing input
(e.g., facts, data, opinions) to policy or regulatory decisions of the agency.

4 Risk assessment

Risk assessments conducted for EPA range from relatively simple to complex, depending
on factors including the decision being made and the availability of relevant data. The
analyses that contribute to a risk assessment may range from those based on default
assumptions to more refined analyses that include site-specific information and
quantitative uncertainty assessment, consistent with agency policies and guidance
(US EPA, 1992a, 2005, 2011a). Planning and scoping identifies the level of assessment
appropriate for the needs of the decision maker and the role that risk information plays in
the decision. The assessment is then structured around the conceptual model and analysis
plan generated in problem formulation. The steps in risk assessment often are performed
together, in an integrative fashion, rather than as a linear or sequential process. As
information is developed and preliminary conclusions are drawn, it is not uncommon to
revisit data needs or revise the conceptual model and analysis plan.

4.1 Exposure assessment

Exposure assessment is one of the primary components of risk assessment; it describes
how humans come into contact with hazards (Cohen-Hubal et al., 2011; IPCS, 2004). The
approaches employed for this component may vary across risk assessments to reflect
considerations described in the conceptual model and analysis plan, as well as regulatory
needs. The Guidelines for Exposure Assessment provides principles, concepts and
methods used by EPA in evaluating exposures (US EPA, 1992a). The use of exposure
science have been instrumental in forecasting, preventing and mitigating exposures that
lead to adverse human health outcomes (Cohen-Hubal et al., 2010). Exposure assessment
addresses the intensity and duration of human contact with different types of stressors
(e.g., chemical, physical, and biological) and their fate in living systems, including
vulnerable populations and susceptible life stages (NCR, 2012).

A key aspect of all exposure assessments is the consideration of the potential
existence of susceptible or more highly exposed populations or lifestages. Based on
considerations and decisions in the conceptual model, quantitative exposure assessments
may include the development of estimates specific to these populations or life stages
(Firestone et al., 2007; Firestone, 2010). EPAs Exposure Factors Handbook and
Child-Specific Exposure Factors Handbook provide a compendium of exposure factors
for a number of parameters for adults and children, including such metrics as ingestion of
soil, time spent in residence, surveys of fish ingestion, ingestion of homegrown products
and inhalation rates (US EPA, 2008, 2011a; Phillips and Moya, 2014).
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4.2  Effects assessment

In human health risk assessment, the characterisation of effects includes hazard
identification and dose-response assessment. The approaches employed for these
components vary across different risk assessments and will reflect considerations
described in the conceptual model and analysis plan.

Hazard identification is the process of identifying the type of human health hazard
(e.g., cancer and birth defects) that might result from exposure to a substance of interest
for a given risk assessment. Hazard identification for most agency risk assessments
focuses on chemical agents, though EPA may also look at other stressors (e.g., chemical,
biological, social or physical) (US EPA, 2003a). In the case of chemical agents, the
process examines the available scientific data for a given chemical (or group of
chemicals) and develops a characterisation of hazard. This requires identifying,
evaluating and synthesising information to describe the health effects of individual
chemicals or chemical mixtures. Studies evaluated may include human clinical or
epidemiological studies, in vivo or in vitro laboratory animal studies, or mechanistic or
kinetic studies in a variety of test systems. In recent years, risk assessors have begun to
consider additional types of data during hazard identification, for example, those from
computational toxicology (quantitative structure-activity relationships, high-throughput
assays) and genomic response assays. Other data types may be identified in the future.
Key aspects of hazard identification include consideration of available information on
toxicokinetics (i.e., how the body absorbs, distributes, metabolises and excretes
chemicals) and toxicodynamics (i.e., the effects that chemicals have on the body), as well
as potential modes of action (or toxicity pathways) related to the health effects identified.

In hazard identification, the strengths and limitations of the data and information used
to support the weight of evidence are described, including areas for which data may be
unavailable (data gaps). In situations where a quantitative risk assessment is to be
performed, a particular study or group of studies may be identified for use in dose-
response assessment.

Dose response characterises the relationship between the exposure or dose of a
contaminant and the occurrence of particular health effects or outcomes. Drawing from
the conceptual model and analysis plan, the dose-response assessment (US EPA, 2012)
may be developed using a combination of data, science policy decisions and models. The
assessment also may include the derivation of an established metric, such as an oral
reference dose and inhalation reference concentration and an oral slope factor and
inhalation unit risk (for cancer effects) (US EPA, 2002b).

4.3  Risk characterisation

Risk characterisation integrates exposure assessment and effects assessment into
quantitative and qualitative estimates of risk for the evaluated population(s) (US EPA,
2011b). The Agency’s Risk Characterization: Science Policy Council Handbook
(US EPA, 2000b) describes risk characterisation as the step that “integrates information
from the preceding components of the risk assessment and synthesizes an overall
conclusion about the risk that is complete, informative, and useful for decision makers”.
Risk characterisation restates the scope of the assessment, expresses results clearly,
articulates major assumptions and uncertainties, identifies reasonable alternative
interpretations, and separates scientific conclusions from policy judgements (US EPA,
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2011b). EPA’s risk characterisation policy calls for conducting risk characterisations in a
manner that is consistent with the following principles:

e  Transparency: The characterisation should fully and explicitly disclose the risk
assessment methods, default assumptions, logic, rationale, extrapolations,
uncertainties, and overall strength of each step in the assessment.

e Clarity: The products from the risk assessment should be readily understood by
readers who were involved and not involved in the specific risk assessment process.
Documents should be concise, be free of jargon, and use understandable tables,
graphs and equations as needed.

e Consistency: The risk assessment should be conducted and presented in a manner
that is consistent with EPA policy and other risk characterisations of similar scope
prepared across programs within EPA.

e  Reasonableness.: The risk assessment should be based on sound judgement, with
methods and assumptions consistent with the current state-of-the-science and
conveyed in a manner that is complete, balanced and informative.

A risk characterisation conveys the nature and presence or absence of risks in quantitative
and qualitative terms. It describes information on how the risks were assessed, where
assumptions and uncertainties still exist, and where policy choices will need to be made.
If numerical estimates of effects or exposure are not done, qualitative estimates may be
used to characterise risk. It is the role of the risk assessor to provide a transparent
description of all aspects of the risk assessment (e.g., default assumptions and data
selected) to make clear the range of plausible risks associated with each option. Clear
communication between the risk assessors and decision maker is vital to assuring that
risk information is conveyed appropriately.

Whatever approach is used to estimate risk, it is important to be clear in describing
the range of possible risks (including central tendency and high end portions of the risk
distribution), as well as important subgroups such as highly exposed or highly susceptible
groups. For example, the extent to which the assessment may underestimate or
overestimate risk for some populations should be highlighted to inform the
decision-making appropriately. Uncertainties may be characterised quantitatively (e.g.,
using probabilistic methods) or qualitatively (e.g., describing how the results would
change if the data were interpreted differently). The risk assessment characterises the
nature and magnitude of risk and who is at risk under different options (including a status
quo option, where appropriate).

5 Informing decisions

EPA uses risk assessment as a key source of scientific information for evaluating risks
and related outcomes associated with possible options. Risk assessments that are
well-planned and focused will be most useful and informative for decision making
(Presidential/Congressional Commission on Risk Assessment and Risk Management,
1997a, 1997b).
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EPA makes many types of decisions that cover a wide range of environmental issues
and pollutants. Each of these decisions is made in the context of a combination of
statutes, precedents and stakeholders. The statutes establish legal requirements that
generally describe the protection that EPA regulations must achieve; they also may
specify aspects of the risk assessment. Statutes may identify other factors in the
regulatory decision, such as consideration of best available control technologies, and cost
and benefit considerations. Accordingly, how risk assessment informs decision-making
may be affected by such statutory or regulatory requirements and restrictions, or by
regulations established by states and tribal nations.

The information specific to the decision should be provided as clearly, completely
and objectively as possible. The informational needs will have been identified as part of
planning and scoping, and are updated and refined throughout the assessment process to
ensure that the risk assessment is fit-for-purpose. Much of this information will be in the
risk characterisation and is based on transparency in conducting and explaining the risk
assessment combined with clarity, consistency and reasonableness in the preparation of
the risk description (US EPA, 2000b). The science supporting the risk assessment
conclusions, as well as consideration of variability, susceptibilities and uncertainties,
informs decisions among the options presented in the risk assessment (Morgan et al.,
1990).

In this step of the process, the goal of the risk assessment team ultimately is to paint
as complete a picture as possible regarding risk for a range of possible options. The
description of the decision should clarify how the risk assessment and other factors
informed the decision.

6 Summary

The Framework for Human Health Risk Assessment to Inform Decision Making lays out
a framework for conducting human health risk assessments in support of decision-making
at EPA. It focuses on the planning and scoping and problem formulation steps, drawing
on EPA experience and recommendations from the NRC and other advisory groups. For
example, the Framework addresses recommendations in the Si/ver Book (NCR, 2009) on
assuring the utility of risk assessment, which the Framework terms as being fit for
purpose.

The NRC’s (1983) four-step risk assessment paradigm is maintained, but there is
increased emphasis on interaction between risk assessors and decision makers in planning
the assessment to maximise utility. Emphasis on utility for informing decision making is
maintained throughout the process, beginning with planning and scoping and continuing
through the evaluation of the applicability of the risk assessment in informing decisions.
The Framework highlights the practical nature of risk assessment. Although the agency is
committed to advancing risk assessment science, assessments are not academic exercises.
Instead, they are intended to support decision-making for the protection of human health.
Application of the Framework, with its emphasis on problem formulation and the utility
of the risk assessment, ultimately will result in better, more transparent choices among
options.

The Framework includes a foundation quite similar to that in EPAs Framework for
Ecological Risk Assessment (US EPA, 1992b), thus illustrating conceptual similarity
between the two types of risk assessment. The Framework builds on agency guidelines,
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policies and guidance and is directed at improving risk assessment products, but it does
not overturn or in any way change existing science policy decisions.

The Framework’s explicit recognition of the roles for planning and scoping; public,
stakeholder and community involvement; and consideration of utility will assist in
developing risk assessments focused on informing decisions. Furthermore,
institutionalisation of the Framework for Human Health Risk Assessment to Inform
Decision Making will contribute transparency to the agency’s risk assessment process
and a level of consistency across assessments, media and programs, as well as between
human health and ecological outcomes.

7 Framework development

The Framework was developed by a Technical Panel under the auspices of the EPAs
Risk Assessment Forum. The Risk Assessment Forum is a standing committee of senior
EPA scientists that was established to promote Agency-wide consensus on risk
assessment issues and to ensure that this consensus is incorporated into appropriate
agency risk assessment guidance. A draft Framework was released for public comment,
inter-agency comment, and external peer review in July 2012. An external peer review
meeting was held in September 2012. The draft Framework was subsequently revised to
address input from the public, interagency partners, and external peer review prior to
being released in April 2014.
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