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DISCLAIMER

This document provides guidance to EPA Regions concerning how the
Agency intends to exercise its discretion in implementing one aspect of the
CERCLA remedy selection process. The guidance is designed to implement
national policy on these issues.

Some of the statutory provisions described in this document contain
legally binding requirements. However, this document does not substitute for
those provisions or regulations, nor is it a regulation itself. Thus, it cannot
impose legally-binding requirements on EPA, States, or the regulated
community, and may not apply to a particular situation based upon the
circumstances. Any decisions regarding a particular remedy selection decision
will be made based on the statute and regulations, and EPA decision makers
retain the discretion to adopt approaches on a case-by-case basis that differ
from this guidance where appropriate.

Interested parties are free to raise questions and objection about the
substance of this guidance and the appropriateness of the application of this
guidance to a particular situation, and the Agency welcomes public input on
this document at any time. EPA may change this guidance in the future.




WHATITIS

WHO IT’S FOR

WHAT’S NEW

ABOUT THE REVISION

EPA’s Processfor Conducting Probabilistic Risk Assessment is an update of
the 1989 Risk Assessment Guidance for Superfund (RAGS). Itis Volume IlI,
an update to the existing two-volume set of RAGS. Volume IllI: Part A
provides policy and guidance on conducting probabilistic risk assessment for
both human and ecological receptors.

RAGS Volume IlI: Part A is written primarily for risk assessors. Risk
assessment reviewers, remedial project managers, and risk managers involved
in Superfund site cleanup activities will also benefit from this addition to
RAGS.

RAGS Volume I1lI: Part A provides guidance on applying probabilistic
analysis to both human health and ecological risk assessment. New
information and techniques are presented that reflect the views of EPA
Superfund program. A tiered approach is described for determining the
extent and scope of the modeling effort that is consistent with the risk
assessment objectives, the data available, and the information that may be
used to support remedial action decisions at Superfund hazardous waste sites.

RAGS Volume IlI: Part A contains the following information:

. For the risk assessor— updated policies and guidance; discussion and
examples of Monte Carlo modeling techniques for estimating
exposure and risk.

. For the risk manager and the remedial project manager—an
introduction to PRA, a chapter on communicating methods and
results of PRA with the public, and a chapter on the role of PRA in
decision making.
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PREFACE

Risk Assessment Guidance for Superfund (RAGS) Volume I11: Part A (hereafter referred to as
RAGS Volume 3: Part A) provides technical guidance on the application of probabilistic risk assessment
(PRA) methods to human health and ecological risk assessment in the U.S. Environmental Protection
Agency (EPA) Superfund program. RAGS Volume 3: Part A supplements existing human health and
ecological assessment guidance provided in the RAGS series. This guidance focuses on Monte Carlo
analysis (MCA) as a method of quantifying variability and uncertainty in risk. Primarily geared toward
the risk assessor, it is intended, both in content and format, to be most accessible to those readers who are
familiar with risk assessment and basic statistical concepts. Chapters 1, 2, 6, and 7 are also directed
towards risk managers. The term risk manager is used in this guidance to refer to individuals or entities
that serve as the decision makers at hazardous waste sites. The term is used to emphasize the separation
between risk assessment and risk management activities. Risk managers may include individual remedial
project mangers (RPMs), site partnering teams, senior EPA managers (Section Chiefs, Branch Chiefs, or
Division Directors), or other decision makers.

An attempt has been made in this document to define all relevant technical terms using plain
language and to illustrate concepts with examples. An exhibit at the beginning of each chapter provides
definitions of terms used in that chapter. In addition, a comprehensive definition of terms is provided in
Appendix E. Other useful information has been presented in exhibits placed throughout each chapter.
Bullets are used throughout the text to emphasize important concepts and policy statements related to the
use of PRA. References are listed at the end of each chapter.

RAGS Volume 3: Part A was developed by the Superfund Probabilistic Risk Assessment
Workgroup and the Ecological Risk Assessment Forum (ERAF); both are intra-Agency workgroups that
have focused on improving the Risk Assessment Guidance for Superfund and implementing Superfund
Reform activities. The guidance has undergone extensive review by Superfund and other programs
within the Agency. In February 2000, a draft of the guidance was announced in the Federal Register to
provide an opportunity for public comment (U.S. EPA, 2000a). In August 2000, a notice of peer review
was announced in the Federal Register (U.S. EPA, 2000b), and in November 2000, RAGS Volume 3:
Part A received a formal peer review from panelists outside the Agency.

The Agency may incorporate PRA under fund-lead and Potentially Responsible Party (PRP)-lead
risk assessments. Implementation of successful PRASs requires careful planning. EPA strongly
recommends that PRPs involve the Agency in all decisions regarding the planning, submittal, and
technical details of any PRA. Coordinating with EPA early in the process will help ensure that PRAS
conform to the recommended guidelines as part of the Superfund risk assessment process for protecting
human and ecological health. PRPs should submit workplans for Agency review before initiating any
PRA. Similarly, when EPA chooses to use PRA for an EPA-lead risk assessment, a PRA workplan will
assist in directing site investigation and risk assessment activities, whether conducted by EPA or an EPA
contractor. A workplan specifies contractor activities in the risk assessment and provides risk assessors
and risk managers with an opportunity to obtain internal feedback from knowledgeable EPA staff, prior
to initiating work on the assessment.

A tiered approach to PRA is advocated, which begins with a point estimate risk assessment.
Important considerations include the time required to perform the PRA, the additional resources involved
in developing the PRA, the quality and extent of data on exposure that will be used in the assessment,




RAGS Volume 3 Part A ~ Process for Conducting Probabilistic Risk Assessment
Preface ~ December 31, 2001

and the value added by conducting the PRA. Project scoping is an essential component of all risk
assessments and is especially important in PRA.

Implementation of a PRA usually requires special computer software that may be commercially
available or that may need to be custom-designed for a specific application. Although commercial
software packages are noted in this guidance, any mention or use of a particular product in RAGS
Volume 3: Part A does not constitute an endorsement of that product by the Agency.

1.0 WHAT IS THE PURPOSE OF RAGS VOLUME 3 PART A?

RAGS Volume 3: Part A addresses the technical and policy issues associated with the use of
PRA in EPA Superfund program. This guidance builds upon basic concepts of risk assessment outlined
in RAGS Volume | (U.S. EPA, 1989a; 2001), recent guidance for ecological risk assessment (U.S. EPA,
1992, 1994, 1997a, 1998a; 1999), and the Agency Probabilistic Analysis Policy document (U.S. EPA,
1997b). RAGS Volume 3: Part A addresses the use of PRA for both human health and ecological risk
assessments. RAGS Volume 3: Part A was developed to provide risk assessors and risk managers with
basic guidelines for incorporating PRA into Superfund site-specific risk assessments. It is not intended
to be a detailed technical reference on PRA methods, however, it does direct the reader to appropriate
literature on important technical subjects. A primary purpose of RAGS Volume 3: Part A is to help
prevent misuse and misinterpretation of PRA.

2.0 WHAT IS PROBABILISTIC RISK ASSESSMENT AND HOW IS IT USED IN RISK
CHARACTERIZATION?

PRA is a risk assessment that uses probability distributions to characterize variability or
uncertainty in risk estimates. In a PRA, one or more variables in the risk equation is defined as a
probability distribution rather than a single number. Similarly, the output of a PRA is a range or
probability distribution of risks experienced by the receptors. The evaluation of variability and
uncertainty is an important component of the risk characterization of all risk assessments. As stated in
the 1995 Risk Characterization memorandum from Administrator Carol Browner (U.S. EPA, 1995),

... we must fully, openly, and clearly characterize risks. In doing so, we will disclose the
scientific analyses, uncertainties, assumptions, and science policies which underlie our
decisions... There is value in sharing with others the complexities and challenges we face
in making decisions in the face of uncertainty.

In addition, the 1997 EPA Policy for Use of Probabilistic Analysis in Risk Assessment (U.S.
EPA, 1997D) states:

zz |t is the policy of the U.S. Environmental Protection Agency that such
probabilistic analysis techniques as Monte Carlo analysis, given adequate
supporting data and credible assumptions, can be viable statistical tools for
analyzing variability and uncertainty in risk assessments.

A more extensive general discussion of PRA can be found in Chapter 1 of the guidance. The use
of PRA in Superfund remedial decision making is presented in Chapter 7 of the guidance.
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3.0 WHAT ARE THE ADVANTAGES AND DISADVANTAGES OF PRA FOR REMEDIAL
DECISIONS?

The primary advantage of PRA within the Superfund program is that it can provide a
quantitative description of the degree of variability or uncertainty (or both) in risk estimates for both
cancer and non-cancer health effects and ecological hazards. The quantitative analysis of uncertainty and
variability can provide a more comprehensive characterization of risk than is possible in the point
estimate approach.

Another significant advantage of PRA is the additional information and potential flexibility it
affords the risk manager. Superfund remedy decisions are often based on an evaluation of the risk to the
individual at the reasonable maximum exposure (RME) level (U.S. EPA, 1990). The RME represents the
highest exposure reasonably likely to occur (U.S. EPA, 1989a). When using PRA, the risk manager can
select the RME from the high-end range of percentiles of risk, generally between the 90" and
99.9" percentiles, referred to in this guidance as the RME range.

However, PRA may not be appropriate for every site. Disadvantages of PRA are that it generally
requires more time, resources, and expertise on the part of the assessor, reviewer, and risk manager than a
point estimate approach.

4.0 How 1S RAGS VOLUME 3, PART A ORGANIZED?

Although the primary audience of this guidance is the risk assessor, Chapter 1 provides a basic
overview of PRA for risk assessors and risk managers. The centerpiece of RAGS Volume 3: Part A is the
tiered approach described in Chapter 2. The tiered approach is a framework that enables the risk
manager to decide if and when to undertake a PRA and to determine the appropriate level of complexity
for the PRA. Chapter 3 provides a description of using PRA for human health risk assessment.

Chapter 4 discusses the issues of using PRA for ecological risk assessment. Chapter 5 presents a
discussion of using PRA to determine preliminary remediation goals. Chapter 6 details issues associated
with communicating risk estimates developed with PRA. Chapter 7 provides information for risk
managers choosing to base remedial decisions on the results of a PRA.

Eight appendices to this guidance expand on technical aspects of topics important to PRA, such
as sensitivity analysis and selecting and fitting probability distributions.

5.0  WHAT ARE THE KEY GUIDING CONCEPTS IN RAGS VOLUME 3: PART A?
(1) Use atiered approach to incorporating PRA into site risk assessments.
(2) Submit a workplan for Agency review prior to initiating work on a PRA.
(3) Perform a point estimate assessment prior to considering a PRA.

(4) While PRA can provide a useful tool to characterize and quantify variability and uncertainty
in risk assessments, it is not appropriate for every site.
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(5) PRA generally requires more time, resources, and expertise on the part of the assessor,
reviewer, and risk manager than a point estimate risk assessment.

(6) The decision to use PRA is site-specific and is based on the complexity of the problems at the
site, the quality and extent of site-specific data, and the likely utility of the result.

(7) If the additional information provided from a PRA is unlikely to affect the risk management
decision, then it may not be prudent to proceed with a PRA. However, if there is a clear
value added from performing a PRA, then the use of PRA as a risk assessment tool generally
should be considered despite the additional resources that may be needed.

(8) Communicating the results of a PRA will be more challenging than communicating the
results of a point estimate risk assessment because PRA and its perspective will be new to
most participants.

(9) If the decision is made to conduct a PRA, it is important to include community in the
planning process. Communication on PRA may involve: providing the community with a
basic understanding of the principles of PRA, discussing the proposed workplan and inviting
comments on the proposed approach, discussing site-specific data, and communicating the
final results and how they impact decisions for the site.
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CHAPTER 1

OVERVIEW OF PROBABILISTIC APPROACH TO RISK ASSESSMENT

1.0 INTRODUCTION

This chapter is intended for risk managers and risk assessors as an overview of the probabilistic
approach to risk assessment in the context of the Superfund program at the U.S. Environmental
Protection Agency (EPA). The goals of this chapter are to provide the reader with information about
(1) the role of risk assessment in the Superfund program; (2) the basic concepts of probabilistic risk
assessment (PRA); (3) important policies and guiding principles for PRA, as outlined throughout this
guidance; and (4) the next steps that will be undertaken in the Superfund program to provide guidance on
PRA.

Section 1.1 (1.1.1-1.1.3) describes the role of risk assessment from three perspectives, including
the role of risk assessment in areas external to EPA, Agency-wide, and within Superfund. Section 1.1
(1.1.4) also introduces PRA and identifies its place in the Superfund program. Section 1.2 introduces the
basic concepts of PRA, including the key terms of variability, uncertainty, Monte Carlo analysis (MCA),
and reasonable maximum exposure (RME). PRA concepts are presented using a comparison between
PRA and the traditional point estimate approach. Sections 1.2.4 and 1.3 summarize the advantages and
disadvantages of PRA and point estimate risk assessment. Section 1.4 provides a summary of policies
and guiding principles for using PRA in the Superfund program. EPA’s policies on conducting PRA are
highlighted throughout the guidance using pointers and are linked to more detailed policy discussions in
other chapters in the guidance. Section 1.5 outlines the organization of this document and provides a
brief summary of the content of each subsequent chapter and appendix. Section 1.6 presents EPA’s next
steps for PRA implementation in the Superfund program.

Key terms used throughout this guidance include: Probabilistic Risk Assessment (PRA), Monte
Carlo Analysis (MCA), Probability Density Function (PDF), Cumulative Distribution Function (CDF),
Reasonable Maximum Exposure (RME), Sensitivity Analysis, Tiered Approach, Variability, Uncertainty,
and Preliminary Remediation Goal (PRG). Terms and their definitions are identified in an exhibit at the
beginning of each chapter. Terms and definitions relevant to Chapter 1 are presented in Exhibit 1-1. In
addition, a glossary of terms used throughout the guidance is given in Appendix E.

Page 1-1
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ExHIBIT 1-1

DEFINITIONS FOR CHAPTER 1

Central Tendency Exposure (CTE) - A risk descriptor representing the average or typical individual in a population,
usually considered to be the mean or median of the distribution.

Confidence Interval - A range of values that are likely to include a population parameter. Confidence intervals may
describe a parameter of an input variable (e.g., mean ingestion rate) or output variable (e.g., 95" percentile risk).
When used to characterize uncertainty in a risk estimate, it is assumed that methods used to quantify uncertainty
in the model inputs are based on statistical principles such as sampling distributions or Bayesian approaches.
For example, given a randomly sampled data set, a 95% confidence interval for the mean can be estimated by
deriving a sampling distribution from a Student's t distribution.

Confidence Limit - The upper or lower value of a confidence interval.

Countably Infinite - Used to describe some discrete random variables, this term refers to a set of numbers that can be
counted with integers (e.g., one, two, three) and that has no upper limit. Examples include the number of tosses
required for a coin to show a head—we can count each toss, but it is possible that at least one more toss is
needed. The number of dust particles in a volume of air is another example. Countably finite implies there is
an upper limit (e.g., days of work per year).

Credible Interval - A range of values that represent plausible bounds on a population parameter. Credible intervals
may describe a parameter of an input variable (e.g., mean ingestion rate) or output variable (e.g., 95" percentile
risk). The term is introduced as an alternative to the term confidence interval when the methods used to
quantify uncertainty are not based entirely on statistical principles such as sampling distributions or Bayesian
approaches. For example, multiple estimates of an arithmetic mean may be available from different studies
reported in the literature - using professional judgment, these estimates may support a decision to describe a
range of possible values for the arithmetic mean.

CTE Risk - The estimated risk corresponding to the central tendency exposure.

Cumulative Distribution Function (CDF) - Obtained by integrating the PDF, gives the cumulative probability of
occurrence for a random independent variable. Each value c of the function is the probability that a random
observation x will be less than or equal to c.

Expected Value of Information (EVOI) - The expected increase in the value (or decrease in the loss) associated with
obtaining more information about quantities relevant to the decision process. EVOI is a measure of the
importance of uncertainty in risk and the potential for changing a risk management decision if uncertainty is
reduced (see Appendix D).

Frequency Distribution or Histogram - A graphic (plot) summarizing the frequency of the values observed or
measured from a population. It conveys the range of values and the count (or proportion of the sample) that
was observed across that range.

Monte Carlo Analysis (MCA) or Monte Carlo Simulation - A technique for characterizing the uncertainty and
variability in risk estimates by repeatedly sampling the probability distributions of the risk equation inputs and
using these inputs to calculate a range of risk values.

Numeric Stability - Stochastic variability, or "wobble™ associated with random sampling, calculated as the average
percent change in the model output after rerunning Monte Carlo simulations with the same set of input
assumptions. Used as a metric for evaluating the adequacy of the number of iterations in a MCA.

Parameter - A value that characterizes the distribution of a random variable. Parameters commonly characterize the
location, scale, shape, or bounds of the distribution. For example, a truncated normal probability distribution
may be defined by four parameters: arithmetic mean [location], standard deviation [scale], and min and max
[bounds]. It is important to distinguish between a variable (e.g., ingestion rate) and a parameter (e.g., arithmetic
mean ingestion rate).

Point Estimate - In statistical theory, a quantity calculated from values in a sample to estimate a fixed but unknown
population parameter. Point estimates typically represent a central tendency or upper bound estimate of
variability.
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ExHIBIT 1-1

DEFINITIONS FOR CHAPTER 1—Continued

Point Estimate Risk Assessment - A risk assessment in which a point estimate of risk is calculated from a set
of point estimates for exposure and toxicity. Such point estimates of risk can reflect the CTE, RME, or
bounding risk estimate depending on the choice of inputs.

Probabilistic Risk Assessment (PRA) - A risk assessment that yields a probability distribution for risk,
generally by assigning a probability distribution to represent variability or uncertainty in one or more
inputs to the risk equation.

Probability Density Function (PDF) - A function representing the probability distribution of a continuous
random variable. The density at a point refers to the probability that the variable will have a value in a
narrow range about that point.

Probability Distribution - A mathematical representation of the function that relates probabilities with
specified intervals of values for a random variable. Also called a probability model.

Probability Mass Function (PMF) - A function representing the probability distribution for a discrete random
variable. The mass at a point refers to the probability that the variable will have a value at that point.

Random Variable - A variable that may assume any value from a set of values according to chance. Discrete
random variables can assume only a finite or countably infinite number of values (e.g., number of rainfall
events per year). A random value is continuous if its set of possible values is an entire interval of
numbers (e.g., quantity of rain in a year).

Reasonable Maximum Exposure (RME) - The highest exposure that is reasonably expected to occur at a site
(U.S. EPA, 1989a). The intent of the RME is to estimate a conservative exposure case (i.e., well above
the average case) that is still within the range of possible exposures.

Remedial Investigation/Feasibility Study (RI/FS) - Studies undertaken by EPA to delineate the nature and
extent of contamination, to evaluate potential risk, and to develop alternatives for cleanup.

RME Risk - The estimated risk corresponding to the reasonable maximum exposure.

Sensitivity Analysis - Sensitivity generally refers to the variation in output of a model with respect to changes
in the values of the model’s input(s). Sensitivity analysis can provide a quantitative ranking of the model
inputs based on their relative contributions to model output variability and uncertainty. Common metrics
of sensitivity include:

»__ Pearson Correlation Coefficient - A statistic r that measures the strength and direction of linear
association between the values of two quantitative variables. The square of the coefficient (r?)
is the fraction of the variance of one variable that is explained by the variance of the second
variable.

»  Sensitivity Ratio - Ratio of the change in model output per unit change in an input variable;
also called elasticity.

»  Spearman Rank Order Correlation Coefficient - A “distribution free” or nonparametric statistic
r that measures the strength and direction of association between the ranks of the values (not
the values themselves) of two quantitative variables. See Pearson (above) for r2.

Stochastic Dominance - Implies no intersection between two or more CDFs. For example, if the CDF for A
and B do not overlap and the CDF for A is greater than the CDF for B, then at every cumulative percentile,
the value of A is greater than that of B. Therefore, it can be stated that distribution A stochastically
dominates distribution B. It should be noted that even when the CDFs for A and B do not overlap, the
PDFs for A and B can overlap.

Uncertainty -Lack of knowledge about specific variables, parameters, models, or other factors. Examples
include limited data regarding the concentration of a contaminant in an environmental medium and lack of
information on local fish consumption practices. Uncertainty may be reduced through further study.

Variability - True heterogeneity or diversity that characterizes an exposure variable or response in a
population. Further study (e.g., increasing sample size, n) will not reduce variability, but it can provide
greater confidence (e.g., lower uncertainty) in quantitative characterizations of variability).
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1.1 THE ROLE OF RISK ASSESSMENT IN SUPERFUND

The role of risk assessment in the Superfund program today is built upon a foundation of
scientific and management principles, policies, and laws that have been established over the past two
decades. Since the enactment of the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) in 1980 the risk assessment policies and guidance documents have evolved to
reflect advances in science and changes in federal regulations.

1.1.1 RiIsk ASSESSMENT IN THE UNITED STATES

Risk assessment has a long history beginning in 1940. In 1983, the National Research Council
published Risk Assessment in the Federal Government: Managing the Process (NRC, 1983) which
outlines the four steps of risk assessment (hazard identification, dose-response, exposure assessment, and
risk characterization) that are used today.

The NRC addressed three main objectives in risk assessment: (1) assessment of the benefits of
separating the analytical process of risk assessment from the regulatory process of risk management;
(2) consideration of the feasibility of creating a single regulatory agency for the purpose of conducting all
government risk assessments; and (3) consideration of the feasibility of creating uniform guidelines for
risk assessment (NRC, 1983).

The Committee concluded that regulatory agencies should maintain a conceptual distinction
between risk assessment and risk management, and develop uniform inference guidelines in risk
assessment for use by all federal regulatory agencies. The Committee also recommended that Congress
establish a Board on Risk Assessment Methods in order to ensure that risk assessment procedures be
continuously reviewed and modified as the science advances. The Committee rejected the proposal for a
single federal risk assessment agency based on inadequate evidence to show that one administrative
structure would be more advantageous (NRC, 1983).

Since 1983, there have been ongoing advancements in the field of risk assessment. These
include: (1) a continued increasing role for risk assessment in the decision-making process of many
regulatory agencies, as exemplified by several bills introduced by the 103" and 104" Congresses in
1994-1995; (2) an increased awareness of the need for uncertainty analysis and for quantifying and
communicating uncertainties in risk estimates (Science and Judgement in Risk Assessment, NRC, 1994);
(3) guidance about more inclusive approaches to risk assessment, as exemplified by environmental health
legislation such as the Food Quality Protection Act (FQPA) of 1996 and the Presidential/Congressional
Commission on Risk Assessment and Risk Management (1997); and (4) setting the stage for a more open
decision-making process through stakeholder involvement in the risk management process, as outlined in
Improving Risk Communication (NRC, 1989).
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1.1.2 RiIsk ASSESSMENT AT EPA

EPA has refined the risk paradigm through deliberations of the Risk Assessment Forum, Science
Policy Council, and other Agency-wide bodies. Such deliberations have led to consensus in guidance,
policies, and memoranda that respond to the requirements set out by various environmental statutes.
Individual offices have also developed regulations, guidance, and other supporting documents to aid in
the implementation of particular environmental statutes.

In 1986, EPA issued final guidelines relating to risk assessment for cancer, mutagenic effects,
developmental effects, exposure assessment, and chemical mixtures. Since 1986, EPA has updated or
issued revised final guidelines for developmental toxicity, exposure assessment, reproductive toxicity,
neurotoxicity, and ecological risk assessment; and is now revising carcinogen risk assessment guidelines.
(See http://www.epa.gov/ncea/raf/rafquid.htm for details on guidelines.)

Other notable documents that guide risk assessment at EPA include:

» Framework for Ecological Risk Assessment (U.S. EPA, 1992b)

»  Guidelines for Ecological Risk Assessment (U.S. EPA, 1998)

» Guidance for Risk Characterization (U.S. EPA, 1995a)

» Policy for Risk Characterization (U.S. EPA, 1995c)

» Policy on Evaluating Health Risks to Children (U.S. EPA, 1995d)

» Policy for Use of Probabilistic Analysis in Risk Assessment (U.S. EPA, 1997¢)

»  Use of Probabilistic Technigues (including Monte Carlo Analysis) in Risk Assessment
(U.S. EPA, 19979)

* Guidance on Cumulative Risk Assessment. Part 1. Planning and Scoping
(U.S. EPA, 1997e)

* Risk Characterization Handbook (U.S. EPA, 2000)

1.1.3 RISk ASSESSMENT IN SUPERFUND

The activities and publications described above have provided a strong foundation for the
development of risk assessment guidance on conducting human health—and ecological risk assessments
in the Superfund program. EPA uses risk assessment (NRC, 1983, 1994) to carry out CERCLA, as
amended by the Superfund Amendments and Reauthorization Act of 1986 (SARA). Under
CERCLA/SARA, EPA’s Superfund program is authorized to protect human health and the environment
from current and potential threats posed by releases of hazardous substances, pollutants, or contaminants.
The blueprint for the Superfund program is the National Oil and Hazardous Substances Pollution
Contingency Plan (NCP) (U.S. EPA, 1990). Among other things, the NCP calls for the identification and
mitigation of environmental impacts at hazardous waste sites, and for the selection of remedial actions to
protect human health and the environment. An important part of the NCP is the implementation of a
Remedial Investigation and Feasibility Study (RI/FS), which is designed to support risk management
decisions within the Superfund program. A risk assessment is an integral part of the RI/FS, and is
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generally conducted at a site to determine the
need for action and to ensure that a selected
remedy will be protective. The NCP also
establishes some benchmarks for protectiveness
and lays out nine criteria (some risk-based)
against which each cleanup option should be
evaluated (see Exhibit 1-2).

Guidance for risk assessment in the
Superfund program has been developed to
facilitate consistent site-specific responses.
Early major guidance documents developed by
EPA included: Risk Assessment Guidance for
Superfund (RAGS): Volume I. Human Health
Evaluation Manual (HHEM) (Part A, Baseline
Risk Assessment) (U.S. EPA, 1989a) and Risk
Assessment Guidance for Superfund. (RAGS):
Volume Il. Environmental Evaluation Manual
(U.S. EPA, 1989b). RAGS Volume I: Part A
provides an approach for conducting
site-specific baseline (i.e., without remediation
or institutional controls) human health risk
assessments. RAGS Volume Il, aimed at site
managers, provides a framework for considering
environmental effects at sites. More recently,

ExHIBIT 1-2

NINE CRITERIA FOR EVALUATION OF
CLEANUP ALTERNATIVES (U.S. EPA, 1990)

Threshold Criteria

. Overall protection of human health and the

environment

. Compliance with ARARs

Balancing Criteria

. Long-term effectiveness and permanence
. Reduction in toxicity, mobility, or volume

through treatment

. Short-term effectiveness
. Implementability
. Cost

Modifying Criteria
. State acceptance
. Community acceptance

EPA developed guidance for conducting ecological risk assessments within the Superfund program. This
guidance, Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting
Ecological Risk Assessments (U.S. EPA, 1997a), discusses scientific methods and stakeholder input.

Over the years, the Superfund program has expanded RAGS to include the following documents

relating to human health:

* RAGS Volume I, Part B: Development of Risk-based Preliminary Remediation Goals (Risk
Equations and Parameters) (U.S. EPA, 1991b)

* RAGS Volume I, Part C: Risk Evaluation of Remedial Alternatives (U.S. EPA, 1991c)

* RAGS Volume I, Part D: Standardized Planning, Reporting, and Review of Superfund Risk

Assessments (U.S. EPA, 2001a)

* RAGS Volume I, Part E: Supplemental Guidance for Dermal Risk Assessment (U.S. EPA,

2001b)

Additional ecological guidance documents include:

» Role of the Ecological Risk Assessment in the Baseline Risk Assessment. OSWER Directive

No. 9285.7-17 (U.S. EPA, 1994a)

» Issuance of Final Guidance: Ecological Risk Assessment and Risk Management Principles
for Superfund Sites. OSWER Directive 9285.7-28 P (U.S. EPA, 1999)

* The Role of Screening-Level Risk Assessments and Refining Contaminants of Concern in
Baseline Risk Assessments. 12" Intermittent Bulletin, ECO Update Series. (U.S. EPA, 2001d)
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This document (RAGS Volume 3: Part A) provides guidance for probabilistic approaches for both
human health and ecological risk assessment.

The Superfund program has also issued supplementary documents, including:

Human Health Evaluation Manual, Supplemental Guidance: “Standard Default Exposure
Factors™ (U.S. EPA, 1991a)

Supplemental Guidance to RAGS: Calculating the Concentration Term (U.S. EPA, 1992d)
Role of the Baseline Risk Assessment in Superfund Remedy Selection Decisions

(U.S. EPA, 1991d)

Use of IRIS (Integrated Risk Information System) Values in Superfund Risk Assessment
(U.S. EPA, 1993)

Final Soil Screening Guidance, May 17, 1996. Soil Screening User’s Guide (U.S. EPA,
1996)

Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites

(U.S. EPA, 2001c).

EPA will continue to develop Superfund guidance and tools to improve the practice of risk
assessment. Superfund guidance documents are available from EPA’s Superfund publications web site
(http://www.epa.gov/superfund/pubs.htm).

The role of risk assessment in Superfund, described above, can be summarized by a number of
principles that are followed and developed in RAGS Volume 3: Part A, including:

The Superfund risk assessment process should rely on early problem formulation, planning,
and scoping for improved remedial investigations and feasibility studies, risk assessments,
and risk management decisions.

The use of a tiered process in Superfund risk assessment and management is beneficial in
that it promotes an efficient allocation of resources and improved decision-making.

Early and continuing involvement of stakeholders throughout the Superfund risk assessment
process provides an opportunity to build stakeholder trust and meet stakeholder needs, which
can result in improved risk assessments and faster, more-informed risk management
decisions.

1.1.4 ProBABILISTIC RIsK ASSESSMENT AND ITS ROLE IN SUPERFUND

RAGS Volume | (U.S. EPA, 1989a) and supporting guidance describe a point estimate approach
to risk assessments in the Superfund program. Point estimate risk assessments use single values (point
estimates) to represent variables in a risk equation. The output of the risk equation in a point estimate
risk assessment is, therefore, a point estimate of risk, which can be a central tendency exposure (CTE)
estimate of risk (e.g., the average expected risk) or reasonable maximum exposure (RME) estimate of
risk (e.g., the risk expected if the RME was to occur), depending on the input values used in the risk
equation. RAGS Volume 3: Part A describes a probabilistic approach to risk assessment. Probabilistic
risk assessment uses probability distributions for one or more variables in a risk equation in order to
quantitatively characterize variability and/or uncertainty. The output of a PRA is a probability
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distribution of risks that reflects the combination of the input probability distributions. If the input
distributions represent variability, then the output risk distribution can provide information on variability
in risk in the population of concern. If the input distributions reflect uncertainty, then the output risk
distribution can provide information about uncertainty in the risk estimate. Information from a PRA can
be used to make statements about the likelihood of exceeding a risk level of concern, given the estimated
variability in elements of the risk equation. Since the results of point estimate methods generally do not
lend themselves to this level of risk characterization (e.g., quantitative uncertainty assessment), PRA can
provide unique and important supplemental information that can be used in making Superfund risk
management decisions at Superfund sites.

Monte Carlo Analysis (MCA) is perhaps the most widely used probabilistic method in PRA.
MCA is a specific probabilistic method that uses computer simulation to combine multiple probability
distributions in a risk equation (see Section 1.2.2 for further discussion of Monte Carlo simulation).
Monte Carlo methods have been in used in modeling since 1946 when Stanislaw Ulam used MCA to
conduct uncertainty analysis at Los Alamos during the conceptual stage of the hydrogen bomb project.
The history of the use of MCA (from the 1940s to the present) can be found in Rugen and Callahan,
1996.

The application of probabilistic analysis to human health and ecological risk assessment is a
relatively recent development that was facilitated by development of statistical sampling techniques to
obtain a probabilistic approximation to the solution of a mathematical equation and/or model, and
increased speed and capacity of modern computers which can support the intensive computational
requirements of MCA. Desktop computers and commercial software are currently available which
enable risk assessors to make, in minutes, PRA calculations that only a few years ago would have
required days.

The potential value of PRA to support risk-based decisions has become increasingly apparent
over the last several years. This has prompted the need for appropriate policy and guidance documents
that define the role of PRA in the Superfund program and that promote and facilitate the highest quality
and consistent application of PRA in the Program where appropriate. EPA previously issued guidance
that addresses the use of quantitative uncertainty analysis in risk assessment. RAGS Volume | (U.S. EPA,
1989a) and the Final Guidelines for Exposure Assessment Guidelines (U.S. EPA, 1992a) emphasize the
importance of assessing variability and uncertainty in risk estimates conducted in the Superfund program.
Guidance is also available for characterizing the 95% upper confidence limit (UCL) for the mean
exposure concentration (U.S. EPA, 1992d, 1997f). At the regional level, EPA Regions 3 and 8 issued
guidance on the appropriate use of probabilistic methods in risk assessment (U.S. EPA, 1994b, 1995¢).
The importance of adequately characterizing variability and uncertainty is addressed in the 1995
memorandum on Risk Characterization Policy and Guidance (U.S. EPA, 1995b). In the spring of 1997,
EPA released the memorandum, Use of Probabilistic Techniques (including Monte Carlo Analysis) in
Risk Assessment (U.S. EPA, 1997g). According to the Policy Statement of the memorandum,
probabilistic analysis techniques, “given adequate supporting data and credible assumptions, can be
viable statistical tools for analyzing variability and uncertainty in risk assessments.” As such, a PRA,
“will be evaluated and utilized in a manner that is consistent with other risk assessments submitted to the
Agency.” Along with this Policy Statement, the Agency released a set of guiding principles for use and
review of probabilistic analyses (U.S. EPA, 1997g). Hence, both RAGS and Agency-wide guidance
emphasize the importance of review of the scientific and technical merit of a probabilistic analysis to
determine whether or not the assessment is of sufficient quality to support a remedial decision.
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Currently, EPA’s Office of Emergency and Remedial Response (OERR) is implementing PRA as
part of its Superfund reform activities. This guidance, RAGS Volume 3: Part A, provides risk assessors
with comprehensive guidance on when and how it may be appropriate to conduct PRAs using Monte
Carlo analysis within the Superfund program. It describes basic concepts in PRA, an approach for
conducting MCA, and EPA’s policy for implementing PRA in the Superfund program. The Agency also
intends to supplement this guidance with additional examples and case studies in PRA (see Section 1.6).

1.2 BAasic CONCEPTS OF PROBABILISTIC RISK ASSESSMENT

This section describes what a PRA is and compares and contrasts it to the more familiar point
estimate methods for human health risk assessment (U.S. EPA, 1989a) and ecological risk assessment
(U.S. EPA, 1997a). A risk assessment performed using probabilistic methods is very similar in concept
and approach to the point estimate method, with the main difference being the methods used to
incorporate variability and uncertainty into the risk estimate. A variety of modeling techniques can be
used to characterize variability and uncertainty in risk. This guidance focuses on MCA, perhaps the most
common probabilistic method that risk assessors will encounter. Basic concepts on how to use MCA to
propagate variability and uncertainty in exposure through a risk model are presented. Many of the
concepts presented in this guidance are applicable to other probabilistic approaches to risk assessment.

At some sites, probabilistic analysis can provide a more complete and transparent
characterization of the risks and uncertainties in risk estimates than would otherwise be possible with a
point estimate approach. However, a PRA is not necessary or desirable for every site. The tiered
approach presented in Chapter 2 highlights important scientific and management decisions for
determining if PRA is appropriate at a specific site. The decision to perform PRA is appropriate only
after the risk assessor and the remedial project manager (RPM) at the site determine whether a PRA will
enhance decision making at the site. If a PRA is conducted, the assumptions and inputs to the
probabilistic model should be sufficiently documented so that the results can be independently
reproduced.

An essential concept in PRA that will be important throughout this section and the rest of the
guidance is the distinction between “variability” and “uncertainty”. Variability refers to true
heterogeneity or diversity. For example, among a population that drinks water from the same source and
with the same contaminant concentration, the risks from consuming the water may vary. This may be
due to differences in exposure (i.e., different people drinking different amounts of water, having different
body weights, exposure frequencies, and exposure durations) as well as differences in response (e.g.,
genetic differences in resistance to a chemical dose). Differences among individuals in a population are
referred to as inter-individual variability, while differences for one individual over time are referred to as
intra-individual variability.

Uncertainty occurs because of a lack of knowledge. For example, we can be very certain that
different people drink different amounts of water, but we may be uncertain about how much variability
there is in water intakes among the population. Uncertainty can often be reduced by collecting more and
better data, while variability is an inherent property of the population being evaluated. Variability can be
better characterized with more data, but it cannot be reduced or eliminated.

Sometimes there can be confusion about whether data are representative of variability or
uncertainty, especially when the distinction depends on how the problem is framed. For example, one of
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the exposure variables that may be considered in a risk assessment of workers exposed via inhalation to
an indoor air contaminant is the fraction of time spent indoors on site. Assume that time-activity
information is available from surveys of a representative population of workers. This data set may be
used to define a probability distribution (e.g., empirical, normal) that characterizes inter-individual
variability in exposure times among workers. Sources of uncertainty would include the choice of the
probability distribution used to characterize variability, as well as the parameter estimates that are based
on a finite data set. Using the same data set, uncertainty in a parameter, such as the arithmetic mean
exposure time, may also be defined by a probability distribution. Efforts to clearly distinguish between
variability and uncertainty are important for both risk assessment and risk communication. Section 1.2.4
and Chapter 3, Section 3.4 present an overview of the different sources of uncertainty. Guidance on
selecting and fitting probability distributions is given in Appendices B and C, and advanced methods for
characterizing both variability and uncertainty are discussed in Appendix D.

1.2.1 WHAT IS PRA?

Probabilistic risk assessment is a general term for risk assessments that use probability models to
represent the likelihood of different risk levels in a population (i.e., variability) or to characterize
uncertainty in risk estimates.

A risk assessment performed using probabilistic methods would rely on the same fundamental
exposure and risk equations as do point estimate approaches. U.S. EPA guidance, including RAGS
Volume I: Part A (U.S. EPA, 1989a), the Standard Default Exposure Factors Guidance (U.S. EPA,
1991a), Supplemental Guidance for Developing Soil Screening Levels (U.S. EPA, 2001c), and Ecological
Risk Assessment Guidance for Superfund: Process for Designing and Conducting Ecological Risk
Assessments (U.S. EPA, 1997a) present methods for estimating risk using standardized exposure and risk
models. Examples of typical exposure and risk equations that would be used in risk calculations, in this
case, for a drinking water exposure scenario, are provided in Exhibit 1-3:
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ExHIBIT 1-3

CANCER AND NONCANCER RISK MODELS
Exposure Model:

o Cw [Ry BFw B

Cancer Risk Model: - S w AT
, Figk = CDMw CFF

Noncancer Risk Model:

0 T

FiD
CDI = chronic daily intake of the chemical (mg/kg-day)
C = concentration of the chemical in an exposure medium (e.g., mg/L)
IR = ingestion rate (e.g., L/day for water, mg/day for soil, etc.)
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight (kg)
HQ = hazard quotient
AT = averaging time (equal to ED x 365 days/year for noncarcinogens and 70 years
x 365 days/year for carcinogens)

CSF = cancer slope factor (linear low-dose cancer potency factor) for the chemical (mg/kg-day)™
RfD = reference dose for the chemical for assessing noncancer health effects (mg/kg-day)

In the point estimate approach, a single numerical value (i.e., point estimate) is chosen for each
variable shown in Exhibit 1-3. For example, point estimates may include a drinking water ingestion rate
of 2 L/day and a body weight of 70 kg for an adult. Based on the choices that are made for each
individual variable, a single estimate of risk is calculated. In the probabilistic approach, inputs to the risk
equation are described as random variables (i.e., variables that can assume different values for different
receptors in the population) that can be defined mathematically by a probability distribution. For
continuous random variables, such as those in Figure 1-1 (body weight), the distribution may be
described by a PDF, whereas for discrete random variables (e.g., number of fish meals per month), the
distribution may be described by a probability mass function (PMF). The key feature of PDFs and PMFs
is that they describe the range of values that a variable may assume, and indicate the relative likelihood
(i.e., probability) of each value occurring within that range for the exposed population. For example, the
distribution of tap water ingestion (mL/day) among the general U.S. population might be characterized
by a lognormal distribution with a log-mean of 6.86 and a log-standard deviation of 0.575 (Table 3-11 of
U.S. EPA 1997b). One might use a PDF to show how approximately half the population drinks more
than 1 L/day of tap water, but only 10% of the population drinks more than 2 L/day. After determining
appropriate PDF types and parameter values for selected variables, the set of PDFs is combined with the
toxicity value in the exposure and risk equations given in Exhibit 1-3 to estimate a distribution of risks.
Guidance on selecting and fitting distributions for variables in risk equations is provided in Appendix B.

In human health risk assessments, probability distributions for risk should reflect variability or
uncertainty in exposure. In ecological risk assessments, risk distributions may reflect variability or
uncertainty in exposure and/or toxicity (see Sections 1.4 and 1.4.1, Item 3).
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A continuous probability distribution can
be displayed in a graph in the form of either a
PDF or corresponding CDF; however, for clarity,
it is recommended that both representations be
presented in adjacent (rather than overlaid) plots.
Figure 1-1 illustrates a PDF and CDF for a
normal probability distribution for adult body
weight. Both displays represent the same
distribution, but are useful for conveying
different information. Note that it is helpful to
include a text box with summary statistics
relevant to the distribution (e.g., mean, standard
deviation). The types of information that PDFs
and CDFs are most useful for displaying are
presented in Exhibit 1-4.
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ExHIBIT 1-4
Use APDF AND CDF To DISPLAY:

PDF
e The relative probability of values

e The most likely values (e.g., modes)

e The shape of the distribution (e.g., skewness,
kurtosis, multimodality)

e Small changes in probability density

CDF
e  Percentiles, including the median

e High-end risk range (e.g., 90" to 99™ percentiles)
e Confidence intervals for selected percentiles

e Stochastic dominance (i.e., for any percentile,
the value for one variable exceeds that of any
other variable)

Source: U.S. EPA, 1997¢g
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Figure 1-1. Example of a normal distribution that characterizes variability in adult body weight (males
and females combined). Arithmetic mean=71.7 kg, standard deviation=15.9 kg (Finley and Paustenbach,
1994). Body weight may be considered a continuous random variable. The left panel shows a
bell-shaped curve and represents the PDF, while the right panel shows an S-shaped curve and represents
the CDF. Both displays represent the same distribution (including summary statistics), but are useful for

conveying different information.
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The CDF for risk can be especially informative for illustrating the percentile corresponding to a
particular risk level of concern (e.g., 95" percentile=1E-06). A text box may also be included on the
graph to highlight important summary statistics, such as the parameters of the input distribution, or
selected percentiles of the output distribution for risk. For example, a clear description of the parameters
for the probability distribution should be given, as well as an indication of whether the distribution
represents variability or uncertainty.

1.2.2 WHATISAMoNTE CARLO SIMULATION?

Perhaps the most common numerical technique for PRA is Monte Carlo simulation. Monte
Carlo simulation has been widely used to explore problems in many disciplines of science as well as
engineering, finance, and insurance (Rugen and Callahan, 1996). The process for a Monte Carlo
simulation is illustrated in Figure 1-2. In its general form, the risk equation can be expressed as a
function of multiple exposure variables (V) and a toxicity term: Risk=f(V,, V,, ...V,) x Toxicity.
Solutions for equations with PDFs are typically too complex for even an expert mathematician to
calculate the risk distribution analytically. However, numerical techniques applied with the aid of
computers can provide very close approximations of the solution. This is illustrated here for the
simplified case in which the assessment variables are statistically independent, that is, the value of one
variable has no relationship to the value of any other variable. In this case, the computer selects a value
for each variable (V,) at random from a specified PDF and calculates the corresponding risk. This
process is repeated many times (e.g., 10,000), each time saving the set of input values and corresponding
estimate of risk. For example, the first risk estimate might represent a hypothetical individual who drinks
2 L/day of water and weighs 65 kg, the second estimate might represent someone who drinks 1 L/day and
weighs 72 kg, and so forth. Each calculation is referred to as an iteration, and a set of iterations is called
a simulation.

A convenient aid to understanding the Monte Carlo approach for
quantifying variability is to visualize each iteration as representing a single
individual and the collection of all iterations as representing a population.

Each iteration of a Monte Carlo simulation should represent a plausible combination of input values (i.e.,
exposure and toxicity variables), which may require using bounded or truncated probability distributions
(see Appendix B). However, risk estimates are not intended to correspond to any one person. The
“individuals” represented by Monte Carlo iterations are virtual and the risk distributions derived from a
PRA allow for inferences to be made about the likelihood or probability of risks occurring within a
specified range for an exposed human or ecological population. A simulation yields a set of risk
estimates that can be summarized with selected statistics (e.g., arithmetic mean, percentiles) and
displayed graphically using the PDF and CDF for the estimated risk distribution. Often the input
distributions are assumed to be independent, as shown in Figure 1-2. More complex Monte Carlo
simulations can be developed that quantify a dependence between one or more input distributions by
using conditional distributions or correlation coefficients (see Appendix B, Section B.5.5 for a discussion
of correlated input distributions).
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Probability Distribution for Random Variables
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Figure 1-2. Conceptual model of Monte Carlo analysis. Random variables (V,, V,, ...V,) refer to exposure
variables (e.g., body weight, exposure frequency, ingestion rage) that are characterized by probability
distributions. A unique risk estimate is calculated for each set of random values. Repeatedly sampling (V;)
results in a frequency distribution of risk, which can be described by a PDF. In human health risk assessments,
the toxicity term should be expressed as a point estimate. In ecological risk assessment (see Sections 1.4

and 1.4.1) the toxicity term may be expressed as a point estimate or as a probability distribution.
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The rapid evolution in computing power has greatly reduced concerns among regulators
regarding the number iterations needed in MCA.

w  \While this guidance does not prescribe specific criteria or set an arbitrary
“minimum” number of iterations needed for PRA, a general rule of thumb is
that a sufficient number of iterations should be run to obtain numerical
stability in percentiles of the output (e.g., risk distribution) that are
important for decision making.

Numerical stability refers to the stochastic variability, or “wobble” associated with random sampling, and
can be evaluated by running multiple simulations with the same set of input assumptions and calculating
the average percent change in a specified percentile of the output (e.g., Maddalena et al., 2001). For
example, it may be determined that 5,000 iterations are sufficient to achieve numerical stability in the
50™ percentile, but insufficient for the 95™ percentile risk estimate when a criteria of £ 1% is applied for
multiple simulations. As discussed in Section 1.4, one of the eight conditions specified by EPA for the
acceptance of PRA is that the numerical stability of the output be presented and discussed, since it will
vary depending on what percentile of the risk distribution is evaluated. While some commercial software
now have a feature to automatically stop simulations after a specified criterion for numerical stability is
achieved (Burmaster and Udell, 1990), care should be taken to understand how this criterion is
implemented across the entire range of the output distribution.

1.2.3 WHY I1s VARIABILITY IMPORTANT IN RISk ASSESSMENT? How Is IT ADDRESSED BY THE
PoINT ESTIMATE AND PROBABILISTIC APPROACHES?

As noted previously, variability refers to true heterogeneity or diversity that occurs within a
population or sample. Factors that lead to variability in exposure and risk include variability in
contaminant concentrations in a medium (air, water, soil, etc.), differences in ingestion rates or exposure
frequencies, or in the case of ecological assessments, inter- and intra-species variability in dose-response
relationships. Risk Assessment Guidance for Superfund Volume | (Section 6.1.2 of U.S. EPA, 1989a) and
the NCP Preamble (U.S. EPA, 1990) state that human health risk management decisions at Superfund
sites will generally be based on an individual that has RME. Likewise, RME estimates of risk are the
most appropriate basis for decision making using an ecological risk assessment. Use of the RME and
CTE risk descriptors in ecological risk assessment are discussed in Chapter 4. The intent of the RME is
to estimate a conservative exposure case (i.e., well above the average case) that is still within the range of
possible exposures based on both quantitative information and professional judgment (Sections 6.1.2
and 6.4.1 of U.S. EPA, 1989a). In addition, the Agency released guidance in 1992 (U.S. EPA, 1992c¢)
recommending the inclusion of a “central tendency” exposure estimate to an individual, as well as a
high-end exposure estimate, in the risk assessment. Generally, the CTE is considered to be a measure of
the mean or median exposure. The difference between the CTE and the RME gives an initial impression
of the degree of variability in exposure or risk between individuals in an exposed population.

Depending on assessment needs at a site, a range of point estimates of risk can be developed to
represent variability in exposures. To support the evaluation of RME risk estimates using the point
estimate approach described in Section 1.3, the Superfund program developed guidance with
recommended default values for exposure variables as inputs to the risk equations (U.S. EPA, 1992a,
1996, 19974, 2001d). These standardized values are a combination of average (e.g., body weight, skin
surface area) and high-end exposure assumptions (e.g., drinking water intake, exposure duration). A
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CTE risk estimate is based on central estimates (e.g., mean, 50" percentile) for each of the exposure
variables. Available site-specific data on plausible mean and upper range values for exposure variables
should be used to support CTE and RME risk estimates. The point estimate approach to risk assessment
does not determine where the CTE or RME risk estimates lie within the risk distribution. For example,
the RME risk estimated with the point estimate approach could be the 90™ percentile, the

99.9" percentile, or some other percentile of the risk distribution. Without knowing what percentile is
represented by the RME risk estimate, the risk manager might be unsure about the likelihood of the RME
risk occurring or being exceeded in the receptor population and about what level of remedial action is
justified or necessary to achieve the protective objectives of CERCLA.

In a PRA, distributions used as inputs to the risk equations can characterize the inter-individual
variability inherent in each of the exposure assumptions. By characterizing variability with one or more
input distributions, the output from the Monte Carlo simulation is a distribution of risks that could occur
in that population (Figure 1-3). The central tendency of the risk distribution (e.g., arithmetic mean,
geometric mean, 50" percentile) may be characterized as the CTE risk estimate. Similarly, the high-end
of the risk distribution (e.g., 90" to 99.9" percentiles) is representative of exposures to the RME
individual. In addition to providing a better understanding of where the CTE and RME risks occur in the
distribution, a PRA can also provide an estimate of the probability of occurrence associated with a
particular risk level of concern (e.g., cancer risk of 1E-05). A PRA that quantifies variability can be used
to address the question, “What is the likelihood (i.e., probability) that risks to an exposed individual will
exceed 1E-05?” Based on the best available information regarding exposure and toxicity, a risk assessor
might conclude, “The estimated distribution for variability in risk across the target population indicates
that 10% of the individuals exposed under these circumstances have a risk exceeding 1E-05.” This type
of evaluation can be achieved using a technique known as one-dimensional Monte Carlo Analysis
(1-D MCA). Guidelines for interpreting the high-end of the risk distribution in terms of the RME risk
estimate are discussed further in Section 1.4.1 and Chapter 7.
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Figure 1-3. Example of a probability distribution for risk illustrating the 95 percentile and two
different risk levels of concern (A and B). Assuming the 95" percentile corresponds to the RME,
the need for remedial action depends on how the RME risk compares with the risk level of
concern. For Case A (RME > level of concern), remedial action may be warranted. For Case B
(RME < level of concern), remedial action may be unnecessary.
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The agreement (or lack of agreement) between the results of the point estimate calculations and
the PRA calculations is expected to vary as a function of the form of the exposure or risk model and the
attributes of the input variables. In general, if the terms in the denominator of the exposure or risk
equation have low variability and do not approach zero, then the CTE point estimate is likely to agree
quite well with the arithmetic mean from the PRA simulation, and the RME point estimate is likely to
correspond to the high-end of the risk distribution (see discussion of RME range in Section 1.2.5).
However, if the exposure or risk model has terms in the denominator that are a significant source of
variability, or if the terms approach zero, then the agreement between the point estimate values and the
PRA values may be more substantial. In addition, since the RME point estimate of risk reflects a
combination of central tendency and high-end input values, it is difficult to anticipate what percentile of
a distribution of variability it represents.

= |f results of PRA calculations differ substantially from point estimate
calculations, a risk manager may benefit from understanding the reasons for
the differences and the relative strengths of the different approaches.

Since point estimate and PRA approaches may yield different estimates of CTE and RME risks, the two
approaches also may support different risk management decisions. This does not imply that either
approach is invalid. Likewise, a correspondence between the point estimate and PRA results does not
imply a greater accuracy or certainty in the modeling assumptions and inputs. Simply stated, PRA, based
on the same risk equations and data as the point estimate approach, provides a different means of
characterizing variability and uncertainty. Potential sources of variability and uncertainty in risk
estimates should be identified, discussed, and to the extent practicable, quantified. Advantages and
disadvantages of PRA and point estimate risk assessment are discussed in Section 1.2.4 and 1.3.

1.2.4 WHY 1S UNCERTAINTY IMPORTANT IN Risk ASSESSMENT? How 1S UNCERTAINTY
ADDRESSED BY THE POINT ESTIMATE AND PROBABILISTIC APPROACHES?

Uncertainty derives from a lack of knowledge. Various taxonomies of uncertainty relevant to
risk assessment have been presented (Finkel, 1990; Morgan and Henrion, 1990; Cullen and Frey, 1999).
U.S. EPA guidance, including the Final Guidelines Exposure Assessment Guidelines (U.S. EPA, 1992a),
Exposure Factors Handbook (U.S. EPA, 1997b,c,d), and Guiding Principles for Monte Carlo Analysis
(U.S. EPA, 1997¢) describe a variety of different types of uncertainty in risk assessment as well as
modeling strategies for quantifying uncertainties. Potential sources of uncertainty in risk assessment can
be divided into one of three broad categories:

(1) Parameter uncertainty - uncertainty in an estimate of an input variable in a model. In PRA,
this may refer specifically to a statistical concept of uncertainty in estimates of population
parameters (e.g., arithmetic mean, standard deviation) from random samples, due to the
quality, quantity, and representativeness of available data as well as the statistical estimation
method.

(2) Model uncertainty - uncertainty about a model structure (e.g., exposure equation) or intended
use, including the relevance of simplifying assumptions to the endpoint of the risk
assessment, the choice of probability distribution to characterize variability, and
interpolation or extrapolation beyond the scale used to calibrate a model from empirical data.
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(3) Scenario uncertainty - uncertainty regarding missing or incomplete information to fully
define exposure. This may include descriptive errors regarding the magnitude and extent of
chemical exposure or toxicity, temporal and spatial aggregation errors, incomplete analysis
(i.e., missing exposure pathways), and potential mis-specification of the exposed population
or exposure unit.

Sources of uncertainty described by these categories are important because they can influence
risk management decisions in both point estimate and probabilistic risk assessment. As additional
sources of uncertainty are quantified and included in the risk assessment, uncertainty in risk estimates
may appear to increase, suggesting there may be little confidence in a risk management decision. This
situation may appear to be counterintuitive for those managers who expect confidence to increase as
uncertainty is quantified. However, as discussed below and in Chapter 6 (see Section 6.4.2), uncovering
and quantifying these sources of uncertainty may help to provide perspective, and make the decisions
using the tiered process more transparent. In PRA, there are a variety of methods that can be used to
effectively quantify uncertainty as well as communicate confidence in risk estimates (see Chapter 3,
Section 3.4; Chapter 6, Section 6.4, and Section 6.5).

Parameter uncertainty may be the most readily recognized source of uncertainty that is quantified
in site-specific risk assessments at hazardous waste sites. Parameter uncertainty can occur in each step of
the risk assessment process from data collection and evaluation, to the assessment of exposure and
toxicity. Sources of parameter uncertainty may include systematic errors or bias in the data collection
process, imprecision in the analytical measurements, inferences made from a limited database when that
database may or may not be representative of the variable under study, and extrapolation or the use of
surrogate measures to represent the parameter of interest.

In the point estimate approach, parameter uncertainty is addressed in a qualitative manner for
most variables. For example, the uncertainty section of a point estimate risk assessment document might
note that a soil sampling plan yielded a small sample size that may not be representative of overall
contaminant concentrations and, as a result, the risk estimate may over- or under-estimate actual risk.
Uncertainty in the concentration term is addressed quantitatively to a limited extent in a point estimate
approach by using the 95% UCL for the arithmetic mean concentration in both CTE and RME risk
estimates; this accounts for uncertainty associated with environmental sampling and site characterization
(U.S. EPA, 1992d, 1997f). The 95% UCL is combined in the same risk calculation with various central
tendency and high-end point estimates for other exposure factors.

Some examples of the models that EPA uses in the risk assessment process are the equations
used to calculate exposure and risk, the linearized multistage model used to estimate cancer
dose-response relationships, and media-specific models to estimate contaminant concentrations. All
models are simplified, idealized representations of complicated physical or biological processes. Models
can be very useful from a regulatory standpoint, as it is generally not possible to adequately monitor long
term exposure for populations at contaminated sites. However, models that are too simplified may not
adequately represent all aspects of the phenomena they were intended to approximate or may not capture
important relationships among input variables. Other sources of model uncertainty can occur when
important variables are excluded, interactions between inputs are ignored, or surrogate variables that are
different from the variable under study are used.
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In most probabilistic assessments, the first step of analysis is usually an analysis of variability in
exposure or risk. However, PRA methods may also be used to characterize uncertainty around the best
estimate of the exposure or risk distribution. This is done using "2-dimensional” MCA (2-D MCA) (see
Appendix D). One convention that has been used to distinguish between probability distribution
functions for variability
and uncertainty is to use 10
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(Figure 1-4). For
example, a conclusion
based on this type of
output might be, “While
the best estimate for the
variability distribution for
risk across the target population indicates that 10% of the individuals exposed under these circumstances
have a risk exceeding 1E-06, the uncertainty is such that we can only be reasonably certain (e.g.,

95% sure) that no more than 20% of the exposed population has a risk that exceeds 1E-06.”
Additionally, the output from a 2-D MCA can provide a quantitative measure of the confidence in the
risk estimate for a particular fraction of the population; which is sometimes referred to as a horizontal
confidence interval. This type of output might support the following type of conclusion, “While the best
estimate for the variability distribution for risk across the target population indicates that 10% of the
individuals exposed under these circumstances have a risk exceeding 1E-06, the uncertainty is such that
we can only be reasonably certain (e.g., 95% sure) that the risk for this group of individuals does not
exceed 2E-06.” The term “confidence interval” is used loosely in this context to convey information
about uncertainty; however, it is not the same as a statistical confidence interval that one might obtain by
estimating a population parameter from a sample. The vertical and horizontal bars shown in Figure 1-4
represent a range of possible estimates for the percentile given one or more sources of uncertainty that
were included in the simulation. If the target audience for this graphic has a greater understanding of
statistics, it may be less confusing if alternative phrases are used to describe the results, such as “credible
interval” or “probability band”.

Figure 1-4. Illustration of “Vertical” and “Horizontal” Confidence Intervals (or
limits) on a risk estimate. This type of output can be produced from a 2-D MCA in
which probability distributions of uncertainty are introduced into the risk equation.
See Chapter 3 and Appendix D for further discussion of 2-D MCA in quantitative
uncertainty analysis.

In general, one should avoid developing input distributions to a PRA model that yield a single
risk distribution that intermingles, or represents both variability and uncertainty. By separately
characterizing variability and uncertainty, the output from a PRA will be easier to understand and
communicate. A number of tools can aid in evaluating the uncertainty in estimated distributions for
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variability. Both simple and very complex approaches have been applied to this problem. Two basic
methods for quantifying variability and parameter uncertainty simultaneously are described in
Exhibit 1-5. PRAs that use these approaches can provide quantitative estimates of uncertainty in
percentiles of the risk distribution based on confidence intervals or credible intervals for one or more
parameter estimates. Techniques for characterizing both variability and uncertainty in PRA are discussed
in more detail in Chapters 3, 4, 5, and 7, and Appendices A, C, and D.

A common apprehension
concerning the utility of PRA is that it may
require more information and data than are
available to generate credible PDFs. Risk
assessors may feel that they can’t specify a
PDF because they don’t have enough
information to choose a distribution type,
estimate parameters, or evaluate the
representativeness to the site population of
concern. However, if sufficient
information exists to support a meaningful
point estimate evaluation (i.e., if some sort
of central tendency and upper bound
values are available for each input
variable), then it is usually possible to
perform a screening level, or preliminary
1-D MCA that may provide additional
useful information regarding variability.
Likewise, an initial two-dimensional
analysis may be performed that does not
require collection of any new data, but
simply characterizes uncertainty in the
existing data. The results of such a 2-D
MCA can help to identify the main sources
of uncertainty in the risk results, and can
support decisions to collect more data
and/or proceed with additional tiers of
analysis in order to improve the
assessment. As with a preliminary 1-D
MCA, the decision to conduct a more
advanced probabilistic analysis does not
always result in added data requirements.

ExHIBIT 1-5
QUANTIFYING VARIABILITY AND UNCERTAINTY
1. Single source of uncertainty

Run multiple one-dimensional M onte Carlo
simulations (1-D MCA) in which each simulation
uses a different point estimate for a parameter
selected from an uncertainty distribution, combined
with PDFv’s for one or more variables. For example,
separate simulations can be run in which the mean of
the exposure concentration variability distribution is
represented by either the 95% lower or upper
confidence limit on the mean. A comparison of the
output of these simulations would provide a partial
characterization of the quantitative impact of
uncertainty in the mean exposure concentration on
the risk estimate (provided that certain conditions
hold; i.e., risk increases with increasing exposure
concentration) (see Chapter 3, Section 3.3.1).

2. Multiple sources of uncertainty

Run a single two-dimensional Monte Carlo
simulation (2-D MCA), in which separate probability
distributions are specified for variability and
parameter uncertainty and values from these
distributions are randomly selected and used in each
iteration of the Monte Carlo simulation (see
Appendix D).

Use of probabilistic methods (e.g., MCA) to propagate variability and uncertainty through risk
models offers five key advantages over point estimate approaches in addressing uncertainty in risk

estimates:

(1) Probabilistic methods may often provide a more complete and informative characterization
of variability in exposure or risk than is usually achievable using point estimate techniques.

(2) Probabilistic methods can provide a more guantitative expression of the confidence in risk
estimates than the point estimate approach.

Page 1-20



RAGS Volume 3 Part A ~ Process for Conducting Probabilistic Risk Assessment
Chapter 1 ~ December 31, 2001

(3) Sensitivity analysis methods using PRA may help risk assessors to better identify influential
exposure factors.

(4) Probabilistic methods can account for dependencies between input variables (e.g., body
weight and skin surface area).

(5) Probabilistic methods provide quantitative estimates of the expected value of additional
information that might be obtained from data collection efforts (Morgan and Henrion, 1990).
The importance of quantifying uncertainty in an expected value of information (EVOI)
framework is discussed in Appendix D.

Since both point estimate and probabilistic approaches in risk assessment are applied to the same
conceptual models (i.e., the same exposure and risk models), uncertainties in the conceptual model are
generally addressed in the same manner. If other models are available to explain or characterize a given
phenomenon, the risk estimates associated with each of those conceptual models could be compared to
determine the sensitivity of the risk to the uncertainty in the choice of a model (see Chapter 2 and
Appendix A). For example, when deciding on a contaminant concentration term for tetrachloroethylene
in groundwater for a residential exposure assessment 10 years in the future, it would be appropriate to
compare and contrast several fate and transport models and their results before deciding on a
concentration term.

1.2.5 REeAsSONABLE MAXIMUM ExXPOSURE AT THE HIGH-END

Risk management decisions at Superfund sites should be based on an estimate of the risk to a
reasonably maximum exposed receptor, considering both current and future land-use conditions. The
RME is defined as the highest exposure that is reasonably expected to occur at a site. In general, risks
corresponding to the 90™ to 99.9" percentiles of the risk distribution estimated from a PRA are
considered plausible high-end risks, and the RME risk should be selected within this range (see
Section 1.2.4, Section 1.4.1, and Chapter 7 for further discussion). In comparison with point estimate
risk assessments, PRA can provide the entire range of estimated risks as well as the likelihood of values
within the range (i.e., the frequency distribution)

As noted in Chapter 7, estimates of risk become more uncertain at very high percentiles (e.g., the
99.9"), so results of PRA calculations at these extreme values should be used with caution. Risk
frequency distributions toward the 99.9" percentile may be numerically unstable due to the uncertainties
embedded in the input exposure assumptions. This guidance recommends that a risk manager select the
RME in consultation with a risk assessor. One item for discussion should be the numerical stability of
the high-end RME risk value (i.e., a stable value on the frequency distribution within the high-end range
that could be reproduced in successive Monte Carlo simulations.)

1.3 ADVANTAGES AND DISADVANTAGES OF POINT ESTIMATE AND PROBABILISTIC
APPROACHES

As discussed in Chapter 2, a PRA should not be conducted until adequate point estimate
calculations have been completed. Once this has been done, the potential benefits of proceeding to a
PRA evaluation should be based on an understanding of the potential advantages and limitations in each
approach. Potential advantages and disadvantages of point estimate calculations are summarized in
Exhibit 1-6 and potential advantages and disadvantages of PRA are listed in Exhibit 1-7.
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In general, compared to a point estimate risk assessment, a PRA based on the same state of
knowledge may offer a more complete characterization of variability in risk, can provide a quantitative
evaluation of uncertainty, and may provide a number of advantages in assessing if and how to proceed to
higher levels of analysis. However, there are also some real and perceived disadvantages regarding
additional effort on the part of both the risk assessor and the risk manager, and the potential to cause
confusion if the effort is not clearly presented.

In general, the key question to consider in deciding whether a PRA should be performed is
whether or not the PRA analysis is likely to provide information that will help in the risk management
decision making. For some sites, the additional information provided by a PRA will not affect the
decision that would have been made with a point estimate approach alone, and a PRA will not be useful.
However, when the decision whether or not to take action is not completely clear, PRA may be a
valuable tool. The tiered process for PRA (Chapter 2) introduces the concept of scientific management
decision points (SMDPs) to guide the complexity of analysis that may be needed for decision making.

An SMDP marks a point in the process in which the potential that another analysis may influence the risk
management decision is evaluated based on the problem formulation, the information available to define
input variables, the results of previous analyses, and the feasibility of a subsequent analysis.

= A point estimate approach is conducted for every risk assessment; a
probabilistic analysis may not always be needed.

ExXHIBIT 1-6
ADVANTAGES AND DISADVANTAGES OF POINT ESTIMATE APPROACH

Advantages

e Calculations are simple and do not require any advanced software.

e« EPA has established default inputs and methods to help standardize point estimate
calculations between sites.

e Useful as a screening method—may allow risk management decisions with no
additional work.

e Central tendency and RME estimates of risk provide a semi-quantitative measure of
variability.

e Method is easily described and communicated.

e Requires less time to complete; not as resource intensive.

Disadvantages

e Computational simplifications may result in deviations from target values.

e Results are often viewed as “the answer”; importance of uncertainty is sometimes
lost.

« Information from sensitivity analysis is generally limited to dominant exposure
pathways and chemicals of concern; may not highlight the key exposure variables and
uncertain parameters.

« Does not provide a measure of the probability that risk exceeds a regulatory level of
concern, or the level of confidence in arisk estimate.

e Provides fewer incentives for collecting better or more complete information.
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ExHIBIT 1-7
ADVANTAGES AND DISADVANTAGES OF PROBABILISTIC RISK ASSESSMENT

Advantages

e Can make more complete use of available data when defining inputs to the risk equation.

e Can provide a more comprehensive characterization of variability in risk estimates.

e Can provide a more comprehensive characterization of uncertainty in inputs, which may
support statements regarding confidence in risk estimates. Communication of uncertainty in the
risk assessment can help to build trust among stakeholders.

e Sensitivity analysis can identify the exposure variables, probability models, and model
parameters that influence the estimates of risk.

e Puts the risk assessment in a Value-of-Information framework (see Appendix D). Can identify
data gaps for further evaluation/data collection and can use wider variety of site-specific
information.

e Allows available site-specific information to inform the choice of high-end percentile from the
risk distribution that corresponds with RME risk.

Disadvantages

e Concepts and approaches may be unfamiliar; there is often apprehension regarding added costs
and potential for inadvertent error and/or intentional misrepresentation.

*  Places more burden on risk assessors to ensure the PRA is done correctly and on managers to
understand and make decisions within a range of alternatives.

* May require more time and resources to select and fit probability distributions, and may require
greater effort to communicate methodology and results.

* May convey false sense of accuracy when data are sparse.

e Complexities of the PRA approaches may obscure important assumptions or errors in basic
exposure or risk models.

e If communication of the more complex PRA is unsuccessful, then it may generate mistrust of
the assessment and risk management decisions.
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1.4 CONDUCTING AN ACCEPTABLE PRA

In 1997, EPA issued a memorandum which contained its policy statement on PRA (U.S. EPA,
1997¢g). The 1997 EPA Policy Statement is as follows:

Itis the policy of the U.S. Environmental Protection Agency that such probabilistic analysis
techniques as Monte Carlo analysis, given adequate supporting data and credible
assumptions, can be viable statistical tools for analyzing variability and uncertainty in risk
assessments. As such, and provided that the conditions described below are met, risk
assessments using Monte Carlo analysis or other probabilistic techniques will be evaluated
and utilized in a manner that is consistent with other risk assessments submitted to the
Agency for review or consideration. It is not the intent of this policy to recommend that
probabilistic analysis be conducted for all risk assessments supporting risk management
decisions. Such analysis should be a part of a tiered approach to risk assessment that
progresses from simpler (e.g., deterministic) to more complex (e.g., probabilistic) analyses
as the risk management situation requires. Use of Monte Carlo or other such techniques in
risk assessments shall not be cause, per se, for rejection of the risk assessment by the
Agency. For human health risk assessments, the application of Monte Carlo and other
probabilistic techniques has been limited to exposure assessments in the majority of cases.
The current policy, Conditions for Acceptance and associated guiding principles are not
intended to apply to dose response evaluations for human health risk assessment until this
application of probabilistic analysis has been studied further. In the case of ecological risk
assessment, however, this policy applies to all aspects including stressor and dose-response
assessment.

In support of this policy statement, EPA has outlined eight conditions for acceptance (in italics
below), and good scientific practice of PRA. A PRA that is submitted to the Agency for review and
evaluation should generally comply with each condition in order to ensure that adequate supporting data
and credible assumptions are used in the assessment. These conditions are as follows:

(1) The purpose and scope of the assessment should be clearly articulated in a "problem
formulation" section that includes a full discussion of any highly exposed or highly
susceptible subpopulations evaluated (e.g., children, the elderly). The gquestions the
assessment attempts to answer are to be discussed and the assessment endpoints are to be
well defined.

(2) The methods used for the analysis (including all models used, all data upon which the
assessment is based, and all assumptions that have a significant impact upon the results) are
to be documented and easily located in the report. This documentation is to include a
discussion of the degree to which the data used are representative of the population under
study. Also, this documentation is to include the names of the models and software used to
generate the analysis. Sufficient information is to be provided to allow the results of the
analysis to be independently reproduced.

Possible sources of bias inherent in the input distributions should be discussed along with the
expected impacts on the resulting risk estimates. For example, if a site-specific study of fish
consumption indicated consumption rates are five to ten times higher than other studies from similar
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populations, this possible bias or inaccuracy should be discussed in the document. Computer programs
should generally be described in sufficient detail to allow the reviewer to understand all aspects of the
analysis. Computer code/spreadsheets should provide adequate documentation and annotation.

(3) The results of sensitivity analyses are to be presented and discussed in the report.
Probabilistic techniques should be applied to the compounds, pathways, and factors of
importance to the assessment, as determined by sensitivity analyses or other basic
requirements of the assessment.

Sensitivity analysis is a valuable tool in any tier of a PRA.

(4) The presence or absence of moderate to strong correlations or dependencies between the
input variables is to be discussed and accounted for in the analysis, along with the effects
these have on the output distribution.

(5) Information for each input and output distribution is to be provided in the report.This
includes tabular and graphical representations of the distributions (e.g., probability density
function and cumulative distribution function plots) that indicate the location of any point
estimates of interest (e.g., mean, median, 95" percentile). The selection of distributions is to
be explained and justified. For both the input and output distributions, variability and
uncertainty are to be differentiated where possible.

(6) The numerical stability of the central tendency and the higher end (i.e., tail) of the output
distributions are to be presented and discussed.

As discussed in Section 1.2.5, numerical stability refers to the observed numerical changes in
parameters of the output distribution (e.g., median, 95" percentile) from a Monte Carlo simulation as the
number of iterations increases. Because most risk equations are linear and multiplicative, distributions of
risk will generally be right-skewed, and approximate a lognormal distribution. Values in the tails of the
distribution typically are less stable than the central tendency, and the rate of convergence for the tails
will depend on the form of the risk model, the skewness of the probability distributions selected for input
variables and the numerical methods used to simulate probability distributions. Provided that appropriate
numerical methods are employed, numerical stability is generally not a concern for most 1-D MCA
models, which can be run with a sufficient number iterations in minutes with modern high speed
computers; however, it can be an important consideration for more complex simulations, such as with
2-D MCA models.

(7) Calculations of exposures and risks using deterministic (e.g., point estimate) methods are to
be reported if possible. Providing these values will allow comparisons between the
probabilistic analysis and past or screening level risk assessments. Further, deterministic
estimates may be used to answer scenario specific questions and to facilitate risk
communication. When comparisons are made, it is important to explain the similarities and
differences in the underlying data, assumptions, and models.

If results of PRA calculations differ substantially from point estimate calculations, a risk
manager may benefit from understanding the reasons for the differences and the relative strengths of the
different approaches. Sometimes, a closer look at uncertainties in the underlying data, assumptions, and
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models will lead a risk assessor to revisit parts of the assessment in order to provide a more consistent
basis for comparison.

(8) Since fixed exposure assumptions (e.g., exposure duration, body weight) are sometimes
embedded in the toxicity metrics (e.g., Reference Doses, Reference Concentrations, Cancer
risk factors), the exposure estimates from the probabilistic output distribution are to be
aligned with the toxicity metric.

141 KEey PoLicies FOR APPLYING PRA AT SUPERFUND SITES

EPA’s recommended process for conducting an acceptable PRA generally follows the policy and
guiding principles presented above. In addition, this section highlights four key policies for conducting
acceptable PRASs at hazardous waste sites.

(D) Follow the Tiered Approach to PRA

In accordance with the 1997 EPA Policy Statement (U.S. EPA, 19979), this guidance
recommends using a tiered approach when considering PRA to help with risk management decisions. A
tiered approach begins with a relatively simple analysis and progresses stepwise to more complex
analyses. The level of complexity should match the site-specific risk assessment objectives and the risk
management goals. The tiered approach, with helpful suggestions on risk communication, is presented in
Chapter 2. A brief introduction is given below.

The premise for recommending a tiered approach is that there is a balance between the benefits
of conducting a more complex analysis, and the cost in terms of additional time, resources, and
challenges for risk communication. PRA may require additional resources compared with the point
estimate approach, and may not be used routinely for screening level assessment. At more complex
hazardous waste sites, PRA may not be warranted if the investment of time and resources is unlikely to
provide information on variability and uncertainty in risk that will affect the risk management decision.

This guidance recommends that a point estimate risk assessment be conducted in the first tier
after completing the remedial investigation (RI) planning, site scoping, problem formulation, data
collection, and the development of a site conceptual model. In general, when site decision making would
benefit from additional analysis beyond the point estimate risk assessment, and when the risk manager
needs more information to complete the RI/FS process, the risk manager would proceed to higher tiers.
Sensitivity analysis should be conducted in each tier to guide decisions regarding data collection and the
complexity of the analysis needed to characterize variability and/or uncertainty in risk. Sensitivity
analysis can also play an important role in risk communication by supporting decisions to continue
characterizing less influential variables with point estimates in higher tiers.

(2 Select the RME Risk from the RME Risk Range (90" to 99.9" percentile)

The RME is defined as the highest exposure that is reasonably expected to occur at a site. Final
Guidelines for Exposure Assessment (EPA, 1992a) states that the “high-end” of exposure for a population
occurs between the 90" and 99.9" percentiles, with the 99.9" percentile considered a bounding estimate.
Using a point estimate approach, the calculation of the RME risk would be based on high-end input
values in combination with average input values. For example, for estimation of risks from the ingestion
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of groundwater, default exposure is based on a high-end water intake rate (2 L/day), a high-end exposure
frequency and duration (350 days/year for 30 years), and an average body weight (70 kg).

With the probabilistic approach, the calculation of the RME risk would be based on a range of
input values, or frequency distributions, including low, average, and high-end values for each of the input
exposure factors. For example, for estimation of risks from ingestion of groundwater, exposure would be
based on the combination of lognormal distributions for water intake rate, body weight, and exposure
duration (each using a specified mean and standard deviation) and a triangular distribution for exposure
frequency (using a specified minimum, most likely value, and maximum). As a result, the RME risk
would become a probability distribution ranging from low- to high-end values based on varying a
combination of input values. In PRA, a recommended starting point for risk management decisions
regarding the RME is the 95™ percentile of the risk distribution (see Chapter 7).

3 Use PRA for Dose-Response in Ecological Assessment, not in Human Health Assessment

Approaches to characterizing variability and uncertainty in toxicological information should
reflect both the latest developments in the science of hazard and dose-response evaluation and consistent
application of EPA science policy. This statement is consistent with the 1997 EPA Policy Statement
presented in Section 1.4 above (U.S. EPA, 1997¢). Probabilistic approaches to ecological dose-response
assessment may be explored, as discussed and demonstrated in Chapter 4. This guidance does not
develop or evaluate probabilistic approaches for dose-response in human health assessment and, further,
discourages undertaking such activities on a site-by-site basis. Such activities require contaminant-
specific national consensus development and national policy development. Parties wishing to undertake
such activities should contact the OERR to explore ways in which they might contribute to a national
process for the contaminant of interest to them.

4 Prepare a Workplan for EPA Review and Approval

A workplan should be developed and submitted for review before commencement of a PRA.
The workplan should document the combined decisions of the RPM and risk assessor involved in the risk
assessment, and positions of the stakeholders. The workplan should address conditions and policies
presented in this section of RAGS Volume 3: Part A, the software to be used, the exposure routes and
models, and the input probability distributions and their basis, including appropriate literature references.
The workplan is discussed in more detail in Chapter 2.

A checklist of some of the key considerations to assist in the review of a PRA is provided in
Appendix F.

1.5 ORGANIZATION OF THE GUIDANCE
Subsequent chapters of RAGS Volume 3: Part A focus on the following topics:
Chapter 2 - The Tiered Approach to PRA
Chapter 2 includes information regarding organizational issues that may need to be considered by

the RPM in developing a PRA. Examples, include: workplans, involvement of the Community
Involvement Coordinator (CIC), additional meetings with communities, and review of PRA documents.
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Chapter 2 also presents the tiered approach in full detail. The approach begins with RI planning,
scoping, problem formulation, and data collection. Tier 1 entails a point estimate risk assessment and
sensitivity analysis. Tier 2 proceeds with additional data collection, a MCA to characterize variability
and/or uncertainty, and a more in-depth sensitivity analysis. More advanced techniques are used in
Tier 3 to simultaneously characterize variability and uncertainty. The endpoint of the tiered approach is
to provide information that helps risk managers complete the RI/FS process.

Chapter 3 - Probabilistic Human Health Risk Assessment

Chapter 3 provides a discussion of how PRA approaches may be utilized in human health risk
assessment. Probabilistic approaches focus on the exposure assessment, and an example is included to
illustrate the application of the tiered approach to a human health risk assessment.

Chapter 4 - Probabilistic Ecological Risk Assessment

Chapter 4 provides a discussion of how PRA approaches may be utilized in ecological risk
assessment. This includes a discussion of basic tactics, such as how to decide if, and when, a PRA is
needed, along with technical discussions and examples of how to model variability and/or uncertainty in
exposure, toxicity, and risk (characterized both as hazard quotients and responses) for different types of
ecological receptors, both within and between species. The chapter also provides a discussion of how the
results of an ecological PRA can be used in risk management decision making, and provides guidelines
for planning and performing an ecological PRA.

Chapter 5 - PRA and Preliminary Remediation Goals (PRGS)

This chapter provides a discussion about issues associated with deriving PRGs from both point
estimate risk assessment and PRA. Issues and limitations associated with back calculation are
highlighted, along with an explanation and recommendation regarding the iterative forward calculations.

Chapter 6 - Communicating Risks and Uncertainties in PRA

Chapter 6 provides a basic overview of the current Superfund guidance on communicating with
the public. With this as a basis, the chapter provides specific information regarding continuous
involvement of stakeholders in the PRA process, various tools that may be useful in communicating the
principles of PRA, organizational issues regarding planning of communication strategies, and examples
of procedures that may be helpful at individual sites. This chapter also provides references to various
documents on current approaches for communicating risk to the public.

Chapter 7 - Role of PRA in Decision Making
This chapter provides guidance on how to interpret the results of a PRA to determine if an

unacceptable risk is present, and criteria to consider when moving from arisk-based PRG to a remedial
goal.
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Appendix A - Sensitivity Analysis

Important information from PRA includes the results of sensitivity analysis. This appendix
outlines the methodology and interpretation of statistical methods used to conduct sensitivity analysis
with point estimate and probabilistic models.

Appendix B - Selecting and Fitting Distributions

One of the more challenging aspects of PRA is choosing appropriate probability distributions to
represent variability and uncertainty in the input variables. This appendix presents a process for
selecting and fitting distributions to data, including hypothesizing families of distributions, parameter
estimation techniques, and goodness-of-fit tests.

Appendix C - Exposure Point Concentration (EPC)

An important variable in most risk assessments is the concentration term. This appendix presents
the basic principles of the EPC, and different methods for quantifying both variability and parameter
uncertainty in the EPC.

Appendix D - Advanced PRA Models

Sometimes a more complex modeling approach can be used to improve the representativeness of
the probabilistic risk estimates. These approaches are generally anticipated to be applied in Tier 3 of the
tiered approach. Examples include the use of Microexposure Event modeling, geostatisics, and Bayesian
Monte Carlo analysis.

Appendix E - Definitions

A list of definitions is provided at the beginning of each chapter. This appendix provides a
compilation of all definitions presented in the guidance.

Appendix F - Generic Checklist

After a PRA has been submitted to the Agency, an efficient process is needed to evaluate the
accuracy and clarity of the results. This appendix suggests a series of elements of the review process that
can be adopted to structure the review of PRASs for both human health and ecological risk assessment.

Appendix G - Frequently Asked Questions (FAQ) about PRA

Risk assessors and risk managers who read RAGS Volume 3: Part A will find that probabilistic
risk assessment covers a wide variety of topics ranging from statistical theory to practical applications and
policy decisions. U.S. EPA OERR plans to maintain and periodically update a list of frequently asked
questions and responses on an EPA Superfund web page at http://www.epa.gov/superfund/index.htm.
This appendix provides a preliminary list of anticipated questions.
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Appendix H - Index

This index includes keywords and concepts used throughout this guidance document. They are
listed alphabetically with numbers indicating the appropriate chapter and page number(s) within each
chapter. Commas separate page numbers within a chapter or appendix, while semi-colons separate
chapters and appendices. For example: probability density function, 1-5, 6-8; 4-3, 10-12; C-1, 8-10. This
would indicate Chapter 1, page 5, and pages 6-8; Chapter 4, page 3, and pages 10-12; Appendix C, page 1
and pages 8-10.

1.6 NEXT STEPS FOR PRA IMPLEMENTATION

This guidance has presented the current principles, including the tiered approach, and examples
to aid in conducting acceptable PRAs at Superfund sites. Policies and practices will change over time as
scientific advances continue in the future. The PRA Workgroup intends to keep current and provide new
information on EPA Superfund web page at http://www.epa.gov/superfund/index.htm. EPA expects to
make the following PRA support items available on-line in the near future:

* RAGS Volume 3: Part B: A workbook that serves as a companion to RAGS Volume 3:
Part A; it will include case studies and examples in PRA.

e Guidance on Probability Distributions: Documents and/or spreadsheets to aid in selecting
and fitting probability distributions for input variables.

e Guidance on Data Representativeness: A ranking methodology to evaluate data
representativeness for various exposure scenarios.

* Hands-On Training: Basic MCA training materials, and limited computer hands-on training
sessions available to Regional EPA and State staff.

» Access to PRA Workgroup: A workgroup to provide support on PRA to EPA regional risk
assessors.

* FAQs: A list of Frequently Asked Questions (FAQs) about PRA and responses from the PRA
Workgroup, maintained and periodically updated on-line.
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CHAPTER 2

WORKPLAN AND THE TIERED APPROACH
2.0 INTRODUCTION

While probabilistic risk assessment (PRA) can provide useful information for risk management,
not all site decisions will benefit from probabilistic approaches. Similarly, not all PRAs need involve
complex models and quantitative uncertainty analysis methods; often, very useful information can be
obtained by taking the point estimate approach one step further to explore variability in selected input
variables. The level of effort and complexity of the risk assessment should match site-specific needs.
The use of a tiered approach for moving from a point estimate risk assessment to PRAs of varying levels
of complexity is recommended (Figure 2-1 and 2-2). This chapter outlines the basic steps of a tiered
approach for including PRA in a site risk assessment. The major feature of the tiered approach is an
iterative evaluation of the risk estimates developed at each tier to determine if they are sufficient for risk
management decisions. Built into the tiered approach are opportunities for communication with
stakeholders with a view to saving time and costs, and facilitating a successful remedial process.

2.1 WORKPLAN

In practice, the potential value of PRA may be considered at various planning stages of a risk
assessment. For some sites, PRA and point estimate risk assessment approaches may be discussed in the
initial scoping of the risk assessment. For other sites, PRA may become a viable option only after the
point estimate risk assessment results are available. Ideally, PRA should be considered as early as
possible in the planning of risk assessment activities at a site so that sampling plans and data collection
efforts may be appropriately directed. Initial PRA discussions should be included as part of the risk
assessment workplan. If a PRA is being considered following completion of a point estimate risk
assessment, the original workplan for the point estimate assessment should be expanded to include needs
that are unique to PRA.

The methods and procedures used to prepare a workplan to gather additional information for a
baseline point estimate risk assessment are documented in RAGS Volume I: Part A (U.S. EPA, 1989).
This chapter of RAGS Volume 3: Part A describes the procedures that would be used to prepare a
workplan to gather additional information to conduct a PRA. Separate workplans may be warranted for
human health and ecological risk assessments.

Like the quality assurance project plan (QAPP), the workplan for a PRA should document the
combined decisions of the remedial project manager (RPM) and the risk assessor. Meaningful
involvement of stakeholders early in the decision-making process also will save time and effort.
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ExHIBIT 2-1

DEFINITIONS FOR CHAPTER 2

Central Tendency Exposure (CTE) - A risk descriptor representing the average or typical individual in a population,
usually considered to be the mean or median of the distribution.

Countably Infinite - Used to describe some discrete random variables, this term refers to a set of numbers that can be
counted with integers (e.g., one, two, three) and that has no upper limit. Examples include the number of tosses
required for a coin to show a head—we can count each toss, but it is possible that at least one more toss is needed.
The number of dust particles in a volume of air is another example. Countably finite implies there is an upper
limit (e.g., days of work per year).

CTE Risk - The estimated risk corresponding to the central tendency exposure.

Monte Carlo Analysis (MCA) or Monte Carlo Simulation - A technique for characterizing the uncertainty and
variability in risk estimates by repeatedly sampling the probability distributions of the risk equation inputs and
using these inputs to calculate a range of risk values.

Parameter - A value that characterizes the distribution of a random variable. Parameters commonly characterize the
location, scale, shape, or bounds of the distribution. For example, a truncated normal probability distribution may
be defined by four parameters: arithmetic mean [location], standard deviation [scale], and min and max [bounds].
It is important to distinguish between a variable (e.g., ingestion rate) and a parameter (e.g., arithmetic mean
ingestion rate).

Point Estimate - In statistical theory, a quantity calculated from values in a sample to estimate a fixed but unknown
population parameter. Point estimates typically represent a central tendency or upper bound estimate of
variability.

Point Estimate Risk Assessment - A risk assessment in which a point estimate of risk is calculated from a set of point
estimates for exposure and toxicity. Such point estimates of risk can reflect the CTE, RME, or bounding risk
estimate depending on the choice of inputs.

Potentially Responsible Party (PRP) - PRPs are individuals, companies, or any other party that are potentially liable for
payment of Superfund cleanup costs.

Preliminary Remediation Goal (PRG) - Initially developed chemical concentration for an environmental medium that is
expected to be protective of human health and ecosystems. PRGs may be developed based on applicable or
relevant and appropriate requirements (ARARS), or exposure scenarios evaluated prior to or as a result of the
baseline risk assessment. (U.S. EPA, 1991a, 1991b).

Probabilistic Risk Assessment (PRA) - A risk assessment that yields a probability distribution for risk, generally by
assigning a probability distribution to represent variability or uncertainty in one or more inputs to the risk
equation

Probability Density Function (PDF) - A graph that shows the probability of occurrence of an unknown or variable
quantity. A PDF is used to characterize a continuous random variable, X. PDFs can be used to display the shape
of the distribution for an input variable or output variable of a Monte Carlo simulation. The term density comes
from the concept that a probability at a point, X, for a continuous distribution is equal to the area under the curve
of the PDF associated with a narrow range of values around x.

Probability Distribution - A mathematical representation of the function that relates probabilities with specified
intervals of values for a random variable. Also called a probability model.

Probability Mass Function (PMF) - A function representing the probability distribution for a discrete random variable.
The mass at a point refers to the probability that the variable will have a value at that point.

Random Variable - A variable that may assume any value from a set of values according to chance. Discrete random
variables can assume only a finite or countably infinite number of values (e.g., number of rainfall events per year).
A random value is continuous if its set of possible values is an entire interval of numbers (e.g., quantity of rain in
a year).

Reasonable Maximum Exposure (RME) - The highest exposure that is reasonably expected to occur at a site (U.S.
EPA, 1989). The intent of the RME is to estimate a conservative exposure case (i.e., well above the average case)
that is still within the range of possible exposures.

Remedial Investigation/Feasibility Study (RI/FS) - Studies undertaken by EPA to delineate the nature and extent of

contamination, to evaluate potential risk, and to develop alternatives for cleanup.
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ExXHIBIT 2-1

DEFINITIONS FOR CHAPTER 2—Continued

RME Risk - The estimated risk corresponding to the reasonable maximum exposure.

Scientific/Management Decision Point (SMDP) - A point during the tiered process in PRA when the risk assessor
communicates results of the assessment to the risk manager. At this point, the risk manager determines whether the
information is sufficient to arrive at a decision or if additional data collection or analysis is needed. SMDPs provide a
tool for transitioning to a subsequent tier or for exiting the tiered process.

Sensitivity Analysis - Sensitivity generally refers to the variation in output of a model with respect to changes in the values
of the model’s input(s). Sensitivity analysis can provide a quantitative ranking of the model inputs based on their
relative contributions to model output variability and uncertainty. Common metrics of sensitivity include:
> Pearson Correlation Coefficient - A statistic r that measures the strength and direction of linear association

between the values of two quantitative variables. The square of the coefficient (r?) is the fraction of the variance
of one variable that is explained by the variance of the second variable.
»  Sensitivity Ratio - Ratio of the change in model output per unit change in an input variable; also called elasticity.
»  Spearman Rank Order Correlation Coefficient - A “distribution free” or nonparametric statistic r that measures

the strength and direction of association between the ranks of the values (not the values themselves) of two
quantitative variables. See Pearson (above) for r2.
Uncertainty - Lack of knowledge about specific variables, parameters, models, or other factors. Examples include limited
data regarding the concentration of a contaminant in an environmental medium and lack of information on local fish
consumption practices. Uncertainty may be reduced through further study.

A PRA workplan should be developed early in the risk assessment planning process for the site,
regardless of who will actually develop the PRA (e.g., Environmental Protection Agency (EPA), EPA
contractor, or potentially responsible party (PRP)). If a PRP performs the PRA, the workplan should be
submitted to EPA for review and approval prior to commencing the PRA. It should describe the intended
PRA in sufficient detail so that EPA can determine if the work products will adequately address risk
assessment and management needs (see Exhibit 2-2 for contents of a typical workplan). It is important
that the risk assessor and RPM discuss the scope of the probabilistic analysis and the potential impact it
may have on the remedial investigation/feasibility study (RI/FS).

= Given the time and effort that can be expected to be invested in conducting a
PRA, it isimportant that a workplan undergo review and approval by EPA,
prior to proceeding with the assessment.

In general, regions should not accept probabilistic analysis when a workplan for the analysis has
not been submitted to the Agency, and approved by the regional risk assessor and RPM.

The tiered process for PRA, described in Section 2.3, is an iterative process. As new information
becomes available, it should be used to evaluate the need to move to a higher tier. The decision to move
an assessment to a higher tier of complexity should result in a revised workplan reflecting the greater
complexity and demands of the higher tier. The proposed probabilistic sensitivity analysis developed at
the lower tier should be included in the revised workplan, along with a point estimate risk assessment
based on any data collected as part of a lower tier. The probabilistic methods used in a PRA can often be
restricted to the chemicals and pathways of concern that contribute the greatest risk. The less sensitive
chemicals and exposure pathways should still remain in the PRA using point estimates, unless there is a
compelling reason to exclude them from the assessment altogether. As stated in Appendix A (Section
A.1, Risk Communication), the decision to represent an input variable with a point estimate, rather than a
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probability distribution, will generally be made on a
case-by-case basis. The decision will reflect an EXHIBIT 2-2
attempt to balance the benefits of simplifying the
analysis (e.g., easier to communicate; focuses o LL
. . .. . . CONTENTS OF A PRA WORKPLAN
discussion on more critical areas) with the potential
f(?r a_rbitrarily reduc_:ing the_ varian_ce In th? OUtpuj[ 1. Statement of the ecological assessment
distribution (e.g., discounting variability in multiple endpoints and/or human risk
variables with negligible contributions to risk may 2. summary of the point estimate risk
end up having a non-negligible effect on the RME assessment
percentile). 3. Potential value added by conducting a PRA
) and proceeding to the subsequent tiers
Throughout the process of developing the 4. Discussion of adequacy of environmental

PRA, EPA risk assessor and other contributors to the sampling for PRA or moving to a
assessment should have a continuing dialogue to successive tier (e.g., data quality issues)
discuss the elements of the workplan and their 5. Description of the methods and models to
potential impacts on the assessment. This dialogue, be used (e.g., model and parameter
along with interim deliverables, will help to ensure selection criteria)
that the risk assessment report will meet the needs of 6. Proposal for obtaining and basis for using
the Agency and that any problems are identified and exposure factor distributions or ecological
corrected early in the process. toxicity distributions

7. Methods for deriving the concentration
2.2 SPECIAL ADMINISTRATIVE term

CONSIDERATIONS IN PRA 8. Proposal for probabilistic sensitivity
analysis
Inclusion of a PRA in the RI/FS will 9. Software (e.g., date and version of product,

generate certain administrative activities for the random number generator)
RPM. The scope of these activities will depend on 10. Bibliography of relevant literature
whether the PRA is conducted by EPA and its 11. Propos.ed schedule, discussion points, and
contractors or by the PRP. The following sections EPETILED M2eee

provide practical advice for the RPM who is
considering applications of PRA at a site.

2.2.1 ScopPING OF PRA

The RPM will generally be involved in the discussions among EPA project team, as well as PRPs
and other stakeholders, regarding the level of PRA that is appropriate for the site. As outlined in the
tiered approach (see Section 2.3), the scope and complexity of the PRA should satisfy the risk assessment
and management decision making needs of the site. Team members should meet to discuss the scope of
the PRA, the anticipated community outreach, and the required level of review. These discussions can be
useful for ascertaining the level of contractor involvement, specific requirements for deliverables from
PRPs, and the anticipated number of responses to comments. These meetings should include
consideration of funding, resources, and availability of personnel to work on the PRA.
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2211 PRA Score oF WORK FOR FUND-LEAD SITES

A Statement of Work (SOW) should be developed before any work is started on a PRA,
regardless of whether the PRA is to be submitted to the Agency or developed by the Agency. The SOW
should outline the general approach that EPA and its contractor will use in developing the PRA. The
SOW should include the general approaches for the following PRA items: selection of input probability
distributions, documentation of methods and results, selection of computer programs, submission of
computer codes and outputs, comparison of the results from the point estimate and probabilistic
assessments, and the format for presenting the final PRA in the RI/FS document. The SOW should be
sufficiently detailed to support a milestone schedule, which should be submitted as part of the SOW.
Based on the complexity of the PRA, and consistent with the RAGS Volume I: Part D principles of
involving the risk assessor early and often in the risk assessment process (U.S. EPA, 2001), it may be
appropriate to obtain submission of interim deliverables to allow the risk assessor the opportunity to
identify potential problems early in the process.

Within the RI/FS workplan, additional resources may be required to hold additional meetings, to
respond to comments specific to the PRA, and to develop handouts describing PRA in terms accessible to
a wider audience than risk assessors. Where appropriate, these additional resource requirements should
be included in the SOW along with interim and final deliverable dates. Chapter 6 provides guidance on
communicating concepts and results of PRA to various audiences.

2.2.1.2 PRP Score oF WoRK FOR PRP-LEAD SITES

The SOW for PRP-lead sites should follow the same general outline as the SOW for fund-lead
sites (Section 2.2.1.1). Legal documents such as Unilateral Orders, Administrative Orders of Consent,
and Consent Decrees should contain language requiring the PRP to submit a workplan before any work
on the PRA is started. It is also important that interim deliverables, including computer code or
spreadsheet models, be submitted so that EPA can review and verify the results of the PRA. A
comparison of the results of the PRA and the point estimate assessment should be included in the final
RI/FS.

Depending on the complexity of the site and the anticipated PRA, the RPM may be involved in
more extensive negotiations with the PRPs. These negotiations may involve both EPA staff and
contractor support. These activities may need to be included in the appropriate SOWSs.

If warranted by the complexity of the PRA, the RPM may consider the need to expand oversight
contracts to include additional resources for the contractor to review and comment on the interim
deliverables and finalize the PRA. This may require a specialized level of expertise that will need to be
discussed with the contractor. Further, the contract section regarding community involvement may also
need to be expanded to include additional resources for developing handouts describing PRA in terms
accessible to a wider audience than risk assessors and for holding additional community meetings.
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2.2.2 DEVELOPMENT OF PROBABILITY DISTRIBUTIONS

A key component of any PRA is the selection of representative probability distributions. The
information available to support the characterization of variability or uncertainty with probability
distributions may be an important factor in the decision to conduct a PRA. In some cases, this may
require resources to conduct exploratory data analysis or to collect site-specific information. As part of
this process, a PRA using preliminary distributions based on the available information may be considered
to identify the variables and exposure pathways that may have the strongest effect on the risk estimates.
Appendix B (Section B.2.0) provides a more detailed description of preliminary distributions and their
potential role in the tiered process. All of these activities may require extensive discussions with the
PRPs and the community. Inaddition, for PRP-lead sites, they may require additional resources to
critically review the proposed distributions. The RPM should consider these potential activities in
developing the SOW and legal documents to assure adequate resources are available to address them.

2.2.3 EPAREeviEw oF PRA DOCUMENTS

The review of PRA documents may require more time than is usually allocated for point estimate
risk assessments. In part, the additional time is needed for reviewing and discussing input distributions,
for developing and running computer simulations, and for discussing outcomes of the assessment with
the PRP or EPA contractor. The early involvement of an EPA risk assessor may reduce the time needed
for review of the final risk assessment documents, although additional review time may still be required,
depending on the complexity of the PRA conducted.

In addition to EPA’s review, it may also be important to include external reviewers with
specialized expertise in PRA to aid in the review. This additional support may involve resources and
time to review documents and verify simulation results, as well as additional contractual arrangements.
As stated in Chapter 1, Section 1.4 (Conducting an Acceptable PRA), it is important that negotiations
with the PRP address the assurance that adequate details will be included in the submission so that the
methods can be evaluated, and the results independently reproduced.

2.24 PEeEer-REVIEW

Depending on the level of complexity of the PRA, and whether new science is being used, it may
be necessary to conduct a peer review of the document. The Agency’s guidance on peer review (U.S.
EPA, 2000b) should be consulted for information regarding the criteria for determining whether or not a
peer review is appropriate and, if it is, the process that should be followed.

2.25 Response To COMMENTS ON PRA

The time and resources needed to respond to comments on a PRA may vary depending on the
complexity of the PRA. In developing the SOW, workplan, and schedule for the RI/FS, it is important
that the RPM include adequate resources and time for the thorough evaluation of the PRA. In developing
the response to comments, it may be necessary to consider alternative PRAs submitted by reviewers. The
RPM should plan for sufficient time and resources needed for such activities.
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2.2.6  ADMINISTRATIVE RECORD

Criteria should be established for documentation to be included in the administrative record.
Examples may include documentation regarding the basis for selection of input distributions, a
description of the design of the PRA conducted, the computer codes used in simulations, how tiering
decisions are made, and the results of the PRA. The RPM should consider using technologies such as a
CD-ROM to document the appropriate information for the record.

2.27 COMMUNICATIONWITH STAKEHOLDERS

Chapter 6 provides details regarding the goal of early involvement of the public in the PRA
process. For example, Section 6.1 of Chapter 6 provides additional topics for consideration in
development of community involvement plans (CIPs) where PRA is considered. In general, early
involvement of the community in the RI/FS process is important, but such involvement should meet the
site-specific needs. Important considerations include resources, funding, and the level of effort
appropriate for the site.

2.2.8 CoMMUNICATIONWITH EPA MANAGEMENT

Communication with EPA managers regarding PRA is discussed in Chapter 6. The RPM may
need to consider allocating additional resources for prebriefings of appropriate management levels,
development of handouts, and follow-up to the management meetings. Coordination with appropriate
EPA staff and contractors may be necessary to assure the communication is effective.

2.3 OVERVIEW OF THE TIERED APPROACH

The tiered approach presented in this guidance is a process for a systematic, informed
progression to increasingly more complex risk assessment methods including PRA. A schematic
presentation of the tiered approach is shown in Figure 2-1 and Figure 2-2. Higher tiers reflect increasing
complexity and, in many cases, will require more time and resources. Higher tiers also reflect increasing
characterization of variability and/or uncertainty in the risk estimate, which may be important for making
risk management decisions. Central to the concept of a systematic, informed progression is an iterative
process of evaluation, deliberation, data collection, work planning, and communication (see Figure 2-2).
All of these steps should focus on deciding (1) whether or not the risk assessment, in its current state, is
sufficient to support risk management decisions (a clear path to exiting the tiered process is available at
each tier); and (2) if the assessment is determined to be insufficient, whether or not progression to a
higher tier of complexity (or refinement of the current tier) would provide a sufficient benefit to warrant
the additional effort.

The deliberation cycle provides an opportunity to evaluate the direction and goals of the
assessment as new information becomes available. It may include evaluations of both scientific and
policy information. The risk manager, in the decision-making process, is encouraged to seek input on a
regular basis from EPA staff and other stakeholders. Exhibit 2-3 lists some of the potential stakeholders
that may contribute to the deliberation process.
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Although PRA may involve technical dialogue between EPA and outside “experts”, input from

members of the general public who may have an interest in the outcome of the remedial process should
also be sought at appropriate stages of the process. Frequent and productive communication between
EPA and stakeholders throughout the risk assessment process is important for enhancing the success of a

PRA.

EXHIBIT 2-3

STAKEHOLDERS POTENTIALLY INVOLVED IN EPA’S
DECISION-MAKING PROCESS FOR PRA

e EPA risk assessors and managers

e Members of the public

e Representatives from state or county
environmental or health agencies

e  Other federal agencies (e.g., health agencies,
Natural Resource Damage Assessment trustees,
etc.)

e Tribal government representatives

e Potentially responsible parties and their
representatives

e Representatives from federal facilities (e.g.,
Department of Defense, Department of Energy,
etc.)
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Tier 3 Advanced PRA
2-D WCA
Preobabilistc SEﬂSiti'Jitj.?’ _Ana]jrgis ................................ »
{Microexposure Modelng, Bayesian
Statistics, Geostabistics)!
Fy

Tier 2 PRA
1_]:] MC_,:':'-,_ ............. b_
Probabilistic Sensitivity Analysis

s5a230.0 SATH ﬂi]ﬂ[[[lll[l:j

TIEI' ]_ Pmnt Esti'[nate R_]_sl{ _ﬁssesmmt .............................. ™
Point Estimate Sensitivity Analysis

Increasing Complexity/ Resource Requirements
Characterization of Variability and/or Uncertainty

Problem Fermulation! Scoping™Wotl Planning/ Data Collection

= Decision Making Cycle: Evaluation, Deliberation, Data Collection,
Wotk Flanning, Communication (See Figure 2-2)

--------------------- » Ateach tier, a decision may be to exit the tiered process

Figure 2-1. Schematic Diagram of Tiered Approach.

' Examples of advanced methods for quantifying temporal variability, spatial variability, and
uncertainty (see Appendix D)
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Tier 1 or Tier 2

Analyzis
Discuss
Sensitivity Tdertify Diata Commudcate Discuss
Analyss | Gaps’Needs | with Stakeholders FRA
SMDFP
Sufficient for
Rigk Managemernt
Dieci siot?
No Yes
Refine Coallect Complete the
Wotkplan  Additional RIFS Process
Diata
Oinly Refine the Risk
Azsessmert inthe

Charent Tier?

h 4

Tier 2 or Tier 3 Analysis

v

Camplete RIFS Process

Figure 2-2. Schematic diagram of deliberation/decision cycle in the tiered process for PRA. SMDP refers
to a scientific/management decision point, which implies that the decision involves consideration of not
only the risk assessment, but also Agency policy, stakeholder concerns, cost, schedule, feasibility and other

factors.
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2.3.1 GETTING STARTED

All risk assessments should begin with problem formulation, scoping, preparation of a workplan
(Section 2.1), and data collection. Problem formulation generally is an iterative process where
reevaluation may occur as new information and data become available. The RPM should convene a
scoping meeting prior to any risk assessment activities. Depending on the site-specific factors,
discussion of performing a PRA may be appropriate at this initial scoping meeting. Alternatively, this
discussion may be more productive at a later stage of the tiered process.

The risk manager should initiate discussions with EPA staff and other stakeholders early in the
process, well before planning a risk assessment. Early communication with risk assessors or other EPA
staff can help the risk manager evaluate the adequacy of the current information and plan additional
data-gathering activities. Early communication with communities and other stakeholders should
establish trust and facilitate a successful remedial process (see Chapter 6 on risk communication).

Generally, once the appropriate steps have been taken to adequately formulate and identify the
problem and complete a workplan (Section 2.1), data collection efforts towards the point estimate risk
assessment may begin. The process for conducting a point estimate risk assessment (Tier 1) is
documented elsewhere in various RAGS volumes and related Superfund risk assessment guidance

documents (e.g., U.S. EPA, 1989, 2001).

232 Tierl

Tier 1 consists of the well-established
process for planning and conducting human
health and ecological point estimate risk
assessments. Typical elements of a Tier 1 risk
assessment, as they relate to higher tiers, are
presented in Exhibit 2-4. A more detailed
discussion of these elements can be found in
Chapters 3 and 4 and Appendix A (Sensitivity
Analysis).

A more detailed schematic presentation
of the tiered process, showing the various
elements of the deliberation/decision cycle and
their linkage to higher tiers is shown in
Figure 2-2. The two main factors to consider
when determining whether the results of a risk
assessment are sufficient for decision making
are: (1) the results of a comparison of the risk
estimate with the risk level of concern; and
(2) the level of confidence in the risk estimate.

In Tier 1, comparison of risk estimates

ExHIBIT 2-4
TYPICAL ELEMENTS OF TIER 1 RISK ASSESSMENT

Analysis Tool - point estimate risk assessment
Variability Modeling - semi-quantitative, using
central tendency exposure (CTE) and reasonable
maximum exposure (RME) estimates as input
variables

Uncertainty Modeling - semi-quantitative using
confidence limits on certain point estimates (e.g.,
concentration term)

Sensitivity Analysis - point estimate calculation of
percentage contribution of exposure pathways, for
both CTE and RME risk. Systematically vary one
input variable at a time across a plausible range and
rank inputs based on sensitivity ratios or sensitivity
scores.

Risk-Based Decision-Making Output - point
estimate of risk—Does the point estimate exceed
the risk level of concern?

with risk levels of concern is relatively straightforward, since the outcome of a point estimate risk
assessment is a single estimate of risk that either will exceed or not exceed the risk level of concern.
Evaluating confidence in the Tier 1 risk estimates is more difficult because quantitative measures of
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uncertainty often are not easily obtained from a point estimate analysis. Uncertainty arises from two
main sources: (1) uncertainty in the inputs to the risk equations that stems from lack of knowledge (data
gaps), and (2) uncertainty in the accuracy of the point estimate that stems from the mathematical
simplifications that are inherent in point estimate computations.

There are usually many sources of uncertainty in the values used to calculate risk. One of the
most familiar (but not always the most significant) is uncertainty in environmental concentration values
of contaminants. This source of uncertainty is usually accounted for by calculating a 95% upper
confidence limit (95% UCL) for the mean concentration in the exposure equation (U.S. EPA, 1992b).
Chapter 5, Appendix C, and Appendix D provide more complete discussions of policies and methods for
guantifying uncertainty in the exposure point concentration. Uncertainties in other variables in the risk
equations (intake rates, exposure frequency and duration, toxicity factors, etc.) may also be significant,
and are often addressed by choosing inputs that are more likely to yield an overestimate than an
underestimate of risk. These sources of uncertainty are usually addressed qualitatively, by providing a
discussion of the likely direction and magnitude of the error that may be associated with the use of the
specific inputs (U.S. EPA, 1989). Stakeholders can provide useful information about uncertain variables
and sources for site-specific data. This is an important reason to ensure that stakeholders are given the
opportunity to review the risk assessment and be involved in the process.

Decision Alternatives

The evaluation of the point estimate risk assessment will yield one of two outcomes:
(1) sufficient for risk management decisions; or (2) insufficient for risk management decisions. If the
risk manager views the results of the point estimate risk assessment as sufficient for risk management
decision making, the risk manager can exit the tiered approach and complete the RI/FS process
(Figure 2-2). Depending on site-specific information, the results may support a decision for “no further
action” or for a “remedial action.” A “no further action” decision may result when the risk estimate is
clearly below the level of concern (e.g., the National Oil and Hazardous Substances Pollution
Contingency Plan (NCP) risk range of 1E-04 to 1E-06) and confidence in the risk estimate is high. A
decision for remedial action may result when a national standard (e.g., maximum contaminant levels
(MCLs) applied to groundwater) may be exceeded, or when the risk is clearly above the level of concern
(e.g., the NCP risk range of 1E-04 to 1E-06) and confidence in the risk estimate is high. The decision for
a specific remedial action involves consideration of the NCP’s nine criteria for remedial decisions (U.S.
EPA, 1990) and other site-specific factors.

An alternative conclusion would be that the results of the point estimate risk assessment are not
sufficient for risk management decision making. For example, results may not be sufficient when the risk
estimate is within the NCP risk range of 1E-04 to 1E-06 and confidence in the risk estimate is low. In
this case, the risk manager should not exit the tiered approach. Instead, appropriate steps should be taken
to increase the confidence that a management decision is protective. These steps may include discussing
the point estimate sensitivity analysis, identifying data gaps, communicating with stakeholders (e.g., to
obtain site-specific information), discussing the potential value of conducting a PRA (or a more advanced
probabilistic analysis), work planning, and additional data collection (see Figure 2-2).

A sensitivity analysis can be a valuable component of the evaluation of a risk assessment.
Sensitivity analysis can identify important variables and pathways that may be targets for further analysis
and data collection. The type of information provided by a sensitivity analysis will vary with each tier of
a PRA. Several methods are available at each tier, and the results of the analysis can vary greatly
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depending on the methods used. A comprehensive discussion of these methods is presented in
Appendix A and briefly summarized here. Sensitivity analysis in Tier 1 will usually involve relatively
simple methods and will not involve Monte Carlo simulation. A typical approach would be to calculate
the relative contributions of individual exposure pathways to the point estimate of risk. A more complex
approach involves selecting values from a plausible range for a specific input variable to the exposure or
risk equation and to use these values (i.e., low-end estimate and high-end estimate) to calculate
corresponding point estimates of risk. The sensitivity of the risk estimate to each variable is then
evaluated by calculating a sensitivity ratio, which is simply the percentage change in the risk estimate
divided by the percentage change in the input variable value (see Appendix A, Section A.2.1.3,
Sensitivity Ratios).

The sensitivity ratio (SR) approach is typically applied to one variable at a time because jointly
varying point estimates for multiple variables can be cumbersome (see Chapter 3, Table 3-2 for an
example of two jointly varied inputs). Information provided by the SR approach is generally limited to
bounding estimates of risk based on small deviations and/or plausible ranges of point estimates for
inputs. Because the point estimate approach does not generate a distribution of risk, SRs cannot provide
guantitative information about the relative contributions of input variables to the variance in risk or the
uncertainty in selected percentile of the risk distribution. This limitation of the SR approach may be
particularly important if the ranking of input variables may change depending on the percentile range that
is evaluated. For example, in a probabilistic analysis, the soil ingestion rate variable may contribute most
to the variability in risk across the entire risk distribution, but the exposure duration may be the driver in
the high-end (> 90" percentile) of the risk distribution, where the RME risk is defined. In addition, for
standard product-quotient risk equations, the SR approach also has difficulty distinguishing the relative
importance of exposure variables in the risk equation. Appendix A presents a hypothetical example to
illustrate why this happens for the common risk equations. An improvement over the SR approach,
called Sensitivity Score, involves weighting each ratio by the variance or coefficient of variation of the
input variable when this information is available. In general, the most informative sensitivity analysis
will involve Monte Carlo techniques (see Appendix A, Table A-1). Potential strengths and weaknesses
of sensitivity analysis methods may be an important factor in deciding whether or not to conduct a
probabilistic analysis in Tier 2.

Once data gaps have been identified, steps may be taken to gather additional data and revise the
point estimates of risk based on these data. As with any data collection effort, the data quality objectives
(DQO) process should be followed to obtain samples appropriate for the risk assessment and sufficient to
support the remedial decision (U.S. EPA, 1992a, 1993, 1994, 2000a). The deliberation and decision
cycle (Figure 2-2) should then be reiterated to determine if the refined risk assessment is sufficient to
support risk management decisions. The collection of additional data may also provide a compelling
reason to consider moving to Tier 2 and conducting a PRA. If, during the PRA discussions, it is
determined that information from a PRA may influence the risk management decisions, PRA may be
warranted. This iterative process of collecting data, recalculating point estimates, and reconsidering the
potential value of PRA may continue until sufficient data are available to support risk management
decisions, or data collection efforts are not possible due to resource constraints. For example, soil
ingestion rate data may be limited to a few studies with small sample sizes, but a new soil ingestion study
may be prohibitively expensive, time consuming, or difficult to conduct in a manner that will reduce the
uncertainty in the risk estimate. Uncertainty due to data quantity is not necessarily a reason to exit the
tiered process at Tier 1.
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In cases where there is uncertainty in selecting a probability distribution because of small sample
sizes, it may be informative to develop a preliminary probability distribution such as a triangular or
uniform (see Appendix B, Section B.2.0). These preliminary distributions will contribute to the
variability in the risk estimate, and can therefore be included in the probabilistic sensitivity analysis.
Results of Monte Carlo simulations that include one or more preliminary distributions may lead to
several alternative decisions. If the sensitivity analysis suggests that the risk estimate is relatively
insensitive to the variable described with the distribution, then the uncertainty associated with the choice
of a distribution should not affect the risk management decision process using the tiered approach (e.g.,
choice of RME percentile, derivation of a PRG). In other words, the choice would be to continue with
the tiered process. If, however, the variables described by preliminary distribution are important sources
of variability or uncertainty in the risk estimate, then this information should be presented in the
scientific management decision point (see Figure 2-2). The uncertainty may be sufficiently important in
the risk management decision to warrant additional data collection efforts. Conversely, it may be
necessary to exit the tiered process if the uncertainty cannot be reduced. Although the tiered process may
be stopped at this point, it can still be informative to present the results from the PRA. For example,
information about uncertainty may affect the choice of the percentile used to characterize the RME risk.
In addition, it may be appropriate to weight the results of the point estimate analysis more heavily in the
risk management decision when uncertainty in the PRA is high. Further guidance on appropriate choices
for distributions based on the information available to characterize variability is given in Appendix B.

PRA also may be warranted if it would be beneficial to know where on the risk distribution the
point estimate lies. An example of this would be a risk estimate that is within the NCP risk range of
1E-04 to 1E-06. The assessment may be sufficient to support risk management decisions if it could be
shown that the point estimate of risk lies sufficiently high in the risk distribution. For example, a “no
further action” decision may be strengthened if the point estimate is at the 99" percentile of the risk
distribution, if risks in lower percentiles of the RME risk range are below the NCP risk range, and if
there is high confidence in the risk result. This type of evaluation can be conducted using PRA
techniques.

Even if the RME point estimate of risk exceeds the risk level of concern, and PRA is not needed
to confirm this result, information from a PRA can be helpful in determining a strategy for achieving a
protective preliminary remediation goal (PRG). A detailed discussion of the use of PRA in setting
remediation action levels is given in Chapter 5. The advantages and disadvantages of the point estimate
approach and PRA are presented in Chapter 1 (Exhibits 1-5 and 1-6).

2.3.3 TIER?2

Tier 2 of the tiered approach to risk assessment will generally consist of a simple probabilistic
approach such as one-dimensional Monte Carlo analysis (1-D MCA). A 1-D MCA is a statistical
technique that may combine point estimates and probability distributions to yield a probability
distribution that characterizes variability or uncertainty in risks within a population (see Chapter 1).
Guidance for selecting and fitting distributions is presented in Appendix B. Typical elements of a Tier 2
risk assessment, as they relate to higher and lower tiers are presented in Exhibit 2-5. A more detailed
discussion of these elements can be found in Chapters 3 and 4, and Appendix A (Sensitivity Analysis).

Page 2-14



RAGS Volume 3 Part A ~ Process for Conducting Probabilistic Risk Assessment
Chapter 2 ~ December 31, 2001

While most of the Tier 2 assessments
are expected to use 1-D MCA to characterize
variability in risk, sometimes a 1-D MCA of
uncertainty may be of interest. For example,
as suggested in Exhibit 2-5, a probability
distribution for uncertainty in the arithmetic
mean or median (i.e., 50" percentile) for
selected input variables may be specified in a
1-D MCA to yield a probability distribution
for uncertainty for the central tendency risk
estimate. However, as most Tier 2
assessments are expected to combine input
distributions for variability, this guidance
focuses on 1-D MCA for characterizing
variability in the risk estimate.

Decision Alternatives

Generally, the three main questions to
consider when determining whether the results
of a 1-D MCA are sufficient for risk
management decisions are: (1) What is the
RME risk range and how does it compare to

EXHIBIT 2-5
TYPICAL ELEMENTS OF TIER 2 RISK ASSESSMENT

Analysis Tool - 1-D MCA

Variability Modeling - full characterization of
variability in risk using PDFs or PMFs for input
variables

Uncertainty Modeling - semi-quantitative estimate
of uncertainty using iterative 1-D MCA simulations
of variability, or a single 1-D MCA of uncertainty in
the CTE risk

Sensitivity Analysis - varying multiple variables
with probability distributions gives a quantitative
ranking (e.g., correlation coefficient) of the relative
contributions of exposure pathways and variables to
CTE or RME risk

Risk-Based Decision-Making Output - risk
distribution for variability: Does therisk level of
concern fall within an acceptable range on the risk
distribution (i.e., RME range)? Also, risk
distribution for uncertainty: What isthe 90%
confidence interval for the CTE risk?

the level of concern?; (2) Where does the
point estimate risk lie on the risk distribution?;
and (3) What is the level of confidence in the
risk estimate? In Tier 2, similar to the point estimate approach, the level of confidence in a single

1-D MCA risk distribution is generally addressed in a qualitative or semi-quantitative way. As discussed
in Chapter 1 (Section 1.2.4) and Chapter 3 (Section 3.4.1), one should avoid developing input
distributions to a PRA model that yield a single risk distribution that intermingles, or represents both
variability and uncertainty. In Tier 2, the preferred approach for characterizing uncertainty in the risk
estimate is to perform multiple 1-D MCA simulations (of variability), which uses a different point
estimate for uncertainty for one or more parameters, combined with probability distributions for
variability for one or more variables. Chapter 3 (see Table 3-2 and Figures 3-3 and 3-4) presents an
example of iterative 1-D MCA simulations using combinations of point estimates characterizing
uncertainty for two variables. More advanced PRA techniques such as two-dimensional Monte Carlo
analysis (2-D MCA), in which distributions for variability and uncertainty are propagated separately
through an exposure model, can be undertaken in Tier 3 (Appendix D).

In order to use a PRA to determine if risks are unacceptable and to develop preliminary
remediation goals (PRGs) that are protective of the RME individual (see Chapter 5), a single point from
the RME risk range should be selected (e.g., 95" percentile). In general, this can be accomplished by
selecting an estimate within the RME risk range based on the level of confidence in the output of the
1-D MCA. Uncertainty in risk estimates may be quantified or reduced by considering site-specific
factors, biological data, and toxicity data. Stakeholders can provide useful information about uncertain
variables and sources for site-specific data. More detailed guidance for choosing a percentile value
within the RME range is provided in Chapter 7.
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The evaluation of the risk assessment in a 1-D MCA in Tier 2 will yield one of two outcomes:
(1) sufficient for risk management decisions; or (2) insufficient for risk management decisions. If
determined to be sufficient, the risk manager can exit the tiered approach and complete the RI/FS
process. The results of a 1-D MCA may support a decision for “no further action” or for a “remedial
action.” A “no further action” decision may result when the RME risk range (or a specified point in the
RME risk range) is clearly below the level of concern (e.g., Hazard Index=1) and confidence in the risk
distribution is high. A decision for remedial action may result when a national standard (e.g., MCLs
applied to groundwater) may be exceeded, or when the RME risk range (or a specified point in the RME
risk range) is clearly above the level of concern and confidence in the risk distribution is high. The
decision for a specific remedial action involves consideration of the NCP’s nine evaluation criteria for
remedial decisions (U.S. EPA, 1990; see Chapter 1) and other site-specific factors.

An alternative conclusion at the end of a Tier 2 analysis would be that the results of the
1-D MCA are not sufficient for risk management decisions. There are several factors that might support
this conclusion:

(1) The RME risk range is close to the NCP risk range and confidence in the risk distribution is
low. Inthis case, the risk manager might decide to not exit the tiered approach, and instead
continue taking appropriate steps to increase the confidence in the risk estimate.

(2) Uncertainty is high and it is believed that more than one variable is a major contributor to the
uncertainty in the risk estimate. It can be difficult to explore uncertainty in more than one
variable using 1-D MCA simulations of variability, even using iterative approaches discussed
in Chapter 3 (Section 3.4.1).

(3) Results of the point estimate risk assessment differ significantly from the results of the
1-D MCA. While the RME risk estimates are not expected to be identical, typically the
RME point estimate will correspond with a percentile value within the RME range (i.e, 90"
to 99.9" percentile) of the risk distribution. If the RME point estimates fall outside this
range, further steps may be warranted to evaluate the choices for input variables—both the
RME point estimates, and the probability distributions and parameters (including truncation
limits) for the 1-D MCA.

The deliberation/decision cycle (Figure 2-2) between Tier 2 and Tier 3 is similar to the cycle
between Tier 1 and 2 and includes discussing the Tier 2 probabilistic sensitivity analysis, identifying
data gaps, communicating with stakeholders (e.g., to obtain site-specific information), discussing the
potential value of further analysis with probabilistic methods, work planning, and additional data
collection. As with the Tier 1 assessment, additional data collection should follow the DQO process
(U.S. EPA, 1992a, 1993, 1994, 2000a) and point estimates of risk should be revisited with the new data.
The deliberation/decision cycle is an iterative process in which the level and complexity of the analysis
increases until the scope of the analysis satisfies decision-making needs. This iterative process should
continue until sufficient data are available to support risk management decisions. As in all tiers,
stakeholder involvement should be encouraged. Once a 1-D MCA for variability or uncertainty is
completed and is available for review and interpretation, a stakeholder meeting should be convened.
Interested stakeholders should be given the opportunity to review the 1-D MCA and provide comments.
Communication issues specific to PRA are discussed in Chapter 6 (Risk Communication).
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In addition to identifying data gaps, consideration for a refined 1-D MCA or more advanced PRA
techniques may begin as a means of determining what benefits they may confer to the decision-making
process. If, during further discussions of PRA, it is determined that information from a more advanced
PRA may influence the risk management decision, the use of an advanced PRA may be warranted. If
additional data have been collected, the point estimate and 1-D MCA should be refined. Specifically, an
advanced PRA may be warranted if it would be beneficial to characterize uncertainty in more than one
variable at a time. A 2-D MCA can simultaneously characterize variability and uncertainty in multiple
variables and parameter estimates. The decision to employ such advanced methods should be balanced
with considerations of resource constraints and the feasibility of reducing uncertainty in a given variable.
A detailed discussion of advanced PRA methods, including 2-D MCA, is provided in Appendix D.

234 TIERS3

Tier 3 of the tiered approach to risk assessment consists of advanced PRA methods, such as

2-D MCA, Microexposure Event Analysis
(MEE), geostatistical analysis of concentration
data, and Bayesian statistics. Typical elements
of a Tier 3 risk assessment are presented in
Exhibit 2-6. A more detailed discussion of
these elements is given in Appendix D. As in
other tiers, Tier 3 includes an iterative process
of deliberation and decision making in which
the level and complexity of the analysis
increases until the scope of the analysis satisfies
decision-making needs. As in all tiers,
stakeholder involvement is encouraged.

Generally, the various elements of the
deliberation/decision cycle for Tier 3 are the
same as those for Tier 1 and 2 (Figure 2-2). An
advanced PRA would be conducted and made
available for review to the risk manager and
stakeholders. The risk manager must determine
if the results of the advanced PRA are sufficient
for risk management decision making. Issues to
consider when making this determination are
similar to those identified for evaluating point
estimate risk results and 1-D MCA results, and
focus on evaluating the sources and magnitude
of uncertainty in relation to the established risk

EXHIBIT 2-6
TYPICAL ELEMENTS OF TIER 3 RISK ASSESSMENT

Analysis Tool - 2-D MCA, MEE, geostatistics, and
Bayesian statistics

Variability Modeling - full characterization using
PDFs or PMFs for input variables

Uncertainty Modeling - quantitative, segregating
uncertainty from variability, and associated with
multiple variables simultaneously

Sensitivity Analysis - varying parameters of
probability distributions to identify and rank order
parameter uncertainty with the same sensitivity
analysis methods used for Tier 2 (see Appendix A).
Also, explore alternative choices of probability
distributions and sources of model uncertainty.
Risk-based Decision-Making Criteria - risk
distribution for variability with confidence
limits—Does therisk level of concern fall within an
acceptable range on therisk distribution (i.e., RME
range), and with an acceptable level of
uncertainty?

level of concern. If the results are sufficient for risk management decisions, the risk manager may exit
the tiered approach and complete the RI/FS process. If the results are not found to be sufficient for risk
management decisions, data gaps should be identified and if additional data are collected, all stages of
the risk assessment, including the advanced PRA, the 1-D MCA, and the point estimate risk assessment,
should be refined. Alternatively, additional advanced PRA methods may be explored. Refer to
Appendix D for a discussion of more advanced PRA techniques. Overall, analysis should continue
within Tier 3 until sufficiently informed risk management decisions can be made.
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2.3.5 FLexiBILITY IN DEFINING TIERS

The assignment of specific analytical tools to Tiers 1, 2, and 3 (Figure 2-1 and Exhibits 2-4
through 2-6) results in generalizations that may not be applicable to all site assessments. Upon
completion of the deliberation phase between Tier 1 and Tier 2, the conclusion may be that analytical
tools in Tier 3 would be applicable and beneficial for addressing decision making issues. For example,
geospatial modeling may be beneficial for improving estimates of uncertainty in the exposure point
concentration or in designing field sampling plans to further reduce uncertainty. An improved estimate
of the 95% UCL from geospatial analysis (shown in Exhibit 2-6 as a Tier 3 analytical tool) would then be
integrated into a Tier 2 assessment, or the complete distribution for uncertainty in the mean concentration
could be incorporated into a 2-D MCA in Tier 3. Flexibility in defining the level of complexity of the
analysis used in a given tier is essential to accommodating the wide range of risk assessment issues likely
to be encountered. An important benefit gained from use of the tiered approach is to ensure a
deliberative process in the advancement of the assessment to higher levels of complexity. It is far more
important that a deliberative process take place and be documented, than it is to constrain a set of
analytical tools to a specific tier.
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CHAPTER 3

USING PROBABILISTIC ANALYSISINHUMAN HEALTH ASSESSMENT

3.0 INTRODUCTION

This chapter outlines how probabilistic analysis may be applied to human health risk assessments
in the Environmental Protection Agency’s (EPA) Superfund program. The paradigm for human health
risk assessment as described in EPA’s Risk Assessment Guidance for Superfund (U.S. EPA, 1989),
includes data collection/evaluation in addition to exposure and toxicity assessment and risk
characterization. Although the strategies and methods used in collecting and analyzing data can
significantly impact the uncertainty in a risk estimate, they are issues relevant to risk assessment in
general, and are addressed in other guidance documents, such as EPA’s Guidance for Data Useability in
Risk Assessment (U.S. EPA, 1992b). RAGS Volume 3: Part A focuses on a tiered approach for
incorporating quantitative information on variability and uncertainty into risk management decisions.

3.1 CHARACTERIZING VARIABILITY IN EXPOSURE VARIABLES

Exhibit 3-1 gives the general equation
used for calculating exposure, often expressed as
an average daily intake. Ina point estimate
approach, single values (typically a mixture of
average and high-end values) are input into the T CRx BEFw BED
equation. In probabilistic risk assessment (PRA), =

ExHIBIT 3-1
GENERAL EQUATION FOR EXPOSURE

Eq. 3-1

the only difference is that a probability BW = AT
distribution, rather than single value, is specified where, o
for one or more variables. A Monte Carlo | = dailyintake _
simulation is executed by repeatedly selecting C = contaminant concentration
random values from each of these distributions O = RS TR (e, (W,
. . dermal contact)

and calculating the corresponding exposure and EE = ;

isk. For the majority of PRAs, it is expected that - xnosare equEncy

FISK. . ] J _y ) ! p ED = exposure duration
probablll'gy d_lstrlbytlo_n_s will be _use_d_ to BW = body weight
characterize inter-individual variability, which AT = averaging time

refers to true heterogeneity or diversity in a
population. Thus, variability in daily intake, for
example, can be characterized by combining
multiple sources of variability in exposure, such as ingestion rate, exposure frequency, exposure
duration, and body weight. Variability in chemical concentrations (Chapter 5 and Appendix C) and the
toxicity term in ecological risk assessment (Chapter 4) may also be considered in risk calculations.
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ExHIBIT 3-2

DEFINITIONSFOR CHAPTER 3

95% UCL for mean - The one-sided 95% upper confidence limit for a population mean; if a sample of size (n) was
repeatedly drawn from the population, the 95% UCL will equal or exceed the true population mean 95% of the
time. It is a measure of uncertainty in the mean, not to be confused with the 95" percentile (see below), which is a
measure of variability. As sample size increases, the difference between the UCL for the mean and the true mean
decreases, while the 95" percentile of the distribution remains relatively unchanged.

95™ percentile - The number in a distribution that is greater than 95% of the other values of the distribution, and less
than 5% of the values. When estimated from a sample, this quantity may be equal to an observed value, or
interpolated from among two values.

Arithmetic Mean (AM) - A number equal to the average value of a population or sample. Usually obtained by summing
all the values in the sample and dividing by the number of values (i.e., sample size).

Assessment Endpoint - The specific expression of the population or ecosystem that is to be protected. It can be
characterized both qualitatively and quantitatively in the risk assessment.

Central Tendency Exposure (CTE) - A risk descriptor representing the average or typical individual in the population,
usually considered to be the arithmetic mean or median of the risk distribution.

Credible Interval - A range of values that represent plausible bounds on a population parameter. Credible intervals may
describe a parameter of an input variable (e.g., mean ingestion rate) or output variable (e.g., 95" percentile risk).
The term is introduced as an alternative to the term confidence interval when the methods used to quantify
uncertainty are not based entirely on statistical principles such as sampling distributions or Bayesian approaches.
For example, multiple estimates of an arithmetic mean may be available from different studies reported in the
literature—using professional judgment, these estimates may support a decision to describe a range of possible
values for the arithmetic mean.

CTE Risk - The estimated risk corresponding to the central tendency exposure.

Cumulative Distribution Function (CDF) - Obtained by integrating the PDF or PMF, gives the cumulative probability
of occurrence for a random independent variable. Each value c of the function is the probability that a random
observation x will be less than or equal to c.

Exposure Point Concentration (EPC) - The average chemical concentration to which receptors are exposed within an
exposure unit. Estimates of the EPC represent the concentration term used in exposure assessment.

Frequency Distribution/Histogram - A graphic (plot) summarizing the frequency of the values observed or measured
from a population. It conveys the range of values and the count (or proportion of the sample) that was observed
across that range.

High-end Risk - A risk descriptor representing the high-end, or upper tail of the risk distribution, usually considered to
be equal to or greater than the 90" percentile.

Low-end Risk - A risk descriptor representing the low-end, or lower tail of the risk distribution, such as the 5™ or 25"
percentile.

Parameter - A value that characterizes the distribution of a random variable. Parameters commonly characterize the
location, scale, shape, or bounds of the distribution. For example, a truncated normal probability distribution may
be defined by four parameters: arithmetic mean [location], standard deviation [scale], and min and max [bounds].
It is important to distinguish between a variable (e.g., ingestion rate) and a parameter (e.g., arithmetic mean
ingestion rate).

Probability Density Function (PDF) - A function representing the probability distribution of a continuous random
variable. The density at a point refers to the probability that the variable will have a value in a narrow range about
that point.

Probability Mass Function (PMF) - A function representing the probability distribution for a discrete random variable.
The mass at a point refers to the probability that the variable will have a value at that point.

Reasonable Maximum Exposure (RME) - The highest exposure that is reasonably expected to occur at a site (U.S. EPA,

1989). The intent of the RME is to estimate a conservative exposure case (i.e., well above the average case) that is
still within the range of possible exposures.
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ExHIBIT 3-2

DEFINITIONSFOR CHAPTER 3—Continued

Sensitivity Analysis - Sensitivity generally refers to the variation in output of a model with respect to changes in the
values of the model’s input(s). Sensitivity analysis can provide a quantitative ranking of the model inputs based on
their relative contributions to model output variability and uncertainty. Common metrics of sensitivity include:

> Pearson Correlation Coefficient - A statistic r that measures the strength and direction of linear
association between the values of two quantitative variables. The square of the coefficient (r?) is the
fraction of the variance of one variable that is explained by the variance of the second variable.

»  Sensitivity Ratio - Ratio of the change in model output per unit change in an input variable; also called
elasticity.

»  Spearman Rank Order Correlation Coefficient - A “distribution free” or nonparametric statistic r that

measures the strength and direction of association between the ranks of the values (not the values
themselves) of two quantitative variables. See Pearson (above) for r2.

Target Population - The set of all receptors that are potentially at risk. Sometimes referred to as the “population of

concern”. A sample population is selected for statistical sampling in order to make inferences regarding the target
population (see Appendix B, Section B.3.1, Concepts of Populations and Sampling).

Page 3-3



RAGSVolume 3 Part A ~ Process for Conducting Probabilistic Risk Assessment
Chapter 3 ~ December 31, 2001

Figure 3-1 shows a hypothetical example of an input distribution for drinking water ingestion
rate. Assume that survey data for drinking water ingestion rates were compiled in order to select and fit a
probability distribution. One of the first steps in exploring the data set may be to plot a frequency
distribution. In the graph, the height of the bars (the y-axis) represents the relative frequency of ingestion
rates in the population and the spread of the bars (the x-axis) is the varying amounts of water ingested
(L/day). Since ingestion rate is a continuous random variable, the probability distribution can also be
represented graphically with a probability density function (PDF). Assume that the following parameters
are estimated from the sample: arithmetic mean=1.36, standard deviation=0.36, geometric mean=1.31,
and geometric standard deviation=1.30. These parameter estimates may be used to define a variety of
probability distributions, including a 2-parameter lognormal distribution. The fit of the lognormal
distribution can be evaluated by visual inspection using the PDF given by Figure 3-1, or by a lognormal
probability plot (see Appendix B).

The y-axis for a PDF is referred to as the probability density, where the density at a point on the
x-axis represents the probability that a variable will have a value within a narrow range about the point.
This type of graph shows, for example, that there is a greater area under the curve (greater probability
density) in the 1-2 L/day range than 0-1 L/day or 2-3 L/day. That is, most people reported consuming
1-2 L/day of drinking water. By selecting a lognormal distribution to characterize inter-individual
variability, we can state more precisely that 1 L/day corresponds to the 15" percentile and 2 L/day
corresponds to the 95™ percentile, so approximately 80% (i.e., 0.95-0.15=0.80) of the population is likely
to consume between 1 and 2 L/day of drinking water.
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Figure 3-1. Example of a frequency distribution for adult drinking water ingestion rates, overlaid by
a graph of the probability density function (PDF) for a lognormal distribution defined by the sample
statistics. The distribution represents inter-individual variability in water intakes and is characterized
by two parameters. Typically, the geometric mean (GM) and geometric standard deviation (GSD), or
the arithmetic mean (AM) and arithmetic standard deviation (SD) are presented to characterize a
lognormal distribution.
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3.1.1 DevVELOPING DisTRIBUTIONS FOR EXPOSURE VARIABLES

When site-specific data or representative surrogate data are available, a probability distribution
can be fit to that data to characterize variability. Appendix B describes how to fit distributions to data,
how to assess the quality of the fit and discusses topics such as the sensitivity of the tails of the
distribution to various PDFs, and correlations among variables. Many of the issues discussed below
regarding the use of site-specific data or surrogate data are relevant to both point estimate risk assessment
and PRA.

For the majority of the exposure variables, such as exposure duration, water intake rates, and
body weight, site-specific data will not be available. The risk assessor will have to either select a
distribution from existing sources, or develop a distribution from published data sets and data summaries.
Examples of sources for these distributions and data sets are EPA’s Exposure Factors Handbook (U.S.
EPA, 1997a,b,c), Oregon Department of Environmental Quality’s Guidance for Use of Probabilistic
Analysis in Human Health Risk Assessment (Oregon DEQ, 1998), and the scientific literature. An
appropriate PDF should be determined in collaboration with the regional risk assessor. The process by
which PDFs are to be selected and evaluated should be described in the workplan. EPA’s Superfund
program is in the process of developing a ranking methodology to evaluate data representativeness
relevant to various exposures scenarios. Following peer review and project completion, the results will
be posted on EPA Superfund web page.

At thistime, EPA does not recommend generic or default probability
distributions for exposure variables.

Regardless of whether a PDF is derived from site-specific measurements or obtained from the
open literature, the risk assessor should carefully evaluate the applicability of the distribution to the
target population at the site. The distribution selected should be derived from the target population or
from a surrogate population that is representative of the target population at the site. For example, a
distribution based on homegrown vegetable consumption in an urban population would not be
representative for a farming population in the Midwest. If such a distribution were to be used, (and no
other data were available), the uncertainty and bias that this PDF would impart to the risk estimate should
be communicated to the risk decision makers.

For purposes of risk management decision making, the significance of not having site-specific
data should be evaluated in the context of representativeness and sensitivity analysis. If published data
are representative of the potentially exposed population, then site-specific data may be unnecessary. For
example, body weights of children and adults have been well studied from national surveys and can
generally be considered reasonable surrogates for use in site risk assessments. Furthermore, even if a
variable is likely to vary among different exposed populations, it may not contribute greatly to the
variance or uncertainty in risk estimates. In this case, surrogate data may also be used with confidence in
the risk estimate. In addition, the PRA may be simplified by using point estimates instead of probability
distributions for the “less sensitive” exposure variables. In part, the decision to use a point estimate in
lieu of a probability distribution must balance the benefit of simplifying the analysis and the
communication process (see Chapter 6), against the reduction (however small) in the variance of the risk
distribution. The utility of sensitivity analysis in identifying the important factors in a risk estimate is
discussed further below and in Appendix A.

Page 3-5



RAGSVolume 3 Part A ~ Process for Conducting Probabilistic Risk Assessment
Chapter 3 ~ December 31, 2001

It is also important to evaluate the sample design and sample size when deciding to apply a
distribution to a specific site. Depending on the situation, a very large data set derived from a national
population may be more useful than a site-specific data set derived from a small, incomplete, or poorly
designed study. Appendix B provides additional discussion on how to evaluate the data and studies that
form the basis for a distribution. Often, the question arises regarding the appropriateness of combining
data sets to derive a PDF. Before combining data sets, a careful evaluation should be made of the
representativeness of the study populations, and the similarity in study designs and quality. In addition,
statistical tests may be used to determine whether or not data sets are compatible with a common
probability distribution (Hedges and Olkin, 1985; Stiteler et al., 1993). In general, risk assessors should
be reluctant to combine data sets for the purpose of developing a PDF that characterizes variability. Due
to the number of potential differences inherent in the study design, alternative data sets may provide a
better measure of uncertainty in the probability distribution and parameter estimates, rather than a means
of increasing the overall sample size for defining a single probability distribution. For example, if
multiple data sets are available, a more informative approach may be to incorporate each data set into the
PRA in a separate analysis, as a form of sensitivity analysis on the choice of alternative data sets.

Each probability distribution used in a Monte Carlo Analysis (MCA) should be presented with
sufficient detail that the analysis can be reproduced (see Chapter 1, Section 1.4, Condition #2). This
information may be presented in tabular and/or graphical summaries. Important information for a
summary table would include a description of the distribution type (e.g., lognormal, gamma, etc.), the
parameters that define the distribution (e.g., mean and standard deviation, and possibly upper and lower
truncation limits for a normal distribution), units, and appropriate references (see Table 3-6, for
example). The table should also indicate whether the distribution describes variability or uncertainty.
The report should discuss the representativeness of the data and why a particular data set was selected if
alternatives were available. Graphical summaries of the distributions may include both PDFs and
cumulative distribution functions (CDFs), and should generally be used to document distributions that
characterize site-specific data.

3.1.2 CHARACTERIZING Risk UsinGg PRA

Quantitative risk characterization involves evaluating exposure (or intake) estimates against a
benchmark of toxicity, such as a cancer slope factor or a noncancer hazard quotient. The general
equation used for quantifying cancer risk from ingestion of contaminated soil is shown in Exhibit 3-3,
and the equation for noncarcinogenic hazard is shown in Exhibit 3-4. A Hazard Index is equal to the sum
of chemical-specific Hazard Quotients.

At this time, this guidance does not propose probabilistic approaches for dose-response in human
health assessment and, further, discourages undertaking such activities on a site-by-site basis. Such
activities require contaminant-specific national consensus development and national policy development
(see Chapter 1, Section 1.4.1). Chapter 4 discusses methods for applying probabilistic approaches to
ecological dose-response assessment.

The probabilistic calculation of risk involves random sampling from each of the exposure
variable distributions. The output of this process is a distribution of risk estimates. When the calculation
of risk (or any other model endpoint) is repeated many times using Monte Carlo techniques to sample the
variables at random, the resulting distribution of risk estimates can be displayed in a similar fashion. The
type of summary graph used to convey the results of a MCA depends on the risk management needs. For
example, Chapter 1, Figure 1-3 shows how a PDF for risk might be used to compare the probabilistic
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estimate of the RME risk (e.g., 95" percentile) with a risk level of concern. This type of summary can
also be used to effectively illustrate the relationship between the RME risk determined from point
estimate and probabilistic approaches.

ExHIBIT 3-3

EQUATION FOR CANCER RISK

Risk = Dose » O5F

Example for Soil Ingestion

O fH= OFx FF = BD

Risk = w C5F
BW = AT
where,
C = concentration in soil (mg/kg) ED = exposure duration (years)
IR = soil ingestion rate (mg/day) BW = body weight (kg)
CF = conversion factor (1E-06 kg/mg) AT = averaging time (days)
EF = exposure frequency (days/year) CSF = oral cancer slope factor (mg/kg-day)™

ExHIBIT 3-4
EQUATION FOR NONCANCER HAZARD QUOTIENT

Daze Corcentration
ar
RfC

Hazard (uotient =

where,

RfD
RfC

reference dose, oral or dermally adjusted (mg/kg-day)
reference concentration, inhalation (ng/m?®)

In addition, the CDF can be especially informative for illustrating the percentile corresponding to
a particular risk level of concern (e.g., cancer risk of 1E-04 or Hazard Index of 1). Figure 3-2 illustrates
both the PDF and CDF for risk for a hypothetical scenario. Factors to consider when applying the PDF
or CDF are discussed in Chapter 1, Exhibit 1-3. When in doubt about the appropriate type of summary to
use, both the PDF and CDF should be provided for all risk distributions. At a minimum, each summary
output for risk should highlight the risk descriptors of concern (e.g., 50", 90", 95", and
99.9" percentiles). It can also be informative to include the results of the point estimate analysis—the
risks corresponding to the central tendency exposure (CTE) and the reasonable maximum exposure
(RME).
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Figure 3-2. Hypothetical PRA results showing a PDF (top panel) and CDF (bottom panel) for
cancer risk with selected summary statistics. The CDF rises to a maximum cumulative
probability of 1.0. The CDF clearly shows that the level of regulatory concern chosen for this
example (1E-06) falls between the 90" and 95™ percentiles of the risk distribution.
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3.2 ROLE OF THE SENSITIVITY ANALYSIS

Prior to conducting a PRA, it is worthwhile to review several points pertaining to the sensitivity
analysis. As shown in Chapter 2 (Figures 2-1 and 2-2), sensitivity analysis can play an important role in
decision making at each tier of the tiered process. Beginning with Tier 1, a point estimate for risk should
be calculated prior to conducting a PRA. Based on the results of the point estimate, the risk assessor and
risk decision makers should determine whether a probabilistic analysis will offer additional benefit. One
factor in this decision may be the results of a sensitivity analysis. A primary objective of the sensitivity
analysis is to determine which variables and pathways most strongly influence the risk estimate. At
many Superfund sites, an estimate of cumulative risk considers contamination in multiple media, moving
through multiple pathways and interacting with a number of receptors. Depending on the complexity of
the site, and the modeling approaches, a risk assessment may involve one exposure pathway and few
variables, or multiple pathways with many variables (e.g., multimedia fate and transport models).
However, resources and time are often limited. The sensitivity analysis is invaluable in focusing these
limited resources on the most influential variables and pathways.

Several methods for conducting sensitivity analysis are described in Appendix A. It is important
to note that when a sensitivity analysis is performed and the major variables are identified, this does not
mean that the less influential pathways and variables should be eliminated from the risk assessment. It
means that because they are not major contributors to the variability or uncertainty in risk, they can be
described with point estimates without affecting the risk management decision. If distributions are
readily available for these less influential variables, one may use distributions. The key goal is to provide
a comprehensive risk characterization that is scientifically credible and sufficient for risk decision
making. The time and effort required to achieve various levels of complexity should be weighed against
the value of the information provided to the risk managers.

Additionally, if a variable is specified as influential in the sensitivity analysis, this does not
automatically mean that a distribution has to be developed for this variable. If the risk assessor feels that
data are simply not sufficient from which to develop a distribution, then a plausible point estimate can be
used. The risk assessor should be aware of a possible problem arising from using point estimates in the
absence of data adequate to support a distribution. If a variable has the potential to significantly impact
the risk outcome, and a very high-end or low-end point estimate is used in the PRA, this has the potential
to right-shift or left-shift the final distribution of risk. Even though there might not be enough data to
develop a distribution of variability for an influential variable, it would be prudent to communicate the
importance of this data gap to the risk decision makers, and perhaps run multiple simulations with several
plausible input distributions for that variable. Communication of this uncertainty may persuade the risk
decision makers to collect additional data to better define the variable.
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3.3 ExPosURE PoINT CONCENTRATION TERM

A brief discussion of the concentration term is provided below. A more complete discussion of
the concentration term in PRA is provided in Appendix C. The reader is also referred to Chapter 5 on
development of PRGs.

The major source of uncertainty in Superfund risk assessments is often incomplete knowledge of
the concentration of one or more chemicals in various exposure media. In any risk assessment, the
derivation of the concentration term will reflect assumptions about: (1) properties of the contaminant,

(2) the spatial and temporal variability in contamination, (3) the behavior of the receptor, and (4) the time
scale of the toxicity of the chemical(s).

Contaminant concentrations contacted by a receptor are likely to vary depending on the spatial
variability of contamination and the movements of the receptor. Different individuals may be exposed to
different concentrations based on inter-individual variability in activity patterns. If information regarding
activity patterns is unavailable, receptors are typically assumed to exhibit random movement such that
there is an equal probability of contacting any area within the exposure unit (EU). An EU is defined as
the geographical area in which a receptor moves and contacts contaminated medium during the period of
the exposure duration. In addition, in Superfund risk assessments, the toxicity criteria are often based on
health effects associated with chronic exposure (e.g., lifetime risk of cancer following chronic daily
intake over a period of 30 years). Hence, the most appropriate expression for the concentration term, for
the majority of risk assessments, is one that characterizes the long-term average exposure point
concentration within the EU.

w  The most appropriate expression of the exposure point concentration term
for chronic exposure will characterize the long-term average concentration
experienced by a receptor within the exposure unit.

In point estimate risk assessments, the exposure point concentration term is usually calculated as
the 95% upper confidence limit (95% UCL) of the arithmetic mean because of the uncertainty associated
with estimating the true (i.e., population) mean concentration at a site. If the sampling density is sparse
relative to the size of the EU, the uncertainty may be high due to the relatively small number of
measurements available to estimate the mean concentration within the EU. The decision to use the upper
confidence limit to define the concentration term introduces a measure of protectiveness by reducing the
chance of underestimating the mean. Although there will be situations in which modeling variability in
concentration will be the appropriate choice (e.g., non-random movement within an EU, acute exposure
events, migration of groundwater contaminant plume, migration of fish, etc.), in most cases,
characterization of the concentration term will focus on uncertainty. Appendix C provides a more
complete discussion on characterizing both variability and uncertainty in the concentration term.

Table 3-1 summarizes a number of appropriate methods for characterizing uncertainty in the parameter of
an exposure variable, such as the arithmetic mean of the concentration term.
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34 CHARACTERIZING UNCERTAINTY IN EXPOSURE VARIABLES

Uncertainty is described as a lack of knowledge about factors affecting exposure or risk. To
evaluate regulatory options, risk assessors are expected to translate the available evidence, however
tentative, into a probability of occurrence of an adverse health effect. Data from a sample or surrogate
population are used to develop estimates of exposure and risk in a specific target population (see
Section 3.1.4 and Appendix B, Section B.3.1). This extrapolation requires assumptions and inferences
that have inherent strengths and limitations, and may bias the outcome of the risk estimate. For example,
a common assumption in risk assessments for carcinogens is that a contaminant concentration within the
boundaries of a hazardous waste site represents the concentration that a receptor is exposed to throughout
the period of exposure, with the corresponding dose averaged over the course of a lifetime. This
assumption may be conservative (i.e., result in overestimation of exposure) if it is unlikely that receptors
will be exposed at the hazardous waste site for the entire exposure duration. It is incumbent on the risk
assessor to clearly present the rationale for the assumptions used in a risk assessment, as well as their
implications and limitations.

U.S. EPA guidance, including the Exposure Assessment Guidelines (U.S. EPA, 1992a), Exposure
Factors Handbook (U.S. EPA, 1997a,b,c), and Guiding Principles for Monte Carlo Analysis (U.S. EPA,
1997d) have classified uncertainty in exposure assessment into three broad categories:

(1) Parameter uncertainty - uncertainty in values used to estimate variables of a model;

(2) Model uncertainty - uncertainty about a model structure (e.g., exposure equation) or intended
use; and

(3) Scenario uncertainty - uncertainty regarding missing or incomplete information to fully
define exposure.

Each source of uncertainty is described in detail below, along with strategies for addressing them in
PRA.

3.4.1 PARAMETER UNCERTAINTY

Parameter uncertainty may be the most readily recognized source of uncertainty that is quantified
in site-specific risk assessments at hazardous waste sites. Parameter uncertainty can occur in each step of
the risk assessment process from data collection and evaluation, to the assessment of exposure and
toxicity. Sources of parameter uncertainty may include systematic errors or bias in the data collection
process, imprecision in the analytical measurements, and extrapolation from surrogate measures to
represent the parameter of interest. For example, soil data collected only from the areas of highest
contamination, rather than the entire area that a receptor is expected to come into contact, will resultin a
biased estimate of exposure.

In general, parameter uncertainty can be quantified at any stage of the tiered process, including
point estimate analysis (Tier 1), one-dimensional Monte Carlo analysis (1-D MCA) (Tier 2), and two-
dimensional Monte Carlo analysis (2-D MCA) (Tier 3). In the point estimate approach, parameter
uncertainty may be addressed in a qualitative manner for most variables. For example, the uncertainty
section of a point estimate risk assessment document might state that an absorption fraction of 100% was
used to represent the amount of contaminant in soil absorbed from the gastrointestinal (GI) tract, and as a
result, the risk estimate may overestimate actual risk. In addition, a sensitivity analysis may be
performed, wherein one input variable at a time is changed, while leaving the others constant, to examine
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the effect on the outcome. In the case of absorption from the Gl tract, different plausible estimates of the
high-end, or RME absorption fraction might be used as inputs to the risk equation. The differences in the
risk estimates would reflect uncertainty in the RME absorption fraction.

Quantitative approaches for characterizing parameter uncertainty in exposure variables in a
Monte Carlo simulation are summarized in Table 3-1. If uncertainty in only a few parameter values is of
interest, multiple 1-D MCA simulations can yield the same results as a 2-D MCA simulation, but without
the time and effort of a2-D MCA. An example illustrating this concept is given in Table 3-2. With
multiple 1-D MCA simulations, variability is characterized in one or more variables using probability
distributions for variability (PDFv’s), and uncertainty in a parameter is characterized with a series of
different point estimates from a probability distribution for uncertainty (PDFu) (e.g., 95% lower
confidence limit LCL [95% LCL], sample mean, and 95% UCL). In a 2-D MCA simulation, variability
is characterized in one or more variables using PDFVv’s, and uncertainty in one or more parameters is
characterized with PDFu’s. With both approaches, the influence of the parameter uncertainty can be
presented as a credible interval or confidence interval (Cl) around the risk distribution, depending on
how the PDFu’s are defined. When only a few sources of parameter uncertainty are quantified, multiple
1-D MCA simulations are preferred over a 2-D MCA because the approach is easier to use and
communicate. However, if the goal is to explore the effect that many sources of parameter uncertainty
may have on the risk estimates simultaneously, a 2-D MCA is preferred. Iterative 1-D MCA simulations
with different combinations of confidence limits may be impractical.

Table 3-1. Methods for Characterizing Parameter Uncertainty with Monte Carlo Simulations.

Approach Example of M odel Input M ethod Example of M odel Output
Single Point ¢ 95% UCL 1-D MCA |PDFv? for risk, calculated using the 95%
Estimate UCL for one parameter.

Multiple Point * 95% LCL 1-D MCA |Three PDFv’s for risk, representing the
Estimates « sample mean 90% CI for each percentile of the risk
e 95% UCL distribution.?2 The 90% C1 only accounts

for uncertainty in a single parameter (not
multiple parameters).

Parametric PDFu for the mean based on the 2-D MCA |One PDFv for risk with confidence
PDFu! sampling distribution, derived from intervals at each percentile of the risk
a Student’s t-distribution. distribution. The CI reflects uncertainty in

one or more parameters.

Non-parametric [PDFu for the mean based on 2-D MCA [Same as parametric probability distribution
PDFu bootstrap resampling methods. for uncertainty.

Probability distribution for uncertainty (PDFu) and probability distribution for variability (PDFV).

2The 95% UCL for the concentration term represents a 1-sided confidence interval (CI), meaning there is a 95% probability that
the value is greater than or equal to the mean. Similarly, the 95% LCL would represent the 1-sided CI in which there is a 95%
probability that the value is lessthan or equal to the mean. Both values are percentiles on the probability distribution for
uncertainty (PDFu), also called the sampling distribution for the mean. Together, the 95% LCL and 95% UCL are equal to the
2-sided 90% confidence interval only for cases in which the PDFu is symmetric. For example, the sampling distribution for the
arithmetic mean of a sample from a normal distribution with an unknown variance is described with the symmetric Student’s
t-distribution, whereas the PDFu for the mean of a lognormal distribution is asymmetric. In order to compare the results of
multiple 1-D MCA simulations and a 2-D MCA simulation, the same methodology should be employed to define the PDFu and
the corresponding confidence limits.
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It is generally incorrect to combine a PDFu for one parameter (e.g., mean of the concentration
term) with one or more PDFV’s in other exposure factors when conducting a 1-D MCA for variability.
However, distributions for uncertainty and variability may be appropriately combined in a 2-D MCA. As
discussed in Appendix D, with 2-D MCA, a clear distinction should be made between probability
distributions that characterize variability (PDFv) and parameter uncertainty (PDFu). A 2-D MCA
propagates the uncertainty and variability distributions separately through an exposure model, thereby
making it possible to evaluate the effect of each on the risk estimates.

Example: Comparison of Multiple Point Estimates of Uncertainty in 1-D MCA, and Distributions of
Uncertainty in 2-D MCA

Table 3-2 illustrates an application of the approaches presented in Table 3-1 for quantifying
variability and parameter uncertainty. This is a hypothetical example, and no attempt was made to use
standard default assumptions for exposure variables. Two sources of variability are quantified: (1) inter-
individual variability in exposure frequency (EF), characterized by a triangular distribution, and (2) inter-
individual variability in exposure duration (ED), characterized by a truncated lognormal distribution. In
addition, two sources of uncertainty are presented: (1) a point estimate for soil and dust ingestion rate,
intended to characterize the RME; and (2) an upper truncation limit of the lognormal distribution for ED,
intended to represent a plausible upper bound for the exposed population. Methods for quantifying these
sources of uncertainty are discussed below. Additional sources of uncertainty may also have been
explored. For example, the choice of a triangular distribution for a PDFv may be provocative for some
risk assessors, since there are few cases in which empirical data suggest a random sample is from a
triangular distribution. Nevertheless, triangular distributions may be considered rough, or “preliminary”
distributions (see Chapter 2 and Appendix B, Section B.2) for cases when the available information
supports a plausible range and central tendency.

The choice of distributions is a potential source of uncertainty that can be explored by rerunning
simulations with each alternative, plausible choice, and examining the effect on the RME risk.
Simulations with preliminary simulations may yield at least three different outcomes. First, this type of
sensitivity analysis can help guide efforts to improve characterizations of variability for selected
variables that have the greatest affect on the risk estimates. Second, results may provide justification to
exit the tiered process without continuing with additional Monte Carlo simulations since further effort
would be unlikely to change the risk management decision. Finally, if the major sources of uncertainty
can be clearly identified, a subset of the less sensitive variables may be defined by point estimates
without significantly reducing the uncertainty in the risk estimates.

Parameter uncertainty can be quantified for both point estimates and PDFv’s. In this example,
both types of inputs (i.e., point estimates and PDFv’s) are presented as sources of parameter uncertainty:
the RME point estimate for soil and dust ingestion rate (IRsd), and the upper truncation limit on a PDFv
for ED. For IRsd, assume that three different studies provide equally plausible values for the RME: 50,
100, and 200 mg/day. A uniform PDFu is specified to characterize this range of plausible values. For
ED, assume that the maximum value reported from a site-specific survey was 26 years, but surrogate data
for other populations suggest the maximum may be as long as 40 years. A uniform PDFu is specified to
characterize this range of plausible values as well.

In Cases 1-3, the impact of uncertainty in IRsd and ED was evaluated using a series 1-D MCA
simulations. Inputs for uncertain parameters associated with IRsd and ED in Case 1, 2, and 3 represent
the minimum, central tendency, and maximum values, respectively. Each simulation yields a different
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risk distribution based on different combinations of point estimates for parameters. Although a PDFu
was specified for IRsd, it would have been incorrect to combine the PDFu with the PDFv’s for EF and
ED in a 1-D MCA because the result would have been a single distribution of risk that co-mingled
uncertainty and variability.

In Case 4, a single 2-D MCA simulation was run using the PDFu’s for uncertainty and the
PDFv’s for variability. By propagating variability and uncertainty separately, the 2-D MCA vyields a
series of distributions of risk, from which credible intervals can be calculated for each percentile of the
CDF.

_CxIRxGFxEFxED

Rick = 5F
BW x AT e
Table 3-2. Example of 1-D MCA and 2-D MCA.
Type of 1-D MCA 2-D MCA
Variable Input
Casel Case 2 Case 3 Case 4
C (mg/kg) pt estimate 500 500 500 500
IRsd pt estimate 50 100 200 see below
(mg/day)
PDFu for - - - uniform (50, 200)*
pt estimate
CF (kg/mg) pt estimate 1E-06 1E-06 1E-06 1E-06
EF PDFv triangular triangular triangular triangular
(days/year) min =200 min =200 min =200 min =200
mode = 250 mode = 250 mode = 250 mode = 250
max = 350 max = 350 max = 350 max = 350
ED (years) PDFv T-lognormal T-lognormal T-lognormal T-lognormal
mean =9 mean =9 mean =9 mean =9
stdv =10 stdv =10 stdv =10 stdev = 10
max = 26 max = 33 max = 40 max = PDFu (see below)
PDFu for -- -- -- max ~ uniform (26, 40)°
parameter of
PDFv
BW (kg) pt estimate 70 70 70 70
AT (days) pt estimate 25550 25550 25550 25550
CSF pt estimate 1E-01 1E-01 1E-01 1E-01
(mg/kg-day)™

*Uncertainty in the RME point estimate, defined by a uniform distribution with parameters (minimum, maximum).
®Uncertainty in the upper truncation limit of the lognormal distribution, defined by a PDFv with parameters (mean, standard
deviation, maximum) and a PDFu for the maximum defined by a uniform distribution with parameters (minimum,
maximum).
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Monte Carlo Simulation Results

Figures 3-3 and 3-4 illustrate CDFs for risk produced from Monte Carlo simulations using
Crystal Ball® 2000. The 1-D MCA simulations (Figure 3-3) were run with 10,000 iterations and Latin
Hypercube sampling. The 2-D MCA simulation (Figure 3-4) was run with 250 iterations of the outer
loop (uncertainty) and 2,000 iterations of the inner loop (variability). Details regarding 2-D MCA
simulation are given in Appendix D.

Figure 3-3 shows CDFs for risk based on three simulations of a 1-D MCA simulation. Each
simulation used a different combination of plausible estimates of the RME value for IRsd and the upper
truncation limit for ED, as discussed above. The results provide a bounding estimate on the risk
distribution given these two sources of uncertainty. The 95" percentile risk, highlighted as an example of
the RME risk estimate, may range from approximately 7E-06 to 3.5E-05.

Figure 3-4 shows a single CDF for risk, representing the central tendency risk distribution. This
CDF was derived by simulating uncertainty in the risk distribution using 2-D MCA. For this example,
the 2-D MCA yields 250 simulations of the risk distributions for variability, so that there are
250 plausible estimates of each percentile of the risk distribution. In practice, more than 250 simulations
may be needed to adequately quantify uncertainty in the risk distribution. Results of a 2-D MCA can be
presented as probability distributions of uncertainty, or box-and-whisker plots of uncertainty at selected
percentiles of the risk distributions. Figure 3-4 shows the central tendency (50" percentile) estimate of
uncertainty for the entire CDF of risk. In addition, a box-and-whisker plot is shown at the 95" percentile
of the CDF. Selected statistics for the box-and-whisker plot are included in a text box on the graphic
(i.e., minimum; 5", 50", and 95™ percentiles, and maximum). The 90% credible interval is given by the
5™ and 95" percentiles. For this example, the 90% credible interval for the 95™ percentile of the risk
distribution is: [9.1E-06, 3.1E-05].

Figures 3-3 and 3-4 demonstrate that the two approaches (i.e., multiple 1-D MCA and 2-D MCA)
can yield the same results. However, when there are numerous sources of uncertainty, 2-D MCA offers
at least two advantages over multiple 1-D MCA simulations: (1) 2-D MCA allows the multiple sources of
uncertainty to be included simultaneously so the approach is more efficient than a series of 1-D MCA
simulations; and (2) multiple 1-D MCA simulations yield multiple estimates of the RME risk, but it is not
possible to characterize the uncertainty in the RME risk in quantitative terms; a 2-D MCA yields a PDFu
for RME risk, which allows for statements regarding the level of certainty that the RME risk is above or
below a risk level of concern.

The 95" percentile is a focus of this example because it is a recommended starting point for
determining the risk corresponding to the RME. Chapter 7 provides guidance to the risk decision makers
on choosing an appropriate percentile (on a distribution of variability) within the RME risk range (90" to
99.9" percentiles). The chapter also includes a qualitative consideration of the uncertainty or confidence
surrounding a risk estimate in the decision-making process.
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3.4.2 SceNARIO AND MODEL UNCERTAINTY

All models are simplified representations of complex biological and physical processes. As
such, they, and the scenarios to which they are applied, may introduce a significant source of uncertainty
into an exposure and risk estimate. Models may exclude important variables or important pathways of
exposure, ignore interactions between inputs, use surrogate variables that are different from the target
variables, or they may be designed for specific scenarios and not others. As a result, a model may not
adequately represent all aspects of the phenomena it was intended to approximate or it may not be
appropriate to predict outcomes for a different type of scenario. For example, a model intended to
estimate risk from continuous, steady state exposures to a contaminant may not be appropriate or
applicable for estimating risk from acute or subchronic exposure events. In any risk assessment, it is
important to understand the original intent of a model, the assumptions being made in a model, what the
parameters represent, and how they interact. Based on this knowledge, one can begin to understand how
representative and applicable (or inapplicable) a model may be to a given scenario. If multiple models
exist that can be applied to a given scenario, it may be useful to compare and contrast results in order to
understand the potential implications of the differences. The use of multiple models, or models with
varying levels of sophistication, may provide valuable information on the uncertainty introduced into a
risk estimate as the result of model or scenario uncertainty. The collection of measured data as a reality
check against a given parameter or the predicted model outcome (such as the collection of vegetable and
fruit contaminant data to compare against modeled uptake into plants) is also useful in attempting to
reduce or at least gain a better understanding of model and scenario uncertainty.

35 ExampPLE oF PRA FOR HUMAN HEALTH

The following hypothetical example provides a conceptual walk-through of the tiered approach
for PRA in Superfund risk assessment. The example begins with a baseline human health point estimate
risk assessment (Tier 1) and moves to Tier 2, in which multiple iterations of a 1-D MCA are run using
default and site-specific assumptions for input distributions. The general concepts associated with the
tiered approach are discussed in Chapter 2, and a similar example for ecological risk assessment is given
in Chapter 4. The 1-D MCA results are based on simulations with Crystal Ball® 2000 using
10,000 iterations and Latin Hypercube sampling. These settings were sufficient to obtain stability (i.e.,
<1% difference) in the 95% percentile risk estimate. The example is presented in Exhibit 3-5. Tables
and figures supporting the example are given immediately following the exhibit.
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ExHIBIT 3-5
USING THE TIERED PROCESS FOR PRA
HYPOTHETICAL CASE STUDY FOR HUMAN HEALTH RISK ASSESSMENT

RI Planning/Scop mg/Problem FormulationData Collection

Site Deseription: Former federal facilitsy

Site Size: 100 acres (5 acres within spill area (I54); 95 acres outeide spill area (O3 4))
Stakeholders: Refuge ermploees, ervironrnental activists, ete.

Land Use: Futare wildlife refuge

Receptors: Fubure wildlife refuge workers (1e., omithologists and fisherybiologists)
Sarnpling Data: n=35 swface soil sarmples (see Figure 3-5 for sample locations)
Cherrdeal of Coneern: Chencl

Cherdcal Properties: Nomwvolatile
Toxicological Properties: Carcinogern: CSF
Honcareinogenic health data ave lacking
Risk Level of Concerr: 1E-04 for cancer

and C5F

deimd

= 55E-02, CSF,,= 2.73E-02,

¥

Tier 1 Point Estimate | - Baseline Risk Assessment

Exposure Unit: (zee Fizure 3-5) omithologist (exposed in O5 A) and fisheryhiologist
(exposed v IS4

Exposure Pathwaye: Ingestion of soilidust; inhalation of fugitie dust, denral sheorption
Concenfration Terra: 953% UCL for arithtoetic rean (Tahkle 3-3)

Rigk Equations: Exlabit 3-6

Exposure Paratneters: Table 3-4

Results: Tahle 3-5

¥

@ Is the Information Sufficient for Risk Management Decisions?

Sensitivity Snalyeis | IdentifiyData | Commamication |  PRA& work | ot
Diiscussion GapsMeeds | With Stakeholders | Discussion | FPlanming T

Stakeholder raee fing iz corerened —point estivnate results ave discuzsed and ideas are exchanged

as follows:

= Risk estitnates are expected to be conservative due to the use of standard defanlt
exposure pararneters, but are the defaults re presentative?

= Stakeholders are concerned about risk to workers and about the consecue nee s of
rernediation (e 2., negative impacts on habitat and potertial job losses).

= Stakeholders are concerned about the relevance of aome nonsite-specific expomure
vatiahles (e 2., exposure duration), but are not sure which varnahles fo rrestigate
further (1., which is the most influential? ).

= Besults of the sensitrvity analysis from point estimate risk assessment cannot
identify where the high end risk estimate fallson the risk distdution.

= There is sufficient inforrnation (e.g., arithenetic mean, standard deviation,
petcentiles) for some of the exposme variables to develop indtial probability
distributions to characterize wariability.

l (contirmed on next page)
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(contirned)

Is the Information Sufficient for Risk Management Decisions? (continued)

Inade 3l Area(I3A) Chtside Spall Area (O5A)
F VT SRStk 1 SO b e - RME sisk estimate: 6.6E-035 (Table 3-5)
RME petcent corfribution to risk by o ;
pathew ay: Table 3-3 (inhal stion adds a » RME percent cortritntionto risk by
minimal conteitnition to totsl rigs ez, pathwrasr Table 3-5
=1%) *  RME tisk estimate iz less than the level
EME rigk estimateis greater than the lewvel of conwern(1E-04) by afartor of 0.7
DfCDﬂEEmI:].E-D"—U hjr&fﬂﬂt-l:li’ of 2.4 - FME tisk estimate iz saufficlent for risl
EME risk estimateis close to the lewel of managemett decisions because point
cotwerty and therefore informati on oay not ; g
v sufficient estimmate resilts are protective

Mo Yes
¥
Refine Point Estimate Analysis
Only! Compleie
RIFS Process

Mo firther changes to the point estim e are possible without more data.
Ieformation from a PRA mayinfluence the sk managemernt decision by
- [dentifying where on the risk distribotion the ridk estimate falls,

- Identifying data gaps hrough amore advanced sensiti vty analyais(ie,
whi ch watiabl es woul d benefit from additionsl data collection due to their
influence ot the risk estimate?)

Mo

¥

Tier 2 Probabilistic Estimate |— Conduct a Preliminary 1-I) MCA for Variahility

Exposwe Unit: [nside 3pil Area (Fishery biologist) (see Figore 3-5)

Exposwe Pattowrays: Soil ingestion and dermoal absorpt o, inhalation e cdluded (1% of total rigk)
C oncentration Termm: 359 UCL on arithmetic mean I34 (see Table 3-3)

Probatilitsy Distriboati ong and Parameters: See Table3-6

Results: Jee Table 3.7

(contirned on next page)
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([ otutivsed)

@ Is the Information Sufficient for Rislkk Management Decisions?

Seraitivity Analysis | Tdertifir Data | Communication PRA Wotk Hﬁ&iﬁiﬂl
Diizcussl on Gapelleeds | WithStakeholders | Discussion Platwitz Data

S takebiol der meeeting is corrverned—1-10 LT A reqits are discussed andideas are exchanged:
= Sensitivity atalysis from the 1-DMCA demonstrates that exposure duration, soil
itugestion tate, hody weight, and adherence factor ate the most sensitive variables (zee
Figwe 3-6).
= Additional data collection efforts for exposure duration data specific to fishery
hiclogistsis feasitle

= Preliminay FRA suggests that the Tier 1 RME poirt estimate rigs in [34 (e, 24E-04)
cotrespotuds with the 99 per cerdile of the risk distritngion
*  PRA results show that the RIWE risk range (e, 90% t0 99 9% percentile) is 1 E-04 to 4E-0d.

= Information from a preliminaty 1-D WCA may not be sufficient for a sk management

decizion as the RME tisk range is suffi ciertly close to the level of concern to watrart Sarther
irrve st gati o

Mo

Refined PRA
Analysis Only?

= BRME risk range is aafficiently close to the lewel of coticern to warrarnt
further irnve st gati on

= DMorerigorous process fior fitting di stittions to selected varidhles (e.g,
IF_sod, 34 skin et may influence risk managemert decisiory, andlevel
of eff ot is reasonable; therefore proceed with a refined 1-D MC A

Yes
(oottitme d o next page)
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Yes
([ cotitiroaed)

Tier 2 Refined PRA| - Conduct Refined 1-D MCA and Refined Point Estimate

= Exposwe Unit: Fisherybiologist-ins de spill avea (ISA) (zee Figare 3-3)
= Exposwe Palwrays: Ingesion of sod and dust, and dermal absorption
= Concertration Term: 95% UCL on arittenetic mean

= Probability DistringionaParameters: see Table 3-2 for sample data and sumimary statistics,
expomte dhrati o defined by lognormal PDF Carithwetic mearel 4, 3D=0 4 wpper

truncati oty of 44 years)

*  Resits: see Tahle 3-9
(@ Is the Information Sufficient for Risk Managerment Decisions?

Setsitivty Analysis | [dentifyy Data | © ommond cation PRA Wtk ﬂcd;il:iemal
Discussion GapsMeeds | With Stakeholders | Discussion | Plarnming Dat;n

Stakeholders meetingis corrvened. Refined 1-D IIC A results are discussed and ideas are
exchatniged as follows:

» Bensitivity analysis from refined 1-D MCA indicates that the vse of site-specific data
did not sigrificardly alter the relative ranking or magribade of rank correlations for
irgoat variables (similar graphic asFiguare 3-6).

= Refined 1-D MCA remits suggest that the refined RMWE point estitmate risk
coryesponds with the 99% percentile of the risk distritntion(Takle 3-9,

= Refined 1-D MCA resits show that the RWE range (i e, 90%t0 99 9% percentil€) is
1 E-04 to 3E-04, with95% percentile of 2.1 E-04.

= Information from refined 1-D MO A iz sufficient for risk managem ent decis on
because the RIVE rigk (05t percertile) is ahove the lewel of coteern of 1E-04 using
site specific exposure duration dats, and additional data collection on IR soil term is
not warrarted. Complete BLES process.

Yes

Complete RLFS Process

= Ztakeholders and FPL decide that the best remedial
alterriative istoremowve suface sod inthe 5 acre spill
atea atwd covet the refuge area with clean fill before
be girming refiige cofstract on.

Page 3-21



RAGSVolume 3 Part A ~Process for Conducting Probabilistic Risk Assessment
Chapter 3 ~ December 31, 2001

o

Exposure Unit

Boundary
Soil Sample

Location

—— Hot Spot

Boundary

Figure 3-5. Site map for future wildlife refuge showing boundaries for the exposure
unit and potential hotspot, as well as sampling locations (n=35). Sample numbers
correspond with concentration data given in Table 3-3.

Table 3-3. Concentrations in Surface Soil (mg/kg).

'The 95% UCL was estimated using the Land method (see Appendix C).

Chitzide Spill Avea (n=200 Tnaide Spill Area(n=15)
1088 305 1934 o0 Statictics | Oniside Spill Avea  |Inside Spill Area
Lt 8T 412 DE5 Iilean 1247 37
3045 T6E0 45 145 Standard Devdation 1121 53
14 148 1121 158 05, UCL 2303 2444
3704 1028 20 21296
a5 a37 2.3
45 1295 &7
3&8Y 1238 2E
1438 1006 57
2502 253 LE
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Soil Ingestion

Total Risk

Where:

ExHIBIT 3-6

RIsk EQUATIONS

Dermal Absorption

Inhalation of Fugitive Dust

Risk = Cs XxCExIRsx FIXEF X ED x Oral CSF
BW x AT

Risk = Cs X CF x SA x AF x ABS x EF X ED x Dermal-Adjusted CSF
BW x AT

Risk = Cs x 1/PEF x IRax ET x EF X ED x Inhalation CSF
BW x AT

= Sum of risks from each exposure pathway (soil + dermal + inhalation)

Cs = Concentration of ChemX in soil (mg/kg)

IRs Soil ingestion rate for receptor (mg/day)

Fl Fraction ingested from contaminated source (unitless)
CF = Conversion factor (1E-06 kg/mg)

SA = Skin surface area available for exposure (cm?/event)
AF = Soil to skin adherence factor for ChemX (mg/cm?)
ABS = Absorption factor for ChemX (unitless)

IRa = Inhalation rate for receptor (m*/hr)

PEF = Soil-to-air particulate emission factor (kg/m®)

ET = Exposure time for receptor (hours/day)

EF = Exposure frequency for receptor (days/year)

ED = Exposure duration for receptor (years)

BW = Body weight of receptor (kg)

AT = Averaging time (years)

CSF = Cancer slope factor (oral, dermal, inhalation) (mg/kg-day)'1

Page 3-23



RAGSVolume 3 Part A ~Process for Conducting Probabilistic Risk Assessment
Chapter 3 ~ December 31, 2001

Table 3-4. Exposure Parameters used in Point Estimate Analysis.

Exposure CTE RME Units Reference

Variable Value Value

IRs 50 100 mg/day CTE: U.S. EPA, 19974, p. 4-25
RME: U.S. EPA, 2001

Fl 0.5 1 unitless Site-specific

CF 1E-06 1E-06 kg/mg Constant

SA 3300 3300 cm?/event U.S. EPA, 2001, 50" percentile value for all adult
workers—exposure to face, forearms, and hands

AF 0.1 0.2 mg/cm2 CTE: U.S. EPA, 1998; Table 3.3, value for
gardeners
RME: U.S. EPA, 2001

ABS 0.1 0.1 unitless U.S. EPA, 1998, default for semi-volatile organic
compounds (SVOCs)

IRa 1.3 3.3 m¥hr U.S. EPA, 1997a, p. 5-24, outdoor worker hourly
average: mean and upper percentile

PEF 1.36E+09 1.36E+09 kg/m?® U.S. EPA, 2001

ET 8 8 hours/day Site-specific

EF 200 225 days/year CTE: Site-specific assumption
RME: U.S. EPA, 2001

ED 5 25 years CTE: U.S. EPA, 1993,p. 6
RME: U.S. EPA, 2001

BW 70 70 kg U.S. EPA, 1993, p. 7

AT 25550 25550 days constant

CTE = central tendency exposure; RME = reasonable maximum exposure.

Table 3-5. Point Estimate Risks and Exposure Pathway Contributions.

Risk Estimate Inside Spill Area (n = 15) Outside Spill Area (n = 20)

by Exposure Pathway

CTE

RME

CTE

RME

Soil Ingestion

6.5E-06 (43 %)

1.5E-04 (60 %)

1.7E-06 (43 %)

4.0E-05 (60 %)

Dermal Absorption

8.6E-06 (57 %)

9.6E-05 (40 %)

2.3E-06 (57 %)

2.6E-05 (40 %)

Inhalation

9.9E-10 (< 1 %)

1.4E-08 (< 1 %)

2.7E-10 (< 1 %)

3.8E-09 (< 1 %)

Total Risk

1.5E-05

2.4E-04

4.1E-06

6.6E-05

Example of % contribution: % Soil for RME risk inside spill area = (Soil risk / Total risk) x 100%
= (1.46E-04 / 2.42E-04) x 100% = 60%

Page 3-24




RAGSVolume 3 Part A ~ Process for Conducting Probabilistic Risk Assessment

Chapter 3 ~ December 31, 2001

Table 3-6. Input Distributions for Exposure Variables used in 1-D MCA for Variability.

Exposure Distribution Par ameter s? Units Reference

Variable! Type

IR_soil Triangular 0, 50, 100 mg/day U.S. EPA, 1993, 2001

SA_skin® Lognormal 18150, 37.4 |cm? U.S. EPA, 1997a, Table 6-4
(Total male/female body surface area)

Absorption Uniform 0.1,0.2 mg/cm? U.S. EPA, 2001; minimum truncation limit is

Fraction professional judgment

IR_air Lognormal 1.68,0.72 m3/hour U.S. EPA, 1996, p.5-10

EF Triangular 200, 225, 250 | days U.S. EPA, 2001; truncation limits are
professional judgment

ED Lognormal* 11.7,7.0 years U.S. EPA, 1997b, Table 15-161 and U.S. EPA,
2001
(Mean value is based on average of total median
tenure for professional specialty and farming,
forestry, and fishing)

Truncated 14.0, 9.4, years Site-specific survey data, used in refined
Lognormal® 44.0 1-D MCA

BW Lognormal 71.75,14.2 kg U.S. EPA, 1997a, Tables 7-4 and 7-5;
(Combined male/female body weight
distributions)

All other exposure parameters are inputted as point estimates (see Table 3-4).

2Parameters for lognormal PDF are X ~ Lognormal (arithmetic mean, arithmetic standard deviation) unless otherwise stated.
Parameters for triangular PDF are X ~ Triangular (minimum, mode, maximum). Parameters for uniform PDF are X ~ Uniform
(minimum, maximum).
3A point estimate of 0.189 was used to adjust the surface area skin (SA_skin) distribution, which is based on total body surface
area, to account for skin exposures limited to face, forearms, and hands (U.S. EPA, 1997a, Vol. I).

*Parameters for preliminary lognormal PDF for ED were converted from a geometric mean of 10 and a 95" percentile of 25.
*Parameters for site-specific lognormal PDF for ED are arithmetic mean, standard deviation, and upper truncation limit.

Table 3-7. 1-D MCA Risk Estimates using Preliminary Inputs.

Cumulative Spill Area Risk
Percentile
50th 5.7E-05
90th 1.3E-04
95th 1.6E-04
99th 2.4E-04
99.9th 3.9E-04
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ED 1086

IR_soil []0.30

-0.28 BW

AF [045
EF [1]0.08

IR_air [0.01

-1.0 05 00 0.5 10

Rank Correlation

Figure 3-6. Results of sensitivity analysis for preliminary 1-D MCA (Tier 2)
showing the Spearman Rank correlations (see Appendix A and B) between input
variables and risk estimates.

Table 3-8. Exposure Duration Survey Results.

Survey Results (years) Summary Statistics
24.9 20.3 17.2 | n 20
8.4 11.7 6.5 | min 3.0
3.0 4.7 16.5 | max 44.2
6.8 20.9 6.0 | arithmetic mean 14.0
18.5 10.6 18.8 | standard dev 9.4
9.1 12.7 11.7 | median/GM 11.7
7.2 44.2 GSD 1.8

Table 3-9. Refined Point Estimate and 1-D M CA Risk Estimates.

Cumulative Percentile Spill Area Risk
Re.fined I.?ME 31E-04
Point Estimate

50" 6.7E-05
90th 1.6E-04
95th 2.1E-04
99th 3.2E-04
99.9th 5.3E-04
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CHAPTER 4

PROBABILISTIC ANALYSISIN ECOLOGICAL RISK ASSESSMENT

4.1 INTRODUCTION
4.1.1 BAsic APPROACH FOR PERFORMING EcoLoGicAL RISk ASSESSMENTS

Ecological risk assessment (ERA) is defined by the 1997 Environmental Protection Agency’s
(EPA) Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting
Ecological Risk Assessments (ERAGS) (U.S. EPA, 1997a) as an evaluation of the “likelihood that adverse
ecological effects are occurring or may occur as aresult of exposure to one or more stressors’. The
ERAGS document is generally similar to, and consistent with the earlier framework guidance and
approach (U.S. EPA, 1992a) which was expanded upon and superceded by the Guidelines for Ecological
Risk Assessment (U.S. EPA, 1998). The EPA has devel oped extensive technical and policy guidance on
how ERASs should be planned and performed (see Exhibit 4-2). In general, this process has three main
elements, as shown in Figure 4-1:

Ecological Risk Assessment =

Discussion ]

Betweenthe | - PROBLEM FORMULATION E

Risk & ssessor + LI

and — — "E

Rigk Manager .

(Plarming) E‘-
A =

N 1 =

A Char acterizati on Characterization Ei

L of of + » o

g Exposae Ecologieal §.

I Effects =

5 ®

4

v IR E

: g

| P~ '5:

RISE CHARACTERIZATION u%

v

Discussion Between the Risk
& gsessor and Rigk Manager

(Fenits)

{

Risl I anagem ent

Figure 4-1. Ecological Risk Assessment Framework (U.S. EPA, 1992a)
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Problem Formulation provides afoundation for the entire risk assessment. This element
includes the specification of risk management goals and assessment endpoints, the devel opment
of asite conceptual model with exposure pathways and receptors, and the development of a
sampling and analysis plan to collect data on exposures and measures of effects that are needed
to support the ERA. In general, problem formulation serves as the foundation of an ERA and
often is an iterative process, whereby substantial re-evaluation may occur as new information and
data are collected during the site investigations. Collection of data in subsequent iterationsis
often triggered by identification of major data gaps and uncertainties in the risk characterization
that prevent confident decision making by risk managers.

Analyssincludes two principal measurement stepsthat are based upon the problem formulation:
Assessment of exposures and assessment of ecological effects. Assessment of exposures
includes the identification of stressors at the site that may affect ecological receptors, a
characterization of the spatial and/or temporal pattern of the stressors in the environment at the
site, and an analysis of the level of contact or co-occurrence between the stressors and the
ecological receptors. Assessment of ecological effects includesidentification of the types of
effects which different stressors may have on ecological receptors, along with a characterization
of the relationship between the level of exposure to the stressor and the expected biological or
ecological response. Thisisreferred to as the stressor-response relationship.

Risk Characterization combines the exposure characterization and the effects characterization
in order to provide a quantitative likelihood or qualitative description of the nature, frequency,
and severity of ecological risksattributable to exposure to stressors at a site, aswell asan
evaluation of the ecologica relevance of the effects. Good risk characterizations express results
clearly, articulate major assumptions and uncertainties, identify reasonable aternative
interpretations, and separate scientific conclusions from policy judgments (U.S. EPA, 1995,
1998).
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ExHIBIT 4-1
DEFINITIONSFOR CHAPTER 4

Assessment Endpoint - An explicit expression of an environmental vaue (ecological resource) that isto be
protected, operationally defined by risk managers and risk assessors as valuable attributes of an ecological
entity.

Benchmark Dose (BMD) - The dose which causes a specified level of response. The lower confidence limit on
the BMD isusualy referred to asthe BMDL.

Community - An assemblage of populations of different species specified by locales in space and time.

Conceptual Model - A site conceptual model (SCM) in the problem formulation for an ecological risk
assessment is a written description and visual representation of predicted relationships between ecological
entities and the stressors to which they may be exposed, including sources and pathways of stressors.

Ecologicd Risk Assessment (ERA) - The process that eval uates the likelihood that adverse ecological effects
may OCCur or are occurring as aresult of exposure to one or more Stressors.

Lines of Evidence - Information derived from different sources or techniques that can be used to characterize
the level of risk posed to exposed receptors; weight-of-evidence generally refers to the quantity of scence,
while strength of evidence generally refersto the quality of science.

L owest-Observed-Adverse-Effect Level (LOAEL) - The lowest level of a stressor evaluated in a test that
caused astatistically sgnificant effect on one or more measurement endpoints linked to undesrable
(adverse) biological changes.

M easurement Endpoint (Measure of Effect) - A measurable ecological property that is related to the valued
characteristic chosen as the assessment endpoint. Measurement endpoints (also called measures of effect)
often are expressed as the statistical or numeric summaries of the observationsthat make up the
measurement.

No-Observed-Adverse-Effect Level (NOAEL) - The highest level of astressor adminigered in atest that did
not cause a statistically significant effect in any measurement endpoint linked to an undesirable (adverse)
biological change.

Population - An aggregate of individuals of a species within a specified location in space and time.

Receptor - The ecological entity (with variouslevelsof organization) exposed to the stressor.

Risk Characterization (ecological) - The third and last phase of ERA that integrates the analyses of exposure to
stressorswith associated ecological effects to evaluate likelihoods of adverse ecological effects. The
ecologicd relevance of the adverse effects is discussed, induding consideration of the types, severity, and
magnitudes of the effects, their spatial and temporal patterns, and the likelihood of recovery.

Scientific/Management Decision Point (SMDP) - A time during the ERA when arisk assessor communicates
results or plans of the assesament at that stage to arisk manager. The risk manager decides if information
is sufficient to proceed with risk management strategies or whether more information is needed to
characteri ze risk.

Species - A group of organisms that actually or potentially interbreed and are reproductively isolated from
similar groups; also, a taxonomic grouping of morphologically similar individuals.

Stressor - Any chemical, physical or biological entity that can induce an adverse response in an ecological
receptor; Superfund considers all stressors, but focuses on chemical (toxicant) stressors.

Toxicity Reference Value (TRV) - A dose or concentration used to approximate the exposure threshold for a

specified effect in a specified receptor. A TRV is often based on aNOAEL or LOAEL from alaboratory-
based test in arelevant receptor species.
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ExXHIBIT 4-2

EcoLoGICAL Risk ASSESSMENT GUIDANCE AND PoLicy DIRECTIVES

EPA has developed extensive guidance and policies on methods and approaches for performing ERAS,
including the following:

(1)

(2)

(3

(4)

(5)

(6)

(7

Ecological Risk Assessment Guidance for Superfund: Process for Designing and
Conducting Ecological Risk Assessments (“ ERAGS’ ), Interim Final (U.S. EPA, 1997a).
This document includes processes and steps specifically selected for use in ERAs at
Superfund sites. This document supersedes the 1989 EPA RAGS, Volume |1, Environmental
Evaluation Manual, Interim Final (U.S. EPA, 1989). Supplementsto ERA GS include the
EcoUpdates (U.S. EPA, 1991-present, Intermittent Bulletin Series, 1991 to present), which
provide brief recommendations on common issues for Superfund ERAS.

Guidelines for Ecological Risk Assessment ("Guidelines") (U.S. EPA, 1998). This document
updates general (nonprogram specific) guidance that expands upon and replaces the earlier
Framework for Ecological Risk Assessment (U.S. EPA, 1992a). The approaches and
methods outlined in the Guidelines and in ERAGS are generally consistent with each other.

Risk Assessment Guidance for Superfund (RAGS): Volume 1-Human Health Evaluation
Manual (Part D, Standardized Planning, Reporting, and Review of Superfund Risk
Assessments), (U.S. EPA, 2001). This guidance specifies formats that are required to
present data and results in baseline risk assessments (both human and ecological) at
Superfund sites.

Policy Memorandum: Guidance on Risk Characterization for Risk Managers and Risk
Assessors, F. Henry Habicht, Deputy Administrator, Feb. 26, 1992 (U.S. EPA, 1992b). This
policy requires baseline risk assessments to present ranges of risks based on “central
tendency” and “reasonable maximum” (RM E) or “high-end” exposures with corresponding
risk estimates.

Policy M emorandum: Role of the Ecological Risk Assessment in the Baseline Risk
Assessment, Elliott Laws, Assistant Administrator, August 12, 1994 (U.S. EPA, 1994). This
policy requires the same high level of effort and quality for ERAs as commonly performed
for human health risk assessments at Superfund sites.

Policy M emorandum: EPA Risk Characterization Program, Carol Browner, Administrator,
March 21, 1995 (U.S. EPA, 1995). This policy clarifies the presentation of hazards and
uncertainty in human and ERA s, calling for clarity, transparency, reasonableness, and
consistency.

Issuance of Final Guidance: Ecological Risk Assessment and Risk Management Principles
for Superfund Sites. Stephen D. Luftig for Larry D. Reed, October 7, 1999 (U.S. EPA,
1999). This document presents six key principlesin ecological risk management and
decision making at Superfund sites.
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ERA is a key component of the remedial investigation process that EPA uses at Superfund sites.

ERAGSIs a program-specific guidance for Superfund that focuses on chemical stressors released into the
environment from hazardous waste sites. This guidance refers to ERA as a“ qualitative and/or
guantitative appraisal of the actual or potential impacts of contaminants from a hazardous waste site on
plants and animals other than humans and domesticated species. An excessrisk does not exist unless:
(1) the stressor has the ability to cause one or more adverse effects, and (2) the stressor co-occurs with or
contacts an ecological component long enough and a a sufficient intensity to elicit the identified adverse
effect.” The ERAGS document provides guidance on using an eight-step process for completing an ERA
for the Superfund Program, as shown in Figure 4-2.

STEP 1: SCREENING LEVEL:
Ly « Site Visit

* Problem Formulation

* Toxicity Evaluation

Risk Assessor and
Risk Manager
Agreement

STEP 2: SCREENING LEVEL:
* Exposure Estimation |
« Risk Calculation SMDP

Compile Existing
Information

Step 3: Problem Formulation

| Toxicity Evaluation |

Assessment > « | Conceptual Model
>» Endpoints x #1 Exposure Pathways
Y Y
,E Questions/Hypotheses 1 SMDP
3
S
s STEP 4: STUDY DESIGN AND DQO
8 PROCESS
* Lines of Evidence
* Measurement Endpoints ‘ SMDP
Work Plan and Sampling and Analysis Plan
N STEP 5 : VERIFICATION OF FIELD
SAMPLING DESIGN »{ SMDP
STEP 6 : SITE INVESTIGATION AND
‘ > DATA ANALYSIS [SMDP]

STEP 7 : RISK CHARACTERIZATION

STEP 8 : RISK MANAGEMENT

l
{

SMDP

SM DP= Scientific/Management Decision Point

Figure 4-2. Eight-step Ecological Risk Assessment Process for Superfund (U.S. EPA, 1997a).
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4.1.2 PrebpICcTIVE VSOBSERVATIONAL APPROACHES

In general, conclusions about ecological hazardsfrom environmental contamination may be
based on information derived from two different techniques: the predictive approach (a comparison of
calculated exposures with aset of toxicity reference values), and the observational approach (direct
evaluation of the range of potential exposures, coupled with site-specific toxicity testing and population
demographic estimates).

Predictive Approach: The core of all Superfund ERASs is the predictive approach, including
exposure assessment, toxicity assessment, and risk characterization. The predictive approachis
based on a comparison of calculated estimates of chemical expasure of a receptor to one or more
Toxicity Reference Values (TRVs) appropriate for that chemical and that receptor. The ratio of
exposure at the site to the TRV isreferred to asthe Hazard Quotient (HQ). The predictive
approach has always been used at Superfund sites because it is relatively easy to implement, and
because it can be used to evaluate not only current risks, but also risks that might exist in the
future if any important changes were to occur in the level of contamination (e.g., due to on-going
fate and transport processes), or to changes in land use (a change in land use might alter a
number of habitat factors that influence the number and identify of ecological receptors). The
predictive approach, however, hasthe inherent uncertainties of the assumptions in the exposure
and toxicity models which are seldom site-specific and thus can lead to either over-protective or
under-protective estimates of risk.

Direct Observation: If there is aneed to reduce uncertaintiesin the predictive approach, direct
observations of exposure and effects can be collected at Superfund hazardous waste sites. The
predictive approach used in ERA does not negate the use of descriptive toxicological approaches
or the use of site-specific exposure data, such astoxicity testing or bioaccumulation
measurements. Site-specific observations, such astoxicity testing of invertebrates over a
gradient of site contaminant exposure levels, may be used to develop site-specific and chemica-
specific toxicological relationships. Site-specific measures of exposure or ecosystem
characteristics can be used to reduce uncertainty in the exposure assessment and aid in the
development of cleanup goalsin the Baseline ERA. The direct observation of the exposure and
effects on ecologicd receptors does not however constitute a complete risk assessment. If field
or laboratory studies are NOT designed appropriately to elicit stressor-response relationships,
direct impacts should not be used as the sole measure of risk because of the difficulty in
interpreting and using these results to develop cleanup goalsinthe ERA. Furthermore, poorly
designed toxicological evaluations of environmental media from the site may not allow a
definitive identification of the cause of adverseresponse. For example, receptor abundance and
diversity as demographic data reflect many factors (habitat suitability, availability of food,
predator-prey relationships among others). If these factors are not properly controlled in the
experimental design of the study collecting the observational data, conclusions regarding
chemical stressors can be confounded. In addition, direct observation provides information about
current risks only and not potential risks should land use or exposure change in the future.
Hence, direct observations may be used as aline of evidence in an ERA, but should not be the
sole evidence used to characterize the presence or absence of the risks of an adverse effect in the
future.
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4.1.3 PoTENTIAL ADVANTAGESAND LIMITATIONSOF PrOBABILISTIC METHODSIN ERA

Probabilistic risk assessment (PRA) is a computational tool that may help increase the strength of
the predictive evaluation of ecological risks, aswell as sometimes helping to better eval uate distributions
of observational datafor an ERA. The potential advantages of PRA compared to, or possble benefitsin
augmentation of, the conventional point estimate approach for characterizing variability in exposure or
risk are discussed in Chapter 1 and Exhibits 1-6 and 1-7. In brief, point estimate calcul ations utilize
simplifications and assumptionsin order to deal with the complex mathematics of combining inputs that
are inherently variable. Probabilistic models, in contrast, are designed to combine sets of information on
inputs that are expressed as probability distributions. Therefore, PRA generally can yield risk estimates
that allow for amore complete characterization of variability and uncertainty, and a potentially more
useful sensitivity analysis as compared to estimating sensitivities of inputs from point estimates (see
Appendix A). For example, sensitivity analysis can help determine major contributors to exposure
factors and sources of uncertainty that could help to design better sampling and analysis plansin later
iterations to help fill data gaps and reduce uncertaintiesfor risk characterization.

Because of the inherent differences in the computational gpproach, as in the case with any
additional risk assessment information, PRA may sometimes lead to a different risk assessment outcome
and risk management decision than would be derived from the use of point estimate calculations alone.
The differences in the decisions semming from the two approaches will vary from case to case,
depending mainly on the form of the exposure or risk model, the attributes of the distributions of the
input values, and the quality, quantity, and representativeness of the data on which the input distributions
are derived. Sometimes the differences between the two approaches will be quite large, and the
information gai ned from a PRA can play an important role as weight-of-evidence in communicating ri sks
to stakeholders and risk managers.

Even though PRA may have some advantages, it also has limitations and potential for misuse.
PRA can not fill basic data gaps and can not eliminate dl of the potential concerns associated with those
datagaps. That is, if one or more of the input distributions are not well characterized and the
distributi on(s) must be estimated or assumed, then the results of the PRA approach will share the same
uncertainty as the point estimate vaues. However, given equal states of knowledge, the PRA approach
may yield a more complete characterization of the exposure or risk distribution than the point estimate
approach.

Of course, any prediction of exposureor risk is based on the use of mathematical models to
represent very complex environmental, biological, and ecological systems. No matter how sophisticated
the computations, questions will always exist as to whether the calculated values are a good
approximation of the truth. Therefore, even when PRA isused as a supplemental tool to point
estimations (deterministic) of risks in the ERA process, a wei ght-of-evidence approach that combines the
predictive approach with direct observations will still provide the most appropriate basis for decison
making.

A second application of PRA in ERA, besides the characterization and incorporation of
distributions of datafor ERA, is the characterization of uncertainty in calculated estimates of exposure or
risk. In this application, whatever uncertainty may exist in one or more of the input distributionsis
characterized, and quantitative estimates of the confidence limits around the mean, upper bound, or any
other percentile of the output distribution are calculated. This use of PRA is often especially important
in risk management decision making, since the range of uncertainty around central tendency exposure
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(CTE) and reasonable maximum exposure (RME) or other upper bound estimates of exposure or risk can
sometimes be quite large. As stated before, the point estimate approach can also provide estimates of
uncertainty, but the PRA approach often provides a more complete characteri zation of the uncertainty.

414 FocusoF THISCHAPTER

This chapter focuses on the gpplication of PRA asatool for predicting ecological risks a
Superfund sites. Some of the methods and approaches described in this chapter are similar to those that
have been developed by U.S. EPA's Office of Pesticide Programs Committee on Federal Insecticide,
Fungicide and Rodenticide Act (FIFRA) Risk Assessment Methods (ECOFRAM, 1999a, 1999b) for
use in assessing environmental hazards of pesticide products. However, the methods described in this
chapter are specifically designed to be applicable at Superfund sites and to be consistent with other
Superfund guidance.

This chapter does not seek to provide guidance on the many basic issues that must be faced in
planning and performing any ERA. Prior to considering the use of PRA in an ERA, fundamental
concepts will dready have been devel oped, such as a problem formulation with a conceptual site modd,
selection of representative receptors, definition of exposed populations, definition of risk management
objectives and goals, selection of assessment endpoints, cdculation of TRV sand development of site
sampling plans, etc. Likewise, this chapter does not repeat the presentation of basic statistical and
mathematical methods used in PRA, since these are described in other chapters and appendices of this
document. In summary:

= This chapter focuses on application of PRA techniques to ERA at Superfund
sites.

i Thereader isassumed to be familiar with the basic methods used in ERA at
Superfund sites, and this chapter does not address basic tactical and
technical issuesin ERA.

= The reader is assumed to be familiar with the basic mathematical principles and
techniques of PRA asdescribed in other chapters and appendices of this document.

4.2 DeEcCIDING IF AND WHEN TO USE PRA IN EcoLoGICAL RISk ASSESSMENT

As shown in Figure 4-2, the ERA process for Superfund includes a number of scientific/
management decision points (SMDPs) (U.S. EPA, 1997a). The SMDPis a point of consultation between
the risk manager, EPA Regional Biological Technical Assistance Group (BTAG) coordinator, EPA
regional ecotoxicologist, and other stakeholders, and is intended to provide an opportunity for re-
evaluation of direction and goals of the assessment at critical pointsin the process. It isduring the
SMDP discussions that it isimportant to decide whether or not a PRA islikely to be useful in decision
making. If so, the pursuit of distributed datais justified. Within the 8-step process of devel oping the
ERA, PRA could provide insight at several steps. A decision to move forward with distributional
analyses should be considered within the BTAG context during the documentation of the outcome of the
SMDPs after Step 3 within the process. Asareminder, PRA is NOT intended to be a replacement for
point estimate analyses; rather PRA supplementsthe required presentation of point estimates of risk. Itis
also emphasized that the use of PRA should never be viewed as or used in an atempt to simply generate
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an alternative risk estimate or PRG, compared to that which was derived by a point estimate ERA;
instead, PRA should be used to provide insightful information on distributions of various factors
(exposure, toxicity, and hazards) which can provide weight-of-evidence evd uations of potential risksin
conjunction with apoint estimate ERA. There are a number of factors to consider in making these
decisions, as discussed below.

4.2.1 TecHNIcaL CONSIDERATIONS

The fundamental reason for performing any predictive risk assessment (point estimate or
probabilistic) isto provide information to risk managersin order to help support the risk management
decision-making process. As noted above, a properly performed PRA may help to yield more description
of variability in exposure and risk than can be achieved using the point estimate approach. Therefore, if
any of asite's data may be better described and evaluated by distributions, then a PRA can be applied to
any part of an ERA or evento the entire ERA for expressing risk characterization in probabilistic terms;
again, always in conjunction with the required point estimate ERA. However, when risk etimates
derived from the point estimate approach are either far below or far above alevel of risk management
concern, any such potential improvements in risk characterization are not likely to influence risk
management decision making. In these cases, PRA is not likely to be as useful in decision making. Even
s0, PRA may help in these stuations by providing information that may be useful in better deciding
where the gradient of excessrisks are reduced to acceptable levels. Rather, it is more common for a PRA
to be useful when point estimates of risks are close to the decision threshold (such that PRA-based
refinements in the risk estimates might be important in making risk management decisions). Itisfor this
reason that PRA may be useful to apply either during the development of the ERA after the screen
(Steps 3to 6, U.S. EPA, 1997a), or after point estimate results from the baseline ERA have been
completed (Steps 1 to 7, U.S. EPA, 1997a).

The results of a point estimate risk assessment will normally present the range of risks based on
central tendency exposure and reasonabl e maximum exposure input assumptions and on the no-observed-
adverse-effect-level (NOAEL)- and lowest-observed-adverse-effect-level (LOAEL)-based TRV's (U.S.
EPA, 1992b, 1997b). The bounds for the highest HQ are derived from the ratio of the RME compared to
the NOAEL-based TRV, and the bounds for the lowest HQ are based on the ratio of the CTE compared
to the LOAEL-based TRV. These two bounded extreme estimates of risk can be used to screen out cases
where PRA isnot likely to be as useful. That is, if the risk to the RME receptor isclearly below alevel
of concern using the NOAEL -based TRV, then risks to the exposed population are likely to be low and
PRA analysisislikely not needed. Likewise, if risksto the CTE receptor are clearly above alevel of
concern using the LOAEL -based TRV, then risksto the exposed population are likely to be of definite
concern, and aPRA may not provide as much additional useful information to the risk manager, except in
the case where uncertainties remain high and the derivation of an appropriate and realistic clean-up goal
may bedifficult. If therisks are intermediate between these two bounds (e.g., risks to the CTE receptor
are below alevel of concern based on the LOAEL-based TRV but are above alevel of concern based on
the NOAEL-based TRV), then PRA might be helpful in further characterizing the site risks in balance
with the point estimates of risks and in supporting decision making or in deciding if additional iterations
of analyses would be needed. This concept isillustrated graphically in Figure 4-3.
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Figure 4-3. Example of cases where use of PRA may be helpful. In cases A and E, the range of risks (CTE to

RM E) estimated by the point estimate method are either well below (Case A) or well above (Case E) the likely
level of concern based on the NOAEL-LOAEL range, and PRA is not likely to alter risk management decisions
regarding the potential need for remediation. In cases B, C, and D, the point estimates of risk overlap or fall within
the range of potential concern, suggesting that PRA-based risk estimates might be helpful in supporting risk
management decisions.

The second main technical reason to consider conducting PRA is that the PRA methodology can
help characterize and quantify the degree of variability and uncertainty around any particular estimate of
exposure or risk (e.g., the CTE or RME). The purpose of the analysis would be to estimate the
uncertainty around an exposure or toxicity or risk estimate, generally with little or no additional data
acquisition. The only additional information needed to perform the analysisis an estimate of the
uncertainty in the true parameter values of the key variables in the variability model. In some cases,
these estimates of uncertainty around parameter values may be developed from statistical analysis of the
available data. Alternatively, professional judgment may be used to establish credible bounds on the
parameters, especially when relevant data are sparse.

= Even in the presence of data gaps, uncertainty analysis using PRA can provide
useful information. Indeed, it iswhen data are limiting or absent that a quantitative
probabilistic analysis of uncertainty may be most hel pful.
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4.2.2 CosTt AND ScCHEDULE CONSIDERATIONS

Performing a PRA can sometimes add time and cost to an ERA. Asdiscussed in Chapter 2,
in part, the decision to progress from a point estimate assessment to a PRA reflects a belief that the
potential value of the PRA for risk management decision making outweighs the additional time and costs.
The tiered process encourages a systematic approach for both the point estimate and probabilistic
assessments, whereby the least complex methods are applied first. For example, the initial Tier 2
assessment may be conducted with a set of preliminary probability distributions for variability (PDFv),
developed with much the same information and assumptions that were applied to develop point estimates
in Tier 1. Parameter values can be estimated by setting the arithmetic mean equal to the CTE point
estimate, and the 95" percentile equal to the RME point estimate. The choice of distributions may differ
depending on the state of knowledge for a particular variable (see Appendix B). For example,
unbounded variables might be characterized with lognorma distributions while bounded distributions are
characterized by beta or Johnson Sb distributions. Certain variables may continue to be characterized by
point estimates, especially if the sensitivity analysis suggests that the chemica, pathway, and/or exposure
variables are relatively minor contributors to total exposure and risk. The decision to collect additional
data or explore aternative methods for developing probability distributions can be reexamined in an
iterative fashion by evaluating the expected benefits of the added information to the risk management
decision-making process. These concepts are presented in greater detail in Chapter 2 (see Figures 2-1
and 2-2).

4.3 PROBLEM FORMULATION

Once a decision has been made to include PRA in an ERA, the first step should be to re-visit the
problem formulation step and carefully determine the scope and objectives of the PRA. Typically, a
considerable amount of knowledge will have been gained during the screening level and baseline point
estimate evaluations, and this knowledge should be used to help focus and narrow the scope of the PRA.
That is, the PRA will generally utilize the same basic exposure and risk modds used in the point estimate
approach, but the PRA will typically evaluate only a sub-set of the scenarios considered. For example,
chemicals, pathways, and/or receptorsthat are found to contribute a negligible level of exposure or risk
may usually be omitted from the PRA, whilethose factors that contribute significantly to an excesslevel
of risk concern in the point estimate approach should generally be retained. Asnoted previously, when a
chemical or pathway is omitted from a PRA analysis, this does not mean that it is eliminated from the
overall risk assesament; rather, it may be kept in the assessment as a point estimate.

The next step in problem formulation for aPRA should be to define whether the goal of the
analysisisto characterize variability alone, or to characterize both variability and uncertainty. In either
case, sensitivity analysis (as summarized in the preceding paragraph, or for more details see Appendix A)
should be used to hdp identify which of the input variables contribute the most to the variability in the
outputs (exposure, toxic effects, or risk), and theinitial PRA should focus on defining the probability
density functions (PDFs) for those input variables. An analysis of uncertainty, if thought to provide
additional useful information, may also be included at theinitial level, or may be delayed until the initial
analysis of variability is completed.

As aways, problem formulation should be viewed as an iteraive process, and it is reasonable
and appropriate that decisions regarding the scope and direction of the PRA should be reassessed (at
SMDPs) as information becomes available from the initial evaluations. Asstressed above, the
fundamental criterion which should be used is whether or not further PRA evaluations are likely to
provide additional information to a point estimate ERA that will help strengthen and support the risk
management decision-making process.
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4.4 MODELING VARIABILITY IN EXPOSURE

There are two main types of descriptors of exposure that may be used in ERA: dose and
concentration. For terrestrial receptors such as mammals or birds, exposure is most often described in
terms of ingested dose (mg/kg-day). In most cases, thiswill be based on chemical ingested from drinking
water and/or the diet, induding incidental soil ingestion, but could also include amounts of chemical
taken up across the skin or through inhalation as additional routes of exposure. The exposure levels are
most often expressed as doses, since that term tends to normalize the confounding factors of varidble
daily intake rates and body weights that occur if/when one only eval uates concentrations. For aquatic
receptors, the main route of exposure is usually by direct contact and less often by ingestion, so exposure
isusually characterized in terms of concentration of contaminants in surface water, pore water and/or
sediment. Likewise, exposure of terrestrial plants and terrestrid invertebrates, such as earthworms, is
usually described interms of concentration of contaminantsin soil. In some cases, exposure of terrestrial
receptorsis characterized in terms of specific tissue or whole-body concentrations of contaminants.
Examples of calculating and presenting dose-based and concentration-based distributions of exposure are
presented bel ow.

44,1 CHARACTERIZING VARIABILITY IN DOSE
The general equation used for calculating the dose of a contaminarnt of concern in a specified

environmental medium (e.g., water, soil, air, diet, etc.) by a particular member of a population of exposed
receptorsis:

DI, = C xIR;/BW,
where:

DI, = Average daily intake of chemical due to ingestion of medium"1" by a population
member "j" of the exposed popul ation (mg/kg-day)

C, = Concentration of chemical in environmental medium "1" (mg/unit medium)

IR, = Intake rate of medium"|" at the site by population member "j" (units of medium
per day)

BW, = Body weight of population member "j" (kg)

Total exposure of a population member "j" is then the sum of the exposures across the different media:

Dltotal,j = Z Dliqi

Inthis basic equation, IR;; and BW, are random variables (i.e., they have different measurable values for
different members of the exposed population) that are often correlated. For example, a receptor with a
relatively low intake rate can also be expected to have alow body weight. Some studies utilize paired
measurements of IR and BW by individual, and present a distribution of theratio (IR, /BW)), referred to
as abody weight-normalized intake rate (mg/kg-day). This expression provides an aternative to using a
correlation coefficient to relate two input variables (see Appendix B), and can be entered into the dose

equation as follows:
IR .
DI, =C;x Koy
El EPE}?J
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where the ratio is characterized by a single probability distribution. Because the variability in thisratiois
likely to be different than the variability in the ratio of the IR and BW variabl es treated i ndependently,
accounting for the correlation can affect the distribution of dose and risk. If empirical datafor
guantifying theratio are limited but a relationship is expected, plausible ranges of correlations may be
explored as a source of uncertainty in the risk estimates.

The concentration term (C) may be characterized by a point estimate or a probability
distribution, depending on the relationship between the geographic scales of the measurement data and
receptor home range (see Appendix C, Section C.3.1). If the home range of thereceptor is small
compared to the spatial distribution of sampling locations, C may be characterized by the probability
distribution for variability in measured concentrations. Alternatively, if the home rangeislarge
compared with the exposure area eval uated, then a point estimate (e.g., mean or uncertainty in the mean)
may be more appropriate.

In the PRA approach, PDFs should be defined for as many of the input variables as reasonabl e,
especialy for those variables that are judged (via sensitivity analysis) to contribute the most to the
variability in total exposure. The basic principlesfor selecting the key variablesto model as PDFs are
presented in Appendix A, and the basic methods used for selecting and fitting distributions are described
in detail in Appendix B.

Figure 4-4 shows several examples of graphical formats which may be used to present the
estimated distribution of ingested doses in an exposed population. If asingle distribution is plotted (top
panel), the PDF format is usually the most familiar and useful for risk assessors and managers, but the
cumulative distribution function (CDF) format tends to be less cluttered when multiple distributions are
shown (e.g., compare the middle graph to the bottom graph). In addition, percentiles can beread directly
from a CDF format, but not from a PDF format graph. In all cases, it isvery useful to superimpose the
CTE and RME point estimate ranges of exposure directly on the same graph asis used to show the
distribution of exposures estimated by PRA. This provides a convenient way to compare the results of
the two alternative computational methods, and interpret additional information that the PRA can add to
the point estimate ERA.

= A conventional point estimate, range of exposure (CTE to RME) or toxicity
(NOAEL to LOAEL) and corresponding risk ranges should be calculated
and presented for comparison with the PRA results.
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Figure 4-4. Example Graphical Presentations of Dose Distributions.
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4.4.2 CHARACTERIZING VARIABILITY IN EXPOSURE CONCENTRATION

As noted above, in some cases the most appropriate descriptor of exposureis concentration
(either in an abiotic medium such aswater, soil, or sediment, or in the tissues of the receptor), rather than
ingested dose. Assuming that the concentration val ues in the medium of concern are measured rather
than modeled, PRA isnot required to generate the distribution of concentrations. Rather, the available
data may be used to define an appropriate theoretical or empirical distribution function (EDF), as
described in Appendix B. If concentrations in the medium are modeled (calculated by PRA) rather than
measured, then the exposure distribution may be estimated by using distribution functions (PDFs or
CDFs, rather than using point estimates asinputs to the fate and transport model(s) and/or uptake models
that predict the concentration levelsin the medium of concern. The resulting distribution(s) of
concentration may be displayed graphically using the same formats as illustrated in Figure 4-4, except
that the x-axis has units of concentration rather than dose. Asabove, the point estimate ranges of
concentration used in the CTE and RME cal culations should be plotted on the same graphs to provide a
convenient basis for comparing the results of the two approaches and to help interpret the additional
information that the PRA can add to the point estimate outputs.

45 MODELING VARIABILITY IN TOXICITY
451 VARIABILITY IN RESPONSE AMONG MEMBERS OF A POPULATION

Data on the toxicity of achemical usually comesfrom laboratory studies whereby groups of
organisms (Iaboratory mammals, fish, benthic organisms, plants, earthworms, etc.) are exposed to
differing levels of chemical, and one or more responses (endpoints) are measured (survival, growth,
reproduction, etc.). These toxicological observations define the exposure-based stressor-response curve
that is characteristic for that specific receptor, chemical, and response.

In the point estimate approach, information from the dose/stressor-response curve is generally
converted to one or more TRV's, each representing a specific point on the dose-based or concentration-
based stressor-response curve. For example, the highest dose or concentration that did not cause a
statistically significant change in atoxicologically significant endpoint is defined as either the NOAEL
dose or the no-observed-effect concentration (NOEC), while the lowest dose or concentration that did
cause a statistically significant effect on arelevant endpoint is the LOAEL dose or the lowest-observed-
effect concentration (LOEC). Generally, exposures below NOAEL - or NOEC-based TRVsare
interpreted to pose acceptable risk, while exposures above LOAEL - or LOEC-based exposures are
judged to pose potentially unacceptable risk. It is essential to note the need for high quality toxicity data
to derive reliable and confident TRVs. Strong sampling and study designs, that generate data for site
exposure factors and toxicological stressor-response relationships, are of critical importance for
producing high quality ERAS by either point estimate or PRA approaches. Shortcomingsin ether area
could be major data gaps or uncertainties that detract from the confidence in the risk characterization of
the ERA, and may be a basisfor pursuing additional iterations of sampling or studiesthat are more
strongly designed to fill those critical data gaps and reduce uncertainty.

Use of the TRV approach, however, does have some potential limitations. Most important is that
the ability of a study to detect an adverse effect depends on both the range of doses tested and the
statistical power of the study (i.e., the ability to detect an effect if it occurs). Thus, studies with low
power (e.g., those with only afew test animals per dose group) tend to yield NOAEL or NOEC values
that are higher than studies with good power (those with many animals per dose group). In addition, the
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choice of the TRV isrestricted to doses or concentrations that were tested, which may or may not be
close to the true threshold for adverse effects, and this uncertainty increases as the interval between doses
increases. Findly, it isnot aways easy to interpret the significance of an exposure that exceeds some
particular TRV, since the severity and incidence of response depends on the shape and slope of the
exposure response curve (information that is not captured in a point estimate TRV).

One way to resolve some of these stressor-response limitationsis to apply uncertainty factors to
the NOAEL or NOEC and LOAEL or LOEC, which calculaes an adjusted TRV that reduces the study’ s
exposure level of concern to account for those uncertainties, so that thereis alesser chance of overlooking
possible adverse exposures (i.e., avoiding a false negative conclusion). Another way to resolve some of
the stressor-response limitationsis to fit a mathematical equation to the available exposure-response data
and describe the entire exposure-response curve. This may be done using any convenient data fitting
software, but EPA has deve oped a software package specifically designed for thistype of effort. This
softwareis referred to as the Benchmark Dose Software (BMDS), and is available along with detailed
documentation and explanation of the methodology at www.epa.gov/ncea/bmds.htm.

The most appropriate mathematical form of the exposure-response model depends on whether the
endpoint measured is discrete and dichotomous (e.g., survival) or continuous (e.g., growth rate). For a
dichotomous endpoint, the result of the fitting exercise is a mathematical exposure-response model Pthat
yields the probability of aresponse in anindividual exposed at any specified level of exposure (expressed
either as dose or concentration). Exhibit 4-3 shows an example of this process using hypothetical data.
Thus, for an individud with an exposure level of "x", the probability of aresponsein that individuad is
simply P(x). In apopulation of individualswith exposures x1, X2, X3, ...xi, the expected number of
responses (e.g., deaths) in the exposed population is the sum of the probabilities across al individudsin
the population. Stated another way, the average fraction of the population that will experience the
response is given by the expected value of P (i.e., the average value of P(x)).
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ExHIBIT 4-3

M ODELING VARIABILITY IN RESPONSE FOR A DICHOTOM OUS ENDPOINT

The following data are from a hypothetical study ofthe acute lethality (24 hour) of a chemical using
fathead minnows asthe test organiam:

Concentration Mumber Survival
[Wel) Tested Dead Alive
] 20 ] 20
10 14 1 18
20 20 ] 20
30 20 3 17
40 18 7 1
g0 20 15 )

These data were fit to each of the dichotomous models available in BMDZ=. The best-fit model was
the logigtic equation. & graph ofthe best it curve is shown below.

1.0

Best Fit Dose-Response Model

At

=
=
i

=

I
1

|

Probability of Mortality

=
b
1

PN i
0.0 m— T L T T T T
0

10 20 30 40 50 =10 7o
Concentration {ugl)

Basic E quation
Probability of modality (conc) = 1 71 + expl-a - b*conc))

Best fit parameters
a -4.80
b 01m

Goodness of Fit
P 0604 P=Chi Sguare Goodness of Fit tedt statistic

AC 12 AlC=Akaike's Infonn stion Criterion
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For a continuous endpoint, the BMDS software yields equations that give the expected mean
response m(x) at a specified exposure level, along with the standard deviation s(x) that characterizes how
variable the response is among different individual s exposed at that same exposure level. The standard
deviation may be modeed either as a constant (homogeneous variance) or a function of the exposure
level (heterogeneous variance), with the choice depending on which approach yields the best agreement
with the observed variances. In most cases there will not be sufficient datato allow a meaningful
analysis of the true shape of the underlying distribution of responses at a given exposure, so the choice of
the distributional form of the variability in response will require an assumption. In the absence of any
clear evidence to the contrary, it is considered likely that the distribution of responseswill not be
strongly skewed, and that the di stribution may be reasonably well modeled using anormal PDF
(truncated as necessary to prohibit selection of biologically impossible or implausible values). Thus,
variability in response at dose "x" may generally be modeled as:

Response(x) ~ NORMAL[mM(x), s(x), min, max]

However, if available data suggest some other distributional form is more appropriate, that form should
be used and justified.

Exhibit 4-4 shows an example of this process using hypothetical data. In this case, the mean
response was found to be well modeled by the Hill equation, and the standard deviation was found to be
best characterized as aconstant (rho=0). Thus, given an exposure level "x", the mean response m(x) may
be calculated from the model, and this value along with the standard deviation may then be used as
parameters for an appropriate type of PDF (e.g., normal) to describe the expected distribution of
responses in a population of different individuals exposed at level "x". Section 4.7.2 describes methods
that may be used to characterize and quantify the uncertainty associated with this approach.
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ExHIBIT 4-4

M ODELING VARIABILITY IN RESPONSE FOR A CONTINUOUS ENDPOINT

The following data are from a hypothetic al study of the effects of a chemical on the growth of
labaratany mice. Animak were exposed to the chemical wia drirk ing we ater for 21 days. The
measurement endpoint weas weight gain, expressed as a percentage of the starting weight of

each animal.
Ingested dose Humber Wl eight & ain (% Starting Walue)
migh g- day Tested hlean Stdew

ul 5 24 g

a0 5 22 =]
100 il 25 =]
150 5 18 7
200 il 7 10
250 5 -8 5

Thes e data were fit to each of the continuous modek awvailable in BMWDP5. The best-fitmodelwas
the Hill equation with constant wariance. A graph of the best fit curve i shovun below.

34

30
25 e,
20 =

Best Fit Dose Response hiodel

flean Wizight Gain (% Starting ‘walue

'2 I:l T T T T T T
o Al 100 150 00 50 00

Doze fmgdg-day)

Baszic Equations
Mean Resporseldr = int + vwd*n f o*n + d™n)
Wariance(d)= alphamean response(drrho

Best fit parametars

int 23.70
W -51.44
n 5.295
k 22ar
alpha 485
rh O {zonstantwariance])

Goodness of Fit
F 0525 P=Chi Square Goodness of Fit test statis tic
AlC 1545 AIC=pk gk e's Information Criterion
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452 VARIABILITY IN RESPONSE AMONG SPECIES

In some cases, risk management decisions may also consider community-level effects aswell as
population-level or sub-populations effects. That is, a stressor might be considered to be below a level of
concern for the sustainability of a community if only asmall fraction of the total number of exposed
species are affected. In this case, toxicological responses may be best characterized by the distribution of
toxicity values across species. Thisisreferred to as a Species Sensitivity Distribution (SSD). Thistype
of approach is generally used for communities of aquatic receptors, since al of the different species that
make up the community (e.g., al fish, benthic invertebrates, aguatic plants, and amphibiansthat resdein
astream) will be exposed to approximately the same concentration of contaminant in the water. The
process for generating an SSD consists of the following steps:

(1) Select an appropriate type of endpoint (lethality, growth, reproduction, etc.), and sdect an
appropriate type of point estimate from the exposure-response curve for each species. For
example, the TRV might be the LC50 for lethality or the EC20 for growth. The key
requirement is that the SSD be composed of TRV endpoints that are all of the sametype, not
amixture.

(2) Collect al reliable valuesfor that type of TRV from the literature for as many relevant
species as possible. When more than one value is available for a particular species, either
select the value that isjudged to be of highest quality and/or highest relevance, or combine
the values across studies to derive a single composite TRV for each species. It isimportant
to have only one value per species to maintain equal weighting across species.

(3) Characterize the distribution of TRV's across species with an appropriate CDF. Note that
thereisno a priori reason to expect that an SSD will be well characterized by a parametric
distribution, so both parametric and empirical distributions should be considered.

Once an SSD has been developed, the fraction of species in the exposed community that may be
affected at some specified concentration may be determined either from the empirical distribution or
from the fitted distribution. Exhibit 4-5 shows examples of this approach. In this hypothetical case, the
TRV selected for use wastheLC,,, (in this case, the LG, is defined as all LC values <=L C10). A total
of 13 such values were located. The first graphical presentation isthe empirical distribution function,
where the Rank Order Statistic (ROS) of each value is plotted as afunction of thelog of the
corresponding value. This may be used directly to estimate the fraction of the gpecies in a community
that will be affected by any particular environmental concentration. For example, in this case, it may be
seen that a concentration of 10 ug/L would be expected to exceed the LC,,, for about 33% of the aquatic
species for which toxicity data are available. The second graph shows how the datamay be characterized
by fitting to a continuous distribution. In this case, alognormal distribution was selected as a matter of
convenience, but other distributions may also yield acceptable fits. Based on the best fit lognormal
distribution for the SSD data, it is calculated that aconcentration of 10 ug/L would be expected to impact
about 31% of the exposed species. However, as noted above, there is no special reason to expect that an
SSD will be well characterized by a continuous parametric distribution, so some caution should be used
in the use of a continuous distribution to fit an SSD, especially when the SSD is based on alimited
number of speciesand when the purpose of the SSD isto estimate percentiles and exposures outside the
observed range. Therisk assessor should dways present an evaluation of the robustness of an SSD to aid
in the decision process.
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ExHIBIT 4-5

HYPOTHETICAL SPECIES SENSITIVITY DISTRIBUTION

Hypothetical Data

Species LChu INLCy) Rank ROS T-sCore
a 2 0.E93 1 o.nr -1 465
4] 25 0ae 2 014 -1.068
C ] 1.099 3 0.1 -0.792
d 5 1.609 4 0249 -0.566
e 15 2708 5 036 -0.366
f 26 3.258 G 043 =080
5} 41 3714 7 050 0,000
h 55 4.007 a 057 0180
i 67 4 205 9 064 0,366
i &1 4.394 10 0.7 0566
k 125 4828 11 o.7a 0.7az
| 220 5.394 12 0 .86 1.068
m g00 5397 13 043 1465

Example EDF. ROS v Ll ww(Iog-scale)

1.0
0.9
0.8 4

0.7 {4 Approximakly
gg{ 3% amecedats -10

gL
0.5 1

0.4 -

0.3 1

0.2

0.1 1 1

0.0 : .

1 0 100 1000
LE-low [ugiL]
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=10 oL

Example P arametric Fit: (Lognormal)

F.0
5.0 -
w=2068x+3.329

5.0 4
Z a0 1
=
T30 Best Fit Parameters

mu = 3.34
201 zigma= 206
1.0 4
L
I:II:I T T T T T T T
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4.6 MODELING VARIABILITY IN RIsk
46.1 VARIABILITY INHAZARD QUOTIENT

As noted above, the most common descriptor of risk used in predictive risk assessmentsis the
Hazard Quotient (HQ). The HQ istheratio of the exposure for some generalized or typical hypothetical
member of the receptor population at a site, compared to an appropriate TRV value that equates to an
acceptable level of risk for that receptor and chemical. Usually the HQ approach is not based on asingle
value, but on arange of values in which different levels of exposure (CTE and RME) are compared to
both the NOAEL to LOAEL benchmarks. In general, HQ values below 1 are interpreted as indicating
acceptable risk, while HQ values above 1 are interpreted as indicating the potential for adverse effects.

Because exposure varies among different members of an exposed population of receptors, HQ
values also vary among members of the exposed population. Several dternative approaches for
characterizing thisvariability by PRA methods are presented below.

Variability Within a Population

Figure 4-5illustrates
the simplest approach for
summarizing variability in HQ
values among the members of | Total Daily Intake
an exposed population. Inthis
format, the TRV values
appropriate for a particular
exposure are simply
superimposed on the graph e RME Dose
illustrating the distribution of 0.mz - CTE Dose 1
exposures. This may be done
Sither for ;ggﬁﬁ (@ T @ m m om0 m w0 m e

luges ®d Doge dngkg-day
concentration-based exposure
parameter. Thisformat allows
an easy evduation of the
fraction of the population above
(HQ>1) and below (HQ < 1)
each TRV, especially when
presented in CDF format.
However, thisformat does not
allow for a quantitative estimate
of the fraction of the population
with HQ values above any
value other than 1, although a
similar calculation and
presentation could be made for
any multiple of the TRV, Figure 4-5. Example Comparison of Exposure Distribution to TRV.
which would directly equate to
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that multiple of the HQ (e.g., depicting the results for a value equal to 10-timesthe TRV would show the
fraction of the population with an HQ greater than 10).

More directly, the distribution of HQ values may be calculated by dividing each exposure value
by one or all of the TRV's based on the NOAEL, LOAEL, BMDL, etc., as shown in Figure 4-6. Note that
dividing a distribution by a constant does not change the shape of the distribution (only its scale), so the
shape of the HQ distribution will appear identical to that of the exposure distribution. Figure 4-6
illustrates two HQ distributions; one calculated using the NOAEL -based TRV, the other using the
LOAEL-based TRV. Inacase such as this where there are two or more HQ distributions, aCDF format
isgenerally easier to evaluate than aPDF format, since overlap between the curvesis minimized. The
CDF format dlows an easy quantitative evaluation of the fraction of the population above and below any
particular HQ level. For example, in the case shown in Figure 4-6, it may be seen that 83% of the
population is expected to have HQ values be ow 1 based onthe NOAEL -based TRV, while 4% are
expected to have HQ values above 1 based on the LOAEL -based TRV. Thistype of description
(percentage of the population with HQ values within a specified range) is very helpful in predicting
proportions of a population exposed to specified doses of concern.

0.010
LOAEL-Based HO
® CTE Foint Est
0.002 NOAEL Based HO
%‘ #RME Paint Est.
I nooe
£ HZ =1
H 0004 ;/
o H
= :
0.002
0.000 : : r "
on 05 10 15 20
H azard Quotient
1I:| L R R L L L L R L T O B o e T S Ry g e E
DB'\ .
£ 4% Ppove LOAEL . e
" Bazed HZ of 1 .
£ 05 1
o 3% Below MOAEL- : LOAEL-Based HO
2 Based HO of 1 i
B 0.4 g
g 1—________h__h
3 : HOAELBased H
0.2 A 5
0.0 A .
0.1 10 10.0
H azard Quotient

Figure 4-6. Example Distribution of HQ Values.
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Variability Between Species

A similar approach may be used for characterizing the variability in risks among different species
in acommunity. Figure 4-7 is an example that compares the distribution of concentration vauesin a
water body (the variability might represent either time or space) to an appropriate SSD of TRV sfor
different species of aquatic receptors that might reside in that water body. Three different graphical
formats areillustrated. 1n the upper panel, the PDF of concentration is compared to the CDF of the SSD.
Thisformat is easy to understand and may be interpreted visually, but is difficult to interpret
guantitatively. Themiddle pand showsthat same information, but with both distributions presented in
CDF format. This alows for a quantitative eval uation of the fraction of the species that will be above
their respective TRV's at any specified part of the exposure distribution. For example, usng asimple
graphical interpolation process (shown by the dashed lines), it may be seen that the 90" percentile of
concentration (21 ug/L) will impact approximately 24% of the exposed species. The bottom panel shows
the results when this same process is repeated (mathematically) for each of the concentration percentiles.
As seen, hazards to the community of receptor speciesis quite low until concentration values reach the
80™ to 85™ percentile, but then rise rgpidly. For example, a concentration value equal to the
95" percentile (about 28 ug/L, which will occur approximately 5% of the time) is expected to impact
approximately 68% of the exposed species, and the 99" percentile (which will occur about 1% of the
time) is expected to impact nearly all of the exposed species.
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Figure 4-7. Example Presentation of Species Sensitivity Distribution.
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4.6.2 VARIABILITY IN RESPONSE

As noted above, HQ and Hazard Index (HI) (where appropriate) vaues are a convenient way to
characterize risk to ecological receptors, but interpreting the biol ogical significance of the ranges of HQ
values greater than 1 is not always easy. One of the main advantages to the PRA approach is that
distributions of exposure may be combined with exposure-response distributions in order to generate
distributions that characterize the frequency and magnitude (severity) of responsesin an exposed
population. Two examples of this approach are presented below.

Example 1: Dichotomous Response

In this hypothetical example, atoxic chemical isbeing transported by surface water run-off from
a Superfund site into anearby stream. Because of short-term and seasonal variability in rainfall levels
(which influences both run-off rate and stream flow), the concentration of the chemical in the stream has
been observed to vary as afunction of time. The risk manager at the site wants to know two things:
(1) How often will the concentration enter a range that can cause acute lethality in fish?; and (2) When
that happens, what percent of the fish populationislikely to die? Exhibit 4-6 summarizes the
hypothetical concentration data and illustrates the basic approach. Inthis case, the concentration data are
most conveniently modded as an empirical PDF. Next, assume that the acute concentration-lethality
curveisavailable for the chemical of interest in arelevant indicator species of fish. For convenience,
assume the response function is the same as that shown in Exhibit 4-3. Then, the PDF for acute mortality
may be generated by repeated sampling from the concentration distribution and cal culating the
probability of response (acute mortality) for each concentration value selected. Becausethisisacase
where the entire population of fish at the exposure location may be assumed to be exposed to the same
concentration in water, the probability of mortality in asingle fish is equivalent to the average fraction of
the population that is expected to die as aresult of the exposure. The resulting PDF is shownin the
graph in Exhibit 4-6. Asseen, lethality is expected to be low or absent about 95% of the time, but about
5% of the time the concentration may enter a range where acute lethality may occur. The extent of
mortality within the exposed population is expected to range from about 20% at the 97" percentile of
exposure (i.e., thisisexpected to occur about 3% of the time), up to about 70% at the 99" percentile of
exposure (i.e., thisis expected to occur about 1% of the time).
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EXHIBIT 4-6

M ODELING VARIABILITY INA DICHOTOM OUS RESPONSE

ScEnatio

Exposzure of a populstion of fizh to concentration waluesin a stream that vary over time

Hypothetical Concentration Data in Water

Walue Percertie
0= (120L) 0.00
11 010
25 0.25
N | 0.50
9.2 0.75

155 0.80
247 0.93
526 0.99
831 (max) 1.00
R esponss E ndpoint = acute mortality

Streszor-response model fit (see Exhibit 4-27
Picl= 101 +expid 5 - 0.1*%C)

PR A Simulstion
Step 1 Dravwya concentration at random from the em piric distdbution
Step 2 Calculate the probahbility of mortality at that dose
Track thiz az the forecas cell
Example Output
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Example 2: Continuous Response

Exhibit 4-7 provides a hypothetical example of modeling variability in response for a continuous
endpoint. In this example, assume that atoxic chemical has been released by a Superfund site and has
been transported in low levels by ar to a nearby meadow. Among the receptors of potential concern in
the meadow are a number of different types of amall mammal, and the field mouse has been selected to
serve as an indicator species for this group. The goal of the PRA isto characterize the effects of the
chemical on the growth of field mice in the meadow. Exposure occurs mainly by ingestion of seeds that
have been contaminated by uptake of the chemical from soil, and it has been determined that the
variability in average daily intake (DI) of chemical from the diet can be modeled as alognormal
distribution with mean of 104 mg/kg-day, and a standard deviation of 127 mg/kg-day. Assumefor
convenience that the exposure-response curve for growth inhibition in mice by the chemical isthe same
as that presented previously in Exhibit 4-4. Given theseinputs, the expected distribution of responsesis
derived as follows:

Step 1: Draw arandom value for the DI of arandom member of the population

Step 2: Calculate the mean response m(d) and the standard deviation of the response s(d) for a
group of individuals exposed at that dose (d)

Step 3: Definethe distribution of responses a that dose as NORMAL[m(d), s(d)]

Step 4: Draw aresponse from that distribution, and track this as the output variable

An example of the output for this example is shown in the two graphs at the bottom of
Exhibit 4-7. As seen, mice that are not exposed to the chemical display arange of growth rates ranging
from about +10% to +40%. Many of the mice (about 90%) residing in the contaminated field are
experiencing a range of growth ratesthat are only slightly decreased from rates expected for unexposed
animals. However, about 10% of the animals have weight gains that are markedly less than for
unexposed animals, ranging from about +5% to -30% (i.e., anet weight loss of 30% compared to the
starting weight).

It should be noted that the response distribution calculated in this way is what would be expected
for alarge population of exposed receptors. If the actual exposed population is small, then the actual
response distri bution may vary somewhat compared to the typica response shown in Exhibit 4-7. In
cases where it isimportant to evaluate this variability about the expected average pattern of response, this
may be done by running repeated Monte Carlo S mulations usng anumber of trials (iterations) within
each simulation that is equal to the expected size of the exposed population. Each simulation will thus
represent a possible response distribution in the exposed population, and the range of responses across
different populations may be evaluated by comparing the multiple simulations. As noted above, the
magnitude of the variability between populations is expected to be small if the population size (number
of trials) islarge, although this depends on the characteristics of the exposure and response functions.
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EXHIBIT 4-7

M ODELING VARIABILITY INA CONTINUOUS RESPONSE

S cenaria
Esposune of a population of f2ld mice to a chemical ingested wia the food chain

Example Inputs
Easposure
Distribution of Awerage Ol LHE104,127)

Response (z=e BEdhibit 4-3)
Endpoint = Growth % increase in 21 days)
Stressor-response model fit
hiean responseldose) = 237 - 51 4 dosen J(228.7%5 29 + do=se™5 200
Stdew(do=se)= T O (constant))

P R Simulation
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4.6.3 JoINT ProBaABILITY CURVES

In this approach, if data are available to characterize the probability of a particular exposure
occurring, and an exposure-response curve is available, these may be combined to yield a curve (referred
to as a Joint Probability Curve) that showsthe probability that aresponse greater than some specified
magnitudewill occur. An exampleisshownin Figure 4-8. The upper panel shows a hypothetical
cumulative exposure probability distribution (plotted on the primary y-axis) along with the
exposure-response curve (plotted on the secondary y-axis). The steps needed to generate the Joint
Probability Curve are as follows:

Step 1. Select an exposure level "Xx" and record the probability (P,) of exceeding that exposure.
For example, in Figure 4-8, at an exposure of 12 units, the cumulative probability of exposureis
84%. Thus, the probability of exceeding that exposure is 16%.

Step 2: Find the expected regponse a that same exposure (R,). In thiscase, the response at an
exposure of 12is2.2.

Step 3: Plot adata point at R, on the o 4
x-axis and P, on the y-axis.

0.2

0.7
CumukE e

0.5 4 Prob =il o7
Expasure

Step 4: Repeat this process for many
different exposure levels, being sure
to draw samplesthat adequately cover
all parts of the probability scale.
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The lower panel of Figure 4-8 shows the
results obtained using the hypothetical datain o1
the upper panel. The advantage of this format 0
isthat it gives a clear visual display of both
the probability and magnitude (severity,
extent) of response. Further, the areato the
left of the curveis arelative index of the
population-level or community-level risk, and
comparison of thisarea across different
scenariosis helpful in comparing different
risk scenarios (both in risk characterization
and risk management). However, this
approach is based on the mean response at a
dose, and does not account for variability in
response between multiple individuals all
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individuals at a given dose. _ _ —
Figure 4-8. Example Joint Probability Curve.
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Note that unless 2-D MCA is used, this approach does not require Monte Carlo modeling.
Rather, the calculations can usually be performed in a spreadsheet format using built-in spreadsheet
functions.

4.7 MODELING UNCERTAINTY IN EcoLOGICAL RISK ASSESSMENTS

As emphasized above, one of the greatest potential benefits of the PRA approach is the ability to
combine estimates of uncertainty associaed with different components of the exposure and risk models
in order to describe the overall uncertainty in final exposure or risk estimates. Some basic optionsfor
characterizing and presenting uncertainty in exposure, toxicity, HQ, and response are presented bel ow.

4.7.1 UNCERTAINTY IN EXPOSURE

Most estimates of dose-based exposure for terrestrial receptors (birds, mammals) are based on
calculated estimates of chemical intake using simple or complex food web models, sometimes coupled
with environmental fate and transport models that can link risk to a receptor with a source of
contamination. In cases where

. Wari ability Uncertainty Percentiles
r(_eceptors are exposed mainly by Perertile Sith hdzan g5th
direct contact rather than 00§ 04 11 20
ingestion (e.g., fish, soil 3}2 3; ;’? 32
invertebrates, etc.), concentration- 3§§ } ﬁ § J? gg
based (as opposed to dose-based) 030 18 57 50
descriptors of exposures may be gig g; gﬁ g;
derived using mathematical fate 045 30 58 87

1 0.A0 35 G5 a4
an_d t_ransport model S. The basic i b b by
principles for modeling 0D &0 R 1280

H H H 055 58 10.3 1438
uncerta nty in ecological exposure o 5 Ly hji
models (either dose-based or 075 g8 14.4 03
: o0 0.9 175 241
congentranor_]-based) are the same s b K o
asdiscussed in Appendix D. In 0.0 0.1 206 304
045 3.4 4.5 G00

brief, probability distribution
functions of uncertainty (PDFu's)
are used to characterize the =
uncertainty in the parameters of
the probability distribution
functions of variability (PDFV's)
for some or all variablesin the
exposure model. Then, a

2-D MCA isused to derive
guantitative estimates of the
uncertainty around each
percentile of the variability
distribution of exposure.
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Figure 4-9 illustrates the type of oy \o oo 100D
tabular and graphic outputs that Ingested Doze (maka-day)
this approach generates.

Figure 4-9. Example Presentation of Uncertainty in Exposure.

If exposure is based on measured rather than calculated values by PRA (e.g., measured
concentrations in an abiotic medium, measured concentrations in receptor tissues), uncertainty in the
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empirical or best-fit continuous distribution through the data can be quantified using the statistical
methods detailed in Appendix B.

As discussed in Chapter 1, it isimportant to understand that there are many sources of
uncertainty and that this approach to uncertainty analysis focuses mainly on parameter uncertainty and
uncertainty in the true shape of input variable distributions. It does not capture other sources of
uncertainty relating to the fundamenta adequacy of the exposure and risk models used to describe the
behavior of complex biological systems or of sampling and analytical errors and uncertainties, so the
uncertainty estimates should always be interpreted in this light as being somewhat incompl ete.

4.7.2 UNCERTAINTY IN TOXICITY

Toxicity information used for ERASs is often a source of uncertainty in the risk assessment
process. This uncertainty may arise from multiple areas and may include both quantitative uncertainty in
the dose-response data (involving toxicokinetics and study designs) and qualitative uncertainty in the
relevance of the data (involving toxicodynamics). Methods for characterizing the quantitative
uncertainty in both point estimates of toxicity (TRVS) and in full exposure-response curves are outlined
below.

Uncertainty in TRVs

TRVsfor achemical are point estimates of exposurelevels that do not cause an unacceptable
effect in an exposed receptor population. Ideally, all TRV swould be based on NOAEL and LOAEL
values derived from studiesin which the receptor, endpoint, exposure route and duration were all
matched to the assessment endpoints defined for the site. However, such exact matches are seldom
available. Therefore, it isoften necessary to extrapolate avail able toxicity data across route, duration,
endpoint and/or species, leading to uncertainty in the most appropriate value to use as the NOAEL or
LOAEL. There areno default methods for developing TRVson asite. However, some optionsinclude
the use of allometric dose scaling models, physiologically-based biokinetic models, benchmark dose
estimates or other approaches based mainly on policy and/or professional judgment. Guidelines for
dealing with the uncertainty in components of the TRV derivation by uses of PRA are provided below.

Uncertainty in NOAELs and LOAELs

Uncertainty in the NOAEL or LOAEL for a chemical hastwo components: (1) uncertainty within
astudy; and (2) uncertainty between studies, under exact specified conditions of exposure.

Assuming that a single study has been selected to provide the NOAEL and/or LOAEL vauesto
be usedin derivinga TRV for achemical, itis customary to define the NOAEL as the highest exposure
that did not cause a statistically significant effect, and the LOAEL isthe lowest exposure that did cause a
statistically significant effect. Asnoted earlier (see Section 4.5.1), this approach has a number of
limitations, and there may be substantial uncertainty as to whether the observed NOAEL and LOAEL
values actually bracket the true threshold effect levd. Oneway to quantify uncertainty in the expaosure
levels that cause some specified level of adverse effect is through the use of exposure-response curve-
fitting software such as EPA'sBMDS package. In thisapproach, the risk assessor selects somelevel of
effect that is judged to be below alevel of concern, and another level of effect that would be of concern.
The choice of these responselevelsis amatter of judgment, and depends on the nature and severity of the
endpoint being evaluated. A specified level of effect isreferred to as a Benchmark Response (BMR),
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and the exposure that causes that response is referred to as the Benchmark Dose (BMD). Given
information on the number of test organisms in each test group and on the variability of the responsein
those organisms, the BMD software uses maximum likelihood methods to derive the 5% lower
confidence bound on the exposure tha causesthe BMR. Thisisreferredto asthe BMDL. This
uncertainty bound may be used to quantify the uncertainty in the BMD, and hence to characterize this
source of uncertainty in the TRV. The simplest method for approximating the uncertainty distribution
around the BMD is to assume the distribution is approximately normal, with mean equal to the BMD and
standard deviation (standard error) given by:

Stdev=(BMD - BMDL) / 1.645

For advanced analyses, a more accurate characterization of the uncertainty distribution around the BMD
may be derived by Monte Carlo simulation. In thisapproach, each model parameter is assumed to be
normaly distributed, with mean and standard error values provided by the BMDS output. Monte Carlo
simulation is then used to select alternative model parameter sets, being sure to account for the
covariance between parameters (the covariance matrix is also provided by the BMDS output). For each
parameter data set, the BMD is calculated, and the distribution of BMD values across many iterationsis a
better approximation of the uncertainty in the BMD.

Uncertainty in the effect level (NOAEL or LOAEL) for a chemica may also arise because there
is more than one study available for the chemical, and the studies do not yield equal estimates of the
effect level. It isimportant to note that the process of reviewing available toxicity studies, choosing the
most relevant endpoint for use in deriving a TRV, and identifying the most relevant study is a process
requiring basic toxicological expertise (not probability or statistics), and this process must be completed
both for point estimate and probabilistic risk assessments. In general, studies based on different
receptors, endpoints, exposure routes and/or durations are not equally relevant for evaluating a particular
assessment endpoint in a particular indicator species. However, in some cases, multiple studies of the
same endpoint in the same specieswill be available. In such a case, assuming that all the studies are
judged to be equally reliable, the best estimate of the L C50 may be derived by calculating the geometric
mean of the available alternative vaues (after adjustment to constant hardness). Uncertainty around the
best estimate may then be based on the observed inter-study variability, using the basic principlesfor
choosing PDFu's as described in Appendix B.

Uncertainty in Extrapolation of TRVs

In general, extrapolation of TRV's across species or endpoints is not desirable, since the
magnitude and direction of any potential error is generally not known. Sometimes, extrapolations
between species are attempted based on allometric scaling models that seek to adjust toxicity values
accounting for differences in body weight. Alternatively, physiologicaly-based pharmacokinetic
(PBPK) models that seek to account for differences in a number of other physiological variables
(metabolism rate, organ size, blood flow, etc.) can beused. However, the validity of these modelsis
often not well established. In those cases where these models are used, and where the uncertainty in the
model is judged to warrant quantitative eval uation, the primary source of the model should be consulted
in order to derive an estimate of the uncertainty in the quality of the extrapolation and in the parameters
of the model. Asnoted earlier, PRA may capture uncertainty associated with modd input parameters,
but does not usually capture all sources of uncertainty in the model. In particular, most models of this
sort are designed to extrapolate only the average response as a function of dose, and are not intended to
extrapolate variability between individuals at a specified dose. When no mathematical model isavailable
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to support quantitative extrapol ation across species, exposure duration or endpoint, professional
judgment and/or policy may be used to select extrapalation factors to account for the uncertainty.

The risk assessor should ensure that the risk manager understands the uncertainty associated with
any model selected and applied, and that the results of the calculations (point estimate or PRA) are
conditional upon the model selected.

Uncertainty in Parameters of the Dose-Response Models

When toxicological exposure-response data are fit to mathematical equations, the fitting software
will usually provide quantitative information on the uncertainty in the best estimates for each of the
model parameters. For example, in the dichotomous model illustrated in Exhibit 4-3, the output from the
BMDS software included the following information on the uncertainty in the parameters of the best-fit
logistic equation:

Parameter Best Est Std Error (SE)
a -4.80 0.83
b 0.101 0.019

Because the uncertainty in the best estimate of each model parameter is asymptotically normally,
uncertainty in the parameters may be modeled as:

PDFu (parameter i)=NORMAL (best estimate of parameter i, SE of parameter i)

Note that the parameters of the mode are generally not independent, and generally should not be treated
as such. Thus, when modeling the uncertainty in the parameters of the best-fit exposure-response model,
the PDFv's for the parameters should be correlated according to the correlation matrix or the variance-
covariance matrix, as provided by the modeling software.

474 UNCERTAINTY IN RESPONSE

If the risk characterization phase of the risk assessment focuses on an estimation of the
distribution of responses rather than the distribution of HQ values, the uncertainty in the distribution of
responses can be evaluated using two-dimensional Monte Carlo techniques using PDFu's for the
parameters of the exposure and exposure-response models derived as described above. The same
graphical output may be used for this presentation as was illustrated in Figure 4-9, except that the x-axis
isresponse rather than HQ. Thisformat isillustrated in Figure 4-10 for a dichotomous endpoint (e.g.,
acute lethality). Inthis example, the average probability of response among the members of the exposed
population (shown in the graph by the black diamond symbols) is 8.2%, with a confidence bound around
the mean of 4.9t0 12.8%. Thisisequivalent to concluding that about 8.2% of the population is expected
to suffer acute lethality, but the true fraction dying could range from 4.9 to 12.8%.
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Figure 4-10. Example Presentation of Uncertainty in Response.

4.7.3 UNCERTAINTY IN HAZARD QUOTIENT

Once the uncertainty in exposure and/or toxicity distributions has been characterized as
described above, there are a number of options for presenting the resultant uncertainty in the HQ (or Hl,
if appropriate and applicablefor summing HQs) distributions. Figure 4-11 shows one simple graphical
format, where the point estimate of the TRV is superimposed on the uncertainty bounds of the exposure
distribution (upper panel), or the uncertainty bounds of the TRV are superimposed on the best estimate of
exposure (lower pand). One could also superimpose the range of TRV s over the range of exposures, to
capture most of the uncertainty in the HQ. Furthermore, such distributional outputs should always show
the point estimate ranges of CTE and RME exposures in respect to the ranges of TRVs, for usein
weight-of-evidence to help interpret the PRA and point estimate results. The advantage of this format is
that no additional Monte Carlo modeling is needed to derive initial descriptors of uncertainty inrisk. For
example, in the upper panel it may be seen that the best estimate of the fraction of the popul ation exposed
at alevel below the TRV is about 83%, but that thisis uncertain due to uncertainty in the exposure
estimates, and the true percent below the TRV might range from 74 to 90%. Similarly, in the bottom
panel, the best estimate of the fraction of the population below the TRV is also about 83%, but due to
uncertainty in the TRV the actual value could range from 64 to 91%. Uncertainty could also be
presented by showing a combined graph with both ranges of exposure and TRV's, such as described
below.
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Figure 4-11. Example Presentation of Uncertainty in Exposure and TRV .
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A more complete characterization of uncertainty in HQ may be achieved by using PRA to
combine the uncertainty in both the exposure and the TRV terms, resulting in the uncertainty bounds on
the HQ distribution itself (see Figure 4-12). Inthisexample, it may be seen that 63% of the exposed
population is estimated to have an HQ below 1.0, but that this is uncertain dueto uncertainty in both the
exposure distribution and the TRV, and that the true fraction of the population below alevel of concern
(HQ < 1) could range from 45 to 81%.
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Figure 4-12. Example Presentation of Uncertainty in HQ Estimates.

4.8 INTERPRETING RESULTSOF AN EcoLoGicaL PRA

In some cases, the information contributed by a PRA may provide amore complete
characterization of risks to a population of receptors than can be abtained by usng point estimate
methods. However, whether by PRA or by point estimate or a combination, the results of the risk
assessment must be interpreted to reach arisk management decision.

In contrast to the case for human health risk assessments (where default risk-based decision rules
are well established), there are no established default decision rules for identifying when risks to
ecological receptors are and are not of concern. In the point estimate approach, EPA guidance (U.S. EPA
1992hb, 1995) recommends consideration of both the RME and CTE exposure/dose estimates along with
TRV s based on both LOAELs and NOAEL s (U.S. EPA 1997a) to reach a risk management decision.

The same principle applies to probabilistic ERAS.

In some cases, interpretation of an ecological PRA isrelatively simple. For example, if the
distribution of HQ values cdculated using an appropriate NOAEL -based TRV aelessthan 1.0 for nearly
all members of the population, then it islikely that risks are within an acceptable range for the
population. Conversely, if the distribution of HQ values calculated using aLOAEL -based TRV are
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significantly greater than 1.0 for most members of an exposed population, thenit is likely that risks are
not acceptable for the population. However, for cases which fall between these bounding conditions (and
for cases where one needs to clearly define the boundaries of potential excess risks for a gradient of
contamination and exposures), the leve of risk or response that is considered acceptable must be defined
by the risk assessor and the risk manager on a site-specific and receptor-specific basis. This evaluation
should take the following factorsinto account:

D The Risk Management Goal

The risk management objective for mogt Superfund ERAs is defined as population sustainability
(U.S.EPA, 1999). In this case, harm to some members of the exposed popul ation may be acceptable, if
that harm does not lead to an overdl reduction in population viability. This Situation (protection of a
population rather than protection of individuals) is sometimes equated with use of the CTE (average)
receptor as the basis for risk management decision making. That is, if theHQ for the CTE receptor is
below alevel of concern, it is sometimes assumed that population risks are acceptable.

However, the choice of the CTE receptor as the basis for risk management decision making may
not be sufficiently protective in all cases. For the vast mgjority of wild populations, the proportion of the
population that must be protected to ensure population stability will be unknown. At asmall number of
sites, a population biologist may be able to provide some information. Moreover, the percentile of the
CTE receptor in the exposure or risk distribution may vary depending on the shape of the distribution.
The proportion of the population experiencing exposure greater than that of the CTE receptor could
range from less than 10% up to 50% or even higher. Also, the ecological significance of an adverse
effect on some members of a population depends on the nature of the stressors and on the life history and
population biology of the receptor species. Because of these complexities, use of the CTE as adecision
threshold for nonthreatened or endangered species may be appropriate in a small number of cases, but
risk assessors and risk managers should realize that the choice of the CTE receptor requires a species-
and endpoint-specific justification and the CTE should not be used as the default basis for arisk
management decision. Rather, for the majority of ERAS, the risk management decision should be based
on the RME receptor or an upper percentile of the distribution of variability in risk/exposure.

2 The Toxicological Basisof the TRV

The biological significance of a distribution of variability in HQ cannot be interpreted without a
proper understanding of the nature of the TRV being used to evaluate the distribution. Thisincludesthe
nature of the toxicological endpoint underlying the TRV, its relevance to the assessment endpoint, and
the shape (steepness) of the dose-response curve. For example, an HQ of 2 based on an EC20 for
reduction in reproductive success would likely be interpreted as more significant toxicologically than an
HQ of 2 based on the EC20 for anincreasein liver weight. Likewise, an HQ of 2 basedon an LC,, for
acute lethality would be more significant if the dose-response curve for |ethality were steep than if it
were shallow, since it would be easier to cause greater response with smaller increases in exposure to
contaminants.
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(©)) The Characteristics of the Receptor

Ultimately, the question which must be assessed is whether an effect of degree "x" occurringin
"y" percent of the population is biologically and ecologically significant. This, inturn depends on the
attributes of the receptor being evaluated. For example, areduction of 10% in the reproductive success
of afecund and common species (e.g., the field mouse) might not lead to a significant reduction in
population number, while the same effect could be of concern in a species with lower fecundity and/or
lower population dendty (e.g., the moose). Thus, theinterpretation of an analysisof variability in
exposure and/or effect often requires the input of atrained population biologist with expertise in the
receptor of concern.

Because of these issues, thereis no default rule for what level of effect is and isnot acceptable
for an exposed ecological population; except for the case of no potential excess risks where the RME
exposures do not exceed the TRV based on a NOAEL, assuming there is reasonable confidence in those
exposure and toxicity values. In some cases, mathematical models may be available for predicting the
population-level consequences of a given pattern of effects (e.g., see ECOFRAM 1999afor some aquatic
population models), but in general the extrapolation from a distribution of individual responsesto an
estimation of population-level effectsisdifficult. For this reason, close consultation between the risk
manager and the ecological risk assessor is necessary for trandating results of an ERA into an
appropriate and successful risk management decision.

4.9 GUIDELINES FOR PLANNING AND PERFORMING A PrOBABILISTIC ERA
49.1 PLanNING AN EcoLoGicaL PRA

Chapter 2 provides a general discussion of the key steps that should be foll owed when planning a
PRA. These guidelines are equally applicable to ecological PRA asto human health PRA. Of the key
steps in the process, most important are the following:

Dialogue Among Sakeholders

Asdiscussed in Section 4.2, the decision if and when to perform an ecological PRA isan SMDP
shared by risk assessors, risk managers, and stakeholders, including members of the public,
representatives from state or county environmental agencies, tribal government representatives, natural
resource trustees, private contractors, and potentially responsible parties (PRPs) and their representatives.
A scoping meeting should be held after the completion of the baseline risk assessment in order to discuss
the potential purpose and objectives of a PRA, and to identify the potential value of the analysisto the
risk management process. If it isdecided to perform at least an initial PRA evaluation, subsequent
meetings of a similar type should occur iteratively in order to assess whether any further effort is
warranted.

Preparation of a Workplan

Any PRA beyond the simplest screening level evaluation should always be accompanied by a
workplan. The purpose of the workplan is to ensure that all parties agree on the purpose and scope of the
effort, and on the specific methods, data, and proceduresthat will be used in the PRA. Workplans should
be devel oped according to available guidance for workplans for nonprobabilistic ERA (U.S. EPA, 1992b,
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1997a) and should consider three elements: (1) the 16 guiding principlesof MCA (U.S. EPA, 1997b);

(2) the eight guiddines for PRA report submission (U.S. EPA, 1997b); and (3) thetiered approach to
ERA (U.S. EPA, 1997a). Development of aworkplan for PRA is discussed in greater detail in Chapter 2,
and Exhibit 4-8 summari zes the key elements of a proper workplan. The workplan must be submitted to
the BTAG coordinator and/or regional ecotoxicologist for review and for approval by the risk manager.
The EPA strongly recommends that PRPs who wish to perform PRASs of ecological risk involve the
Agency inthe development of aworkplan in order to minimize chances of significant disagreement, asis

required by EPA policy.

1. Introduction/Overview
Conceptual site model
Assessment endpoints
Indicator species
Measures of exposure and effect

EXHIBIT 4-8

EXAMPLE ELEMENTSOF A WORKPLAN FOR EcoLoGICAL PRA

2. Description of Exposure and Risk M odels
Basic exposure models (fate and transport, uptake, food web, intake, etc.)
Basic risk models (HQ, dichotomous response, continuous response)

3. Results from a Point Estimate Assessment
CTE and RME risk estimates from baseline evauation

4. Rationale why a PRA will be helpful
Goals of the assessment (variability, uncertainty, both)
Expected benefit to risk manager

5. Description of the Proposed PRA
Exposure scenarios to be eval uated
Output variablesto be modeled in variability and/or uncertainty space

6. Proposed PDFs, and their basis
Method for performing sensitivity analysis and for selecting key variables
Data source for characterizing key variables
Approach for selecting and parameterizing key variables
Proposed list of PDFs for exposure variables (optiona but desirable)
Method for dealing with the concentration term
Method for dealing with correlations

7. Proposed Software and Simulation Approach
Commercial or custom
Monte Carlo or Latin Hypercube
Number of Iterations
M ethod(s) for sensitivity analysis

8. Preliminary Results (optional, but helpful)
Results of a screening level evaluation
Identification of variables where more effort is needed to improve the
distribution function
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49.2 EvALUATING AN EcoLocicaL PRA

When an ecological PRA is submitted to EPA for consideration, it will be reviewed in order to
determine if it has been performed in accord with sound principles of ERA (U.S. EPA, 19973, 1998), and
with sound principlesof PRA (U.S. EPA, 1997b). A general checklist that may be helpful to reviewersis
provided in Appendix F, and key features of this checklist are summarized in Exhibit 4-9. Eight specific
conditions for acceptance of aPRA submitted to EPA areprovided in U.S. EPA (1997Db).

At the discretion of EPA risk assessor or risk manager, the PRA report may be submitted for
additional EPA internal review and/or an external review process in accord with Agency guidelines for
conducting peer reviews (U.S. EPA, 2001). The external peer review may be used in cases where the
issues are complex or contentious and the opinions of outside expert peer reviewers can improve the
PRA.

ExHIBIT 4-9
CHECKLIST FOR INCLUDING A PRA AS PART OF THE ERA (SEE APPENDIX F)

e All risk assessments should include point estimates prepared according to current Superfund national and
regional guidance.

« A workplan must be submitted for review and approval by the appropriate EPA regional project manager
(RPM) and/or BTAG coordinator prior to submission of the PRA.

e A tiered approach should be used to determine the level of complexity appropriate for the ERA. The
decision to ascend to a higher level of complexity should be made with the risk manager, regional risk
assessor and other stakeholders.

e The eight conditions for acceptance presented in the EPA policy on PRA (U.S. EPA, 1997b) should be
clearly addressed by each PRA submitted to the Agency.

¢ Information in the PRA should possess sufficient detail that a reviewer can recreate both the input
distributions and all facets of the analysis. This includes copies of published papers, electronic versions
of necessary data and other material s deemed appropriate by EPA.

410 EXAMPLE OF THE TIERED PROCESSIN ERA

Asdiscussed in detail in Chapter 2, one of the key elements in the risk assessment processis
deciding if and when further analysisiswarranted. Thisincludes decisions regarding whether to employ
PRA cdculations to supplement point estimate calculation, and if so, what level of effort to invest in
those PRA calculations. The following section presents a relatively simple hypothetical example
illustrating how the tiered approach might operate at a site where ecological risk isan important concern.
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Problem Formulation

PestCorp is aformer chemical manufacturing facility that produced mainly chlorinated pesticides
10to 20 yearsago. Data collected on the PestCorp property indicate that anumber of spills or releases
of chlorinated pesticides took place when the facility was in operation, and that site soilsare broadly
contaminated, especially with pesticide X. This contaminated soil has lead to impacts on a nearby lake
of about 300 acres that receives surface water runoff from the PestCorp site. Samples from the | ake
reveal low but detectable levels of pesticide X in water, with relatively high values in sediment and in the
tissues of avariety of aquatic organisms (crayfish, snails, benthic macroinvertebrates and fish). The
concentration values in all media (water, sediment, aguatic organisms) tend to be highest in the part of
the lake receiving runoff from the PestCorp property, with a gradient of diminishing values at locations
further away from the area where runoff enters the lake.

A BTAG committee formed by EPA to identify potential ecological concerns at the site
recognized that many different species could be exposed to the contaminants in the lake, including
aquatic receptors residing in the lake (fish, invertebrates, aguatic plants), as well as mammals and birds
that frequent the lake for food or water. Because pesticide X is lipophilic and tends to biomagnify in the
food web, the BTAG decided that the highest risks would likely occur in higher-level predators such as
mammalian omnivores, and selected the racoon as agood indicator species to represent this trophic
group. Pathways of exposure that were identified as warranting quantitative eval uation included
(a) ingestion of water, (b) ingestion of aguatic food items, and (c) incidental ingestion of sediment while
feeding or drinking at the lake. The BTAG determined that the assessment endpoint was protection of
mammalian omnivore populations.

Point Estimate Risk Evaluation

A series of iterative screening-level point estimate calculations (Steps 1 to 2 of the 8-step
ERAGS process) were performed to investigate whether or not there was abasis for concern at the site.
Initial calculations using simplified and conservative inputs (i.e., exposure based on the maximum
measured concentration in each medium, an areause factor of 1, and the most conservative available
TRVs) indicated that the HQ value for pesticide X could be quite large. Therefore, arefined screening
level evaluation was performed in which point estimates of CTE and RME risk were derived using the
best information currently available. Key elements of the approach are summarized below:

. The CTE receptor was assumed to be exposed at a location where concentration val ues were the
average for the wholelake, and the RME receptor was assumed to be exposed at alocation where
concentrations were equal to the 95" percentile of values fromthe lake.

. Because only limited datawere available for measured concentrations of pesticide X inaquatic
prey items, the concentration values in aquatic prey were estimated using a linear
bicaccumulation model: C(prey)=C(sed) x BAF. The BAF was estimated from the existing data
by finding the best fit correlation between the concentration values in sediment and crayfish at
7 locationsin the lake: C(crayfish)=5.04 x C(sed) (R?=0.792).

. The TRV values were based on a study in mink in which the toxicity endpoint was the percent
inhibition of reproductive success.
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Theseinputs and the resulting HQ values are shown in Exhibit 4-10. As seen, estimated risks to the CTE
receptor approach or dightly exceed alevel of concern (HQ=4.7E-01to 1.4E+00), and risksto an RME
receptor are well above alevel of concern (9.1E+00 to 2.7E+01). The chief pathway contributing to the
dose and risk isingestion of contaminant in aquatic food web items (crayfish, fish, amphibians, etc.).

ExHIBIT 4-10

REFINED SCREENING POINT ESTIMATE INPUTSAND RESULTS

Basic mode|
Hia = Dlftotall f TRY
Diltatall = Dl{water) + Diffood) + Dl(sed)
DGy = Cl* IR AUF

Cther Azsum ption s
Cidiet) = Cized) * BAF
IR(zed) = IR(diet) * F=ed)
IR(diet) = IR{total) * Fdiet)

Foint E=t Walues
Category  |Wariable “fariable Unitz CTE FhiE
Inputs C oncentration Concentration inwater mgsL 0.1z 0:3s
Concentration insediment mgskg 24 Tr
BAF (sediment to aquatic preyd - 5 4]
Concentration in aquatic prey mgskg 120 jeSia]
Intde Rates Tatal vuater intake rate Lg-day 002z 01z
Total food intadoe rate kghe grday 0.oS ona
Fraction of diet thati= sed - [EREC] upnlst
Fraction of diet that s aquatic prey 0.5 025
FArea Use Factors Fraction of total water ingested atthe lake 0z 0.6
Fraction of total dietfrom the lake 025 0.5
TRWs LOAEL-bas ed TRW mgskg day a5 0.6
NOAEL-based TRW migshg day oz 0z
Fezults L aily Intak e i gter ingestion migskg day jean]=guci 2.TE-02
Sediment ingestion mgskg day 1TAEO2 2.45E-01
Aquatic prey ingestion migskg day 27EM S52E+00
Tatal migskg day 28EM S5E+0
HQ(LOAEL-Based) i gter ingestion d9E 02 4GE-02
Sediment ingestion 18E02 4. 2E-01
Aquatic prey ingestion 45E01 S87E+OO
Tot=l 4.7E-01 S1E+00
HQ(NOAEL-Based) i gter ingestion 15E02 1.4E-01
Sediment ingestion S4B 02 12E+00
Aquatic prey ingestion 1.4E+00 2EE+01
Total 1. AE+00 27E+01
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SMDP 1 at Step 2 of ERAGS

The BTAG considered these results to indicate that inhibition of reproduction was possible in at
least some members of the exposed population, but that the fraction of the population that was affected
and the degree of impact on the population was difficult to judge from the point estimate calculations.
Based on this, a decision was made to conduct a screening level PRA in order to provide some additional
information on the magnitude and probability of risk.

Workplan 1

The contractor performing the risk assessment devel oped a brief workplan that proposed an
approach for ascreening level PRA. The plan called for aMonte Carlo-based evaluation of variability in
exposure and risk among different members of the exposed mammalian omnivore (racoon) population.
In brief, al exposure inputs that were treated as constants in the point estimate approach (i.e., were the
same for CTE and RME exposure) were also treated as constants in the PRA evaluation. Because water
contributed so little to dose or HQ, this pathway was not evaluated in the PRA, but was accounted for by
adding in the point estimate values to the PRA results. All variablesthat arefractions (i.e, may only
assume val ues between zero and one) were model ed as beta digributions, and all other variables were
modeled as lognormal. For screening purposes, the parameters for all distributions were selected so that
the mean and 95" percentile values of the PDF's matched the corresponding CTE and RME point
estimates. The BTAG reviewed this proposed approach and authorized PRA work to begin.

Screening Level PRA Results

The screening level PRA inputs and the resulting estimates of the variability in HQ are shown in
Exhibit 4-11. The CTE and RME point estimates are also shown for comparison. As seen, the PRA
distribution of HQ val ues indicates that about 68% of the individuals in the population are likely to have
HQ values below 1E+00, while 32% have HQ values above 1E+00.

Comparison of the CTE point estimates of HQ to the mean HQ values derived by PRA reveals
the values are very close. Thisis expected because both depend on the mean values of theinput
variables, and the same mean values were used in both sets of calculations. With regard to upper-bound
estimates, the RME point estimate values are at the 98" percentile of the PRA HQ distribution, within the
target range (90" to 99") usually considered appropriate. Note, however, that the 98" percentile is about
5-fold higher than the 95" percentile, emphasizing the high sensitivity of the RME HQ valuesto the
precise percentile of the RME.
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EXHIBIT 4-11

SCREENING LEVEL PRA CALCULATIONS OF HQ DISTRIBUTION

Screening Lewvel D istribution
[ ata Categony Wariable U nits Type param 1 param 2
C oncentrations Concentration inwater mg'L Mot evaluated in PRA
Concentration insediment mgh g LM 24 3
BAF -- Const 4]
Concentration in aquatic prey mgk g Calculated
Intdie Rates Tatal water intake rate Lk daw Mot ewvaluated in PRA
Tatal food intake rate b gbog-day LH 0.aE0 0.aE0
Fraction of diet that = sed -- Beta 3 Hor
Fraction of diet that i= aquatic prey -- Beta G0 JeoX=]
Ared Use Factors  |Fraction of total water ingested from lakef-- Mot evaluated in PRA
Fraction of total diet from the lde -- Bata 1.0 359
TRWs LOAEL: based TRW mgh gday Const a5
MOAEL: based TRW mgh g-day Const oz
100%
0% T oo e '\ f
S0% RMEPONtExtimaes
oy
= 0%
E """""""""""""""""""" _ CTE Pa lvt B tm ates
=] B0% 1 lomEL-Based Ho X
o )
o S0% .
= .
= '
= 40% :
E '
S 30% \
' NOAEL-Based HQ
20%, )
10% ;
0% . i .
0. 01 1 10 100
HQ Yalue
Central Tendency Upper Bound
TR Bazis Mean of PRA Foint Est CTE R atio 95th of PRA| Point Est. RMWE Ratia
NOAEL 1.494 1.42 0.2 5.4 274 5.05
LOAEL 0.2 0.7 0.29 1.80 2.1z 5.05
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SMIDP 2

The BTAG considered these results, and decided that it was very probable that pesticide X was
causing an effect in some members of the exposed population, but decided that a final risk management
decision would be facilitated by characterizing the distribution of responses (rather than the distribution
of HQ values). The BTAG asked the contractor performing the work to devel op a proposed approach for
characterizing the distribution of responses.

Workplan 2

The contractor obtained a copy of the toxicity report upon which the TRV s were based, and
determined that the study did include sufficient dose-response data to support reliable dose-response
modding. The contractor recommended that this be done usng EPA's BMDS. The BTAG approved this
proposed approach and authorized work to proceed.

PRA Refinement 1

The contractor fit the raw dose-response data (inhibition of reproduction in mink) to a number of
alternative models availablein BMDS, and found that the dose-response curve could be well
characterized by the Hill Equation with nonconstant variance, as follows:

Mean Response at dose d (% decrease in reproduction)=(100 x d?®)/(0.9%° + d**)
Std. Dev. in Response at dose d (%)=SQRT[1.6-(mean response at dose d)*]

Based on this model, the point estimate LOAEL value (0.6 mg/kg-day) corresponds to an effect level of
about 27%, and the NOAEL of 0.2 mg/kg-day corresponds to an effect level of about 2%.

Using this exposure-response model in place of the point-estimate TRV values, the refined PRA
predicted a distribution of responses in the exposed population as shown in Exhibit 4-12. As seen,
approximately 81% of the population was predicted to experience an effect on reproduction smaller than
10%, while 9% were expected to have a reduction of 10 to 30%, 4% areduction of 30 to 50%, and 6% a
reduction of morethan 50%. On average across all members of the exposed population, the predicted
reduction in reproductive success was about 9%.
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EXHIBIT 4-12

SIMULATED DISTRIBUTION OF RESPONSES

Exposure Resporse Model

Fesp= Hormalhean, Stdew)
Mean = a + b™"n§ "n+ k"n
Stdev = alpha™mean®rho
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SMDP3

The BTAG debated the likely population-level consequences of this predicted distribution of
responses in members of the exposed population. After consulting with afield biologist with experience
in the population dynamics of mammals such as racoons, the BTAG decided that the distribution of
responses in the exposed popul ation would cause a continued stress on the mammalian omnivore
community and that reductions in population number were likely over time. Based on this, the risk
manager and the BTAG agreed that remedial action was desirable and that a range of alternative clean-up
strategies should be investigated. Thiswas performed using the methods described in Chapter 5 (see
Exhibit 5-5).
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CHAPTERS

PROBABILISTIC RISK ASSESSMENT AND
PRELIMINARY REMEDIATION GOALS

50 INTRODUCTION

According to the National Contingency Plan
(NCP) (U.S. EPA, 1990a, 40CFR §300.430(d)(4)), risk
assessment and risk management deci sion making go
hand-in-hand: data from the remedial investigation are
used to characterize risk, and results of the baseline risk
assessment help to establish acceptable exposure levels
for use in developing remedial dternatives. In practice,
risk managers may identify two major objectives of risk
assessment: (1) to determineif remediation is necessary
(i.e., Isthere unacceptablerisk at the site?); and (2) if
remediation is necessary, to determine a preliminary
remediation goal (PRG) (i.e., What chemical
concentrationswould result in a risk estimate that will
be adequately protective of human health and the
environment?). The answer to the first question (is there
unacceptable risk?) depends upon a number of factors,
including the measured or estimated concentraion levels
of contaminantsin site media, and takes uncertainty in
the measurements into account. In contrast, the answer
to the second question (what isthe PRG needed to
achieve a specified level of protection?) does not
necessarily depend on any knowledge of the actual level
or pattern of site-specific concentration data, and does
not necessarily depend on the uncertainty in site
concentration data. Thus, while exposure point
concentrations (EPCs) and PRGs are closely related to
each other, they have important differences (see
Section 5.1 for further elaboration on EPCs and PRGs).

Once arisk manager has sdected aPRG a a
site, determining whether aparticular area meets or will
meet the PRG requires careful comparison of site data
with the PRG, including a consideration of the
uncertainty in the sitedata. For afurther discussion on
variability and uncertainty in the concentration term,
readersare urged to consult Appendix C in this
guidance.

EXHIBIT 5-1

SUMMARIESOF SOME KEY TERM S

Preliminary Remediation Goal (PRG) - initially
developed chemical concentration for an
environmental medium tha is expected to be
protective of human health and ecosystems. PRGs
may be developed based on gpplicable or relevant
and appropriate requirements, or exposure scenarios
evaluated prior to or as aresult of the baseline risk
assessment. (U.S. EPA, 1991a).

Generic PRG - achemical concentration protective
of human health developed prior to the baseline risk
assessment that uses default exposure assumptions
representing common exposure scenaios, e.g.,
Region 3 risk-based concentrations (RBCs) or
Region 9 PRGs.

Site-specific PRG - site-specific chemical
concentration, protective of human health and
ecosystems, based on exposure scenarios in the
baseline risk assessment. Generally calculated for
the various exposure scenarios considered in the
baseline risk assessment.

Remediation Goals (RG) - site-specific chemical
concentration, protective of human health and
ecosystems, chosen by the risk manager as
appropriatefor alikely land use scenario.

Remediation Action Level (RAL) - the
“not-to-exceed” level; a concentration such that
remediation of dl concentrations above this level in
an exposure unit lowers the EPC sufficiently to
achieveatarget risk level. The RAL will depend on
the mean, variance, and sample size of the
concentrations within an exposure unit aswell as
considerations of short-term effects of the chemicals
of concern.

Cleanup Levd (Final Remediation Levd) -
chemical concentration chosen by the risk manager
after considering both RGs and the nine remedy
selection criteriaof the NCP (U.S. EPA, 1990a).
Also referred to as Final Remediation Levels (U.S.
EPA, 1991a), chemicd-specific cleanup levelsare
documented in the Record of Decision (ROD). A
cleanup level may differ from a PRG because risk
managers may consider details of the site-specific
exposure, various uncertainties in the risk estimate,
and implementation issues (e.g., the technical
feasibility of achieving the PRG).
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EXHIBIT 5-2

DEFINITIONSFOR CHAPTER 5

95% UCL for mean - The one-sided 95% upper confidence limit for a population mean; if a sample of size (n) was repeatedly
drawn from the population, the 95% UCL will equal or exceed the true populaion mean 95% of thetime. It is a measure
of uncertanty in the mean, not to be confused with the 95" percentil e (see below), which is a measure of variability. As
samplesize increases, the difference between the UCL for the mean and the true mean decreases, while the 95" percentile
of the distribution remains relaively unchanged.

95" Percentile-The number in a distribution that is greater than 95% of the other values of the distribution, and less than
5%of the values. When estimated from a sample, this quantity may be equal to an observed vadue, or interpolated from
among two values.

Applicable or Relevant and Appropriate Reguirements (ARARS) - Federal or state environmental standards; the NCP states
that ARARSs should be considered in determining remediation gods. ARARs may be selected as site-specific cleanup
levels.

Backcaculation - A method of cdculating a PRG that involves algebraic rearrangement of therisk equation to solvefor
concentration as a function of risk, exposure, and toxicity.

Bootstrap Methods - Parametric and non-parametric methods for estimating confidence intervals for a statistic by resampling
directly from the data set with replacement.

Coverage - Confidenceintervals are expected to encl ose atrue but unknown parameter according to a specified probability,
such as 90% or 95%. Thisis the expected coverage of the confidence interval, given aspecified significance level (alpha).
The difference between the expected coverage and the actual coverageis one metric for evaluating statistical methods that
yield different confidence intervals.

Exposure Point Concentration (EPC) - The average chemical concentration to which receptors are exposed within an exposure
unit. Estimates of the EPC represent the concentration term used in exposure assessment.

Exposure Unit (EU) - For Superfund risk assessment, the geographical area about which a receptor moves and contacts a
contaminaed medium during the period of the exposure duration.

Forward Calculation - A method of cdculating arisk estimate that involves the sandard arrangement of therisk equation to
solve for risk as afunction of concentration, exposure, and toxicity.

Iterative Reduction (IR) - A method of calculating a PRG that involves successively lowering the concentration term until the
calculated risk is acceptable. This method can be applied to any medium.

Iterative Truncaion (IT) - A method of calculating a PRG that involves deve oping an expression for the concentration term
in which higher values of concentration are removed or “truncated” to reduce the maximum concentration, and
re-calculating risks associated with the reduced concentration. The method may be repeated with consecutively lower
truncation limits until risk is acceptable.

Land Method - The conventional method for cal culating uncertainty in the mean concentration (e.g., 95% UCL) when the
sample data are obtained from alognormal digribution (U.S. EPA, 1992).

M aximum Detected Concentration (MDC) - The maximum concentration detected in a sample.

True Mean Concentration - The actual average concentration in an exposure unit. Even with extengve sampling, the true

mean cannot be known. Only an estimate of the true mean is possible. A greater number of representative samples
increases confidence that the estimate of the mean more dosely represents the true mean.
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Two Office of Solid Waste and Emergency Response (OSWER) guidance documents in preparation:
(1) Draft Guidance on Calculation of Upper Confidence Limits for Exposure Point Concentrations at Superfund
Stes (U.S. EPA, 20014), and (2) Draft Guidance on SQurface Soil Cleanup at Superfund Sites: Applying Cleanup
Levels (U.S. EPA, 2001b), also address topics rel ated to the calculation of EPCs and compari son of those EPCs
to aPRG.

In practice, calculaions of risks, given concentration data, are commonly referred to as “forward
calculations’, while cal culations of PRGs, based on chosen target risk levels, are referred to as “back-
calculations’. Thisterminology reflects the algebraic rearrangement of the standard risk equation needed to
solve for the concentration term when point estimates are used to characterize exposure and toxicity input
variables. For probabilistic risk assessment (PRA), the process for devel oping a PRG can be more complex.
This chapter presents methods and recommendations for devel oping site-specific PRGs within the framework of
PRA.

Arethere different types of PRGS?

Generic PRGs have been developed for some chemicals and exposure media using point estimates based
on standard default exposure assumptions (eg., U.S. EPA, 1991b) and toxicity criteria available in the Integrated
Risk Information System (IRIS) or Health Effects Assessment Summary Table(s) (HEAST) or from
Environmental Protection Agency’s (EPA’s) National Center for Environmental Assessment. Soil Screening
Guidance levels, Region 9's PRG table and Region 3's Risk Based Concentrations (RBCs) table are examples of
generic point estimate PRGs. Generic PRGs are often used for screening chemicals of potential concern in Data
Evaluation and Hazard | dentification steps of the risk assessment process.

w Thereisa clear distinction between generic PRGs, site-specific PRGs,
remediation goals (RGs), and cleanup levels. The focus of this chapter ison
site-specific PRGs.

At thistime, EPA does not recommend the use of PRA to develop generic PRGs. Until the science and
policy decisions associated with the use of default assumptions in PRA have evolved, generic PRGs should only
be devel oped from point estimate methods, as was donein the exampleslisted above.

Asindicated in Exhibit 5-1, site-specific PRGs generally are devel oped after the baseline risk assessment.
However, during the feasibility sudy or even later in the Superfund process, the methods described in this
chapter may be used to modify cleanup levels at the discretion of therisk manager. However, it is generally not
appropriate to use PRA for modifying cleanup levels during the feasibility study if PRA was not used in the
baseline risk assessment.

w  Risk-based PRGs areinitial guidelines and do not represent final cleanup levels.

Only after appropriate analysis in the remedial investigation/feasibility study (RI/FS), consideration of
public comments, and issuance of the record of decision (ROD) does a RG become afinal cleanup level. A
cleanup level may differ from a RG because risk managers may consider various uncertainties in the risk
estimate. While the two main criteriafor determining a cleanup level are: (1) protection of human health and the
environment, and (2) compliance with applicable or relevant and appropriate requirements (ARARS), acleanup
level may differ from the RG because of modifying criteria, such as feasibility, permanence, state and community
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acceptance, and cost effectiveness. These and other factors are reflected in the nine evaluation criteriaoutlined
inthe NCP (U.S. EPA, 1990a; 40CFR 8300.430(€)(9)(iii)) (see Chapter 1, Exhibit 1-2).

This chapter and Appendix C provide a comprehensve description of theissues associated with
developing site-specific PRGs with both point estimate and probabilistic approaches, including the use of
geostaistics. Because methods for calculating a 95% upper confidence limit for the mean (95% UCL) are
discussed fully in the Draft Guidance on Calculation of Upper Confidence Limits for Exposure Point
Concentrations at Superfund Sites (U.S. EPA, 20014) and Draft Guidance on Surface Soil Cleanup at Superfund
Stes: Applying Cleanup Levels (U.S. EPA, 2001b), they are covered only briefly inthis guidance. In general,
this chapter, Appendix C, and the Superfund guidance under devel opment should be consulted by risk assessors
when devel oping site-specific PRGs.

51 GENERAL CoNCEPTS REGARDING EPCs AND PRGs

PRGs devel oped from point estimate risk assessments and PRAswill be discussed in this section to
compare and contrast the two approaches. The PRG isaspecial case of the concentration term (or EPC) in the
risk equation. Theintent of the EPC isto represent the average chemical concentration in an environmental
medium in an exposure unit (EU) (i.e., the area throughout which a receptor moves for the duration of exposure).
The EPC should be determined for individual EUs within asite. Because an EPC is calculated from a sample,
there is uncertainty that the sample mean equal's the true mean concentration within the EU; therefore, to account
for associated uncertainty, the 95% upper confidence limit for the mean (95% UCL) is generally used for
Superfund risk assessments (U.S. EPA, 1992). For both point estimate and probabilistic approaches, the PRGis
an assumed value of the EPC that yields arisk estimate that is at or below an acceptable risk level.

= The EPC usually represents the average concentration within the EU estimated
from a sample; the PRG usually represents the average concentration within the
EU that correspondsto an acceptable level of risk.

The PRG may be thought of as a goal for the post-remediation EPC (see Section 5.1.2). Specifically,
after remediation is completed, the average concentration (or the 95% UCL used as a measure of uncertainty in
the average) for the EU should be sufficiently low to be protective of human health and the ecosystem. While the
methods used to calculate the pre- and post-remediation EPC may differ, the interpretation of the EPC remains
constant. For example, if the 95% UCL is used to represent the EPC before remediation, then the EPC following
remediation (e.g., the PRG) should also represent a 95% UCL (Bowers et al., 1996).

Risk assessors may consider both variability and uncertainty in the development of an EPC. The
calculation of a95% UCL generally requires knowledge of not only chemical concentration measurements within
the EU but also the receptor’ s behavior. Relevant information may include the variability in concentrations in the
given sample, the sampling locations, and variability in the movement and activity patterns of receptors within
the EU. A discussion of spatial and temporal variability associated with characterizing contamination in different
exposure mediais presented in Appendix C, and important sources of uncertainty in the EPC are discussed in
Section 5.1.1.

For all risk assessments, chemical concentration measurements should be collected in a manner that is
consistent with an understanding of both the source of contamination and the definition of the exposure unit. An
investment of time and resources should be made in planning, scoping, and problem formulation. Part of this
investment isto follow the Data Quality Objectives (DQO) process to obtain samples appropriate for the risk
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assessment and sufficient to support the remedial decision (U.S. EPA, 1993, 1994, 2000). Using hew methods of
sample collection and analysis such as dynamic workplans and real-time analysis may enable risk managers to get
the most “bang for the buck” from the resources available for site characterization. Information about these
methods and the DQO process is available from EPA's Office of Emergency and Remedial Response (U.S. EPA,
2001c) and Technology Innovation Office (U.S. EPA, 2001d, 2001e). Theworld wide web addressis
http://clu-in.org/charl_edu.cfmi#syst plan.

5.1.1 SouRces oF UNCERTAINTY IN THE EPC

The 95% UCL is generally used asthe EPC to represent uncertainty in the mean concentration in both
the central tendency exposure (CTE) and reasonable maximum exposure (RME) risk estimates for Superfund
(U.S. EPA, 1992). Similarly, in PRA, a probability distribution for uncertainty may be used in a two-dimensional
Monte Carlo analysis (2-D MCA) simulation (see Appendix D) to represent asource of uncertainty in the EPC.
There are numerous potential sources of uncertainty in the estimate of the true mean concentration within the EU.
The sources of uncertainty when the EPC is expressed as either a single number or adistribution are the same and
can be grouped into the following four broad categories:

(1) Uncertainty in the sample data. A limited number of measurementsin the sampl e are used to make
inferences about the EPC and the spatial distribution of concentrations at a site. Uncertainties may
arise from many factors, including both sampling variability and measurement error. As the number
of samples increases, the uncertainty generally decreases (e.g., more information will be available to
characterize the spatial distribution and variation in concentration). In point estimate risk
assessments, the 95% UCL is generally used as the EPC to account for the uncertainty in estimating
the average concentration within an EU.

(2) Uncertainty about the location of the EU. When the size of areceptor’s EU is lessthan the size of
the site, the placement of the EU may be a source of uncertainty, especialy when the contamination
is distributed unevenly across the site and the PRA includes exposure scenarios for future land uses.

(3) Uncertainty in the behavior of the receptor. Even in the case of extremely well characterized sites,
it remains uncertain whether the receptor will contact the environmental medium in a temporal
and/or spatial distribution that can be adequately represented by the environmental samples collected.

(4) Uncertainty in chemical concentrations over time. The concentration in a given medium may
undergo temporal changes, which may introduce uncertainty in estimates of along-term average.
Exampl es include the movement or attenuation of a solvent plumein groundwater; aerobic or
anaerobic degradation; the change in the average concentration in a fish population due to changes in
population dynamics; and the mixing of surface and subsurface soil over time.

A lack of knowledge in all four categories may be considered when sel ecting approaches to quantify
uncertainty in the concentration term. One of the first steps in quantifying uncertainty is to define the EU, or the
geographical areain which individual receptors are randomly exposed for arelevant exposure duration.
Depending on the receptor’ s movement and activities, an EU may be as small as a child’s play area (e.g.,
sandbox) or as large as the foraging area of an upper trophic level animal predator (e.g., an entire military base).
The relationship between the size of the EU, the movements of the target receptor, and health endpoint of
concern (i.e., acute or chronic) may dictate the appropriate use of sample datain developing an EPC. One of the
assumptions generally made for the concentration term in Superfund risk assessment is that receptors contact all
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parts of an EU at random, and that measurements are obtained from a simple (or stratified) random sample. If an
individual is randomly exposed within the same EU over along period of time, the most appropriate metric for
the EPC would be the true (but unknown) population mean of the concentrations within the EU (e.g., 95% UCL).

Often, the scale of the EU will be different (smaller or larger) than the scale of the sample data. For
example, an ecological receptor population may have a small home range relative to the size of the entire site, or
the endpoint of concern may be acute toxicity, requiring an evaluation of a short-term exposure scenario. If the
receptors are not expected to contact all parts of the site with equal probability, then the EU may be redefined so
that only a subset of the data collected for site characterization are used to estimate the EPC. In addition, the
location of the EU may be unspecified within the site because there may be multiple areas that provide suitable
habitat for the receptor population. Departing from the assumption of random exposure within one unique
geographic area presents an additional chalengeto estimating an EPC. In some cases, it may be informative to
develop multiple estimates of the EPC in a PRA. By treating the EPC as a random variable, risk assessors can
explorethe effect of uncertainty in the location of the EU. A variety of modeling approaches are available to
calculate an EPC (e.g., arithmetic mean, or 95% UCL) based on the spatial variability in chemical concentrations
measured over an area larger than the EU. Methods such as geodtatistics (see Section 5.5.2 and Appendix D),
Microexposure Event Modeling (MEE) (see Appendix D), and random walk scenarios (Hope, 2000, 2001) may
be used to quantify both the spatial and temporal variability in exposure to varying concentrations. Using these
methods, risk assessors may redefine the EU to be more representative of the random movement of the receptor
during the period of exposure. Because these modeling approaches may be considered more advanced methods
for quantifying the EPC, they are generally considered in Tier 3 of the PRA process (see Chapter 2).

5.1.2 PRrRe-AND PosT-REMEDIATION EXPOSURE POINT CONCENTRATIONS

The differences between pre- and post-remediation EPCs are discussed below. In general, both estimates
of the EPC are based on the same concepts regarding the exposed population and the definition of the EU.
However, the post-remediation EPC will tend to yield lower estimates of (post-remediation) risk and can require
more advanced methodsfor cal culating uncertainty (e.g., 95% UCL).

The pre-remediation EPC is determined based on existing site sampling at the time of the remedial
investigation, prior to remediation. By contrast, the post-remediation EPC generally is determined based on a
prediction of site conditions after remediation. For example, in surface soil, the post-remediation EPC can be
determined by substituting the nondetect level (generaly, half the laboratory reporting limit) for some of the high
concentrationsin the sample and recal culating the EPC. The underlying assumption in calculating a post-
remediation EPC is that remediation will have sufficiently reduced the chemical concentrations at the site, and
the risk existing after remediation is complete will be equal to or less than the target risk level of concern.

The preceding discussion is most applicableto surface soil PRGs. In general, compared with other
exposure media (e.g., groundwater, air), surface soil is stationary with relatively constant chemical concentrations
within an EU. For other environmental media, more complex approaches may be needed to estimate the
post-remediation EPC. Modeling of the remediation process may introduce additional uncertainty not
encountered in risk estimates based on the pre-remediation EPC.
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5.1.3 REemEDIATION AcTioN LEVELS (RALS) AND 95% UCL CALcCULATION METHODS

The EPC should incorporate knowledge about the spatial distribution of contamination, the behavior of
the receptor, the location of the EU, land use, and other factors. These factors affect both the numerical value of
an EPC and uncertainty associated with this estimate. In many cases, it is presumed factors associated with land
use will not change after remediation.

The remediation action level (RAL) isthe maximum concentration that may beleft in place at any
location within an EU such that the average concentration (or 95% UCL as a measure of the average) will not
present arisk above levels of concern. This RAL may be considered a “ not-to-exceed” threshold or action level
for the purposes of site remediation. Using surface soil as an example, areas within the EU that have
concentrations greater than the RAL may be excavated and replaced with clean fill (e.g., nondetect surrogate
values). To obtain apost-remediation EPC, the 95% UCL is calculated after substituting the surrogate nondetect
value for all measurements located within the EU that are greater than the RAL.

When appropriae, the same statistical method of uncertainty should be used to estimate UCLs for both
the pre- and post-remediation EPCs. However, in some instances, the method used for calculating the
pre-remediation EPC will beinappropriate for calculating the post-remediation EPC, because the distribution of
contaminant concentration will have changed. For example, pre-remediation site sampling may suggest that
variability in concentrations can be reasonably characterized by alognormal distribution, which would support
the use of the Land method for estimating the 95% UCL. The post-remediation site conditions, however, may
reflect a mixture of clean fill and contamination, resulting in apoor fit to alognormal distribution (see
Figure 5-3, Section 5.5.3). In this case, the Land method would not be appropriate. Because of the differencein
the statistical distribution of concentration measurements used to estimate the pre-remediation EPC and post-
remediation EPC, a non-parametric (i.e., digribution free) method should be considered for calculating
uncertainty in the average concentrations in both pre- and post-remediation scenarios. In general, when the
method used to calculate the 95% UCL for a post-remediation scenario is different than that of the pre-
remediation scenario, the 95% UCL for the pre-remediation scenario should be recd culated with the post-
remediation method. Results of this change in methodology can be presented as part of a quantitative uncertainty
analysis. Specifically, this recalculation will allow for an evaluation of the effect that a RAL has on the
confidence interval for the mean. The discordance between pre- and post-remediation distributions can be
expected to increase as the degree of remediation needed to achieve atarget risk level of concern increases.

In general, risk assessors should be aware of the practical and statistical issues associated with the
various methods of calculaing the 95% UCL, and the application of these methods to both the pre- and post-
remediation concentration distribution. Different methods can yield very different confidence intervals, some of
which are expected to yield more accurate coverage (i.e., likelihood that the confidence interval includes the
parameter) depending on characteristics of the underlying distribution of concentrations, such as distribution
shape, sample size, and variance (Gilbert, 1987; Hall, 1988). Information about a variety of parametric and non-
parametric methods, such as bootstrap resampling, can be found in The Lognormal Distribution in Environmental
Applications (U.S. EPA, 1997), Estimating EPCs When the Distribution is Neither Normal nor Lognormal
(Schulz and Griffin, 1999) and a Superfund guidance document currently under development, Draft Guidance on
Calculation of Upper Confidence Limits for Exposure Point Concentrations at Superfund Sites (U.S. EPA,
2001a).

Page 5-7



RAGSVolume 3 Part A ~ Process for Conducting Probabilistic Risk Assessment
Chapter 5~ December 31, 2001

5.14 CoNsIDERATION OF Risk FROM AcuUTE ToxIcCITY

Sometimes arisk assessment will need to address more than one health endpoint of concern (e.g., cancer
and noncancer). The RAL should be sufficiently low so that it is simultaneously protective of each endpoint of
concern. Generally, when acute toxicity is a concern, the long-term average concentration across the entire EU
may not be the appropriate metric for assessing risks. For example, asingle episode of a child ingesting a
handful of soil containing malathion may result in an acute toxic effect to that child. Therefore, the RAL must
not only be low enough to reduce the post-remediation EPC to acceptable long-term average levels, but also low
enough that acute toxicity will not be an issue. This consideration appliesto both point estimate and probabilistic
estimates of PRGs.

= For consideration of acute toxicity, the risk assessor should consult, as
appropriate, with a toxicologist in the development of RALSs.

For asmall number of chemicals, toxicity values have been determined based on acute effects (e.g., nitratein
drinking water). However, at present, EPA does not have acute toxicity criteriaor guidance on acute toxicity
appliedto the RAL. Hence, consultation with atoxicologist is vital.

515 CHARACTERIZATION OF UNCERTAINTY IN THE EPC: PoINT ESTIMATES AND DISTRIBUTIONS

In point estimate risk assessments, the 95% UCL istypically used to characterize uncertainty in the EPC
(U.S.EPA, 1992). In PRA, either a point estimate (e.g., 95% UCL) or a probability distribution may be used to
characterize uncertainty in the concentration term. The probability distribution may characterize either
variability or uncertainty. The terms probability distribution for variability (PDFv) and probability distribution
for uncertainty (PDFu) can be used to distinguish between probability distributions for variability and
uncertainty, respectively.

The decison to use a point estimate, PDFv, or PDFu, as theinput for the concentration term in a Monte
Carlo model will depend on the goals of the Monte Carlo simulation, as determined by the tiered process (see
Chapter 2). If the goal isto characterize variability in risk, in general, aone-dimensional Monte Carlo analysis
(1-D MCA) will be used and the appropriate input for the concentration term will be a point estimate that
characterizes uncertainty in the mean concentration within the EU. Asexplained in Section 5.1.1, risk assessors
will need to consider the relationship between the size of the EU, the movements of the target receptor, and
health endpoint of concern (i.e., acute or chronic) to determine how to use the available sample datato define the
EPC. A PDFuistypically not an appropriate choice for the concentration termin a 1-D MCA when the goal isto
characterize variability in risk. Mixing of a PDFu for the concentration term with PDFv’ sfor other exposure
variablesin 1-D MCA would yield a single risk distribution from which the relative contributions of variability
and uncertainty could not be evaluated. Use of a PDFu for the concentration term may be considered in
2-D MCA simulations (see Appendix D), where the goal may beto characterize both variability and uncertainty
inrisk.

When the sample sze is small and the variance islarge, the 95% UCL may exceed the maximum
detected concentration (MDC). In such a case, the MDC is generally used to estimate the EPC, although the true
mean may still be higher than this maximum value (U.S. EPA, 1992). For poorly characterized sites, there may
be considerable uncertai nty that site remediation will be sufficient to reduce the 95% UCL to a heal th-protective
level. Poor site characterization may provide an impetus for the risk manager to opt for a more health-protective
remedial alternative or to collect additional data.
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To ensure that actual cleanup based on a RAL is protective generally requires post-remediation
confirmation sampling. This step in the risk management process is emphasized further in Section 5.8 on
measurement of attainment.

516 MuLTIPLE CHEMICALS

Developing PRGs for multiple chemicals in one or more environmental mediais particularly challenging.
When multiple chemicals are present, the total risk level should be considered for regulatory purposes with each
chemical contributing a portion of the total risk. Thisissueis quite complex and usually will affect both the
calculation of the risk and devel opment of site-specific PRGs. Chemicals may exhibit different spatial and
temporal variability within the EU. Fate and transport characteristics may vary between chemicals aswell as
between different areas of the site. Co-located sampling, or geostatistical techniques (e.g., co-kriging) may
provide insights regarding relationships in spatial patterns for different chemicals (see Appendices C and D) and
the corresponding exposures for receptors.

5.2 WHEN T0 Use PRA FOR DEVELOPING PRGs

Because point estimate risk assessments and PRA employ different approaches to characterize variability
and uncertainty, the resulting RME risk estimates and calculations of PRGs are often different. The magnitude of
the difference can depend on many factors, including the number of input variables described with probability
distributions in the PRA, the choice of distributions used to characterize variability or uncertainty (especialy for
those variables that are highly ranked in a sensitivity analysis), the percentile of the probability distribution that
corresponds with RME point estimate for each input variable, and the choice of percentile from the PRA used to
represent the RME risk (e.g., 95" percentile). Since the results of a point estimate approach and PRA can be
expected to differ, but the magnitude of the difference is not known a priori, this can present achallenge in
deciding whether or not to conduct a PRA to develop a PRG. The potential advantages and disadvantages of both
the point estimate approach and the PRA can be factored into the decision (see Chapter 1, Exhibits 1-6 and 1-7).

In general, PRA may be appropriate for developing site-specific PRGs in cases where PRA has also been
used to estimate site-specific risks. Asindicated by the tiered approach (see Chapter 2), if the risk manager
determines that quantifying variability and uncertainty may enhance risk management decision making, PRA may
be warranted. If a PRA isfeasible, the risk manager should proceed to Tier 2 and employ PRA to complete the
RI/FS process. Usually, embedded in a site-specific PRG are all of the exposure assumptions and toxicity
metrics used in therisk assessment. Hence, introducing the use of PRA for PRGs in the feasibility study (or any
time after the remedial investigation and baseline risk assessment are complete) would, in effect, undermine the
tiered approach.

iz |f only point estimates were used in the risk assessment, probabilistic methods
should not be used for PRG devel opment.

If additional datahave been collected to conduct PRA, the point estimate risk assessment should be
revisited with the new data aswell. Asdiscussed in Chapter 2, apoint estimate risk assessment (Tier 1) should
always accompany a PRA. PRA isintended to enhance risk management decision making, and should not be
viewed as a substitute for point estimate approaches. Using the tiered approach, arisk assessor can determine the
appropriate level of complexity that is supported by the available information to conduct the risk assessment and
to calculate a PRG.
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53 METHODSFOR DEVELOPING PRGS

Risk assessors may use PRA to quantify sources of uncertainty and variability in the calculation of PRGs
aswell asrisks. Two of the common methods for calculating PRGs in PRA include: (1) backcalculation (see
Section 5.4), which is equivalent in concept to the point estimate calculation of a PRG; and (2) iterative forward
calculation methods,