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DISCLAIMER

This document has been reviewed in accordance with U.S. Environmental Protection
Agency policy and approved for publication and distribution. Mention of trade names or
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FOREWORD

This Handbook was prepared by the Science Policy Council (SPC) for EPA staff and
managers and others as a guide to Risk Characterization. It implements EPA’s March 1995 Risk
Characterization Policy which improved on the foundation of the February 1992 Agency-wide
policy for risk characterization. Both the 1992 and 1995 documents point out that *... scientific
uncertainty is a fact of life (and) ... a balanced discussion of reliable conclusions and related
uncertainties enhances, rather than detracts, from the overall credibility of each assessment ...".
Both also note that while the role of science to inform but not make decisions is widely
recognized in EPA, and in the larger risk assessment and regulatory community, these
communities often use the risk assessment number as the stated reason for decisions, not always
clearly highlighting the legal, economic, social and other non-scientific issues that also go into
the decision.

From the start it was recognized that implementation of this policy would require a
culture change at EPA and that achieving an Agency-wide culture change would not be effective
if imposed from the top down. Thus, every effort was made to engage career EPA employees,
including risk assessors, risk managers and senior decision-makers across the Agency to help
implement the policy. The effort was monumental, directly involving several hundred Agency
employees in all Offices and Regions. A Risk Characterization Implementation Team was
established with members from each Region and Program Office, including the Office of General
Counsel, to guide and direct the initial efforts to implement the policy.

During the dialog that led to the decision to prepare a single guidance document, the SPC
heard from the Programs and Regions about the need for tools and case studies to make the
guidance understandable and assure

consistent implementation. This Handbook

provides a single, centralized body of risk "If I send a man to buy a horse for me, I
characterization implementation guidance for | expect him to tell me that horse's points --
Agency risk assessors and risk managers to not how many hairs he has in his tail."
help make the risk characterization process Abraham Lincoln

transparent and the risk characterization
products clear, consistent and reasonable
(TCCR). TCCR became the underlying principle for a good risk characterization. The elements
of a risk characterization (among them, for example, key findings, policy choices, uncertainty
and variability) describe in a straight-forward fashion the critical points that a good risk
characterization should contain to make it valuable inany Agency risk assessment.
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This Handbook has two parts. The first is the Risk Characterization guidance itself. The
second part comprises the Appendices which contain the Risk Characterization Policy, the risk
characterization case studies and references.

As mentioned earlier, hundreds of people from across the Agency were instrumental in
the preparation of this Handbook, guided by the SPC and its Risk Characterization Team. They
were essential in bringing this effort to fruition. In addition, I want to give a special
acknowledgment to the principal authors, Jack Fowle and Kerry Dearfield -- their hard work and
persistence made this Handbook a reality. | also want to recognize the thoughtful and helpful
input that the recently retired Executive Director of the Science Policy Council, Dr. Dorothy
Patton, provided. The Agency is indebted to her for her guidance, patience and support.

It is with great pleasure that | present the Risk Characterization Handbook.
Norine E. Noonan, Ph.D.

Assistant Administrator
Office of Research and Development
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U.S. Environmental Protection Agency

OVERVIEW OF THIS RISK CHARACTERIZATION
HANDBOOK

The Risk Characterization Handbook is created as a single, centralized body of risk
characterization implementation guidance for Agency risk assessors and risk managers. The
Risk Characterization Policy calls for a transparent process and products that are clear,
consistent and reasonable. All risk
assessments have a risk characterization
product, but effective characterization Effective characterization depends on
depends on transparency, clarity, consistency | Transparency, Clarity, Consistency and
and reasonableness (TCCR). TCCR is the Reasonableness (TCCR)
key to a successful risk characterization.

This Handbook is divided into two parts:
1. Risk Characterization Guide

The Risk Characterization Guide is designed to provide risk assessors, risk managers, and
other decision-makers an understanding of the goals and principles of risk characterization, the
importance of planning and scoping for a risk assessment, the essential elements to address in a
risk characterization, the factors that are considered in decision making by risk managers, and the
forms the risk characterization takes for different audiences. A discussion of the various
administrative details regarding risk characterization completes the guide.

The following page provides an outline and a table describing the basic structure of the
risk characterization guide.

2. Appendices
The Appendices contain the Risk Characterization Policy and case studies. The case

studies contain examples of risk characterizations from risk assessments that apply the principles
described in the Risk Characterization Guide. A list of references is also provided for your use.
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Outline of the Basic Structure of the Risk Characterization Guide

° Chapter 1 provides all audiences with an introduction to risk characterization in general,
including details of TCCR.

° Chapters 2 — 4 describes a continuous process from planning and scoping to final
products from the risk characterization. The table below shows this basic flow of work
and where the risk assessment guidelines fit into this continuum.

o Chapter 5 briefly discusses for all audiences the role of science and risk assessment in
the decision-making process.

° Chapter 6 describes for Agency risk assessors and risk managers their essential roles and
activities.

CHAPTER 2 | RISK CHAPTER 3 CHAPTER 4
ASSESSMENT
GUIDELINES *
" SISy B =) 2N = 1= 3 = 2 DD |2 ... D |2
(& * Planning and | * Hazard * Risk Charac- | * Summaries | « Communi-
g Scoping Identification terization cation
8 * Conceptual * Dose Response including Pieces
o Model Assessment Integrated
* Analysis * Exposure Analysis
Plan Assessment
ILHJ * Risk * Risk Assessors | » Peer * Risk * Public
Z Managers 7 dialog Reviewers Managers
W | «Risk « Risk Managers | * Risk
S Assessors Assessors
<
= * These parts * Pieces can be * Usually a
w can be candidates for major work
5 candidates peer review product for
(2 for peer peer review
5 review
L
o

* The Risk Assessment Guidelines are not covered by this Handbook. They are mentioned in this table because they

are part of the overall risk assessment process at EPA.
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U.S. Environmental Protection Agency

RISK CHARACTERIZATION GUIDE
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1. INTRODUCTION TO RISK CHARACTERIZATION

1.1 Overview

To help inform its decision making, the United States Environmental Protection Agency
(U.S. EPA) evaluates environmental risks through an assessment process that involves a
substantial body of scientific data and analysis with much judgment and uncertainty. EPA has
published guidelines to steer the Agency’s evaluation of the risks from exposure to
environmental agents (see references for EPA Risk Assessment Guidelines at the end of this
document). These evaluations culminate in a characterization of the risks. Our understanding of
risk characterization has evolved over many years.

The first major reference to risk characterization is found in the 1983 National Academy
of Sciences’ (NAS’) National Research Council (NRC) publication Risk Assessment in the
Federal Govemment: Managing the Process (commonly referred to as the “Red Book”). Risk
characterization is defined as

“... the process of estimating the incidence of a health effect under the various conditions
of human exposure described in exposure assessment. It is performed by combining the
exposure and dose-response assessments. The summary effects of the uncertainties in the
preceding steps are described in this step.”

In this definition, ways to make the risk assessment process transparent are not fully developed or
apparent.

The following year, in 1984, EPA published Risk Assessment and Management:
Framework for Decision-Making where risk characterization is described as the place where

“... finally we estimate the risk associated with the particular exposures in the situation
being considered for regulation. While the final calculations themselves are straight
forward (exposure times potency, or unit risk) the way in which the information is
presented is important. The final assessment should display all relevant information
pertaining to the decision at hand, including such factors as the nature and weight of
evidence for each step of the process, the estimated uncertainty of the component parts,
the distribution of risk across various sectors of the population, the assumptions contained
within the estimates and so forth.”
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While arriving at the risk assessment number is stressed, more emphasis is placed on making the
risk assessment process transparent, on a fuller description of the strengths and weaknesses of the
assessment, and on providing plausible alternatives within the assessment.

Concerns over adequately characterizing risk to maintain the public’s perception of and
confidence in EPA’s risk assessments led former Deputy Administrator Henry Habicht to issue
an Agency-wide policy for risk characterization on February 26, 1992. He noted that

“... scientific uncertainty is a fact of life (and) ... a balanced discussion of reliable
conclusions and related uncertainties enhances, rather than detracts, from the overall
credibility of each assessment ...”

In its 1992 publication “Improving Risk Characterization” the American Industrial Health
Council (AIHC) recommended ways to improve risk characterization. AIHC recommended the
following steps:

a) Identify potential users of risk characterization at the beginning of the risk
assessment process

b) Identify the types of decisions that need to be made early in the process

C) Make the content of the assessment relevant to the diversity of potential decisions
by including in the technical content of the risk characterization wherever
possible, several dimensions and estimates of risk

d) Ensure periodic two-way communication between assessors and users during the
risk assessment process

e) Conduct future research and systematic study “... on the effectiveness of risk
characterization messages and approaches, on ways of improving ‘risk literacy’ of
users of assessments, on the process of integration of technical information about
risk with information on other social values, so that social dimensions of risk are
recognized as legitimate parts of the risk management decision and are accounted
for in the risk characterization.”

In this definition, the focus of risk characterization shifted from an emphasis on the purely
technical aspect of combining exposure and dose-response information to arrive at a risk
assessment number to the importance of the social aspects of risk assessment. Conversations
between risk assessors and users of risk assessment from the beginning and throughout the risk
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assessment process are needed to ensure that risk assessors understand the needs of decision-
makers to communicate the results of the risk assessment to those who are affected by the risk
management decision.

In 1994 in Science and Judgment, the NAS returned the focus to the original concept of
risk characterization. The NAS defined it as

“... the integration of information from the first three steps of the risk assessment process,
as defined in the 1983 NAS ‘Redbook’, to develop a qualitative estimate of the likelihood
that any of the hazards associated with the agent of concern will be realized in exposed
people. This is the step in which risk assessment results are expressed. Risk
Characterization should also include a full discussion of the uncertainties associated with
the estimates of risk.”

Administrator Carol Browner reaffirmed the central role of risk characterization for the
Agency on March 21, 1995 when she issued the Agency-wide Risk Characterization Policy
(found in Appendix A). The Policy calls for all risk assessments performed at EPA to include a
risk characterization to ensure that the risk assessment process is transparent and that the risk
assessments are 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).

In their 1996 report Understanding Risk, the NAS extended their definition of risk
characterization. The NAS defined it as

“... a synthesis and summary of information about a potentially hazardous situation that
addresses the needs and interests of decision makers and of interested and affected
parties. Risk characterization is a prelude to decision making and depends on an iterative,
analytic-deliberative process.” They go on to refer torisk characterization as “the process
of organizing, evaluating and communicating information about the nature, strength of
evidence and the likelihood of adverse health or ecological effects from particular
exposures.”

Here 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 assessment will be useful for the purposes for which it is
intended and that it will be understandable.
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The Presidential Commission on Risk Assessment and Risk Management (CRARM) was
created by the Clean Air Act Amendments of 1990 and formed in 1994. Its Congressional
mandate was to develop more scientific use of risk-based methods and specifically to provide
guidance on how to deal with residual emissions from Section 112 hazardous air pollutants 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) and also
wrote about the importance of risk characterization to better understand and quantify risks as
well as to evaluate strategies to reduce human and ecological risks. They noted that

“risk characterization is the primary vehicle for communicating health risk assessment
findings. Many risk characterizations have relied primarily on mathematical estimates of
risk to communicate risk assessment findings, often conveying an unwarranted sense of
precision while failing to convey the range of scientific opinion. They are particularly
difficult for audiences unfamiliar with risk assessment to comprehend. Effective risk
management is impeded without effectively communicating information about who is at
risk, how they might be affected, what the severity and reversibility of adverse effects
might be, how confident the risk assessors are in their predictions and other qualitative
information that is critical to decision-making.”

EPA’s risk characterization efforts build on its own 1995 Risk Characterization Policy,
NAS, President’s Commission, AIHC and others’ concepts as well as on the Agency’s
understanding that risk assessments provide important information about the nature, magnitude
and likelihood of possible environmental risks to inform decisions. By August 1995, EPA
Program Offices and Regions drafted Risk Characterization Implementation Plans to guide the
development of risk characterizations done in each Office/Region. Over the next two years, a
series of colloquia for risk assessors and roundtables for risk managers was held to test these
draft Implementation Plans against case studies, and to work out just what it takes to adequately
characterize risk. Over 200 EPA employees participated in these events, sharing their office's
culture and their own experiences and perspectives about risk characterization with other EPA
staff whose offices’ cultures and whose personal experiences and perspectives were often
different.

The Agency recognized that a culture change is needed at EPA if the Agency is to
successfully implement the Risk Characterization Policy which describes a philosophy of
transparency, clarity, consistency, and reasonableness or TCCR as coined in the first
colloguium. The TCCR philosophy needs to be practiced in the everyday work of EPA as the
different products (e.g., reports, briefings etc.) flowing from Agency risk assessments are
developed to translate risk assessment findings for managers and the public.
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Risk characterization at EPA assumes different levels of complexity depending on the
nature of the risk assessment being characterized. The level of information contained in each
risk characterization varies according to the type of assessment for which the characterization is
written and the audience for which the characterization is intended. The goal of risk
characterization is to clearly communicate the key findings and their strengths and limitations so
its use in decision making can be put into context with the other information critical to evaluating
options for rules, regulations and negotiated agreements (e.g., economics, social values, public
perception, policies, etc.). EPA’s concept of risk characterization has evolved since March 1995
to build on the experience of Agency risk assessors and managers and on the AIHC, President’s
Commission, and the NAS Understanding Risk definitions. Risk characterization at EPA is
considered to be a conscious and deliberate process to bring all important considerations about
risk, both the likelihood of the risk but also the strengths and limitations of the assessment and a
description of how others have assessed the risk into an integrated picture. As an integrated
picture, the risk characterization focuses on how those components interact.

It should be noted that most of the emphasis in the discussion about risk characterization
generally focused on human health risk assessments. It is well recognized that the general
principles for risk assessment and risk characterization apply equally to ecological risk
assessments. Efforts at EPA culminated in the publication of risk assessment guidelines for
ecological risk assessment. Included in these guidelines is a discussion on risk characterization
for ecological risk assessments. This Handbook also builds on this effort.

Based on the experiences of those attending the meetings and using these various
documents to help characterize risk across the Agency since 1995, a single Agency-wide
document was determined to be needed. The Risk Characterization Handbook in general
supersedes the original Guidance and its associated “Elements Document” issued with the Risk
Characterization Policy. However, some of the more technical aspects of the original Guidance
which are not covered specifically in this Handbook (e.g., Section Il - Exposure Assessment and
Risk Descriptors in the 1995 Guidance) are still appropriate. Furthermore, the Handbook
coalesces the ideas and directions found in the draft Implementation Plans and also supersedes
those plans. However, Agency offices and regions may wish to prepare tailored guidance that
meets their individual needs to supplement and remain consistent with the information in this
Handbook (e.g., Risk Assessment Guidance for Superfund: Volume I - Human Health
Evaluation Manual (RAGS/HHEM)).
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1.2 Understanding Risk Characterization
1.2.1 Whatis Risk Characterization?

Risk characterization is an integral component of the risk assessment process for both
ecological and health risks, i.e., it is the final, integrative step of risk assessment. As defined in
the Risk Characterization Policy (Appendix A), the risk characterization integrates information
Jfrom the preceding components of the risk assessment and synthesizes an overall conclusion
about risk that is complete, informative, and useful for decision makers. In essence, a risk
characterization conveys the risk assessor’s judgment as to the nature and existence of (or lack
of) human health or ecological risks.

For health risk assessment, the NAS describes a four step paradigm (NRC, 1983). For
each step, the relevant and scientifically reliable information is evaluated. In addition, the related
uncertainties and science policy choices are described.

a) Hazard Identification -- the determination of whether a particular chemical is or is
not causally linked to particular health effects

b) Dose-Response Assessment -- the determination of the relation between the
magnitude of exposure and the probability of occurrence of the health effects in
question

C) Exposure Assessment -- the determination of the extent of human exposure before

or after application of regulatory controls

d) Risk Characterization -- the description of the nature and often the magnitude of
human risk, including attendant uncertainty

In 1998, EPA published risk assessment guidelines for ecological risk assessment
(USEPA, 1998), calling for:

a) Problem Formulation -- the evaluation of goals, selection of assessment
endpoints, preparation of the conceptual model, and development of an analysis
plan

b) Analysis -- the evaluation of exposure to stressors and identification of the
relationship between stressor levels and ecological effects
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C) Risk Characterization -- the estimation of ecological risks, discussion of overall
degree of confidence in the risk estimates, citation of evidence supporting risk
estimates, and interpretation of the adversity of ecological risks

In addition, both the health and ecological risk assessment paradigms suggest to risk
assessors that in order to write an overall risk characterization, each risk assessment section
needs to have its own individual characterization. For human health risk, separate
characterizations accompany the hazard identification, dose-response assessment and exposure
assessment sections. For ecological risk, separate characterizations accompany the analysis plan,
the stressor-response profile and the exposure profile. These separate, component
characterizations carry forward the key findings, assumptions, strengths and limitations, etc. for
each section and provide a fundamental set of information used in an integrative analysis that
must be conveyed in the final overall risk characterization.

The overall risk characterization lets the manager, and others, know why EPA assessed
the risk the way it did in terms of the available data and its analysis, uncertainties, alternative
analyses, and the choices made. A good risk characterization will restate the scope of the
assessment, express results clearly, articulate major assumptions and uncertainties, identify
reasonable alternative interpretations, and separate scientific conclusions from policy judgments.
The Risk Characterization Policy calls for the explanation of the choices made to be highly
visible.

Importantly, remember that risk
characterization is not just about science. It
makes clear that science doesn’t tell us
certain things and that science policy
choices must be made. It explains why the
risk assessment result is the way it is given
all the choices made during the course of
the risk assessment process. And when
others have also assessed the agent in a biologically plausible fashion, even if their assessment
does not agree with EPA’s assessment, it makes clear that EPA has assessed the agent this way
but that others have assessed it differently.

Risk characterization is not only about
science -- it is also about making clear that

science doesn’t tell us certain things and
that policy choices must be made.

1.2.2 Are Risk Characterizations Written As Part of Ecological Risk Assessments
Different from Those Written As Part of Human Health Risk Assessments?

In practice, the goals of ecological health and human health risk assessments are
essentially the same. While there are some differences in the specific activities between the two
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types of assessment (see specific appropriate EPA published guidelines), they generally approach
an overall risk assessment and its associated risk characterization similarly.

a)

b)

Human health assessment adopts the problem formulation stage concept from
ecological risk assessment and incorporates it into planning and scoping activities.
Note that planning and scoping is not a specifically named step in the original
1983 NAS paradigm. However, planning and scoping are increasingly
incorporated into the front end of human health risk assessment (e.g., see NRC,
1996; USEPA, 1997). Ecological risk assessment already incorporates a planning
phase as well at the front end of its assessment process (USEPA, 1998).
Ultimately, the efforts of these activities produce, in both types of assessments, a
conceptual model that identifies the receptor issues/contaminants of concern and
the potential exposure pathways for the assessment to concentrate upon. Chapter
2 provides more detail of the planning and scoping activities.

The analysis phase, where both exposure assessment and effects assessment or
dose response analyses are conducted under ecological risk assessment, is similar
to the dose response and exposure assessments conducted under human health risk
assessment. While human health risk assessments focus on the risks to
individuals and populations/subpopulations, ecological risk assessments may
focus on individuals (for rare and endangered species), populations, communities,
or ecosystems, depending on decisions made in the planning and scoping/problem
formulation activities. The many risk assessment guidelines issued by the EPA
provide much detail into the analyses needed in the assessment (references for
these guidelines are found in Appendix F after the Handbook references).

Risk characterization is an integral part of the ecological risk assessment
framework and is the final step in the human health risk assessment paradigm.
For example, in ecological risk assessment, it is routine under risk
characterization to address the ecological significance of the risks by asking the
question “So what?” That is, if this risk exists as estimated, will it make a
difference or be observed above the other dynamic factors operating in the
environment? Similarly, the significance of human health risks relative to other
similar hazards and activities is considered in its risk characterization. Chapter 3
provides more detail of the elements of a risk characterization.
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1.2.3 Are Risk Assessment and Risk Characterization the Same?

No, they’re not the same. Risk assessment is a process comprised of several steps (see
section 1.2.1 above for detail). Risk characterization is the culminating step of the risk
assessment process. Risk characterization communicates the key findings and the strengths and
weaknesses of the assessment through a conscious and deliberate transparent effort to bring all
the important considerations about risk into an integrated analysis by being clear, consistent and
reasonable. Remember though, unless you actually characterize the assessment, the risk
assessment is not complete -- risk characterization is an integral component of every risk
assessment. As anexample, just giving the quantitative risk estimate (“the number”) is not a risk
characterization.

1.2.4 Are Risk Characterization and Risk Communication the Same?

Risk characterization is an integral part of a risk assessment that summarizes the key
findings and the strengths and weaknesses for risk managers and others. While it provides
information that may be used to inform the public, risk characterization is not synonymous with
risk communication. Risk communication emphasizes the process of exchanging information
and opinion with the public, including individuals, groups, and other institutions, about levels of
health or environmental risks. Risk communication is used for such things as information and
education, behavior change and protective action, disaster warnings and emergency information,
joint problem solving and conflict resolution. While the final risk assessment documentation
(including the risk characterization) can be used to communicate with the public, the risk
communication process is probably better served by separate documentation designed for
particular audiences (Chapter 4 discusses this further).

1.2.5 What is the Value of Risk Characterization in the Regulation Development
Process?

The risk characterization section of risk assessments that support rulemaking actions is an
important, fundamental step informing the policy setting process. Risk characterization plus peer
review provide amechanism to help the Agency achieve scientific credibility. The risk
characterization criteria of TCCR are essential, because new rules, and the work products
supporting them, must often withstand intense scrutiny by the general public and the stakeholders
affected by EPA’s decisions. Although no rule or regulation itself is subject to the Risk
Characterization Policy, the risk assessments that help inform the rules and regulations are
subject to the Policy, and they should include risk characterization prior to use in any rule.
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1.2.6 'What Role does Risk Characterization have in Regulatory Negotiations?

Regulatory negotiations are not risk assessments; however, to ensure final decisions are
based on sound and credible science, any risk assessments used during the regulatory negotiation
need to be properly characterized before the negotiation is completed.

1.2.7 Do Risk Characterizations Need Peer Review?

The principle underlying the Peer Review Policy is that all major scientific and/or
technical work products used in Agency decision making will be peer reviewed. Any risk
assessment can be a candidate for peer review. Use the criteria in the Peer Review Handbook to
determine which assessments need to be peer reviewed (USEPA, 2000).

The risk characterization is an
intrinsic part of the risk assessment. Peer review is critical to ensure the scientific
Generally, the entire risk assessment, soundness of a risk assessment.
with its risk characterization section, is
the candidate for peer review. In some
instances, the risk characterization piece itself may be a candidate for peer review. In
performance of the peer review, you need to make sure that the TCCR criteria (see section 1.3
below for detailed discussion) are addressed in addition to the validity and credibility of the risk
assessment itself.

1.3 Risk Characterization Principles

The Risk Characterization Policy states that “A risk characterization should be prepared
in a manner that is clear, transparent, reasonable, and consistent with other risk characterizations
of similar scope prepared across programs in the Agency.” Risk characterization is therefore
judged by the extent to which it achieves the principles of Transparency, Clarity, Consistency,
and Reasonableness (TCCR).

While the Policy calls for TCCR in the risk characterization, the principles of TCCR need
to be fully applied throughout every aspect of the risk assessment process. By applying TCCR
principles from the planning and scoping stages, through the actual risk assessment, and then to
all the communication and documentation of the risk assessment, the whole process will benefit
and help better ensure success of all assessment efforts and products (including the risk
characterization!).
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Criteria are needed to fully implement the TCCR principles and to evaluate success.
Because risk characterization, as called for inthe Policy, clarifies EPA’s way of doing business,
risk assessors need some criteriato know what is asked of them as they prepare risk
characterizations, risk managers need some criteria to know what to look for as they read risk
characterizations, and the public needs some criteria to help them judge EPA's success in
characterizing risk.

The sections below describe the criteria for TCCR. Before launching each risk
assessment, the criteria should be kept in mind to help ensure that the risk assessment is well-
characterized. After the assessment is complete, the criteria can be used to measure how well the
assessment was characterized.

1.3.1 What are Criteria for Transparency?

Transparency provides explicitness in the risk assessment process. It ensures that any
reader understands all the steps, logic, key assumptions, limitations, and decisions in the risk
assessment, and comprehends the supporting rationale that lead to the outcome. Transparency
achieves full disclosure in terms of :

a) the assessment approach employed

b) the use of assumptions and their impact on the assessment

C) the use of extrapolations and their impact on the assessment

d) the use of models vs. measurements and their impact on the assessment

e) plausible alternatives and the choices made among those alternatives

f) the impacts of one choice vs. another on the assessment

9) significant data gaps and their implications for the assessment

h) the scientific conclusions identified separately from default assumptions and
policy calls

i) the major risk conclusions and the assessor’s confidence and uncertainties in them
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)] the relative strength of each risk assessment component and its impact on the
overall assessment (e.g., the case for the agent posing a hazard is strong, but the
overall assessment of risk is weak because the case for exposure is weak)

Transparency is the principal value from among the four
TCCR values, because, when followed, it leads to clarity,

consistency and reasonableness.

In many cases this will be a qualitative discussion and/or an acknowledgment that the
assessor doesn’t know the impact on the assessment due to uncertainty. For example, if there are
no measurements for a given input to a risk assessment and a model or assumption is used and
there is little information on the accuracy of the particular model or assumption for the particular
type of application, then you may not be able to say anything meaningful about the impact on the
assessment of using a model, other than to acknowledge the uncertainty inherent in using this
model or assumption. Similarly, a complex risk assessment may have many assumptions
imbedded in the analysis (all of which should be disclosed). However, the only way to know the
impact of alternative choices in the model might require running the model many different ways
and this might not be possible given resources (dollars and time). However, to the extent feasible
within the resources and time available you should address the points noted above.

1.3.2 What are Criteria for Clarity?
Clarity refers to the risk assessment product(s). Making the product clear makes the

assessment free from obscurity and easy to understand by all readers inside and outside of the
risk assessment process. Clarity is achieved by:

a) brevity
b) avoiding jargon
C) using plain language so it’s understandable to EPA risk managers and the

informed lay person
d) avoiding the use of technical terms and, if used, by defining those terms

e) describing any quantitative estimations of risk clearly
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f) using understandable tables and graphics to present the technical data

9) using clear and appropriate equations to efficiently display mathematical
relationships (complex equations should be footnoted or referred to in the
technical risk assessment)

1.3.3 What are Criteria for Consistency?

Consistency provides a context for the reader and refers to the presentation of the material
in the risk assessment. For example, are the conclusions of the risk assessment characterized in
harmony with relevant policy, procedural guidance, and scientific rationales and if not, why the
conclusions differ. Also, does the assessment follow precedent with other EPA actions or why
not. However, consistency should not encourage blindly following the guidance for risk
assessment and characterization at the expense of stifling innovation. Consistency is achieved

by:

a) following statutory requirements and program precedents (e.g., guidance,
guidelines, etc.)

b) following appropriate Agency-wide assessment guidelines

C) using Agency-wide information, where appropriate, from systems such as the
Integrated Risk Information System (IRIS)

d) putting the risk assessment in context with other similar risk assessments
1) how does it compare to other EPA assessments of similar agents or sites
2) how does it compare to others done by the scientific and regulatory
community (e.g., other federal and state agencies, by other countries
and/or by various interest groups; note: a reasonable search for similar

assessments is expected)

) how do the conclusions drawn by others differ from EPA's
assessment

i) what are the strengths and limitations compared to EPA's
assessment
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f)

9)

defining and explaining the purpose of the risk assessment (e.g. regulatory
purpose, or policy analysis, or priority setting, etc.)

defining the level of effort (e.g. quick screen, extensive characterization) put into
the assessment and the reason(s) why this level of effort was selected

following established Agency peer review procedures

1.3.4 What are Criteria for Reasonableness?

Reasonableness refers to the findings of the risk assessment in the context of the state-of-
the science, the default assumptions and the science policy choices made in the risk assessment.
It demonstrates that the risk assessment process followed an acceptable, overt logic path and
retained common sense in applying relevant guidance. The assessment is based on sound
judgment. Reasonableness is achieved when:

a)

b)

the risk characterization is determined to be sound by the scientific community,
EPA risk managers, and the lay public, because the components of the risk
characterization are well integrated into an overall conclusion of risk which is
complete, informative, well balanced and useful for decision making

the characterization is based on the best available scientific information

the policy judgments required to carry out the risk analyses use common sense
given the statutory requirements and Agency guidance

the assessment uses generally accepted scientific knowledge

appropriate plausible alternative estimates of risk under various candidate risk
management alternatives are identified and explained
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1.4 Overview Presentation of TCCR Principles

The following table presents an encapsulated overarching presentation of the TCCR
principles and their criteria for a good risk characterization. It is meant to serve as a stand alone
summary one-page guide for the use of TCCR throughout the risk assessment process.

Principle Definition Criteria for a Good Risk Characterization
Transparency | Explicitness in the risk | v/ Describe assessment approach,
assessment process. assumptions, extrapolations and use of
models
v Describe plausible alternative
assumptions
v Identify data gaps
v Distinguish science from policy
v Describe uncertainty
v Describe relative strength of assessment
Clarity The assessment itself | v Employ brevity
is free from obscure v Use plain English
language and is easy to | v/ Avoid technical terms
understand. v Use simple tables, graphics, and equations
Consistency The conclusions of the | v/ Follow statutes
risk assessment are v Follow Agency guidance
characterizedin v Use Agency information systems
harmony with other v Place assessment in context with similar
EPA actions. risks
v Define level of effort
v Use review by peers
Reasonableness | The risk assessmentis | v/ Use review by peers
based on sound v Use best available scientific information
judgment. v Use good judgment
v Use plausible alternatives
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1.5 The Roles of People and Organizations in Risk Characterization
1.5.1 Who is Ultimately Accountable for Risk Characterization?

Under the March 21, 1995 Risk Characterization Policy, the Administrator designated the
Assistant Administrators, Associate Administrators, Regional Administrators (AAs and RAS),
the General Counsel, and the Inspector General to be accountable for implementing the Policy in
their respective organizations. In her memo to Senior Agency Management (Appendix A), the
Administrator noted that:

“These core values of transparency, clarity, consistency, and reasonableness need to guide
each of us in our day-to-day work; from the toxicologist reviewing the individual cancer
study, to the exposure and risk assessors, to the risk manager, and through to the ultimate
decision maker. | recognize that issuing this memo will not by itself result in any change.
You need to believe in the importance of this change and convey your beliefs to your
managers and staff through your words and actions in order for the change to occur. You
also need to play an integral role in developing the implementing policies and procedures
for your programs.”

While the above persons are ultimately accountable for ensuring health and ecological
risk assessments from their organizations have proper risk characterizations, it is recognized
much of the responsibility to ensure that the risk assessments include risk characterizations that
are done well according to the principles of TCCR is delegated to their Risk Managers.

1.5.2 'Who Are the Agency Staff Involved in Risk Characterization?

The principal Agency staff are risk assessors and risk managers. Risk assessors are the
scientific and technical staff who actually perform the various components of the risk
assessment.

1.5.3 What Are My Responsibilities as a Risk Assessor?

People who perform the risk assessment, in whole or in part, are the risk assessors. Risk
assessors rely heavily on the risk assessment guidelines to help guide the risk assessment and
address science policy issues and scientific uncertainties specific to the endpoint in each
guideline. You may fall into either of two major groupings of risk assessors, or both:

a) Risk assessors that develop chemical- or stressor-specific risk assessments
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b)

Risk assessors that generate site- or medium-specific risk assessments — these
assessors usually rely on existing databases and site- or media-specific exposure
information (e.g., IRIS, HEAST, OPP database, Exposure Factors Handbook)

Regardless of which group you are in, your major responsibility as a risk assessor is to
communicate your key risk findings and conclusions and your confidence in them in the risk
characterization section of your assessment. Your basic job is to write the risk assessment with
the technical risk characterization (see section 4.2.1).

Your specific responsibilities are to:

a)

b)

f)

9)

Explain what is the risk, what individuals, populations or systems are affected and
by what route of exposure

Describe your level of comfort with the conclusions and what degree of certainty
you place in them

1) Summarize and identify the key pieces of information critical to your
evaluation

2) Let your manager know whether the key data used for the assessment are
considered experimental, state-of-the art or generally accepted scientific
knowledge

Describe quantitative risk estimates in plain English; the use of tables and
graphics may be helpful as a supplement

Describe the uncertainties inherent in the risk assessment and the default positions
used to address these uncertainties or gaps in the assessment

Refer the reader to an Agency risk assessment guideline or other easily obtainable
reference that explains terminology (e.g., how a RfC was developed)

Put this risk assessment into a context with other similar risks that are available to
you and describe how the risk estimated for this stressor, agent or site compares to
others regulated by EPA

Describe how the strengths and weaknesses of EPA's assessment compare with
other assessments prepared by EPA in the past
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h) Describe the rationale and bases for the conclusions drawn by those outside EPA
about this agent, stressor or site
1) If their conclusions differ from yours, let the manager know whether theirs

IS a reasonable alternative
2) Can their conclusions reasonably be derived from the data set
3) Inform the manager of the strengths and weaknesses of their evaluations
compared to yours

) If you have developed specific assessments for one or more risk management
alternatives, let the risk manager know what changes in risk would occur under
these various candidate risk management alternatives

), Highlight areas in the assessment which might be overlooked or misinterpreted by
the risk manager

K) Keep the decision maker informed of the status of your risk assessment and risk
characterization

) Organize, conduct, and complete the risk characterization following Agency
procedures

m) Archive the risk characterization record in a manner consistent with your
organization’s archiving procedures

1.5.4 What Are My Responsibilities as a Risk Manager?

Risk managers are generally the decision makers in their organization. The AA/RA is the
ultimate decision maker for his/her organization and is accountable for both the risk
characterization process and products in his/her office. The AA/RA may designate Office
Directors, Division Directors, and/or Branch Chiefs (or other appropriate level line-managers) as
the front-line decision makers. Generally, the decision makers commit the resources needed to
ensure a proper risk assessment which includes a complete risk characterization.

As a risk manager, you are responsible for ensuring that risk assessments, containing risk
characterizations, are properly performed and documented. You are also responsible for ensuring
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that the key information from each risk characterization is honestly and clearly elevated up the
management chain and communicated to senior management. As a decision maker, you integrate
the risk characterization with other considerations specified in applicable statutes, Agency and
office policies, executive orders, and other factors (e.g., see Chapter 5) to make and justify
regulatory decisions.

Your specific responsibilities are:

a)

b)

f)

9)

h)

)

Promote a culture supportive of preparing risk characterizations and ensure that
all risk assessment work products produced by or submitted to your organization
are well characterized

Provide advice, guidance, and support for the preparation, conduct, and
completion of a full risk characterization for each assessment

Play a major role in determining the scope of the risk assessment

Ensure that sufficient funds are designated in the office’s budget request to
conduct a risk characterization for each risk assessment

Establish a realistic risk assessment schedule that includes risk characterization

Designate the stage(s) of product development where risk characterization is
appropriate

Ensure that the characterizations prepared by individual risk assessors for their
portion of each risk assessment document are integrated into a complete risk
characterization for each risk assessment

Provide proper risk assessment training for your staff including how to write risk
assessments and their characterizations

Establish systems to maintain records of the risk assessments, including risk
characterizations, prepared by risk assessors under your supervision

Ensure that the key points from the risk characterization are carried forward in all
deliberations or considerations for decision making
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1.5.5 What Does the Risk Characterization Policy Tell Risk Assessors?

The policy tells risk assessors to include the following in the risk characterization:

a) Carry forward the key
information from hazard
identification, dose-response,
and exposure assessment,
using a combination of
qualitative information,
quantitative information, and
information about
uncertainties

Risk characterization communicates the
key strengths and weaknesses of the
assessment through a conscious and
deliberate effort to bring all the important
considerations about risk into an
integrated picture.

b) Discuss uncertainty and variability appropriate for the level of analysis

C) Present risk conclusions and information regarding the strengths and limitations of
the assessment at the level appropriate for the risk assessment (e.g., if itis a
screening assessment the risk characterization portion of the risk assessment

should be brief)

1.5.6 How Will Risk Characterization Help the Risk Assessor?

Risk characterization makes the whole risk assessment story clearer and easier to
communicate. If you properly characterize risk, your risk assessment is easier to explain, justify,

and defend.

1.5.7 How Will Risk Characterization Help the Risk Manager?

Risk characterization allows you to understand and better communicate risk assessment
findings. You can better convey information up the management decision-making chain and to
the public. Transparency is a powerful tool. You can use it to ensure clarity, consistency and
reasonableness to achieve a better-informed decision.

Risk managers have made the following comments about risk characterization:

a) Being transparent helps me make better-informed decisions

1) It brings out the usually unseen parts of the assessment
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2) When | require transparency, I can incorporate clarity, consistency and
reasonableness to achieve a better-informed decision

3) Helps me understand the scientific basis of my decisions

4) Helps me build trust and credibility with staff, public and stakeholders
b) Communication helps and it has two parts

1) When | ask questions, getting to TCCR is facilitated

2) | need to ask early and to check progress often

1.5.8 Which Office/Region or Other Agency is Responsible for Writing the Risk
Characterization?

The organization preparing the risk assessment is normally responsible for preparing the
risk characterization. If more than one Agency office or region or other agencies are involved,
each is responsible for characterizing that component of the assessment they prepared. The
responsibility for preparing the overall risk characterization is usually accepted by the office
making the decision, but this can be negotiated.

1.5.9 What is the Responsibility of Organizations that Submit Risk Assessments to
EPA?

Just as the Agency is expected to follow its own guidance for characterizing risk in every
risk assessment, the Agency expects that any risk assessment done by any organization for EPA
consideration and possible use will include a proper risk characterization that is transparent,
clear, consistent and reasonable and addresses the risk characterization elements. The Agency
reserves the right to determine the acceptability of the submitted risk assessment and its
characterization and will evaluate each submission in line with the guidance in this Handbook.

If the submitting party has questions about any aspect of the risk assessment, it may want
to contact the agency office or region that is associated with and ultimate recipient of the
assessment. Care should be taken to make it clear that while the Agency is glad to comment on
questions presented about the assessment and risk characterization, it will not provide any
approval or commitments prior to its evaluation of the actual final submission.
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1.5.8 What is the Role of the Science Policy Council (SPC)?

The Science Policy Council (SPC) will consult with each Program Office and each
Region as they implement risk characterization. The SPC will also periodically evaluate the
Agency’s experience with risk characterization and as necessary will provide supplemental
guidance or when appropriate, revise this Handbook. The implementation of the Risk
Characterization Policy is the responsibility of management within each Office or Region.
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2. PREPARING FOR A RISK ASSESSMENT AND ITS RISK
CHARACTERIZATION - PLANNING AND SCOPING

2.1 Overview

The risk characterization is the summarizing step of the risk assessment. However, the
participants in the colloguia and roundtables noted that the risk characterization principles of
TCCR and the elements of risk characterization (described in Chapter 3) offer powerful tools to
help plan and scope a risk assessment before it is begun. Therefore, these principles should be
considered by risk assessors, risk managers
and others as they begin each new

assessment. Planning and scoping is an If you begin the overall risk assessment
important first step to ensure that each risk process with planning and scoping, you set
assessment has a clear purpose, has a a sound foundation for a good risk

defined scope, and is well thought out. characterization at its end.
These provide a sound foundation for
judging the success of the risk assessment
and for an effective risk characterization.

2.2 Planning and Scoping

Based on EPA’s experience with the four-step NAS risk assessment paradigm (NAS,

1983), it has become clear that the additional step of planning and scoping is needed at the front
end of the risk assessment process. This will help ensure that a risk assessment is well done and
is well characterized. In 1997, the Agency issued preliminary planning and scoping guidance in
the context of cumulative risk (USEPA, 1997). A more developed Planning and Scoping Guide
is currently being written under the auspices of the Agency’s Science Policy Council. This Guide
should be referred to when published for greater detail on planning and scoping, particularly as to
cumulative risk assessment and stakeholder involvement.

Planning and scoping can be viewed as a lens that defines the purpose and scope of a risk
assessment and focuses the issues involved in performing the assessment. The risk
characterization portion of the risk assessment, in turn, is a second lens that focuses the
conclusions of the risk assessment into a coherent picture for applying and communicating the
assessment. At the end of the risk assessment, a comparison of the risk assessment, including the
risk characterization, with the goals and objectives defined during planning and scoping can
provide a useful measure of success.
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2.2.1

What Should You Discuss During Planning and Scoping?

Planning and scoping provides the opportunity for the risk manager(s), the risk
assessor(s), and other members of the "team" to define what is expected to be covered in the risk
assessment and to explain the purposes for which the risk assessment information will be used.
During the planning and scoping phase of the risk assessment process risk assessors and risk
managers should engage in a dialog to identify:

a)

b)
c)
d)
e)
f)

9)

h)

Motivating need for the risk assessment (regulatory requirements? public
concern? scientific findings? other factors?)

Management goals, issues, and policies needing to be addressed

Context of the risk

Scope and coverage of the effort

Current knowledge

What and where are the available data

An agreement about how to conduct the assessment including identifying:
1) Resources available to do the assessment

2) Participants in the process

3) Plans for coordinating across offices, with other agencies and with
stakeholders

4) Schedule (e.g., milestones) and time frame

Plans for how the results will be communicated to senior managers and to the
public

Information needs/data for other members of the “team” to conduct their analyses
(e.g., economic, social, or legal analyses)
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Another discussion during the planning and scoping process concerns the identification of
key data gaps and thoughts about how to fill the information needs. For example, can you fill the
information needs in the near-term using existing data, in the mid-term by conducting tests with
currently available test methods to provide data on the agent(s) of interest, and over the long-term
to develop better, more realistic understandings of exposure and effects and to construct more
realistic test methods to evaluate agents of concern? In keeping with TCCR, care must be taken
not to set the risk assessment up for failure by delaying environmental decisions until more
research is done. Planning and scoping discussions about filling information/data gaps should
include:

a) Do you have enough data to perform the risk assessment despite having certain
information gaps

b) When will the results be available
C) Will the results likely make a real difference in the assessment

d) To what extent will a policy call have to be made when data are unavailable or are
not certain

2.2.2 Should the Planning and Scoping Discussion Focus on What the Risk
Assessment Results Should Be?

No! While Agency risk managers should meet often with their risk assessors and other
team members to discuss the need for, and the context of, the risk assessment, the discussions
should definitely not touch upon what the risk assessment result(s) should be. The purpose of
these discussions is to ensure that the needs for the assessment are well understood by those
conducting it, that the assessment is properly scoped, and that the results will be timely and
useful for the intended purpose.

2.2.3 What are Possible Products Emerging from Planning and Scoping?

Products that can emerge from the planning and scoping process are the conceptual model
with its associated narrative and the analysis plan. The conceptual model is a visual presentation
relating sources and releases of possible contaminants or the level of ambient concentrations to
exposure of people and ecosystems which result in potential adverse effects to human health or
ecology. The narrative explains the rationale for the nature of the conceptual model developed.
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The analysis plan is the final stage of planning and scoping and is a bridge to the risk
assessment. The analysis plan is the implementation strategy for performing the risk assessment
and addressing the Agency’s needs. It documents the agreements made during the planning and
scoping process and provides details on how the risk assessment will proceed. This provides
transparency to the whole process. In addition, the analysis plan provides measures against
which the final risk assessment and its risk characterization can be evaluated. As the risk
assessment proceeds, the analysis plan may need to be revisited and refined to ensure that the
risk assessment still meets the Agency’s needs.

In general, conceptual models and analysis plans are candidates for peer review. Peer
review early in the risk assessment process can provide additional insights, corrections to
assumptions, and directions on proper ways to proceed during the risk assessment (see Section
1.2.7). These are valuable additions to the Agency’s way of conducting business.

2.2.4 What Are the Benefits of Planning and Scoping?

The planning and scoping process helps risk assessors understand how their risk
assessment and its characterization fit into the overall environmental decision-making process.
Preliminary information on the various inputs to decision-making, the possible roles and
participation of stakeholders, and how the analyses will be peer reviewed are considered at the
planning and scoping stage. Management concerns about funding, human resources, timing etc.
are also discussed. This is important information to the risk assessor.

Planning and scoping promotes:

a) Initial planning to save time and resources, and buy-in by stakeholders or
interested parties by setting realistic expectations

b) Better-informed decisions, and the prospect of less controversy (e.g., fewer court
cases, criticism)

C) Participation by those from many disciplines (e.g., economists, lawyers) to help in
the process thereby ensuring that each risk assessment and characterization is
useful for the intended audience(s), and is of the scope and degree of complexity
needed to inform the decision at hand in conjunction with other analyses, for
instance, economics.
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2.2.5 Who Does Planning and Scoping?

The planning and scoping process involves relevant risk managers, risk assessors and
other members of the "team™ working on the decision that needs to be made. The other members
include the economists, lawyers, engineers, policy makers, etc. working on the issue at hand. To
ensure that risk assessment meets the Agency's needs, and that those who will use the results are
fully informed, the communication within the team begun during the planning and scoping phase
should continue throughout the risk assessment process until the final risk characterization is
communicated to the decision maker(s) and beyond in certain cases (e.g. litigation support).

Stakeholders (interested and affected parties) may participate during the planning and
scoping process depending upon the nature of the problem, their interest, and ability to
contribute. Affected parties can share their points of view about the risk and how it should be
managed. Their input is particularly helpful in determining what should be included in the
assessment, how they might be affected or exposed to the risk, and what additional data or
exposure scenarios should be developed. Early in the planning and scoping of the risk
assessment, decisions need to be made about who the stakeholders are and how they will
participate.

2.2.6 'When Does the Risk Assessor/Risk Manager Dialog End?

Risk assessors work with risk managers and others as a team. Ongoing dialog before and
during the assessment is essential for its successful completion. Generally, once the risk
management decision is made, the ongoing dialog usually ends. However, since emphasis on
evaluating the effectiveness of the risk management action and decision has become part of the
Agency’s way of doing business (due to the Government Performance Results Act (GPRA)),
there will probably be an occasional need for the risk assessors and risk managers to discuss the
assessment after the risk management decision is made.

2.3 Typology for Risk Characterization

As the Policy states, EPA conducts many types of risk assessments. Assessments involve
various levels of complexity to support the wide range of decisions that have an impact on
human and environmental health. These include screening-level assessments of new chemicals,
in-depth assessments of pollutants such as dioxin and environmental tobacco smoke, and site-
specific assessments for hazardous waste sites. An iterative approach to risk assessment,
beginning with screening techniques, may be used to determine if a more comprehensive
assessment is necessary. The degree to which confidence and uncertainty are addressed in a risk
characterization depends largely on the scope of the assessment. In general, the scope of the risk
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characterization should reflect the length, depth, and breadth of the corresponding risk
assessment. When special circumstances (e.g., lack of data, extremely complex situations,
resource limitations, statutory deadlines) preclude a full assessment, such circumstances need to
be explained and their impact on the risk assessment discussed in the risk characterization.

During the planning and scoping stages of the risk assessment process, discussions about
the level of effort and complexity of detail take place in regards to the upcoming risk assessment.
These discussions may be revisited once the assessment is underway. A decision typology
adapted from the NRC (NRC, 1996) is provided below to help you think about the possible
information needs for decision making and the effort needed to develop such information. While
this typology doesn’t cover all possible circumstances, it provides an example range of effort
needed for risk assessments (including risk characterizations).

This typology, derived from the NRC (1996), should be borne in mind as the risk
assessment is planned, scoped and conducted to ensure that the risk characterization section of
the assessment is of the proper level of detail for the task at hand.

a) Unique, wide-impact decisions and risk characterizations. The risk
characterization informs single-time decisions that uniquely impact the health of
large numbers of people or large portions of the environment, sometimes over
long periods of time. Typically, they are controversial, with disparate
perspectives on the nature and extent of the risk and a spectrum of affected parties
and visible, interested stakeholders.

Those planning the risk assessment process will no doubt recognize and have the
support for extensive risk analyses with broad participation. But the nature of the
process will be particularly important in achieving a risk characterization that will
be useful in the decision-making process.

b) Routine, narrow-impact decisions and risk characterizations. Risk
characterizations of this type will be very similar to previous ones that have been
performed. Typically, the impact under review will involve a small geographical
area and few people. Examples of risk characterizations of this type are the
thousands of screening level site-specific risk characterizations performed
annually to support air permit decisions for small facilities. Other examples are
the screening level chemical use-specific characterizations that may be developed
in evaluating circumstances for chemical manufacture as with the
premanufacturing notice program for new chemicals under the Toxic Substances
Control Act (TSCA).
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d)

Significant unresolved issues may underlie individual risk characterizations of this
type. However, it will be neither practical nor desirable to debate the assumptions
and develop multiple descriptions for each risk characterization. The most
reasonable course is to make the process and characterization development
routine, but provide the opportunity for appeal. Also, there should be periodic
review of the routine procedures.

Repeated, wide-impact decisions and risk characterizations. Risk
characterizations of this type have wide impact; that is, they support decisions that
can have an impact on large numbers of people or large geographical areas.
However, the characterizations developed are similar in structure to ones done
previously with respect to issues discussed and supporting risk assessments. Also,
in planning and scoping the assessment process, the issues are likely to be similar
to those previously raised.

Therefore, some aspects can be made routine, although certain other aspects may
need special attention so that they meet the unique needs of the particular decision
at hand. Also, questions should be raised at the start to attempt to uncover issues
important to the decision that would not be anticipated on the basis of other
similar risk characterization exercises. An example of this type of
characterization would be one performed in support of the siting of a large waste
incineration facility.

Generic hazard and dose-response decisions and risk characterizations. Risk
characterizations of this type are one step removed from the characterization of a
particular chemical use or site-specific risk. In fact, they typically support the
routine risk characterizations described above. Since they fall outside specific
decisions at hand, it is sometimes difficult to appreciate the full range of issues.
Indeed, it may be a challenge to construct a risk assessment or characterization
development and review process with adequate participation, absent a particular
decision context.
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3. ELEMENTS OF A RISK CHARACTERIZATION

3.1 Overview

Risk characterization does not stand alone. It is one of the four steps in risk assessment.
It is very important that risk characterization be done well because it is the final component of
the risk assessment process. There is only asingle
technical characterization of risk as a final product of
the assessment (see section 4.2.1). This technical There is only a single technical
characterization must be written with enough detailed | characterization of risk as a final
technical information so that another expert (e.g., product of the risk assessment.
other risk assessors, peer reviewers) can reasonably
reconstruct what was done in the assessment,
including being able to identify the assumptions made during the assessment. Since the risk
characterization is a part of the risk assessment itself, keep in mind that the goal of the risk
characterization is not to repeat the entire assessment, just to identify the key elements from the
risk assessment that really make a difference in its outcome.

The actual elements that go into an assessment are addressed in the many risk assessment
guidelines and program-specific guidance documents that are issued by the EPA. You need to
refer to the guidelines while conducting a risk assessment (see reference list at end of this
Handbook for these guidelines). Those materials that guide you through the risk assessment will
not be reiterated here. This Handbook provides guidance for the risk characterization part of the
risk assessment.

This chapter presents many of the elements you need to consider when drafting the risk
characterization part of your assessment. You should not use a checklist approach here. Instead,
you should consider the elements presented below while writing your risk characterization.
Whether every element is actually written into the characterization or not is dependent upon the
purpose of the risk assessment and the detail necessary to adequately characterize it.

3.2 Elements of a Risk Characterization

By the time you have completed your assessment, you should have identified the universe
of policy choices, management decisions, and uncertainties, as well as the conclusions of your
risk assessment. The point of risk characterization is not to repeat the entire risk assessment, but
rather to describe the key findings and other elements (i.e., not all the issues and conclusions,
only the key information) from each step of the human health or ecological assessment paradigm.
Because key findings differ for each assessment, it is not possible to define exactly what they are
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generically. Professional judgment is necessary to define them. You will want to alert the risk
manager to the major elements that affect the characterization:

a) Key information (section 3.2.2)

b) Context (section 3.2.3)

C) Sensitive Subpopulations (section 3.2.4)

d) Scientific Assumptions (section 3.2.5)

e) Policy Choices (section 3.2.6)

f) Variability (section 3.2.7)

)] Uncertainty (section 3.2.8)

h) Bias and Perspective (section 3.2.9)

) Strengths and Weaknesses (section 3.2.10)

) Key Conclusions (section 3.2.11)

K) Alternatives Considered (section 3.2.12)

1) Research Needs (section 3.2.13)

3.2.1 Can a “Bright Line” or Number be the Risk Characterization?

No! Whatever the form the risk characterization takes, don’t just give the “number.” The
goal is to give an understandable, rich description of the findings and the strengths and
weaknesses of the assessment, i.e., avoid the single “bright line” presentation. Every risk
characterization has a fundamental, irreducible set of information consisting of the key findings

that must be conveyed to every audience to adequately characterize the risk; again, it is more than
just a number.
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3.2.2

What Key Information Needs to Be Identified During the Risk Assessment
Process to Prepare for Risk Characterization?

When you prepare a risk characterization, you need to think about what is the information
to present in the risk characterization. The following provides some considerations to help you
capture the key information from the risk assessment to carry forward into the risk
characterization. For each stage of the assessment for human health or ecological risks, the
assessor identifies:

a)

b)

f)

3.2.3

It is important for the risk manager to

The studies available and how robust they are (e.g., have the findings been
repeated in an independent lab)

The major risk estimates calculated, the assumptions and the extrapolations made
during the estimated risk calculation, and the residual uncertainties and their
impact on the range of plausible risk estimates. Your description of the risk
estimate should indicate what you are assessing (e.g., individual, population,
ecosystem) and include such things as the high end and central tendency
estimates.

Use of defaults, policy choices and any risk management decisions made (e.g.,
refer the reader to an Agency risk assessment guidance, guideline, or other easily
obtainable reference source that explains the meaning of terminology)

Whether the key data used for the assessment are considered experimental, state-
of-the art or generally accepted scientific knowledge

The meaning of quantitative data in an easily understandable form -- the use of
tables and graphics may be helpful

Variability (see section 3.2.7)

How Do I Put the Risks Estimated in this Assessment into a Context with
Other Similar Risks?

know how the estimated risk from this agent | Discussions about how the likely risk from

or site compares to similar risks. Two types | this stressor, agent or site compares to
of comparisons should be considered. The others regulated by EPA can provide a

first is to compare this risk assessment with

valuable tool to risk managers.
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previous Agency decisions to provide a feel for the comfort level, weight of evidence, and likely
problems the Agency will have with this assessment when comparing it to past Agency
assessments. The second is to provide a sense of how generally the assessment is accepted by the
scientific and regulatory community at large by comparing the results of EPA's assessment on
this agent or site with available assessments made on the same agent or site by other federal and
state agencies, by other countries and/or by various interest groups.

a) Comparisons to Agency assessments

1) Let the risk manager know what other risk assessments have been
performed on this agent or site or similar agents and sites

2) Describe how the strengths and weaknesses of EPA's assessment compare
with other assessments prepared by EPA in the past

b) Comparisons to assessments done by others

1) Describe the rationale and bases for the conclusions drawn by others about
this agent if they differ from EPA's assessment

2) If their assessment differs from EPA's, is it a reasonable alternative (i.e.,
can their conclusions reasonably be derived from the data set)

3) What are the strengths and weaknesses of their evaluations compared to
EPA's assessment

3.2.4 How Do I Address Sensitive Populations, Ecosystems and Species?

In its risk assessments and risk characterizations, the EPA attempts to identify the
universe of people that may be affected, including sensitive populations (e.g., children, ethnic
groups, gender, age, nutritional status, other genetic predisposition), ecosystems or ecological
entities (e.g., endangered species), and those that are highly exposed (e.g., human, wildlife, etc.).
In the planning and scoping phase of the risk assessment process, the potential for exposures or
for unique adverse effects to sensitive populations should be noted. Any sensitive populations
that are identified should be evaluated in the risk assessment, and the assessment should contain
an appropriate characterization. It may not be necessary or possible to do a quantitative risk
assessment on each one. For instance, where there are many sensitive population groups for a
given pollutant, it may be sufficient to estimate risks for the most sensitive group and as long as
they are protected, other groups may be protected adequately.
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While all sensitive populations need to be considered, Executive Order 13045 entitled
“Protection of Children from Environmental Health Risks and Safety Risks” (April, 1997), and
the Administrator’s “Policy on Evaluating Health Risks to Children” (October, 1995),
specifically require that EPA risk assessments, risk characterizations, and environmental and
public health standards characterize health risks to infants and children as appropriate.

The following points are illustrative of the information that can be valuable in the
assessment and characterization of children’s risk. As risk assessors conduct their risk
assessment, they should consider these factors about children’s risks in their risk
characterization. The first two points to consider should be part of the fundamental, irreducible
set of information carried forward in the risk characterization:

a) Have the potential hazards to children been adequately characterized?
b) Have the exposures to children been adequately characterized?

In addition, the Agency has issued specific guidance for rule writers about how to address
children’s risk pursuant to Executive Order 13045. This is found in the “EPA Rule Writer’s
Guide to Executive Order 13045™ issued as interim final guidance in April 1998 (USEPA, 1998).

3.2.5 What are Scientific Assumptions and How Do I Address Them?

Because we only have a limited amount of information from laboratory, human, and field
studies, it is necessary to predict the effects that will occur after exposures to environmental
pollutants. For some pollutants data are available from certain stages of development but not
others. Or perhaps the study was conducted in one sex only or in a certain ethnic population or
one whose diet is much different from that in the U.S. In such cases, it is necessary to describe
the variation and unpredictability of responses to toxicant exposure at different developmental
stages, to the other sex or another population, as well as other complexities (e.g., the possibility
of delayed response).

At EPA, various risk assessment guidelines have been written to ensure ascientifically
defensible and consistent approach to risk assessment. When you write the risk characterization
portion of your assessment, indicate whether or not you followed the guidelines and describe the
key assumptions you made during your assessment and the impact they have on the assessment
outcome. For example, if the endpoint of concern is ovarian cancer, it makes no difference and
is not worth noting that males were not studied for ovarian cancer. However, in other cases, for
example, if the cancer risk from carcinogenicity from drinking water contaminated by arsenic is
being considered, the effect of diet on the disease outcome should be stressed.
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3.2.6 What Are Policy Choices and How Do I Address Them?

In years past, different EPA offices sometimes had different policies about how to assess
risk (e.g., different uncertainty factors or different levels of regulatory concern). While the
development of the various risk assessment guidelines and the establishment of the Science
Policy Council have helped to eliminate such discrepancies, possibilities for policy choices
affecting risk assessment outcomes still exist in EPA (i.e., different laws and their implementing
regulations may still dictate divergent policies). Also, there may be important differences
between EPA’s risk assessment policy choices and those of other agencies. To the extent you are
aware of such information be sure to describe it in the risk characterization portion of your
assessment and to let your manager know of the impact the alternative policy choices have on the
outcome of your assessment.

3.2.7 How Do I Address Variability?

The risk assessor should strive to distinguish between variability and uncertainty to the
extent possible (see 3.2.8 for a discussion of uncertainty). Variability arises from true
heterogeneity in characteristics such as dose-response differences within a population, or
differences in contaminant levels in the environment. The values of some variables used in an
assessment change with time and space, or across the population whose exposure is being
estimated. Assessments should address the resulting variability in doses received by members of
the target population. Individual exposure, dose, and risk can vary widely in a large population.
Central tendency and high end individual risk descriptors capture the variability in exposure,
lifestyles, and other factors that lead to a distribution of risk across a population (e.g., see
Guidelines for Exposure Assessment; referenced in Appendix F).

3.2.8 How Do I Address Uncertainty?

Uncertainty represents lack of knowledge about factors such as adverse effects or
contaminant levels which may be reduced with additional study. Generally, risk assessments
carry several categories of uncertainty, and each merits consideration. Measurement uncertainty
refers to the usual error that accompanies scientific measurements -- standard statistical
techniques can often be used to express measurement uncertainty. An amount of uncertainty is
often inherent in environmental sampling, and assessments should address these uncertainties.
There are likewise uncertainties associated with the use of scientific models, e.g.,dose-response
models, models of environmental fate and transport.

Evaluation of model uncertainty considers the scientific basis for the model and available
empirical validation. A different kind of uncertainty stems from data gaps; that is, estimates or
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assumptions used in the assessment. Often, the data gap is broad, such as the absence of
information on the effects of exposure to a chemical on humans or on the biological mechanism
of action of an agent. The risk assessor should include a statement of confidence that reflects the
degree to which the risk assessor believes that the estimates or assumptions adequately fill the
data gap. Forsome common and important data gaps, Agency or program-specific risk
assessment guidance provides default assumptions or values. Risk assessors should carefully
consider all available data before deciding to rely on default assumptions. If defaults are used,
the risk assessment should reference the Agency guidance that explains the default assumptions
or values.

While it is generally preferred that quantitative uncertainty analyses are used in each risk
characterization, there is no single recognized guidance that currently exists on how to conduct
an uncertainty analysis. Nonetheless, risk assessors should perform an uncertainty analysis.
Even if the results are arrived at subjectively, they will still be of great value to a risk manager.
The uncertainty analysis should, in theory, address all aspects of human health and ecological
risk assessments, including hazard identification, dose-response assessment, and exposure
assessment. Uncertainty analysis should not be restricted to discussions of precision and
accuracy, but should include such issues as data gaps and models.

Identify those scientific uncertainties that if reduced (e.g., about whether or not we know
if the agent causes cancer, about whether or not we know what happens at low doses, that we
know the exposure only occurs in certain specific locations) or the policy choices and
management decisions that if changed would make a real impact on the risk assessment.

3.2.9 How Do I Address Bias and Perspective?

There is an understood, inherent, EPA bias that in the light of uncertainty and default
choices the Agency will decide in the direction of more public health protection than in the
direction of less protection. Howe\er, it is not always clear where such bias enters into EPA risk
assessments. To the extent it may make a difference in the outcome of your assessment,
highlight the relevant areas so the impact will not be overlooked or misinterpreted by the risk
manager.

3.2.10 How do I Address Strengths and Weaknesses?
Identify major imbalances among the components of the assessment. For example, the

case for the stressor or agent posing a hazard may be strong, while the overall assessment of risk
IS weak because there are no data about whether there is exposure to the stressor or agent.
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3.2.11 What Are the Major Conclusions to Carry Forward?

Each component of the risk assessment (e.g., hazard identification, exposure assessment,
etc.) contains its own summary “mini-characterization.” When integrated, these identify the
fundamental, irreducible set of key points that must be communicated to characterize adequately
the corresponding section of that risk assessment. Because every risk assessment has many
uncertainties, and involves many
assumptions, the challenge in characterizing
risk for decision makers, whose time is
limited and who are not risk experts, is to
convey that small subset of key findings and
strengths and limitations that really makes a
difference in the assessment outcome.

The goal of Risk Characterization is not to
repeat the entire assessment, just the key
findings and conclusions.

a) Bring out those key strengths and weaknesses in plain English consistent with
TCCR

b) Provide a brief bottom line statement about the risks, including your confidence in
any estimate(s) of risk and in your conclusions

C) Help the reader clearly grasp what is known about the nature, likelihood and
magnitude of any risk

The idea is to relay to the risk manager in frank and open terms the scope, strengths, and
limitations of the assessment. An example of possible strengths of an assessment would be that
the overall weight of evidence of the data indicates that the quality and quantity of data
supporting the hazard and/or exposure is high. There might also be general consensus within the
scientific community on certain points used to build the hazard/exposure case.

If you know of information that would yield changes in the risk estimates under various
candidate risk management alternatives, let the manager know. For instance, if a feasibility study
has been performed that evaluates the risk associated with different treatment technologies or
remedial alternatives, discuss the range of possible outcomes and the implications of each.

It is important to remember that while you are conducting your risk assessment you need
to think about what the key points are that you want to present in the risk characterization portion
of the assessment.
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3.2.12 How Do I Describe the Alternatives Considered?

As you prepare the risk characterization section of your risk assessment you should ask
yourself what are the qualitative characteristics of the hazard (e.g., voluntary vs. involuntary,
technological vs. natural, etc.)? You should also comment on findings, if any, from studies of
risk perception that relate to this hazard or similar hazards and let the risk manager know:

a) What are the alternatives to this hazard? How do the hazards compare?
b) How does this risk compare to other risks?

1) How does this risk compare to other risks in this regulatory program, or
other similar risks that the EPA has made decisions about?

2) Where appropriate, can this risk be compared with past Agency decisions,
decisions by other federal or state agencies, or if appropriate, to common
risks with which people may be familiar?

You should describe the limitations of making these comparisons, and comment on
significant community concerns which influence public perception of risk, if known.

You should also comment on other risk assessments that have been done in similar
situations (e.g., specific chemical, similar site) by EPA, other federal agencies, or other
organizations. Are there significantly different conclusions that merit discussion? Is there other
information that would be useful to the risk manager or the public in this situation that has not
been described above?

3.2.13 How Do I Address Research Needs?

While many data needs and methodology gaps are identified when assessing risk, only
the key ones that really make a difference in the risk assessment outcome are highlighted in
the risk characterization portion of the risk assessment. A systematic capturing of such needs
identified during risk characterization may provide an effective way to identify high priority
scientific support needs and a mechanism to reduce the tension within EPA between the need for
immediate technical support for today’s regulations and the need to improve test methods and
risk assessment models to more realistically estimate risk from environmental exposures.
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33 Should Decisions be Delayed Until Research is Completed?

Unless the research need is so compelling as to its critical use in the risk assessment, a
decision should not be delayed unduly to fulfill the need. Research is never certain and it often
raises additional questions. The main benefit of risk characterization is that it provides context
for available information for use in decision making and for strengthening the scientific
underpinnings of the Agency’s decisions.
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4. RISK CHARACTERIZATION-RELATED PRODUCTS

4.1 Overview

The portion of the risk assessment referred to as risk characterization is the final
summarizing product of the risk assessment process (elements discussed in Chapter 3). Thisis
referred to as the “technical” risk characterization. Once this is written, it can be used as the
basis for subsequent communication instruments or products for audiences beyond the technical
users of the characterization. The communication of the risk characterization will take different
written and oral forms to meet the needs of the intended audiences (e.g., risk managers, the
public). Thus, the communication of risk requires different products for different audiences at
different times. In other words, it is probably not realistic to expect one product to serve diverse
audiences equally.

The level of information contained in each product will vary according to the detail of
the risk assessment which is being characterized by this product. In addition, it will often vary in
format or detail in order to effectively communicate with the intended audience. Use good
judgment and common sense.

Remember, risk characterization is not synonymous with risk communication. While the
final risk assessment document (including the technical risk characterization) is available to all
audiences, the risk communication process may be better served by separate products designed
for particular audiences. This chapter deals with these separate “risk characterization” products
and their audiences.

4.2 Products of Risk Characterization

Because there is more than one audience for each assessment, there will probably be more
than one risk characterization product written or spoken about the risk assessment. There are
many risk assessments that vary in length and degree of detail. Therefore, each risk
characterization is as simple or complex as the assessment from which it derives and the
audience for which it is prepared. The subsequent products derived from the risk
characterization will be similarly simple or complex. The purpose of a risk characterization is
full disclosure, but that does not mean that you have to be wordy.

Further, each office and region produces different types of risk assessments, often
producing more than one type at any given time. The differences are due to the requirements of
enabling legislation, the types of decisions to be made, the culture of the office, and to other
factors.
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4.2.1 Whatis the Technical Risk Characterization?

The “technical” risk characterization is the integrating and concluding product of the risk
assessment. It is the risk characterization referred to in the risk assessment paradigm and is
usually within the domain of risk assessors to assemble and write. It is written with enough
detailed technical information so that another expert can understand the steps taken to conduct
the assessment and identify the assumptions made during the assessment. The risk
characterization is able to undergo peer review. TCCR applies to the risk characterization and it
fully addresses the elements discussed in Chapter 3. Example technical risk characterizations
(case studies) are found in the appendices.

4.2.2 What are Risk Characterization Products I Can Prepare for Risk Managers?

The usual products prepared from the risk characterization for risk managers are generally
in the form of a summary. Summaries can take various forms and you need to decide which
form is the most appropriate for the particular risk manager involved and the needs of that risk
manager. In general, risk managers do not need the depth of technical detail found in the
technical risk characterization. They want the key issues and conclusions clearly highlighted in
the summary. If risk managers want to read and understand the technical details, they can refer
to the technical risk characterization or the full risk assessment.

Summary products can include:

a) Executive summary style product — at most a few pages with some technical detail
for audiences with some technical knowledge, e.g., first line managers (this
executive summary may sometimes be the executive summary of the technical
risk characterization itself depending on the audience)

b) Bulleted list highlighting the key issues and conclusions culled from the technical
risk characterization — probably 1 - 2 pages with little or no technical detail for
audience with little or no technical knowledge, e.g., higher lever managers,
decision makers

C) Briefing packages




Risk Characterization Handbook Page 47

4.2.3 What are Risk Characterization Products I Can Prepare for Other

Audiences, Like the Public?

The products prepared from the risk characterization for other audiences besides risk
assessors and risk managers can come in many forms. Generally, these are communication
pieces with little or no technical detail, but still carry forward the key issues and conclusions
more in a lay person’s context than a technical context. The public is most thought of as the
main audience in this regard.

Among the many forms these communication products may take are:

a)

b)

9)

Fact sheets — more prose-like product that describes key issues and conclusions
for non-technical audience, e.g., interested public

Press releases — another prose-like product that describes key issues and
conclusions for mostly non-technical audience, e.g., affected and/or interested
public

Slide shows — visual presentation (perhaps accompanied by audio presentation) of
key issues and their context for mostly non-technical audience, e.g., affected
public

Federal Register Notices — includes decisions, For Your Information (FY)
material

Public Relations (PR) Notices

Decision Documents — includes Reregistration Eligibility Decisions (REDSs),
Record of Decisions (RODs)

Speeches and Talks

4.3 Audiences for Risk Characterization Products

4.3.1 Who Are the Audiences for Risk Characterization Products?

While not specifically defined, they run the gamut from risk assessors through line
managers to the decision makers, the Administrator (the ultimate decision maker), peer
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reviewers, the scientific community, and the general public. The risk characterization product
needs to be tailored to each of these specific audiences in terms of depth and detail.

Furthermore, since the work of EPA should be conducted as if in a fishbowl
(transparency), the total number of audiences can be potentially limitless and can include most
anyone. This will probably present a challenge to the writers of these risk characterization
products, but one that needs to be met nonetheless. As these audiences are identified, additional
products are tailored to their needs in terms of depth and detail.

4.3.2 Can I Use a Single Risk Characterization Product for All Audiences?

Generally, no. The technical risk characterization itself is consistent with the level of
detail and complexity of the assessment conducted. However, as you characterize the assessment
for various less technically oriented audiences, the subsequent products need to be tailored to
those audiences. Technical science has become increasingly more precise, detailed, and
specialized over the years. It is not easy for non-technical people to fully comprehend the details
and nuances of the scientific data. It has even become increasingly difficult for scientists
themselves to fully understand the meaning of data in scientific disciplines outside their own
expertise. Therefore, the products you write from the technical risk characterization need to be
tailored to the particular audience you need to communicate with.

4.3.3 How Much Technical Detail is Needed for Different Audiences?

This will depend on the audience. Generally, the use of technical terms should be
minimized to help maintain clarity in a product. However, products prepared from risk
characterizations use the appropriate amount of technical detail as required by each audience.

For the technical risk characterization, full technical detail is expected. After all, this is the
expert’s integration of the scientific data. But even here, extensive use of technical detail and
equations should be kept as minimal as practically possible. If great detail is needed, for instance
with many equations, this material might be better suited in an appendix for other experts to
examine in detail if they wish or for a peer review. Remember, enough technical detail is needed
for a fellow expert (e.g., peer reviewer) to reconstruct the thinking behind the risk assessment.

For other audiences, a great deal less technical detail is appropriate. While the use of
technical terms should be avoided to help maintain clarity in any product, products prepared from
risk characterizations can present information with different amounts of technical detail as
required by each audience (see section 4.2 above). For example, first-level risk managers may be
technically competent, but have little time to review details. For this audience, a good approach
would be to provide a short executive summary with the technical information included in an
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appendix or reference the risk assessment itself (which would probably accompany the summary
for first-level managers). Higher level managers and/or policy-makers are likely to have less
technical expertise than first-level managers, so technical terms and equations appropriately may
be removed from risk characterization products intended for this audience. For senior Agency
officials, it may be appropriate to provide an abstracted risk characterization product of one page
or less with little or no technical detail. For non-technical audiences, and especially when you
communicate the characterization to the general public, write and speak in plain English (clarity!)
—again, practically little or no technical detail is necessary. Note, however, synopsis and
simplification do not mean simplistic products.

4.3.4 How Do I Ensure that the Irreducible Set of Risk Characterization
Information is Carried Forward in All Risk Characterization Products?

Risk characterization is an integrating process that can lead to a range of products that
might be written at different times by different people for different audiences. To ensure that the
key messages are carried forward, peer review is an important component of the risk
characterization portion of the risk assessment process, because it helps ensure the scientific
integrity of the risk characterization, especially as it is distilled and simplified. At these pointsin
time, there is a need to ensure that the key points are faithfully passed on and interpreted. Formal
peer review may not be practical for small quick risk assessments, or as the risk characterization
products are tumed into briefings. However, each office needs to have procedures in place to
ensure that as this is done, the major points of the characterization are faithfully captured.

4.4 Risk Characterization Format and Length

4.4.1 Is There a Standard Format for a Risk Characterization?

Not really. While most technical risk characterizations will look similar, a set format is
not required for any particular characterization. Based on experiences from the colloquia and

roundtables, a general flow for a format is suggested:

a) Executive Summary -- begin with a concise, brief summary at the beginning of the
characterization

b) Context -- briefly describe the context of the risk assessment, including planning
and scoping initiatives

C) Elements -- the main body of the risk characterization addresses all, or as many as
possible, of the risk characterization elements outlined in Chapter 3
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d) Final Conclusions -- state succinctly the key final conclusions
4.4.2 Whatis an Appropriate Length for a Risk Characterization?

Common sense should be used. Each risk characterization should reflect the length,
depth, and breadth of the corresponding risk assessment and the audience for which it is
intended. The length of a risk characterization for a screening assessment, for example, will not
likely be very long due to little data or scientific knowledge. It will not probably change much
when adapted for different audiences since limited information is usually available, although the
language used may change in complexity. The length of a risk characterization for an
intermediate or comprehensive risk assessment with much more data and technical detail will be
correspondingly longer. Subsequent products from these risk characterizations will then likely
take on shorter lengths for non-technical audiences. Don’t forget to always include that

irreducible set of key points that really makes a difference in the assessment outcome, no matter
what the length.
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5. INFORMING DECISION MAKERS

5.1 Overview

During the series of colloquia and roundtables with many Agency risk managers and risk
assessor to implement the Risk Characterization Policy, a primary question that arose was “What
is the role of science in the decision-making process for EPA?” Their major conclusion
determined that while science is important to inform risk managers, there are other factors that
also drive decision making. This small chapter provides a brief overview of how science is just
one of the factors considered for decision making. A full discussion of the decision-making
process is beyond the scope of this Handbook.

5.2 Science in Decision Making
5.2.1 Is the Risk Assessment the Single Driving Force Behind Decision Making?

While the scientific risk assessment has ostensibly been the primary factor and driving
force for most regulatory and risk management decisions, it is apparent that factors in addition to
scientific risk assessment (and economic analyses) play an important role in decision making.
This reality is recognized by outside parties as well (e.g., NAS (1994) and the
Presidential/Congressional Commission on Risk Assessment and Risk Management (1997)) that
many other factors are important in environmental decision making. The scientific risk
assessment and its peer review provide the sound scientific underpinnings for a decision.
However, it is only one of the many factors that a decision maker considers in arriving at a final
environmental decision.

5.3 Decision-Making Factors

5.3.1 What Are the Major Factors that Affect Decision Making?

Most risk management decisions are informed by a variety of factors in addition to
science (Figure 5.1). In addition to the scientific factors, decisions generally involve

consideration of many of these factors.

a) Scientific factors provide the basis for the risk assessment, including information
drawn from toxicology, chemistry, epidemiology, ecology, mathematics, etc.




Page 52

Risk Characterization Handbook

b)

d)

9)

Economic factors inform the manager on the cost of risks and the benefits of

reducing them, the costs of risk mitigation or remediation options and the
distributional effects

Laws and legal decisions are factors that define the basis for the Agency’s risk
assessments, management decisions, and, in some instances, the schedule, level or
methods for risk reduction

Social factors, such as income level, ethnic background, community values, land

use, zoning, availability of health care, life style, and psychological condition of
the affected populations, may affect the susceptibility of an individual or a
definable group to risks from a particular stressor

Technological factors include the feasibility, impacts, and range of risk
management options

Political factors are based on the interactions among branches of the Federal
government, with other Federal, state, and local government entities, and even
with foreign governments; these may range from practices defined by Agency
policy and political administrations through inquiries from members of Congress,
special interest groups, or concerned citizens

Public values reflect the broad attitudes of society about environmental risks and
risk management
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Planning and Scoping

Figure 5.1 Risk Management Decision Framework. At least seven factors (represented by the
arrows) affect and inform risk management decisions. Each factor passes through four analytical
steps to integrate the information for a risk management decision.
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54 Characterization of Non-Science Factors

5.4.1 Are the Economic and Other Non-Risk Assessments Subject to
Characterization?

The Risk Characterization Policy applies only to clarifying the risk assessment inputs to
the decision-making process. The goal of risk characterization is to openly communicate the full
range of scientific considerations surrounding a risk assessment. This overarching approach can
be applied to all assessments, including those of the other factors, in a general sense. A decision
maker who is informed by comprehensive information, analysis, and characterization, can more
easily weigh all factors to make the decision, and help the public better understand the basis for
his/her decision.

5.4.2 Can the Principles of TCCR Apply to Characterizations of the Other
Factors?

The principles of TCCR (transparency, clarity, consistency, and reasonableness) can be
readily adapted to economic assessments/characterizations and the other factors besides risk that
are characterized. It is probably desirable that the risk characterization principles apply not only
to the scientific factor, but to all the factors in the way they do business.
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6. ADMINISTRATIVE ISSUES

6.1 Overview

Risk characterization, as a component of risk assessment, is done by many people over
time. It is often iterative in nature. Thus, risk characterizations should be memorialized in
writing by the regions and offices as part of each risk assessment. If the risk assessment is done
piecemeal, each risk assessment section should be accompanied by awritten risk characterization
for that section of the assessment. Each individual section risk characterizations can be stitched
together with the other sections’ risk characterizations as they are completed later to prepare the
overall risk characterization of the risk assessment. Similarly, when sections of the risk
assessment are updated, the risk characterization for that section should be updated too, in
writing.

Decision makers are responsible for
ensuring that a risk characterization is written for
each risk assessment and that a risk assessment/risk
characterization record is maintained.

Risk characterizations must be

placed in writing.

This chapter provides an overview of the roles and responsibilities of people and
organizations that write and use the risk characterization. Also, some administrative issues
concerning the written risk characterization are addressed such as record keeping, budget
planning, and legal considerations.

6.2 Risk Characterization Record
6.2.1 Whatis the Risk Characterization Record?

At its core, the risk characterization record is the written risk characterization. In
addition, the record should include the planning and scoping materials, a record of the risk
assessors/risk managers decisions, all parts of the risk assessment, including their individual
characterizations and the final risk characterization, with any updates. It needs to be maintained
in accordance with the organization’s archiving procedures.

6.2.2 How Can the Risk Characterization Record Improve the Risk
Characterization Process?

A good risk characterization record allows future reference to the key findings and
strengths and weaknesses of the assessment. It can be studied by the risk manager to help better
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inform him/her about the facts in hand at that time. In addition, a good record helps ensure that
the Risk Characterization Policy is followed.

6.2.3 Where Should the Risk Characterization Record be Kept and For How
Long?

During the active conduct of the risk characterization, it is likely that each risk assessor
maintains the risk characterization record until his/her portion of the risk characterization is
completed. Establishment and maintenance of an archive where the risk characterization records
ultimately reside are an organization’s responsibilities. The risk characterization record is part of
the risk assessment record.

6.3 Budget Planning

As soon as it is known in the planning and scoping process that a risk assessment will be
done, the resources needed to conduct the risk assessment and its characterization need to be
designated. It is the risk manager’s/decision maker’s responsibility to ensure that the necessary
resources are requested as part of the usual Agency budgetary processes. Risk characterization
needs to be considered as a normal part of doing business, just as peer review should be. Risk
assessment/risk characterization resource considerations should also be addressed in the analytic
blueprint for Agency rulemaking actions.

6.4 Legal Considerations
6.4.1 Are There Legal Ramifications from the Risk Characterization Policy?

The Risk Characterization Policy does not establish or affect legal rights or obligations.
Rather, it confirms the importance of risk characterization where appropriate, outlines relevant
principles, and identifies factors Agency staff should consider in implementing the Policy.
Except where provided otherwise by law, risk characterization is not a formal part of or
substitute for notice and comment on rulemaking or adjudicative procedures. EPA’s decision to
characterize risk as part of the risk assessment in any particular case is wholly within the
Agency’s discretion.

6.4.2 Is Legal Advice Needed?

With respect to risk characterization products, it is unlikely that legal advice will be
needed. However, as part of the risk characterization process, legal counsel, as appropriate,
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should be included in the “team” supporting the decision maker and work with risk assessors,
economists, and others, from planning and scoping through to the final decision.

6.5 Peer Review of Risk Characterization Handbook

A draft Risk Characterization Guide and associated case studies (i.e., Risk
Characterization Handbook) were peer reviewed by a group of experts outside of EPA. EPA
contracted Eastern Research Group, Inc. (ERG) to conduct the peer review (Contract No. 68-C-
98-1148). ERG selected the outside experts and held a workshop, open to the public, to conduct
the peer review. The workshop was held March 24-25, 1999 in Alexandria, Virginia. EPA used
the comments from this public peer review, comments received from reviewers inside the
Agency, and additional public comments to revise and finalize the Handbook into its current
form. A summary report containing peer review comments was issued on May 21, 1999 under
the auspices of the Office of Science Policy inthe Office of Research and Development.
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Policy for Risk Characterization
INTRODUCTION

Many EPA policy decisions are based in part on the results of risk assessment, an analysis
of scientific information on existing and projected risks to human health and the environment.
As practiced at EPA, risk assessment makes use of many different kinds of scientific concepts
and data (e.g., exposure, toxicity, epidemiology, ecology), all of which are used to "characterize™
the expected risk associated with a particular agent or action in a particular environmental
context. Informed use of reliable scientific information from many different sources is a central
feature of the risk assessment process.

Reliable information may or may not be available for many aspects of a risk assessment.
Scientific uncertainty is a fact of life for the risk assessment process, and agency managers
almost always must make decisions using assessments that are not as definitive in all important
areas as would be desirable. They therefore need to understand the strengths and the limitations
of each assessment, and to communicate this information to all participants and the public.

This policy reaffirms the principles and guidance found in the Agency’s 1992 policy
(Guidance on Risk Characterization for Risk Managers and Risk Assessors, February 26, 1992).
That guidance was based on EPA’s risk assessment guidelines, which are products of peer review
and public comment. The 1994 National Research Council (NRC) report, “Science and
Judgment in Risk Assessment,” addressed the Agency’s approach to risk assessment, including
the 1992 risk characterization policy. The NRC statement accompanying the report stated, “...
EPA’s overall approach to assessing risks is fundamentally sound despite often-heard criticisms,
but the Agency must more clearly establish the scientific and policy basis for risk estimates and
better describe the uncertainties in its estimates of risk.”

This policy statement and associated guidance for risk characterization is designed to
ensure that critical information from each stage of a risk assessment is used in forming
conclusions about risk and that this information is communicated from risk assessors to risk
managers (policy makers), from middle to upper management, and from the Agency to the
public. Additionally, the policy will provide a basis for greater clarity, transparency,
reasonableness, and consistency in risk assessments across Agency programs. While most of the
discussion and examples in this policy are drawn from health risk assessment, these values also
apply to ecological risk assessment. A parallel effort by the Risk Assessment Forum to develop
EPA ecological risk assessment guidelines will include guidance specific to ecological risk
characterization.
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Policy Statement

Each risk assessment prepared in support of decision-making at EPA should include a
risk characterization that follows the principles and reflects the values outlined in this policy. A
risk characterization should be prepared in a manner that is clear, transparent, reasonable and
consistent with other risk characterizations of similar scope prepared across programs in the
Agency. Further, discussion of risk in all EPA reports, presentations, decision packages, and
other documents should be substantively consistent with the risk characterization. The nature of
the risk characterization will depend upon the information available, the regulatory application of
the risk information, and the resources (including time) available. In all cases, however, the
assessment should identify and discuss all the major issues associated with determining the
nature and extent of the risk and provide commentary on any constraints limiting fuller
exposition.

Key Aspects of Risk Characterization

Bridging risk assessment and risk management. As the interface between risk
assessment and risk management, risk characterizations should be clearly presented, and separate
from any risk management considerations. Risk management options should be developed using
the risk characterization and should be based on consideration of all relevant factors, scientific
and nonscientific.

Discussing confidence and uncertainties. Key scientific concepts, data and methods
(e.g., use of animal or human data for extrapolating from high to low doses, use of
pharmacokinetics data, exposure pathways, sampling methods, availability of chemical-specific
information, quality of data) should be discussed. To ensure transparency, risk characterizations
should include a statement of confidence in the assessment that identifies all major uncertainties
along with comment on their influence on the assessment, consistent with the Guidance on Risk
Characterization (attached). (Note added later: the Risk Characterization Handbook replaces the
Guidance on Risk Characterization)

Presenting several types of risk information. Information should be presented on the
range of exposures derived from exposure scenarios and on the use of multiple risk descriptors
(e.g., central tendency, high end of individual risk, population risk, important subgroups, if
known) consistent with terminology in the Guidance on Risk Characterization, Agency risk
assessment guidelines, and program-specific guidance. In decision-making, risk managers
should use risk information appropriate to their program legislation.
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EPA conducts many types of risk assessments, including screening-level assessments of
new chemicals, in-depth assessments of pollutants such as dioxin and environmental tobacco
smoke, and site-specific assessments for hazardous waste sites. An iterative approach to risk
assessment, beginning with screening techniques, may be used to determine if a more
comprehensive assessment is necessary. The degree to which confidence and uncertainty are
addressed in a risk characterization depends largely on the scope of the assessment. In general,
the scope of the risk characterization should reflect the information presented in the risk
assessment and program-specific guidance. When special circumstances (e.g., lack of data,
extremely complex situations, resource limitations, statutory deadlines) preclude a full
assessment, such circumstances should be explained and their impact on the risk assessment
discussed.

Risk Characterization in Context

Risk assessment is based on a series of questions that the assessor asks about scientific
information that is relevant to human and/or environmental risk. Each question calls for analysis
and interpretation of the available studies, selection of the concepts and data that are most
scientifically reliable and most relevant to the problem at hand, and scientific conclusions
regarding the question presented. For example, health risk assessments involve the following
questions:

Hazard Identification -- What is known about the capacity of an environmental agent for
causing cancer or other adverse health effects in humans, laboratory animals, or wildlife
species? What are the related uncertainties and science policy choices?

Dose-Response Assessment -- What is known about the biological mechanisms and
dose-response relationships underlying any effects observed in the laboratory or
epidemiology studies providing data for the assessment? What are the related
uncertainties and science policy choices?

Exposure Assessment -- What is known about the principal paths, patterns, and
magnitudes of human or wildlife exposure and numbers of persons or wildlife species
likely to be exposed? What are the related uncertainties and science policy choices?

Corresponding principles and questions for ecological risk assessment are being discussed as part
of the effort to develop ecological risk guidelines.
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Risk characterization is the summarizing step of risk assessment. The risk
characterization integrates information from the preceding components of the risk assessment
and synthesizes an overall conclusion about risk that is complete, informative and useful for
decision makers.

Risk characterizations should clearly highlight both the confidence and the uncertainty
associated with the risk assessment. For example, numerical risk estimates should always be
accompanied by descriptive information carefully selected to ensure an objective and balanced
characterization of risk in risk assessment reports and regulatory documents. Inessence, a risk
characterization conveys the assessor’s judgment as to the nature and existence of (or lack of)
human health or ecological risks. Even though a risk characterization describes limitations in an
assessment, a balanced discussion of reasonable conclusions and related uncertainties enhances,
rather than detracts, from the overall credibility of each assessment.

“Risk characterization” is not synonymous with “risk communication.” This risk
characterization policy addresses the interface between risk assessment and risk management.
Risk communication, in contrast, emphasizes the process of exchanging information and opinion
with the public — including individuals, groups, and other institutions. The development of a risk
assessment may involve risk communication. For example, in the case of site-specific
assessments for hazardous waste sites, discussions with the public may influence the exposure
pathways included in the risk assessment. While the final risk assessment document (including
the risk characterization) is available to the public, the risk communication process may be better
served by separate risk information documents designed for particular audiences.

Promoting Clarity, Comparability and Consistency

There are several reasons that the Agency should strive for greater clarity, consistency
and comparability in risk assessments. One reason is to minimize confusion. For example, many
people have not understood that a risk estimate of one in a million for an "average" individual is
not comparable to another one in a million risk estimate for the "most exposed individual." Use
of such apparently similar estimates without further explanation leads to misunderstandings
about the relative significance of risks and the protectiveness of risk reduction actions.

EPA's Exposure Assessment Guidelines provide standard descriptors of exposure and
risk. Use of these terms in all Agency risk assessments will promote consistency and
comparability. Use of several descriptors, rather than a single descriptor, will enable EPA to
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present a fuller picture of risk that corresponds to the range of different exposure conditions
encountered by various individuals and populations exposed to most environmental chemicals.

Legal Effect

This policy statement and associated guidance on risk characterization do not establish or
affect legal rights or obligations. Rather, they confirm the importance of risk characterization as
a component of risk assessment, outline relevant principles, and identify factors Agency staff
should consider in implementing the policy.

The policy and associated guidance do not stand alone; nor do they establish a binding
norm that is finally determinative of the issues addressed. Except where otherwise provided by
law, the Agency’s decision on conducting a risk assessment in any particular case is within the
Agency’s discretion. Variations in the application of the policy and associated guidance,
therefore, are not a legitimate basis for delaying or complicating action on Agency decisions.

Applicability

Except where otherwise provided by law and subject to the limitations on the policy’s
legal effect discussed above, this policy applies to risk assessments prepared by EPA and to risk
assessments prepared by others that are used in support of EPA decisions.

EPA will consider the principles in this policy in evaluating assessments submitted to
EPA to complement or challenge Agency assessments. Adherence to this Agency-wide policy
will improve understanding of Agency risk assessments, lead to more informed decisions, and
heighten the credibility of both assessments and decisions.

Implementation

Assistant Administrators and Regional Administrators are responsible for implementation
of this policy within their organizational units. The Science Policy Council (SPC) is organizing
Agency-wide implementation activities. Its responsibilities include promoting consistent
interpretation, assessing Agency-wide progress, working with external groups on risk
characterization issues and methods, and developing recommendations for revisions of the policy
and guidance, as necessary.

Each Program and Regional office will develop office-specific policies and procedures
for risk characterization that are consistent with this policy and the associated guidance. Each
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Program and Regional office will designate a risk manager or risk assessor as the office
representative to the Agency-wide Implementation Team, which will coordinate development of
office-specific policies and procedures and other implementation activities. The SPC will also
designate a small cross-Agency Advisory Group that will serve as the liaison between the SPC
and the Implementation Team.

In ensuring coordination and consistency among EPA offices, the Implementation Team
will take into account statutory and court deadlines, resource implications, and existing Agency
and program-specific guidance on risk assessment. The group will work closely with staff
throughout Headquarters and Regional offices to promote development of risk characterizations
that present a full and complete picture of risk that meets the needs of the risk managers.

Is/
APPROVED: DATE: MAR 21 1995
Carol M. Browner, Administrator







Risk Characterization Handbook Page B-1

APPENDIX B

WAQUOIT BAY CASE STUDY

The Waquoit Bay case study is not a complete risk characterization. It is an example of
the beginning of the ecological risk assessment process that includes a problem formulation
summary and a proposed risk characterization based on the planning and scoping for this risk
assessment.
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Waquoit Bay Watershed Ecological Risk Assessment:
Problem Formulation Summary and Proposed Risk Characterization

EXECUTIVE SUMMARY
Context

EPA sponsored the Waquoit Bay ecological risk assessment to evaluate the impact of
stressors introduced by human activities and to provide resource managers with viable options to
protect the Bay.

Wagquoit Bay is a small estuary on the south coast of Cape Cod, Massachusetts. Its
watershed covers approximately 53 square kilometers (21 square miles) of freshwater streams
and ponds, salt ponds and marshes, pine and oak forests, barrier beaches, and open estuarine
waters. Waquoit Bay is in the fastest growing county in the state, and as the human population
grows, so does pressure on the valuable natural resources that have attracted people to the area.

This document presents only the problem formulation for the risk assessment, along with
summary information and a proposed plan for estimating risk.

Problem Formulation

Local resource managers identified a goal to reestablish and maintain water quality and
habitat conditions in Waquoit Bay and associated wetlands, rivers and ponds. Based on this goal,
a risk assessment team identified 10 management objectives that they believed were required to
achieve the goal. They then presented the objectives to the risk managers for their consideration
and approval.

The risk assessment team conducted a comparative risk analysis to help set priorities to
determine which stressors, assessment endpoints, and relationships should be examined further.
Stakeholders in the state helped identify the assessment endpoints, which include both an entity
(e.g., eelgrass) and a measurable attribute (e.g., distribution). These endpoints provide direction
for the assessment as well as a basis for the development of questions, predictions, models, and
analyses. After the team selected a focus for the assessment, it determined appropriate exposure
and effects measures and models and described the approaches to characterizing risks.

The comparative risk analysis identified nitrogen loading as a primary stressor in
estuarine habitats of the Waquoit watershed; submerged aquatic vegetation, specifically eelgrass
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(Zostera marina) habitat was identified as the most important assessment endpoint. Numerous
studies have shown that eelgrass meadows provide a very good habitat for many commercially
and recreationally important fish and shellfish. Therefore, protecting eelgrass protects fish and
invertebrate species.

Eelgrass requires a lot of light to grow. In Waquoit Bay, increased phytoplankton
(microscopic one-celled organisms) and seaweed populations, fueled by the addition of nitrogen
from coastal development, have decreased the amount of light penetrating the water. In 1951,
eelgrass meadows covered most of Waquoit Bay and its adjoining coastal ponds and rivers.
Today, eelgrass is absent from the Bay and has declined significantly in the adjoining tributaries
and ponds. Species dependent on eelgrass, particularly scallops, have likewise decreased.

Although it has been known that nitrogen loading contributes to the loss of submerged
aquatic vegetation, predictive relationships between nitrogen sources and loading and biological
response have not been developed for estuaries, such as Waquoit Bay. Because of these findings
and due to the constraints of limited data to assess other endpoints, the risk assessment focused
on the risk to eelgrass habitat from nitrogen loading from the adjacent watershed.

Risk Paradigm

The analysis plan involved estimating the loading of nitrogen to the watershed/estuary
(measures of exposure), and evaluating how a given load of nitrogen directly or indirectly
impacts eelgrass habitat (measures of effects).

Exposure

The team used a nitrogen-loading model to estimate the amount of nitrogen that arrives at
the edge of the estuary. This model showed that of the three major contributors to nitrogen over-
loading—atmospheric deposition, septic systems, and fertilizer use—septic systems are the
largest source of nitrogen to the estuary. The team verified the model predictions against actual
measurements of nitrogen in groundwater about to enter the estuary. The team also found that
model predictions of nitrogen coming from wastewater agreed with stable isotopic ratios of
nitrogen in groundwater.

Effect
Increases in nitrogen change the composition of primary plant producers, such as

eelgrass, seaweed, and phytoplankton, in receiving waters. The team used the estuarine
simulation model to predict the response of different plant producers to increasing nitrogen loads.




Page B-6 Risk Characterization Handbook

The stressor-response relationship was defined by plotting nitrogen-loading rates provided by the
static and dynamic loading models against measures of ecological effect. The deleterious effect
of excess nitrogen on eelgrass in shallow coastal bays is primarily an indirect one; nitrogen
stimulates the rapid growth of phytoplankton and seaweed. Therefore, analyzing the effects of
nitrogen on eelgrass first requires estimating its effects on algae growth and other intermediates.

Calculations and Uncertainties

The risk assessment team will estimate the risk by integrating the output from the
nitrogen-loading models with the predictions of the ecological response model. With knowledge
of the location of houses and of groundwater travel times, it will be possible to estimate how
much nitrogen can be removed under different management scenarios and how much longer the
rest of the nitrogen will remain in the aquifer traveling to the Bay. However, that information
alone will not be sufficient to predict the time when water quality conditions can support
eelgrass. The contribution of benthic processes and sediment conditions also must be
considered. These parameters increase the uncertainty surrounding the ability to estimate time to
recovery.

If nitrogen were reduced and eelgrass were to reestablish itself or be replanted, other
stressors, such as dredging activities, dock construction over eelgrass beds, and propeller scour
from passing boats, may become important. As funding permits, relationships among other
stressors and valued resources will be evaluated.

4. CONTEXT

This document includes summary information from the planning and problem
formulation report produced for the Waquoit Bay ecological risk assessment case study and a
description of the planned risk characterization component of the risk assessment.

EPA sponsored the Waquoit Bay watershed ecological risk assessment to evaluate the
danger to valued water resources from stressors caused by human activities, and to provide
resource managers with viable options to protect the resources. A qualitative risk analysis
identified nitrogen loading as a primary stressor in estuarine habitats of the watershed and
eelgrass habitat as the most important assessment endpoint. Because of these findings and due to
constraints of limited data to assess other endpoints, the risk assessment focused on the risk to
eelgrass habitat from nitrogen loading from the adjacent watershed.

The goal of the Waquoit Bay ecological risk assessment is to provide managers with
answers to key questions:
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a) What are the sources of nutrients and their relative contributions?
b) What will be the effects of different degrees of nutrient reduction?
1.1 The Watershed

Wagquoit Bay is a small estuary on the south coast of Cape Cod, Massachusetts. Its
watershed covers about 53 square kilometers (21 square miles) of freshwater streams and ponds,
salt ponds and marshes, pine and oak forests, barrier beaches, and open estuarine waters. The
land and water are home, spawning ground, and nursery for plant and animal life including
piping plovers, least terns (endangered birds), the sandplain gerardia (an endangered plant),
alewife, winter flounder, blue crab, scallops and clams, and other fish species that migrate
through the estuary. Initially valued for hunting, farming, and fishing, Waquoit Bay now
primarily provides aesthetic and recreational opportunities, demands that have generated
residential development and business for local marine-dependent industries.

Cape Cod’s economic viability is largely dependent on tourists who are drawn to the
sandy beaches, seafood restaurants, boating opportunities, and water recreation areas. Thus the
economy on Cape Cod and the environment on Cape Cod are mutually inter-dependent. The
once rural surroundings have become increasingly suburbanized as bedroom and retirement
communities have sprung up. Barnstable County, where the Waquoit Bay watershed is located,
is the fastest growing county in Massachusetts. As the population grows, so does pressure on the
valuable natural resources that have attracted people to the area.

Living in bottom sediments of shallow embayments of the northwestern Atlantic is a
flowering plant known as eelgrass (Zostera marina). Numerous studies have shown that
submerged aquatic vegetation, such as eelgrass meadows provide avery good habitat for many
commercially and recreationally important fish and shellfish. Eelgrass needs a lot of light to
grow. In Wagquoit Bay, increased phytoplankton (microscopic one-celled organisms) and
seaweed populations, fueled by the addition of nitrogen from coastal development, have
decreased the amount of light penetrating the water. In 1951, eelgrass meadows covered most of
Wagquoit Bay proper and its adjoining coastal ponds and rivers. Today, eelgrass is absent from
the Bay proper and has declined significantly in the adjoining tributaries and ponds. Species
dependent on eelgrass, particularly scallops, have likewise decreased. In 1987, 1988, and 1990,
fish kills occurred in Waquoit Bay, and the northern beach was covered with thousands of dead
winter flounder, shrimp, blue crabs, and other estuarine species.
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In Ashumet and Johns Ponds, blooms of phytoplankton have changed the color of the
water and depleted oxygen levels in the bottom waters of the pond. Fish kills occurred in
Ashumet Pond in 1985 and 1986.

The Massachusetts Military Reservation, a Superfund site within the watershed of
Waquoit Bay, is the source of several plumes of toxic chemicals that threaten drinking water
supplies.

As with many coastal areas where marine recreation is important, the number of boats
and request for permits to build docks have increased in the Waquoit Bay area. Resuspended
sediments from boating activities, toxic chemicals from pressure treated wood in docks, propeller
scarring from boat motors, and shading of eelgrass beds from docks are all potential sources of
stress to valuable marine resources.

Concern about the effects of development on Cape Cod have led to several initiatives.
Among these have been the creation of a regional planning agency, the Cape Cod Commission,
that has authority over developments of regional impact; the work of the Association for the
Preservation of Cape Cod, which has contributed to the protection of the Cape’s drinking water
supply, among other issues; the efforts of the Waquoit Bay Land Margin Ecosystem Research
Project, a multi-institutional, interdisciplinary program that has contributed to our knowledge of
the problem of nitrogen overloading; the designation of a U.S. Fish and Wildlife Refuge in parts
of the Waquoit Bay watershed, which will remove many areas from development; the
designation of the Waquoit Bay area as an Area of Critical Environmental Concern, a
Massachusetts designation that provides for special scrutiny to any alterations that might impact
natural resources; and the designation of the Waquoit Bay National Estuarine Research Reserve
that also serves to protect the resources of the Bay and its adjacent lands.

1.2 The Watershed Case Study Team

The EPA-sponsored ecological risk assessment underway in the Waquoit Bay watershed
builds on the above efforts by creating a mechanism to integrate the results of various research
and planning efforts into management options for local coastal decision-makers. The Waquoit
Bay watershed was selected as one of several EPA-sponsored ecological risk assessment case
studies because of interest by local, state, and federal organizations in the watershed, the type of
watershed (estuarine), the diversity of stressors (e.g., nutrients, toxic chemicals, obstructions,
altered flow), a substantial existing database, and willingness by the Waquoit Bay National
Estuarine Research Reserve (WBNERR) and EPA Region 1 to lead the risk assessment team.
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The prior activities and current and planned work of the risk assessment are described in
the following sections that emphasize the major elements of planning and problem formulation
(management goal development, selecting assessment endpoints, preparing a conceptual model,
and producing an analysis plan) and a proposed risk estimation.

1.3 Problem Formulation
1.3.1 Planning and Selection of Management Goals and Objectives

The management goal was developed through a multistep planning process initiated and
completed by the team. The process included a public meeting to initiate the process, evaluation
of goals by interested organizations in the watershed, and a meeting of members of these
organizations to review and approve the management goal and team-derived objectives. The
management goal is a qualitative statement that captures essential interests expressed by different
management organizations and the public in the Waquoit Bay watershed. The goal developed for
the Waquoit Bay watershed risk assessment through community involvement is:

Reestablish and maintain water quality and habitat conditions in Waquoit Bay and
associated wetlands, freshwater rivers, and ponds to (1) support diverse, self-sustaining
commercial, recreational, and native fish and shellfish populations and (2) reverse
ongoing degradation of ecological resources in the watershed.

In order for the management goal to support an ecological risk assessment, the risk assessment
team evaluated the goal and interpreted it as 10 management objectives believed to be required to
achieve the goal (see Table 1). The objectives were intended to state explicitly the management
results implied in the general goal statement. By performing this kind of evaluation, the team
provided feedback to the managers on the ecological characteristics of the goal, developed a
systematic process for identifying assessment endpoints that could be directly linked to the
management goal, and provided a way to measure achievement of the goal for risk managers.

Table 1. The Waquoit Bay Watershed Management Goal, Interpreted as 10 Management
Objectives.

Affected Area Number Component Management Objective
Estuarine and 1 Reduce or eliminate hypoxic or anoxic events
Freshwater

Prevent toxic levels of contamination in water, sediments, and biota

Restore and maintain self-sustaining native fish populations and their habitat

Estuarine 4 Reestablish viable eelgrass beds and associated aquatic communitiesin the
Bay
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5 Reestablish a self-sustaining scallop population in the Bay that can support a
viable sport fishery

Protect shellfish beds from bacterial contamination that results in closure

Reduce or eliminate nuisance macroalgal growth

Freshwater Prevent eutrophication of riversand ponds

6
7
8
9

Maintain diversity of native biotic communities

10 Maintain diversity of water-dependent wildlife

Table 1 is partitioned into three categories. The “Estuarine and Freshwater” category
includes three objectives that are common to both surface water types. Four objectives under the
“Estuarine” category and three objectives under the “Freshwater” category are unique to those
waters. The 10 objectives are stated as goals for specific aspects of exposure, stressors, and
valued ecological resources. Assessment endpoints were selected and justified based on these
objectives. Although risk managers developed the goal, the specific management objectives
were generated by the team based on available information on watershed resources. The
objectives were then provided to the risk managers for their consideration and approval.

1.3.2 Assessment Endpoints

Following the assessment of available information for the watershed, the team selected
eight assessment endpoints that directly link management goals to measurable ecological values
in the watershed. Assessment endpoints are measurable attributes of valued resources identified
by the stakeholders that represent ecologically important components of the ecosystems.
Assessment endpoints include both an entity (e.g., eelgrass) and a measurable attribute (e.g.,
distribution), and they provide direction for the assessment as well as a basis for the development
of questions, predictions, models, and analyses. The first seven endpoints (below) that the team
selected represent ecological concerns about estuarine and freshwater components of the eco-
system.

1) Estuarine eelgrass habitat abundance and distribution

2) Resident and juvenile nursery estuarine finfish species diversity and abundance
3) Estuarine benthic invertebrate diversity, abundance, and distribution

4) Migratory (stream) fish reproduction

5) Freshwater stream assemblages, diversity, and abundance

6) Freshwater pond trophic status

7) Wetlands habitat

8) Barrier beach habitat
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1.3.3 Conceptual Model

Devised by the ecological risk assessment team with input from stakeholders, the general
watershed conceptual model (Figure 1a and b) is a broad representation of relationships among
human activities in the watershed (sources), the stressors believed to occur as a result of those
sources, and ecological effects likely to occur in each of the assessment endpoints. The pathways
from sources of stressors to valued resources are actually risk hypotheses that can be analyzed
during the ecological risk assessment process.

Because eelgrass is the foundation for the estuarine community and because its presence
indicates good water quality, it was targeted as a high priority assessment endpoint in this
ecological risk assessment (Figure 1a and b).

1.3.4 Analysis

Problem formulation concludes with the development of an analysis plan. For the
Wagquoit Bay ecological risk assessment, the risk assessment team first conducted a comparative
risk analysis to help prioritize which stressors, assessment endpoints, and relationships should be
examined further. Once a focus for the assessment was selected, the team determined
appropriate exposure and effects measures and models and described the approaches to
characterizing risks.

Comparative Risk Analysis

To help focus the risk assessment, the risk assessment team ranked stressors in terms of
their potential risk to all resources in the watershed using a "fuzzy set" decision analysis method
based on best professional judgment (Harris et al., 1994). The analysis ranked the stressors in
order of greatest overall contribution of risk to the endpoints, based on an ordinal effect of a
stressor on that endpoint, ranging from no effect to severe effect. For example, in Table 2, the
effect of nutrients on eelgrass habitat is assigned a 3 (severe indirect effect), but the effect of
physical alteration on eelgrass habitat is considered a 1 (slight effect).

The results of the comparative analysis ranked nutrients as the primary stressor in the
watershed followed by physical alteration of habitat, flow alteration, harvest pressure,
resuspended particulates, and toxic chemicals (Tables 2, 3).
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Table 2. Impact Matrix for the Waquoit Bay Watershed. Each cell represents the estimated
effect of a stressor on an endpoint, on an ordinal scale from 0 (no effect) to 3 (severe effect).

Assessment Endpoints

Migratory | Fresh- | Wetland Pond Eelgrass Estuarine Estuarine Barrier

Fish water Habitat Trophic | Habitat Inverte- Fish Beaches
Stressors Biota Status brates
Toxic 1 1 1 0 0 1 1 0
Chemicals
Altered Flow 3 2 2 0 0 0 1
Resuspended 1 1 1 0 1 1 1
Particulates
Nutrients 1 1 1 3 3 2 2 0
Physical 1 1 1
Alteration
Harvest 2 1 0 0 0 2 2 0
Pressure

Table 3. Stressor Rankings Based on Overall Effects on All Assessment Endpoints.

Stressors Unweighted Weighted for Weighted for
Persistence Persistence and
Interaction
Nutrients 1 1 1
Physical Alteration of Habitat 2 2 2
Altered Flow 3 3 3
Toxic Chemicals 4 4 4
Harvest Pressure 5 5 5
Resuspended Particulates 6 6 6

The comparative analysis established that nutrients affected three assessment endpoints in
the estuarine system to different degrees: eelgrass habitat (severe effect), estuarine invertebrates
(moderate effect), and estuarine fish (moderate effect). These assessment endpoints are inter-
related because eelgrass meadows provide habitat to both estuarine fish and invertebrate species.
Therefore, protecting eelgrass will protect fish and invertebrate species.
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The comparative analysis ranked other stressors to eelgrass in addition to nutrients:
resuspended particulates (minor effect) and physical alteration of habitat (moderate effect). The
team concluded that these stressors were not as important for reasons discussed below.

Although rivers enter Waquoit Bay, they do not carry a sediment load because rivers on
Cape Cod are fed by groundwater and are really drains for the aquifer. The particle size and
composition of the Cape’s sandy glacial soils are such that any suspended particles sediment out,
and the sandy soils quickly absorb precipitation so there is very little surface runoff.

The resuspended particles in waters of Waquoit Bay are organic matter from decaying
algae, plants, and other estuarine organisms. Studies of particle settling following passage of
boats whose motors disrupt the bottom show that the particles very quickly settle out. Although
there are many boats on the Bay and adjacent tributaries and ponds on weekends. Little boat
traffic occurs during weekdays. Docks and marinas, where heavy boat use is expected, comprise
only a very small part of the surface area of the Waquoit Bay estuarine complex.

Physical alteration of habitat due to activities, such as shellfish harvesting, motor boat
operation, and construction of docks can fragment or eliminate eelgrass habitat. The number,
frequency, and placement of these activities are such that deleterious effects would be restricted
to a small area of the overall estuarine complex.

Focus of Analysis Plan

The team concluded that reducing nutrient loads to restore water quality to conditions that
would support eelgrass growth was the most important stressor-endpoint relationship to evaluate
and that less critical stressors, such as resuspended particulates and physical alteration of habitat,
would be important to monitor and assess once water quality was improved via reducing the
nutrient load.

Therefore, the risk assessment team decided to focus on one stressor (nitrogen) and one
assessment endpoint (eelgrass) based on the results of the comparative analysis and also on
limitations of data and funding. Many other valued resources in the estuarine waters utilize
eelgrass beds. For example, juvenile scallops attach to eelgrass blades, reducing their risk from
predators. Winter flounder spawn in eelgrass meadows. The team believed that focusing on
eelgrass distribution would encompass risks to other valued resources.

Although it has been known for some time that nitrogen loading contributes to estuarine
eutrophication and loss of submerged aquatic vegetation in Waquoit Bay and other estuaries of
Cape Cod, predictive relationships between nitrogen sources and loading and the biological
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response of the estuary have not been developed for estuaries, such as Waquoit Bay. The
objective of this analysis is to develop a link between modeled estimates of nitrogen loading and
predicted ecological effects in the estuary.

The analysis plan to evaluate risk from nitrogen loading to eelgrass habitat involves (1)
estimating the loading of nitrogen to the watershed and estuary (measures of exposure), and (2)
evaluating how a given load of nitrogen directly or indirectly impacts eelgrass habitat (measures
of effects). These analyses are performed on subwatersheds and their adjacent estuaries that have
experienced different degrees of development resulting in different amounts of nitrogen entering
the estuaries. Information about past and present land use is employed to forecast future changes
in the estuary in response to future loads of nitrogen.

2. RISK PARADIGM
2.1 Measures of Exposure
2.1.1 Estimating Nitrogen Load from Watershed and Subwatersheds

The hypothesis underlying this part of the analysis is that development on coastal
watersheds increases the amount of nitrogen entering coastal waters. On Cape Cod, the number
of houses has been positively related to the median amount of nitrate measured in groundwater
(Persky, 1986). Nitrogen ingroundwater eventually travels to receiving waters of the Waquoit
Bay estuarine complex.

The analysis relies on a nitrogen-loading model to estimate the amount of nitrogen that
arrives at the edge of the estuary (Valiela et al., 1997). The model sums all nutrient loads,
subtracts losses during transport, and yields a value for nitrogen arriving at the edge of the
estuary (or salt marsh). The nitrogen-loading model includes more than 50 input terms (e.g.,
number of houses, area in agriculture, amount of nitrogen fertilizer applied to lawns, per capita
contribution of nitrogen to septic systems, percent loss of nitrogen in septic systems, percent loss
of fertilizer nitrogen).

Many of the parameters in the nitrogen-loading calculation are very uncertain. For
example, the amount of nitrogen lost in septic systems on sandy soils like those on Cape Cod
ranges from 10-90% (Valiela et al., 1997). Estimates of the contribution of dry deposition and of
dissolved organic nitrogen to the total amount of atmospheric nitrogen are also highly uncertain
due to limited sampling and analyses. Estimates of uncertainty surrounding model inputs and
outputs have been calculated (Collins et al. submitted) and will be applied to the final nitrogen-
loading values.
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Because groundwater travels approximately 100 meters per year in the watershed, there is
a lag between the time of development and the time that nitrogen arrives at the estuary. The
nitrogen-loading model can be run in dynamic mode to determine the actual load of nitrogen
arriving at the estuary at any given time (Figure 2). The nitrogen-loading model can also be run
in static or dynamic mode using historic land use information to hindcast nitrogen loading and
under a variety of future build-out scenarios to predict future loading and effects.

Within the Waquoit Bay watershed are several subwatersheds that can, in turn, be divided
into recharge areas. The load of nitrogen can be estimated for the entire watershed or its
component parts.

The nitrogen-loading model shows that atmospheric deposition, septic systems, and
fertilizer use are the three major contributors to nitrogen overloading (Table 4). Although more
nitrogen is delivered to the watershed from the atmosphere, much of that nitrogen is taken up by
vegetation, soils, and the aquifer during travel to the estuary. Septic systems are the largest
source of nitrogen to the estuary (Valiela et al., 1997). The relative contribution of these three
sources are important to local coastal decision-makers since the source of most of the
atmospheric nitrogen is far outside the watershed.

Table 4. Estimates of Percent Nitrogen Loading from Atmosphere, Fertilizer, and
Wastewater to Waquoit Bay.

Source Percent to Watershed Percent to Estuary
Atmospheric deposition 56 30
Septic system 27 48
Fertilizers 14 15
Upper ponds 2 8

2.1.2 Validating the Nitrogen-Loading Model

Modeled predictions of the load of nitrogen to the edge of the estuary were validated in
two ways. First the model predictions were verified against actual measurements of nitrogen in
groundwater about to enter estuaries. As with model predictions, there is uncertainty associated
with the groundwater measures. Second, model predictions of wastewater nitrogen were
compared to stable isotopic ratios of nitrogen in groundwater. The predictions of nitrogen
coming from wastewater agreed with the values derived from stable isotopes.
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The nitrogen-loading model predicts a concentration of nitrogen arriving at the edge of a
salt marsh (if present) or at the edge of the water, but a correction is necessary to estimate the
amount of nitrogen actually available to primary producers in the water. A biological process
(denitrification) that occurs within salt marshes can reduce the amount of nitrogen that finally
enters the Bay. Salt marsh areas and data on denitrification in Waquoit Bay sediments are used
to estimate the potential interception of land-derived nitrogen. These terms are applied as
correction terms to the model predictions. Water column nutrient and salinity data from different
estuarine reaches are used to estimate losses or gains of nitrogen in excess of dilution during
down-estuary transport.

The validated estimates of nitrogen from the watershed minus losses in marshes and
sediments and during travel down the river yield an amount of nitrogen available to the primary
producers in the estuary(ies).

2.2 Measures of Effects of Nitrogen on Eelgrass

As is shown in the conceptual model (Figure 1), the deleterious effect of excess nitrogen
on eelgrass, which requires a lot of light, in shallow coastal bays is primarily an indirect one.
Phytoplankton shade the water column, and seaweed grow over, shade, and displace the eelgrass.
Therefore, to analyze effects of nitrogen on eelgrass requires first estimating the effects on algae
growth and other intermediates. To these are added physical and temporal factors of the
estuarine system that affect nutrient availability and other aspects of plant growth.

The analysis utilizes an estuarine model to simulate the effects of nitrogen inputs, water
residence time, mixing in the water, and seasonal changes in light and temperature on the system
metabolism of phytoplankton, seaweed, and eelgrass. The model compares responses (especially
eelgrass decline) to different nitrogen-loading rates across a variety of subestuaries. The influ-
ence of any one subestuary on another, or on the whole Waquoit Bay system, is assessed. Model
output is validated with data from estuaries not used in development of the model.

Increases in nitrogen change the mix of primary producers (plants such as eelgrass,
seaweed, and phytoplankton) in receiving waters. The estuarine simulation model predicts the
response of different producers to increasing nitrogen loads (Figure 3).

The nitrogen-loading model and estuarine system model can be performed under a variety
of nitrogen-loading scenarios (e.g., build-out) in an attempt to hindcast and forecast loading and
response. As new information becomes available during the analysis phase of the risk assess-
ment, the models can be updated.
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2.3 Calculations and Uncertainties

No risk calculations are available at this time. Research in Waquoit Bay and elsewhere
suggests that development in coastal watersheds increases the amount of nitrogen entering
coastal watersheds and their adjacent waters. On Cape Cod, the nitrate concentration in
groundwater is higher below developed landscapes than below naturally vegetated areas (Persky
1986). The nitrogen in groundwater travels to coastal bays where it fertilizes vegetation.
Research shows that once in coastal bays nitrogen is rapidly taken up by some species of algae
(phytoplankton and seaweed) increasing their growth rates. These algae shade the water column
so less light reaches the bottom.

Thus, increased loads of nitrogen from coastal development leads to overgrowth of
opportunistic species of algae that alter the functioning of the estuarine system. These alterations
include changes in water chemistry (e.g., dissolved oxygen concentration), habitat loss, and
abundance of some species.

2.3.1 Risk Elements

To define the stressor-response relationship, nitrogen-loading rates provided by the static
and dynamic loading models will be plotted against measures of ecological effects. Achieving
low nitrogen loading to Waquoit Bay will require nitrogen source control, as well as a sufficient
time lag to allow nitrogen currently in the groundwater to be flushed out. The travel times of
groundwater vary across the watershed, thus, nitrogen loading to the estuary is not a function of
land use at any one point in time. The two sets of models and their estimated uncertainties can
be used to predict the effects of different nutrient management scenarios for Waquoit Bay using
information about the groundwater travel time, location of houses in the watershed, time to
remove different percentages of nitrogen, and the time required for the remaining nitrogen to
travel to the estuary.

Septic systems and fertilizers are two local sources of nitrogen, but atmospheric
deposition can originate hundreds of miles from the Waquoit Bay waters