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DISCLAIMER
L

This guidance document sets forth recommended approaches to conduct risk assessment and
other activities which are integral to the process of developing risk-based cleanup levels at RCRA
corrective action facilities in Region 10 of the United States Environmental Protection Agency.
Alternative approaches may be more appropriate at specific sites. All approaches used should be
described in full in documents generated as part of the cleanup level decision-making process.
This guidance is intended to be updated as scientific developments occur and U.S. EPA and
state rules and policies change. The user is encouraged to use the latest and best information
available for developing media cleanup levels. Users are also encouraged to submit suggestions
for updates to the guidance, or to report any errors noted, to Marcia Bailey, U.S. EPA Region 10,
at (206) 553-0684, or Bailey. marcia@epamail epa.gov.

This guidance is intended as guidance to U.S. EPA Region 10 personnel and to RCRA-regulated
facilities undergoing corrective action or clean closures in Region 10. It does not constitute final
U.S. EPA action and does not constitute rulemaking. It is not intended, nor can it be relied upon,
to create any rights enforceable by any party in litigation with the United States government. U.S.
EPA officials may decide that the guidance provided in this document should be follwed, or may
decide to act at variance with the guidance, based on an analysis of specific site circumstances.
U.S. EPA reserves the right to change the guidance at any time without public notice.
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ACRONYMS AND ABBREVIATIONS

2,4-Dichlorophenoxyacetic Acid

Title 40 of the Code of Federal Regulations

95th upper confidence limit on the arithmetic mean
Alaska Administrative Code

Dermal absorption factor

Average daily dose

Alaska Department of Environmental Conservation
Aroclor 1254

American Society for Testing and Materials
Agency for Toxic Substances and Disease Registry
Area use factor

Ambient water quality criteria

Below detection limit

California Environmentai Protection Agency
Chlorinated dibenzo-p-dioxins

Chlorinated dibenzofurans

Chronic daily intake

Comprehensive Environmental Response, Compensation, and Liability Act of 1980
Corrective measures study

Constituent of potential concern

Cancer potency factor

Comprehensive state groundwater protection plan
Conceptual site model
Dichlorodiphenyltrichloroethane

Decision error feasibility trials

U.S. Department of Defense

U.S. Department of Energy

Data quality assessment

Data quality indicators

Data quality objectives

Washington Department of Ecology

Ecological data quality levels

U.S. Environmental Protection Agency

Federal Register

Hazard index

Health Effects Assessment Summary Tables
Human health risk assessment

Hazard quotient

Hazardous and Solid Waste Amendments of 1984
Idaho Administrative Code

Idaho Division of Environmental Quality
Integrated exposure uptake biokinetic model
Integrated Risk Information System

Lifetime average daily dose

Lethal dose 50

S REPA'REMIN-TASKRREVISENFINALWASTER WPTRI2IVINIM damisae vin



L/day
LOAEL
ug/dL
ug/L
m’/hr
MCL
MCLG
MDEP
mg/kg
mg/kg-day
MRL
MTCA
NCEA
NOAA
NOAEL
OAR
ODEQ
PAH
PCB
PDF
PEF
PRA
PRG
Q/IC
QA
QAPP
QC
CMP
RAGS
RBC
RCRA
RfC
RfD
RFI
RI/FS
RME
SAP
SOP
SWMU
SVOC
TCDD
TEF
TEQ
TPH
TR

ACRONYMS AND ABBREVIATIONS (Continued)

Liters per day
Lowest-observable-adverse-effect-level
Micrograms per deciliter

Micrograms per liter

Cubic meter per hour

Maximum contaminant level

Maximum contaminant level goal
Massachusetts Department of Environmental Protection
Milligrams per kilogram

Milligrams per kilogram per day

Minimal risk [evels

Model Toxics Control Act

National Center for Environmental Assessment
National Oceanic and Atmospheric Administration
No-observable-adverse-effect-level

Oregon Administrative Rules

Oregon Department of Environmental Quality
Polynuclear aromatic hydrocarbon
Polychlorinated biphenyl

Probability density function

Particulate emission factor

Probabilistic risk assessment

Preliminary remediation goal

Dispersion factor

Quality assurance

Quality assurance project plan

Quality control

Quality management plan

Risk Assessment Guidance for Superfund
Risk-based concentration

Resource Conservation and Recovery Act
Reference concentrations

Reference dose

RCRA -facility investigation

Remedial investigation and feasibility study
Reasonable maximum exposure

Sampling and analysis plan

Standard operating procedures

Solid waste management unit

Semivolatile organic compounds
2,3,7,8-Tetrachlorodibenzo-p-dioxin
Toxicity equivalency factors

Toxic equivalent

Total petroleum hydrocarbons

Target risk
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ACRONYMS AND ABBREVIATIONS (Continued)

TRV Toxicity reference value

TWA Time-weighted average

VF Volatilization factor

VF; Soil-to-air volatilization factor

VF, Groundwater-to-indoor air volatilization factor
VOC Volatile organic compounds

WAC Washington Administrative Code
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GLOSSARY
GENERAL RISK ASSESSMENT TERMS

absorbed dose: The amount of a substance penetrating the exchange boundaries of an organism after
contact. Absorbed dose is calculated from the intake and the absorption efficiency. It usually is
expressed as mass of a substance absorbed into the body per unit body weight per unit time

{e.g., mg/kg-day).

acute effects: Adverse human or ecological impacts caused by very short-term exposure to hazardous
constituents.

administered dose: The mass of a substance given to an organism and in contact with an exchange
boundary (e.g., gastrointestinal tract) per unit body weight per unit time (e.g., mg/kg-day).

carcinogenic risks: Incremental probability that an individual will develop cancer over a lifetime as a
result of exposure to a carcinogen.

chronic effects: Adverse human or ecological impacts caused by long-term exposure to hazardous
constituents.

cleanup levels: The hazardous constituent concentrations to which a contaminated environmental
medium (e.g., soil, groundwater, surface water, sediment) must be remediated. EPA establishes cleanup
levels on a facility-by-facility basis during the remedy selection process. Determination of target
cleanup levels is a risk management decision.

conceptual site model: Schematic and/or narrative presentation of information about a facility
conditions including known and potential sources of releases of hazardous constituents, exposure
pathways, receptors, and all available information about constituents of potential concern at the facility.

data quality objectives (DQOs): Qualitative and guantitative statements relevant to facility-specific
circumstances which are to ensure that sampling and analysis data of known, documented and adequate
quality are obtained to support a risk assessment.

dose-response evaluations: The process of quantitatively evaluating toxicity information and
characterizing the relationship between the dose of a hazardous constituent received and the incidence of
adverse health effects in the exposed population.

exposure pathways: The various ways a hazardous constituent in 2 given medium can come into
contact with a receptor. For example, possible exposure pathways for contaminated soil include
ingestion of the soil, inhalation of the soil as dust, inhalation of volatile organics emanating from the soil,
and dermal contact with the soil.

exposure route: The way an environmental hazardous constituent can enter an organism. The three
primary routes are ingestion, inhalation, and dermal contact.
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RCRA hazardous constituent: Substances that have been shown in scientific studies to have toxic,
carcinogenic, mutagenic, or teratogenic effects on humans or other life forms. RCRA hazardous
constituents used in 40 CFR 261, Appendix VIII.

CERCLA hazardous substance: Elements, compounds, mixtures, solutions, and substances, which,
when released into the environment may present substantial danger to the public health or welfare or the
environment. The terms means any substances designated under the federal water pollution control act,
CERCLA, RCRA, the clean air act, and the toxic substances control act. CERCLA hazardous substance
are listed in 40 CFR 3024.

hazard index: An estimate of the risk associated with a specified exposure to a noncarcinogenic
hazardous constituent, expressed as the ratio of a substance exposure level over a specified time period to
a reference dose for that substance derived from a similar exposure.

lifetime average daily intake: Exposure expressed as mass of a substance contacted per unit body
weight per unit time, averaged over a lifetime.

linearized multistage model: One of a number of mathematical models and procedures used to
extrapolate from carcinogenic responses observed at high doses to responses expected at low doses.

95 percent upper confidence limit (95 UCL) on the arithmetic mean: Value that, when calculated
repeatedly for randomly drawn subsets of facility data, equals or exceeds the true mean 95 percent of the
time. Provides a conservative estimate of the average concentration.

quality assurance project plan (QAPP): Describes the policy, organization, functional activities, and
quality assurance and quality control protocols necessary to achieve DQOs dictated by the intended use
of the data,

receptor: An organism (human, plant, or animal) that is potentially exposed to chemical contamination
from a facility.

reference dose: An estimate (with uncertainty spanning an order of magnitude or greater) of a daily
exposure level for the human population, including sensitive subpopulations, that is likely to carry no
appreciable risk of deleterious effects during a lifetime.

cancer potency factor: A plausibie upper-bound estimate of the probability of an individual developing
cancer as a result of a lifetime of exposure to a particular level of potential carcinogen.

toxicity value: A numerical expression of a dose-response relationship for a particular substance. The
most common values used in EPA risk assessments are reference doses (for noncarcinogenic effects) and
cancer potency factors (for carcinogenic effects).

weight-of-evidence classification: An EPA classification system for characterizing the extent to which

the available data indicate that an agent is a human carcinogen. Recently, EPA has developed weight-of-
evidence classification systems for some other kinds of toxic effects, such as development effects.

§ REPAR I ETASKIREVISENFINALWMASTER WPDAI U3 IAIA Tiamiaae Xn -



weight-of-evidence: Classification of evidence from human and animal studies into categories of
sufficient, limited, inadequate, no data, or no evidence of cancer effects.

ECOLOGICAL TERMS USED BY THE U.S. ENVIRONMENTAL PROTECTION AGENCY
(1992 and 19941)

area use factor: The fraction of an organism’s home range, breeding range, or foraging range to the
area of contamination or the facility area under investigation.

assessment endpoint: A clearly defined statement of the environmental value that is to be protected.

bioaccumulation: General term describing a process by which chemicals are taken up by an organism
either directly from exposure to a contaminated medium or by consumption of food containing the
chemical. EPA’s 19941 (and new 1997) Ecological Risk Assessment Guidance for Superfund: Process
Jor Designing and Conducting Ecological Risk Assessments.

bicavailability: The degree to which a material in environmental media is assimilated by an organism.

constituents of potential concern: Chemicals detected at a facility which have the potential to
adversely affect ecological receptors because of their concentration, distribution, and mode of toxicity.

complete exposure pathway: Includes a source or release from a source, an exposure route (that is,
soil), and an exposure point (that is, dermal contact). If the exposure point differs from the source,
transport and exposure media are also included in the exposure pathway.

baseline ecological risk assessment: A comprehensive ecological risk assessment where uncertainties
of the screening-level assessment are reduced, and nonfacility-specific TRVs are refined by
incorporating data on facility-specific results from fate and transport modeling as well as exposure and
ecological effects analyses.

conceptual site model: The conceptual site model describes a series of working hypotheses of how a
stressor might affect ecological components. It also describes the ecosystem potentially at risk, the
relationship between assessment endpoint and measurements and exposure scenarios.

ecological effect: An effect where the stressor acts directly on the ecological component of interest
(direct effect). Also, an effect where the stressor acts on supporting ecological components of the
ecosystem, which in turn have an indirect effect on the ecological components of interest.

ecological niche: The functional position of an organism in its environment, comprising the habitat in
which the organism lives, the periods of time during which it occurs and is active there, and the resources
it obtains there.

ecological receptor: The biotic component (for example, organism, population, community) exposed to
a stressor.
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ecological relevance: This term is typically used in the context of identifying assessment endpoints.
Ecologically relevant assessment endpoints reflect important ecosystem components that are functionally
related to other ecosystem components and assessment endpoints

ecological risk assessment: The process that evaluates the likelihood that adverse ecological effects
may occur or are occurring as a result of exposure to one or more stressors.

ecosystem: The biotic community and the abiotic environment within a specified location in space and
time. The abiotic environment includes non-living environmental media (for example, water, soil,
sediment) and associated physical and chemical influences (for example, light, temperature, pH,
humidity).

ecotone: A narrow and fairly sharpiy defined transition zone between two or more different biotic
communities. These “edge” communities are typically species-rich. Reference: Allaby, M., editor.
1994. The Concise Oxford Dictionary of Ecology. Oxford University Press.

exposure: The contact or co-occurrence of a stressor with an ecological a receptor.

exposure area: A contaminated habitat where ecological receptors may be exposed to hazardous
constituents that may cause adverse ecological effects.

exposure point concentration: The concentration of a constituent that an ecological receptor is exposed
to through exposure routes such as ingestion, dermal contact, inhalation.

exposure profile: The product of the exposure analysis step in the ecological risk assessment. The
exposure profile summarizes the magnitude and spatial and temporal patterns of exposure for the
exposure scenarios described in the conceptual site model.

exposure scenario: A set of assumptions conceming how an exposure may occur, including
assumptions about the exposure setting, stressor characteristics, and activities that may lead to exposure.

guild: A group of species that share common ecological characteristics (for example, feeding behavior).
Guilds are defined by guild descriptors (for example, feeding guild) that may be general or specific.

Guilds may contain many or few species in response to the number of guild descriptors.

hazard index: A sum of hazard quotients for hazardous constituents of ecological concern with the
same ecological effect endpoint and/or the same mechanism of toxic effect.

hazard quotient: The ratio of a single exposure concentration or dose to a toxicity value selected for the
risk assessment (for example, lowest observed adverse effect level or no observed adverse effect level).

keystone species: A species, the presence or abundance of which can be used to assess the extent to
which ecological components of an ecosystem are impacted.

lowest observed adverse effect level: The lowest level of a stressor evaluated in a test that causes
statistically significant differences from the controls.
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measurement endpoint: A measurable ecological characteristic that is indirectly related to the
assessment endpoint.

no observed adverse effect level: The highest level of a stressor evaluated in a test that does not cause
statistically significant differences from the controls.

population: A group of organisms of the same species, occupying a given area, and capable of
interbreeding.

risk characterization: A phase of ecological risk assessment that integrates the results of the exposure
and ecological effects analysis to evaluate the likelihood of adverse ecological effects associated with
exposure to a stressor. The ecological significance of the adverse effects is discussed, including
consideration of the types and magnitudes of the effects, their spatial and temporal patterns, and the
likelihood of recovery.

screening-level ecological risk assessment: Simplified assessments that can be conducted with limited
data by assuming values for parameters for which data are lacking. Where data are lacking, assumed
values are biased in the direction of overestimating risk so the assessment can provide a defensible
conclusion of no unacceptable ecological risk.

stressor: Any physical, chemical, or biological entity that can induce an adverse response.

subpopulation: A portion of the population known or likely to be exposed to hazardous constituents at
or from the facility.

toxicological test: Tests used to evaluate relative potency of a chemical by comparing its effect on
living organisms with the effect of a standard preparation on the same type of organism.

trophic level: A functional classification of taxa within a community that is based on feeding
relationships (for example, aquatic and terrestrial plants make up the first trophic level, and herbivores
make up the second).

5 REPARININTASK RREVISETFINALWMASTER WP 127317/ Ylamusac v



EXECUTIVE SUMMARY

This guidance document provides procedures for developing human and ecological risk-based cleanup
levels for facilities undergoing corrective action and clean closure under the Resource Conservation and
Recovery Act (RCRA). The procedures are intended for use by U.S. Environmental Protection Agency

(EPA) permit writers and regulatory compliance officials as well as RCRA-regulated facilities.

This guidance document references EPA Region 10 state RCRA corrective action programs and relevant
laws and regulations. EPA guidance on determining data quality objectives and performing a data quality
assessment is summarized. The major risk assessment steps, including data evaluation, exposure
assessment, toxicity assessment, and risk characterization, are described. Methods for determining human
and ecological risk-based cleanup leveis using deterministic and probabilistic techniques are presented.
Screening-leve] ecological risk assessment methods are described. Procedures to follow when determining
compliance with cleanup levels are also described. Federal, state, and general literature references that
provide further details on the risk calculation processes are identified throughout the document.
Consultation with Region 10 human health scientists and ecologists is recommended if complex aspects of

the risk assessment process are encountered.

S AEPAR PRI MTASKTREVISETFINAL\MASTER WHIRISI-R DI BRI LD 149 Fiamicse ES- ]



INTRODUCTION



CHAPTER 1
INTRODUCTION

This guidance document provides procedures for developing human and ecological risk-based cleanup
levels for contaminated facilities undergoing corrective action and clean closure under the federal Resource
Conservation and Recovery Act (RCRA). The procedures are intended for use by permit writers and
enforcement officials as well as by RCRA-regulated facilities. The guidance is intended to enable RCRA
project managers to recommend cleanup level determinations based on risks posed to human health and the
environment by releases from the facility. The document also describes situations likely to require expert
technical assistance. A risk assessor or toxicelogist should be involved at the beginning of the RCRA

facility investigation or corrective action order negotiation process.

This guidance document updates and supersedes the previous U.S. Environmental Protection Agency
(EPA) Interim Final Guidelines for Developing Risk-Based Cleanup Levels at RCRA Sites in Region 10
document (1992a). The document also complements RCRA Facility Investigation (RFI) Guidance
(EPA 1989a). The approach in this document is intended to be consistent with the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), known as Superfuad.
In circumstances where there are no RCRA-specific guidelines or rules, Superfund guidance should be
used. Itis EPA Region 10’s objective that cleanup activities conducted under the auspices of either

Superfund or RCRA are comparably protective of human heaith and the environment (EPA 1994a).

Sections 1.1 through 1.3 provide overviews of (1) EPA’s statutory and regulatory authorities for
requiring corrective action, (2) processes for setting the human health and ecological cleanup levels, and

(3) risk characterization principles, respectively.

Additional sections of this guidance document summarize EPA Region 10 state programs (Chapter 2),
data collection and useability issues (Chapter 3), human health risk-based methods for calculating
cleanup levels (Chapter 4), ecological screening-level risk assessment and cleanup levels (Chapter 5),
probabilistic risk assessment methods and applications (Chapter 6), and determination of compliance
with cleanup levels (Chapter 7). -
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1.1 STATUTORY AND REGULATORY AUTHORITIES OVERVIEW

Application of the procedures described in this guidance is intended for RCRA facilities where releases
of hazardous constituents require corrective action or where corrective action is necessary so that a
RCRA-regulated unit may be clean-closed. EPA derives its authority for compelling corrective action at
facilities regulated under RCRA Subtitle C by a variety of statutory provisions. Before the Hazardous
and Solid Waste Amendments of 1984 (HSWA) were passed, the RCRA corrective action authorities
were limited to Section 7003, which provides authority to compel action where solid or hazardous waste
may present an imminent and substantial endangerment to human health or the environment, and
Section 3013, which provides authority for requiring investigations where the presence of hazardous
waste or releases of hazardous waste may present a substantial hazard to human health or the
environment. HSWA substantially expanded corrective action authorities for both permitted RCRA
facilities and facilities operating under interim status. Section 3004(u) of HSWA requires that any
RCRA permit issued after November 8, 1984, address corrective action for releases of hazardous wastes
or hazardous constituents from any solid waste management unit. Section 3004(v) authorizes EPA to
require corrective action by permitted facilities beyond the facility boundary where appropriate.

Section 3008(h) provides the authority to require corrective action when there has been a release of
hazardous waste or hazardous constituents from a RCRA facility operating under interim status. EPA
authority for setting cleanup levels at closing units stems from RCRA Section 3004 with regulations
promulgated in Title 40 of the Code of Federal Regulations parts 264 and 265, subpart G, which require
that, among other things, the facility must be closed in a manner that “controls, minimizes or eliminates,
to the extent necessary to protect human health and the environment, post-closure escape of hazardous
waste, hazardous constituents, leachate, contaminated run-off, or hazardous waste decomposition

products to the ground or surface waters or to the atmosphere.”

1.2 HUMAN HEALTH AND ECOLOGICAL RISK ASSESSMENTS: AN
OVERVIEW

Human health risk assessment (HHRA) and ecological risk assessment methods can be used to either
(1) calculate the risk associated with exposure to a hazardous constituent or (2) calculate a risk-based
concentration (RBC) that represents a level of exposure to a hazardous constituent that is not expected to
result in unacceptable risks to human health or the environment health. RBCs may then be used as a

1-2
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basis for determining risk-based cleanup levels. As described in Chapter 5, screening-level ecological
risk assessments may be performed to determine the need for settings ecological RBCs. The human
health and ecological risk assessment processes are similar in that they involve the identification of
potential exposure pathways, the assessment of constituent toxicity, and the characterization of risk
based on exposure and toxicity information. The output of a risk assessment is typically an estimate of
the risk of getting cancer over a lifetime (for humans) or the likelihood of other toxic effects (referred to
as hazards) occurring in humans or ecological receptors. The direct calculation of cancer risks or hazards
can incorporate cumulative exposure occurring from more than one medium (for example, soil and
groundwater exposures). Risk assessments require that data of sufficient quantity and quality be
collected to determine the nature and magnitude of contamination released from a facility and the
resulting level of potential exposures to human and ecological receptors. Uncertainty associated with the
various risk assessment steps must be described, and in some cases, it may be quantified. When relevant,
both human and ecological procedures should be applied at each facility, and the processes can be
conducted either simultaneously or sequentially. For facilities where it has been decided that both
human and ecological receptors should be protected, the protective levels for each should be compared,

and the more stringent of the two should be proposed as the cleanup level.

When risk assessment methods are used to calculate RBCs, the output is the concentration of a specific
hazardous constituent in a specific medium (for example, soil) that will not cause unacceptable cancer
risks, systemic hazards, or ecological effects. For some hazardous constituents, federal standards or
criteria have been promulgated, such as maximum contaminant levels (MCL) under the federal Safe
Drinking Water Act. Criteria and standards consider exposure and toxicity information but may also
incorporate other factors such as cost, treatment technology, and available analytical methods. Criteria
and standards promulgated by both federal and state agencies should be considered when making
cleanup level decisions, but they may not be deemed sufficiently protective on a site-specific basis.
Chapter 2 summarizes state programs, while Chapters 4 and 5 provide additional details on federal and

state agency programs related to cleanup level determination methods.
Where promulgated criteria and standards are not available or are determined to be insufficiently

protective of human health or ecological components, RBCs should be calculated using risk assessment

methods. Hazardous constituents of potentiai concern (COPC), contaminated media, and important
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exposure pathway information are first identified. Exposure assumptions and toxicity values are then
incorporated into risk assessment equations to derive RBCs for specific environmental media that do not
pose unacceptable cancer risks, hazards, or ecological risks. The RBCs can be used in the risk

management process to support the setting of cleanup tevels.

A quantitative approach to deriving human health-based RBCs is presented in this guidance, while the
development of ecological RBCs usually involves a tiered approach including a screening-level
assessment (a qualitative assessment that is presented in this document) and a subsequent comprehensive
assessment. For a HHRA, exposure and toxicity information is used to calculate specific constituent
RBCs for each environmental medium. As explained in Section 4.4, constituent screening can also be
performed using available human health risk-based concentrations that are based on significant exposure
pathways. The HHRA is concerned with just one type of receptor: the human populations potentially
affected by the facility. In an ecological risk assessment, there may be many potential ecological
receptors, including both aquatic and terrestrial organisms. A complex set of exposure pathways may be
associated with these receptors, based on how constituents may migrate through soil, water, sediment, air,
and the food chain. Each facility will have a specific set of conditions based on the types of habitat and
ecological receptors present in exposure areas. Ecological effects that may result from the complex
interrelationships among chemicals taken up by the ecological receptors must be weighed and assessed in
a series of judgements on the relative risks. In this way, one or more constituent-pathway-receptor

combinations are identified as the greatest threats to ecological health at a facility.

Flowcharts presented in Exhibits 1-1 through 1-3 summarize the dual process of developing cleanup levels

for a RCRA facility. Only environmental data of sufficient

Exhibit 1-1 demonstrates how COPCs
are identified by considering data quality,

quality and quantity are used to identify COPCs. Data needs
specific to the future determination of human health and background chemical concentrations, and
ecological cleanup levels should be determined and risk-based screening.

incorporated into the RCRA facility investigation (RFI)

work plan.

-4
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Sampling and analysis activities undertaken during the RFI should provide adequate data to evaluate all
appropriate exposure pathways and chosen ecological endpoints. Chapter 3 provides guidance on data
collection, data useability, and data evaluation issues. Steps to identify COPCs are also discussed in
Chapter 3. Risk-based screening can be performed to focus cleanup level determinations on hazardous
constituents that represent significant health concerns. Risk-based screening should be performed after

facility concentrations have been compared with promulgated standards and criteria.

Exhibit 1-2 demonstrates how Once facility hazardous constituents are identified, the first step in

human health-based cleanup the HHRA is identification of land use and exposure pathways. If

levels are determined.

promulgated standards and criteria are availabie for an identified

exposure pathway and hazardous COPCs, these criteria can be used
as cleanup levels. [f no promulgated standards exist for a specific COPC or pathway, appropriate exposure
assumptions should be made and combined with toxicity criteria to calculate RBCs. If no toxicity criteria
exist, an experienced risk assessor should be consulted. If numerous COPCs are present on a facility,
cleanup levels may require adjustment to assure that the total facility risk or hazard remaining after

cleanup is acceptable.

Problem formulation, the first step in the ecological assessment . .
P B Exhibit 1-3 shows the steps in

process, includes a facility reconnaissance to identify ecological developing cleanup levels

based on ecological
assessment.

components (habitats and biota) and potentially complete exposure

pathways of ecological concern. Ecological COPCs are also
identified during problem formulation. Incomplete exposure
pathways are removed from the ecological risk assessment process but should be reevaluated if exposure
pathways may be created based on future land use plans. If exposure pathways are identified for specific
receptors, it should be determined whether promulgated standards or criteria exist for concentrations of
COPCs for the appropriate medium. If applicable RBCs are identified, these RBCs should be considered
cleanup levels. If not, it is likely that a comprehensive ecological risk assessment will be necessary to
identify facility-specific cleanup levels. Interim corrective action may be determined appropriate if acute

health effects (for example, fish kills) are occurring. Long-term risks require evaluation following interim
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action; the focus of this guidance document is on long-term, chronic risks. Once all the necessary data are

collected and evaluated, cleanup levels can be determined.
1.3 RISK CHARACTERIZATION PRINCIPLES

Data collected at a facility will typically be evaluated to determine whether corrective action is necessary
and appropriate. Where risks are deemed to be significant enough to trigger remediation, cleanup levels
must be determined. Risk characterization principles, which are summarized below, are an important part
of the risk assessment process including the determination and communication of corrective action

decisions.

Risk characterization is an important and requisite section of every risk assessment. Although the
principles of risk characterization should be evident throughout, a separate section must summarize risk
characterization. Risk characterization integrates information from the preceding components of the risk
assessment (primarily exposure and toxicity assessment components) and synthesizes information in a
manner that is complete, informative, and useful for risk managers, stakeholders, and the public. To
support quantitative and qualitative estimates of risk, it is critical to provide information to explain and
Jjustify assumptions, methodologies used, and conclusions drawn. Risk characterizations should state and
explain why any potential COPCs or exposure pathways were eliminated from the risk assessment at any
time during the process. Risk characterizations should also discuss relative confidence in the

methodologies used, the potential impact of altemative choices, and the limitations of the analysis.

Particularly critical to complete risk characterization is a clear and complete discussion of the uncertainties
and variabilities associated with each of the components of the risk assessment. Uncertainty can be
defined as a qualitative or quantitative lack of precise knowledge about the truth. Uncertainty is typically
reducible through further measurement or study. Variability refers to the heterogeneity in a population
and is usually not reducible through further measurement or study. Uncertainty discussions help to
identify where additional information could contribute significantly to reducing uncertainties in risk
assessment and aid decision-makers in deciding whether reduced uncertainty would add value to the
overall objectives of the project. -Sections 4.8 and 5.1.5 of this document identify specific risk assessment

uncertainty issues for human and ecological receptors, respectively.

1-9
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In a 1995 memorandum and associated policy statement concerning the EPA Risk Characterization
Program (EPA 1995a and Attachment A), EPA Administrator Carol Browner stated that all risk

assessments and in particular, risk characterizations, must embrace the following fundamental values:

Transparency in decision making process
Clarity in communication

Consistency between EPA programs
Reasonableness of assumptions and policies

“Transparency” refers to the decision-making process; risks must be characterized fully and openly. Risk
characterizations should disclose the scientific analyses, uncertainties, and assumptions (both science- and
policy-based) that underlie all decisions. “Clarity™ refers to communication; the risk assessment process
should help the public better understand the relative significance of environmental risks. It is important to
note that risk characterization is a key component of risk communication, an interactive process involving
exchange of information and expert opinion among individuals, groups, and institutions. “Consistency”
and “reasonableness” refer to the core assumptions and scientific policies that are part of the risk
assessment process. Consistency among EPA risk assessments is an important goal of EPA’s risk
characterization policy. For example, CERCLA risk assessment guidance is considered appropriate for the
RCRA program, particularly because more detailed CERCLA guidance is often available. For RCRA
corrective actions and Superfund remedial actions, the actual environmental results achieved through
cleanup are expected to be environmentally equivalent. Further information on how the RCRA and
CERCLA programs overlap is documented in the EPA Region 10 (1994a) RCRA/CERCLA Interface-

Interim Final Guidance, which is included as Attachment B.

It is important that risk characterizations, like risk assessments themselves, be separate from risk
management decisions; scientific information should be selected, evaluated, and presented without
considering issues such as cost, feasibility, or how the scientific analysis might influence regulatory or
facility-specific decisions. In addition, the risk assessment process does not inciude decisions on the
public acceptability of risk levels, the value of reducing uncertainty by conducting further studies, and the
appropriate procedures for reducing facility-specific risks. The risk assessment process should delineate

both current and future risks because the time variable can impact site risks (for example, future risks may
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be greater than current risks because of remedial activities and/or potential land usage at the site). Current
or future site risks for decision making should be selected during the risk management proceedings rather
than the risk characterization. The EPA (1997g) Rules of Thumb jor Superfund Remedy Selection
identifies principles that should be consulted for risk assessments and risk management decisions. These

principles can be applied to RCRA corrective action programs.

i-11
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CHAPTER 2
STATE PROGRAMS

U.S. Environmental Protection Agency (EPA) may grant states the authority to administer Resource
Conservation and Recovery Act (RCRA) corrective action as part of their authorized RCRA permit
programs. States may promulgate their own regulations. For authorized programs, these regulations must
be at least as stringent as federal regulations, and EPA retains corrective action authority through statutory

enforcement orders in all states regardless of authorization status.

Facilities in states without authorized RCRA permit program regulations must comply with federal
regulations; however, according to the Federal Register 19457 (May 1, 1996), EPA recognizes that many
states have developed independent Superfund-like authorities and cleanup programs. Consequently, when
developing cleanup levels for a facility, the project manager should consider other promulgated state
standards or criteria, including those regarding land use classifications that may influence cleanup level
selection. Whether the corrective action is state-lead or EPA-lead, cleanup levels typically should be at
least as stringent as state standards or criteria to avoid the need for the state to revisit the corrective
measure taken at a facility. The burden is on the facility to ensure that both state and federal requirements
are met. Unlike the Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(CERCLA), RCRA statutory language does not include requirements to follow state standards as

applicable or relevant and appropriate requirements. RCRA only requires that cleanups are “protective.”

The following sections summarize the authorization status of each Region 10 state RCRA program. Only
Washington State has specific regulations for an authorized RCRA corrective action program; however,
other non-RCRA state cleanup programs are also identified, and the state agency and phone number are
provided for obtaining further information. More specific information on state programs is included where
appropriate under the human health risk assessment (HHRA) and ecological risk assessment procedure
sections of this guidance. For example, state-promulgated human health standards and criteria are

described in more detail under Section 4.3, Identification of Promulgated Standards and Criteria.
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2.1 ALASKA DEPARTMENT OF ENVIRONMENTAL CONSERVATION

The Alaska Department of Environmental Conservation (ADEC) has not applied for authorization to
manage any of the RCRA programs in lieu of EPA. ADEC is currently preparing cleanup standard
regulations for contaminated sites and associated guidance documents on HHRA, petroleum risk
evaluation methodology, and background calculation methodology. These cleanup regulations were
proposed for public comment on December 18, 1996. Current and proposed regulations are available for
download (http://www state.ak.us/dec/dec-cal.htm#Regulation). The Contaminated Sites Remediation
Program may be contacted for further information at (907) 465-5390.

2.2 IDAHO DIVISION OF ENVIRONMENTAL QUALITY

The Idaho Division of Environmental Quality (IDEQ) is authorized to operate a RCRA hazardous waste
program; however, the state only has the authority to compel corrective action at RCRA facilities with
RCRA permits. Idaho has not promulgated specific rules for setting cleanup levels at RCRA facilities and
has followed EPA guidance. [daho statutory language (Section 39-4404 of Idaho Code, Hazardous Waste
Management Act of 1983) prohibits IDEQ from promulgating rules more stringent than existing EPA
RCRA regulations. The IDEQ can be contacted at (208) 373-0502.

2.3 OREGON DEPARTMENT OF ENVIRONMENTAL QUALITY

The Oregon Department of Environmental Quality (ODEQ) is authorized to operate a RCRA hazardous
waste program, including the corrective action program. According to its corrective action authorization
application, ODEQ intends to rely on EPA risk assessment guidance documents and toxicological
databases to determine the appropriate cleanup levels for a given facility. Oregon has not promulgated
specific rules for setting cleanup levels at RCRA facilities. Facilities may calculate site-specific cleanup

levels that must be approved in advance by ODEQ.

In 1995, Oregon amended its statutory authority for environmental cleanup rules (Oregon Revised
Statutes 465.315 and 465.325), requiring that new rules be adopted for conducting risk assessments and
defining hot spots. The rules, adopted on January 10, 1997, establish protocols for HHRA and ecological

risk assessment that include deterministic and probabilistic methods. The rules apply to facilities subject
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to the state’s Superfund-like program. These rules are not currently a part of the state-authorized RCRA
program. ODEQ’s Waste Management and Cleanup Division can be contacted at (503) 229-5913 or on

the Internet at http://www.deq.state.or.us/ for further information on the state’s RCRA program.
2.4 WASHINGTON DEPARTMENT OF ECOLOGY

The Washington Department of Ecology (Ecology) is authorized to operate a RCRA hazardous waste
program, including the corrective action program. Washington’s Model Toxics Control Act (MTCA)
Cleanup Regulation, amended in January 1996 under Chapter 173-340 of the Washington Administrative
Code, establishes methods for calculating cleanup leveis. Under the alternative authorities initiative of
Ecology’s corrective action authorization application, Ecology was authorized for a RCRA corrective
action program that allows for the option of incorporating a MTCA order into RCRA permits to fulfill the
RCRA Section 3004(u) and (v) requirements that all RCRA permits must include corrective action permit
conditions. As previously noted, however, EPA retains corrective action authority through statutory
enforcement orders regardless of Ecology’s authorization status. In February 1996, Ecology published a
MTCA Cleanup Levels and Risk Calculations (CLARC 1I) Update reference document (Ecology 1996).
The MTCA cleanup regulation is described further in Chapter 4. Ecology has a comprehensive Internet
site where dozens of guidances and regulations are available for download, including those pertinent to the
Toxics Cleanup Program (http://www.wa.gov/ecology/tcp/cleanup.htmi). The Toxics Cleanup Program

can aiso be contacted toll-free at (800) 826-7716.

The Guidance for Clean Closure of Dangerous Waste Facilities (Ecology 1994) provides closure guidance
for interim and final status treatment, storage, and disposal facilities. The document provides direction for
demonstrating compliance with the clean closure performance standards and recommends the use of

MTCA residential cleanup standards.

2-3
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CHAPTER 3
DATA COLLECTION TO CHARACTERIZE FACILITY AND DETERMINE HAZARDOUS
CONSTITUENTS OF POTENTIAL CONCERN

Site-specific data of sufficient quality must be collected to determine facility conditions and the extent of any
necessary cleanup. Guidance and reference documents that describe data collection and data review
methods are summarized in the following subsections. Many of the EPA documents cited are available on
the EPA Region 10 web site (http://www.epa.gov/r1 0earth/office/oea/rl 0Ogahome.htm). Two primary

issues are addressed in Chapter 3. The first issue is identifying what data must be collected to characterize a
facility. This issue can be addressed by following the data quality objectives (DQO) process defined by U.S.
Environmental Protection Agency (EPA). Section 3.1 summarizes the DQO process. The second issue is
identifying how the samples should be collected and analyzed to assure that the data meet useability
requirements. Issues that should be considered to address data useability are described in Section 3.2.
Following data generation, a data quality assessment is completed to assure that DQOs have been met.
Following this assessment, the data are then used to identify constituents of potential concern (COPC). The
data quality assessment and COPC identification steps are described in Sections 3.3 and 3.4, respectively.
Existing facility data that have been or can be validated should be considered during the DQO process as

well as used in COPC identification, risk assessment, and compliance determinations.
The DQO process must also be applied to determine whether compliance with cleanup goals has been
achieved following remediation. Determining compliance with cleanup goals is described in Chapter 7 of

this guidance.

31 DATA QUALITY OBJECTIVES PROCESS

2D OIE AL s G 0 EPA’s Guidance for the Data Quality Objectives

programs and can be used for Resource Process (1994b) outlines a systematic planning
process for ensuring that data of sufficient quantity
and quality are collected to support defensible
corrective action situations, where the facility | decision making,.

Conservation and Recovery Act (RCRA)

is typically responsible for proposing
sampling and analysis activities through draft and final RCRA facility investigation (RFI) work plans. The

DQO process provides a procedure for defining criteria that a data collection design should satisfy,
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including when, where, and how many samples to collect. The DQO guidance recommends the use of
statistical methods for identifying tolerable levels of decision errors (that is, type 1 and type 2 errors) and
the number of samples required to meet these decision error levels. DQOs are defined during the first six
steps of the process. The data collection design is then developed in a seventh step, based on the DQOs.
All of the DQO steps should be specified in work plans submitted to the agency when sampling and

analyses are being proposed.

EPA’s DQO process is currently being developed and may change as guidance documents are developed
and updated. The seven DQO steps are highlighted as follows and are briefly described in Sections 3.1.1
through 3.1.7. Current EPA guidance documents that provide more detail on the DQO process are also
identified.

The DQO process combines elements of both planning and problem formulation in its seven-step
format.

Step 1: State the problem. Review existing information to concisely describe the problem to be
studied.

Step 2: Identify the decision. Determine what questions the study will try to resolve and what
actions may result.

Step 3: Identify the inputs to the decision. ldentify information and measures needed to resolve
the decision statement,

Step 4: Define boundaries of the study. Specify time and spatial parameters as well as where and
when data should be collected.

Step 5: Develop a decision rule. Define statistical parameter, action level, and logical basis for
choosing alternatives.

Step 6: Specify tolerable limits on decision errors. Define limits based on the consequences of an
incorrect decision.

Step 7: Optimize the design for obtaining data. Generate alternative data collection designs and
choose most resource-effective design that meets all DQOs.
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3.1.1 Step 1: State the Problem

Step | requires that the problem be defined. This step will include summarizing existing facility
information, such as historical waste management activities and environmental data (including but not
limited to information in the RCRA facility assessment). In the RFI stage, the problem is typically
determining what additional data are required to characterize the type and concentration of hazardous
constituents associated with releases from solid waste management units (SWMU). The problem should
be defined as concisely as possible, focusing on such issues as the media of concern, land use, location of
human and ecological receptors, and magnitude of contamination. A more specific problem may be what
data are needed to determine whether hazardous constituents are present at concentrations greater than

either preliminary background or risk-based screening concentrations.

A conceptual site model (CSM) is a useful tool for defining facility conditions and the types of data
collection that may be required. EPA Superfund Guidance for Conducting Remedial Investigations and
Feasibility Studies Under CERCLA, Interim Final (EPA 1988) provides information on how a CSM can be
developed. As stated in that documeant, the CSM should include known and suspected sources of
contamination, types of constituents and affected media, known and potential routes of migration, and
known or potential human and environmental receptors. The American Society for Testing and Materials
(ASTM) Standard Guide for Developing Conceptual Site Models for Contaminated Sites also provides
guidance for developing a CSM (ASTM 1995a). The CSM can be used to help identify locations where
sampling is necessary. The CSM can also be used to identify the types of exposures that may result from
facility contamination and the cleanup levels required to address these potential exposures. Human health

and ecological exposure issues are further discussed in Chapters 4 and 5 of this cleanup level guidance.

3.1.2 Step 2: Identify the Decision

Step 2 requires that the principle study question be identified and a decision statement defined to link the
study question to possible alternative actions. The principle study question is defined by reviewing the
Step | problem. In the RFI, the study question is likely to be “are hazardous constituents present on a
SWMU at concentrations that exceed screening or preliminary background levels?” or a similar issue.
Possible aiternative actions that may be taken are then identified, including the alternative that “no action”

is required. For example, the.action related to the principle study question may be “remediation is
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required if the screening level is exceeded” or alternatively, “no remediation is required if the screening
level is not exceeded.” These alternative actions form the basis for defining decision performance criteria

in Step 6.

313 Step 3: Identify the Inputs to the Decision

In Step 3, the types of data or information that will be required to resolve the Step 2 decision statements
are identified. This inciudes determining whether environmental measurements are required and further
defining the types of measurement data. The sources of this information should be identified (for
example, historical data or new data collection). For the RFI, constituent concentration levels in the media
of concern will likely be required (for example, the average concentration of a constituent in soil). Other
measurements such as soil and hydrogeological parameters may also be required to support site

characterization through fate and transport information.

The basis for setting screening levels should also be defined in this step. Screening levels may be based on
existing standards and criteria (for example, groundwater maximum contaminant levels), risk-based
concentrations (RBC) (for example, soil RBCs based on residential land use), or preliminary site-specific

background data (for example, background metals data).

3.1.4 Step 4: Define Boundaries of the Study

Step 4 requires that the spatial and temporal boundaries of the problem be defined. Spatial boundaries
define the physical area to be studied and locations to collect samples. According to the Geostatistical
Sampling and Evaluation Guidance for Soils and Solid Media published by EPA in 1996, temporal
boundaries determine the time frame that the study data will represent and when samples should be

collected (EPA 1996a).

The main purpose of this step is to identify, to the extent possible, a well defined data population that can
be statistically evaluated. In an RFI, sampling should be conducted to characterize the nature and extent of
contamination in areas where releases are suspected to have occurred. These study areas should focus on

waste management activities to define areas with similar contamination (for example, the concentration of
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a constituent released from a single SWMU). In practice, areas of homogenous contamination may not be
present or readily identifiable. The EPA Soil Screening Guidance: User 's Guide (1996b) recommends
defining study areas by stratifying the site into known, suspected, and unlikely contaminated areas. The
study area can also be defined as an area where contamination may be present as a hot spot, and a

sampling program could provide acceptable probability that hot spots of a specific size will be detected.

In addition to segregation by waste management activities, study boundaries may be defined by the type of
exposure that could occur. For example, if a large area of contaminated soil may be subdivided for future
residential development, it may be necessary to subdivide the SWMU into smailer “residential size”
exposure areas for data collection. Constituent releases that leave the SWMU area may enlarge the
boundary of the study area (for example, a groundwater contaminant plume). In this situation, monitoring
wells located along a plume’s center line may define the study boundaries. The average groundwater
concentration over a minimum of four calendar quarters of groundwater monitoring may define the

termporal boundaries of the study (EPA 1993a).

Chapter 3 of Methods for Evaluating the Attainment of Cleanup Standards, Volume 1: Soils and Solid
Media (EPA 1989b) provides further information on the identification of discrete study areas to determine
cleanup decisions for soil. Section 2.3 of EPA’s Soil Screening Guidance: Users Guide (1996b) also
provides guidance on identifying surface and subsurface soil study areas. EPA’s Supplemental Guidance
fo RAGS: Estimating Risk from Groundwater Contamination (1993a) discusses approaches for delineating
groundwater exposure areas for Superfund risk assessments. Once study areas are defined, the areas will
be sampled to determine whether the constituent’s concentration exceeds a screening level or whether hot

spots are present.

3.1.5 Step 5: Develop a Decision Rule

Step 5 requires that a decision rule be developed to define the conditions that would necessitate the choice
of an alternative action. The decision rule is formed from elements defined during previous DQO tasks,
including (1) the parameters of interest defined in Step 3, such as the average concentration of a
constituent in soil; (2) the screening levels defined in Step 3, such as the soil RBC; (3) the study boundary
defined in Step 4, such as soil located in a SWMU spill area; and (4) the principle study question and

alternative actions defined in Step 2. The decision rule is an “if . . . then” statement that incorporates the
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previous information. For example, if the parameter of interest (average concentration of constituent
released to soil) within the study area (the SWMU spill area) is greater than the screening level (the soil
RBC), then alternative action A should be taken (for example, remove contaminated soil); otherwise,

alternative action B should be taken (for example, leave soil in place).

Step 3 requires that a general basis for defining facility conditions and screening criteria be defined. For
example, the facility parameter of interest may be the constituent concentration at a SWMU, while the
screening criteria may be a promulgated standard, a RBC, or a preliminary background level. In Step 5,
the facility parameter and screening criteria must be specifically defined and incorporated into the decision
rule. In the previous example, the average soil concentration of the constituent in a SWMU area is defined
as the specific facility parameter, while the screening criteria is defined as a specific soil RBC (for

example, residential land use RBC based on soil contact).

When determining the presence of hot spots, the decision rule must incorporate the size (radius) of the
potential hot spot that may exist in the study area and the distance between sampling locations within the

study area sampling grid.

More than one constituent may be present at a SWMU. For the purpose of SWMU characterization, the
constituent that will require the most significant data collection to determine whether a release has
occurred above screening levels should be identified and used in the decision rule. This constituent
typically will exhibit the highest variability in concentratioﬁ or will be detected in a concentration closest

10 the screening level.
3.1.6 Step 6: Specify Tolerable Limits on Decision Errors

Step 6 requires that the decisions maker’s tolerable limits on decision errors be specified. The true value
of the population parameter being measured (for example, the average constituent concentration) can
never be exactly defined based on sampling design and measurement design errors. An error may be made
during Step 5 since the decision is based on measurement data. A decision error occurs when the data
mislead the decision maker into concluding that the parameter of interest is on one side of a screening

level (for example, greater than the screening level) when it is actually on the other side (that is, less than
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the screening level). The possibility of decision errors can never be totally eliminated, but it can be

controlled. For example, a large number of samples may be collected to control sampling design errors.

Chapter 6 of Guidance for the Data Quality Objectives Process (EPA 1994b) explains how the probability
of decisions errors can be controlled by adopting a scientific approach that incorporates hypothesis testing.
The method includes (1) defining the two types of decision errors (that is, false positive [a] and false
negative [B] decision errors), (2) evaluating the consequence of each error, (3) identifying the error with
more severe consequences near the cleanup level, (4) defining a null hypothesis that is equal to the true
state of nature that exists when the more severe decision error occurs, (5) estimating the range of
parameter values near the cleanup level where the consequences of decision errors are relatively minor
(defined as the grey area), and (6) assigning probability values to points above and below the grey area

that reflect the decision maker’s tolerable limits for making an incorrect decision.

For example, the decision maker may want to know whether a hazardous constituent is present in a
SWMU at an average concentration that exceeds a screening level. The decision maker may view the
consequence of deciding that the average concentration is less than the screening level when it is actually
greater than the screening level as the more severe decision error. The null hypothesis would then be that
the average concentration exceeds the screening level (enough data must now be collected to reject the null
hypothesis if it is false). A conclusion that the concentration is less than the screening level when it is
actually greater would be a false positive error, while a conclusion that the concentration is greater than
the screening level when it is actually less would be a false negative error. The decision maker then
establishes a grey area near the action level. The boundaries of the grey area are the action level and the
point below the action level where the consequences of a false negative error begin to become significant.
The actual grey area interval is the concentration range near the action level where the decision maker
determines it is not necessary or feasible to control the probability of a false negative error (for example,
because the consequences of this error are minor, or because the costs of collecting enough samples are
prohibitively high). The decision maker then sets allowable decision error probabilities at points above
(false positive errors) and below (false negative errors) the screening level, starting at the boundaries of
the grey area where the consequences of errors are minor and/or expensive to control. The “tolerable
limits™ are the intervals of concentration above or below the grey area where allowable decision errors are

set. Generally, the wider the interval, the lesser the decision error probability that will be accepted.
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A similar DQO evaluation is performed when determining compliance with a cleanup level (see

Chapter 7). Detailed examples of DQO evaluations have been developed by EPA (Guidance for the Data
Quality Objectives Process [1994b], and Data Quality Objectives Decision Error Feasibility Trials
(DOQO/DEFT) Users Guide [1994c]) and are included in Attachment C.

3.1.7 Step 7: Optimize the Design for Obtaining Data

As stated in the Guidance for the Data Quality Objectives Process (EPA 1994b), DQOs are qualitative and
quantitative statements derived from the outputs of Steps 1 through 6 that help to accomplish the following

tasks:
. Clarify study objectives
. Define appropriate type of data to collect
. Determine conditions from which to collect the data
. Specify tolerable fimits on decision errors to be used as the basis for establishing the

quality and quantity of data needed to support the decision

Step 7 includes identifying a resource-effective data collection (sampling) strategy for generating data that
are expected to satisfy the DQOs. The sampling strategy typically will focus on the sampling design, the
sample size, and the analytical methods required to meet the DQOs. A primary requirement of Step 7 will
be to define a statistical method for testing the Step 6 hypothesis and a sampie size formula that
corresponds to the statistical method and the sample design. EPA has published several guidance
documents on the selection of appropriate statistical models for determining sample sizes and sample
designs. These documents are listed in the Chapter 7 discussion of compliance with cleanup levels.

Similar statistical models can be used in both site characterization and compliance determinations.

It is preferable to selected analytical methods that can be used to detect constituents at reasonable
concentrations well below the screening levels, to reduce the potential for false negatives, and to increase
confidence in the quantification of positive hits. A cost function that relates the number of samples to total

cost may also be defined. The cost function may be used to support the proposal of a cost-effective
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sampling strategy that meets the DQOs. Generally, the lower the probability of an error that the decision

maker is willing to accept, the greater the sampling effort and costs required to meet the DQOs.

The output of Step 7 will be a sampling strategy that defines sampling design, sample numbers. and
analytical methods. Section 3.2 further describes methods that should be followed to assure that the

sample data collected are of acceptable quality.

3.2 DATA USEABILITY

Sampling and analysis activities should provide adequate data to evaiuate all appropriate exposure
pathways and chosen ecological endpoints. The sampling plan should be designed with all data uses
(human health, ecological, and others uses) in mind, including attainment of cleanup levels. Hence,
human health and ecological risk assessors and others must be involved in the designing of sampling
plans. These plans should ensure that the issues in the data useability work sheet {Attachment D) can be

adequately responded to after data have been collected.

The Final Guidance for Data Useability in Risk Assessment Part A The Final Guidance for Data

Useability in Risk Assessment

p 9 ides i . .
(EPA 1992b) provides risk assessors and remedial project (Part 4) (EPA 1992b)

managers with nationally consistent procedures to plan and assess discusses the six data
. . . useability criteria involved in
sampling and analysis of useable environmental data. planning an initial site
Chapters 4 and 5 of EPA’s Risk Assessment Guidance for investigation or an
investigation to determine
Superfund, Volume 1, Human Health Evaluation Manual (Part A) compliance with cleanup

levels: data sources,

(EPA 1989¢) discuss data collection and data evaluation, documentation, analytical

respec[ively_ methods and quantitation
limits, data quality indicators
(DQMD), data review, and
reports to risk assessors,

3.2.1 Data Sources

The data sources selected (for example, field screening, field analytical, fixed analytical) depend on the
type of data required and their intended use. The data sources must be comparable if data are combined
for quantitative use. For example, field screening and fixed laboratory data should not be combined for a
quantitative analysis. These separate data sources can, however, be used to complement one another.

Field screening data may be used to delineate soil contamination, while fixed laboratory data would be

3-9
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used to quantify the contamination. If field analytical screening results are going to be used quantitatively,

it must be demonstrated that they are of sufficient quality to meet DQOs.
3.2.2 Documentation

Sample collection and analysis procedures must be fully and accurately documented to substantiate the
reliability of the data derived from its analysis. The major types of documentation are quality assurance
project plans (QAPP), quality management plans (QMP), standard operating procedures, field and

analytical records, and chain-of custody records.

In addition, data quality indicators (DQI) (see Section 3.2.4) for assessing results against stated

perforinance objectives should be documented in the QAPP.

EPA policy requires that all environmental data used in decision making be supported by an approved
QAPP. A QAPP is required for each specific project or continuing operation. The QAPP documents how
quality assurance (QA) and quality control (QC) are applied to an environmental data operation to assure
that the results obtained are of the type and quality needed for a specific decision or use. QA is an
integrated system of management activities involving planning, implementation, assessment, reporting,
and quality improvement to ensure that a process, item, or service is of the type and quality needed and
expected. QC is the overall system of technical activities that measures the attributes and performance of

a process, item, or service against defined standards to verify that they meet the stated requirements.

Current EPA requirements for QAPPs are presented in the Interim Guidelines and Specifications for
Prepuring Quality Assurance Project Plans (EPA 1980). Current EPA requirements for QMPs are
presented in the Guidelines and Specifications for Preparing Quality Assurance Program Plans

(EPA 1979). EPA is updating the QA/QC requirements. The updated document, EPA4 Requirements for
Quality Assurance Project Plans for Environmental Data Operations, is currently in the draft interim final
stage (EPA 1994d). A draft interim final version of EPA Guidance on Quality Assurance Project Plans
(QA/G-3) is also available, as is the draft updated document, EPA Requirements for Quality Management
Plans (EPA 1994¢) which will replace the quality assurance program plan guidelines. EPA Region 10's

quality assurance office has indicated that use of the draft documents is preferable to the use of older
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documents, but ultimately that is the decision of the RCRA project manager. The EPA Region 10 web site
contains news about the finalization of the draft documents (http://www.epa.gov/t10earth/office/oea/
rl0gahome.htm). In addition, Federal Register 19445 (May 1, 1996) cites Quality Assurance Project
Plans for RCRA Ground-Water Monitoring and Corrective Action Activities (EPA 1993b) guidance for

information on incorporating DQOs in the decision-making process at RCRA facilities.

The Interim Guidelines and Specifications for Preparing Quality Assurance Project Plans (EPA 1980)
describe 16 elements that must be considered for inclusion in all QAPPs, recommend the format to be
followed, and specify how plans wili be reviewed and approved. All QAPPs must describe procedures that
will be used to document and report precision, accuracy, and completeness of environmental
measurements. The 16 essential elements described must each be considered and addressed unless it is

documented that a particular element is not relevant to the project.

3.2.3 Analytical Methods, Detection Limits, and Quantitation Limits

Analytical methods selected should meet the required detection limits for metals and quantitation limits
for nonmetals that are at or below facility-specific screening or cleanup levels. If facility-specific cleanup
levels have yet to be determined, the EPA Region 9 preliminary remediation goals (PRG) described in
Section 4.5 and presented in Attachment E can be used to determine adequate detection and quantitation
limits for protection of human health (using a hazard quotient [HQ] of 0.1; Region 9 PRGs are based on a
HQ of 1.0 ) {EPA 1996c). The term “PRG"” has the same meaning as “risk based concentration (RBC).”
Appendix I} of the Final Guidance for Data Useability in Risk Assessment (Part A} (EPA 1992b) lists
various analytical methods and associated detection and quantitation limits by chemical for human health.
Ecological data quality levels developed by EPA Region 5 (1995b) can be used to determine adequate
detection and quantitation limits for ecological health. A chemist should be consulted for assistance in
choosing an analytical method when those available have detection or quantitation limits near the cleanup

level or PRG.

3.24 Data Quality Indicators

DQIs are identified during the development of the DQOs to quantitatively measure the achievement of QA

objectives. The five DQIs discussed by EPA (1992b) are completeness, comparability, representativeness,
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precision, and accuracy. QA objectives for these DQIs should be listed in the QAPP. Precision is a
quantitative measure of variability, comparing facility samples to the mean. Results of QC samples (field
and/or laboratory duplicates) are used to calculate the precision of the analytical or sampling process.
Accuracy is a measure of the closeness of a reported concentration to the true values. This measure is
usually expressed as bias (high or low) and is determined by calculating percent recovery from spiked
samples. Completeness is a measure of the amount of useable data resulting from what was planned for a
data collection effort. Representativeness is the extent to which data define the conditions at a facility.
Comparability refers to the ability to combine or compare results across sampling episodes and time

periods.

325 Data Review

DQOs dictate the level and amount of data review required. The level of data review refers to which
evaluation criteria are selected, ranging from generalized criteria (for example, holding time) to
analyte-specific criteria (for example, recovery of a surrogate spike for organic compounds or analyte

. spike recovery for inorganic compounds). Analytical results, QC sample results, and raw data for
chemicals analyzed to determine compliance with cleanup levels should undergo a full data review. A full
data review is very labor intensive and includes checking the raw laboratory data against a number of data
review criteria and spot checking (recalculation) values reported by the laboratory. A partial data review
may only involve looking at the summary QC information reported by the laboratory. A full data review
minimizes false positives, false negatives, calculation errors, and transcription errors. EPA data review
cuidance for Contract Laboratory Program data inciudes U.S. Environmental Protection Agency Contract
Laboratory Program National Functional Guidelines for Organic Data Review (1994f) and U.S.
Environmental Protection Agency Contract Laboratory Program National Functional Guidelines for
Inorganic Data Review (1994g). Data review criteria presented in these guidance documents must be
considered when developing the site-specific QAPP; however, some aspects of these documents may not
be applicable to a specific site or some types of analyses. Generalized and analyte-specific criteria must
be presented in the site-specific QAPP. When large numbers of samples (50 or more) are collected, the
amount of data to be reviewed should be determined based on expense, types of analyses, and historical

knowledge.
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The data review must provide a narrative summary describing specific sampling or analytical problems,
data qualification flags, level of review (full or partial and what was reviewed), detection and quantitation

limit definitions, and interpretation of QC data.

The decision maker must consider the completeness of the data and verify that detection and quantitation

limits were adequate to distinguish constituent concentrations from cleanup levels. All validated, useable
data should then be considered during the data quality assessment (Section 3.3) to determine whether the

sample design and the resuliting validated data set are adequate for characterizing the facility and

determining compliance with cleanup levels.

3.2.6 Reports from Sampling and Analysis

Preliminary reports assist in identifying sampling or analytical problems early enough so that corrections

can be made during data collection and before sampling or analysis resources are exhausted.

3.3 DATA QUALITY ASSESSMENT

Data collected and validated in accordance with the QAPP must be assessed to determine whether the
DQOs have been satisfied. EPA Guidance for Data Quality Assessment (1996d) describes data quality
assessment (DQA) methods. The primary objective is to determine whether the collected data meet the
DQO assumptions and whether the data user can then make a decision with the desired confidence. A
preliminary data review should also be performed to evaluate the structure of the data (for example,
common statistical parameters and data distribution type) and assess the accuracy of the sampling design.
Data characteristics should be consistent with statistical assumptions made during the DQO process (for
example, distribution type, nondetection frequency, variance). If the data do not support underlying
statistical assumptions, corrections must be performed to meet the decision maker’s needs. This may
include the selection of a different statistical approach or the need for additional data collection and a
revised sampling design. Once an appropriate statistical test has been identified, the DQO decision rule is

tested to reach a conclusion regarding compliance with the screening level (EPA 1996d).
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34 IDENTIFICATION OF HAZARDQUS CONSTITUENTS OF POTENTIAL
CONCERN
COPCs should be identified so that a risk assessment or cleanup level determination can be focused on
hazardous constituents that pose the primary health threat. To identify COPCs, the data useability review
and DQA discussed in Sections 3.2 and 3.3 are first performed. Sampling data that have been validated
and determined to meet QAPP requirements should be consideﬁd, and all constituents detected should
initially be included as COPCs. All data should be summarized and submitted to regulatory agency
personnel. Deliverables should include the following information for all data including detected and non-
detection sample results: sampling date, sample location map, sample media, sample detection limits,

sample results, and sample qualifiers.

If the purpose of COPC identification is to perform a risk assessment, then risk-based screening is the next
step of the COPC identification process. Hazardous constituents in each medium present at maximum
concentrations which are below certain RBCs can be screened from further consideration. If the purpose
of the COPC identification is to caiculate cleanup levels, the risk-based screening step should be
performed after promulgated standards and criteria have been considered for cleanup levels. As further
described in Section 4.3, available criteria and standards should be used as cleanup levels unless

determined on a facility-specific basis to be insufficiently protective of human health and the environment.

Since human health and ecological risk-based screening methods may vary, risk-based screening
approaches are described in Section 4.4 (human health) and Chapter 5 (ecological). Following data
evaluation and relevant risk-based screening, the remaining COPCs should be carried through the human
health risk assessment or considered in the cleanup level determination. Exhibit 1-1 presents the COPC

screening process relative to setting cleanup levels.

A preliminary background evaluation may be performed to determine whether the detected constituents
are related to the facility or potentially associated with background or ambient conditions. The
background evaluation is typically performed only for inorganic compounds that may naturally occur in
soil or water; however, the evaluation of organic constituents may also be performed on a case-by-case
basis if it can conclusively be determined that nonfacility-related organic contamination is present.
Likewise, inorganic compounds associated with nonfacility-related anthropogenic sources may require

evaluation, such as releases of lead from leaded gasoline. The DQO process and associated guidance
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documents discussed in Section 3.1 and Chapter 7 should be followed when collecting data for facility and
background comparisons. The collected data are evaluated to determine that requirements specified in the
QAPP, including DQOs, have been met. The background data are then compared with site data using the
appropriate statistical tests identified during the DQO and DQA steps.

Elimination of constituents from the quantification of facility risks, based on claims or assumptions that
the constituents are not related to the facility, should not be allowed unless the following can be
demonstrated: adequate sampling, analyses, and statistical tests conducted following DQO and DQA
procedures should indicate that the constituents truly are not related to the facility. Any constituents that
are eliminated from the quantification of risk based on background conditions must be carried through to
the risk characterization section of the risk assessment, where they should be discussed qualitatively along
with a description of the justifications for the elimination. In the absence of sufficient evidence,
background screening should not be performed before risk assessment or cleanup level determinations.
Additional data may be collected if constituents suspected (but not adequately demonstrated) to be
nonfacility-related have a significant impact on cleanup level determinations (for example, if they are
present at concentrations above cleanup levels or if they have a significant effect on a cleanup level

incorporating risks from multiple constituents).

A generalized approach for comparing facility conditions with background is presented by the

EPA (1994h) in the Region 8 Superfund Technical Guidance, RA-03: Evaluating and Identifving
Contaminants of Concern for Human Health, included as Attachment F In the guidance, EPA describes
two types of statistical comparisons that can be made between samples collected from background and
contaminated facilities: (1) distributional tests and (2) extreme value tests, EPA describes each
comparison type and recommends specific distributional tests. The distribution of the facility and
background data sets as well as the percent of detections in each data set are considered when selecting
appropriate tests. Attachment F should be consulted for further information on background statistical

testing. In addition, the following updated information should also be considered:

. The Guidance for Data Quality Assessment, Practical Methods for Data Analysis
(EPA 1996d) provides information on summarizing data and performing statistical tests.
EPA will also soon publish the “Data Quality Evaluation Statistical Toolbox
(DATAQUEST)” software, which will include software for running some statistical tests.
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. In addition to the Wilcoxon rank sum test and student’s t-test cited by EPA Region 8 ~
(1994h) for distributional tests, the quantile test can be used to check for extreme values.
Other nonparametric (distribution free) outlier tests that are designed to test groups of data
may be substituted for the quantile test.

. At the decision points involving percent detections on Figure 2 in Attachment F (EPA
1994h), if either data set (background or facility) is less than the criterion, use the “less
than” or “yes” branch.

. If more than half of the results in either data set are nondetected, use a test of proportions
with a suitable choice of percentile (see Section 3.3.2.1 of EPA 1996d) instead of the
Wilcoxon rank sum or quantile tests. If the data set are not comparable (that is, there are
major differences in the quantitation limits for the nondetected results), consult a
statistician.

Additional reference information is presented in a letter regarding background comparison methods for
Rocky Flats Plant prepared by Richard O. Gilbert, Ph.D. (1993). The letter identifies a variety of
statistical tests that can be used for background comparisons, including many of the tests identified in the
EPA documents cited in Chapters 3 and 7. The report describes a series of parametric and nonparametric
tests and also recommends that a “hot measurement™ comparison be performed to identify hot spots
(extreme values). Examples of how to perform the statistical tests are presented. More detailed
information on statistical testing can be obtained from Statistical Methods for Environmental Pollution

Monitoring (Gilbert 1987).

The EPA Determination of Background Concentrations of Inorganics in Soils and Sediments at Hazardous
Waste Sites (1995¢) report also provides guidance on technical issues that must be considered when
determining whether a site contains elevated levels of inorganic compounds rela;tive to the local
background concentrations. Technical issues discussed include the selection of background sampling
locations, considerations in the selection of sampling procedures, and statistical analyses for determining

whether constituent levels are significantly different on a potential waste site and a background site.

S REPA'R 1NN TASKEREVISEXFINALIMASTER WPDAL MR RV SONERIZA 1M T Mamidae 3- 1 6



HUMAN HEALTH



CHAPTER 4
HUMAN HEALTH RISK ASSESSMENT PROCEDURES

Data collected during a Resource Conservation and Recovery (RCRA) facility investigation (RFI),
ongoing monitoring results, and any other available applicable and useful environmental sampling
information are used to assess risks to human health and the environment so it can be determined whether

there is a need for corrective action.

Four primary risk assessment steps; The data collection and evaluation step is described in

Chapter 3: relevant site data are collected, and the data

. Data collection and
. i of acceptable quality for risk
evaluation are determined to be P quality s
. Exposure assessment assessment. Exposure assessment, toxicity assessment,

. Toxicity assessment
) Risk characterization

and risk characterization are described in this chapter.

The exposure assessment and toxicity assessment steps may
be performed concurrently. During the exposure assessment step, (1) constituent releases, (2) exposure
pathways into which constituents may then migrate, and (3) potential human exposures to constituents that
may occur are all identified. Constituent concentrations in exposure pathway media and resulting
constituent doses to humans are calculated during the exposure assessment. During the toxicity
assessment, toxicity factors are compiled. Toxicity factors represent the relationship between the
constituent dose received by a person and the resulting adverse response that may occur. The results of the
exposure and toxicity assessments are combined during the risk characterization step to characterize the
potential for adverse health effects to occur. During the risk characterization step, cancer risks and

noncancer hazards are estimated quantitatively where possible.

This chapter on human heaith procedures focuses on how to develop facility-specific media cleanup
standards for the protection of human health. The type of exposure pathways and land uses that may occur
on the facility must first be determined (Sections 4.1 and 4.2). Available media-specific criteria and
standards are then identified (Section 4.3) since they are frequently used as cleanup levels. When
promulgated standards and criteria do not exist, protective media cleanup standards can be developed
using the human health risk assessment (HHRA) method. Hazardous constituents can first be screened
using preliminary {that is, nonfacility-specific) risk-based concentrations (RBC) to identify constituents of

potential concerns (COPC) (that is, those constituents present at concentrations at or above concentrations
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that may be associated with significant health concern) (Section 4.4). Facility-specific RBCs are then

calculated for the COPCs using the exposure assessment, toxicity assessment, and risk characterization

steps. Exposure parameters and toxicity values are identified for COPCs (Sections 4.5 and 4.6). The

exposure and toxicity information is then combined to calculate a health-based RBC that correlates with a

target, or acceptable, risk level once that level has been determined (Section 4.7). Facility-specific RBCs

may then be used as the basis for setting risk-based cleanup levels. COPCs that may be nonfacility-

related, such as naturally occurring metals, should be compared with background levels before final

cleanup level determinations are made. This process is discussed in Section 3.4.

4.1 EXPOSURE ASSESSMENT: IDENTIFICATION OF EXPOSURE PATHWAYS

The steps of an exposure assessment include characterization of the exposure setting, identification of

exposure pathways, and quantification of exposure. In the first step, the facility is characterized with

respect to the general physical characteristics (for example, climate, vegetation, groundwater hydrology,

surface water) and the characteristics of the potentially exposed populations on or near the facility. This

Exposure is defined as the
contact of a person with a
chemical or physical agent.
There are three primary routes
by which hazardous constituents
released to the environment can
enter the body: ingestion,
inhalation, and dermal contact.
Exposure pathways are the
course a constituent takes from a
source to an exposed organism
{for example, soil ingestion, or
inhalation of volatiles from
groundwater). A complete
exposure pathway consists of
the following four elements:

(1) 2 source and mechanism of
chemical release, (2) a retention
or transport medium, (3) a point
of potential human contact with
the contaminated medium, and
(4} an exposure route (for
example, ingestion) at the
contact point,

section discusses the second step: identification of exposure pathways.
The third step, quantification of exposure, is discussed in Sections 4.5
through 4.7. For additional exposure assessment discussions, see the
U.S. Environmental Protection Agency (EPA) Exposure Assessment
Guidelines (1992c¢), Risk Assessment Guidance for Superfund,

Volume 1, Human Health Evaluation Manual (Part A}, (RAGs)
Chapter 6 (1989c), and the Exposure Factors Handbook (1989d and
1996e update).

Table 4-1 summarizes potential exposure pathways (also called
exposure routes) for human receptors at a typical facility. The
identification of complete exposure pathways at a facility is necessary
to ensure that health-based cleanup levels protective of all potential
receptors can be developed. Any person who might be exposed to
facility-related constituents by cne or more pathways is considered a

receptor.
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TABLE 4-1

POTENTIAL EXPOSURE PATHWAYS FOR HUMAN RECEPTORS

Contaminated
Medium

Groundwater

Exposure Scenario

Residential use as
potable water

REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

Potential Exposure Pathway

Important for
Calculation of

Cleanup Levels

Ingestion of water

Yes

Inhalation of volatile compounds

Yes, if volatiles
present

Dermal contact with water

Site-specific
determination

Agricultural uses

Transfer to food crops or livestock
and subsequent ingestion

Site-specific
determination

Industrial use as potable water

Ingestion of water

Yes

Inhalation of volatile compounds

Site-specific
determination

Dermal contact with water

Site-specific
determination

Surface water
and sediment

Residential or industrial use as
potable water

Ingestion of water

Site-specific
determination

Inhalation of volatile compounds

Site-specific
determination

Dermal contact with water

Site-specific
determination

Agricultural uses

Transfer to food crops or livestock
and subsequent ingestion

Site-specific
determination

Recreational or subsistence
fishing

Consumption of fish and seafood

Site-specific
determination

Recreational use or trespasser

Ingestion of water

Site-specific
determination

Dermal contact with water

Site-specific
determination

Ingestion of sediment

Site-specific
determination

Dermal contact with sediment

Site-specific
determination
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TABLE 4-1 (Continued)

POTENTIAL EXPOSURE PATHWAYS FOR HUMAN RECEPTORS
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

Important for

Contaminated Calculation of
Medium Exposure Scenario Potential Exposure Pathway Cileanup Levels
Soil Residential uses Incidental soil ingestion Yes

Dermal contact with soil Yes
Inhalation of particulates/volatile Yes
compounds from soil
Soil as potential source to Site-specific
groundwater determination

Agriculture uses Consumption of produce, meat, Site-specific
milk determination

Industrial uses Soil ingestion Yes (
Dermal contact with soil Yes II
Inhalation of particulates/volatile Yes "
compounds from soil
Soil as potential source to Site-specific
groundwater determination

Air Residential uses Inhalation of particulates/volatile Site-specific

compounds from stack or other determination
emissions "

Industrial uses Inhalation of particulates/volatile Site-specific
compounds from stack or other determination
emissions

Souree: Modified from U.S. Environmental Protection Agency 1991a

4-4
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Exposure pathways are identified within each pertinent exposure scenario. Several exposure scenarios
may be applicable at a given facility. Those most commonly evaluated are the industrial and residential
exposure scenarios. Other scenarios, including agricultural, recreational, and trespasser, may be important
depending on facility location and identification of the most exposed individual. For example, if the
individual subject to the greatest exposure to facility-related constituents is a recreational user of a surface
water body, a recreational exposure scenario may be sufficiently protective. Classification of land use is

further discussed in Section 4.2.

Cleanup levels should be determined for all exposures to a specific medium, such as soil. The cleanup
level calculated for each medium should take into consideration all exposure pathways and all facility-
related constituents that contribute to risk or hazard. For example, the cleanup levels for soil should be
developed using all possible exposure routes for soil that are appropriate at a facility. It is recommended
that ingestion, dermal contact, and inhalation exposure routes be considered when developing cleanup
levels for all media. Where exposure may occur to a constituent in both soil and water, media-specific
cleanup levels may require further downward adjustment to assure that an acceptable cumulative target

risk level is met.

4.2 CLASSIFICATION OF LAND USE

The evaluation of a facility to determine appropriate cleanup levels is based in part on the appropriate land

use scenario.

Depending on assumptions A residential scenario results in more conservative (that is, lower)

regarding future facility uses, cleanup levels, because it is assumed that adults and children live
either a residential scenario or an

industrial scenario is typically
chosen. day. In the industrial scenario, exposure is assumed only for adults

on the site and are exposed to hazardous constituents 24 hours a

and only during working hours.

Selection of land use is most relevant when calculating cleanup levels that address direct contact with
soils. The following two subsections discuss EPA and Region 10 state policies or regulations regarding

land use and soil cleanup levels. An additional subsection discusses land use issues associated with setting

4-5
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groundwater, surface water, and air cleanup levels. Later discussions in Section 4.3 identify specific

numerical standards and criteria that must be considered when setting cleanup levels.

Of the Region 10 states, only the Washington Model Toxics Controi Act (MTCA) regulations have been
authorized for setting RCRA corrective action cleanup levels. Details of MTCA regulations relevant to
land use are therefore summarized. More general information on other state regulatory programs is also
presented because project managers and facilities are encouraged to take into consideration non-RCRA
state standards or criteria, including those regarding land use classifications that may influence cleanup
level selection. Consideration of state regulations and land use classifications will avoid the need for the
state to revisit the corrective measure taken at a facility. Overall, the most stringent {and use requirement

that may apply to a facility should be used for risk assessment and setting cleanup levels.

4.2.1 U.S. Environmental Protection Agency Land Use Policy and Soil Cleanup
Levels
EPA’s policy is that “current and reasonable expected future land use and corresponding exposure
scenarios should be considered both in the selection and timing of remedial actions™ (Federal Register
[FR] 19452, May I, 1996). EPA’s May 25, 1995, directive, Land Use in the CERCLA Remedy Selection
Process addresses land use consideration under the Comprehensive Environmental Response,
Compensation and Liability Act of 1980 (CERCLA) process (directive is attached as Attachment G)
(EPA 1995d). The directive identifies sources and types of information that may aid EPA in determining
the reasonable anticipated future land use at a site. Examples of such information include zoning laws,
community master plans, site location in relation to current land uses and populations, groundwater
protection programs, and environmental justice issues. The directive recommends early discussions
between EPA and local land use planning authorities, local officials, and the public regarding reasonably

anticipated future land uses.

The principles identified in the directive are equally applicable to the RCRA corrective action program
(proposed Title 40 of the Code of Federal Regulations, Part 264 Subpart S Amendment, FR 19439, May 1,
1996). Available information and local input may indicate that nonresidential land use assumptions are
appropriate for corrective action facilities if there is reasonable certainty that the facility will remain
industrial. Factors such as residential properties located adjacent to or on an industrialized facility or child

care areas operated on commercial and industrial facilities should be considered when determining land
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use. If the type of future land use cannot be reasonably predicted or if future residential land use (as well
as child care centers and recreational parks) cannot be reasonably ruled out, residential land use should be

assumed.

EPA is committed to ensuring that the public fully participates in all aspects of the RCRA corrective
action. EPA released a detailed guidance manual on public participation in RCRA programs (EPA 1993c¢)
and followed this guidance with a RCRA Expanded Public Participation Rule (FR 63417, December 11,
1995). EPA regards public participation as an important activity that empowers all communities,
including minority and low income communities, to become actively involved in local waste management
activities. This should include public participation in making land use and exposure assumption decisions,
particularly for communities potentially impacted by waste management activities and the risk

management decisions associated with corrective action.

EPA expects that contaminated soils will be cleaned up as necessary to prevent the transfer of
unacceptable concentrations of hazardous constituents from soils, including subsurface soils, to other
media; therefore, the uses of groundwater and surface water potentially impacted by constituent migration
from soil must be considered when cleanup levels are set. Likewise, the location of adjacent or nearby

residents potentially exposed to airborne constituents must also be considered.
422 Region 10 State Land Use Policies and Soil Cleanup Levels

The Washington State MTCA cleanup regulations specify when cleanup levels may be based on
residential or industrial land uses and were amended in 1996 under Chapter 173-340 of the Washington
Administrative Code (WAC). WAC 173-340-740 requires that the residential land use scenario be
assumed unless a demonstration of nonapplicability can be made under subsection 740(1)(a). Industrial
property soil cleanup levels can be established as follows if the site meets the definition of an industrial

property cited under the WAC 173-340-200:

4-7
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“Industrial properties™ means properties that are or have been characierized by or are to be commitied to traditional
industrial uses such as processing or manufacturing of materials, marine terminal and transportation arcas and
facilities, fabrication, assembly, treatment, or distribution of manufactured products, or storage of bulk materials.
One of the following statements is true for industrial propertics:

. Zoned for industrial use by a city or county conducting land use planning under Chapter 36.70A
Revised Code of Washington (RCW) (Growth Management Act)

. For counties not planning under Chapter 36.70A RCW (Growth Management Act) and the cities
within them, zoned for industrial use and adjacent to properties currently used or designated for
industrial purposes

WAC 173-340-745 provides additional criteria for determining whether a land use not specified in the
definition meets the “traditional industrial use™ requirement or whether a land use zoning category meets
the requirement of being “zoned for industrial use.” In addition, WAC 173-340-745 requires an evaluation
of comprehensive plan text or zoning code to verify that only industrial land uses may occur on the site.
WAC 173-340-745 also requires that residential soil cleanup levels be used at industrial properties in close
proximity to (generally, within a few hundred feet) residential areas, schools, or child care facilities, uniess
site or constituent inaccessibility and constituent immobility can be demonstrated. Likewise, residential
50il cleanup levels should be used for current or potential future residential areas adjacent to properties
currently used or designated for industrial purposes. State of Washington Guidance for Clean Closure of
Dangerous Waste Facilities (Washington Department of Ecology [Ecology] 1994) specifies that according
to WAC 173-303-610(2)Xb)(I), numeric clean closure levels for soils, groundwater, surface water, and air

must be determined using residential exposure assumptions.

State of Oregon environmental cleanup law (Oregon revised Statutes 465.315 and 465.325), promulgated
on January 10, 1997, requires that current and reasonably anticipated future land uses be considered in risk
assessments and feasibility studies. As previously stated, this law (and the rules promulgated pursuant
thereto) is for state Superfund sites and is technically not part of the Oregon Department of Environmental
Quality authorized corrective action program for RCRA-regulated facilities. 1daho and Alaska have not
developed specific regulations or guidance documents that address land use issues. Idaho accepts the use
of cleanup levels based on residential and industrial land use (Tetra Tech 1996a). Land use is addressed in
proposed Alaska Cleanup Standard Regulations and Risk Assessment Guidance (proposed for public
comment on December 18, 1996) (Tetra Tech 1996b). State-specific rules and regulations, which are

evolving, should be consulted for further information.

4-8
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4.2.3 Land Use Policies and Other Media

Determination of cleanup levels for groundwater, surface water, and air is the same for all facilities
regardless of the site’s land use classification as industrial or residential. EPA Region 10 recommends that

residential exposures be assumed and that exceptions be made only for extenuating circumstances.

Corrective actions for soil and groundwater media should assure that discharges from either media do not
exceed surface water, sediment, or air quality standards or risk-based criteria. Sections 4.2.3.2 (Surface
Water), 4.2.3.3 (Air), 4.3 (Standards and Criteria) and Chapter 5 (Ecological Sediment Criteria) provide

information on land use and standards and criteria for these media.

4.2.3.1 Groundwater

EPA expects to return useable groundwaters to their maximum beneficial uses wherever practicable.
When restoration of groundwater is not practicable, EPA expects to prevent or minimize further migration
of the plume, prevent exposure to the contaminated groundwater, and evaluate further risk reduction

(FR 19448, May 1, 1996). State-designated uses should be considered when setting cleanup levels. As
previously noted, however, although RCRA statutory language does not require nonauthorized state

standards to be followed, it does require cleanups to be protective of human health and the environment.

EPA has initiated a comprehensive state groundwater protection program (CSGWPP) to encourage each
state to coordinate its current and planned groundwater protection activities through a CSGWPP. EPA
remediation program personnel should be familiar with and utilize CSGWPPs (EPA 1997h). Washington
State has submitted a draft CSGWPP to EPA and was responding to EPA comments to the proposed plan
at this printing. No other Region 10 states have submitted a CSGWPP to EPA; however, Oregon and
Idaho have initiated CSGWPPs, and the following listed persons can be contacted regarding groundwater
use issues (for example, for information on groundwater classified as a source of drinking water or as

having significant ecological value).
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STATE GROUNDWATER PROTECTION PROGRAM CONTACTS

Washington
Groundwater protection Kurt Cook, Department of Ecology
(360) 407-6415
Wellhead protection David Jennings, Department of Health
{360) 586-9041

Oregon

- Groundwater protection Amy Patton, ODEQ
(503)229-5878

Wellhead protection Cheree Stewart, ODEQ
{503) 229-5413
Idaho
Groundwater and Donna Rodman
welihead protection (208) 373-0260

The Washington State draft CSGWPP proposes a groundwater protection goal based on the state’s anti-
degradation policy contained within Chapter 90.48 of the Revised Code of Washington (RCW) (Water
Pollution Control), Chapter 90.54 RCW (Water Resources Act of 1971), and Chapter 173-200 WAC
(Water Quality Standards for Groundwater). The antidegradation policy applies to all state regulatory
programs and requires that existing and future beneficial uses of groundwater be maintained and that
degradation that interferes with these uses be prevented. All groundwater in the state is similarly
protected. Three tiers of groundwater quality standards are specified: (1) numerical Federal Safe
Drinking Water Act maximum contaminant levels (MCL), (2) natural background concentrations, or
(3) site-specific early warning values (WAC 173-200) (Ecology 1995a). When prevention of groundwater
contamination is not possible and where remediation measures are required, Washington State has set
attainment of federal safe drinking water act MCLs as remediation goals (Ecology 1995a). In addition,

Washington State has promulgated cleanup regulations under MTCA (WAC 173-340).

Washington State MTCA regulations require that the highest beneficial use of groundwater (that is,
drinking water and other domestic uses) be assumed when setting cleanup levels unless the following

criteria cited in WAC 173-340-720 can be demonstrated. In general, these criteria include demonstrating
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that the groundwater is not a current or future source of drinking water based on the following: (1) the
groundwater is present in insufficient quantity to yield water for a domestic well; (2) natural background
concentrations of organic or inorganic constituents are present and make use of the water for drinking not
practicable; and (3) the groundwater cannot technically be recovered for drinking water purposes based on
depth or location. It also must also be demonstrated that migration of contamination from an unusable
aquifer to a useable aquifer cannot occur. Information on specific MTCA cleanup goals is presented in
Section 4.3.2.

State of Alaska beneficial use regulations, applicable to both groundwater and surface water, are cited in
Title 18 Alaska Administrative Code (AAC) Chapter 70, “Water Quality Standards.” State of Oregon,
groundwater beneficial use regulations are cited in Oregon Administration Rules (OAR), Chapter 340,
Division 40, “Groundwater Quality Protection.” State of Idaho groundwater beneficial use regulations are
cited in the Idaho Administrative Code (IAC), Title 01, Chapter 02, Section 299, “Groundwater Quality

Standards.” The state-specific rules and regulations should be consulted for further information.

4.2.3.2 Surface Water

The proposed RCRA corrective action regulations recommend that state-designated uses of surface water
be considered when setting cleanup levels (proposed 40 CFR 264 Subpart S Amendment,

FR 30804, July 27, 1990). Promulgated state and federal drinking water standards or risk-based levels
based on water ingestion can be used as cleanup levels for surface water designated for drinking water use,
If surface water has been designated by a state for uses other than drinking water, the EPA may consider
the state-designated use when establishing cleanup levels (FR 30818, July 27, 1990). In any case, federal
Clean Water Act (CWA) prohibitions of releases of hazardous substances and oil to surface waters should

be considered when determining cleanup levels [(CWA 311 (b) (3)].

Washington State MTCA regulations require that the highest beneficial use of surface water be assumed
when setting cleanup levels (WAC 173-340-730). Promulgated standards or risk-based levels based on
water ingestion should be used as cleanup levels for surface waters representing a source or potential
future source of drinking water. Risk-based standards based on human ingestion of fish or shellfish should
be considered when determining cleanup levels for surface waters that support or have the potential to

support fish or shellfish populations. Federal (CWA) (EPA 1986a) and state water quality criteria based
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on the protection of aquatic organisms must also be achieved. Washington State surface water beneficial

use and water quality standard regulations are cited in WAC 173-201.

As noted in Section 4.2.3.1, State of Alaska surface water beneficial use a}id water quality standards are
cited in Title 18, AAC, Chapter 70. Oregon surface water beneficial use and water quality standards are
cited in OAR, Chapter 340, Division 41, “State-Wide Water Quality Maintenance Plan, Beneficial Uses,
Policies.” Idaho surface water beneficial use standards are cited in IAC, Title 01, Chapter 02, Section 200,
“General Surface Quality Criteria.” The state-specific rules and regulations should be consulted for

further information.
4.2.3.3 Air

A residential exposure scenario is assumed when calculating air cleanup levels (FR 30831, July 27, 1990);
however, the location of the most exposed resident must be identified when determining compliance with
the cleanup level. The point where the maximum long-term human exposure to air releases would occur is
typically outside of a facility boundary. Under the corrective action process, the most exposed individual
is identified on a site-specific basis and may be identified as someone living across the street from the
facility, as a worker living on the site, or wherever else maximum long-term human exposure would occur
based on site characteristics (FR 30831, July 27, 1990). For clean closure, it is assumed that the most
exposed individual is at the unit boundary and that air constituent concentrations must be equal to or below

the health-based level at the unit boundary (EPA 1989¢).

Alaska, Idaho, and Oregon do not have specific requirements for setting air cleanup standards at RCRA
facilities. Washington State MTCA regulations require that cleanup levels to protect air quality be based
on estimates of reasonable maximum exposure (RME) (WAC 173-340-750), the highest exposure that can
be reasonably expected to occur at a site under current or potential future uses. The cleanup level,
therefore, should be based on the residential scenario unless the criteria specified in WAC 173-340-750 for
nonresidential site uses can be demonstrated. The WAC 173-340-750 criteria generally require that no
current or future residential use of the site occur and that air emissions from the site not reduce the air
quality of adjacent residential areas. WAC 173-340-750 requires that ambient air cleanup levels for

nonresidential uses be established on a case-by-case basis.
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4.3 IDENTIFICATION OF PROMULGATED STANDARDS AND CRITERIA

When developing cleanup levels for a facility, promulgated standards or criteria for environmental media
contaminated by facility activities must be considered. Federal and state standards and criteria that should
be considered when developing cleanup levels are summarized in Sections 4.3.1 (federal) and 4.3.2 (state).
The state and federal policies and regulations addressing land use discussed in Section 4.2 require

consideration when selecting appropriate standards and criteria.

4.3.1 Federal Standards and Criteria

Federal standards exist for drinking water supplies and surface water bodies. Under the federal Safe
Drinking Water Act, MCLs, maximum contaminant level goals (MCLG), and secondary MCLs are
established for a number of inorganic and organic chemicals in drinking water supplies. MCLs may be
used as cleanup levels for groundwaters and surface waters that are current or potential drinking water
resources, provided they are deemed to be sufficiently protective given the overall contamination at or
from the facility. In other words, it is discretionary to use risk-based levels rather than MCLs for
determining cleanup levels which may impact drinking water because some MCLs are based on
technological barriers that no longer exist and/or do not consider additivity of risks when other chemicals
are present at levels of concern (see Section 4.7.4 for an example risk calculation where multiple
constituents with MCLs are present in groundwater). Other federal criteria for the protection of human
health include CWA ambient water quality criteria (AWQC), which are established for surface waters.
For the protection of human health, two types of AWQC have been established: (1) for the ingestion of
water and fish and (2) for the ingestion of fish only (EPA 1986a). The CWA prohibits the release of oil to
navigable surface waters in any quantity that causes a sheen, an emulsion, or a sludge, regardless of
cleanup standards that may be imposed and/or complied with [CWA 311 (b} (3)). This prohibition is

federally enforceable in al} states.

4.3.2 State Standards and Criteria

Washington State has promulgated cleanup regulations under MTCA (WAC 173-340). As stated in
Chapter 2, Ecology was authorized for a corrective action program that uses MTCA regulations. MTCA

establishes cleanup levels for soil, groundwater, surface water, and air.
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MTCA requires that where groundwaters and surface waters are current or potential future sources of
drinking water, cleanup levels be at least as stringent as promulgated federal and state standards. including
federal MCLs and MCLGs, and Washington state MCLs published under WAC 248-54. In the absence of
promulgated standards, MTCA provides a method for calculating RBCs based on drinking water ingestion
(WAC 173-340-720).

For surface waters that su‘.lpport or have the potential to support fish or shellfish populations, MTCA
requires that human health cleanup levels be at least as stringent as federal AWQC established for the
protection of humans ingesting water and fish (WAC 173-340-730). In the absence of promuigated
standards, MTCA provides a method for calculating risk-based surface water cleanup levels based on fish

ingestion only (WAC 173-340-730).

MTCA requires that soil and air cleanup levels be at least as stringent as applicable state and federal laws.
MTCA provides methods for calculating soil RBCs based on soil ingestion (WAC 173-340-740) and air
RBCs based on inhalation (WAC 173-340-750). MTCA also requires that constituent concentrations in

soil not cause contamination of groundwater to concentrations that exceed groundwater cleanup levels.

MTCA provides three methods (A, B, and C) for determining risk-based cleanup standards. Method A
involves use of a tabie that identifies conservative, defauit cleanup levels for a limited number of common
hazardous substances. Method B is applicable when there are more hazardous substances involved.
Method C is applicable when Methods A and B cleanup levels are technicaily impossible to achieve, lower
than background, or may cause more environmental harm than good. MTCA also defines a second
Method C procedure for determining when soil cleanup levels for industrial land use can be used and how
these cleanup levels should be calculated. Method B and Method C involve calculations of cleanup levels
based on default exposure assumptions for different land-use scenarios. At this printing Ecology is

preparing revised MTCA regulations and should be consulted for the latest regulatory update.

Washington State published a MTCA Cleanup Levels and Risk Calculations (CLARC 11} Update
(Ecology 1996) reference document. The document provides guidance on when Methods A, B, and C
should be used and provides tables of chemical-specific Methods B and C cleanup levels for hazardous

constituents in groundwater, surface water, and soils.
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The ODEQ has no specific regulations for setting cleanup levels at RCRA facilities. As noted in

Chapter 2, ODEQ was authorized to include corrective action in RCRA permits using EPA risk assessment
guidance to determine cleanup levels for the corrective action program. Oregon does have rules that
address contamination at state Superfund sites and recently enacted statutory language that, among other
things, establishes target risk levels for cleanups and also requires development of a protocol for
probabilistic risk assessment (Oregon Revised Statutes 465.315 and 465.325). ODEQ promulgated rules
for these statutes on January 10, 1997. The state Superfund cleanup rules are not currently a part of

Oregon’s authorized RCRA corrective action program.

As noted in Chapter 2, 1daho and Alaska do not have authorized state-specific cleanup level regulations.
Alaska has not applied for authorization to manage RCRA programs in lieu of EPA. [n accordance with
RCRA Section 3006 (b), [daho’s authorized program must be equivalent to the federal RCRA program,

however, an Idaho statutory provision prohibits regulations more stringent than EPA’s (Idaho Code

Section 39-4404, Hazardous Waste Management Act of 1983.)

4.4 RISK-BASED SCREENING

When no promulgated standards or criteria are available for cleanup levels, facility-specific RBCs should
be calculated for the remaining COPCs. Before RBCs are calculated, hazardous constituents can be
screened from further consideration if they are present at concentrations below significant health concerns.
Generic RBCs calculated using residential scenario assumptions can be used to screen constituents. This

screening process should be performed as follows:

1. List maximum concentration of each constituent in each medium

2. List risk-based concentrations of each constituent, using PRGs
calculated by EPA Region 9 (described in Section 4.5 and included
in Attachment E) (EPA 1996¢)
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3. Eliminate constituent from screening if the maximum concentration £ 22N
is:

. Less than 1E-6 cancer risk screening value (Region 9
carcinogenic PRGs are based on 1E-6 screening value so do
not need to be altered) or

. Less than 0.1 hazard index (HI) screening value (Since the
Region 9 noncarcinogenic PRGs are based on an HI of 1.0,
the PRG should be divided by 10 to meet 0.1 HI screening
value)

4. Include remaining constituents for further consideration in
calculating cleanup levels

RBCs are provided only for soil and tap (drinking) water and are based on ingestion, inhalation, and
dermal contact (soil only) exposure pathways. Constituents present in other media or exposure pathways
should not be screened using this method. In addition, if a constituent is retained for consideration in the
risk analysis in one media, it generally should be retained in all media of concern to address possible

constituent migration and multiple exposure routes for the constituent.

As indicated in Step 3, the default screening level at which carcinogenic constituents can be eliminated is
based on a 1E-6 cancer risk. This screening level should be adequately protective of the cumulative risks
that may result from multiple facility-related carcinogens. In accordance with the Region 10 Supplemental
Risk Assessment Guidance for Superfund policy (EPA 1996f), Step 3 also shows that the screening
concentration for noncarcinogens should be based on an HI of 0.1, rather than 1.0. The screening level of
0.1 is conservatively protective of cumulative effects that could occur when multiple noncarcinogenic

hazardous constituents with similar toxic endpoints are present,
For purposes of assessing site risks, it may be assumed that if no single sample maximum value exceeds a

screening concentration as described above, total exposure to the constituent is not of concern for human
health.
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Aluminum, calcium, !_r_g_q, magnesium, potassium, and sodium are not associated with toxicity to humans

under normal circumstances. No quantitative toxicity information is available for these elements from

EPA sources. Unless these elements have promulgated standards or criteria or unless site-specific factors

dictate, they generally can be eliminated from consideration during development of cleanup levels.

4.5 EXPOSURE ASSUMPTIONS

The exposure assumptions presented in this
section are used to determine the magnitude of a
potential chemical dose, which is the amount of a

given chemical entering the human body during a

The exposure assumptions used to calculate
cleanup tevels include body weight,
inhalation and ingestion rates, skin surface
area, absorption fractions, exposure
frequency and duration, and volatilization

and particulate emission factors (PEF).

specified time.

The default residential and industrial exposure assumptions recommended in this document to calculate
RBCs are presented in Table 4-2. These exposure assumptions, which were primarily taken from EPA
guidance documents, address human health concerns and are consistent with current federal and Region 10
CERCLA guidance. With the exception of the dermal exposure factors, the Table 4-2 factors are
consistent with those recommended in the most recent version of the Region 9 PRGs (see Attachment E,
[EPA 1996c]). Region @ PRGs are updated annually and are available on the World Wide Web at
http://www .epa.gov/region09/waste/sfund/prg/index/htm! and on the California Regional Water:Board’s
Bulletin Board System at (510) 286-0404 (PRG2ND96.ZIP).

Table 4-3 compares the exposure pathways considered in soil, water, and air risk-based concentration
calculations for EPA Regions 3 and 9. Region 3 has calculated risk-based concentrations for soil, water,
and air that are similar to the EPA Region 9 PRGs. The Region 3 values were previously recommended by
Region 10 for screening purposes; however, the use of Region 9 PRGs for risk-based screening is currently
being recommended, primarily because they are more comprehensive in that they take into account more

exposure pathways.,
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TABLE 4-2

STANDARD DPEFAULT EXPOSURE FACTORS
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

Symbol | Definition (units) ~ Default Reference |
Toxicity Factors CSFo Cancer slope factor oral - EPA 1996g.
{mg/kg-d)-1 EPA 1997a.
i )
CSFi Cancer slope factor inhaled - Section 4.6.2
(mg/kg-d)-1
RiDo Reference dose oral (mg/kg-d) -
(t RiDi Reference dose inhaled (mg/kg-d) -
Target Risks and Hazards TR Target cancer risk 104 -
THQ Target hazard quotient 1 -
Body Weight BWa Body weight, adult (kg) 70 EPA 1989¢
BWc Body weight. child (kg) 15 EPA 1989¢ "
Averaging Time ATc Averaging time - carcinogens (days) 25550 EPA 1989¢
ATn Averaging lime - noncarcinogens ED®365
(days)
Dermal SAa Surface area exposed, adult See Table 4-6 -
SAc Surface area expose , child See Table 4-6 -
AF Adherence factor See Table 4-6 -
ABS Skin absorption See Table 4-5 --
Inhalation IRAa Inhalation rate - aduit {m*/day) 20 EPA 1991b "
IRAc Inhalation rate - child (m*/day) 10 EPA 1989¢
Water Ingestion IRWa Drinking water ingestion - adult 2 EPA 1989¢
(L/day)
IRWc Drinking water ingestion - child 1 Cal/EPA 1994
{L/day)
Sail Ingestion IRSa Seil ingestion - adult (mg/day)} 100 EPA 1991b
IRSc Soil ingestion - child (mg/day) 200 EPA 1991b "
RS0 Soil ingestion - occupational 50 EPA 1991b
(mg/day)
Exposure Frequency and EFr Exposure frequency - residential 350 EPA 1991b
Duration {days)
EFo Exposure frequency - occupational 250 EPA 1991b
{days)
EDr Exposure duration - residential 30t EPA 1991b
(ycars}
EDc Exposure duration - child (years) 6 EPA 1991b
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TABLE 4-2 (Continued)

STANDARD DEFAULT EXPOSURE FACTORS

REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

[Category Symbal | Defnition (units) Default Reference |
Exposure Frequency and EDo Exposure duration - occupational 25 EPA 1991b
Duration {years)
Age-adjusted Intake Rates® Age-adjusted factors for
carcinogens;
IFSadj | Inpestion factor, soils 114 EPA 1991c
f( (Img-yc)/[kg-d])
SFSadj | Skin contact factor, soils 503 EPA 1991¢
([mgeyr)/(kg-d])
InhFadj | Inhalation factor {[m*yr])/[kg-d]) tl EPA 1991c
\ [FWadj | Ingestion factor, water N EPA 1991c¢
- ((loyr¥(kg-d])
(y 1 Fate and Transport Models VFw Volatilization factor for water 0.5 EPA 1991c
\q (Lim*) i
X 7 7 PEF Particulate emission factor (m*/kg) Chemical-specific EPA 1996b
/oA - (Table 4-8)°
1
VFs Volatilization factor for soil (m*/kg) | Chemical-specific EPA 1996b
(Table 4-7)°
sat Soil saturation concentration Chemical-specific | EPA 1996b
(mg/kg) (Table 4-10)°
Source: Modified from U.S. Environmental Agency (EPA) 1996c
Notes:
a Exposure duration for lifetime residents is assumed to be 30 years total. For carcinogens, exposures are combined for
children (6 years) and adults (24 years).
Intake rates determined by analogy to age-adjusted soil ingestion factor published by EPA (1991c).
c Section 4.5.2 and Tables 4-7, 4-8, and 4-10 are presented in EPA’s Interim Guidelines for Developing Risk-based Cleanup
Levels at RCRA sites in Region 18 (this report).
mg/kp Milligram per kilogram
" cm’ Square centimeter
1 % m? Cubic meter
(l L Liter
£ A Cal/lEPA California Environmental Protection Agency
L
369
Graoo X 2R3
(h) 350 ' .
{ {} \' 17 o ) . ‘5 q /
(9 ¥ oy = 70
AD
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(Category | Symbol |

TABLE 4-2

STANDARD DEFAULT EXPOSURE FACTORS
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

Toxtcity Factors CSFo Cancer slope factor oral EPA 1996z,
{mg/kg-d)-1 EPA 1997a
. ; Section 4.6.2
CSFi Cancer slope factor inhaled -
(mg/kg-d)-|
RfDo Reference dose oral (mg/kg-d) -
RfDi Reference dose inhaled (mg/kg-d) -
Target Risks and Hazards TR Target cancer risk 10 -
THQ Target hazard quotient | -
Body Weight BWa Body weight, adult (kg) 10 EPA 1989¢c
Bwe Body weight, child (kg) 15 EPA 1989¢
Averaging Time ATe Averaging lime - carcinogens (days) 25550 EPA 1989¢
ATn Averaging time - noncarcinogens ED*365
(days)
D SAa Surface area exposed, adult See Table 4. b b "'Q'. S
——SAc—_] Bce area expose , chil See Table 4-6 - @i\ %
\
AF e factor ce Table 4-6 - 'Q?<7
"TABS | Skin absorpi See Table 4
in absorption ¢e Table 4- -
Inhalation IRAa Inhalation rate - adult {m%day) 20 EPA 1991b
IRAc Inhalation rate - child (m’/day) 10 EPA 1989¢
Water Ingestion IRWa Drinking water ingestion - adult 2 EPA 1989c
(L/day)
IRW¢ Drinking water ingestion - child 1 Cal/EPA 1994
(L/day)
Soil Ingestion IRSa Soil ingestion - adult (mg/day) EPA 199]1b - 5‘3&\&.\
IRSc Soil ingestion - child (mg/day) EPA 1991b ,?._5." ‘@'
IRSo Soil ingestion - occupational EPA 1991b / . 1\.\3‘
{mg/day)
Exposure Frequency and EFr Exposure frequency - residential 350 EPA 1991b
Duration (days)
EFo Exposure frequency - occupational 250 EPA 1991b
(days)
EDr Exposure duration - residential 30t EPA 1991b
(vears)
EDc Exposure duration - child (vears) f EPA 1991b
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TABLE 4-2 (Continued)

STANDARD DEFAULT EXPOSURE FACTORS

REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

[Cawegory | Symbol | Definition (anits ~ Detault | Reference

Exposure Frequency and EDo Exposure duration - occupational 25 EPA 1991b
Duration (vears)
Age-adjusted Intake Rates® Age-adjusted factors for
carcinogens:
IFSadj | Ingestion factor, soils 114 EPA 1991¢
([mg-yrlike-d]) f
SFSadj | Skin contact factor. soils 503 EPA 1991¢
([mg-yrl/[ke-d])
InhFadj | Inhalation factor ({myr)/[kg-d)) 11 EPA 1991c
IFWadj | Ingestion factor. water 11 EPA 1991c¢
(eyrV/lke-dh
Fate and Transport Models VFw Volatilization factor for water 0.5 EPA 1991c
(Lim")
PEF Particulate emission factor (m*/kg) Chemical-specific EPA 1996b
(Table 4-8)°
VFs Volatilization factor for seil (m*/kg) | Chemical-specific | EPA 1996b
(Table 4-7)°
sat Soil saturation concentration Chemical-specific | EPA 1996b
{mg/kg) (Table 4-10)°

Source: Modified from U.S. Environmental Agency (EPA) 1996¢c

Notes:

a Exposure duration for lifetime residents is assumed to be 30 years total. For carcinogens, exposures are combined for
children (6 years) and adults (24 ycars).

Intake rates determined by analogy to age-adjusted soil ingestion factor published by EPA (1991¢).
c Section 4.5.2 and Tables 4-7, 4-8. and 4-10 are presented in EPA’s Interim Guidelines for Developing Risk-based Cleanup
Levels at RCRA sites in Region 10 (this report).

meg/kg
cm®

o

L

Cal EPA

“ipa P omom e

Milligram per kilogram
Square centimeter
Cubic meter

Liter

California Environmental Protection Agency
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TABLE 4-3

U.S. ENVIRONMENTAL PROTECTION AGENCY REGION 3 AND REGION 9
SOIL, WATER, AND AIR EXPOSURE PATHWAYS
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

I Medium I Pathway m I Region 9° '
Ingestion Yes Yes
Inhalation of volatiles No Yes
Ingestion Yes Yes “
Inhalation of particulates No Yes
[nhalation of volatiles No Yes
Dermal contact No Yes
"=Air Inhalation Yes Yes
Notes:
a EPA 1996h
b EPA 1996¢
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TABLE

4-4

WASHINGTON STATE MODEL TOXICS CONTROL ACT
CLEANUP LEVEL EXPOSURE FACTORS
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

Method B Method C Method C (Indusirial) ||
Exposure Factor Non- Non- Non-
Carcinogens Carcinogens Carcinogens Carcinogens | Carcinopens | Carcinogens
Water Ingestion
Intake Rate (L/day) 1 2 2 2 NA NA
Exposure Frequency® - —_ — — NA NA
Exposure Duration (year) —_ 30 —_ 30 NA NA
Body Weight (kg) 16 70 70 70 NA NA
Averaging Time (year) - 75 - 75 NA NA
Unit Conversion Factor 1,000 1,000 1,000 1000 NA NA
{mg/ke)
Inhalation Corvection Faclor 2 (VOCs) 2 (VOCs) 2{VOCs) 2 (VOCs) NA NA
Summary Factor
Non-VQCs 16,000 8.75E-2 35,000 8.75E-1 NA NA
VOCs 8.000 4 38E-2 17.500 4.38E-1 NA NA
npesti
Intake Rate (mg/day) 200 200 100 100 50 50
Exposure Frequency® 1.0 1.0 05 0.5 04 04
Exposure Duration (year) — 6 —_— 6 — 20
Body Weight (kg) 16 16 16 16 70 70
Averaging Time (year) _ 75 — 75 — 75
Unit Conversion Factor 104 10 10 10t 10 10°®
{mg/kg)
Gaslrointestinal Absorption 1.0 1.0 1.0 1.0 1.0 .0
Summary Factor 80,000 10 320,000 40 3,500,000 1313
Inhalation
Intake Rate {m'/day) 10 20 20 20 NA NA
Exposure Frequency® — — — - NA NA
Exposure Duration {year) —_— o — 30 NA NA
Body Weight (kg) 16 70 70 70 NA NA
Averaging Time (year) —_ 75 — 75 NA NA
Unit Conversion Factor 1,000 1,000 1,000 1.000 NA NA
{mg/kg)
Absorption Percentage 1.0 1.0 1.0 1.0 NA NA
Summary Factor 1.600 7.5E-3 3.500 7.5E-2 NA NA
Notes:
a Target hazard quotient is 1 0 for all cleanup levels, Target Risk levels are 10™ for Method B and 10 for Method C
b Expaosure frequency is presented as a fraction of a year. For example, 0.4 refers to an exposure frequency of 146 days per year,
Ecology  Washingion Departiment of Ecology
- Value 15 present in numerator and denominator of equation and therefore, does not affect calculation
L Liter vac Volatle organic compound
NA Not apphicable kg Kilogram
mg Milligram
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Exposure parameters dictated by MTCA (Methods B and C) are presented in Table 4-4. For soil
exposures, MTCA only considers the ingestion pathway. For water exposures, MTCA considers both
ingestion and volatile organic compound inhalation pathways. MTCA rules do not have to be followed for
EPA-lead corrective actions, but they should be considered in terms of preventing the need of future,
additional corrective action under state authorities. No other EPA Region 10 states have developed
specific exposure assumptions for RCRA facility RBC calculations; exposure parameters recommended by

the EPA guidance should be used.

Additional information on dermal absorption factors is presented in Section 4.5.1. Information on how
fate and transport models are used to incorporate hazardous constituent migration into cleanup levels is

presented in Section 4.5.2.

As stated in Section 4.1, other scenarios including recreational, agricultural, and trespasser may be more
appropriate at a given facility. An exposure parameter source for these and other scenarios is EPA’s
Exposure Factors Handbook 1989d, which EPA is updating [the EPA (1996¢) update was currently
available on the Internet at the time of this printing). The Exposure Factors Handbook summarizes the
current literature regarding human exposures to contaminated media via a variety of specific exposure
conditions (for example, inhalation rates based on light, medium, and heavy activities). Values from the
handbook can be used in lieu of the default exposure factors when reliable facility-specific exposure
information is available. The Draft Exposure Assessment Guidance, Attachment C of Guidance for
Performing Screening Level Risk Analyses at Combustion Facilities Burning Hazardous Waste

(EPA 1994i), further described in Section 4.5.2.4, also includes exposure parameters for human food chain

exposure pathways, such as garden produce and fish ingestion rates.

New Policy on Evaluating Health Risks to Children (EPA 1995¢) requires that exposures to infants and
children be considered separately from adults. Children may be more or less sensitive to specific
constituents. They may also experience different types and rates of exposures; therefore, separate risk and
hazard estimates should be made for infants and children, or it should be clearly stated why this is not

done (for example, demonstrate that infants and children are not expected to be exposed to the constituent
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of concern). EPA’s Exposure Factors Handbook (1989d) and the draft 1996e update include information

on infant and children exposure rates.

4.5.1 Dermal Absorption Factors

Dermal absorption of chemicals from soil and water across the skin and into the blood stream may occur.
The rate of absorption may be estimated by dermal absorption factors (for chemicais in soil) and dermal
permeability constants {for chemicals in water). Both dermal absorption factors (ABS) and dermal

permeability constants are used to calculate absorbed doses of chemicals via the dermal exposure route.

Few chemical-specific ABS values are available from EPA. Table 4-5 presents recommended ABS
values. References for these values include literature sources and Dermal Exposure Assessment:
Principles and Applications (EPA 1992d). The ABS value units are percentages (that is, percent absorbed
through skin).

Differences in soil characteristics may affect chemical desorption from soil. For example, EPA (1992d)
compiled an ABS range of 0.001 to 0.03 for dioxins based on experimental data and recommended that the
lower end of the range could be used for soils with high organic content (dioxin less available to desorb)
and the higher end of the range for soils with low organic content (dioxin more available to desorb).
Limited experimental data are available to assign constituent-specific ABS values based on soil
characteristics. To the extent that they are available and scientifically justifiable, constituent-specific ABS

values identified in the literature should be used.

Default ABS values for volatile organic compounds (VOC) recommended by Region III Technical
Guidance Manual, Risk Assessment: Assessing Dermal Exposure from Soil (EPA 1995f) may be used for
calculating cleanup levels if constituent-specific values are not available: 0.0005 for volatiles with a vapor
pressure equal to or greater than benzene (approximately 95.2 mm mercury) (Skowronski et al. 1988;

Franz 1984) and 0.03 for volatiles with a vapor pressure lower than benzene.

An EPA workgroup has drafted but not yet published a supplementary Superfund risk assessment guidance

specific to the dermal pathway; when available it should be referenced.
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Exposure parameters dictated by MTCA (Methods B and C) are presented in Table 4-4. For soil
exposures, MTCA only considers the ingestion pathway. For water exposures, MTCA considers both
ingestion and volatile organic compound inhalation pathways. MTCA rules do not have to be followed for
EPA-lead corrective actions, but they should be considered in terms of preventing the need of future,
additional corrective action under state authorities. No other EPA Region 10 states have developed
specific exposure assumptions for RCRA facility RBC calculations; exposure parameters recommended by

the EPA guidance should be used.

Additional information on dermal absorption factors is presented in Section 4.5.1. Information on how
fate and transport models are used to incorporate hazardous constituent migration into cleanup levels is

presented in Section 4.5.2.

As stated in Section 4.1, other scenarios including recreational, agricuitural, and trespasser may be more
appropriate at a given facility. An exposure parameter source for these and other scenarios is EPA’s
Exposure Factors Handbook 1989d, which EPA is updating [the EPA (1996e) update was currently
available on the Internet at the time of this printing]. The Exposure Factors Handbook summarizes the
current literature regarding human exposures to contaminated media via a variety of specific exposure
conditions (for example, inhalation rates based on light, medium, and heavy activities). Values from the
handbook can be used in lieu of the default exposure factors when reliable facility-specific exposure
information is available. The Draft Exposure Assessment Guidance, Attachment C of Guidance for
Performing Screening Level Risk Analyses at Combustion Facilities Burning Hazardous Waste

(EPA 1994i), further described in Section 4.5.2.4, also includes exposure parameters for human food chain

exposure pathways, such as garden produce and fish ingestion rates.

New Policy on Evaluating Health Risks to Children (EPA 1995¢) requires that exposures to infants and
children be considered separately from adults. Children may be more or less sensitive to specific
constituents. They may also experience different types and rates of exposures; therefore, separate risk and
hazard estimates should be made for infants and chi ldren, or it should be clearly stated why this is not

done (for example, demonstrate that infants and children are not expected to be exposed to the constituent
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of concemn). EPA’s Exposure Factors Handbook (1989d) and the drafi 1996e update include information
on infant and children exposure rates.

U RAGCS Part €

4.5.1 Dermal Absorption Factors

Dermal absorption of chemicals from soil and water across the skin and into the plood stream may occur.
The rate of absorption may be estimated by dermal absorption factors (for cherhicals in soil) and dermal
permeability constants (for chemicals in water). Both dermal absorption factors (ABS) and dermal

permeability constants are used to calculate absorbed doses of chemicals via the dermal exposure route.

Few chemical-specific ABS values are available from EPA. Table 4-5 presents recommended ABS
values. References for these values include literature sources and Dermal Exposure Assessment.
Principles and Applications (EPA 1992d). The ABS value units are percentages (that is, percent absorbed

through skin).

Differences in soil characteristics may affect chemical desorption from soil. For example, EPA (1992d)
compiled an ABS range of 0.001 to 0.03 for dioxins based on experimental data and recommended that the
lower end of the range could be used for soils with high organic content (dioxin less available to desorb)
and the highér end of the range for soils with low organic content (dioxin more available to desorb).
Limited experimental data are available to assign constituent-specific ABS values based on soil
characteristics. To the extent that they are available and scientifically justifiable, constituent-specific ABS

values identified in the literature should be used.

Default ABS values for volatile organic compounds (VOC) recommended by Region I Technical
Guidance Manual, Risk Assessment: Assessing Dermal Exposure from Soil (EPA 1995f) may be used for
calculating cleanup -[Evels if constituent-specific values are not available: 0.0005 for volatiles with a vapor
pressure equal to/or greater than benzene (approximately 95.2 mm mercury) {Skowronski et al. 1988,

Franz I984)7& 0.03 for volatiles with a vapor pressure lower than benzene.

An EPA workgroup has drafted but not vet published a supplementary Superfund risk assessment guidance

specific to the dermal pathway: when available it should be referenced.
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TABLE 4-5

RECOMMENDED DERMAL ABSORPTION FACTORS FOR SOIL
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

Dermal Absorption

Compound Factor Reference
Arsenic 0.03 Wester et al. (1993a) |
Cadmium ry Wester et al, (1992a)
0.01 -.00y | EPA (1992d)
" Chlordane 0.04 Wester et al. (1992b)
" 2,4-D 0.05 Wester et al. {1996)
" DDT 0.03 Wester et al. (1990)
TCDD
Low Organic Soil (<10%) 0.03 EPA (1992d)
High Organic Soil (>10%) 0.001 EPA (1992d)
Other Dioxins and Dibenzofurans 0.03 EPA (1992d)
" PAHs 0.13 Wester et al. (1990) "
PCBs 0.14 Wester et al. (1993b)
EPA (1992d)
" Pentachlorophenol 0.25 Wester et al. (1993c)
Generic Defaults
Volatile organic compounds with vapor 0.0005 EPA 1995f, Skowronski et al.
pressure = benzene (95.2 millimeters mercury) 1988
Volatile organic compounds with vapor 0.03 EPA 1995f
pressure < benzene (95.2 millimeters mercury)
Semivolatile organic compounds 0.1 Ryan et al. (1987)
Inorganic Compounds 0.01 Ryan et al. (1987)

Sources: EPA 1997b, EPA 1992¢

Noles:

EPA U S. Environmental Protection Agency
24.D 2 4-dichlorophenoxy acetic acid

DDT Dichlorodiphenyltrichioroethane
TCDD  Tetrachiorodibenzo-p-dioxin

PAH Polynuclear aromatic hydrocarbon
PCB Polychlorinated biphenyl

Table revised 10/16/98
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To evaluate dermal contact with constituents in water, dermal absorption across the skin barrier is
determined using constituent-specific dermal permeability constants, expressed in units of centimeters per
hour. Equations for calculating dermal permeability constants are presented in Dermal Exposure
Assessment: Principles and Applications (EPA 1992d); EPA recommends calculating permeability
constants for organic compounds using the Potts and Guy equation presented on pages 5-36 through 5-38
(EPA 1992d). EPA recommends the use of the measured permeability constants for inorganic compounds
presented in Table 5-3 of the dermal exposure assessment report (EPA 1992d). The dermal exposure to
constituents in the water pathway was not incorporated into EPA Region 9 PRG equations. Equations for
assessing this pathway are included in Dermal Exposure Assessment: Principles and Applicﬁn'ons

(EPA 1992d). Reduced equations for calculating risks or hazards resulting from dermal contact with
constituents in water have been incorporated in the Section 4.7.2 RBC calculation equations. Adult and

child residential exposures (during showering or bathing) are considered.

When evaluating the dermal contact exposure pathway (for both soil and water) the total surface area of
body exposed must be estimated. For showering and bathing, whole-body surface area is assumed. For
soil exposures, portions of the body (for example, haﬁds, arms, lower legs, face, and neck) are assumed to
contact soil. The duration of exposure must also be estimated (for example, assume a 15-minute-per-day
showering time). EPA-recommended defaults for dermal contact exposure factors are presented in

Table 4-6.
4.5.2 Fate and Transport Models

Table 4-1, discussed in Section 4.1, lists potential exposure pathways for human receptors. Many of the
exposure pathways result from contamination migrating from one medium to another. For example, soil
contamination may migrate into groundwater, subsequently causing exposure to persons using the
contaminated aquifer as a drinking water source and/or discharge to surface waters, which may have both
human health and ecologica! impacts, depending on use. Cleanup levels for the primary medium may
require an adjustment to be protective of hazardous constituent migration into the secondary medium.

Certain fate and transport modeling equations have been standardized for this purpose.
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See RAGS TABE

TABLE 4-5

s RECOMMENDED DERMAL ABSORPTION FACTORS FOR SOIL
,  REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

Dermal Absorption
Factor Reference

Arsenic 0.03 Wester et al. (1993a)
Cadmium % 0.001 Wester et al. (19922)

‘\ EPA (1992d)

<
Chlordane ‘ 0.04 Wester et al. (1992b)
2.4-D . 0.05 Wester et al. (1996)
DDT % 0.03 Wester et al. (1990)
TCDD
Low Organic Soil (<10%) 0.03 EPA (1992d)
High Organic Soil (>10%) 0.001 EPA (1992d)
N
Other Dioxins and Dibenzofurans \ 0.03 EPA (1992d) Il
PAHs \ 0.13 Wester et al. (1990)
PCBs 14 Wester et al. (1993b)
EPA (1992d)
Pentachlorophenol 0.25 \ Wester et al. (1993¢)
Generic Defaults \
.

Volatile organic compounds with vapor 0.0005 PA 1995f, Skowronski et al.
pressure = benzene (95.2 millimeters mercury} 1988
Volatile organic compounds with vapor 0.03 EPA 19951
pressure < benzene (95.2 millimeters mercury)
Semivolatile organic compounds 0.1 Ryan et al. (1987)
Inorganic Compounds Ryan et al. (1987)

Sources: EPA 1997b. EPA 19924
“oles:

EPa U'S Environmental Protection Agency
24D 2.4-dichiorophenoxy acetic acid

nnTt Dichlnradiphenyitrichloroethane
TCDD  Tetrachlosodibenzo-p-dioxin

Pl Palvnuclear asomatic hy drocarbon
reay Palvehlorinated biphenyl
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To evaluate dermal contact with constituents in water, dermal absorption across the skin barrier is
determined using constituent-specific dermal permeability constants, expressed in units of centimeters per
hour. Equations for calculating dermal permeability constants are presented in Dermal Exposure
Assessment: Principles and Applications (EPA 1992d), EPA recommends calculating permeability
constants for organic compounds using the Potts and Guy equation presented on pages 5-36 through 5-38
(EPA 1992d). EPA recommends the use of the measured permeability constants for inorganic compounds
presented in Table 5-3 of the dermal exposure assessment report (EPA 1992d). The dermal exposure to
constituents in the water pathway was not incorporated into EPA Region 9 PRG equations. Equations for
assessing this pathway are included in Dermal Exposure Assessment: Principles and Applications

(EPA 1992d). Reduced equations for calculating risks or hazards resulting from dermal contact with
constituents in water have been incorporated in the Section 4.7.2 RBC calculation equations. Adult and

child residential exposures (during showering or bathing) are considered.

When evaluating the dermal contact exposure pathway (for both soil and water) the total surface area of
body exposed must be estimated. For showering and bathing, whole-body surface area is assumed. For
soil exposures, portions of the body (for example, hands, arms, lower legs, face, and neck) are assumed to
contact soil. The duration of exposure must also be estimated (for example, assume a 15-minute-per-day
showering time). EPA-recommended defaults for dermal contact exposure factors are presented in

Table 4-6.

4.5.2 Fate and Transport Models

Table 4-1. discussed in Section 4.1, lists potential exposure pathways for human receptors. Many of the
exposure pathways result from contamination migrating from one medium to another. For example, soil
contamination may migrate into groundwater, subsequently causing exposure to persons using the
contaminated aquifer as a drinking water source and/or discharge to surface waters, which may have both
human health and ecological impacts, depending on use. Cleanup levels for the primary medium may
require an adjustment to be protective of hazardous constituent migration into the secondary medium.

Certain fate and transport modeling equations have been standardized for this purpose.

)
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RECOMMENDED DEFAULTS FOR DE

TABLE 4-6 (amended 10/16/98)

__REGION 10 RCRA R
Water Contact

ISK-

Swimming

RMAL EXPOSURE FACTORS?
BASED CLEANUP LEVEL GUIDELINES

Cenl

Recommended defaults compiled by EPA {1997b), with background data and ratio
faview draft of the Exposure Factors Handb

Assumes lolal body surface area for adult and child.

For adult wearing short-sleeved shir, shorts, and shoes
and shorts, but no shoes, with ex

For children wearing shorl-sleaved shin
Skin surface area has no upper value si

nce only one body weight per cal

egoty is available.

10 minutes avent 15 minutes/avent Site-spacific Site-specific site-specific 350 eventsfyear
1 event/day 1 event/day 60 minute
350 daysfysar 350 daysfyear 1 avent/month
Exposure duration | 9 years - adult 30 years 9 years 3 years 9 years 30 years
6 years - child ¢ 50
Skin surface area | 18,000 cn- adul® | none* 18,000 cnv? - aduli® none* é@# -adult - s .7 | poper
6,500 cm? - child® 6,500 cm’ - child® 2,200 em? - child?
2,500 cr- occupational®
Soil-to-skin - - - - 0.1 mgcm? - event - adult child and adult - nona"
| adherence rate' 0.2 mg/em?® - event - child
0.1 mg e’ - even - occ.? 0.2 mg/en? - event - occ.’

nales for the defaulls derived from EPA information {1992d) and the 1996 Science Advisory Board
ook (1996e draft update of EPA 1989d) i

, wilh exposed skin surface limited to head, hands, forearms,
posed head, hands, forearms, lower legs, and feet,

From Kissel (1996 and unpublished); values for adherence rates are under davelopment and are subject to change. Consult a Region 10 Risk Assessor for currently recommendad

Value as established for a gardener.

Only central values ara recommended, as they are based on high-end aclivities and are therefore sufficiently conservative.

Value as established for a utility worker.
Not applicable.



Models that address volatile and particulate emissions from soil into air are described in Section 4.5.2.] .
Fate and transport assumptions that estimate the transfer of VOC from water into indoor air during
household water use are identified in Section 4.5.2.2. A model and partition equation that address
migration of constituents from soil to groundwater are described in Section 4.5.2.3. Partition equations
that address migration of constituents from soil into food chain organisms are discussed in

Section 4.5.2.4.

Several of the models discussed in this section are recommend by EPA's Soil Screening Guidance:
Users’ Guide (EPA 1996b). These include models for estimating volatile and particulate emissions from
soil, and a model for estimating soil-to-groundwater constituent migration. EPA’s soil screening levels
and associated models were developed for screening purposes, for use during early investigative
processes such as the RFI. The use of conservative, facility-specific soil and aquifer parameters will
result in the calculation of health-protective soil screening levels. The facility must adequately justify all

facility-specific parameters used to calculate soil screening levels.

Although the EPA soil screening guidance (1996b) was developed for the CERCLA program, it can be
considered for RCRA corrective action facilities. EPA does not intend for soil screening levels to serve
as national cleanup standards. The screening levels are very conservative and can be used 1o determine
that the soil-to-air or soil-to-groundwater pathways are either not significant or that further assessment of
these pathways is warranted. The soil screening levels could be used as cleanup levels if conditions at
the facility are representative of those assumed during the development of the screening levels. Higher

¢leanup levels that are still hey th protective may be identified using facility-specific fate and transport

madels.
4.5.2.1 Soil-to-Air

Volatilization and particulate emission factors (VF and PEF), which are described in the following

section, are used in the soil RBC calculations to address long-term inhalation exposures. Equations for
deriving these factors are presented in Tables 4-7 and 4-8. Section 4.7 and Exhibit 4-1 present how the
- factors are incorporated into RBC caleulations. VFs should be estimated for VOCs, while PEFs should

be estimated for compounds that may exert significant toxicity via dust inhalation. VOCs are defined in
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TABLE 4-6

RECOMMENDED DEFAULTS FOR DERMAL EXPOSURE FACTORS'
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

—_—
Water Contact

Soil Contact 1,

6,000 cov? - cluld® 7,500 cn? - child® 2,900 cm? - chilg?

Bathing Swimming
\‘N
Central er Ceniral Upper nirai Upper —"
I vent e and 10 minutes event 15 miny vent Sile-specific Site-specific site-specific 350 events/year
Irequency I event/day | evenvday 60 minute
350 daysfyear 350 days/year \chnvmonlh
Expuosure duration | 9 years - adult 30 years 9 years 4{ years 9 years 30 years
6 years - chld
Shnsurface area | 18,000 cm? - adult® | 22.000 cm? - adul® 18,000 co™ - adule® 5,700 cm? - adulr

22,080.cm?’ - adult®
6,500 cm? - child® 7,500 el child®
=

~

Sol-to-skin -
idherence rate®

o
(8]
E!
=)
& ®
5"0
8 3
a
" n
=

!I

Notes:

H] Recommended defau compiled by EPA (1997b), with background data and rationales for the defaults derived from EPA information (
Advisory Boar iew draft of the Exposure Faciors Handbook (1996¢ deaft update of EPA 1989d)

b Assumes total body surface arca for adull and child.

¢ For adult wearing shoni-sleeved shin, shorts, and shoes, with exposed skin surface limited 1o head, hands, forearms, and lower legs.

d For children wearing short-sleeved shirt and shorts, but no shoes, with exposed head, hands, forearms, lower legs, and fect.

¢ From Kissel (1996 and unpublished); values for adherence rales are under development and are subject to change. Consult a Region 10
and for adherence rates for industrial scenarios which are dependent upon site-specific conditions.

cm? Square centuneter

myg milligrams

-~ Not applicable
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6,600 cm? - adulic
3,400 cm! - child?
0.8 mp/cm? - events-child
M@ adult

d} and the 1996 Science

. "~
Risk Assessor for currentvalues



Models that address volatile and particulate emissions from soil into air are described in Section 4.5.2.1.
Fate and transport assumptions that estimate the transfer of VOC from water into indoor air during
household water use are identified in Section 4.5.2.2. A model and partition equation that address
migration of constituents from soil to groundwater are described in Section 4.5.2.3. Partition equations
that address migration of constituents from soil into food chain organisms are discussed in

Section 4.5.2.4.

Several of the models discussed in this section are recommend by EPA’s Soil Screening Guidance:
Users ' Guide (EPA 1996b). These include models for estimating volatile and particulate emissions from
soii, and a model for estimating soil-to-groundwater constituent migration. EPA’s soil screening levels
and associated models were developed for screening purposes, for use during early investigative
processes such as the RFI. The use of conservative, facility-specific soil and aquifer parameters will
result in the calculation of health-protective soil screening levels. The facility must adequately justify all

facility-specific parameters used to calculate soil screening levels.

Although the EPA soil screening guidance (1996b) was developed for the CERCLA program, it can be
considered for RCRA corrective action facilities. EPA does not intend for soil screening levels to serve
as national cleanup standards. The screening levels are very conservative and can be used to determine
that the soil-to-air or soil-to-groundwater pathways are either not significant or that further assessment of
these pathways is warranted. The soil screening levels could be used as cleanup levels if conditions at
the facility are representative of those assumed during the development of the screening levels. Higher
cleanup levels that are stitl health protective may be identified using facility-specific fate and transport

models.

4.5.21 Soil-to-Air

Volatilization and particulate emission factors (VF and PEF), which are described in the following

section. are used in the soil RBC calculations to address long-term inhalation exposures. Equations for
deriving these factors are presented in Tables 4-7 and 4-8. Section 4.7 and Exhibit 4-1 present how the
factors are incorporated into RBC calculations. VFs should be estimated for VOCs, while PEFs should

be estimated for compounds that may exert significant toxicity via dust inhalation. VOCs are defined in
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TABLE 4-7

DERIVATION OF THE VOLATILIZATION FACTOR
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

VF (m3ikg) =

Q/C x (3.14 x Dy x TY'? x 1074 (m?/cm?)

(2 xp, x Dy

where

D,

_ [®FDH’ + 8,°D,)in?

K, + 8, + BH

Parameter | Definition (units) Default

VF volatilization factor (m*/kg) —

D, apparent diffusivity (cm%s) —

Q/C inverse of the mean concentration at the center of a 68.81 (Los Angeles) or facility-specific
0.5-acre-square source (g/m’-s per kg/m®) (Table 4-9)

T exposure interval (s) 9.5 x 10® (30 years)

Po dry soil bulk density (g/cm”) 1.5

0, air-filled soil porosity (L,/L,.2) n-0,=028

n total soil porosity (Lyey/Lsa) 1-(p/p) =043

0, water-filled soil porosity (L u/Lca) 0.15

P soil particle density (g/cm®) 2.65

D, diffusivity in air (cm?%/s) chemical-specific*

H’ dimensionless Henry's law constant chemical-specific*®

D, diffusivity in water (cm?/s) chemical-specific*

K, soil-water partition coefficient (cm®/g) = K_f,. chemical-specific*
(organics)

Kee soil organic carbon partition coefficient (cm*/g) chemical-specific*

|| £, fraction organic carbon in soil (g/g) 0.006 (0.6%) or facility-specific, if
available

Source: U.S. Environmental Protection Agency 1996b

Notes

of atmosphere-cubic meter per mole by multiplying by 41.
a See Attachment H om?
b Dimensionless Henry's Law constant m
Ly Volume of air in liters s
Loy Valume of soil in liters m’
Loore Pore volume in liters
Lovaer Volume of water in liters
e Gram
am® Cubic centimeter
kg Kilogram

FASERMBAILEY'WLYPY)  BKTUS1-RISH 0TS ISU10:) Jun'see
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The Henry's Law constant used in the VF equation is dimensionless, and can be converied from a Henry's Law constant expressed in units

Square centimeter
Cubic meter
Second

Square meter



TABLE 4-8

DERIVATION OF THE PARTICULATE EMISSION FACTOR
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

PEF (m%kg) = QIC x SIS00E
0.036 x (1-¥) x (U /U)’ x Rx)

Parameter Definition (units) Default

PEF particulate emission factor (m*/kg) 1.32x 10°

inverse of mean concentration at the center of a 90.80 - Minneapolis or
0.5-acre-square source (g/m*-s per kg/m®) facility-specific (Table 4-9)

fraction of vegetative cover (unitless) 0.5 (50%)

mean annual wind speed (m/s) 4.69

equivalent threshold value of wind speed at 7 m (m/s) 11.32

function dependent on U, /U, denived using data published by | 0.194
Cowherd et al. (1985) (unitless

Source: Medified from U.S. Enviconmental Protection Agency 1996b.f
Notes:

The defaults presented in this figure are intended to calculate a PEF that is adequately protective at most facilitics. Cowherd et al.
(1985} present methods for site-specific measurement of the parameters necessary to calculate a site-specific PEF.

g Gram

kg Kilogram

m Meter

m? Square meter
m’ Cubic meter
8 Second
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EPA guidance as having a Henry’s Law Constant greater than 10-* atmosphere-cubic meter per mole and a
molecular weight less than 200 grams per mole (EPA 1991c). The models discussed in this section concern
modeling hazardous constituents from soil to outdoor air. Soil to indoor air may also need to be considered;
however, models regarding this migration pathway are not described in this document. A model developed by
P.C. Johnson and R.A. Ettinger (1991) can be used to predict the intrusion rate of constituent vapors into
buildings through breaches such as foundation cracks. EPA Region 10 risk assessors should be consulted if

sotl to indoor air is a potential exposure pathway.

VYolatilization Factor

The soil-to-air VF (referred to as VF,) is used to define the relationship between the concentration of the
constituent in soil and the flux of the volatilized constituent to air. The VF, equation presented in EPA’s Soil
Screening Guidance: Users’ Guide (1996¢) shouid be used when calculating soil screening levels for VOCs
and can also be used to calculate risk-based concentrations. This equation, which is presented in Table 4-7, is
used to incorporate VOC inhalation exposures into Region 9 soil PRGs (1996d). The VF, equation
calculates the maximum flux of a constituent from contaminated soil and considers soil moisture conditions.
Chemical-specific parameters that may be used to calculate VF, including diffusivity in air, dimension less
Henry’s Law constant, diffusivity in water, and soil organic-carbon partition coefficient, are presented in
EPA’s Soil Screening Guidance: Users' Guide (1996¢) and in Attachment F (Chemical Properties Table C
from EPA [1996¢]). These chemical-specific parameters are used to calculate Region 9 soil PRGs (EPA
1996d) and are presented in the electronic version of the PRGs (accessible through the World Wide Web
address cited in Section 4.5 and presented in Attachment C).

The dispersion factor (Q/C) used in the VF, equation was derived from a modeling exercise using a full ycar
of meteorological data for 29 U.S. locations selected to be representative of the range of meteorological
conditions across the nation. The results of these modeling runs have been compiled for nine climatic zoncs
and sources of 0.5 to 30 acres (Table 4-9). A dispersion factor of 68.81 grams per square-meter second per
kilogram per cubic meter (g/m*-s per kg/m’) (Los Angeles) is used by Region 9 to determine a defauit VF,
and may be used for screening purposes (EPA 1996¢). To develop a facility-specific VF,, place the facility
into a climatic zone and choose a dispersion factor that best represents the site’s size and meteorological

conditions.
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TABLE 4-9

DISPERSION FACTOR VALUES BY SOURCE AREA, CITY, AND CLIMATIC ZONE
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

Q/C (g/ni*-s per kg/m’)
Zone and City
0.5 Acre 1 Acres 2 Acres 5 Acres 10 Acres 30 Acres

Zone 1

Seattle, WA 82.72 72.62 64.38 55.66 50.09 42.86

Salem, OR 73.44 64.42 57.09 4933 44.37 37.94 "
Zone I1

Fresno, CA 62.00 54.37 48.16 41.57 37.36 31.90

Los Angeles, CA 68.81 60.24 53.30 45.93 41.24 35.15

San Francisco, CA 89.51 78.51 69.55 60.03 53.95 46.03
Zone I

Las Vegas, NV 95.55 83.87 74.38 64.32 57.90 49.56

Phoenix, AZ 64.04 56.07 49.59 4272 3835 32.68

Albuquerque, NM 84.18 73.82 65.40 56.47 50.77 43.37
Zone IV

Boise, [D 69.41 60.88 53.94 46.57 41.87 3575

Winnemucca, NV 69.23 60.67 53.72 46.35 41.65 35.55

Salt Lake City, UT 78.09 68.47 60.66 52.37 4708 40.20

Casper, WY 100.13 87.87 7791 67.34 60.59 51.80 ||

Denver, CO 75.59 66.27 58.68 50.64 45.52 38.87 ||
ZoneV "

Bismarck, ND 23.39 73.07 64.71 5582 50.16 42.79 ||

Minneapolis, MN 90.80 79.68 70.64 61.03 54.90 46.92

Lincoln, NE 81.64 71.47 63.22 54.47 48.89 41.65
Zone VI

Little Rock, AR 73.63 64.51 57.10 49.23 44.19 37.64

Houston, TX 79.25 69.47 6153 53.11 47.74 40.76

Atlanta, GA 77.08 67.56 59.83 51.62 46.37 39.54

FPASERMBAILEYIWLVP4 )} BXILI1-RID0URO TORZANLL0: 1) am'vae
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TABLE 4-9 (Continued)

QUALITY CONTROL VALUES BY SOURCE AREA, CITY, AND CLIMATIC ZONE
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

_ Q/C (g/ms per kg/m?) |
Zone and City
0.5 Acre 1 Acres 2 Acres 5 Acres 10 Acres 30 Acres_I
Atlanta, GA 77.08 67.56 59.83 51.62 46.37 39.54 _l
Charleston, SC 74.89 65.65 58.13 50.17 45.08 38.48 "
Raleigh-Durham, NC 77.26 67.75 50.01 531.78 46.51] 39.64 "
Zone VII II
Chicago, IL 97.78 85.81 76.08 65.75 59.16 50.60
Cleveland, OH 83.22 73.06 64.78 55.99 50.38 43.08
Huntington, IN 53.89 47.24 41.83 36.10 3243 2167
Harrisburg, PA 81.90 71.87 63.72 55.07 49.56 42.40 II
Zone VIII
Portland, ME 74.23 65.01 57.52 49.57 44 .49 37.88
Hartford, CT 71.35 62.55 5540 47.83 43.00 36.73 "
Philadelphia, PA 90.24 79.14 70.14 60.59 54.50 46.59
Zone IX
Miami, FL 85.61 74.97 66.33 57.17 51.33 43.74 “

Source: Modified from U.S. Environmental Protection Agency 1996b

Notes:

L Gram

ke Kilogram

m* Square meter

m* Cubic meter

5 Second

QIC Inversion of mean concentration at the cenier of a source
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Because of its reliance on Henry’s Law (which provides a measure of the extent of chemical partitioning
between air and water) the VF model is applicable only when the constituent concentration in soil water
is at or below saturation (that is, there is no free-phase constituent present). This corresponds to the
constituent concentration in soil at which the adsorptive limits of the soil particles and the solubility
limits of the available soil moisture have been reached. Above this point, pure liquid-phase constituent
can be expected to exist in the soil. Table 4-10 presents the soil saturation concentration equation

(originally presented by Soil Screening Guidance: User's Guide [EPA 1996b)).

In addition, EPA Region 9 (1996c¢) has calculated soil saturation concentrations for VOCs, and reported
these concentrations as PRGs when they exceed the saturation limit (this is designated with a “SAT”

qualifier in the tables).

articulat

Inhalation of fugitive dusts is a consideration for nonvolatile constituents in surface soils. The PEF
relates the concentration of constituent in soil to the concentration of dust particles in air and represents
an annual average emission rate based on wind erosion. The PEF equation presented in EPA’s Soil
Screening Guidance: Users’ Guide (1996b) should be used when calculating soil screening levels for
compounds know to exert significant toxicity via the fugitive dust inhalation pathway (Table 4-8) and
can also be used to calculate risk-based concentrations. This equation is also used by EPA Region 9
(1996¢) when calculating soil PRGs. The Q/C used in the PEF equation was derived from a modeling
exercise using a full year of meteorological data for 29 U.S. locations selected to be representative of the
range of meteorological conditions across the nation. The results of these modeling runs have been
compiled for nine climatic zones and sources of 0.5 to 30 acres (Table 4-9). A dispersion factor value of
90.80 g/m*-s per kg/m* (Minneapolis) is used by Region 9 to determine a default PEF and may be used
for screening purposes (EPA 1996c). To develop a facility-specific PEF, place the facility into a climatic
zone and choose a dispersion factor and wind speeds that best represent the site’s size and meteorological

conditions.
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Source:

N
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TABLE 4-10

DERIVATION OF THE SOIL SATURATION LIMIT
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

s8
b

c r=p£(deb+ew+H,Ba)

Parameter Definition (units) Default
C,. soil saturation concentration (mg/kg) calculated
" S solubility in water (mg/L-water) chemical-specific*
les dry soil bulk density (kg/L) 1.5 |
I K, soil-water partition coefficient (L/kg) K, x f (chemical-specific*)
£, fraction organic carbon in soil (g/g) 0.006 (0.6%) or facility-specific, if available
0. water-filled soil porosity (L.aeL i) 0.15
I H’ dimensionless Henry's law constant chemical-specific*
|| e, air-filled soil porosity {L,,/L.) n-0,=028
" n total seil porosity (Lo./L.ci) I -{py/p,}=0.43
Ip_, soil particle density (kg/L) 2.65

otes:

Modified from U.S. Environmental Protection Agency 1996b

See Attachment H
Milligram per liter
Liter

Gram

Volume of water
Volume of soil in liters
Volume of air in liters
Pore volume in liters

4-34



Both EPA (1996b) and EPA Region 9 (1996c) acknowledge that when soil ingestion and fugitive dust
inhalation are evaluated together, the risks and hazards associated with ingestion are significantly greater
than those associated with inhalation. Exceptions are the metals chromium (hexavalent form) and
cadmium; therefore, the inclusion of the fugitive dust inhalation pathway can be limited to these two
metals or other compounds known to exert significant toxicity via dust inhalation. Default PEF
modeling assumptions can normally be assumed; however, if site conditions are such that higher fugitive
dust emissions than the defaults are likely (for example, dry, dusty soils, high average annual wind
speeds, vegetative cover less than 50 percent) and cadmium or hexavalent chromium is present in surface

soils, site-specific parameters should be used in the PEF equation (EPA 1996b).
4522 Household Water-to-Indoor Air

A groundwater-to-indoor air VF (VF,)) of 0.005 x 1,000 L/m? is used to define the relationship between
the concentration of the constituent in household water and the average concentration of the volatilized
constituent in air (EPA 1991c). In the derivation, all uses of household water were considered (for
example, showering, laundering, dish washing). It was assumed that the volume of water used in a
residence for a family of four is 720 L/day, the volume of the home is 150,000 L, and the air exchange
rate is 0.25 m*hour. Furthermore, it is assumed that the average transfer efficiency weighted by water
use is 50 percent (that is, half of the concentration of each chemical in water will be transferred into air
by all water uses. Note: the range of transfer efficiencies extends from 30 percent for toilets to

90 percent for dishwashers). The VF,, is used in the groundwater RBC calculation equation (presented in
Section 4.7.2) to assess volatilization of constituents from tap water into indoor air. Use of the EPA
(1991c) water-to-air Vf, results in a conservative estimation of volatilized constituent concentrations.
Updated estimates of water volume use, house volume, and air exchange rate are presented in the 1995
draft revised Exposure Factors Handbook (EPA 1996e) and may be used to recalculate a Vf,, if
warranted by facility-specific conditions. In addition, the intrusion rate of vapors through building

foundations into enclosed spaces may be predicted using a model developed by Johnson, et al. (1991).
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4.5.2.3 Soil-to-Groundwater Estimations

EPA’s Soil Screening Guidance: Users’ Guide (EPA 1996b) recommends a diiution factor model and
soil/water partition equation for estimating soil screening levels that are protective of groundwater. The
approach requires that groundwater constituent concentrations at the downgradient edge of contaminated
soil not exceed MCL or risk-based groundwater cleanup levels (that is, cleanup levels for residential
use). The method is applied in step-by-step fashion. A groundwater cleanup level and dilution factor are
identified. The dilution factor is based on facility-specific aquifer characteristics, including hydraulic
conductivity, hydraulic gradient, mixing zone depth, and source length. The dilution factor is multiplied
by the groundwater cleanup level to determine a target soil leachate concentration. The target soil
leachate concentration represents a constituent concentration that, upon dilution in groundwater, will not

result in an exceeded groundwater cleanup level directly beneath the site.

The target soil leachate concentration can be compared directly to leach test resuits for the site. EPA
(1996b) provides some guidance on the availability of leach tests and suggests using the EPA Synthetic
Precipitation Leaching Procedure {Method 1312 from the current edition of SW-846 (EPA 1986b)].
EPA (1996b) also provides a soil/water partitioning equation for converting the target soil leachate
concentration into a total soil concentration. The equation requires that site-specific soil parameters,
including fraction organic carbon, soil porosity, and soil density, be determined. Default soil parameters

are also proposed. The total soil concentration can be used as a soil screening level.

The previous procedures assume an infinite source of contamination. Because this assumption can
violate mass balance considerations, such as for small sources, EPA (1996b) also presents a model for
calculating mass-limit soil screening levels. The mass-limit soil screening level represents a soil
constituent concentration that is still protective of groundwater cleanup levels when the entire volume of
contamination leaches to groundwater over an assumed 30-year exposure duration. The mass-limit soil
screening model can be used when the area and depth of the source are known or can be estimated
reliably. Both standard and mass-limit soil screening levels should be calculated, and the higher of the
two values should be selected (EPA 1996b).

As previously stated, the soil screening concentrations are to be used in preliminary facility

investigations and assume residential exposure circumstances. EPA did not intend that they would serve
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as national cleanup standards. More detailed fate and transport models can be used to back-calculate soil
cleanup levels that are protective of groundwater. Additional facility-specific data are required for these
models. Multimedia models are available that simulate the hazardous constituent transport through both
the vadose zone and the aquifer (for example, MEPAS, GWSCREEN, ROAM, RESRAD, and
MULTIMED). Other models may only simulate vadose zone transport (for example SOLUTE,
BIOPLUME, and AT123D). In this sitvation, two models should be used to simulate muitimedia
transport, and a mass balance conservation approach should be used to connect the models. Qualified
hydrogeologists should be consulted when selecting a fate and transport model, and the use of the model
should be subject to the approval of regulatory personnel overseeing the corrective action or ciosure
activities. Further modeling and/or monitoring to assess groundwater discharges to surface water may be

required on a facility-specific basis.

Washington State MTCA regulation (WAC 173-340-740) requires that soil cleanup standards be
protective of groundwater. Historically, MTCA has required that the soil concentration be equal to or
less than 100 times the groundwater cleanup standard unless it could be demonstrated that a higher soil
concentration is protective of groundwater at the facility. At this printing, Ecology was preparing to
propose a number of changes to MTCA regulations, including ways to calculate protection of
groundwater from soil contamination. Ecology’s web site should be consulted for proposed and final
rules (http://www.wa.gov/ecology/tcp/cleanup.html). For further information, contact Charles San Juan
of Ecology at (360) 407-7191.

4524 Food Chain Exposure Pathways

Migration of contamination into human food chain pathways may require consideration in facility-
specific situations. For example, if soil contamination is present in areas that are likely to be used for
home gardening, this pathway should be considered when setting soil cleanup levels. EPA RCRA
guidance for assessing indirect exposures at hazardous waste combustion facilities provides useful
intermedia hazardous constituent partitioning equations for estimating constituent migration into the
food chain. The draft Guidance for Performing Screening Level Risk Analyses at Combustion Facilities
Burning Hazardous Wastes (EPA 1994i) compiles and streamlines intermedia partition equations
proposed in earlier RCRA combustion guidance documents (EPA 1990, 1993d). The EPA (1994i)

document contains RCRA program guidance issued by the Office of Emergency and Remedial Response,
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while the EPA (1990, 1993d, and 1995g) reports are technical support documents. In addition, the draft
Estimating Exposure to Dioxin-Like Compounds (EPA 1994j) presents similar intermedia partition
equations for estimating dioxin uptake into plants, animais, and fish. EPA regional risk assessors shouid

be contacted for further information on the availability of updated documents.

While much of the RCRA combustion guidance series addresses the fate of constituent air emissions.
partitioning equations presented for secondary migration pathways can be used to derive soil and water
RBCs. The EPA (1994i,j) guidance documents address the primary food chain pathways, inciuding
constituent migration into garden produce, fish, beef, and milk. Intermedia constituent partitioning
equations for migration pathways, such as soil-to-root-vegetable and water-to-fish, are recommended.
For example, tt_le equations estimate the concentration of a constituent in a secondary media, such as a
garden plant, that results from constituent uptake into the plant from soil. Similarly, estimates can be
made of constituent concentrations in fish resulting from constituent uptake from water or sediment, or
constituent concentrations in beef cattle and dairy cattle milk resulting from constituent uptake from soil
and plants. These equations rely on constituent-specific biotransfer or bioconcentration factors that
represent the ratio of constituent concentrations in the secondary media (for example, garden produce) to

constituent concentrations in the primary media (for example, soil).

These equations can be used in a HHRA to first calculate constituent concentrations in food chain
pathways resulting from air, soil, or water contamination. Human ingestion rates for these food chain
pathways (for example, garden produce or fish ingestion rates) are then estimated. The dose and
resulting risk or hazard are then calculated. Food chain pathways are not typically considered when
calculating risks or RBCs, and their relevance should be determined on a case-by-case basis. Methods
for assessing food chain exposure pathways are typically conservative and may result in RBCs that are
lower than RBCs based on direct contact. They should not be evaluated at every facility, but should be
considered on a case-by-case basis where the food chain pathway is known to be a complete exposure
pathway. At sites where the plant ingestion pathway may reasonably exist, screening level estimates
may be developed using the EPA Region 10 ASARCO plant uptake data for arsenic, cadmium, and lead.
For other contaminants, applicable portions of EPA (1994i) should be used. Special situations where
food chain organisms such as fish or shellfish are consumed at a subsistence level, such as in Alaska or
for Native American populations, should be incorporated into RBCs. EPA Region 10 risk assessors

should be consuited regarding rates of food consumption for such specific situations (for example, for

% ALPA Rimmzdd TASKE REVISEXFINALWASTER WPDAIS1-R 1 RORARL 21T SSamaac 4-38



Puget Sound or Columbia River fisheries). EPA Region 10 risk assessors should also be contacted to
confirm the selection of appropriate partitioning equations for use in determining either facility risks and
hazards or facility-specific soil and water RBCs. EPA Region 10 has decided to assume that 10 percent

of the inorganic arsenic in seafood is organic (see Attachment I).

4.6 TOXICITY ASSESSMENT

The toxicity assessment summarizes the toxicologic basis for all chemical-specific toxicity data using
available dose-response information. Toxicity assessments should be conducted as described in
Chapter 7 of Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual,
Part A, (EPA 1989¢c). The following sections present an overview of the types of dose-response
information used to characterize carcinogenic and noncarcinogenic dose responses (Section 4.6.1),
sources of EPA toxicity values (Section 4.6.2), and methods for assessing chemicals without EPA

toxicity values (Section 4.6.3).

4.6.1 Dose-Response Information

In developing HHRA methods, EPA recognizes fundamental differences between carcinogenic and
noncarcinogenic dose-response variables used to estimate risks. Because of these differences, human
health risk is characterized separately for the carcinogenic and noncarcinogenic effects related to
hazardous constituents. Some analytes have both carcinogenic and noncarcinogenic effects, although in
many cases, EPA has published toxicity criteria for only one of them. It should not be assumed that in
all cases this is the more sensitive type of toxic effect. Information sufficient to characterize and/or
quantify the dose-response relationship may be lacking (for example, in the case of endocrine disruptors,

or when no appropriate animal models exist).

Human epidemiologic data provide the strongest evidence of a positive association between hazardous
constituents and human health effects; however, human health effects data adequate to develop
quantitative dose-response relationships are available for only a few chemicals. As a result, toxicity
information obtained from nonhuman mammalian experiments is often used to predict human
dose-response relationships and to develop chemical-specific toxicity criteria. Animal toxicity data are

typically derived from studies in which animals are exposed to relatively high doses of a chemical. In
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contrast, the chronic exposures evaluated in the HHRA are for much lower doses. In addition, the
animals are exposed for relatively short periods of time compared with chronic exposure risk
assessments, which typically assume humans will be exposed for a lifetime. Both of these contribute to

the uncertainties in HHRA (see Section 4.8).
4.6.1.1 Toxicity Information for Carcinogenic Effects

Currently, the key dose-response variable used to evaluate carcinogenic effects is the cancer potency
factor (CPF), which is derived from carcinogenicity studies (typically conducted at high doses). To
evaluate the probability of developing cancer at the lower doses more typically encountered by the
public, the EPA-recommended linearized, multistage model is applied to the data. This mathematical
model expresses individual excess cancer risk as a function of exposure and is based on the conservative
assumption that even a single, low-dose exposure to a carcinogen may result in cancer. The CPF,
expressed as risk per milligrams per kilogram per day [(mg/kg/day)'], quantitatively defines the

relationship between dose and response.

In HHRA, chemical-specific CPFs are multiplied by the lifetime average daily dose (LADD) of a
hazardous constituent from a given exposure route to assess the upper-bound cancer risk associated with
that dose. Carcinogenic risk is expressed as the probability of an individual in a population developing
cancer (for example, one in a million or 1E-6). Chemical-specific CPFs can be incorporated into RBC
equations along with dose information to back-calculate RBCs that correspond to selected target risks

{Section 4.7).

EPA assigns weight-of-evidence classifications to potential carcinogens. Under this system, chemicals

are classified as belonging to one of six groups (EPA 1997a):
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. Group A - chemicals for which sufficient data exist to support S
a causal association between exposure to the agent and the
induction of cancer in humans

. Group B - Probable carcinogens:

- Group B! - chemicals for which there is limited
evidence of carcinogenicity from human exposure
studies but sufficient evidence of carcinogenicity from
animal studies

- Group B2 - chemicals for which there is inadequate
evidence of carcinogenicity from human exposure
studies but sufficient evidence of carcinogenicity from
anirnal studies

. Group C - chemicals for which there is limited evidence of
carcinogenicity from animal studies; possible carcinogens

. Group D - chemicals for which the carcinogenicity database is
inadequate
. Group E - chemicals exhibiting no evidence of a carcinogenic

response in hurnans or animals

For HHRAs, carcinogenic risks are evaluated only for chemicals with weight-of-evidence classifications

of A, B1, B2, and C.

EPA issued Proposed Guidelines for Carcinogen Risk Assessment to incorporate advances in scientific
knowledge into the risk assessment process (EPA 1996i). When finalized, this will essentially redefine
EPA’s approach to human cancer risk assessments. In particular, classification of a chemical as a
carcinogen will invoive all available evidence, including structure-activity relationships and comparative
metabolism and toxicokinetics. The primary effects of this change in procedure will be to decrease the
uncertainty in the toxicity assessment and to allow for risk estimates that more adequately reflect the
scientific understanding of a specific chemical’s role in the process leading to cancer. Other proposed
changes include replacing the current A through E classification scheme for the weight-of-evidence by
three classifications, with some subdivisions. These new classes will be exposure route-specific. After
the proposed guidelines are finalized, the EPA intends to reevaluate carcinogens on an individual basis,
probably a few per year; therefore, classification changes will be phased in over time. Project managers

should ensure that facilities utilize and reference the most current information.
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4.6.1.2 Toxicity Information for Noncarcinogenic Effects

The key dose-response variable used in quantitative HHRA of noncarcinogenic effects is the chronic
reference dose (RfD). The chronic RfD, expressed in units of milligrams per kilogram-day for a specific
chemical, is an estimate of the daily exposure to the human population {(including sensitive subgroups)
that is likely to be without an appreciable risk of deleterious effects during a lifetime (EPA 1989c).
Chronic RfDs consider exposures that occur over about 10 percent or more of a lifetime. RfDs are
usually based on the relationship between the dose of a noncarcinogen and the frequency of systemic
toxic effects in experimental animals or humans. It is a specific assumption of this method that there is a
threshold intake rate below which toxic effects do not occur, The threshold of observed effects is
divided by an uncertainty factor or factors to derive an RfD that protects the most sensitive members of
the population. The uncertainty factors are usuatly multiples of 10, and each factor represents a specific

area of uncertainty inherent in extrapolation from the available data.

Uncertainty factors are applied to data in the following cases (EPA 1989c¢):

. To account for variation in the general
population {to protect sensitive
subpopulations)

. To extrapolate the data from animals to
humans
. To adjust for using a subchronic study rather

than a chronic study

. To adjust for using a lowest-observable-
adverse-effect-level instead of a no-
observable-adverse-effect-level in developing
an RfD

. To account for database deficiencies

A modifying factor ranging from 1 to 10 is also applied to the RfD to address uncertainties in the

scientific studies used to develop RiDs.
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Once an RfD for a compound has been verified by EPA, it is used to characterize the likelihood of
noncarcinogenic hazards resulting from long-term chemical exposures at a facility. In HHRA, the RfD is
compared to the average daily dose (ADD) calculated in the exposure assessment to determine whether
chronic effects might occur. The ratio of the ADD and the RfD is called the hazard quotient (HQ). If the
predicted ADD exceeds the RfD, the HQ is greater than 1.0, and there may be concern for potential
noncancer effects (EPA 1989¢). HQs for individual constituents can be added to calculate an exposure
pathway or site hazard, referred to as the hazard index (HI). According to Risk Assessment Guidance for
Superfund, Volume I, Human Health Evaluation Manual, Part A, the addition of HQs from all hazardous
constituents is appropriate as a screening-level approach (EPA 1989¢c). If the resulting HI is greater than
1.0, however, it would be appropriate to calculate new His for hazardous constituents with similar
critical effects and mechanisms of action. Further guidance on segregating COPCs by critical effects and
mechanisms of action is presented in Section 4.7.4. Chemical-specific RfDs can be incorporated into

RBC equations to back-calculate RBCs that corresponded to target hazards (Section 4.7).

EPA has also derived inhalation reference concentrations (RfC), which are estimates of daily exposures
(via inhalation) to the human population including sensitive subgroups that are likely to be without
appreciable risk of deleterious effects. RfCs are generally reported as a concentration in air (milligrams
per cubic meter). For purposes of using standard RBC equations, however, RfCs can be converted to a
corresponding inhaled dose (milligram per kilogram-day) by dividing by 70 kilograms (an assumed
human body weight), multiplying by 20 cubic meters per day (an assumed human inhalation rate), and,
preferably, adjusting by an appropriate, chemical-specific absorption factor. This conversion, however,
may often be technically incorrect, and the appropriateness of doing this must be evaluated on a case-by-
case basis (EPA 1997a). RfCs can be used in screening risk assessments to determine whether a
constituent may contribute significantly to the HI; however, the appropriateness of RfC conversions and
their use in baseline HHRA's should be verified by a EPA Region 10 risk assessor (EPA 1997a) prior to

their use.
4.6.2 U.S. Environmental Protection Agency Toxicity Factors

Toxicity factors (RfDs, RfCs, and CPFs) are not always readily available, so multiple sources may need

to be consulted. The EPA Region 10 hierarchy of sources for RfDs, RfCs, and CPFs is as follows:
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1. Integrated Risk Information System (IRIS) on-line database (EPA 1996g). IRIS is the
preferred EPA source for toxicity information. It provides RfDs, RfCs and CPFs that
have been reviewed and verified by agency-wide work groups. Supporting discussion
and references also appear in each chemical file. IRIS User Support at (513)569-7254
can provide information about how to access IRIS. IRIS is available to EPA Region 10
personnel on its automaxx menu and to the public on EPA’s web site at
http://www.epa.gov/iris.

2. Health Effects Assessment Summary Tables (HEAST) (EPA 1997a). HEAST
summarizes all currently available toxicity factors developed by National Center for
Environmental Assessment (NCEA) and a bibliography of Health Effects Assessments
and related documents. These documents contain supporting information for toxicity
values developed by EPA NCEA. The HEAST tables are revised quarterly. Toxicity
factors that appear in IRIS do not appear in HEAST.

3. Provisional values developed by NCEA. Region 10 risk assessment staff should be
contacted to obtain information from NCEA.

4. Agency for Toxic Substances and Disease Registry (ATSDR) minimal risk levels
(MRL). These MRLs are developed using an approach that is generally consistent with
RfD methodology. These may be available for acute, intermediate, or chronic exposure
durations and are potentially useful for situations of short-term exposure, for which
verified RfDs are seldom available. They can be found in ATSDR Toxicity Profile
documents {in the Health Effects Summary section, in the text and/or on the
“thermometer” chart). MRLs can also be found on the Internet at
http://atsdr] .atsdr.cdc.gov:8080/mris.html. Concurrence with use of MRLs for a specific
situation should be sought from Region 10 risk assessment staff.

5. Region 10 risk assessors may have access to additional toxicity numbers from other
sources that may be appropriate for a given circumstance.

{n addition to the RfDs, RfCs, and CPFs, the EPA weight-of-evidence classifications and the types of
cancers observed in animal testing should be presented for all carcinogenic hazardous constituents, while
the confidence levels, critical effect and target organs, and uncertainty and modifying factors associated
with the available RfDs should also be presented. The identification of critical effects and target organs

becomes important during risk characterization when segregating COPCs for HI calculations.

Since carcinogenic chemicals may also cause noncarcinogenic health effects, RfDs (when available)
should be compiled for carcinogenic chemicals and used to evaluate potential noncarcinogenic effects for
these chemicals. It should not be assumed that noncarcinogenic effects are negligible or even less
important than cancer risks just because RfD or RfCs are not available.

4-44
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4.6.3 Chemicals or Exposure Pathways With No U.S. Environmental Protection Agency
Toxicity Values

This section identifies key constituents that do not have toxicity values in the EPA IRIS and HEAST
databases. Recommendations for what toxicity values may be used to evaiuate these constituents are
presented. Methods for evaluating exposure pathways with limited or no EPA toxicity values are also
presented. I[fit is determined that provisional or other alternative values may be used, their uncertainties
must be discussed in the risk assessment document (specifically in the risk characterization section) and

should be considered in risk management decisions.

4.6.3.1 Polynuclear Aromatic Hydrocarbons

Polynuclear aromatic hydrocarbons (PAH) are a very extensive group of organic compounds that contain
at least two benzene rings. Sources of PAHs include petroleum and coal tar products. The major source
of PAH releases to the environment is combustion of these products (EPA 1982). PAHs may be found at
hazardous waste sites that used or generated these products, such as coal gasification plants, coal tar
generators, power plants, wood treaters that used creosote, and coke manufacturers. Some PAHs are
carcinogenic and some are not. Benzo(a)pyrene is currently the only carcinogenic PAH for which a CPF
has been verified by EPA. It is recommended that toxicity equivalency factors (TEF) based on the
relative potency of each PAH compound to that of benzo(a)pyrene be used to evaluate the toxicity of the
remaining carcinogenic PAHs on the target compound list (see following list). The TEFs presented here
were recommended by EPA’s NCEA and are from the Provisional Guidance for Quantitative Risk
Assessment of Polycyclic Aromatic Hydrocarbons (EPA 1993e). Concentrations of specific carcinogenic
PAHs should be multiplied by their respective TEFs to calculate their concentrations relative to
benzo(a)pyrene potency. This benz(a)pyrene equivalent concentration should then be used for risk
characterization. These TEFs are not in IRIS, and therefore are not necessarily accepted by all states and

may be revisited by NCEA in the future.
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POLYNUCLEAR AROMATIC HYDROCARBON
TOXICITY EQUIVALENCY FACTORS

Compound TEF
Benzo(a)pyrene 1.0
Benzo(a)anthracene 0.1
Benzo{b)fluoranthene 0.1
Benzo(k)fluoranthene 0.01
Chrysene 0.001
Dibenzo(a,h)anthracene 1.0
Indeno(1,2,3-cd)pyrene 0.1

4.6.3.2 Chlorinated Dioxins and Furans

Dioxins and furans are created during combustion processes, such as during incineration of wastes or
during the buming of fossil fuels. Dioxins and furans may also be created during the manufacture of
chlorine and chlorinated products (for example, chlorinated phenols, chlorinated benzenes, PCBs,
phenoxy herbicides, and other compounds), and during paper manufacturing involving chlorine
bleaching (EPA 1994j). EPA has verified a CPF for 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD); it is
the only chlorinated dioxin or furan with a verified CPF. TEFs based on the relative potency of each
dioxin and furan congener to that of TCDD have been developed by EPA and are presented in fnterin
Procedures for Estimating Risks Associated with Exposures to Mixtures of Chlorinated
Dibenzo-p-Dioxins and Dibenzofurans (CDDs and CDFs) and 1989 Update (EPA 1989f). The TEFs are
listed on the following page. Concentrations of specific dioxin and furan congeners should be muitiplied
by their respective TEFs to calculate their concentration relative to 2,3,7,8-TCDD potency (example
follows list of TEFs). This 2,3,7,8-TCDD equivalent concentration should then be used for risk .
characterization. At the Dioxin ‘97 conference held in Indianapolis in August 1997, the World Health
Organization presented an abstract in which a new TEF scheme for dioxins, furans, and dioxin-like PCBs
was delineated for humans/mammals and separately for fish and for birds. This abstract is included as

Attachment J. EPA may at some point decide to adopt some or all of these TEFs once the World Health
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Organization publishes its complete report. A regional risk assessor should be consulted to determine

EPA’s TEF policies for PCBs and dioxins/furans when they are COPCs at a given site.

EPA published a draft comprehensive reassessment of dioxin toxicity in 1994 and is currently finalizing
that reassessment. Several chapters of the draft reassessment are available on the Internet at
http://www.epa.gov/docs/exposure/. Revised chapters are placed on that site as they become available.
It is expected that the reassessment will be finalized in early 1998. While dioxin and furan

noncarcinogenic effects are not insignificant, EPA has not quantified such effects.

DIBENZO-P-DIOXIN AND DIBENZOFURAN
TOXICITY EQUIVALENCY FACTORS

Compound _ TEF
Dioxins
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) 1.0
Pentachlorinated dibenzo-p-dioxin (2,3,7,8 0.5
chlorines)
Hexachlorinated dibenzo-p-dioxin (2,3,7,8 0.1
chlorines)
Heptachlorinated dibenzo-p-dioxin (2,3,7,8 0.01
chiorines)
Octachlorinated dibenzo-p-dioxin 0.001
Other chlorinated dibenzo-p-dioxins 0
Furans
2,3,7,8-Tetrachlorodibenzofuran 0.1
1,2,3,7,8-Pentachlorodibenzofuran 0.5
2,3,4,7,8-Pentachlorodibenzofuran 0.05
Hexachlorinated dibenzofuran (2,3,7,8 0.1
chlorines)
Heptachlorinated dibenzofuran (2,3,7,8 0.01
chlorines)
Octachiorinated dibenzofuran 0.001
Other chlorinated dibenzofurans 0
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EXAMPLE OF CALCULATING 2,3,7,8-TCDD EQUIVALENT
CONCENTRATION USING TOXICITY EQUIVALENCY FACTORS
2,3,7,8-TCDD
Soil Equivalent
Concentration Concentration
Analyte (mg/ke) TEF (mg/kg)
(Octachlorinated dibenzofuran 1.5E+2 0.001 1.5E-1
2,3,7,8-Tetrachlorodibenzofuran 2.0E+1 0.1 2.0E+0
Total 2,3,7,8-TCDD equivaient 2.1E+0
concentration

4.6.3.3 Polychlorinated Biphenyls

The following discussion of PCBs is based on PCB carcinogenicity information presented in PCBs:
Cancer Dose-Response Assessment and Application to Environmental Mixtures (EPA 1996j). PCBs are
mixtures of synthetic organic chemicals. The primary PCB molecule consists of two six-carbon rings
with one chemical bond joining a carbon from each ring. Commercial mixtures of PCBs have from one
to ten chlorines attached to the other carbons on the two rings. There are 209 possible arrangements of
chlorines on the two rings; these molecular arrangements are referred to as congeners. PCB congeners
with the same number of chlorines are called isomers. Commercial PCB mixtures manufactured in the
United States carry the trademark “Aroclor” (for example, Aroclor 1016, 1242, 1248, 1254, and 1260).
Each of these Aroclors is made up of mixtures of PCB congeners, ranging from congeners with four
chlorines or less (for example, Aroclor 1016) to congeners with five to nine chlorines (for example,
Aroclor 1260).

PCBs are classified by EPA as probable human carcinogens, but PCB mixtures differentially contribute
to excess cancer risk. Certain PCB mixtures (Aroclor 1254) and congeners (see following list) have
demonstrated tumor-promoting activity. Congener information is usefu) when evaluvating the potential
for a PCB mixture to cause cancer, and as discussed below, is used to select a CPF appropriate to the

mixture and to the exposure pathway(s).
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When the two six-carbon rings that make up a PCB molecule are aligned on the same plain, the molecule
is referred to as being “coplanar.” Certain coplanar PCB congeners have toxicity mechanisms that are
similar to that of dioxin (see list of these congeners on page 4-52). As discussed below, concentrations
of these PCB congeners can be converted to equivalent concentrations of TCDD, and TCDD toxic

equivalent risks can be calculated.

POLYCHLORINATED BIPHENYL MIXTURES AND
CONGENERS THAT TESTED POSITIVE FOR
TUMOR-PROMOTING ACTIVITY

Mixture Congener

Aroclor 1254 2,4,2' 4'-Tetrachlorobiphenyl (TECB)
Kanechlor 400 2,4,2'5-TECB

Kanechlor 500 2,5,2'5-TECB

Clophen AS0 34,3 4-TECB

2,3,4,3 4"-Pentachlorobiphenyl (PECB)
2,4,5,3'4'-PECB

3,4,5,3'4"-PECB

2,4,5.2' 4", 5'-Hexachlorobiphenyl

Source: EPA 1996}

PCB mixtures in soil, sediment, air, water, and biota media may differ from the parent commercial
mixture initially released to the environment, based on partitioning, bioaccumulation, and transformation
processes. Anaerobic and aerobic biodegradation may result in the removal of chlorines and the
breaking of carbon rings; however, PCB congeners are persistent, particularly those with a high chlorine
content. These more chiorinated congeners can absorb onto soil and sediment particles and become
concentrated in fish and animal fat. The make-up of a bioaccumulated PCB mixture can therefore vary
from that of its parent commercial mixture and may contain a higher percentage of more persistent,

highly chlorinated congeners.

Bioaccumulated mixtures appear to be more toxic than commercial mixtures (Aulerich et al. 1986). This
toxicity is not necessarily based on chlorine content only; both the number and position of chlorines is
important. Partitioning of more toxic PCB congeners in environmental media may result in increased

toxicity to exposed humans compared to the toxicity of the parent commercial mixture. For example, the
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cancer potencies of PCB mixtures in the food chain, soil, or sediment are predicted to be greater than the

potency of more water-soluble PCBs.

Historically, the CPF for PCB was based on commercial mixture toﬁcicity. EPA has developed new
procedures to evaluate environmental mixtures of PCBs: PCBs: Cancer Dose-Response Assessment and
Application to Environmental Mixtures (EPA 1996j). This document presents updated toxicity
information that can be used to evaluate the carcinogenic risks from environmental PCB exposure.
These procedures and new PCB slope factors were incorporated into EPA’s IRIS in October of 1996.

This update approach presents and describes the foilowing:

A range of upper-bound and central cancer potency factors for
PCB mixtures, depending on:
. The effect of environmental processes on the
mixture
. The route and timing of human exposures to
the mixture
. Available information on the site-specific
types of PCB congeners

The range of potency observed for commercial mixtures must be used to represent the potency of
environmental mixtures since no toxicity data on environmental mixtures are available. The range
reflects experimental uncertainty and variability of commercial mixtures, but not human heterogeneity or
differences between commercial and environmental mixtures. As noted, environmental processes alter
mixtures through partitioning, transformation, and bicaccumulation, which may decrease or increase
toxicity. The overall effect can be considerable, and the potency range observed from commercial
mixtures may underestimate the true range for environmental mixtures. Limiting the potency of
environmental mixtures to the range observed for commercial mixtures reflected a choice to base
potency estimates on experimental results, rather than apply safety factors to compensate for lack of
information. EPA addressed this issue by developing CPFs that consider the make-up and fate of
environmental mixtures. EPA (1996j) presents a range of PCB central and upper-bound CPFs with three

reference points. Each reference point or CPF has criteria that should be met for that CPF to be used.
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Criteria include the human exposure pathway evaluated and specific information on the congener —

composition of the mixture that must be obtained through environmental sampling.

A tiered approach is used that atlows different types of information in estimating the potency of
environmental mixtures of PCBs. Total PCBs or congener or isomer analyses are recommended. The
first (default) tier is invoked when congener information is limited. Only the high-risk CPF should
normally be used in the first tier since it is not possible to demonstrate the absence of persistent, dioxin-
like, or tumor-promoting congeners without such analysis. The lowest-risk CPFs cannot be used without

specific information on the congener composition of the mixture.

The second tier is invoked when congener or isomer information is available from sampling and
analysis; it can be used to further refine a potency estimate that was chosen to reflect an exposure
pathway. The lowest upper-bound CPF (0.07 [mg/kg/day]') may be used if congener or isomer analyses
verify that congeners with more than four chlorines comprise less than 0.5 percent of total PCBs. The
higher CPF (2.0 [mg/kg/day]") should be used if dioxin-like, tumor-promoting, and persistent congeners
are present. When dioxin-like coplanar congener concentrations are available, the use of CPFs for PCBs
may be supplemented by the calculation of TCDD toxic equivalent risks. Under this method, PCB
congeners that are not dioxin-like are evaluated using the appropriate PCB CPF, while PCB congeners
that are dioxin-like are evaluated using the TCDD CPF. TEFs for the dioxin-like PCB congeners (see the
following list) would be used to estimate TCDD toxic equivalent concentrations by multiplying the
concentrations of individual dioxin-like PCB congeners by the TEFs, TCDD toxic equivalent
concentrations from all dioxin-like PCB congeners are then added together. This sum is used to
calculate a lifetime average daily dose of dioxin, which is then multiplied by the dioxin CPF to estimate
dioxin-like PCB risk. Section 4.6.3.2 describes possible changes in the TEFs for dioxin-like PCBs based

on World Health Organization studies.
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DIOXIN-LIKE POLYCHLORINATED BIPHENYLS
AND TOXICITY EQUIVALENCY FACTORS

Noa-Ortho Mono-Ortho TEF Di-Ortho TEF
Congeners TEF Congeners Congeners
3,4,3" 4"-Tetrachlorobiphenyl {TECB) 0.0005 | 2,343 4-PECB 0.0001 2,3.4,52'3'4"-HPCB 0.000§
3,4,5,3 4'-Pentachlorobiphenyt (PECB) 0.} 2,3,4,54-PECB 0.0005 2,3,4,5,2'4'5-HPCB 0.00001
3.4,5,3' 45 -Hexachlorobiphenyl 0.01 24,53 ,4-PECB 0.0001
(HXCB)
34,52 4-PECB 0.0001
2,3,4,534-HXCB 0.0005
234,3 4',5-HXCB 0.0005
24,534 5-HXCB 0.00001
2345345 0.0001
Heptachlorobiphenyl
(HFCB)

Source: EPA 1995)

Table 4-11 summarizes the range of CPFs for PCBs, indicating how exposure pathway and

congener/isomer information is used to select CPFs. EPA (1996j) presents three examples that show

how additional information regarding the types of PCB congeners present affects the CPFs used to

evaluate risk and the subsequent risk estimates. Example 3 shows how PCB congener information,

specifically regarding dioxin-like congeners, can be incorporated into the risk estimates. Essentially,

lifetime average daily doses and risk estimates would be calculated for the dioxin-like and nondioxin-

like portions of the mixture,

PCBs: Cancer Dase-R_espanse Assessment and Application to Environmental Mixtures (EPA 1996j)

summarizes uncertainties associated with the proposed PCB CPFs. These include uncertainties inherent

in the experimental information used to derive CPFs and uncertainties associated with applying the
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TABLE 4-11

RANGES OF HUMAN POTENCY AND CANCER POTENCY FACTORS
FOR ENVIRONMENTAL MIXTURES OF PCBS
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

Central Upper-bound
Risk and Cancer potency Cancer potency Site-Specific
Persistence factor factor Criteria for Use
(mg/kg/day)" (mg/kg/day)!

High? 1 2 Food chain exposure, ingestion of
contaminated sediment or soil; inhalation of
dusts or aerosols; presence of dioxin-like,
tumor-promoting, or persistent congeners;
early life exposure

Low 0.3 04 Ingestion of water soluble congeners, vapor
inhalation, dermal contact (if no absorption
factor is applied) It

Lowest 0.04 0.07 Congener or isomer analyses verify that
congeners with more than four chlorines
comprise less than 0.5 percent of tatal PCBs.

Source: U.S. Environmental Protection Agency 1996j
Note:
a In the absence of congener-specific analytical information, the slope factor of two should normally be used

since it is not possible to demonstrate the absence of dioxin-like, tumor-promoting, or persistent congeners
without such analysis.
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experimental information to human environmental exposures. Examples of uncertainties associated with

human exposures include the following:

» It is crucial to recognize that commercial PCBs tested
in laboratory animals were not subject to prior
selective retention of persistent congeners through the
food chain. For exposure through the food chain, risks
can be higher than those estimated by EPA (1996j).

* PCBs persist in the body, providing a continuing
source of internal exposure after external exposure
stops. There may be greater-than-proportional effects
from less-than-lifetime exposure, especially for
persistent mixtures and for early-life exposures.

When planning for the collection of PCB samples, the ability of the faboratory to analyze for PCB
congeners or isomers should be verified, and such analyses requested if relevant and appropriate based
on facility conditions. For example, congener specification will be critical when it is suspected lower
persistence and lower risk PCB congeners are present but verification is required, Likewise,
confirmation that tumor-promoting or dioxin-like PCB congeners are present will require specific PCB

analyses. Draft EPA method 8082 or similar analyses can be used to detect specific PCB congeners.

4.6.3.4 Manganese

A chronic, oral RfD is available on IRIS. It was revised in November 1995. The RfD reflects the total
dietary intake of manganese. Manganese is a naturally occurring element and is present in the normal
diet to a certain extent. When assessing the exposure to manganese from sources other than food, the
narrative accompanying the [RIS value advises the use of a medifying factor of 3. This is especially
important for the protection of infants who may be adversely affected, such as if they are fed formula
made up with water which contains elevated levels of manganese. EPA Region I, in a technical bulletin
called Risk Updates, published a description of how the modifying factor should be applied in risk
assessments (See Attachment K). Region [ Risk Updates are available on the Internet at
hup://www.epa.gov/region0l/remed/riskupdates.html. The use of the modifying factor should always be

used when determining acceptable levels of manganese in groundwater which is being used or may be
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used in the future as drinking water. A site-specific determination shouid be made regarding the use of
the modifying factor for soil. If it is a reasonable assumption that infants will not be exposed to the soil,

the use of the modifying factor would not be necessary.
4.63.5 Total Petrolenm Hydrocarbons

EPA verified toxicity values are not available for total petroleum hydrocarbons (TPH) or for most of the
hundreds of individual chemicals that comprise petroleum products. Cleanup frameworks for TPH that
have been developed and adopted by individual Region 10 states should generally be followed for
petroleum releases in those states. The assessment of risks posed by TPH releases should always include
at a minimum the measurement of benzene and the carcinogenic PAHs (see box in Section 4.6.3.1 for
list). The leaching potential to ground and surface waters and vapor releases to ambient and enclosed
breathing areas such as basements through structural breaches should be considered where applicable.
The federal Water Pollution Prevention Act (also known as the Clean Water Act) prevents the discharge
of oil to navigable waters of the United States such that it causes a film or sheen or causes a sludge or
emuision beneath the surface of the water (Clean Water Act 310(a)(1); 311{b)(3); and 40 CFR 110.3).

Each state in Region 10 is addressing TPH cleanups differently. For RCRA facilities where TPH
releases are an issue, An EPA Region 10 underground storage tank technical expert in the groundwater
protection unit should be consulted [(206) 553-1587] for the status of each state’s TPH cleanup program.
EPA’s Office of Underground Storage Tanks is also developing guidance for TPH cleanups on Native
American lands; however, the state in which the land is located may have a more sophisticated or more
pertinent TPH cleanup framework. The Native American stakeholders should be consulted in making

decisions about which cleanup framework to follow for petroieum releases on their lands,
4.6.3.6 Dermal Toxicity Factors
No RfDs or CPFs are available for the dermal route of exposure. In some cases, however, risks and

hazards associated with dermal exposure can be evaluated using an oral toxicity factor. This

route-to-route extrapolation assumes that the toxicity of a hazardous constituent is the same whether it is
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experimental information to human environmental exposures. Examples of uncertainties associated with

human exposures include the following:

* ltis crucial to recognize that commercial PCBs tested
in laboratory animals were not subject to prior
selective retention of persistent congeners through the
food chain. For exposure through the food chain, risks
can be higher than those estimated by EPA (1996;)).

*  PCBs persist in the body, providing a continuing
source of internal exposure after external exposure
stops. There may be greater-than-proportional effects
from less-than-lifetime exposure, especially for
persistent mixtures and for early-life exposures.

When planning for the collection of PCB samples, the ability of the laboratory to analyze for PCB
congeners or isomers should be verified, and such analyses requested if relevant and appropriate based
on facility conditions. For example, congener specification will be critical when it is suspected lower
persistence and lower risk PCB congeners are present but verification is required. Likewise,
confirmation that tumor-promoting or dioxin-like PCB congeners are present will require specific PCB

analyses. Draft EPA method 8082 or similar analyses can be used to detect specific PCB congeners.

4.6.3.4 Manganese

A chronic, oral RfD is available on IRIS. It was revised in November 1995, The RfD reflects the total
dietary intake of manganese. Manganese is a naturally occurring element and is present in the normal
diet to a certain extent. When assessing the exposure to manganese from sources other than food, the
narrative accompanying the IRIS value advises the use of a modifying factor of 3. This is especially
important for the protection of infants who may be adversely affected. such as if they are fed formula
made up with water which contains elevated leveis of manganese. EPA Region I, in a technical bulletin
calied Risk Updates, published a description of how the modifying factor should be applied in risk
assessments (See Attachment K). Region I Risk Updates are available on the Internet at

htip * www.epa.gov region0) remed riskupdates.htm). The use of the modifying factor should always be

used when determining acceptable levels of manganese in groundwater which is being used or may be
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used in the future as drinking water. A site-specific determination shouid be made regarding the use of -
the modifying factor for soil. If it is a reasonable assumption that infants will not be exposed to the soil, |
the use of the modifying factor would not be necessary.

(1se MTCA

4.6.3.5 Total Petroleum Hydrocarbons

at a minimurmn the measurement of benzene and the carcinogefiic PAHs (see box in Section 4.6.3.1 for
list). The leaching potential to grodnd and surface wat;-:/ai;{vapor releases to ambient and enclosed
breathing areas such as basements throu tmctura.l’l;reaches should be considered where applicable.
The federal Water Pollution Prevention Act (alsq known as the Clean Water Act) prevents the discharge
of oil 1o navigable waters of the United States such'that it causes a film or sheen or causes a sludge or

emulsion beneath the surface of the water (Clean Water™Agt 310(a)(1); 311(b)3); and 40 CFR 1 10.3).

Each state in Region 10 is addressing TPH cleanups differently. RCRA facilities where TPH
releases are an issue, An EPA Region 10 underground storage tank technjcal expert in the groundwater
protection unit should’ge consulted [(206) 553-1587] for the status of each ¥ate’s TPH cleanup program.
EPA’s Office o;' Hr;derground Storage Tanks is also developing guidance for cleanups on Native

American lapds; however, the state in which the land is located may have a more s histicated or more
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4.6.1.6 Dermal Toxicity Factors d

No RfDs or CPFs are available for the dermal route of exposure. In some cases, however, risks and
hazards associated with dermal exposure can be evaluated using an oral toxicity factor. This

route-to-route extrapolation assumes that the toxicity of a hazardous constituent is the same whether it is
s
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oral or dermal route. In certain instances, it may not be appropriate to use orai toxicity factors to cvaluate the
dermal pathway (for example, when a toxicant is known to exert a specific point-of-contact [skin] effect). A

risk assessor can assist with the evaluation of the appropriateness of a route-to-route extrapolation.

Exposures via the dermal route are calculated and expressed as absorbed doses, while most oral toxicity
factors are expressed as administered doses. An administered dose is the dose that is presented to a persons
“exchange surfaces” or points of contact with the external world, including the mouth, skin, and nose. An
absorbed dose in the portion of the administered dose that actually enters the general circulation of the body.
For example, because the skin is an effective barrier to many chemicals, only a portion of the dose
administered on the skin’s surface will be absorbed through the skin into the blood stream. When evaluating
dermal exposure to contaminants in water or soil, it may be necessary to adjust an oral toxicity value based on
an administered dose to one based on an absorbed dose using a chemical’s oral absorption efficiency. This
section discusses the method for making this adjustment. If the oral toxicity factor is used unadjusted, the
resulting risk or hazard estimates will be less conservative because adjusted values are more protective than

unadjusted oral values (see examples below).

Information concerning absorption efficiencies may be found in various chemical-specific documents
including ATSDR toxicological profiles and Health Effects Assessments. Another source of absorption
efficiencies is a list compiled by the Health Sciences Research Division of the Oak Ridge National
Laboratory. This list is included as Attachment L. A Region 10 risk assessor should be consulted before
the adjustment of oral toxicity factors is considered.

The oral absorption efficiencies listed in the box to the right are recommended in Supplemental Guidance to
RAGs: Region 4 Bulletins, Human Health Assessment

and may be used as interim default values in the absence
of chemical-specific values (EPA 1995h). An exception VOCs - 80 percent

SVOC - 50 percent
Inorganic Chemicals - 20 percent

to the default value for inorganics should be made for
cadmium. IRIS (EPA 1996g) states that the RfD for
cadmium (based on drinking water) assumes an oral

absorption efficiency of 5 percent. A risk assessor should be consulted for a value for arsenic.

FAUSERMBAILEY'WLVPA ) _BKTUS1-R100100TONLAAE/ 10: 3 Jumlens '¢'Sﬁ



As shown in the box to right, an oral CPF, Example:  An oral CPF, unadjusted for absorption,
expressed as an administered dose, is converted equals 1.6 (mg/kg/day)". Information (or
L an assumption) indicates a 20 percent oral
to an absorbed dose by dividing the oral CPF by shsorption efficiency; therefore, the
: : adjusted CPF would be 1.6 (mg/kg/day)" /
the oral absorption efficiency. 0.20 = 8 (mpkglday).

Likewise, an oral RfD, expressed as an
administered dose, is converted to an absorbed

Example:  Anaral RfD, unadjusted for absorption,

dose by multiplying the oral RfD by the oral equals 10 mg/kg/day. Information (or an
. . ) . assumption) indicates a 20 percent oral
absorption efficiency (either determined from absorption efficiency; therefore, the
adjusted RfD would be 10 mg/kg/day x

literature or assumed) in the species on which
the oral RfD is based.

0.20 = 2 mg/kg/day.

4.6.3.7 Inhalation Toxicity Factors

Inhalation toxicity factors (RFC) are available for only a select number of hazardous constituents.
Provisional inhalation toxicity values may be available from various sources such as EPA’s NCEA or
chemical-specific ATSDR toxicity profiles. EPA Region 10 risk assessors may be consulted as to the
availability of inhalation toxicity factors,

For cases where EPA-derived toxicity factors are not available for the inhalation route of exposure but are
available for the oral route, a Region 10 toxicologist should be contacted for guidance on route-to-route
extrapolation. If an oral toxicity factor is used to evaluate inhalation risks or hazards, the uncertainty
associated should be discussed. In certain instances, it may not be appropriate to use oral toxicity factors to
evaluate the inhalation pathway (for example, when a toxicant is known to exert a specific point-of-contact
[lung] effect). If it is recommended that route-to-route extrapolation not be considered and if no provisional
toxicity values is available, the hazardous constituent in question should be discussed qualitatively, and its

absence should be discussed in the uncertainty section.
4.7 CALCULATION OF RISK-BASED CONCENTRATIONS

EPA intends that contaminated RCRA sites be remediated in a manner consistent with available, protective,

nisk-based media cleanup standards (FR 19449 May 1, 1996). When appropriate promulgated standards and
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promulgated standards and criteria do not exiét, protective media cleanup standards can be developed
using a facility-specific HHRA approach. The primary goal of HHRA is to calculate the chemical dose
that a person may receive when exposed to contaminated media and to determine the type and magnitude
of toxic effects that are known to occur at that dose level. The exposure and toxicity assessment methods
described in Sections 4.5 and 4.6 are the major risk assessment tools used to accomplish this goal.
Standardized risk characterization equations that incorporate exposure and toxicity information can be

adjusted to calculate RBCs that correspond to selected target cancer risks or HQs.

The following subsections describe how target risks and HQs are selected (Section 4.7.1), what HHRA
equations are used to calculate RBCs (Section 4.7.2 and Attachment E), how RBCs are calculated
(including an example) (Section 4.7.3), how to calculate RBCs for multiple hazardous constituents
(Section 4.7.4), how fate and transport models are used to determine RBCs for hazardous constituents in
one media that may migrate into another media (Section 4.7.5), and how RBCs can be estimated for lead

{Section 4.7.6).
4.7.1 Selection of Target Risks and Hazard Quotients

EPA’s RCRA program risk reduction goal is to reduce the threat from facility-related carcinogenic
hazardous constituents such that, for any medium, the excess risk of cancer to an individual exposed over
a lifetime generally falls within a range from 1E-6 to 1E-4 (that is, | in one million to | in one hundred
thousand) (FR 19449, May 1, 1996). Available risk-based media cleanup standards are thus considered
protective if they achieve a level of risk that falls within the 1E-6 to 1E-4 cancer risk range. Program
implementors and facility owners/operators should generally use 1E-6 as a point of departure when
initially developing target site-specific media cleanup levels. For noncarcinogens, the HI should

generatly not exceed 1.0 (FR 19449, May 1, 1996).

Washington State MTCA regulations prescribe target risks of 1E-6 for Method B cleanup levels and

I E-5 for Method C or industrial cleanup levels for carcinogens, and HQ of 1.0 for all scenarios.
Cleanups and closures at EPA-lead RCRA sites in Washington should typically be at least as
conservative as MTCA requires to avoid the need for further action later. The Oregon State approved
RCRA corrective action authorization package states that it will rely upon EPA risk assessment guidance

documents to determine appropriate cleanup levels at RCRA facilities, including the use of a 1E-6 target
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cancer risk and a 1.0 target HI. Idaho State relies on EPA’s RFI guidance (EPA 1989a) for setting
cleanup levels at RCRA facilities and bases residential land use cleanup levels on target cancer risks and
HQs of 1E-6 and 1.0, respectively. Idaho has also indicated that industrial land use cleanup levels may

be based on a upper-end target cancer risk of 1E-4 [Tetra Tech EM Inc. (Tetra Tech) 1996b].
4.7.2 Risk-Based Concentration Calculation Equations
As previously described in the introduction to Chapter 4, data collection and evaluation, exposure

assessment, toxicity assessment, and risk characterization steps are used during HHRA to determine

facility risks and hazards.

During an exposure assessment, a daily dose is calculated by estimating the
amounts of a hazardous constituent that a person may intake from soil,
water, or air during typical residential, industrial, or other land use activities.
In a toxicity assessment, data on toxic effects that occur at known dose
levels are compiled, and toxicity values are derived from this information.
CPFs are used to estimate an upper-bound probability of a person
developing cancer if exposed to a specific dose of a constituent over a
lifetime. Toxicity values for noncancer health effects (RfDs) predict the
dose below which no toxic effects are expected to occur. Outputs from the
exposure and toxicity assessments are combined to complete the risk
characterization step.

For a carcinogen, a risk estimate represents an estimate of the incremental probability that an individual
could develop cancer over a lifetime as a result of site-related exposure to that carcinogen (EPA 1989c).
It does not include risks associated with exposure to the same or other carcinogens that are not facility-

related (that is, background concentrations or occupational exposures).

These excessive lifetime cancer risks are calculated using equation 4-1:

Lifetime cancer risk = LADD x CPF 4-1)
where
LADD = Lifetime average daily dose (mg/kg/day)
CPF = Cancer Potency Factor (mg/kg/day)’
4-59
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The LADD expresses the hazardous constituent dose for the facility based on exposure information.
This dose is compared to the constituent’s toxicity per unit dose to calculate the risk from exposure to the

constituent attributed to releases from the facility.

For noncarcinogens, the potential for individuals to develop noncarcinogenic effects is evaluated by
comparing an assumed intake developed over a specific exposure period to an RfD developed over a

similar exposure period. This comparison takes the form of a ratio called an HQ and is expressed in

equation 4-2:

HQ = ADD/RfD _ (4-2)
where

HQ = Hazard quotient (unitless)

ADD = Average daily dose (mg/kg/day)

RfD = Reference dose (mg/kg/day)

The ADD and RfD are calculated over the same exposure period. The ADD expresses the constituent
dose for the facility based on exposure information. The facility dose is compared to the RfD to estimate

the likelihood of health effects.

Risk can be expressed as a lifetime excess cancer risk or as a noncarcinogenic hazard,

RBCs are calculated by the same methods used to calculate risks. The risk equations are simply reversed
to solve for a daily constituent dose that is equivalent to a selected target risk or hazard level. The
concentration of a hazardous constituent released from a facility that would cause such a dose is
determined based on the site-specific exposure conditions assumed (for example, see Table 4-2) or
measured. This concentration may serve as the basis of a cleanup level unless multiple hazardous
constituents are present in concentrations above screening levels (see Section 4.7.4 for adjustments based

on multiple constituents).

Examples of equations that may be used to calculate RBCs are presented in Exhibit 4-1. The equations
are reduced versions of the PRG equations recommended by EPA Region 9 (1996¢). The Region 9

equations are derived from standard EPA equations used to calculate risks or hazards. The standard
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equations have been rearranged to solve for the soil or water constituent concentration that corresponds
to target risk or HQ levels. The full EPA Region 9 equations and exposure assumptions are presented in

Attachment E.

The ultimate selection of target risks and hazards are risk management decisions. EPA guidance for risk
assessment (1989¢, 1995a) anticipates that the risk assessment will proceed independent of and before
risk management decisions. In Washington State, where MTCA is followed, many risk management
decisions are already made by virtue of the exposure assumptions and levels of protectiveness required
by Methods B and C.

Summary, reduced RBC equations are presented in Exhibit 4-1 for soil and water media. The reduced
equations consider the primary direct exposure pathways for these media, including ingestion, inhalation,
and dermal contact for soil and water. The exposure assumptions for each exposure pathway (presented
in Table 4-2) were incorporated into the original Region 9 risk equation to arrive at the reduced
equations. When available and determined to be appropriate to the facility assessment, chemical-specific
parameters, including ABS values (Section 4.5.1), VF,, PEFs (Section 4.5.2.1), and toxicity values
(Section 4.6), must be entered into the reduced equations to calculate RBCs. The exposure pathway for
dermal contact with constituents in water is not included in the Region 9 (1996¢) PRG equations. This
exposure pathway was incorporated in the Exhibit 4-1 groundwater equations. Depending on site-
specific conditions, it may be determined that one or more exposure pathways are incomplete (that is,
there are no actual or potential receptors to the constituents in questions, via a specific exposure
pathway). In this event, the bracketed portion of the Exhibit 4-1 equations that correspond to that

exposure pathway can be dropped from the equation.

Exhibit 4-2 presents the same reduced equations as Exhibit 4-1; however, in Exhibit 4-2, the equations
are adjusted to solve for risk or HQ levels. Soil and water constituent concentrations and chemical-
specific parameters (the same as those noted for Exhibit 4-1) can be entered into the Exhibit 4-2
equations to calculate risks and hazards for specific constituents. The soil and water constituent
concentrations should represent the average concentration levels to which a human receptor could.be
exposed (this is defined as the exposure point concentration). Typically, the 95th percent upper

confidence limit on the arithmetic mean (95th UCL) constituent concentration for the area of exposure is
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EXHIBIT-4-2

REDUCED RISK AND HAZARD INDEX EQUATIONS
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

Soil Equati
For soils, equations are based on three exposure routes (ingestion, skin contact, and inhalation),

Equation 1: Combined Exposures to a Single Carcinogenic Constituent in Residential Soil (adults and
children)

11 x CPF,
(1.1E-4 x CPF)) + (SE-4 x ABS x CPF,, ) + | ————

VE

R = C (mglkg) x
BIKE 73

Equation 2: Combined Exposures to a Single Noncarcinogenic Constituent in Residential Soil (children)

2E-4) [ _4BS .. ., 10
’RMD, D, ., RD, x VF,

15.6

HQ = C (mglkg) x

Equation 3: Combined Exposures to a Single Carcinogenic Constituent in Industrial Soil (adults)

[ (CPF, x SE-5) + (CPF,,, x ABS x \E-3) *+ (CPF,/VF, x 20) |

R = C (mglkg) x
g/kg) T

Equation 4: Combined Exposures to A Single Noncarcinogenic Constituent in Industrial Soil (adults)

SE-S) L _4BS_ _p) . 20
RfD, RD,, RD, x VF,

102.2

HQ = C (mglkg) x

roundwater Equati

For groundwater, equations are based on three exposure routes (ingestion, skin contact, and inhalation of
volatiles).?

Equation 5: Combined Exposures to A Single Carcinogenic Constituent in Water (adults and children)

[ (1.1 x CPF, ) + (5.5 x CPF,) + (2.6 x Kx CPF,) |

R = C (uglly x

73,000




EXHIBIT 4-2 (Continued)

REDUCED RISK AND HAZARD INDEX
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

Equation 6: Ingestion and Inhalation Exposures to A Single Noncarcinogenic Constituent in Water

(adult)
H 2 ] +[ m] *[s,s::x”]
HO = C gy » LN I':ft;oo RD,
Air Equations

Equation 7: Inhalation Exposures to a Single Carcinogenic Constituent in Air (adults and children)

C (ugim®) x CPF,
6,600

R =

Equation 8: Inhalation Exposures to a Single Noncarcinogenic Constituent in Air (adults)

C (ugim?)

HQ =
R/D, x 3,650

Source: Madified from U.S. Environmental Protection Agency 1996g

Nofes.

a Volatile chemicals are defined as having a Henry's Law Constant (atm-m'/mol} greater than 10** and a molecular wei
less than 200 grams/mol . Use VT, for volatile chemicals and PEF for nonvolatile chemicals

ABS Dermal absorption factor

C Concentration

R Cancer risk

HQ Hazard quotient

CPF, Cancer potency factor, oral

1'PF, ., Cancer potency factor, oral, adjusted

. Cancer potency factor, inhalation

N Chemical-specific permeability coefficient (centimeters per hour)

\'F, Volatilization factor, soil

1D, Reference dose, oral

®1D, Reference dose, oral, adjusted 1o account for percent gastrointestinal absorption of chemical

RID, Reference dosce, inhalation

kg Microgram per liter

mg/l. Milligram per liter

~pm' Microgram per cubic meter




used as the exposure point concentration. EPA’s (1992e) Supplemental Guidance to RAGs: Calculating

the Concentration Term details how to calculate 95th UCL exposure point concentrations for soil.

The Supplemental Guidance to RAGs: Estimating Risk From Groundwater Contamination (EPA 1993a)
details how to calculate groundwater exposure point concentrations. Both documents are included as
Attachment M. Additional information on determining exposure point concentrations and points of

compliance is provided in Section 7.3.

An example of a constituent-specific calculation using the Exhibit 4-1 equations is presented in the
following section. The same example can be applied to the Exhibit 4-2 equations, except that a
constituent concentration is used to calculate a risk term instead of using a target risk term to calculate a
RBC.

4.7.3 Examples of Risk-Based Concentration Calculations

As an example, the following assumptions have been made about a hypothetical RCRA facility:

. An RFI with adequate site characterization has been conducted

. Methylene chloride, an industrial solvent, has been determined
to be a COPC in soil. The concentration of methylene chloride
used in a facility HHRA was 2,100 mg/kg, representing the
95th percent upper confidence limit of the arithmetic mean.
Calculated cancer risks and noncarcinogenic hazards exceeded
target risk and target hazard levels

. Soil ingestion, dermal contact with soil, and inhalation of
volatiles from soil have been determined to be the direct
exposure pathways of concern

. A residential land use scenario has been determined to be
appropriate
. A target excess cancer risk of 1E-6 and a target hazard of 1.0

have been identified by the program for this facility
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No promulgated federal standards for methylene chloride in soil are available. An RBC can be

_calculated using equations | and 2 in Exhibit 4-1.

The following paragraphs discuss the specific information for methylene chloride that is needed to
calculate carcinogenic and noncarcinogenic RBCs. Sections 4.7.3.1 and 4.7.3.2 present example RBC

calculations based on carcinogenic and noncarcinogenic effects, respectively.

The IRIS (EPA 1996g) and HEAST (EPA 1997a) databases indicate that methylene chloride has toxicity
values for both carcinogenic and noncarcinogenic effects. The oral CPF is 0.0075 (mg/kg/day)", the
inhalation CPF is 0.0016 (mg/kg/day)", the oral RfD is 0.06 mg/kg/day, and the inhalation RfC is

3.0 milligrams per cubic liter, converted to an inhalation RfD by multiplying by 20 cubic meters and
dividing by 70 kilograms (no absorption factor available). As discussed in Section 4.6.3, the oral CPF
and RfD are adjusted to account for the orai absorption efficiency of methylene chloride when assessing
the dermal exposure pathway. Following the recommendations in Section 4.6.3, a default oral absorption
efficiency of 80 percent may be assumed for VOCs in the absence of chemical-specific information. The
oral CPF is adjusted for 80 percent oral efficiency to 0.0094 {(mg/kg/day)" to arrive at a dermal CPF.

The oral RfD is adjusted for 80 percent oral efficiency to 0.048 mg/kg/day to arrive at a dermal RfD.

An ABS is needed to estimate the amount of methylene chloride that is absorbed across the skin. In the
absence of a methytene chloride-specific ABS value, a defauit ABS vaiue for methylene chloride of
0.05 percent (0.0005) is used. This value is based on recommendations from Region Il Technical
Guidance Manual, Risk Assessment: Assessing Dermal Exposure from Soil (EPA 1995f). EPA Region 3
recommends two ABS values for VOCs: 0.05 percent for volatiles having a vapor pressure equai to or
greater than benzene (approximately 95.2 millimeters mercury) and 3 percent for volatiles having a
vapor pressure lower than benzene (EPA 1995f). Methylene chloride has a vapor pressure of 349

millimeter mercury; therefore, the ABS value of 0.05 percent is used.

Since methylene chloride is a VOC, a VF is derived to assess inhalation exposures. A VF of 2,815 m’/kg

is derived following the method described in Section 4.5.2.1.
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Using the Exhibit 4-1 equations (derived from EPA Region 9 [1996¢] equations) and the
chemical-specific input factors, the following RBCs can be calculated for carcinogenic and

noncarcinogenic effects of methylene chloride in groundwater.

4.7.3.1 Carcinogenic Effects

The equation for calculating RBCs in soil is as follows:

73 x TR (4-3)

C (mglkg) =

11 x CPF,
(L1E-4 x CPF)) + (SE-4 x ABS x CPF,,,) + [ — —

(See Table 4-2 and Attachment E for further explanation of the individual terms in the equation).

Continuing with the example of methylene chloride, and substituting the chemical-specific values for

cancer CPFs, ABS, VF, and target risk, results in the following equation:

(4-4)
-6
C (mgikg) = 73 x (10°9)
(1.1E-4 x 7.5E-3) + (SE-4 x SE-04 x 9.4E-3) + [M]
2.BE+3

The RBC is as foliows:

C(MM‘) = 10.3 mgikg (4-5)
4.7.3.1 Noncarcinogenic Effects
The equation for calculating health-based RBCs in soil for noncarcinogenic effects is as follows:

(4-6)

15.6 x THQ

2E-4| | ABS x 4E-4| | 10
RID 0 R—(D o.adf RfD X VF:

C (mglkg) =

5 REPA'R IR IMTASKNREVISENFINALWASTER WPDAIS-R U1 | MIToOR | 21099 Samisag 4-68



Substituting the appropriate value for the RfD, ABS, and VF results in the following equation:

(4-7)
C (mglkg) = 156 x |
2E-4 . S5E-04 x 4E-4 . 10
[ 6.0E-2] [ 4.8E-2 ) [8.65‘-1 x 2.BE+3]
The RBC is as follows:
Compitsy = 1:877 mgikg (4-8)

The RBC calculated based on carcinogenic effects is lower than that based on noncarcinogenic effects. It
is also lower than the soil saturation limit concentration of 2,500 mg/kg calculated using the
equation presented in Table 4-10. In such cases, the lower RBC should be selected as the

health-protective level.

It should be noted that these RBC calculations do not account for potential migration of methylene
chloride to groundwater. If discharge of methylene chloride to groundwater or surface water cannot be
ruled out, the Section 4.5.2.3 methodology for evaluating these pathways should be followed. Either a
soil screening level or a facility-specific soil-to-groundwater RBC should be developed and compared to

the previously noted direct contact RBCs before determining a final RBC.
4.7.4 Adjustment of Risk-Based Concentrations for Multiple Hazardous Constituents

When developing RBCs for facilities at which multiple carcinogens are of concern, the target risk level
or raﬁge must still be met. Risks from constituents having carcinogenic effects are assumed to be
additive according to Risk Assessment Forum Review of “Guidelines on Health Risk Assessment of
Chemical Mixtures " (EPA 1997c); therefore, target risk levels for individual constituents may need to be
adjusted downward to ensure that the total residual facility risk is within the target risk range. This

adjustment should be done on a facility-specific basis, depending on the number and nature of hazardous
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COPCs present. Exhibit 4-3 demonstrates how RBCs for carcinogens can be adjusted to achieve an

acceptable target risk range.

In general, cleanup levels for the constituent(s) contributing most significantly to total risk can be
adjusted to keep total risk in the target risk range. For example, five carcinogens may be present: four
representing total risks in the 10 range and one representing risk in the 10” range. Adjusting the
cleanup level for the single constituent contributing most of the risk may be adequate to achieve a total
facility risk in the target range. This would be more practicable if a corrective measure could be selected
that is especially effective for the constituent constituting the highest risk (for example, if the constituent
is highly vulnerable to bioremediation); however, this method may not be practicable in all situations. In
that case, the target risk from carcinogens can be established overall and the remediation wouid continue
until the combined risk from the mixture of the residual carcinogens had been reduced to the target risk

or lower.

HQs from constituents having similar systemic toxic effects and similar mechanisms of action are also
assumed to be additive. The IRIS (EPA 1996g) and HEAST (EPA 1997a) databases provide information
on the types of toxic effects that are the basis for each RfD. Hazardous constituents with simitar
noncarcinogenic toxic affects should be grouped together to determine cleanup levels for multipie
constituents. For example, many organic solvents typically affect the central nervous system or the liver.
The target HQ level for individual constituents in each toxic effects group should be adjusted downward
to ensure that the total residual facility HI is less than 1.0. This adjustment can be done on a
facility-specific basis, depending on the number of hazardous constituents present. As with carcinogens,
instead of adjusting the target HQ for individual constituents, the remediation results could be monitored

to ensure that the target HI is achieved or surpassed.

Exhibit 4-4 demonstrates how cleanup levels for noncarcinogens can be adjusted to achieve an
acceptable target HI. As was explained for carcinogens, adjusting the cleanup levels for the chemicals

presenting most of the hazard may achieve an acceptable total hazard.

A regional risk assessment specialist should be consulted to confirm how chemicals are grouped

according to types of toxic effects.
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EXHIBIT 4-3

ADJUSTING CLEANUP LEVELS FOR CARCINOGENIC COMPOUNDS
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

Assume that five carcinogenic hazardous constituents are present in groundwater at the point
of compliance and that each presents the following cancer risks at current concentrations and
at MCL concentrations.

Current Maximum Excess
Contaminant Excess Contaminant Cancer
Concentration Cancer Level (MCL) Risk at
Constituent : {ug/L) Risk {ug/l) . MCL
Benzene 50 1x10* 5 1x10°%
{,2-Dichlorocthane 75 6x 107 5 4x10%
(1,2-DCA)
1,1-Dichloroethene 14 2x 107 7 1x10*
{1,1-DCE)
Tetrachloroethene 50 4x 10?* 5 4 x10*
Trichloroethene 50 < 3x 108 5 Ix10*
Total Cancer Risk Ix10° 2x 107

If a total target risk in the low 107 range is required, the attainment of cleanup levels below
MCLs will be necessary. One approach may be to set an averall target risk that must be met
by corrective action and monitor constituent concentrations during remediation until the
target risk is achieved. A second approach may be to set target cleanup levels for each
constituent. For example, by setting cleanup levels for each constituent at one-tenth of their
respective MCLs, an overall target risk of 2 x 10° would be achieved if the cleanup goals are
met. The ability of remedial technologies to meet clean levels must be confirmed and may
dictate the targeted reductions of canstituent concentrations. Likewise, analytical methods
capable of detecting constituenis at the targeted cleanup levels must be available. For the
purposes of this ecample, EPA method 8260 is capable of detecting the constituents at

0.1 ug/L and lower concentrations.
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COPCs present. Exhibit 4-3 demonstrates how RBCs for carcinogens can be adjusted to achieve an

acceptable target risk range.

In general, cleanup levels for the constituent(s) contributing most significantly to total risk can be
adjusted to keep total risk in the target risk range. For example, five carcinogens may be present: four
representing total risks in the 10 range and one representing risk in the 10 range. Adjusting the
cleanup level for the single constituent contributing most of the risk may be adequate to achieve a total
facility risk in the target range. This would be more practicable if a corrective measure could be selected
that is especially effective for the constituent constituting the highest risk (for example, if the constituent
is highly vulnerable to bioremediation); however, this method may not be practicable in all situations. In
that case, the target risk from carcinogens can be established overall and the remediation would continue
until the combined risk from the mixture of the residuai carcinogens had been reduced to the target risk

or lower.

HQs from constituents having similar systemic toxic effects and similar mechanisms of action are also
assumed to be additive. The IRIS (EPA 1996g) and HEAST (EPA 1997a) databases provide information
on the types of toxic effects that are the basis for each RfD. Hazardous constituents with similar
noncarcinogenic toxic affects should be grouped together to determine cleanup levels for multiple
constituents. For example, many organic solvents typically affect the central nervous system or the liver.
The target HQ level for individual constituents in each toxic effects group should be adjusted downward
to ensure that the total residual facility HI is less than 1.0. This adjustment can be done on a
facility-specific basis, depending on the number of hazardous constituents present. As with carcinogens,
instead of adjusting the target HQ for individual constituents, the remediation results could be monitored

to ensure that the target HI is achieved or surpassed.

Exhibit 4-4 demonstrates how cleanup levels for noncarcinogens can be adjusted to achieve an
acceptable target HI. As was explained for carcinogens, adjusting the cleanup levels for the chemicals

presenting most of the hazard may achieve an acceptable tota! hazard.

A regional risk assessment specialist should be consuited to confirm how chemicals are grouped

according to types of toxic effects.
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EXHIBIT 4-3

ADJUSTING CLEANUP LEVELS FOR CARCINOGENIC COMPOUNDS
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

Assume that five carcinogenic hazardous constituenis are present in groundwater at the point
of compliance and that each presents the following cancer risks at current concentrations and
at MCL concentrations.

Current Maximum Excess
Contaminant Excess Contaminant Cancer
Concentration Cancer Level (MCL) Risk at
Constituent {ug/L) Risk {ug/L) - MCL
Benzene 50 1x10¢ 5 1 x50
1.2-Dichloroethane 75 6x 10" 5 4x10%
(1,2-DCA)
1,1-Dichloroethenc 14 2x10* 7 1x 10
(1,1-DCE)
Tetrachloroethene 50 4x10° 5 4x10*
Trichloroethene 50 Ixto? 5 3x 10
Total Cancer Risk 1x10° 2x10*
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If a total target risk in the low 10 range is required, the attainment of cleanup levels below
MCLs will be necessary. One approach may be to set an overall target risk that must be met
by corrective action and monitor constituent concentrations during remediation until the
target risk is achieved. A second approach may be to set target cleanup levels for each
constituent. For example, by setting cleanup levels for each constituent at one-tenth of their
respective MCLs, an overall target risk of 2 x 10° would be achieved if the cleanup goals are
met. The ability of remedial technologies to meet clean levels must be confirmed and may
dictate the targeted reductions of constituent concentrations. Likewise, analytical methods
capable of detecting constituents at the targeted cleanup levels must be available. For the
purposes of this example, EPA method 8260 is capable of detecting the constituents at

0.1 ug/L and lower concentrations.
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EXHIBIT 4-4

ADJUSTING CLEANUP LEVELS FOR
NONCARCINOGENIC HEALTH EFFECTS
REGION 10 RCRA RISK-BASED CLEANUP

LEVEL GUIDELINES

Assume that four hezardous constituents are present in groundwater at
the point of compliance, and cause similar noncarcinogenic health
effects. Initial cleanup levels (MCLs} and equivalent hazards quotients

are as follows;

Cleanup Equivalent
Constituent Level (ug/L) Hazard Quotient
1,2-Dichiorobenzene 600 1.6
1,1-Dichloroethane 810 1.0
1,2-Dichloroethene 70 1.3
Ethylbenzene 700 0.5
Hazard Index 44

Yf a hazard index of 1.0 is required, cleanup level for the first three
constituenis can be reduced by one order of magnitude, resulting in
hazard quotients of 0.16, 0.10, and 0.13, respectfully, and a hazard index
0f 0.89. A second approach could be to monitor ongoing remediation
until a target hazard index of 1.0 is achieved or surpassed.

4.7.5 Risk-Based Concentrations Based on Hazardous Constituent Migration

Hazardous constituent migration across media can be incorporated into RBC calculations. As described
in Section 4.5.2.1, VFs and PEFs may be used to incorporate VOC and particulate air emissions into soil
RBCs. It is recommended that these be considered. Section 4.5.2.3 describes a partition equation,
models. and criteria that can be used to calculate soil RBCs that are protective of groundwater. Soil
RBCs protective of groundwater should be compared to soil RBCs calculated based on direct soil

cxposures. The lower of the two RBCs should be selected.

Section 4.3.2.4 describes sources of partition equations that can be used to estimate hazardous

constituent migration from primary media such as soil and groundwater into the food chain. An example
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of how the partition equations may be used follows. At a site where home gardening is an important
exposure pathway, constituent migration from soil to garden root crops may be estimated using the
partition equations in Guidance for Performing Screening Level Risk Analvses at Combustion Facilities
Burning Hazardous Wastes, Attachment C, Draft Exposure Assessment Guidance (EPA 1994i). Using
the HHRA equations presented by EPA (1994i), the amount of the root crop ingested by a home gardener
would then be estimated, and the risk assaciated with plant ingestion would be calculated. Soil RBCs
determined after constituent migration into plants has been considered can be back-calculated using the
same HHRA equations. Chemical-speciﬁé parameters required for the calculation include oral toxicity
values and soil-to-plant partition coefficients. Partition coefficients for common hazardous waste
combustion facility constituents are inciuded in the EPA (1994i) combustion guidance (that is, for
dioxins, PAHs, PCBs, nitroaromatics, phthalates, and certain metals). Some of the primary sources of
plant partition coefficients cited by the combustion guidance document series include 4 Review and
Analysis of Parameters for Assessing Transport of Environmentally Released Radionuclides Through
Agriculture (Baes et al. 1984) for inorganic compounds and Bioconcentration of Organics in Beef, Milk,
and Vegetation (Travis and Arms 1988) for organic compounds. Evaluation of Dredged Material
Proposed for Ocean Disposal, Testing Manual (EPA 1991d) also provides octanol-water partition
coefficients for many chemicals that can be converted to plant partition coefficients using equations

recommended by Travis and Arms (1988).

As previously noted, human food chain exposures are typically not significant pathways of concern at
RCRA facilities, so indirect exposures to food chain organisms require consideration only on a
case-by-case basis. Methods for incorporating food chain exposures into RBCs may also be conservative
(for example. garden produce partitioning equations) and may overestimate actual site risks. If they are

significant exposure pathways and are not included, however, risks would be underestimated.
4.7.6 Cleanup Levels for Lead

Cleanup levels for lead are not calculated using standard EPA risk assessment equations. Rather, EPA

has developed an integrated exposure uptake biokinetic model (IEUBK) that predicts lead blood levels in
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EXHIBIT 4-4

ADJUSTING CLEANUP LEVELS FOR
NONCARCINOGENIC HEALTH EFFECTS
REGION 10 RCRA RISK-BASED CLEANUP

LEVEL GUIDELINES

Assume that four hazardous constituents are present in groundwater at
the point of compliance, and cause similar noncarcinogenic health
effects. Initial cleanup levels (MCLs) and equivalent hazards quotients

are as follows:

Cleanup Equivalent
Constituent Level (ug/L) Hazard Quotient
1,2-Dichlorobenzene 600 1.6
1,1-Dichloroethane 810 1.0
1,2-Dichloroethene 70 1.3
Ethylbenzene 700 0.5
Hazard Index 44

If a hazard index of 1.0 is required, cleanup level for the first three
constituents can be reduced by one order of magnitude, resulting in
hazard quotients of 0.16, 0.10, and 0.13, respectfully, and a hazard index
of 0.89. A second approach could be 1o monitor ongoing remediation
unitil a target hazard index of 1.0 is achieved or surpassed.

4.7.5 Risk-Based Concentrations Based on Hazardous Coustituent Migration

Hazardous constituent migration across media can be incorporated into RBC calculations, As described
in Section 4.5.2.1, VFs and PEFs may be used to incorporate VOC and particulate air emissions into soil
RBCs. It is recommended that these be considered. Section 4.5.2.3 describes a partition equation,
models, and criteria that can be used to calculate soil RBCs that are protective of groundwater. Soil
RBCs protective of groundwater should be compared to soil RBCs calculated based on direct soil

exposures. The lower of the two RBCs should be selected.

Section 4.5.2.4 describes sources of partition equations that can be used to estimate hazardous

constituent migration from primary media such as soil and groundwater into the food chain. An example
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of how the partition equations may be used follows. At a site where home gardening is an important
exposure pathway, constituent migration from soil to garden root crops may be estimated using the
partition equations in Guidance for Performing Screening Level Risk Analyses at Combustion Facilities
Burning Hazardous Wastes, Attachment C, Draft Exposure Assessment Guidance (EPA 1994i). Using
the HHRA equations presented by EPA (1994i), the amount of the root crop ingested by a home gardener
would then be estimated, and the risk associated with plant ingestion would be calculated. Soil RBCs
determined after constituent migration into plants has been considered can be back-calculated using the
same HHRA equations. Chemical-speciﬁé parameters required for the calculation include oral toxicity
values and soil-to-plant partition coefficients. Partition coefficients for common hazardous waste
combustion facility constituents are included in the EPA (19941) combustion guidance (that is, for
dioxins, PAHs, PCBs, nitroaromatics, phthalates, and certain metals). Some of the primary sources of
plant partition coefficients cited by the combustion guidance document series include A Review and
Analysis of Parameters for Assessing Transport of Environmentally Released Radionuclides Through
Agriculture (Baes et al. 1984) for inorganic compounds and Bioconcentration of Organics in Beef, Milk,
and Vegetation (Travis and Arms 1988) for organic compounds. Evaluation of Dredged Material
Proposed for Ocean Disposal, Testing Manual (EPA 1991d) also provides octanol-water partition
coefficients for many chemicals that can be converted to plant partition coeffictents using equations

recommended by Travis and Arms (1988).

As previously noted, human food chain exposures are typically not significant pathways of concern at
RCRA facilities, so indirect exposures to food chain organisms require consideration only on a
case-by-case basis. Methods for incorporating food chain exposures into RBCs may also be conservative
(for example, garden produce partitioning equations) and may overestimate actual site risks. If they are

significant exposure pathways and are not included, however, risks would be underestimated.
4.7.6 Cleanup Levels for Lead

Cleanup levels for lead are not calculated using standard EPA risk assessment equations. Rather, EPA

has developed an integrated exposure uptake biokinetic model (IEUBK) that predicts lead blood levels in
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children. The model was developed for children because they are more sensitive to lead effects. The
IEUBK is considered superior to the use of a RfD in a standard HHRA equation because the model

(1) recognizes the multimedia nature of lead exposures, (2) incorporates important absorption and
pharmacokinetic information, and (3) considers the potential distributions of exposures and risk likely to
occur at a facility. The model allows for the incorporation of water, soil/dust, air, dietary, paint. and

maternal-blood lead concentration levels into a lead dose estimate.

The Memorandum Regarding Revised Interim Soil Lead Guidance for CERCLA Sites and RCRA
Corrective Action Facilities (EPA 1994k) recommends a residential soil lead screening level of

400 mg/kg. This screening level is back-calculated using the IEUBK model, assuming a blood lead
concentration of 10 micrograms per deciliter {(u:g/dL) in children and standard defaults for water, air,
diet, paint, and maternal-blood lead levels. This target blood level is based on analyses conducted by the
Centers for Disease Control and EPA that associate blood lead levels of 10 ug/dL or higher with heaith
effects in children. No comparable soil lead screening level has been set for a nonresidential adult; the

IEUBK model is designed specifically for children.

EPA is currently considering what industrial soil lead levels may be appropriate. An interim approach is
recommended by EPA (1996k) in Recommendations of The Technical Review Workgroup for Lead for
An Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil. This document
recommends the use of a biokinetic slope factor, which relates the increase in typical adult blood lead
concentrations for a women of child-bearing age to average lead uptake from contaminated soils. The
document then recommends the use of a proportionality constant, which relates a fetal blood lead
concentration at birth to a material blood lead concentration. Using a fetal blood lead goa! of 10 ng/dL
or less, a sotl RBC can be calculated that should not result in an exceeded of the fetal blood lead goal.
Using default parameters summarized in the EPA (1996k) review, RBCs ranging from 743 mg/kg to
1,738 mg/kg can be calculated, depending on the baseline level of aduit blood lead and the blood lead
standard deviation associated with adults exposed to similar on-site lead concentrations. EPA (1996k)
should be consulted to confirm a facility-specific industrial soil lead RBC. The Region 10
representatives on the EPA Superfund technical review group should be consulted for information on

current lead policy.
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The EPA memorandum recommends using the IEUBK modei on a site-specific basis to develop media
cleanup standards at RCRA facilities where site data support modification of model default parameters
(1994k).

4.8 UNCERTAINTY ANALYSIS

Once the HHRA process and the step-by-step process for developing cleanup levels are understood,
facility and regulatory officials should be prepared to answer the questions listed in Exhibit 4-5 for a

contaminated facility undergoing corrective action or clean ciosure under RCRA.

EXHIBIT 4-5

RISK ASSESSMENT AND CLEANUP LEVEL DETERMINATION PROCESS
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

. Have receptors and exposure pathways that are likely affected by facility
contamination been identified?

. Are data of sufficient quantity and quality available to determine whether and to
what extent on-site and off-site remediation is necessary to protect the health of the
maximally exposed individual?

. Have contaminants of cencem been identified?

. Are promulgated standards or criteria available? If so, are they sufficiently
protective?

. Are there state methodologies, regulations, or policies that should be considered?

. [s the corrective action or clean closure being considered subject to a RCRA-
authorized state program?

. Have current and future land use scenarios been identified?

. Have risk-based concentrations been calculated using published RfDs and CPFs for
any of the COPCs?

. Have risk management decisions regarding target risk and hazard levels been

identified by the lead regulatory agency?

. Have cleanup levels been adjusted (as appropriate) to account for multiple
hazardous constituents?
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RBCs are associated with varied levels of uncertainty. Uncertainty can be defined as a lack of precise
knowledge of the qualitative or quantitative truth. As part of an ideal risk analysis, a complete
uncertainty analysis would provide a risk manager with the ability to estimate risk for each individual in
a given population in both actual and projected scenarios of exposures; it would also estimate the
uncertainty in each prediction in quantitative, probabilistic terms (see Chapter 6). But even a less
exhaustive treatment of uncertainty will serve a very important purpose: it can reveal whether the

deterministic risk estimate overestimates or underestimates risk and if so, to what extent.

Uncertainties associated with all sections of the human health-based analysis should be discussed in all
HHRAs. This section discusses uncertainty in qualitative terms; for a discussion of quantitative
uncertainty, see Chapter 6 (Probabilistic Risk Assessment Methods). Additional uncertainty discussions
can be found in the National Research Council’s Science and Judgement in Risk Assessment (Chapter 9)
(1994) and in EPA Administrator Carol Browner's memorandum of risk assessment (EPA 1995a)
(Attachment A). The effect that each element of uncertainty has on the final cleanup levels should be
included. For example, an assumption that future land use will be industrial will lead to less

conservative (that is, higher) cleanup levels.
4.8.1 Data Uncertainty

Issues contributing to uncertainty in data evaluation include the identification of COPCs, data quality,

data useability, adequacy of quantitation limits (relative to target risk levels), and data coverage.

All data that are used to evaluate compliance with a cleanup level should be reviewed with respect to
data quality standards presented in the site-specific quality assurance project plan. Data that do not meet
the data quality standards should be qualified as necessary, and the uncertainty associated with these data
should be discussed. Uncertainty associated with data quality may result in an underestimation or

overestimation of hazardous constituent concentrations, depending on the specific data quality issue.

By the time the uncertainty section is prepared, data should have been reviewed to ensure that the
detection or quantitation limits achieved for the various analyses were sufficient to evaluate site-specific
hazardous constituents at concentrations equal to or less than the hazardous constituent-specific cleanup

levels. If a chemical’s detection or quantitation limit is greater than its cleanup level, one cannot
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determine whether the cleanup level has been met. Detection and quantitation limits should be compared
to cleanup levels before chemical analyses. Chapter 3 of this guidance provides additional information
on data evaluation procedures, while Chapter 7 describes how below detection limit data should be

handled in HHRA.

Data coverage refers to the ability of the sampling plan and associated sample results to completely
characterize the contamination. (Were sufficient data collected to evaluate all potential exposure
pathways? Do the sampling locations adequately represent actual or potential exposure conditions?) For
example, uncertainty would arise if groundwater sample points were not located downgradient of a

source.

Data quality indicators were discussed in Section 3.2: completeness, representativeness, comparability,
precision, and accuracy. Any problems associated with any of the data quality indicators should be
discussed in the uncertainty section. Other issues that could adversely affect data quality are blank

contamination, matrix interferences, sample holding times, and sample preservation.
4.8.2 Exposure Assessment Uncertainty

Uncertainty is inherent in the evaluation of exposure pathways and in the assumptions used to estimate
exposure doses. Human activity patterns and individual characteristics (for example, body weight) can
vary significantly within a given population. The degree of uncertainty depends to a large extent on the
amount and adequacy of facility-specific data available. Typically, the most significant areas of
uncertainty for the exposure assessment include exposure pathway identification, exposure assumptions,
assumptions of steady-state conditions, environmental chemical characterization, and modeling

procedures. These areas of uncertainty are described as follows:

- Exposure pathway identification: To the degree that actual or future human activity
patterns are misrepresented, uncertainty is introduced into the cleanup levels. In most
cases, there is uncertainty regarding future land use at a site. This uncertainty must be
considered when evaluating exposure estimates developed under the future land use
scenarios.
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. Exposure assumptions: Standard default assumptions for population characteristics,
such as body weight and surface area, life expectancy, period of exposure, and exposure
characteristics such as frequency, duration, amount of intake or contact, and degree of
absorption or soil adherence may not accurately represent exposure conditions. The
exposure assumptions used may overestimate or underestimate actual exposure.

. Assumption of steady-state conditions: Estimated future exposure doses are based on an
assumption of steady-state conditions. The inherent assumption is that future chemical
concentrations are the same as those measured during sampling. This assumption
ignores the effects of various fate-and-transport mechanisms, which will alter the
composition and distribution of most chemicals present in the various media. The
assumption of steady-state conditions usually results in overestimations of future
chemical concentrations and exposure doses.

. Hazardous constituent characterization: It is impossible to completely characterize the
nature and extent of hazardous constituents in the environment. Instead, the various
environmental media are sampled to estimate hazardous constituent concentrations and
to identify hazardous constituents actually present as a resuit of releases at the facility.
Because no sampling can completely and accurately characterize environmental
conditions, the exposure dose calculation will be somewhat uncertain. Uncertainties are
introduced into exposure dose calculations during collection, analysis, and evaluation of
environmental chemical data. Two areas of uncertainty that should be addressed in a
risk assessment are the assumption of uniform concentrations in an exposure area and
the treatment of nondetection results.

. Modeling procedures: Modeling assumptions are used to determine hazardous
constituent concentrations in outdoor air resulting from VOC and particulate emissions
and VOC concentrations in indoor air generated by household water use. The numerous
assumptions included in these models introduce uncertainty to the degree that they do
not reflect actual conditions. Use of models may overestimate or underestimate actual
environmental concentrations.

. Analytical and numerical models are also used to estimate soil-to-groundwater
contaminant migration. There are many soil-to-groundwater models available that have
been developed by government agencies, universities, and the private sector. Models
can simulate different fate and transport processes and migration mechanisms such as
advection, dispersion, diffusion, retardation, chemical reactions, and microbial reactions.
In addition, different modeis are designed to account for various phases of contamination
(for example, vapor, water, or nonaqueous phase liquids) and various dimensions (one-,
two-, or three-dimensional). Some of the models simulate complex geologic and
hydrogeologic systems while other models are more appropriate for simple geology and
groundwater flow conditions. The models use assumptions to simplify the real-world
conditions and describe these conditions with mathematical equations (usually partial
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differential equations). When a mode! is applied at a site, these assumptions should be —~
carefully evaluated against the site-specific conditions. A sensitivity analysis should be

performed to identify the most sensitive parameters. The uncertainty of the modeis can

be determined by evaluating the agreement between model assumptions and site

conditions as well as the accuracy of input parameters.

483 Toxicity Assessment Uncertainty

RfDs and CPFs must be viewed in light of uncertainties and gaps in toxicological data. For instance,
direct information concerning toxic effects in humans is often limited to historical cases of accidental or
industrial exposures. Animal studies conducted with specially bred homogeneous species are typically
extrapolated to a heterogenous human population. The reliance on animal studies introduces
uncertainties regarding effects on humans including sensitive subpopulations and differences in
physiological characteristics between the animal species studied and humans, such as target organs,

metabolism, organ sensitivity, and detoxification capabilities.

[n addition, high-dose, short-term (acute) animal studies may not be applicable to low-level, long-term
(chronic) exposures that humans are more likely to experience. Likewise, the quality of the animal study

may introduce additional uncertainty if, for example, accepted scientific protocols were not employed.

The uncertainties discussed previously afe addressed by dividing the no-observable-adverse-effect level
{(NOAEL) for a hazardous constituent from animal studies by uncertainty factors of 10 to 10,000 to
obtain RfDs. The NOAEL is the highest level of a hazardous constituent evaluated in a study that does
not cause statistically significant differences between the experimental and control animals. The lowest-
observable-adverse-effect level (LOAEL), on the other hand, is the lowest level of a hazardous
constituent evaluated in a study that causes statistically significant differences between experimental and

control animals. Uncertainty factors are applied to data in the following cases (EPA 1989c¢):
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. To account for variation in the
general population (to protect
sensitive subpopulations)

. To extrapolate data from animals to
humans

. To adjust for using a NOAEL from a
subchronic study rather than a
chronic study

. To adjust for using a LOAEL
instead of a NOAEL in developing
an RfD

A modifying factor ranging from 1 to 10 is also applied to the RfD to address uncertainties in the
scientific studies used to develop RfDs. Published RfDs already contain the necessary uncertainty and

modifying factors.

Uncertainty associated with determining chemical carcinogenicity is reflected in the weight-of-evidence
classification groups assigned to carcinogens. In addition, CPFs are derived from the low-dose end of
the dose-response curve. The studies are usually conducted at the high-dose end of the curves. The
selected 95th upper confidence limit of the slope of the dose-response curve is considered an
upper-bound toxicity value (that is, there is only a 5 percent chance that the probability of a response

could be greater than the estimated value on the basis of the experimental data and model used).

The use of oral toxicity factors to evaluate dermal exposures is associated with uncertainty. The use of
oral toxicity factors as surrogates for this pathway is necessary because no dermal toxicity factors have
been approved by EPA. Most of the uncertainty associated with the use of surrogate toxicity factors
exists because the constituents in question are not known to exhibit similar toxicological effects (that is,
degree of toxicity, target organ) during dermal contact and the oral pathway. In addition, dermal
absorption assumptions add to uncertainty. Using surrogate toxicity factors is more conservative than
ignoring the dermal pathway and allows for a quantitative cleanup level rather than a qualitative

discussion.
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4.8.4 Cleanup Level Uncertainty
Since the cleanup level calculations incorporate information from all the previous processes, the

uncertainties associated with the data evaluation, exposure assessment, and toxicity assessment sections

will all directly affect the cleanup level uncertainty.
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Using probabilistic simulations, an outcome is calculated repeatedly for a predetermined number of
iterations, producing an associated PDF. The following forecast chart (Exhibit 6-5) displays the PDF for
the B(a)P RBC.

EXHIBIT 6-5
CASE STUDY PROBABILITY DENSITY FUNCTION FOR

BENZO(A)PYRENE RISK-BASED SOIL CONCENTRATIONS
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

Forecast: RBC

Cell B16 Frequency Chart 9,888 Trials Shown

025 244
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£ IR :
(T "

.000 : | 0

050 1.75 3.00 425 5.50
mg/kg

Figure 6-5 shows that the PDF is lognormal in shape, and the numerical output of the PRA indicates that
the PDF has a minimum value of 7.4E-01 mg/kg and a maximum value of 7.72E+00 mg/kg. Output PDFs
are often highly non-Gaussian {(nonnormal} in shape for two reasons. First, some or all of the exposure
factor inputs may not have normal or even symmetric distributions. Second, since the exposure factors
enter the formula by multiplication and division, even if all the factors have normal distributions, the

results will not (Thompson et al. 1992).

As noted in Section 6.2.2, a sensitivity analysis should be performed to identify critical input variables.
The sensitivity analysis determines the degree to which a specific exposure factors will affect the final
outcome. A sensitivity analysis could have been performed before the PRA simulation so that critical
exposure factors could be identified. For this case study, however, PDFs were available for all of the
exposure intake variables, so they were all included in the simulation, and the sensitivity analysis was
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performed during the simulation. With Crystal Ball software, sensitivity is calculated by computing 5,
Spearman rank correlation coefficients (a common statistical measure of dependency) between every

exposure factor and outcome calculation while the simulation is running (Decisioneering 1993). A

positive correlation coefficient indicates that an increase in the exposure factor is associated with an

increase in the outcome. A negative correlation coefficient indicates that an increase in the exposure factor

is associated with a decrease in the outcome (Decisioneering 1993). The larger the absolute value of the

correlation coefficient, the stronger the relationship; however, caution should be applied when interpreting

the sensitivity analysis in simulations where exposure factors are correlated. For example, if a highly

sensitive exposure factor were correlated with an insensitive one, the insensitive exposure factor would

likely have a high sensitivity with regard to the outcome (Decisioneering 1993).

Exposure factors that are identified as being highly sensitive, contributing a high degree of uncertainty to
the outcome, may be further refined so as to decrease the effect on the final outcome. Likewise, it may not
be necessary to spend PRA resources on those factors that have little effect on the risk outcome.

In the Exhibit 6-6 sensitivity chart, exposure factors are listed on the left side, beginning with the exposure

factor with the highest sensitivity.

In this simulation, adult exposure duration has the highest sensitivity ranking and can be considered the
most important assumption in the model. Likewise, the child exposure frequency and the child soil
ingestion rate have the lowest sensitivity rankings and can be considered the least important assumptions in
the model. Considering this, collection of facility-specific exposure durations could be prioritized over the
collection of child soil ingestion rates if further data collection was deemed necessary. Confidence must
also be established in the child exposure frequency and child soil ingestion rate information used in the
sensitivity analysis. For example, if it is believed that facility-specific child soil ingestion rates are

significantly underestimated, further data collection and a second sensitivity analysis may be warranted.

Descriptive statistics shown in Table 6-1 were calculated for the B(a)P RBC PDF. Population percentiles

and corresponding RBCs are also determined for the PDF, as presented in Table 6-2.
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EXHIBIT 6-6

CASE STUDY SENSITIVITY CHART FOR EXPOSURE PARAMETERS
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

Sensitivity Chart
Target Forecast: Risk Based Concentration (mg/kg)
Adult Exposure Duration (years) - 73 ﬁ
Adult Body Weight (kg) 43 E I
Child Exposure Duration (years) -42 ; - :
Adult Ingestion Rate Img soil/day) -14 E -_ '
Child Body Weight (kg) 13 : - :
Adult Exposure Frequency (day/year) -06 5 . E
Child Exposure Frequency (day/year) -03 : | :
Child Ingestion Rate (mg soil/day) -03 : |
1 05 0 05
Measured by Rank Correlation

o
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TABLE 6-1

DESCRIPTIVE STATISTICS FOR BENZO(A)PYRENE
RISK-BASED CRITERIA PROBABILITY DENSITY FUNCTION
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

" Statistics Value |
Dreials 10000 |
i Mean 2.59E+00 |
[ Median 2.41E+00 "
Standard Deviation 1.0E-+00
Variance 1.0E+00 "
Skewness 9.6E-01
Kurtosis 3.99E+00 |
Coeff. of Variability 3.9E-01 [
Range Minimum 7.4E-01 |
| Range Maximum 7.72E+00 "
Range Width 6.98E+00
‘ Mean Std. Error 1.00E-02 ||

Definitions:

Trials Number of iterations

Mean Arithmetic average of the risk-based concentration (RBC)

Median Value midway between the smaliest RBC value and largest RBC value

Mode Value (if exists) that occurs most cften in the data set

Standard deviation Measurement of variability of the data set; square root of the variance

Variance Average of the squares of the standard deviations of a number of observations from the mean
value; square of the standard deviation

Skewness The measure of the degree of deviation of a curve from the norm of an asymmetric distribution.
The greater the degree of skewness, the more points of the curve lie to either side of the curve. A
normal distribution curve, having no skewness, is symmetrical (Decisioneering 1993}

kouriosis The measure of the degree of peakedness of a curve. The higher the kurtosis, the closer the
points of the curve lie to the made of curve. A normal distribution curve has a kurtosis of 3
{Decisioneering 1993)

Coctiicient of variability A measure of relative variation that relates the standard deviation to the mean
(Decisioneering 1993)

Mean standard error The standard deviation of the distribution of possible sample means. This statistic describes the

accuracy of the simulation (Decisioncering 1993)
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TABLE 6-2

POPULATION PERCENTILES FOR BENZO(A)PYRENE
RISK-BASED CRITERIA PROBABILITY DENSITY FUNCTIONS
USING 1.0E-06 AS THE TARGET RISK
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

| "~ Percentile I mg/kg Il

0.0% 7.4E-01
2.5% 1.2E+00
'5.0% 1.3E+00
" 50.0% 2.4E+00
| 95.0% | 4.5E+00
97.5% 5.0E+00
{L100.0% | 7.7E+00

For example, 5 percent of the population exposed to 1.3E+00 mg/kg of B{a)P would have a carcinogenic

risk of 1E-06.
6.4.2 Deterministic Risk Assessment

A B(a)P RBC was also calculated using the deterministic risk assessment approach for residential exposure
via soil ingestion. The algorithm used to calculate the soil RBC is the same as that previously presented

for the Monte Carlo simulation. RME exposure factors used for the calculation are presented in Table 6-3.

6.4.3 Summary of Results

Using the deterministic risk assessment approach, the calculated B(a)P RBC is 2.2E-01 mg/kg for
residential RME exposure via soil ingestion. Because of compounding conservatism in the deterministic
risk assessment approach, this B(a)P RBC falls well below the | perceatile of the RBC distribution
determined using the Monte Carlo simulation. Thus, information about the uncertainty surrounding the

conservative assumptions in the deterministic risk assessment provided in the PRA will be useful to risk

managers during the decision-making phase of the process.
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TABLE 6-3

EXPOSURE FACTORS FOR RESIDENTIAL
EXPOSURE INGESTION OF SOIL
REGION 10 RCRA RISK-BASED CLEANUP LEVEL GUIDELINES

'—— ————— =
Exposure Factor RME Value "
TR = Target Risk 1.0E-06" h
CSFo = Cancer Slope Factor for B(a)P (mg/kg-day)’' 7.3 "
IR = [ngestion rate (mg/day) (EPA 1993h)
Adult ' 100
Child 200
EF = Exposure frequency (days/year) (EPA 1993h) 350 "
ED = Exposure duration (years) (EPA 1993h)
Adult
Child 24
6
CF = Conversion factor (kg/mg) 1.0E-06
BW = Body Weight (kg} (EPA 1991b)
Adult 70
Child 15 It
AT = Averaging time (days) 25550
Carcinogenic
Note:;

a Point of departure target cancer risk
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6.5 WORK PLANS, REPORTS, AND PRESENTATIONS

There are several minimal requirements for PRA work plans and reports to ensure sufficient data quality.
In fact, it is important that the facility submit a work plan for EPA review before doing the PRA
simulation. The work plan should include exposure variables for human receptors. Guidance for
application to environmental receptors is not available at this time. The work plan should describe the

software to be used, the exposure routes and models, and input probability distributions and references.

The following good principles of practice should be used to select input data and distributions for the PRA
work plan (EPA 1997d, Items 11 through 16, page 17).

. A complete and thorough description of the exposure model and its equations should be
provided.

. The presentation of the deterministic point estimate should always accompany a PRA
analysis.

. Where possible, areas of uncertainty should be identified accompanied by an explanation

of how it will be dealt with in the report.

. Sensitivity analysis should be used to identify model structures, exposure pathways, and
model input assumptions and factors that make important contributions to the assessment
endpoint and its overall uncertainty and variability.

. Probabilistic assessment should be restricted to significant pathways and variables.

. Sufficient data should be used to support the choice of input distributions for model input
factors.

. Surrogate data can be used to develop distributions when they can be appropriately
justified.

. Data should be collected to develop input distributions for the exposure model following

the basic tenets of environmental sampling. Furthermore, particular attention should be
given to the quality of information at the tails of the distribution.

. Expert judgment may be used to select appropriate input distributions, but the reasons and
Justification for subjective analysis should be included in detail.
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Presentation of PRA simulation results should be tailored to the targeted audience. Entirely different types
of reports are needed for scientific and nonscientific audiences. For example, descriptive and less detailed
summary presentations may be appropriate for the nonscientific public. Graphs and tables showing and

describing each input distribution, distribution of risk for each exposure route, and distributions of total

risk should be included.
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CHAPTER 7
DETERMINATION OF COMPLIANCE WITH TARGET CLEANUP LEVELS

Following the selection of target cleanup levels and corrective actions to treat or remove a contaminated
media, additional sampling is performed to determine whether the cleanup levels have been attained. This
sampling is performed using the same data quality objectives {DQO) and data quality assessment {DQA)
procedures described in Chapter 3 of this guidance. The DQO and DQA steps are summarized in

Sections 7.1 through 7.6. Section 7.7 provides additional guidance on how to handle below-detection-limit

(BDL) sampling results when calculating constituent concentrations.

7.1 DATA QUALITY OBJECTIVES STEPS 1 THROUGH 3

Steps 1 through 3 of the DQO process, as described in Chapter 3, apply directly to compliance
determinations, with the exception that cleanup levels are considered that may differ from the screening
levels or preliminary background levels considered during the Resource Conservation and Recovery Act
(RCRA) facility investigation (RFI) stage. The decision rule is likely to be very similar to the Chapter 3
example (that is, have constituent levels been reduced to a concentration below the selected cleanup level
concentration? If so, no further action would be called for; if not, further remedial action may be
required). The remaining Chapter 7 sections provide additional information on DQO Steps 4 through 7

and the DQA as they apply to determination of compliance with target cleanup levels.

7.2 STEP 4: STUDY BOUNDARIES

In Step 4 of the DQO process, the spatial and temporal boundaries of the problem are defined. To
determine compliance with cleanup levels, facility-specific points of compliance that were earlier
established in the formal RCRA corrective action process should be used. A point of compliance is the
location or locations at which media cleanup levels are to be achieved. No final U.S. Environmental
Protection Agency (EPA) RCRA corrective action regulations defining points of compliance have been
promulgated. In an update to the proposed Subpart S rule, EPA (Federal Register [FR] 19450, May 1,
1996) recommends that points of compliance be determined on a site-specific basis and notes that program

implementors and facility owners have routinely established points of compliance in the following manner:
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. For air releases, the location of the most exposed receptor or
other specified point(s) of exposure closer to the source of
release (for example, the unit boundary)

. For surface water, at the point at which releases could enter
the surface water body; if sediments are affected by releases
to surface water, a sediment point of compliance is also
established

. Soil points of compliance are generally selected to protect
human and ecological receptors against direct contact or food
chain exposures and to protect other media from cross-media
transfer

' . For groundwater, throughout the area of contaminated
groundwater or at and beyond the boundary of the waste
fnanagement area encompassing the original sources of

groundwater contamination when waste is left in place

Washington State Model Toxics Control Act (MTCA) regulation (Washington Administrative
Code [WAC] 173-340) requires points of compliance for sites conducting cleanup under RCRA authorities

as shown below.

MTCA Points of Compliance

. Compliance with air cleanup levels should be attained in the
ambient air throughout the site. A conditional air point of
compliance may be set at the property boundary of an industrial
facility (WAC 173-340-750).

. Compliance with surface water cleanup levels should be the point
or points where hazardous substances are released to surface
waters of the state, unless a dilution zone is anthorized
(WAC 173-340-730).

. For soil cleanup levels based on groundwater protection, the point
or points of compliance is soils throughout the site. For soil
cleanup levels based on direct contact human exposures, the point
of compliance is soils throughout the site from the ground surface
to 15 feet below the ground surface (WAC 173-340-740).
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MTCA Points of Compliance
Continued
. Compliance with groundwater cleanup levels should be
determined for each groundwater monitoring well or other
monitoring points such as a spring (WAC 173-340-720).

In summary, the study boundaries for compliance decisions are primarily set by points of compliance. The
points of compliance should be determined following EPA guidance or, in Washington, the specified
MTCA regulation.

7.3 STEP 5: DEVELOP DECISION RULE

As described in Chapter 3, Step 5 requires that a decision rule be developed to define the conditions that
would cause the decision maker to choose among alterative actions. The decision rule is an “if . . . then”
statement that incorporates the information determined during DQO Steps 1 through 4. An example
decision rule for a compliance decisions follows: if the parameter of interest (average concentration of
constituent of concern) within the study area (the point of compliance) is less than the cleanup level (a
standard, criterion, risk-based, or background concentration) following remediation, then alternative action
A (no further remedial action) should be taken; otherwise, alternative action B (remove additional

contamination) should be taken.

Note that for the previous example, the average concentration of the constituent was selected as the
statistical parameter to compare with the cleanup level. The statistical parameter selected (for example, the
mean, median, or an upper percentile constituent concentration) will be a measurement of the
contamination present within the study boundaries. Because a receptor is assumed to move randomly
across an exposure area over time, spending equivalent amounts of time in each location, EPA’s
Supplemental Guidance to RAGs: Calculating the Concentration Term (EPA 1992¢) (Attachment M)
recommends the use of the true mean to characterize long-termn exposures in a specific study area. To be
reasonably sure that the comparison value is at least as large as the true site mean, EPA (1992e)
recommends use of the 95th upper confidence limit on the arithmetic mean (95th UCL) for the exposure
point concentration and detatls how to calculate it. The 95 UCL is defined as a value that, when calculated

repeatedly for random!ly drawn subsets of site data, equals or exceeds the true mean 95 percent of the time.
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The 95 UCL of the mean is used because it is not possible to know the true mean, particularly with limited
sampling data. As sampling data become less limited, uncertainty decreases, and the UCL moves closer to
the true mean (EPA 1992¢). Other statistical parameters that characterize the population may be relevant.
For example, an upper percentile of the distribution of constituent measurements in the study area (for
example, the 95th percentile) may be compared to a cleanup level to determine whether a subpopulation
(for example, a potential hot spot) is present. Statistical outlier tests may also be used to identify hot spots.
Statistical Analysis of Ground-Water Monitoring Data at RCRA Facilities, Interim Final Guidance

(EPA 1989k), Guidance for the Data Quality Objectives Process (EPA 1994b), and Determination of
Background Concentrations of Inorganics in Soils and Sediments at Hazardous Waste Sites (EPA 1995c)
provide more detailed guidance on the selection of an appropriate statistical parameter to compare with a

cleanup standard.

Washington State MTCA regulation (WAC 173-340-740) requires that upper percentile constituent
concentrations be used to evaluate compliance with soil cleanup levels based on short-term or acute toxic
effects. For cleanup levels based on chronic or carcinogenic effects, MTCA requires that the mean soil
concentration generally be used to evaluate compliance unless large variations in constituent
concentrations occur. To address hot spots, the MTCA rule also specifies that no single sample
concentration exceed two times the cleanup level and that less than 10 percent of the sample

concentrations exceed the cleanup level.
7.4 STEP 6: SPECIFY TOLERABLE LIMITS ON DECISION ERRORS

Step 6 requires that the decisions maker’s tolerable limits on decision errors be specified. As noted in
Chapter 3, the true value of the population parameter being measured (for example, the average constituent
concentration) can never be exactly defined because of sampling design and measurement design errors. A
decision error occurs when the data mislead the decision maker into concluding that the parameter of
interest is on one side of a cleanup level when the true value of the parameter is on the other side of the
cleanup level. As described in Chapter 3, the EPA DQO guidance (1994b) explains how the probability of

decision errors can be controlled by adopting a scientific approach that incorporates hypothesis testing.

For example, following remediation, the decision maker may want to know whether a hazardous

constituent is present at a solid waste management unit (SWMU) at an average concentration that is now
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below the cleanup level. Because the extent of contamination is well delineated and is believed to have
been completely removed, the decision maker may view the consequence of deciding that the average
concentration is greater than the cleanup level when it is actually less than the cleanup level as a more
severe decision error than concluding the concentration is less than the cleanup level when it is actually
greater (for example, more cleanup would be required at significant cost when all parties believe the
cleanup was successful). The null hypothesis would then be that the average concentration is less than the
cleanup level. A conclusion that the concentration is greater than the cleanup level when it is actually less
would be a false positive error, while a conclusion that the concentration is less than the screening level
when it is actually greater would be a false negative error. The decision maker then sets allowable decision
error probabilities at points below (false positive errors) and above (false negative errors) the cleanup level,
starting at the boundaries of the grey area near the cleanup ievel where the consequences of errors are
minor. As described in Section 3.1.6, the grey area is bound by the action level and the concentration
where the decision maker wants to begin to control false negative error. For this example, the grey area
extends from the action level to a concentration above the action level where a false negative error rate is
assigned. Error will not be controlled at the concentration range within the grey area, based on the

minimal consequences of making an error or the expense of collecting enough samples to control error.

Null and alternative hypotheses may be predetermined by regulations. For example, the MTCA cleanup
regulations (WAC 173-340) recommend a confidence interval approach for evaluating compliance that
requires a one-tailed test of the null hypothesis that the true media concentration exceeds the cleanup level.

A tolerable faise positive error probability of 5 percent is specified.

Detailed examples of DQO evaluations developed by EPA (EPA 1994b and 1996a) are included in
Attachment C,

7.5 STEP 7: OPTIMIZE THE DESIGN FOR OBTAINING DATA

As noted in Chapter 3, Step 7 includes identifying a resource-effective data collection (sampling) strategy
for generating data that are expected to satisfy the DQOs. The sampling strategy typically will focus on the
sampling design, the sample size, and the analytical methods that will be required to meet the DQOs. A
primary requirement of Step 7 will be to define a statistical method for testing the Step 6 hypothesis and a
sample size formula that corresponds to the statistical method and the sample design. EPA has published
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several guidance documents on the selection of appropriate statistical models for determining sample sizes
and sample designs. These documents are listed and briefly described in the following paragraph: similar

statistical models can be used in both corrective action investigations and compliance determinations.

EPA has published several guidance documents that specify mathematical models for testing statistical
hypotheses. The previously noted Methods for Evaluating the Attainment of Cleanup Standards,

Volume 1: Soils and Soil Media (EPA 1989b) and a follow-up document Statistical Methods for
Evaluating the Attainment of Cleanup Standards, Volume 3: Reference-based Standards for Soils and Soil
Media (EPA 1992i) describe statistical models for testing soil cleanup level attainment hypotheses. EPA
(1989b) describes how to determine whether a mean or upper percentile site concentration is statistically
less than a cleanup standard. The document also describes how the statistical models can be used to
determine the sample size required to meet allowable decision error probabilities. The statistical models
may assume that the data conform to a certain distribution type (for example, normal or lognormal) or that
the data sets being compared (that is, site and background) have equal or unequal variances. Generally, the
variability of constituent concentrations, the tolerable probability of error, and the size of the grey zone will
have the greatest effect on the number of required samples. Guidance on designing a sampling plan is also
pl;esented by EPA (1989b). Parametric and nonparametric tests for comparing facility concentrations to
cleanup levels are presented. The parametric tests are used when the distribution of contamination is
known or assumed to be normal or lognormal. Otherwise, nonparametric tests {(no distribution assumed)
should be used (see Chapter 6 for information on distribution types). EPA (1992i) provides additional
guidance on determining soil cleanup level achievement. This document focuses on two nonparametric
statistical tests and a hot spot measurement comparison in addition to addressing other statistical data
analysis issues, stch as treatment of below quantitation limit data. In the more recent Geostatistical
Sampling and Evaluation Guidance for Soils and Solid Media (EPA 1996a) review draft document, EPA
proposes detailed guidance on using average, upper percentile, or hot spot facility data to determine
compliance with cleanup levels. The document outlines sampling plans as well as scenarios and provides
guidance on evaluating decision errors and uncertainty versus sampling costs. Guidance for sampling
design and sample sizes for verifying the cleanup of PCB spills is provided in the EPA Office of Toxic
Substances Verification of PCB Spill Cleanup By Sampling and Analysis (EPA 1985). This document
describes sampling on a hexagonal grid centered on the cleanup area to determine residval PCB
concentrations. The methodology described in this document can be applied to the cleanup of other

constituents released to soils as well.
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Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities, Interim Final Guidance

(EPA 1989k) and a follow-up addendum (EPA 1992k) describe statistical models for testing groundwater
cleanup level attainment hypothesis. EPA (1989k) describes how to determine whether contamination in a
given well exceeds background or target cleanup level concentrations. Sampling sizes are recommended,
and parametric and nonparametric tests are described. The EPA addendum (1992k) provides methods for
determining whether constituent concentrations are normally distributed or whether unequal variances in
constituent concentrations occur between wells. The document also focuses on nonparametric tests (that
is, no distribution is assumed) for comparing compliance well data to background or target cleanup
concentrations and provides recommendations for handling nondetect data. The EPA Staristical Methods
Jor Evaluating the Attainment of Cleanup Standards, Volume 2: Groundwater (1992h) document also

provides guidance on selecting statistical tests for determining sample sizes.

Data Quality Objectives Decision Error Feasibility Trials (DQO/DEFT) Users Guide, Version 4.0

(EPA 1994c) software package can be used to iterate through one or more DQO steps to identify a sample
design that will meet the budget and generate adequate data. The DEFT software allows the user to
change DQO constraints such as limits on decision errors or the grey region and evaluate how these

changes affect sample sizes (and resulting costs) for several basic sample decisions.

7.6 DATA USEABILITY AND DATA QUALITY ASSESSMENT

The output of the DQO process will be a sampling strategy that defines sampling design, sample numbers,
and analytical methods. Steps should also be taken to assure that the data collected are useable. Section 3.2
of Chapter 3 describes methods that should be followed to assure that the sample data collected are of
acceptable quality to use in compliance decisions. Following the data useability determination, the DQA
process briefly introduced in Section 3.3 of Chapter 3 should be performed. The purpose of the DQA is to
verify DQO assumptions, complete statistical comparisons of target cleanup level concentrations with the
levels measured through field sampling, and determine whether compliance with cleanup goals has been
achieved. Guidance for Data Quality Assessment, Practical Methods for Data Analvsis (EPA 1996d)
provides specific details on how to perform the DQA.
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7.7 DETECTION LIMITS

Facility constituent concentrations must be determined during either the risk assessment or a compliance
determination. As noted in Section 7.3, the 95th UCL is typically calculated for risk assessment and
compliance purposes. Other statistical parameters, such as a 95th percentile, may require calculation when
making hot spot or background determinations. Supplemental Guidance to RAGS: Calculating the
Concentration Term (EPA 1992e) provides a method for calculating the 95th UCL. The State of
Washington’s Statistical Guidance for Ecology Site Managers (Washington Department of Ecology 1992)
describes methods for calculating a variety of statistical parameters, including means, median, and

percentiles.

When calculating statistical parameters, environmental data sets often contain samples for which no
constituents have been detected. In this situation, the only information available on the constituent
concentration is the detection limit. Data sets that contain below detection limit (BDL) data are known as
censored data sets. Such data sets are problematic when used to calculate statistical parameters such as 95th
UCLs because of uncertainty in the actual concentration of the constituent in the BDL samples. Methods for
incorporating BDL data into calculations of average facility constituent concentrations have been
summarized in a quality assurance course module prepared by the National Center for Environmental
Research and Quality Assurance (EPA 1997f). The EPA (1997f) course module is presented in

Attachment P, and the options are summarized briefly as follows:

. Throw away or otherwise ignore BDL data

. Set all BDL data at zero

. Set atl BDL data at the detection limit

. Set all BDL data at some value (for example,

one-half the detection limit)

. Use a statistical approach to evaluate BDL
data
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As noted in Attachment P, application of the first three methods may result in overestimations or
underestimations of the true mean and variance. 1f BDL data are not used when calculating statistical
parameters, the true mean may be overestimated and variability may be underestimated. If BDL data are
ali set at zero, the true mean may be underestimated and variability overestimated. If BDL data are all set

at the detection limit, the true mean may be overestimated and variability underestimated.

The fourth method, using one-half the detection limit for BDL data, is frequently assumed in risk
assessments. The one-half detection limit method simply estimates a concentration half-way between that
assumed by Method 2 (zero) or Method 3 (the detection limit). When using any of the first 4 methods
(referred to as substitution methods), the resulting bias in estimating mean and variance is small when the
BDL data make up less than 15 percent of the data set. When the BDL data make up between 15 percent
and 50 percent of the data, however, the biases increase, and statistical approaches such as Cohen’s
adjustment, a trimmed mean, or the Winsorized mean and standard deviation can be applied (EPA 1997f).
Use of the statistical approaches will reduce the bias associated with BDL. data and the use of the
substitution methods. Attachment P presents a further description of the substitution and statistical

methods for handling BDL data.

Guidance for Data Quality Assessment, Practical Methods for Data Analysis (EPA 1996d) provides
additional specific guidance on the statistical methods. Risk Assessment Guidance for Superfund,
Volume I, Human Health Evaluation Manual, Part A (EPA 1989¢) recommends that sample quantitation
limits be used as the detection limits of first choice when applying BDL methods. If sample quantitation

limits are not available, contract-required or method detection limits should be used.
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ATTACHMENT A

U.S. ENVIRONMENTAL PROTECTION AGENCY
CAROL BROWNER MEMORANDUM ON RISK ASSESSMENT

$ REPA RNMIETASKRREVISERFINALMASTER WEDN S1-RIOIBOTNRHVARITY Jopmisse



RIT-R277S
> )

3 :
M§ UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
& WASHINGTON. DC. 20450

AN,

N
5

U st

THE ADMINISTRATOR

MAR 2 11953
~ ~ RECEIVED
MEMORANDUM )
R | MAR 28 1995
SUBJECT: EPARuI:Clm-lmumgtm 0 OFFICE OF
TO: . - Assistant Administrators REGIONAL ADMINISTRATOR
Regional Admini
General Counsel
Inspector General

EPA has achieved significant pollution reduction-over the past 20 years, but the challenges
we face now are very different from those of the pest. Many more people are aware of
environmental issues todsy than in the past and their level of sophistication and interest in
understanding these issues contimies to increase. We now work with a populace which is . ot
only interested in knowing what EPA thinks about a particular issoe, but also how we come ¢~
our conclusions.

p More and more key stakeholders in environmental issues want enough information to
allow them to independently assess and make judgments about the significance of environmental
risks and the reasonableness of our risk reduction actions. If we are to succeed and build our
credibility and stature as a lesder in environmental protectioa for the next century, EPA must be
responsive and resolve to more openly and filly commumicate to the public the complexities and-
chnﬂenguofmuommuldmomkmgmdnﬁcaofumﬁcw T

AsthemweﬁcebeeommwmpbgpwphbothmdemdomdcofEPAm
better understand the basis for our decisions, as well as our confidence in the data, the science
policy judgments we have made, and the uncertainty in the information base. In order to achieve
this better understanding, we must improve the way in which we characterize and communicate
environmental risk. We must embrace certain fundamental values
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sotha:wemajrbegintheprocasofchangingthewnyinwhichweintmcmﬁthmhot.her. the
- public, and key stakeholders on environmental risk issues. I need your help to ensure that these
values are embraced and that we change the way we do business.

First, we must adopt as values transpareacy in our decisionmaking process and clarity in
communication with each other and the public regarding environmental risk and the uncertainties
associated with our assessments of environmental risk. This means that 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 as they are made throughout the
risk assessment and risk management processes. I want to be sure that key science policy issues
are identified as such during the risk assessment process, that policymakers are fully aware and
engaged in the selection of science policy options, and that their choices and the rationale for -
those choices are clearly articulated and visible in our communications sbout environmental risk.

: - J understand that some may be concerned about additional challenges and disputes. I .
. expect that we will see more challenges, particularly at first. However, I strongly believe that
making this change to a more open decisionmaking process will lead to more meaningful public
participation, better information for decisionmaking, improved decisions, and more public support
and respect for EPA positions and decisions. Theresis value in sharing with others the
n:plmsandchaﬂmguweﬁmmmhngdeasomnﬂnﬁmofmm I view making
thschangeuumﬂmthebngwmmofthsw o
Clamymcommmmmdmmthatmwinmtohdpﬂwwhﬁcpm '
environmental risk in the proper perspective when we tekte risk management actions. We must
' meetthsdnﬂengundﬁndhgﬂmﬂembhdpthewbhcb&umpmhmdtherdma
significance of environmental risks. :

Second,becwse&mpmqmdmomhnsmddaruymwmmmonwﬂll&dy
lead to more outside questioning of our assumptions and science policies, wo must be more
w@mwmgthatowmmmpuommdmmpohaamwmmentmd
comparable across programs, well grounded in science, andthntheyfnllw:thma "zone of
rmonableneu :
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While I believe that the American public expects us to err on the side of protection in the face of
scientific uncertainty, I do not want our assessments to be unrealistically conservative. We cannot

- lead the fight for environmental protection into the next century unless we use common sense in
all we do.

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

I am issuing the attached EPA Risk Characterization Policy and Guidance today. I view

" these documents as building blocks for the development of your program-specific policies and
procedures. The Science Policy Council (SPC) plans to adopt the same basic approach to
implementation as was used for Peer Review. That is, the Council will form an Advisory Group
that will work with a broad Implementation Team made up of representatives from every Program
Oﬁeeandkeglon. Each Program Office and each Region will be asked by the Advisory Group
to develop program and region-specific policies and procedures for risk characterization
consistent with the values of transparency, clarity, consistency, and reasonableness and
consistent with the attached policy and guidance.

I recognize that as you develop your Program-specific policies and procedures you-are
likely to need additional tools to fully implement this policy. T want you to identify these needed
tools and work cooperatively with the Science Policy Council in their development. I want your
draft program and region-specific policies, procedures, and implementation plans to be developed
and 'submitted to the Advisory Group for review by no Iater than May 30, 1995. You will be
contacted shortly by the SPC Steering Committee to obtain the names of your nominees to the

Implementation Team. :
% Browner
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POLICY FOR RISK CHARACTERIZATION
at the U.S. Environmental Protection Agency

'INTRODUCTION

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

Reliable information may or may not be available for many aspects of a risk .

assessment.. Scientific uncertainty is a fact of life for the risk assessment process, and

agency managers almost always must make decisions using assessments that are not

as definitive in all important areas as would be desirable. They therefore need to .

understand the strengths and the limitations of each assessment, and to
communicate this information to all participants and the public.

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

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



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

associated with determining the nature and extent of the risk and provide . -
commentary on any constraints limiting fuller exposition. :
Key A ts of Risk CI terization *

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

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

Presenting several types of risk information. Information should be
presented on the range of exposures derived from exposure scenarios and on the use
_ of multiple risk descriptors (e.g., central tendency, high end of individual risk, .
population risk, important subgroups, if known) consistent with terminology in the
Guidance on Risk Characterization, Agency risk assessment guidelines, and
program-specific guidance. In decision-making, risk managers should use risk
information appropriate to their program legislation. : -

EPA conducts many types of risk assessments, including screening—lev‘el.
assessments of new chemicals, in-depth assessments of pollutants such as dioxin
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and environmental tobacco smoke, and site-specific assessments for hazardous
waste sites. An iterative approach to risk assessment, beginning with screening
techniques, may be used to determine if a more comprehensive assessment is
necessary. The degree to which confidence and uncertainty are addressed in a risk
characterization depends largely on the scope of the assessment. In general, the
scope of the risk characterization should reflect the information presented in the
risk assessment and program-specific guidance. When special circumstances (e.g.,
lack of data, extremely complex situations, resource limitations, statutory deadlines)
_ preclude a full assessment, such circumstances should be explained and their impact
on the risk assessment discussed. v

B’.il g ! - !o - g I |
' '

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

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

Dose-Response Assessment -- What is known about the biological mechanisms

and dose-response relationships underlying any effects observed in the laboratory

or epidemiology studies providing data for the assessment?, What are the '
. related uncertainties and science policy. choices? »

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

Corresponding principles and questions for ecological risk assessment are being
discussed as part of the effort to develop ecological risk guidelines.

Risk characterization is the summarizing step of risk assessment. The risk
characterization integrates information from the preceding components of the risk
assessment and synthesizes an overall conclusion about risk that is complete,
informative and useful for decisionmakers.



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

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

.E !. m .! c1 ].lol. !g.l

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

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

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

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

s policabili

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

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

Implementation

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

Each Program and Regional office will develop office-specific policies and
procedures for risk characterization that are consistent with this policy and the "
associated guidance. Each Program and Regional office will designate a risk .
manager or risk assessor as the office representative to the Agency-wide Implementa-
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tion Team, which will coordinate development of ofﬁc&:.peclfic policies and

procedures and. other implementation activities. The SPC will also designate a g
small cross-Agency Advisory Group that will serve as the liaison between the SPC

and the Implementation Team.

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

AR 2 1 1955
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o Carol M. Brownét, A

DATE:




ELENIENTS TO CONSIDER WHEN DRAFTING EPA RISK
CHARACTERIZATIONS
: March 1995.
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There are a number of prindples which form the basis for a risk characteriza

s Risk assessments should be transparent, in that the conclusions drawn fr
science are identified separately from policy ]udgements and the use of d
values or metliods and the use of assumphons in the risk assessment are
a.rhculated '

.. Rxskdmaractenzahonsshould mdudeasummaryof&nekey:ssua and

- ‘conclusions of each of the other components of the risk assessment, as. wx
describe the likelihood of harm.” The summary should include a descript
the overall strengths and the limitations {including uncertainties) of the
assessment and conclusions.

® Risk characterizations should be consistent in general format, but recogn
unique characteristics of each specific situation.

* Risk characterizations should include, at least in a quahtatrve sense, a.di:
. of how a specific risk and its contextcompareswlthoﬂ\ersmularnsks 1
be accomplished by comparisons with other chemicals or situations in w
Agency has decided to act, or with other situations which the public may
familiar with. ‘The dlscussmn should hlghhght the lumtahons of such
comparisons.

o Risk characterization is a key component of risk commmucahon, wiuch is
interactive process involving exchange of information and export opinion
among individuals, groups and institutions.

The following outline is a guide and formatting aid for developing risk
characterizations for chemical risk assessments. Similar outlines will be de
for other types of risk characterizations, including site-specific assessments :
‘ecological risk assessments. A common format will assxst risk managers in
evaluatmg and using risk characterization.

The outhne has two parts. The first part tracks the risk assessment to bring
its major conclusions. The second part draws all of the information togethe
characterize risk. The outline represents the expected findings for a typical
chemical assessment for a single chemical. However, exceptions for the



circumstances of individual assessments exist and should be explained as part of the 2
risk characterization. For example, particular statutory requirements, court-ordered
deadlines, resource limitations, and other specific factors may be described to explain

why certain elements are incomplete.

~ This outline does not establish or affect legal rights or obligations. Rather, it
confirms the importance of risk characterization, outlines relevant principles, and
identifies factors Agency staff should consider in implementing the policy. On a
-continuing basis, Agency management is expected to evaluate the pohcy as well as
" the results of its application throughout the Agency and undertake revisions as
necessary. Therefore, the policy does not stand alone; nor does it establish a bmdmg
norm that is finally determinative of the issues addressed. Minor variations in its
application from one instance to another aré appropriate and expected; they thus are
not a legitimate basis for delaying or complicating action on othermse satlsfachory
scientific, techmcal, and regulatory products.

SUMMARIZING MAJOR CONCLUSIONS IN RISK C['IARACTERIZAT[ON
L~ Characterization of Hazard Identification

A. What is the key toxmologlcal study (or stud:es) that provides the basis for
health concerns? :
-~ How good is the key study?
-~ “Are the data from laboratory or fieid studies? In smgle speas or
- multiple specnes? '
— If the hazard is carcinogenic, comment on issues such as: observatlon of
- single or multiple tumor sites; occurrence of benign or malignant
_ tumors,cerﬂntumortypesnmhnkedtocaranogematy'useofthe
maximum tolerated dose (M'I'D)
- If the hazard is other than carcinogenic, what endpomls were observed,
and what is the basis for the critical effect?
- Describe other studies that support this finding.’
— Discuss any valid studies which conflict with this finding.

B. - Besides the health effect observed in the key study, are there other health
endpoints of concern?
— What are the significant data gaps?

C. Discuss available epidemiological or clinical data. For epidemiological

studies:
— What types of studies were used, i.e., ecologic, case-control, cohort?
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= Describe the degreé to which exposures were adequately described.
— Describe the degree to which confounding factors were adequately

accounted for.
— Describe the degree to which other causal factors were excluded.

D. How much is known about how (through what biological mechartism) the
chemical produces adverse effects?
~ Discuss relevant studies of mechanisms of action or metabolism.
= Does this information aid in the interpretation of the toxicity data?
~ What are the implications for potential health effects?

E. Comment on any non-positive data in animals or people, and whether
these data were considered in the hazard identification.

F. If adverse health affects have been observed in wildlife species, characterize
such effects by discussing the relevant issues as in A through E above.

G. Summarize the hazard identification and discuss the significance of each of

he following:

- confidence in conclusions;

- alternative conclusions that are also supported by the data;
- significant data gaps; and :

- highlights of major assumptions.

Characterization of Dose-Response

A. What data were used to develop the dose-response curve? Would the
result have been significantly different if based on a different data set?
~ If animal data were used:
—  which species were used? most sensitive, average of all species, or
other? :
= Wwere any studies excluded? why?
— If epidemiological data were used:
—  Which studies were used? only positive studies, all studies, or
some other combination? -
—  Were any studies excluded? why?
~ Was a meta-analysis performed to combine the epidemiological
studies? what approach was used? were studies excluded? why?

B. What model was used to develop the dose-response curve? What rationale
supports this choice? Is chemical-specific information available to support
this approach? .

- For non-cardnogenic hazards:
~ How was the RFD/REC (or the acceptable range) calculated?

3



—  What assumptions or uncertainty factors were used?
—  What is the confidence in the estimates?

- For carcinogenic hazards:
—  What dose-response model was used? LMS or other linear-at-low-

dose model, z biologically-based model based ont metabolism data,
or data about possible mechanisms of action?

—~  What is the basis for the selection of the particular-dose-response
model used? Are there other models that could have been used
with equal plausibility and sdientific validity? What is the basis for
selection of the model used in this instance?

C. Discuss the route and level of exposure observed, as compared to expected

human exposures. _ .
* = Are the available data from the same route of exposure as the expected

human exposures? If not, are pharmacokinetic data available to

extrapolate across route of exposure?

- How far does one need to extrapolate from the observed data to
environmental exposures (one to two orders of magnitude? multiple
orders of magnitude)? What is the impact of such an extrapolation?

D. If adverse health affects have been observed in wildiife species, characterize
dose-response information using the process outlined in A-C.

Characterization of Exposure

A. What are the most significant sources of environmental exposure?
— Are there data on sources of exposure from different media? What is the

relative contribution of different sources of exposure?
— What are the most significant environmental pathways for exposure?

B. Describe the populations that were assessed, including as the general
population, highly exposed groups, and highly susceptible groups.

C. Describe the basis for the exposure assessment, including any monitoring,
modeling, or other analyses of exposure distributions such as Monte-Carlo

or krieging.

D. What are thé key desciptors of exposure?
~ Describe the (range of) exposures to: “average” individuals, “high end”
individuals, general population, high exposure group(s), children,

susceptible populations.”
How was the central tendency estimate developed? What factors and/or

methods were used in- developing this estimate?
- How was the high-end estimate developed?

4



E

F.

G.

=~ Is there information on highly—exposeci subgroups? Who are they?
vQhat are their levels of expasure? How are they accounted for in the

Is there reasan to be concermeq about cumulative or multiple exposures
because of ethnic, racial, or sociceconomic reasons?

If adverse health affects have been observed in wildlife Species, characterize
wildlife exposure by discussing the relevant issues as in A through E above.

Summarize exposure conclusions and discuss the following:

= results of different approaches, i.e. modeling, monitoring, probability

distributions;
~ limitations of each, and the range of most reasonable values; and
= confidence in the results obtained, and the limitations to the results.

EART TWO
RISK CONCLUSIONS AND COMPARISONS

. Risk Conclusions

A.

C.

D.

What is the overall picture of risk, based on the hazard identification, dose-
response and exposure characterizations?

What are the major conclusions and strengths of the assessment in each of
the three main analyses (i.e., hazard identification, dose-response, and

exposure assassment)?

What are the major limitations and uncertainties in the three main
analyses? .

What are the science policy options in each of the three major anaiyses?
— What are the alternative approaches evaluated?
— What are the reasons for the choices made?

Risk Context

A.

What are the qualitative characteristics of the hazard (e.g., voluntary vs. .
tural, etc.)? Comment on findings, if any,

involuntary, technological vs. na
from studies of risk perception that relate to this hazard or similar hazards,

What are the alternatives to this hazard? Haw do the risks compare?

un



C. How does this risk compare to other risks?

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

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

3. Describe the limitations of making these comparisons.

D. Comment on significant community concerns which influence public
perception of risk?

VI. Existing Risk Information

Comment on other risk assessments that have been done on this chemical by
EPA, other federal agencies, or other organizations. Are there significantly
different conclu.slons that merit discussion?

| VII. Other Informatton

Is there other information that would be useful to the risk manager or the -
public in this situation that has not been described above?
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Introduction

The EPA Science Policy Council (SPC) is implementing the Administrator’s policy on
risk characterization through a year-long program of activities that will involive
risk assessors and risk managers in the practice of fully characterizing risk. This
interactive . approach calls for inter- and intra-office activities to gain experience
with the fundamentals of the policy and to resolve .issues that were identified during
- Agency-wide review of early drafts. Implementation will include program-specific
guidance development; case study development; and risk characterization workshops
and rountables for risk assessors and managers. ' '

‘A SPC-sponsored “advisory group” will plan and execute these implementation
activiies. This advisory group will organize an “implementation team™ composed of
representatives from the program offices, regions and ORD laboratories and centers.
This team will work closely with the advisory group to coordinate implemeatation
activities within their offices. ' :

Program Guidance Development guidance. Program and Regional
- offices will use this paper to identify
Risk characterizations often differ and address risk characterization issues
according to the type of assessment associated with specific assessment
involved. The aim is to work closely with  types that differ from the general
the Program Offices and Regions to prototype (e,g., sité-specific. and .

" identify and address their specific risk °  ecological risk assessments). Lessonms -
characterization needs and, where learned from the case studies,
appropriate, to develop assessment- roundtables and workshops (discussed
specific guidance. = | below) will also contribute to program-

: : specific guidance development.
This program updates and implements the

risk characterization guidance issued in Case Studies

early 1992. The policy features a paper

entitled “Elements to Consider When Today, when asked to provide an
Drafting EPA Risk Characterizations.” example of a “good” risk

This paper outlines generic elements for . characterization, few people can

identify good examples, let alone
examples that others would agree are

characterizing risk, and provides a
prototype for assessment-specific

NN
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- characterization.

of high quality. As a first step, a selected
number of risk characterization case
studies will be developed for use as,
teaching tools. A “case study” will. be an
exercise to improve am existing risk
characterization, using the information
available in an existing risk assessment.
While based on actual risk assessments,
identifying information (e.g., site
identification information) will be

removed to avoid any implied judgement_ .-

Roundtables and Workshops

assessors and risk managers.

IIII’IIIIIIIIIIIIIIIIIIII’IIIIIIIIIIIIIIIIIIIIIIIII’IIIIIIII’IIIIII

/I

as to the adequacy of the original risk
assessment and risk characterization.
Examples of case studies may include a

_chemical assessment, a site-specific

assessment, and a screening-level
assessment. The case studies will be
developed by the risk characterization

_advisory group, working in consultation

with the implementation team, and will
be used for discussion at the first risk
characterization workshop.

. EPA dec:ston-makers will . be “invited " to parhclpate in roundtable dnscusswns on risk
In addition, a lmmmum of  two workshops are planned - for EPA ,risk

- ° Risk Decision-maker Rountables . on Risk - Characterization - The goal will .,

be to determine the types of risk characterization information needed by managers
for effective risk-based decision-making. :

® Risk Characterization Workshop I - Will focus on ldcnufymg the qualities of

“good” risk characterizations,
and case studies.

program-specnﬁc plans and guidance development,

° Risk Characterization Workskop IF - Risk aémsors and risk managers will
meet to wrap-up program-specific plans and guidance, and discuss any necessary
updates to the agency-wide risk charactenzauon guidance.

7
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PREFACE

This guidance contains principles for developing and describing EPA risk
assessments, with a particular emphasis on risk characterization. The current
document is an update of the guidance issued with the Agency’s 1992 policy
(Guidance on Risk Characterization for Risk Managers and Risk Assessors, February
26, 1992). The guidance has not been substantially revised, but includes some
clarifications and changes to give more prommence to certain issues, such as the
need to explain the use of default assumpuons

As in the 1992 policy, some aspects of this guidance focus on cancer risk’
assessment, but the guidance applies generally to human health effects (e.g.,
neurotoxicity, developmental toxicity) and, with appropriate modifications, should
be used in all health risk assessments. This document has not been revised to
specifically address ecological risk assessment, however, initial guidance for
ecological risk characterization is included in EPA’s Framework for Ecological Risk
Assessments (EPA/630/R-92/001). Neither does this guidance address in detail the
" use of risk assessment information (e.g., inforqution from the Integrated Risk
Information System (IRIS)) to generate site- or media-specific risk assessments.
Additional program-specific guidance will be developed to enable implementation
of EPA’s Risk Characterization Policy. Development of such guidance willbe -
overseen by the Science Policy Council and will involve risk assessors and risk
managers from across the Agency.



L THE RISK ASSESSMENT-RIQK MANAGEMENT INTER.FACE

Recogmzmg that for many people the term risk assessment has wide meaning, the
National Research Council's 1983 report on risk assessment in the federal
. governunent distinguished between risk assessment and risk management.

"Broader uses of the term [risk assessment] than ours also embrace analysis of
perceived risks, comparisons of risks associated with different regulatory
strategies, and occasionally analysis of the econonuc and socxal mphcatlons of
regulatory decisions — functions tha . < _maha

(emphasis added). (I) | $e -

In 1984, EPA endorsed these distinctions between risk assessment and risk
; -management for Agency use (2), and later relied on ‘them in developing risk .

- assessment guidelines (3). .In 1994, the NRC reviewed the Agency’s approach to and
useofnskassessmentandlssuedana(tenswereportonﬂ\euﬁndmgs (4). This
distinction suggests that EPA participants in the process can be grouped into two
- main categories, each with somewhat different responsibilities, based on their roles
« -with respect to risk assessment and risk management..

l'-e'

Within the Risk Assessment category there is a group that develops chemical-
specific risk assessments by collecting, analyzing, and synthesizing scientific data to
produce the hazard identification, dose-response, and exposure assessment portion -
. of the risk assessment and to characterize risk. This group relies in patt on Agency

~ risk assessment guidelines to address science policy issues and scientific -

" uncertainties. Generally, this group includes scientists and statisticians in the Office
of Research and Development; the Office.of Prevention, Pesticides and Toxics and

- - other program offices; the Carcinogen Risk-Assessment Verification-Endeavor
(CRAVE); and the Reference Dose (RfD) and ‘Reference Concentration (RfC)
Workgroups,

Another group generates site- or media-specific risk assessments for use in

- regulation devélopment or site-specific decision-making. ' These assessors rely on
existing databases (e.g., IRIS, ORD Health Assessment Documents, CRAVE and
RfD/REC Workgroup documents, and' program-specific toxicity information) and
media- or site-specific exposure information in developing risk assessments. This
group also relies.in part on Agency risk assessment guidelines and program-specific
guidance to address science policy issues and scientific uncertainties. Generally, this
group includes scientists and analysts in program offices, regional offices, and the
Office of Research and Development.



Risk managers, as a separate category, integrate the risk characterization with other
- considerations specified in applicable statutes to make and justify regulatory
decisions.* Generally, this group includes Agency managers and decision-makers.
Risk managers also play a role in determining the scope of risk assessments. The
risk assessment process involves regular interaction between risk assessors and risk
managers, with overlapping responsibilities at various stages in the overall process. -
Shared responsibilities include initial decisions regarding the planning'and conduct
of an assessment, discussions as the assessment develops, decisions regarding new
data needed to complete an assessment and to address significant uncertainties. At
critical junctures in the assessment, such consultations shape the nature of, and
schedule for, the assessment. External experts and members of the public may also
Play a role in determining the scope of the assessment; for example, the public is
often concerned about certain chemicals or exposure pathways in the development

of site-specific risk assessments.

.

The following guidance outlines principles for those who éene;ate, review, use, and -
integrate risk assessments for decision-making. BN

L Risk assessors and risk managers should be sensitive to distinctions between
risk assessment and risk management. s T

The major participants in the risk assessment process have many shared
. responsibilities. Where responsibilities differ, it is important that participants

. confine themselves.to tasks in their areas of responsibility and not inadvertently
obscure differences between risk assessment and risk management. .- .

For the generators of the assessment; distinguishing between risk assessment and
risk management means that scientific information is selected, evaluated, and
presented without considering issues such as cost, feasibility, or how the scientific
analysis might influence the regulatory or site-specific decision. Assessors are
charged with (1) generating a credible, objective, realistic, and scientifically balanced
analysis; (2) presenting information on hazard, dose-response, exposure and risk;
and (3) explaining confidence in each assessment by clearly delineating strengths,
uncertainties and assumptions, along with the impacts of these factors (e.g.,
confidence limits, use of conservative/non-conservative assumptions) on the
overall assessment. They do not make decisions on the acceptability of any risk
level for protecting public health or selecting procedures for reducing risks.

For X ent and decision-makers who integrate these
assessments into regulatory or site-specific decisions, the distinction between risk
assessment and risk management means refraining from influencing the risk

a
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description through consideration of other factors -- e.g., the regulatory outcome —
and from attempting to shape the risk assessment to avoid statutory constraints,
meet regulatory objectives, or serve political purposes. Such management
considerations are often legitimate considerations for the overall regulatory decision
(see next principle), but they have no role in estimating or describing risk.
However, decision-makers and risk assessors participate in an Agency process that
. establishes policy directions that determine the overall nature and tone of Agency
risk assessments and, as appropriate, provide policy guidance on difficult and
controversial risk assessment issues. Matters such as risk assessment priorities,
degree of conservatism, and acceptability of particular risk levels are reserved for
decision-makers who are charged with making decisions regarding protection of
public health. T ' i

o

2. The risk assessment product, that is, the risk characterization, is only one of
several kinds of information used for regulatory decision-making.

Risk characterization, the last step in risk assessment, is the starting point for risk
“management considerations and the foundation for regulatory decision-making, but
it is only one 6f several important components in such decisions.. As the last step in
- risk assessment, the risk characterization identifies and highlights the noteworthy
risk conclusions and related uncertainties. Each of the environmental laws .
administered by EPA calls for consideration of other factors at various stages in the
regulatory process. As authorized by different statutes, decision-makers evaluate
technical feasibility (e.g., treatability, detection limits), economic, social, political, and
legal factors as part of the analysis of whether or not to regulate and, if so, to what
extent. Thus, regulatory decisions are usually based on a combination of the
technical analysis used to develop-the risk assessment and information from other
fields. : . ‘ g '

For this reason, risk assessors and managers should understand that the regulatory

" decision is usually not determined solely by the outcome of the risk assessment. For

. example, a regulatory decision on the use of a particular pesticide considers not only
. the risk level to affected populations, but also the agricultural benefits of its use that

may be important for the nation’s food supply. Similarly, assessment efforts may

produce an RfD for a particular chemical, but other considerations may result in a -

regulatory level that is more or less protective than the RfD itself. :

For decision-makers, this means that societal considerations (e.g., costs and benefits)
that, along with the risk assessment, shape the regulatory decision should be
described as fully as the scientific information set forth in the risk characterization.
Information on data sources and analyses, their strengths and limitations,
confidence in the assessment, uncertainties, and alternative analyses are as
important here as they are for the scientific components of the regulatory decision.
Decision-makers should be able to expect, for example, the same level of rigor from
the economic analysis as they receive from the risk analysis. Risk management
decisions involve numerous assumptions and uncertainties regarding technology,
econormics and social factors, which need to be explicitly identified for the
decision-makers and the public.



I. RISK CHARACTERIZATION

A. Defining Risk Characterization in the Context of Rlsk Assessment

EPA risk assessment principles and practices draw on many sources. Obvious
sources include the environmental laws administered by EPA, the National
Research Council’s 1983 report on risk assessment-(1), the Agency's Risk-Assessment
Guidelines (3), and various program specific guidance (e.g., the Risk Assessment
‘Guidance for Superfund). Twenty years of EPA experience in developing, '
defending, and enforcing risk assessment-based regulation is another. Together
these various sources stress the importance of a clear explanation of Agency
processes for evaluating hazard, dose-response; exposure, and other data that
provide the scientific foundation for characterizing risk.

This section focuses on two requirements for full characterization of risk. First, the
characterization should address qualitative and quantitative features of the -
assessment.  Second, it should . identify the important strengths and uncertainties in
the assessment as part of a discussion of the confidence in the assessment. This

. emphasis on a full description of all elements.of the assessment draws attention to
the importance of the qualitative, as well as the quantitative, dimensions of the

. assessthent. The 1983 NRC report carefully distinguished qualitative risk _
assesément from quantitative assessments, preferring risk statements that are not
strictly numerical.

The term risk assessment is often given narrower and broader meanings
than we have adopted here. For some observers, the term is synonymous
with gquantitative risk assessment and emphasizes reliance on numerical
results. Our broader definition includes quantification, but also includes
qualitative expressions of risk. Quantitative estimates of risk are not always .
feasible, and they may be eschewed by agencies for policy reasons. (1)

EPA’s Exposure Assessment Guidelines define risk characterization as the final step
in the risk assessment process that

. .Integrat&s the individual characterizations from the hazard identification, dose-
response, and exposure assessments;

¢ Provides an evaluation of the overall quality of the assessment and the degree
of confidence the authors have in the estimates of risk and conclusions drawn;

e Describes risks to individuals and populations in terms of extent and severity of
probable harm; and

¢ Communicates results of the risk assessment to the risk manager. (5)
Particularly critical to full characterization of risk is a frank and open discussion of

the uncertainty in the overall assessment and in each of its components. The
uncertainty discussion is important for several reasons.
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1. Information from different sources carries different kinds of uncertainty and
knowledge of these differences is important when uncertainties are combined = ..
for characterizing risk. - '

2. The risk assessment process, withr management input, involves decisions
regarding the collection of additional data (versus living with uncertainty); in
the risk characterization, a discussion of the uncertainties will help to identify
where additional information could contribute significantly to reducing
uncertainties in risk assessment. I

3. A clear and explicit statement of the strengths and limitations of a risk
- assessment requires a clear and explicit statement of related uncertainties.

A discussion of uncertainty requires comment on such issues as the"quality and
quantity of available data, gaps in the data base for specific chemicals, quality of the

- measured data, use of default assumptions, incomplete understanding of general
biological phenomena, and scientific judgments or science policy. positions that were

employed to bridge information gaps.

In short, broad agreement exists-on the importance of a full picture of risk,
particularly including a statement of confidence in the assessment and the
- associated uncertainties. This section discusses information content-and uncertainty
. aspects of risk characterization, while Section IIl discusses various descriptors used
in risk.characterization. ' . : -

B. Guiding Principles

L . The risk characterization integrates the infonnahon from the hazard -
.identification, dose-response, and exposure assessments, using a combination of
: ql_mlit'a_tive informaﬁon, quantitative information, and information regarding

uncer_l_:ainﬁes. .

Risk assessment is based on a series of questions that the assessor asks about the data
and the implications of the data for human risk. Each question calls for analysis and
interpretation of the available studies, selection of the data that are most =~
scientifically reliable and most relevant to the problem at hand, and scientific
conclusions regarding the question presented. As suggested below, because the
questions and analyses are.complex, a complete characterization includes several

» different kinds of information, carefully selected for reliability and relevance.

a. Hazard [dentification — What is known about the capacity of an environmental
agent for causing cancer (or other adverse effects) in humans and laboratory
animals? : ‘ '



Hazard identification is a qualitative description based on factors such as the kind
and quality of data on humans or laboratory animals, the availability of ancillary
information (e.g., structure-activity analysis, genetic toxicity, pharmacokinetics)
from other studies, and the weight-of-the-evidence from all of these data sources.
For example, to develop this description, the issues addressed include: .

1) the nature, reliability, and consistency of the particular studies in humans and
in laboratory animals; 2

2) the available information on the mechanistic basié for activity; and
3) experimental animal responses and their relevance to human outcomes.

These issues make clear that the task of hazard identification is characterized by
describing the full range of available information and the implications of that
information for human health." - ERE C

b Dm;&mmmj; - What- is known about the biological mechanisms
- and’ dose-response relationships underlying any effects observed in the
laboratory or epidemiology studies providing data for the assessment?

The dose-response assessment examines quantitative relationships between
exposure (or dose) and effects in the studies used to identify and define effects of
concern. This information is later used along with "real world" exposure
information (see below) to develop estimates of the likelihood of adverse effects in
populations potentially at risk. It should be noted that, in practice, hazard -
identification for developmental toxicity and other non-cancer health effects is
usually done in conjunction with an evaluation of dose-response relationships,
since the determination of whether there is a hazard is often-dependent on whether
a dose response relationship is present. (6) Also, the framework developed by EPA
for ecological risk assessment does not distinguish between hazard identification
and dose-response assessment, but rather calls for a “characterization of ecological
effects.” (7) : - |

. Methods for establishing dose-response relationships often depend on various -
assumptions used in lieu of a complete data base, and the method chosen can"
strongly influence the overall assessment. The Agency's risk assessment guidelines
often identify so-called "default assumptions" for use in the absence of other
information. The risk assessment should pay careful attention to the choice of a
high-to-low dose extrapolation procedure. As a result, an assessor who is
characterizing a dose-response relationship considers several key issues:

1) the relationship between extrapolation, models selected and available
information on biological mechanisms; '



2) how appropriate data sets were selected from those that show the range of
possible potencies both in laboratory animals and humans;

3) the basis for selecting interspecies dose scaling factors to account for scaling
doses from experimental animals to humans;

’ 9
4) the correspondence between the expected route(s) of exposure and the exposure
route(s) utilized in the studies forming the basis of the dose-response
assessment, as well as the interrelationships of potential effects from different
exposure routes;

5) the correspondence between the expected duration of exposure and the
exposure durations in the studies used in forming the basis of the dose-response
assessment, e.g., chronic studies would be used to assess long-term, cumulative
.exposure concentrations, while acute studies would be used in assessing peak
levels of exposure; and . . LB : L - %

6) the pomti:llfor _differihg suscephblhtws among populahm Subgroups.

The Agency's Integrated Risk Information System (IRIS) is a repository for such
information for EPA. EPA program offices also maintain program-specific .
databases, such as the OSWER Health Effects Assessment Summary Tables (HEAST).
IRIS includes data summaries representing Agency consensus on specific chemicals, .
based on a careful review of the scientific issues listed above, For specific risk
assessments based on data from any source, risk assessors should carefully review
the information presented, emphasizing confidence in the data and uncertainties
(see subsection 2 below). Specifically, when IRIS data are used, the IRIS statement of

" confidence should be included as an explicit part of the risk characterization for
hazard and dose-response information. 4 .

c. Exposure Assessment — What is known about the principal paths, patters, arid
magnitudes of human exposure and numbers of persons who may be exposed?

The exposure assessment examines a wide range of exposure parameters pertaining
to the environmental scenarios of people who may be exposed to the agent under
study. The information considered for the exposure assessment includes -
monitoring studies of chemical concentrations in environmental media, food, and
other materials; modeling of environmental fate and transport of contaminants;
and information on different activity patterns of different population subgroups.
An assessor who characterizes exposure should address several issues:

1) The basis for the values and input parameters used for each exposure scenario.
If the values are based on data, there should be a discussion of the quality,
purpose, and representativeness of the database. For monitoring data, there
should be a discussion of the data quality objectives as they are relevant to risk
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assessment, including the appropriateness of the analytical detection limits. If
models are applied, the appropriateness of the models and information on their
validation should be presented. When assumptions are made, the source and
general logic used to develop the assumptions (e.g., program gmdance, analogy,
professmnal ,udgment) should be described.

2) The confidence in the assumptions made about human behavior and the
relative likelihood of the different exposure scenarios.-

3). The major factor or factors (e. g-, concentration, body uptake, duration/frequency

of exposure) thought-to account for the greatest mlcertamty in the exposure
estimate, due exther to sensn:mty or lack of data.

4)Thehnkbeﬂveenﬁm¢cposuremformahonand&nenskdamptomdmcussed
" - in Section IH of this Appendix. Specifically, the risk assessor needs to discuss
the connection between the conservatism or non-conservatism of the
: data/assumphonsusedmﬁ!escmanos andthechomeof descnptors

5) Other mformat:on that may be unportant for the parucular risk assessment.
For example, for many assessments, other sources and background levels in the

" environment may contribute mgm.ﬁcantly to populauon exposures and should
be discussed. - .

2) Therisk charactenzahon mclndes a dnscumon of uncerhmty and vanabnhty

In the risk charactenzahon, conclusmns about hazard and dose response are
integrated with those from the exposure assessment. In addition, confidence about
thesé conclusions, including information about-the uncertainties associated with
each aspect of the assessment in the final risk summary, is highlighted. . In the
pmwousassessmmtstepsandmmenskchanctenzahon,&lenskassasormust

Vanabﬂxtyanssﬁomhxehetemgamtymchamc@shcssuchasdose—mponse

. differences within a population, or differences in contaminant levels in- the-
.environment. The values of some variables used in an assessment change with
time and space, or across the population whose exposure is being estimated.
Assessments should address the resulting variability in doses reoe:ved by members
of the target population. Individual exposure, dose, and risk can vary widely in a
large population. The central tendency and high end individual risk descriptors
(discussed in Section II below) are intended to capture the yariability in exposure,
lifestyles, and other factors that lead to a distribution of risk across a population.

Uncertainty, on the other hand, represents lack of knowledge about factors such as

adverse effects or contaminant levels which may be reduced with additional study.
Generally, risk assessments carry several categories of uncertainty, and each merits
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consideration. Measurement uncertainty refers to the usual error that accompanies
scientific measurements—standard statistical techniques can often be used to express
measurement uncertainty. A substantial amount of uncertainty is often inherent in
environmental sampling, and assessments should address these uncertainties.

There are likewise uncertainties associated with the use of scientific models, e.g.,

~ dose-response models, models of environmental fate and transport. Evaluation of

model uncertainty would cons1der the scientific basis for the model and available
empirical validation.

A different kind of uncertainty stems from data gaps =~ that is, estimates or
assumptions used in the assessment. Often, the data gap is broad, such as the -
absence of information on the effects of exposure to a chemical on humans or on
the biological mechanism of action of an agent. The risk assessor should include a
statement of confidence that reflects the degree to which the risk assessor believes
that the estimates or assumptions adequately fill the data gap. For some common:
and important data gaps, Agency or program-specific risk assessment guidance
provides default assumptions-or, values.. Rigk -assessors should carefully consider all
"available data-before deciding to rely on default assumptions. If defaults are used,
“the risk assessment should reference the Agency gmdance that explams the default
assumphons or values. .

Often risk assessors and managers sunphfy dlscussmn of nsk issues by speahng only
of the numerical components of an assessment.. That is, they refer to the alpha-
numeric weight-of-the-evidence classification, unit risk, the risk-specific dose or the
. qq* for cancer risk, and the RfD/RfC for health effects other than cancer, to the
exclusion of other information bearing on the risk case. However, since every
assessment carries- uncertainties, a simplified numerical presentation of risk is
always incomplete and often misleading. . For this reason, the NRC (1) and EPA risk
assessment guidelineés (2) call for "charactérizing” risk to include qualitative ,
information, a related numerical risk estimate and a dmcussmn of uncerlamha, _
limitations, and assumptions—default and otherwise. : .

Qualitative information on methodology, alternative interpretations, and working :
assumptions (including defaults) is an important component of risk
characterization. For example, specifying that animal studies rather than human
studies were used in an assessment tells others that the risk estimate is based on -
assumptions about human response to a'particular chemical rather than human
data. Information that human exposure estimates are based on the subjects’
presence in the vicinity of a chemical accident rather than tissue measurements
defines known and unknown aspects of thé exposure component of the study. -

Qualitative descriptions of this kind provide crucial information that augments
understandmg of numerical risk estimates. Uncertainties such as these are
in scientific studies and in any risk assessment based on these studies. Such



uncertainties do not reduce the validity of the assessment. Rather, they should be

highlighted along with other important risk assessment conclusions to mform
others fully on the results of the assessment.

In many cases, assessors must choose among available data, models, or assumptions
in estimating risks. Exa:rumng the impact of selected, plausible alternatives on the
conclusions of the assessment is an important part of the uncertainty discussion.
The key words are "selected” and "plausible;” listing all -alternatives to a particular
assumption, regardless of their merits would be superfluous. Generators of the
assessment, using best professional judgment, should outline the strengths and
weaknesses of the plausible alternative approaches.1

-An adequate description of the process of alternatives selection involves several

a. A rationale for the choice. '
- b. Discussion of the effects of alternatives selected onthe assessment.
c Companson with other plausible alternatives, where appropnate

The degree to which variability and uncertainty are addressed depends largely on
the scope of the assessment and the resources available. For example, the Agency
does not expect an assessment to evaluate and assess every conceivable exposure
scenario for every possible pollutant, to examine all susceptible populations
potentially-at risk, or to characterize every possible environmental scenario to

- estimate the cause and effect relationships between exposure to pollutants and
adverse health effects. Rather, the discussion of uncertainty. and variability should

" reflect the type and complexity of the risk assessment, with the level of effort for

analysis and d:scussxon of uncertamty correspondmg to the level of effort for the .

assessment.

3. -Well-balanced risk characterizations present risk conclusions and information
regarding the strengths and limitations of the assessment for other risk
assessors, EPA decision-makers, and the public. _

The risk assessment process calls for 1denuf)nng and highlighting significant risk
conclusions and related uncertainties partly to assure full communication among
risk assessors and partly to assure that decision-makers are fully informed. Issues -
are identified by acknowledging noteworthy qualitative and quantitative factors that
make a difference in the overall assessment of hazard and risk, and hence in the
ultimate regulatory decision. The key word is "noteworthy.” Information that

1In cases where risk assessments within an Agency program routinely address similar sets of
alternatives, program guidance may be developed to streamline and simplify the discussion of these
alternatives.
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significantly influences the analysis is explicitly noted — in all future presentations
of the risk assessment and in the related decision. Uncertainties and assumptions
that strongly influence confidence in the risk estimate also require special attention.

Numerical estimates should not be separated from the descriptive information that
- is integral to risk characterization. Documents and presentations supporting
- regulatory or site-specific decisions should include both the numerical estimate and
- descriptive information; in short reports, this information can be abbreviated. Fully
visible information assures. that important features of the assessment are
. immediately available at each level of review for evaluating whether risks are -
acceptable or unreasonable. ‘' : '

Fy
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O EXPOSURE ASSESSMENT AND RISK DESCRIPTORS -

A. Presentation of Risk Descriptors

The results of a risk assessment are usually communicated to the risk manager in
the risk characterization portion of the assessment. This communication is often
accomplished through risk descriptors which convey information and answer
questions about risk, each descriptor providing different information and insights.
Exposure assessment plays a key role in developing these risk descriptors since each

descriptor is based in part on the exposure distribution within the populatton of
interest.

The followmg gu.ldanoe outlines the different descnptbrs in a convenient order that

- should not be construed as a hierarchy of importance. These descriptors should be

used to describe risk in a variety of ways for a given assessmefit, consistent with the -
assessment's purpose, the data.available, and the information the risk manager-
needs. Use of a range of descriptors instead of a single descriptor enables Agency
programs topresmtaplctureofnskthatcorrespondstotherangeofdlffermt
exposure conditions encountered for most environmental chemicals. This analysis,
in turn, allows risk managers to identify populations at greater and lesser risk and to

~ shape regulatory solutions accordingly.

Agency risk assessments will be expected to address or provide decripﬁons of (1)
individual risk that include the central tendency and high end portions of the risk
distribution, (2) population risk, and (3) important subgroups of the population,
such as highly exposed or highly susceptible groups. Assessors may also use -
additional descriptors of risk as needed when these add to the clarity of the :
presentation. With the exception of assessments where particular descriptors clearly -
do not apply, some form of these three types of descriptors should be routinely
developed and presented for Agency risk assessments2. In other cases, where a
descriptor would be relevant, but the program lacks the data or methods to develop
it, the program office should design and implement a plan, in coordination with
other EPA offices, to meet these assessment needs. While gaps continue to exist,
risk assessors should make their best efforts to address each risk descriptor, and at a
minimum, should briefly discuss the lack of data or methods. Finally, presenters of
risk assessment information should be prepared to routmely answer questions by
risk managers concerning these descriptors.

It is essential that presenters not only communicate the results of the assessment by
addressing each of the descriptors where appropriate, but that they also-

2Program-specific guidance will need to address these situations. For example, for site-specific
assessments, the utility and appropriateness of population risk estimates will be determined based on
the available data and program guidance.
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communicate their confidence that these results portray a reasonable picture of the
~ actual or projected -exposures. This task will usually be accomplished by frankly
commenting on the key assumptions and parameters that have the greatest impact
on the results, the basis or rationale for choosing these assumptions/ parameters,
and the consequences of choosing other assumptions.

B. Relationship Between Exposure Descriptors and Risk Descriptors

In the risk assessment process, risk is estimated as a function of exposure, with the
risk of adverse affects increasing as exposure increases. Information on the levels of
exposure experiericed by different members of the population is key to
understanding the range of risks ‘that may occur.. Risk assessors and risk managers‘
should keep imr mind, however, that exposure is not synonymous with risk. *
Differences' among individuals in absorption rates, susceptibility, or other fachors
mean that individuals'with the same level of exposure may be at different levels of
risk. In most cases, the state of the science is not yet adequate to define distributions
of factors such as population susceptibility. The guidance principles below discuss a -
- variety of risk descriptors.that primarily reflect differences in estimated exposure. If
a full description of the range of susceptibility in the population cannot be

- presented, an effort should be ‘made-to identify subgroups that, for various reasons,
may be particularly susceptible.

C. Guiding Principles

1. Information about the distribution of mﬂ;ndgal exposures is important to
commumcatmg the results of a risk assessment.

Thenskmanagermgmmﬂymte:atedmanswmtoquwhonssudias&te
following:

. Whoarethepeople atthehighestrisk? :
¢ What risk-levels are they subjected to? -

* What are they doing, where do they live, etc., that might be putting them at this
higher risk?

¢ What is the average risk for individuals in the population of interest?

Individual exposure and risk descriptors are intended to provide answers to these
questions so as to illuminate the risk management decisions that need to be made.
In order to describe the range of risks, both high end and central tendency
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descriptors are used to convey the variability in risk levels experienced by different
individuals in the population.

a. High end descriptor

For the Agency's purposes, high end risk descriptors are plausible estimates of the
individual risk for those persons at the upper end of the risk distribution. Given
limitations in current understanding of variability in individuals’ sensitivity to .
toxins, high end descriptors will usually address high end exposure or dose (herein
referred to as exposure for brevity). The intent of these descriptors is.to convey
estimates of exposure in the upper range of the distribution, but to avoid estimates
which are beyond the true distribution. Conceptually, high end exposure means

. exposure above about the 90th percentile of the population distribution, but not
higher than the'individual in the population who has the highest exposure. When
large populations are assessed, a large number of individuals may be included
within the “high end” (e.g., above 90th or 95th percentile) and information on the
range of exposures received by these individuals should be presented.:

* High end descriptors are intended to estimate the exposures that are expected to

occur in small, but definable, "high end" segments of the subject population.3 The

 individuals with these exposures may be members 6f a special population segment

or individuals in the general population who are highly exposed because of the

inhrerent stochastic. nature of the factors which give rise to exposure. Where

- differences in sensitivity can be identified within the population, high end estimates
‘addressing sensitive individuals or subgroups can be developed.

In those few cases in which the complete data on the population distributions of
exposures and doses are available, high end exposure or dose estimates can be
“represented by reporting exposures or doses at a set of selected percentiles of the
distributions, such as the 90th, 95th, and 98th percentile. High end exposures or
doses, as appropriate,.can then be used to calculate high end risk estimates.

In the majority of cases where the complete distributions are not available, several
methods help estimate a high end exposure or dose. If sufficient information about
the variability in chemical concentrations, activity patterns, or. other factors are
available, - the distribution may be estimated through the use of appropriate
modeling (e.g., Monte Carlo simulation or parametric statistical methods). The

3High end estimates focus on estimates of exposure in the exposed populations. Bounding
estimates, on the other hand, are constructed to be equal to or greater than the highest actual risk in
the population (or the highest risk that could be expected in a future scenario). A "worst case scenario”
refers to a combination of events and conditions such that, taken together, produces the highest
conceivable risk. Although it is possible that such an exposure, dose, or sensitivity combination might
occur in a given population of interest, the probability of an individual receiving this combination of
events and conditions is usually small, and often so small that such a combination will not occur in a
particular, actual population.
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determination of whether available information is sufficient to support the use of
probabilistic estimation methods requires careful review and documentation by the
risk assessor. If the input distributions are based on limited data, the resulting
distribution should be evaluated carefully to determine whether itis an
improvement over more traditional estimation techniques. If a distribution is
developed, it should be described with a series of percentiles or population
frequency estimates, particularly in the high end range. The assessor and risk
manager should be aware, however, that unless a great deal is known about
exposures and doses at the high end of the distribution, these estimates will involve
considerable uncertainty which the exposure assessor will need to describe. Note
that in this context, the probabilistic analysis addresses variability of exposure.in the
population. Probabilistic techniques may also be applied to evaluate uncertainty in
estimates (see section 5, below). However, it is generally inappropriate to combine *
distributions reflecting both uncertainty and. variability to get a single overall
distribution. Such a result is not readily interpretable for the concerns of
environmental decision-making. ' B g, M Yo

If only limited-information on the distribution of the exposure or dose factors is
available, the assessor should approach estimating the high end by identifying the -
-most sensitive variables and using high end values for a subset of these variables,

- leaving others at their central 'values.4 ' In doing this, the assessor needs to avoid
combinations of parameter values that are inconsistent (e.g., low body weight used
_in combination with high dietary intake rates), and must keep in mind the ultimate
objective of being within the distribution of actual expected exposures and doses,

and not beyond it. SO ke : & x _

If very little data are available on the ranges for the various variables, it will be .
difficult to estimate exposures or doses and associated risks in the high end with .
.much confidence. One method that has been used in such cases is to start with a
bounding estimate and "back off” the limits used until the combination of
parameter values is, in the judgment of the assessor, within the distribution of .
expected & , and still lies within the upper 10% of persons sed.
Obviously, this method results-in-a large uncertainty and requires explanation.

b. Central tendency descriptor

Central tendency descriptors generally reflect central estimates of exposure or dose.
The descriptor addressing central tendency may be based on either the arithmetic
mean exposure (average estimate) or the median exposure (median estimate), either

4Maximizing all variables will in virtually all cases result in an estimate that is above the
actual values seen in the population. Wheén the principal parameters of the dose equation, e.g.,
concentration (appropriately integrated over time), intake rate, and duration, are broken out into sub-
components, it may be necessary to use maximum values for more than two of these sub-component
parameters, depending on a sensitivity analysis.
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of which should be clearly labeled. The average estimate, used to approximate the
arithmetic mean, can often be derived by using average values for all the exposure
factors.5 It does not necessarily represent a particular individual on the distribution.
Because of the skewness of typical exposure profiles, the arithmetic mean may differ
substantially from the median estimate (i.e., 50th percentile estimate, which is equal
to the geometric mean for a log normal distribution). The' selection of which
descriptor(s) to present in the risk characterization will depend on the available data
and the goals of the assessment. When data are limited, it may not be possible to
construct true median or mean estimates, but it is still possible to construct
estimates of central tendency. The discussion of the use of probabilistic techniques
in Section 1(a) above also appha to estimates of central tendency '

2. Informahon about popuhhon exposure leads to another important way to :
descnbe rlsk. '

Population risk refers to an assessment of the extent of harm for the populahon asa
whole. In theory, it can be calculated by summing the individual risks for all

individuals within the subject population. This task, of course, requires a great deal
more mformatlon than is normally, if ever, available.

The kinds, of queshons addressed by descnptors of populahon nsk include the
following:

» How many cases of a particular health effect might be prebabilisﬁcally estimated
in this population for a specific time period?

¢ For non-carcinogens, what portion of the population.is within a specrﬁed range
ofsomereferencelevel,e.g,exeeedaneeoftheka(adose),theRfC(a .
concentration), or other health concern level? o ’

» For carcmogens what poruon of &1e populatlon is above a certain risk level,
such as 10-6?

These questions can lead to two different descriptors of popularion risk.
a. Probabilistic number 'of.ca_ses

The first descriptor is the probabnhsue number of health effect cases estimated in the
opulation of interest over a specified time period. This descriptor can be obtained

either by (a) summing the individual risks over all the individuals in the
population, e.g. using an estimated distribution of risk in the population, when

5This holds true when variables are added (e.g., exposures by different routes) or when
independent variables are multiplied (e.g., concentration x intake). However, it would be incorrect for
products of correlated variables, variables used as divisors, or for formulas involving exponents.
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such information is available, or (b) through the use of a risk model that assumes a

linear non-threshold response to exposure, such as many carcinogenic models. In P
these calculations, data will typically be available to address variability in individual
exposures. If risk varies linearly with exposure, multiplying the mean risk by the

population size produces an estimate of the number of cases.6 - At the present time,

most cancer potency values represent plausible upper bounds on risk. When such a

value is used to estimate numbers of cancer cases, it is important to understand that

- - the result is also an upper bound. As with other risk descriptors, this approach may

" ¢ not adequately address sensitive subgroups for which different dose-mponse curve

B orexposureeshmatesnughtbeneeded

Obviously, the more information one has, the more certain the estimate of this risk

descriptor, but inherent uncertainties-in risk assessment methodology place

limitations on the accuracy of the estimate. The discussion of uncertainty involved

in estlmatmg ‘the number of cases. should indicate that
ofcasesmﬂlepopulahon(whzchlsa

- statistical predxctlon based ona great deal of empmcal data)

-~ In general, 1tshouldberecogmzecl thatwhmsmallpopulauonsareexposed,
" population risk estimates may be very small. . For example, if 100 people are

‘. to an individual lifetime cancer risk of 104, the expected number of cases is 0.01. In

- such situations, individual risk es_hmates will usually be a more meanmgfu.l

parameter for-decision-makers.

b. Estimated percentage of population with risk greater thar somie' level

For non-cancer effects, we generally have not ‘developed the risk assessment
techniques to the point of knowing how to add risk probabllma, so a second’

~ descriptor is usually more appropriate: An estimate of the percentage of the
population, or the number of persons, above a specified level of risk or within a
specified range of some reference level, e.g., exceedance of the RfD or the RIC,
LOAEL, or other specific level of interest. This descriptor must be obtained through
measuring or sm‘mlatmg the population distribution. -~ -

3. Informahon about the distribution of exposure and risk for different subgroups
of the population are important components of a risk assessment.

A risk manager might also ask questions about the'distribution of the risk burden
among various segments of the subject population such as the following: Howdo
exposure and risk impact various subgroups?; and, what is the population risk of a

6However, certain important cautions apply (see EPA’s Exposure Assessment Guidelines). Also,
this is not appropriate for non-carcinogenic effects or for other types of cancer models. For non-linear
cancer models, an estimate of population risk must be calculated using the distribution of individual
risks.
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particular subgroup? Questions about the distribution of exposure and risk among
such population segments require additional risk descriptars.

a. Highly exposed

Highly exposed subgroups can be identified, and where possible, characterized and

. the magnitude of risk quantified. This descriptor is useful when there is (oris
expected to be) a subgroup experiencing significantly different exposures or doses
from that of the larger population. These sub-populations may be identified by age,
sex, lifestyle, economic factors, or other demographic variables. For example, -
toddlers who play in contaminated soil and high fish consumers represent sub-
populations that may have greater exposures to certain agents. -

b. Highly susceptible

Highly susceptible subgroups can also be identified, and if possible, characterized and
the magriitude of risk quantified. This descriptor is useful when the sensitivity or
susceptibility to thef effect for specific subgroups is (or is expected to be) significantly
different from that of the larger population. In order to calculate risk for these - -
subgroups, it will sometimes be necessary to use a different dose-response
relationship; e.g., upon exposure to a chemical, pregnant women, elderly people,
children, and people with certain ilinesses may each be more sensitive than the
population as a whole. For example, children are thought to be both highly exposed
and highly susceptible to the effects of environmental lead. A model has been
developed that uses data on lead concentrations in different environmental media
to predict the resulting blood lead levels in children. Federal agencies are working
together to develop specific guidance on blood lead levels that present risks to
children. o

It is important to note, however, that the Agency’s current methodologies for
developing reference doses and reference concentrations (RfDs and RfCs) are-
designed to protect sensitive populations. If data on sensitive human populations
are available (and there is confidence in the quality of the data), then the RfD is set at
the dose level at which no adverse effects are observed in the sensitive population
(e.g., RfDs for fluoride and nitrate). If no such data are available (for example, if the
RfD is developed using data from humans of average or unknown sensitivity) then
an additional 10-fold factor is used to account for variability between the average
human response and the response of more sensitive individuals.

Generally, selection of the population segments is a matter of either a priori interest
in the subgroup (e.g., environmental justice considerations), in which case the risk
assessor and risk manager can jointly agree on which subgroups to highlight, or a
matter of discovery of a sensitive or highly exposed subgroup during the assessment
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process. In either case, once identified, the subgroup can be treated as a population
in itself, and characterized in the same way as the larger population using the
descriptors for population and individual risk.

4. Situation-specific information adds perspective on possible future events or
regulatory options.

"What if...?" questions can be used to examine candidate risk management options.
For example, consider the following: :

» Whatifa pesticide applicator applies this pesticide without using protective
equipment? : :

* What if this site becomes residential in the fﬁture?
* What risk level will occur if we set the standard at 100 ppb?

Answering these “What if...?” questions involves a calculation of risk based on
specific combinations of factors postulated within the assessment’. The answers to
these "What if...?" questions do not, by themselves, give information about how
*-likely the combination of values might be in the actual population or about how
many (if any) persons might be subjected to the potential future risk. However,
information on the likelihood of the postulated scenario would also be desirable to
include in the assessment. ' ‘ .

]

When addressing projected changes for a population (either expected future
developments or consideration of different regulatory options), it is usually
appropriate to calculate and consider all the risk descriptors discussed above. When
central tendency or high end estimates are developed for a future scenario, these
descriptors should reflect reasonable expectations about future activities. For
example, in site-specific risk assessments, future scenarios should be evaluated
when they. are supported by realistic forecasts of future land use, and the risk-
descriptors should be developed within that context. :

5. An evaluation of the uncertainty in the risk descriptors is an important
component of the uncertainty discussion in the assessment.

Risk descriptors are intended to address variability of risk within the population and
the overall adverse impact on the population. In particular, differences between
high end and central tendency estimates reflect variability in the population, but not
the scientific uncertainty inherent in the risk estimates. As discussed above, there

7Some programs routinely develop future scenarios as part of developing a risk assessment.
Program-specific guidance may address future scenarios in more detail than they are described here.
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will be uncertainty in all estimates of risk. These uncertainties can include
measurement uncertainties, modeling uncertainties, and assumptions to fill data
gaps. Risk assessors should address the impact of each of these factors on the
confidence in the estimated risk values.

Both qualitative and quantitative evaluations of uncertainty provide useful
information to users of the assessment. The techniques of quantitative uncertainty
analysis are evolving rapidly and both the SAB (8) and the NRC (4) have urged the
Agency to incorporate these techniques into its risk analyses. However, it should be
noted that a probabilistic assessment that uses only the assessor’s best estimates for
distributions of population variables 'addresses variability, but not uncertainty. .
Uncertainties in the estimated risk distribution need to be separately evaluated.
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Attachment

Rl
5 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
S _ REGION 10
Crnat 1200 Sixth Avenue-

Seattle, Washington 98101

August 3, 1994

Reply To
Attn Of: HW-124 =

MEMORANDUM .

SUBJECT: RCRA/CERCLA Interface - Interim Final idan
FROM: Michael Gearheard, Chief | ‘ :
Waste Management Branch
Carol Rushin, Chief
Superfund Remedial Branc,

~ James Everts, Chief “g1k\
kﬁ(Superfund Response/In¥estigation Branch

George C. Hofer, Chief
Federal Facilities Superfun

TO: Hazardous Waste Division

INTRODUCTION

over the years there have been some areas of confusion
between the RCRA and CERCLA programs, as one might expect when
you have two programs dealing with hazardous waste but using. two
separate statutes and sets of requlations and guidance. The
RCRA/CERCLA Interaction Workgroup was formed to identify areas
where the two programs have routinely overlapped, and there is
reasonable expectation that a consolidated approach would result
in efficiencies. A summary of their findings is attached. (If
you want the full report please call Sharon Smith at 3-6637). We
want to thank the Workgroup members for all their hard work and
great product we now have to work with. ’

Judi Schwarz Bill Adams
Christy Ahlstrom Brown Thor Cutler
Dave Croxton Nancy Harney
Marcia Bailey ' EQ Jones

It was particularly significant to us that the Workgroup
members all felt that they had learned as a result of their
experience and that it clearly demonstrates the benefit of cross-
program teaming.

‘;mmumuhquunm«
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This memo is intended to give greater clarity to and set out
our expectations as how these potential overlaps should be
handled. If you have general situations that are not covered
here, please call Judi Schwarz as she is quite knowledgeable in
both program areas. We branch chiefs would also welcome a call
as a major part of our job is to work cross-program issues.

This guidance will not answer every question that.may come
up in developing a site-specific comprehensive and non-
duplicative solution. We encourage creative solutions and
discourage rigid interpretation of the regulations and guidance,
but we also recognize that some solutions may reqguire input from
the section.and branch chiefs. We encourage you to involve us
early in the process rather than becoming frustrated by a
situation.

We are issuing this guidance as an interim final product.
We want to begin to apply this approach, but realize that we may
not have thought of all of the implications and problems that may
arise. If necessary, this guidance can be revised in the future
to reflect what we will learn about integrating our two EPA
programs. Other revisions may also-be necessary if and when this
approach is applied to EPA RCRA/State clean—up program or
CERCLA/State RCRA program overlaps.

PARITY POLICY - THE BIG PICTURE

We are committed to doing everything we can to avoid
duplication between the Region 10 RCRA and CERCLA programs. To
this end, we believe RCRA and CERCLA program managers and staff
need to: (1) be knowledgeable about both programs, (2) maintain
close communication where sites may involve both programs and
develop a coordinated strategy such as a site management plan for
such sites, and (3) recognize that either program will produce
substantially equivalent cleanup outcomes. Actions are set forth
below to help achieve these goals.

Because we believe that the environmental outcome reached at
a site managed under CERCLA or RCRA will be similar, we are
declaring parity between RCRA corrective action and CERCLA
remedial action decisions. Parity means that a site-specific
decision under one program will be considered equivalent to a
decision under the other program. The CERCLA and RCRA corrective
action programs rely on similar risk-based approaches, and they
address remediation of past activities/practices. Under parity,
one program will normally not recheck or re-open unit-specific
decisions made by the other program.
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_ Declaring parity between the RCRA and CERCLA programs at
RCRA regulated units® themselves is not as simple. Overlaps
between these two programs are most likely to occur at facilities
that have interim status for either operating or closing units or
have illegal RCRA regulated units (e.g., they managed hazardous
wastes in a unit without having achieved interim status). For
those RCRA regulated units that have not yet been permitted,
there may be RCRA interim status requirements.such as groundwater
monitoring, financial assurance, and closure and post-closure
care that will still have to be met by the facility even if
CERCLA is invalved at the site. There may also be issues of
regulatory compliance or violations. However, through the steps
outlined in this memo, the requirements of both programs can and
should be met with a single coordinated approach.

In summary, for RCRA corrective action and Superfund
remedial actions, the actual environmental results achieved
through cleanup’'are expected to be environmentally eguivalent.
In addition, application of RCRA closure and post-closure

! “RCRA 101" - Definitions: . ;

A regulated unit is a unit, such as a landfill, surface impoundment,
storage area, etc., within a RCRA Treatment, Storage, or Disposal Facility (or
TSDF), that managed RCRA hazardous waste at any time after the appropriate
regulation went into effect. (Generally this means any time after November
1980.) A facility cannot be a TSDF unless it has at least one RCRA regulated
unit. A Solid Waste Management Unit (or SWMU) is any discernible unit at a
TSDF at which solid wastes have been placed at any time, .irrespective of
whether the unit was intended for the management of solid or hazardous waste.
Regulated units are a subset of SWMUs. Areas of Concern (AOC) are areas
within a facility that are known or suspected to be contaminated’'by hazardous
constituents but which were not a location of sclid waste management. A one
time product spill is an example.

All TSDFs are required to eventually have RCRA permits or go through
closure of the regulated units. Permits must include long-term post-closure
care for units that cannot clean close. Until EPA or the delegated state has
issued that permit, or until the facilicty is clean closed, the TSDF is subject
to the interim status regquirements found in 40 CFR 265.

Corrective action is required for all releases from SWMUs. For
facilities that are being permitted, corrective action reguirements must be
part of the permit. Corrective action can also be required at interim status
facilities through administrative orders.

A facility that only generates RCRA hazardous waste and stores this
hazardous. waste for less than 90 days in tanks or containers under certain
conditions is a hazardous waste generator subject to the RCRA generator
standards found in 40 CFR 262 and is conditionally exempt from the storage
permit requirements. Such an exempt storage facility is generally not subject
to RCRA corrective action under a RCRA 3008(h) order. However environmental
problems could be addressed through RCRA‘*s imminent hazard order authority
{Section 7003) or RCRA‘s investigation authority (Section 3013.)

Please note that these defipnitions are somewhat simplified and should
not be' relied upon to give the correct answer in all situations.
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processes and Superfund remedial actions are also expected to
achieve environmentally equivalent results. The only exception
to this is that some proposed/potential superfund No Further
Action decisions at regulated units may require additional steps
to ensure that the RCRA clean closure standards are also met.

a——

PROCEDURES

Clean-up decisions will continue to be routinely presented
in documents such as fact sheets, Statement of Basis, Final
Decision documents, and Records of Decision (RODs). However,
these decision documents and the related public notices and
Proposed Plans should explain that the selected action will
satisfy the requirements for remediation under both statutes. In
addition, as long as the clean-up action fits into the parity -
categories described above, the two hazardous waste programs will
not cross—-check decisions. The workgroup did recommend that
informal peer review be used to inform and educate (see below}.

Either program may perform or postpone some Or all of the
cleanup areas as long as there is no duplication and the decision
is reflected in the site-specific coordinated strategy. The
decision should be based on, among other things, timing,
resources and environmental priority, and should involve
consultation with the other program. '

Where RCRA corrective action is being incorporated into
Superfund activities, the need for action at all identified Solid
Waste Management Units (SWMUs) and Areas of Concern. (AOCs) will
be considered by the Superfund program. Whenever possible, the
RCRA Facility Assessment (RFA) should be started and completed
early enough so that the results of the RFA can be factored into
the Superfund process in a timely and coordinated manner. If for
some reason, one or more SWMUs are not identified or considered
in the Superfund evaluation process, the RCRA program may choose
to evaluate the need for further investigation at such units,:
particularly where there is or will be a RCRA permit for
requlated activities. Superfund should document their
evaluations of SWMUs even if they are not addressed in the ROD.

BUT. ..

That is not the whole story. The existence of one or more
RCRA regulated units at an NPL site raises several additional
concerns regarding that regulated unit that must be addressed.
These are: '

]

1. If the regulated unit is not closing, it must obtain a
'RCRA permit. The permit must, by law, include site-
wide corrective action. At NPL sites, this corrective
action reguirement can be met in the permit by

referencing a legally enforceable CERCLA agreement
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(e.g., see the permits for Elmendorf AFB, and Fort
Wainwright).

2. If the regulated unit is closing by clean closure,
certain redquirements apply and must be considered even
though the environmental outcome reached under RCRA and
CERCLA is substantially equivalent. - The Regulated Unit
Checklist that will be developed and the discussion
below on public participation requirements for closing
regulated units will give guidance on how we can
satisfy both programs' requirements.

3. If the regulated unit will be closed as a landfill -
i.e., with waste in place - then different procedural,
timing and substantive requirements may apply. Three
of these requirements are outlined below. The
Regulated Unit Checklist will provide a complete list.
In these situations, the respective site managers need
to develop a more detailed site-specific coordinated
strateqgy.

USING CERCLA TO CLOSE INTERIM STATUS REGULATED UNITS

The purpose and scope of the RCRA regulatory provisions for
closure and post-closure of regulated hazardous waste management
units/activities are not identical in scope or purpose to RCRA
Corrective Action or Superfund cleanup provisions. There may be
regulatory obligations and schedules applicable at the facility,
as well as procedural requirements, which make it more difficult
to declare universal parity when we want CERCLA activities to
achieve RCRA closure of regulated units. Nonetheless, we must
strive for reduction or elimination of duplication of effort.
The following addresses the major potential differences in
approach or scope and identify considerations necessary to
determine that Superfund activities satisfy regulated unit
requirements.?

2-CERCLA 101" - Applicable or Relevant and Appropriate Requirements
{ARARs) .

Any remedial action selected under CERCLA must meet two “threshold”
‘criteria: protectiveness, and ARARS. To comply with the "applicable” part of
ARARs requirement, a remedy must meet all substantive promulgated
environmental requirements that would apply if the site was not ‘a Superfund
site. Under the “"relevant and appropriate” part of the ARARs requirement, a
remedy must meet all substantive promulgated environmental requirements that
fit the circumstances at the site, even though those requirements would not
apply if the site was not a Superfund site. If Superfund decides that
remedial action is necessary at a RCRA regulated unit, the substantive parts
of the RCRA regulations, such as landfill closure requirements, would be
applicable and would have to be followed. Superfund could also require
additional actions beyond the RCRA regulations if necessary to meet the
“protectiveness” threshold criteria.
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1. Groundwater Monitoring Requirements (40 CFR 265 Subpart F)

The RCRA groundwater monitoring requirements for interim
status regulated land-based units are designed to detect unit
specific releases from units that have yet to leak or to assess
the nature, rate and extent of releases which have been detected.
For regulated units that have leaked, there may be little reason
to continue to strictly apply the interim status groundwater
requirements in those cases where the contamination has been
successfully assessed and where the priority is to remediate such
contamination or to monitor the effectiveness of the remedial
actions. Both Superfund and RCRA Corrective Action groundwater
monitoring are oriented towards effective remediation.
Therefore, ‘in the future, we expect that for each facility where
program overlaps occur, groundwater detection monitoring
requirements will be designed to meet the requirements of both
programs, so that the RCRA groundwater requirements at leaking
regulated units can be sufficiently addressed by CERCLA. '

2. Closure (40 CFR 265 Subpart G)*

The respective site managers should develop a coordinated
strategy to determine which authority/program will address which
closing units and to insure that either the closure plan approval
process or CERCLA proposed plan and ROD are designed to satisfy
the respective administrative and procedural requirements. A
potential Superfund No Further Action decision at a regulated

unit is a special case that requires early cross-program planning
as part of this coordinated strategy. '

Both programs have public participation requirements. The
public. notices and proposed plans should be written to satisfy
the requirements of both programs. It may be also appropriate to

include a discussion of this joint approach in documents seeking
public comment.

Wwith the consent of the programs and the facility, Superfund
may manage the closure and post-closure care of a RCRA regulated
unit. In such a case, an enforceable Superfund process may allow
the RCRA program to delay formally processing a post-closure
permit.

3. ‘Financial Assurance Instrumenté (40 CFR 265 Subpart H)

¥

} ~RCRA 101", continued - Types of permits:

Regulated units that are operating have to get an operating RCRA permit.
Regulated units that are closing (and this is the majority of regulated units)
either go through "clean” closure or “"landfill closure.” Clean closed units
require no further controls or actions. “Landfill” closures are all other
closures. Currently, "landfill® closure units are required to have a post-
closure permit to ensure long-term care.
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This RCRA regulatory requirement is not applicable at
federal facilities. For non-federal facilities, facility
owners/operators should be made aware that even if CERCLA is
taking responsibility for investigation or remediation of a
facility with RCRA regulated units, the self-implementing
regulations of RCRA, including financial assurance, still apply.
Depending on the financial viability of the owner/operator, it is
sometimes not possible for them to meet this requirement.
Violations may be addressed through various RCRA enforcement
mechanisms.

IMPLEMENTATION

- Tdentification of facilities/sites where program overlap may
occur. To aid in identifying where areas of overlap and
therefore duplication of effort may occur, attached is a
list of facilities which appear on both the CERCLA NPL and
the RCRA treatment, storage, disposal facility (TSDF) list.
This is not a static list so as new RCRA TSDFs are
discovered, or as new sites are listed on the NPL, the RCRA
staff should call David Bennett to see if this site is also
on the NPL and the CERCLA staff should call Patricia Hanley
to see if the site is a TSDF.

S Develop site-specific coordinated strateqgy that covers and
integrates the points above. Site managers working on a
facility on this list are expected to seek out their
counterpart in the other program and develop a written
coordinated strategy for the site. Such strategies should
be reviewed by both programs' site managers at least
annually and updated as needed. Our state counterparts
should also be involved in the development of the site-
specific strategies, where appropriate.

The site-specific coordinated strategy may be fairly simple
at those sites where CERCLA is handling only SWMUs and AOCs
that may require corrective action. A more detailed plan
may be appropriate where CERCLA is involved with any
regulated units.

When developing a coordinated strategy, it may be helpful to
keep in mind that the differences between approaches to site
remediation between the programs may be primarily a factor
of the individual project managers rather than program
specific differences. The workgroup observed that
differences were more likely to be based on individual
practices or philosophies, and less likely due to statutory
or regulatory requirements. The workgroup also felt that
similar differences exist among sections of the same branch
and among individuals within the same section. In other
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words, there is frequently room for flexibility when it is
needed.

Management follow-up. Managers should support and follow-up
on the development of the site-specific strategies.

Creative and effective approaches should-be shared. 1In
addition, managers should regularly ask guestions like: Are
there any RCRA regulated units or CERCLA operable .units at
this site? Where are these in relationship to our program's
concerns? How are we coordinating our approach? What else
might we be doing at this site (or in this document) to
avoid re-work?

Remedg“Selection Information Exchanges. It is important

that we do more to share information between our programs on
our remedy selection decisions and our reasons for these
decision.  Three steps are planned. :

= Regular presentations. There will be three remedy
selection presentation meetings a year, at which each
clean-up branch would present one site or facility
decision, to be followed by a discussion period. A
technical staff group is working on setting up these
presentations. j

S Decision summaries. All future remedy/corrective
action decisions will be summarized and distributed on
the. LAN to HWD staff. These information exchanges will
focus for now on clean-up level and action (or the "go
do something”) levels. The same technical staff group
is working on setting up a format for these summaries.

S Informal Peer Review. We encourage informal peer
review at the appropriate decision points in the RCRA
and CERCLA remedial processes. This review is intended
to inform and educate both staffs; it is not intended
to force either program to gain technical/regulatory
approval from the other. Such a macro-scale peer
review would not include review of detailed documents.
One way to increase such informal peer review is to
invite staff from other HWD programs to attend internal
briefings or discussions. Judi and other workgroup
members are available to help identify interested
staff. : ,
State Delegated RCRA Programs and Other State Clean-—
up/Remedial Programs. The workgroup was created and this
memo was written to address EPA Region 10 HWD concerns.
However, this memo and our general approach will be shared
with our state counterparts and discussed during our annual

meetings.
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The states may wish to participate in a similar approach
either with EPA (e.g., at sites where the state has the RCRA
lead and EPA has the CERCLA lead), or between two state-only
programs. For now, a site-by-site decision is the
recommended approach. Such mutual state-EPA decisions
should be memorialized in writing.

OTHER ACTIONS TO IMPROVE RCRA/CERCLA INTERACTION

= Training. RCRA program managers will provide RCRA
orientation training for all interested Superfund staff and
managers. In addition, training which addresses the
implementation and ramifications of this policy will be
provided for CERCLA and RCRA Program Managers and staff.

= Requlated Unit Checklist. RCRA program managers and staff
will develop and distribute to the CERCLA program a
checklist of what, according to the regulations, has to
happen for closure, and where necessary, post-closure care
at regulated unit. This list will form the basis of
negotiations between the programs. This list will also be
the minimum list of items that must be addressed in the
coordinated site strategy.

A schedule which outlines when these steps will be taken and
by whom can be found in the second attachment.

We all recognize that improving RCRA/CERCLA interaction will
be a continuing process. It is our hope that this memorandum and
approach will make it easier for Regional RCRA and CERCLA staff
to reduce -duplication of effort in the context of remedial
decision-making. Suggestions for further improvements aie always
welcomed and should be sent to any of us or to Judi Schwarz.

Attachments:
Summary of workgroup results
List of TSDF/NPL sites (June 1994 draft)
Implementation and next steps schedule

NOTICE: The policies set out in this document are intended solely as guidance
to EPA Region 10 personnel; they are not final EPA actions and do not
constitute rulemaking. These policies are not intended, nor can they be
relied upon, to create any rights enforceable by any party in litigation with
the United States. EPA officials may decide to follow the guidance provided
in this document, to act at variance with the guidance, based on an analysis
of specific site circumstances. EPA also reserves the right to change the
guidance at any time without public notice.



RCRA/CERCLA Interaction Workgroup Results - 2/94
ISSUES (in ééneral priority order) -

Tier I
Issue No. 1 - Closure of Regulated Units: Where Superfund
is requiring remedial action at a regulated unit, is it
encugh to satisfy RCRA closure requirements?

Issue No. 2 - Closure of Regulated Units: Where Superfund
has made a "“No Action" decision at a regulated unit, what
next? ’

Issue No. 3 - Removals at RCRA facilities are short-
circuiting the RCRA process.

Tier IIX

Issue No. 4 - Different Corrective Action and Remedial
Action approaches create uncertainty.

Tier IIT

Issue No. 5 - Groundwater Monitoring at Regulated Units:
Different Groundwater monitoring requirements at regulated
units result in inefficiencies.

Issue No. 6 — No action while site transfers from one
authority to another.

Issue No. 7 - Superfund-type actions at sites with operating
Regulated Units. .

Issue No. 8 - Superfund investigations at facilities with
regulated units are not always coordinated with RCRA - and
RCRA inspections and other actions are not always
coordinated with Superfund.

Issue No. 9 - The definitions of 'Site" vs. "Facility"
result in different universes under focus.

GENERAL OBSERVATIONS AND RECOMMENDATIONS

- Region 10 lacks a comprehensive list of sites/facilitieé
which have the potential for dual program regulation. Such a
list should be developed.

- There is a need for a formal statement of "parity" between
the clean-up programs.
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160 5'4,-%
5 3 " UNITED STATES ENVIRONMENTAL PROTECTION AGYATE MA"JAGENENT BRANCH
%M{g WASHINGTON, D.C. 20460
4’:‘( mo‘f-"’
NOV 17 taca
MEMORANDUM —'E:\ LQ.
SUBIECT:  Guidance on RCRA/CERCLA msues RERA / CeRCA
' Yo J:\j
FROM: . Acting Deputy Director
aste
Stau, b
Steve Luftig, Deputy Director
Office of Emergency and Remedial Response
TO: RCRA Branch Chiefs, Regions I-X

Superfund Branch Chiefs, Regions I-X

As you recall, the OERR/OSW Leadership Team was formed to improve coordination
and consistency between the Superfund and RCRA programs. This fall, we received input
from your offices on RCRA/CERCLA cross-cutting issues. We would like to share a
guidance with you that Region X provided us to address issues that arise between the
CERCLA and RCRA programs (attached).

Region X has invested considerable effort into the development of this guidance,
which resulted from activities at its seventeen facilities which are both TSDs and NPL sites.
The underlying theme of this guidance is a commitment to parity between the RCRA
corrective action and the Superfund programs. The most difficult issues Region X has faced
have been related to closure of regulated units at NPL sites.

We sce a need for national guidance in this area, and invite comments from you on
this document or on other approaches and issues which are not addressed in this guidance.
Please provide any comments that you have with Elizabeth Cotsworth, on behalf of the
OSW/OERR Leadership Team, at Mail Code 5301, by December 16, 1994.

cc:  Waste Management Division Directors, Regions I-X
OSW/OERR Leadership Team Members

Attachment

AEY mtot ae Damronodd Dammn



June 1994 - draft

LIST OF CERCLA AND TSD FACILITIES

Washington:
U.S. Bremerton Naval Complex (was Navy Puget Sound Naval
Shipyard) )

USAF Fairchild

U.S. Army Fort Lewis

U.S. Navy NUWES Keyport

U.S. Navy Fuel Department NSC Puget Sound

Kaiser Aluminum and Chemical Corp. Mead Plant

Port Hadlock

U.S. DbOE Hanford

McChord AFB

BPA Ross Complex

Oregon:

Teledyne Wah Chang
Umatilla

¥daho:
Mountain Home AFB
Unionh Pacific Railroad Company

INEL
Eastern Michaud Flats (i.e., includes FMC)

Alaska:
NAS ADAK
Eielson AFB
Elmendorf AFB

Fort Richardson
Fort Wainwright

Other RCRA/NPL Overlap Sites

oregon:

Martin Marietta
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ATTACHMENT C

EXAMPLES OF DATA QUALITY ASSESSMENT APPLICATIONS
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Appendix B from EPA (1994a)
Guidance for the Data Quality Objectives Process, EPA QA/G-4
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APPENDIX B

DQO CASE STUDY: CADMIUM-CONTAMINATED
FLY ASH WASTE :

Introduction

This appendix presents a functiopal, but realistic example of the DQO outputs for a
decision that could be made within the Resource Conservation and Recovery Act (RCRA)
hazardous waste management program. The example is intended to illustrate the types of
outputs that are common to the DQO Process. It is not intended, however, to represent the
policy of the RCRA program for actual siruations that may be similar to the example. Please
consult with a knowledgeable representative within the RCRA program office about the
current polivy for making waste classification decisions for fly ash or other types of
hazardous waste.

The case study has been choscn because it is simple and straightforward, and because
the outputs are uncomplicated. Although some of the outputs from this example may seecm
intuitive, this is not often the case in practice. For maay studies, the DQO Process is
complicated and thought-provoking. Even so, some steps will require more effort than others.
Keep in mind that all of the steps in the DQO Process are necessary to develop a data
collection design. Once the first six steps have been completed and thoroughly thought-out,
then development of the most resource-cffective data collection design can proceed.

Background

A waste incineration facility located in the Midwest routinely removes fly ash from its
flue gas scrubber system and disposes of it in a local sanitary landfill. Previously it was
determined that the ash was not hazardous according to RCRA program regulations. The
incinerator, however, recently began treating a new waste stream.  The representatives of the
incineration company are concerned that the waste fly ash could now contain hazardous levels
of cadmium from the new waste sources. They have decided to test the ash to determine
whether it should be sent to a hazardous waste landfill or continue to be seat to the municipai
landfill. They have decided to employ the DQO Process to help guide their decision making.

Cadmium is primarily used as corrosion protection on metal parts of cars and clectrical
appliances. It is also used in some batieries. Cadmium and cadmium salts have toxic effects
for humans through both ingestion 2nd inhalation exposures. Ingestion exposure usually
causes mild to severe uTitation of the gastrointestinal tract, which can be caused by
concentrations as low as 0.1 mg/kg/day. Chronic (long-term) inhalation exposure can causc
increased incidence of emphysema and chronic broachitis, as well as kidney damage.
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Under the current Code of Federal Regulations, 40 CFR, Part 261, a solid waste can
be considered “hazardous” if it meets specific criteria of ignitability, corrosivity, reactivity,
and toxicity. Ome method that is used to determine if a solid substance, such as fly ash,
meets the criteria for toxicity under the RCRA program regulations is to test 2 “representative
sample™ of the wasts and perform a Toxicity Characteristic Leaching Procedure (TCLP)
described in 40 CFR, Pt. 261, App. II. During this process, the solid fly ash will be
«extracted™ using an acid solution. The extraction liquid (the TCLP leachate) will then be
subjected to tests for specific metals and compounds. For this example, the only concern is
with the concentration of cadmium in the leachate, The primary benefit of the DQO Process
will be to establish the data collection design nceded to determine if the waste is hazardous
under RCRA regulations within tolerable decision error rates.

As a precursor to the DQO Process, the incineration company has conducted a pilot
study of the fly ash to determine the variability in the conceatration of cadmium between
loads of ash leaving the facility. They have determined that each load is fairly homogeneous.
There is a high variability between loads, however, due to the nature of the waste stream.
Most of the fly ash produced is not hazardous and may be dispos=d of in a sanitary landfill.
“Thus, the company has decided that testing each individual waste load before it leaves the
facility would be the most economical, Then they could send loads of ash that exceeded the
regulated standards to the higher cost RCRA landfills and continue to send the others to the

sapitary landfill.

DQO Development

The following is a representative example of the output from each step of the DQO
Process for the fly ash toxicity problem.

State the Problem — a description of the problem(s) and specifications of available
resources and relevant deadlines for the study.

(1)  Identify the members of the planning team — The members of the planning team will
include the incineration plant manager, a plant engineer, a statistician, a quality
assurance officer, an EPA representative who works within the RCRA program, and a
chemist with sampling experience. Con

(2)  Identify the primary decision maker — Thcrc. will not be a primary decision maker,
decisions will be made by consensus.

(3)  Develop a concise description of the problem — The problem is to determine which
loads should be sent 10 a RCRA landfiil versus a sanitary landfill.

(8)  Specify available resources and relevant deadlines for the study — While the project
will not by constrained by cost, the waste generator (the incineration company) wishes
to hold sampling costs below $2,500. They have also requested that the waste testing
_be completed within 1 week for each container load.
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Identify the Decision — a statement of the decision that will use environmental data and the
actions that could result from this decision. .

(1

@

(3)

(4)

Identify the principal study question — 1s the fly ash waste considered hazardous
under RCRA regulations?

Define alternative actions that could result from resolution of the principal study
question —

() The waste fly ash could be disposed of in a RCRA landfill
(b) The waste fly ash could be disposed of in a sanitary landfill.

Combine the principal study question and the alternative actions into a decision
statement — Decide whether or not the fly ash waste is hazardous under RCRA and
requires special disposal procedures.

Organize multiple decisions — Only ore decision is being evaluated.

Identify the Inputs to the Decision — a list of the environmental variables oc characteristics
that will be measured and other information needed to resolve the decision statement.

(1)

(2)

(3)

4)

Identify the information :hat will be required 1o resolve the decision statement — To
resolve the decision statement, the planning team needs to obtain measurements of the
cadmium concentration in the leachate rcsulting from TCLP extraction.

Determine the sources for each item of information identified — The fly ash should be
tested to determine if it meets RCRA regulated standards for toxicity using the test
methods listed in 40 CFR, Pt. 261, App. [I. Existing pilot study data provide
information about variability, but do not provide enough information to resolve the

. decision statement.

Identify the information that is needed to establish the action level — The action level
will be based oo the RCRA regulations for cadmium in TCLP leachate,

Confirm that appropriate measurement methods exist 1o provide the necessary data —
Cadmium can be measured in the leachate according to the method specified in 40
CFR, Pt 261, App. . The detection limit is below the standard.

Define the Boundaries of the Study — a detailed description of the spatial and temporal
boundaries of the problem, characteristics that define the population of interest, and any
practical considerations for the study.
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(1)

(2)

(3)

4

(3)

Specify the characteristics that define the population of interest — Fly ash waste from
the hazardous waste incinerator will be analyzed. The fly ash should not be mixed
with any other constituents except water that is used for dust coatrol. Each load of
ach should fiil at least 70% of the waste trailer. In cases where the trailer is filled less
thap 70%, the trailer must wait on-site uatil more ash is produced and fills the trailer

to the appropriate capacity.
Define the spatial boundary of the decision statement —

(a) Define the geographic area 10 which the decision statement applies. Decisions
will apply to each container load of fly ash waste.

(b) When appropriate, divide the population into sirata that have relatively
homogeneous characteristics. Stratification is not necessary since the waste ash is
relatively homogencous within cach cootainer.

Define the temporal boundary of the decision statement —

(a) Determine the timeframe ra- which the decision statement applies. It will be
assumed that the sampling data represent both the current and future concentration
of cadmium within the ash.

(b) Determine when to collect data. Contained in the trucks, the waste does not pose
a threat to bumans or the cnvironment. Additionally, since the fly ash is not
subject to change, disintegration, or alteration, the decision about the waste
characteristics does not warrant any temporal constraints. To expedite decision
making, however, the planning team has placed deadlines on sampling and
reporting. The fly ash waste will be tested within 48 hours of being loaded onto
waste hauling trailers. The analytical results from each sampling round should be
completed and reported within 5 working days of sampling. Until analysis is
complete, the trailer cannot be used. '

Define the scale of decision maling — The scale of decision making will be each
container of waste ash.

Identify practical constraints on data collection — The most important practical
consideration that could interfere with the study is the ability to take samples from the
fly ash that is stored in waste hauling trailers. Although the trailers bave open access,
special procedures and methods will have to be implemented for the sampies to be
representative of the entire depth of the ash. It has been suggested that core samples
may be one practical solution to this problem. To get additional samples from each
truck and to minimize the cost, compositing of core samples has been suggested.

.
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Devélop a Decision Rule — to define the parameter of interest, specify the action level and
integrate previous DQO outputs into a single statement that describes a logical basis for

choosing among altemative actions.

(1)  Specify the statistical parameter that characterizes the population of interest — The
planning team is interested in the true mean concentration of cadmium in the TCLP

leachate for each container.

(2)  Specify the.action level for the study — The action level for the decision will be the
RCRA reguiatory standard for cadmium of 1.0 mg/L in the TCLP leachate.

3) Develop a decision rule (an “if...then...” statement) — If the mean concentration of
cadmium from the fly ash leachate in cach container load is greater than 1.0 mg/L
(using the TCLP method as defined in 40 CFR 261), then the waste will be considered
hazardous and will be disposed of at a RCRA landfill. If the mean concentration of
cadmium from the fly ash waste leachate is less than 1.0 mg/L (using the TCLP
method as defined in 40 CFR 261), then the waste will be considered non-hazardous

and will be disposed of in a sanitary landfill.

Specify Tolerable Limi.t.s on Decision Errors — the decision maker’s tolerable decision
error rates based on a consideration of the consequences of making a decision error.

(1)  Determine the possible range of the parameter of interest — From analysis of records
of similar studies of cadmium in environmeantal matrices, the range of the cadmium
concentrations is expected to be from 0-2 mg/L. Therefore the mean concentration is
expected to be between 0-2 mg/L for this investigation.

(2)  Identify the decision errors and choose the null hypothesis —
(a) Define both types of decision errors and establish the true state of nature for each
decision error. The planning team has determined that the two decision crrors arc
(i) deciding that the waste is hazardous when it truly is not, and (ii) deciding that
the waste is not hazardous when it truly is. .
The true state of nature for decision error (i) is that the waste is not bazardous.
The true state of namre for decision error (ii) is that the waste is hazardous.
(b) Specify and evaluate the potential consequences of each decision error.
The consequences of deciding that the waste is hazardous whea it truly is not

will be that the incinerator company will have to pay more for the disposal of
the fly ash at a RCRA facility than at a sanitary landfill.
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The consequences of deciding that the waste is not hazardous when it truly is
will be that the incinerator company will disposc of the waste in a sanitary
landfill which could possibly endanger human health and the environment. In
this situation, they may also be liable for futurc damages and environmental
cleanup costs. Additionally, the reputation of the incincrator company may be
compromised, jeopardizing its future profitability.

(c) Establish which decision error has more severe consequences near the action
level. The planning team has concluded that decision error (i) has the more
severe consequences near the action level since the risk of jeopardizing human
health outweighs the consequences of having to pay more for disposal.

(d) Define the null hypoth?si: (baseline canditioﬁ) and the alternative hypothesis and
assign the terms “false positive” and “false negative” to the appropriate decision
error. :

The baselipe condition or null hypothesis (H,) is "the waste is bazardous.”
The alternative hypothesis (H,) is "the waste is not bazardous.”

The false positive decision error occurs when the null hypothesis is rejected when
it is true. For this example, the false positive decision error occurs when the
decision maker decides the waste is not bazardous when it truly is bazardous. The
false negative decision error occurs when the null hypothesis is not rejected when
it is false. For this example, the false ncgative decision error occurs when the
decision maker decides that the waste is hazardous when it truly is not hazardous.

Specify a range of possible values of the parameter of interest where the consequences
of decision errors are relatively minor (gray region) — The gray region is the area
adjacent to the action level where the planning team fecls that the consequences of a
false negative decision error are minimal. To decide’how to set the width of the gray
region, the planning team must decide where the consequences of a false ncgative
decision error arc minimal. Below the action level, even if the concentration of
cadmium were very close to the action level, the monetary costs of disposing of the
waste at a RCRA facility are the same as if the waste bad a much lower concentration
of cadmium. Clearly any false negative decision error (fo the left of the action level)
will cause the incinerator company and their customers to bear the cost of unnccessary
expense (i.e., sending nonhazardous waste to 2 RCRA facility). The planning team.
however, also realizes that they must define a reasonable gray region that balances the
cost of sampling with risk to human health and the environment and the ability of
measurement instruments to detect differences. Therefore the planning team has
specified a width of 0.25 mg/L for this gray region based on their preferences to detect
decision errors at a concentration of 0.75 mg/L (sec Figure B-1).
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(4)

Assign probability values to points above and below the action level that reflect the
tolerable probability for the occurrence of decision errors — For this example, RCRA
regulations allow a 5% decision error rate at the action level. The planning team has
set the decision error rate to 5% from | mg/L to 1.5 mg/L and 1% from 1.5 mg/L to 2
mg/L as the consequences of health effects from the waste disposed of in the
municipal landfill increase. On the other side of the action level, the planning team
has set the tolerable probability of making a false negative error at 20% when the true
parameter is from 0.25 to 0.75 mg/L and 10% when it is below 0.25 mg/L, based on
both experience and an economic analysis that shows that these decision error rates are
reasonable to balance the cost of sampling versus the consequence of sending clean

ash to the RCRA facility (see Figure B-1).

Optimize the Design — select the most resource-effective data collection and analysis design
for generating data that are expected to satisfy the DQOs. Optimizing the design is the one
step of the DQO Process thar will most likely be completed by a statistician or someose who
has data collection design expertise. Using the case study as an example, the following
section has been included to provide the reader with a background on the overall process that
the statistician might follow to optimize the final data ccllectioa design.

Probability of Deciding thal the
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Figure B-1. Decision Performance Goa! Diagram for Cadmium Compliance Testin

Baseline Condition: Mean Exceeds Action Level. o
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Overview

Developing a data collection design requires an understanding of the sampled medium
and the information that was generated in previous DQO steps. The statistician’s job is to
review the background information, determine the appropriate statistical application to
adequately solve the problem, and develop one or more appropriate data collection designs.
Once this is complete, the statistician will compare the cost and performance of the different
dara collection designs. This process can be broken down into five distinct steps:

(1)  Review the DQO outputs and existing environmental data.
(2) Develop gencral data collection design alternatives.

(3)  For cach data collection design alternative, select the optimal sample size that
satisfies the DQOs.

(4) Select the most resource-cffective data collection design that satisfies all of the
DQOs. :

(5) Document the operational details ind theoretical assumptions of ths selected
design in the sampling and analysis plan. ’

Activities

(1)  Review the DQO outputs and existing environmental data — Because the statistician
has participated in the DQO Process for this problem, there is no need to review the
DQO outputs further. The only existing data relevant to this probiem are the pilot
study data. Based on the pilot study, the incineration company has determined that
cach load of ash is fairly homogeneous, and has estimated the standard deviation in
the concentration of cadmium within loads of ash to be 0.6 mg/L.

(2)  Develop general data collection design alternatives — Generally, the design
alternatives arc based on a combination of design objectives developed in previous
DQO Process steps and knowledge of statistical parameters about the medium or
contaminant. Below are four examples of possible designs that could apply to the case
study:

(2) Simple Random Sampling — The simplest type of probability sample is the simpic
random sample. With this type of sampling, every possibie point in the sampling
medium has an equal chance of being selected. Simple random samples arc used
primarily when the variability of the medium is relatively small and the cost of
analysis is relatively incxpensive. Simple random sample locatices are generally
developed through the use of a random rumber table or through computer
generation of pseudo-random numbers.
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In the case of the cadmium-contaminated ash, a fixed number of random grab
samples would be sclected and analyzed: Standard lab splits and QC samples
would be taken according to standard procedures for the RCRA program. Each
sample would be chosen randomly in three dimensions. A Studeat's t-test is
suggested as a possible method for testing the statistical hypothesis.

(b) Composite Simple Random Samping (composite sampling) — This type of
sampling consists of taking multiple samples, physically combining (compositing)
them, and drawing one or more subsamples for analysis. Composite samples are
taken primarily when an average concentration is sought and there is no need to
detect peak concentrations. By compositing the samples, rescarchers are able to
sample a larger number of locations thao if compositing was not used, while
reducing the cost of analysis by combining several samples.

In the case-of the cadmium-~contaminated ash, a fixed number of random grab
samples would be taken and composited. The number of grab samples contained
in a composite sample (g) is also fixed. To determine sampling locations within
the composite, a container would be divided into "g" equal-volume strata and
samples would be chosen randomly within cach strata. The use of strata ensure
full coverage of each container. Standard lab splits and QC ‘samples would be
taken according to standard procedures for the RCRA program. A Student’s t-test
is suggested as the possible method for testing the statistical hypothesis. -

(¢) Sequential Sampling — Sequential sampling involves making several rounds of
sampling and analysis. A statistical test is performed after each analysis to arrive
at one of three possible decisioas: reject the null hypothesis, accept the null
hypothesis,' or collect more samples. This strategy is applicable when sampling
and/or analysis costs are high, when information concerning sampling and/or
measurement variability is lacking, whea the waste and site characteristics of
interest are stable over the timeframe of the sampling effort, and when the
objective of the sampling is 1o test a single hypothesis. By taking samples in
sequence, the rescarcher can bold down the cost of sampling and analysis.

In the case of the cadmium-contaminated ash, a sequential probability sample
could be performed. The samples in each sampling round would be chosen
randomly in three dimensions. If the decision to stop sampling has not been made
before the number of samples required for the simple random sample are taken,
sampling would stop at this point and the simple random sample test would be
performed. Standard laboratory splits and QC samples would be taken according
to standard procedures for the RCRA program. An approximate ratio test is

'Decide not to reject the null based on tolerable decision error limits.
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suggested after each round of sampling is complete to decide whether or not to
conclude that the waste is hazardous or to continue sampling.

(d) Stratified Random Sampling — Stratified sampling involves dividing the study
area into two or more non-overlapping subscts (strata). which cover the entire
volume 1o be sampled. These strata should be defined so that physical samples
within a stratum are more similar to cach other than to sampies from other strata.
Sampling depth, concentration level, previous cleanup attemplts, and confounding
contaminasits can be used as the basis for creating strata. Once the strata have
been defined, each stratum is then sampled separately using one of the above
designs. Stratification is often used to ensure that important areas of a site are -
represented in the sample. In addition, a stratified random sample may provide
more precise estimates of contaminant Jevels than those obtained from a simple
random sample. Even with imperfect information, a stratified sample caa be more

resource-effective.

Since the incineration company has already determined that each load of ash is
fairly homogencous, stratification does not have any advantages over a simple
random sample. In addition, since the company has decided to test each waste
load individually before it leaves the facility, stratifying each waste load would be
difficult and unnecessary. Therefore, this data collection design will not be
considered further, . '

(3) - For each data collection design alternative, select the optimal sample size that
satisfies the DQOs — The formula for determining the sample size (pumber of
samples to be collected) is chosen based on the hypothesis test and data collection
design. Standard formulas can be found in several references, including:

e Cochran, W. 1977. Sampling Technigues. New York: John Wiley.

o Desu, M.M., and D. Raghavarao. 1990. Sample Size Methodology. San Dicgo,
CA: Academic Press.

« Gilbert, Richard O. 1987. Statistical Methods for Environmental Pollution
Monitoring. New York: Van Nostrand Reinhold.

« US. Environmental Protection Agency. 1989. Methods for Evaluating the
Anginment of Cleanup Standards: Volume 1: Soils and Solid Media.
EPA 230/02-89-042, Office of Policy, Planning and Evaluation.

« US. Environmental Protection Agency. 1992. Methods for Evaluaring the

Antainment of Cleanup Standards: Volume 2: Ground Water.
EPA 230-R-92-014, Office of Policy, Plaoning and Evaluation.
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« U.S. Environmental Protection Agency. 1994. Starisrical Methods for
Evaluating the Anainment of Clean-up Standards: Volume 3: Reference-
Based Standards for Soils and Solid Media. EPA 230-R-94-004. Office of

Policy, Planning and Evalutaion.

These formulas can also be found in many basic statistics textbooks. Different
formulas are necessary for each data collection design, for each parameter, and for
ecach statistical test. These formulas are generally a function' of o; B; the detection
difference, A-¢delta); and the standard deviation, . The detection difference, A, is
defined to be the difference between the action level (AL) and the other bound of the
gray region (U); e, A=AL-U. In this case the standard deviation was derived
from pilot data under approximately the same conditions as expected for the real
facility. ;

For example, a formula for computing the sample size necessary to mect the DQO
constraints for comparing a mean against a regulatory threshold, when a simple
random sample is selected, is: :

&4z, 4%2,.0)"
= _._%z_'._-h(O.S)zf_ﬂ
where: :
& = estimated variance in measurcments (from pilot study)
n = number of samples required,
z,= the p® percentile of the standard normal distribution (from standard
statistical tables), and .
A = U-AL

Simple Random Sample — Using the formula above, it was determined that 37

samples are necessary to achieve the specified limits on decision errors. This
sampling plan satisfies all the DQOs including budget, schedule, and practical
constraints.

Composite Sampling — To determine sample sizes for a composite sample, it is
necessary to compute the number of composites samples, n; the oumber of samples. g.
within each composite; and the number of subsamples, m, to be measured for each
composite. Usually m=1; however, since this design is to be used repeatedly, it is
suggested that two subsamples from each composite sample be measured to estimate
composite variability, which can then be used to re-optimize the number of samples m
and g. -

For a composite sample, with random sample locations, it has been determined that
eight composite samples of cight samples each are sufficient to mest the limits on
decision errors that have been specified. This design is more than sufficient to
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4)

achieve the specified limits on decision errors and satisfies all the DQOs including
budget, schedule, and practical constraints.

Sequential Sampling — For the purposes of comparing costs, the average number of
samples in a sequential sampling design can be estimated, but these estimates are only
averages. The average sample size for concluding that the waste is hazardous is 16
and the average sample size for concluding the waste is not hazardous is 22. The
average sizes are different because the burden of proof is placed on disproving the null
hypothesis, thus, more samples on average are required to prove that the alternative
hypothesis (the waste is not hazardous) is true. However, these sample sizes are only
averages. In some cases, fewer samples are necessary; in others, more may be
necessary. This sampling plan satisfies all the DQOs including budget, schedule, and

practical constraints.

Select the most resource-effective duta collection design that satisfies the DQOs —
Compare the overall efficiency of cach model and choose the one that will solve the

problem most effectively.

Cost Estimates for Each Design

-

First, the costs for the three designs altematives will be evaluated: i
Simple Random Sampling — A simple random sampling scheme can be implemented
for each toad of fly ash by first geperating three-dimensional random sampling points.
This can most easily be done by using a computer. Samples can then be taken using a
special grab sampler which will be forced into the ash, opened to take the sample,
then closed and removed. The difficulty with this type of sampling scheme is
measuring sampling locations in three dimensions, and it may be difficult to gain
access to the comect sampling locations.

This design meets all of the required limits on decision errors. The cost of this design
is calculated based on the assumed cost of sclecting a sample ($10), and the cost of
analyzing a2 sample ($150). Since 37 sampies need to be taken and analyzed, the cost
of this design is:

Coslys = 37 x 310 + 37 x $150
"=$370 + 55550 = $5920

Composite Sampling — Composite sampling will be performed similarly to simple
random sampling except that after eight random samples are collected (one from each
stratum), they will be combined and homogenized. Two sample aliquots for analysis
will then be drawn from the homogenized mixturs. This process will be repeated
cight times. '
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This design meets all of the required limits on decision errors. The cost of this design
is based on the cost of selecting ($10) and analyzing-($150) a sample. Eight samples
will be used to make each composite sample for 2 sampling cost of $80; two
subsamples will be analyzed from this composite sample for a cost of $300.
Therefore, cach composite sample will cost $380. The total cost of this design is:

Costes = 8 x $380 = $3040.

Sequential Sampling — Sequential sampling will be performed similarly to random
sampling. The primary differcoce is that the ultimate number of samples will be

determined by the results of one or more sampling rounds.

This design has the potential to reduce the number of samples required in the simple
random sampling design and still meet the decision error limits. The average costs of

the two decisions are used below:

The ash is hazardous: 16 x ($160) = $2,560
The ash is non-hazardous: 22 x ($160) = $3,520

To determine the expected cost, estimate the number of loads of ash that should Ge
sent to a RCRA facility versus the number of loads that can be seat to a municipal
facility. Suppose 25% of the loads are hazardous and should be seat to 2 RCRA
facility. Then the expected cost (ECss) of this design should be.

ECs =  0.25 x (cost of sampling when ash is hazardous) + (0.75 x cost of
sampling when ash is non-hazardous)

= 0.25 x ($2.560) + 0.75 x (8§3,520) = $ 3,280
Selection of a Design

Because the simple random sampling design requires that many samples be taken and
analyzed, it is incfficient for the goals of this study. Sampiing will cost almost as
much to determine whether the waste is bazardous or nonhazardous as it would cost to
send all the waste to a RCRA hazardous waste landfill. Therefore, this decision is not
resource-cffective. ' '

The sequential data collection design is more resource-cffective than the simple
random sampling design. ‘The potcntial savings over seanding all waste to a RCRA
hazardous waste facility is $6,750 - $3,280 = $3,470. The site owner has expressed
disapproval for this sampling plan because of the time it may take before a decision
can be made. If the ash was not bomugenevus within a coatzdner, however, this data
coliection design may be the design of choice.
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The composite sample design is the best option. It is the most resource-cffective
design and requires the least amount of time to implement. In addition, the use of
strata ensures full coverage of each container. It is recommended that each of the
eight composite samples have fwo subsamples analyzed. In the future, after sufficient
data have been collected to estimate the variability within each composite sample, it
may be possible to reduce the number of samples that will be necessary to make a
decision about the waste contents.

(5)  Document the operational details and theoretical assumptions of the selected design in
the sampling and analysis plan — A composite sample design should be used to
determine whether each container of ash should be seat to a RCRA landfill or to a
municipal landfill. Eight composite samples, consisting of eight grab samples, should
be taken from each container and two subsamples from each composite should be
analyzed at the laboratory. To form the composite samples, the containers will be
divided into cight strata of equal size and one grab sample will be taken randomly
within each stratum and composited. Sample locations will be generated randomly
using computer-generated random numbers. The model assumes that the variability
within a composite sample is negligible. Data from the subsamples can be used to test
this assumption and make corrections to the model.

RS
Bevond the DOO Process - Evaluation of the Design using the DOA Process

For this study, the data were collected using the composite sampling design. Once the
samples were collected and analyzed, the data were evaluated statistically and scientifically
using the DQA Process to inspect for anomalies, confirm that the mode] assumptions were
correct, select a statistical test, and verify that the test assumptions such as distribution and
independence can be met. For this study, a t-test satisfied the DQOs, and inspection of the
data indicated that there was no reason to believe that the data were not normally distributed
or thar there was correlation between data points. It was also verified that the within-
composite variability was negligible.

After three weeks of sampling, approximately 30% of the waste loads leaving the
incinerator were found to have hazardous concentrations of cadmium in the fly ash. The data
collection design was determined to be cost-cffective because the combined cost of sampling
and disposal was less than sending all of the waste to a RCRA landfill.
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APPENDIX C

DERIVATION OF SMLE SIZE FORMULA FOR TESTING MEAN
OF NORMAL DIS'_I'RIBUTION VERSUS AN ACTION LEVEL

This appendix presents a mathematical derivation of the sample size formﬁla used in
the DQO example of Appendix B.

Let X,, X;....%, denote a random sample from a normal distribution with upknown
mean p and known standard deviation G. The decision maker wishes to test the null

hypothesis Hy: u = AL versus the alternative H,: p > AL, where AL, the action level, is some

prescribed constant; the false positive (Type I) eror rate is a (i.e., probability of rejecting H,
when p = AL is &); and for some fixed constant U > AL (where U is the other bound of the

gray region), the false negative (Type I0) error rate is P (i.c., probability of rejecting Hy when
p=Uis 1-p). Let X denote the sample mean of the Xs. It will have a normal distribution
with mean p and variance o*/n. Hence the random variable Z defined by
z - X )
— .
will have a standard normal distribution (mean O, variance 1). Let z, denote the p* percentile

of the standard normal distribution (available in most statistics books). Recall that the
symmetry of the standard normal distribution implies that Z, = -z,

Case 1: Standard Deviation Known
The test of H, versus H, is performed by calculating the test statistic

I - (X-ALn )
g

I T > z,.. the null hypothesis is rejected

Note that

T = [(f"].l)*’(];-%)]\/; = Z +e(y) 3)
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where

e(y) = ﬂ‘.‘i;’-')_‘/i )

“Thus T has a normal distribution with mean g() and variance 1, and in particular, g(AL) = 0.

Hence the Type I error rate is
Prirejecting H{H) = Pr{T>z, Ju=AL] = PriZ+e(AL)>z, ] = PriZ>z, ) = & (5)

Achieving the desired power 1-§ when pt = U requires that
Prireject Hju=U] = 1-P.

Therefore, _
PriTsz, Ju=U] = PAZ+&l) S 7,.) = PriZ s 7~ (D)) = B (6)
This implies
2, .U =z
or
_(WU-ALWR _
1-a o 1-p

Iet A = U-AL, then rearrange terms (0 obtain

(2)-a*Zp)0 = ayfn

{@ra* 21O
AI

N

n =

Case 2: Standard Deviation Unknown

If the standard deviation O is unknown, then a test statistic like (2) is used except that
© is replaced by S, an estimate of the standard deviation calculated from the observed Xs.
Such a statistic has 2 noncentral t distribution rather than a normal distribution, and the n
computed by the above formula will be too small, although for large n (say 0>40), the
approximation is good. The particular noncentral t distribution involved in the calculation
depends on the sample size'n. Thus, determining the exact minimum 0 that will satisfy the
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Type I and Type I emor rate conditions requires an iterative approach in which the
noncentral t probabilities are calculated for various n values until the desired properties arc
achieved. With the aid of a computer routine for calculating such probabilities, this is oot
difficult: however, a simple and direct approach for approximating n is available. This
approach, whose derivation is described in the paragraphs below, leads to the following
approximate but very accurate formula for n:

(zl-c"'zl-n)zol L 1,2 (8)

ns A: —2-Z| -

In practice, since @ is unknown, a prior estimate of it must be used in (8).

The approach is based on the assumption that, for a given coastant k, the statistic
K-kS is approximately normal with mean p-ko and variaoce (6*/n)(1+K*2) (Guenther, 1977

and 1981).

The classical t-test rejects Hy when T = (X - AL)I(SNE)] > D, where the critical
value D is chosen to achieve the desired Type I error rate . The inequality can be
rearranged as X-kS>AL, where k = DAn. Subtracting the mean (assuming Hy) and dividing
by tke standard deviation of X-kS on both sides of the inequality leads to

X—+kS—HAL-ko) | AL-(AL-ko) _ k/n SR

(o{f:? Wik (onaW1eez 1o

By the distributional assumption on X-kS, the left side of (9) is approximately standard
normal when gt = AL, and the condition that the Type I error rate is-a becomes

Pr[Z>k\/;l\/ 1+sz2] -a, (10)

e 7, = WAN1k2, (n

One can show that (11)- is equivalent to
UL +k2) = Y-z; 20, (12)

The condition that the Type II error rate is P (or that power is 1-) when p = U means that
the event of incorrectly accepting H, given X-kS < AL should have probability §.
Subtracting the mean (U - ko) and dividing by the standard deviation of X-kS on both sides
of this inequality yiclds
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X-kS<U-ko) . AL~U-ko)

(o7, Wi (c/./?:' W12

Again, the left side is aﬁproximately standard normal and the Type II error rate
condition becomes

(13)

prlz<iAL - koI Wil = .

which implies
(AL-U)+ko

—z;_ = zﬂ = e im
,, (a/\/’n')\/uk’rz

Subtracting (14) from (11) yiclds

(14)

- (U-AL)

4ya oy = :
e (o‘a'nwld-k’fz

(15)

Era*z)0 _  Vn
e oy

Substiruting (12) into the denominator on the right side of (16) yiclds
' (2).a*21-8)0 T
Ale  _H = 1-z,.J2n. (17
AD) Yyl -zo/2n

.Squa.ring both sides of (17) and solving for n yiclds cquation (3).

(16)
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APPENDIX D

GLOSSARY OF TERMS

action level: the numerical value that causes the decision maker to choose one of the
alternative actions (e.g., compliance or noncompliance). It may be a regulatory
threshold standard, such as a Maximum Contaminant Level for drinking water; 2 risk-
based concentration level; a technological limitatiop; or a reference-based standard.
[Note: the action level is specified during the planning phase of a data collection
activity; it is ot calculated from the sampling data ]

alternative hypothesis: See hypothesis.

bias: the systematic or persistent distortion of a measurement process which causes errors in
one direction (i.c., the expected sample measurement is different than the sample's

true value).

boundaries: the spatial and temporal conditions and practical constraints under which
environmental data are collected. Boundaries specify the area or volume (spatial
boundary) and the time period (temporal boundary) to which the. decision will apply.
Samples are then collected within these boundaries. -

data collection design: A data collection design specifies the configuration of the
environmental monitoring effort to satisfy the DQOs. It includes the types of samples
or monitoring information to be collected; where, when, and under what conditions
they should be collected; what vasiables arc to be measured; and the Quality
Assurance and Quality Control (QA/QC) components that ensure acceptable sampling
design error and measurement error to meet the decision error rates specified in the
DQOs. The data collection design is the principal part of the QAPP.

Data Quality Assessment (DQA) Process: a statistical and scientific evajuation of the data
set to assess the validity and performance of the data collection design and statistical
test, and to establish whether a data set is adequate for its intended use.

Data Quality Objectives (DQOs): Qualitative and quantitative statements derived from the
DQO Process that clarify study objectives, define the appropriate type of data, and
specify the tolerable levels of potential decision crrors that will be used as the basis
for establishing the quality and quantity of data needed to support decisions.

Data Quality Objectives Process: a Quality Management tool based on the Scieatific
Method, developed by the U.S. Environmental Protection Agency to facilitate the
planning of environmental data collection activities. The DQO Process enables
planners to focus their planning cfforts by specifying the intended use of the data (the
decision), the decision criteria (action level), and the decision maker's tolerable
decision error rates. The products of the DQO Process are the DQOs..
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decision error: an error made when drawing an inference from data in. the context of
hypothesis testing, such that variability or bias in the data mislead the decision maker
to draw a conclusion that is inconsistent with the true or actual state of the population
under study. See also false negative decision error, false positive decision error.

defensible: the ability to withstand any reasonable challenge relfated to the veracity, integrity,
or quality of the logical, technical, or st_:icnt.iﬁc approach taken in a decision making

process.

false negative decision error: a false negative decision error occurs when the decision
maker does not reject the null hypothesis when the null hypothesis actually is false.
In statistical terminology, a false negative decision error is also called a Type II error.
The measure of the size of the error is expressed as a probability, usually referred to
as "beta (B)"; this probability is also called the complement of power.

false positive decision error: a false positive decision error occurs when a decision maker
rejects the null hypothesis when the null hypothesis actually is true. In statistical
terminology, a false positive decision error is also called a Type I error. The measure
of the size of the error is expressed as a probability, usually referred to as "alpha (a),”
the "level of significance,” or "size of the critical region.”

gray region: a range of values of the population parameter of interest (such as mean
contaminant concentration) where the consequences of making a decision error are
relatively minor. The gray region is bounded on one side by the action level.

hypothesis: a teptative assumption made to draw out and test its logical or cmﬁirica.l
consequences. In hypothesis testing, the hypothesis is labeled "null” or "alternative”,
depending on the decision maker's concerns for making a decision error.

limits on decision errors: the tolerable decision error probabilities established by the
decision maker. Potential economic, health, ccological, political, and social
consequences of decision errors should be considered when setting the limits.

_me.é.n: (i) a measure of central tendency of the population (population mean), or (ii) the
arithmetic average of a set of values (sample mean).

measurement error: the difference between the true or actual state and that which is
reported from measurements. '

median: the middle value for an ordered set of n values; represented by the central value
when n is odd or by the average of the two most central values when n is even. The
median is the 50th percentile, '

medium: a substance (e.g., air, water, soil) which serves as a carrier of the analytes of
interest. : -
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patural variability: the variability that is inherent or narural to the media, objects, or people
being studied. ‘

null hypothesis: See hypothesis.
parameter: a numerical descriptive measure of a population.

percentile: the specific value of a distribution that divides the distribution such that p
perceat of the distribution is equal to or below that value. Example for p=95: "The
95th percentile is X" means that 95% of the values in the population (or statistical

sample) are less than or equal to X.

planning team: the group of people that will carry out the DQO Process. Members include
the decision maker (senior manager), representatives of other data users, senior
program and technical staff, someope with statistical expenise, and a QA/QC advisor

(such as a QA Manager).

population: the total collection of objects, media, or people to be studied and from which a
sample is to be drawn.

power function: the probability of rejecting the null hypothesis (H,) over the range of
possible population parameter values. The power function is used to assess the
goodness of a hypothesis test or to compare two competing tests.

quality assurance (QA): an integrated system of management activities involving planning,
quality control, quality assessment, reporting, and quality improvement to ensure that a
product or service (e.g., environmental data) meets defined standards of quality with a

stated level of confidence.

Quality Assurance Project Plan (QAPP): a formal technical documeant containing the
detailed QA, QC and other tecbnical procedures for assuring the quality of
environmental data prepared for each EPA environmental data collection activity and
approved prior to collecting the data.

quality control (QC): the overall system of technical activitics that measures the attributes
and performance of a process, item, or service against defined standards to verify that
they meet the stated requircments established by the customer.

Quality Management Plan (QMP): a formal document describing the management policies,
objectives, principles, organizational authority, responsibilities, accountability, and
implementation protocols of an agency, organization, or laboratory for ensuring quality
in its products and utility to its users. In EPA, QMPs arc submitted to the Quality
Assurance Management Staff (QAMS) for approval.

range: the numerical difference between the minimum and maximum of a set of values.
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'sample: a single item or specimen from a larger whole or group, such as any single sample
of any medium (air, water, soil, etc.).

3sample: a set of individual samples (specimens or readings), drawn from a population,
whose properties are studied to gain information about the whole.

sampiing: the process of obtaining rcprcsenfa_tive samples and/or measurements of a subset
of a population. .

sampling design error: the error due to observing only a limited number of the total
possible values that make up the population being studied. It should be distinguished
from errors due to imperfect selection; bias in response; and errors of observation,

measurement, or recording, etc.

scientific method: the principles and processes regarded as necessary for scicntific
investigation, including rules for concept or hypothesis formulation, conduct of
cxperiments, and validation of hypotheses by analysis of observations.

standard deviation: the square root of the variance.

statistic: a function of the sample measurements; ¢.g., the sample mean or standard }
deviation. :

statistical test: any statistical method that is used to determine which of several hypotheses
are true. :

total study error: the combination of sampling design error and measurement efror.
true: being in accord with the actual state of affairs.

Type I error: A Type I error occurs when a decision maker rejects the null hypothesis when
it is actually true. See false positive decision error.

* Type II error: A Type I error occurs when the decision maker fails to reject the nuil
hypothesis when it is actually false. See false negative decision error.

variable: The attribute of the environment that is indetcrminant.
variance: a measure of (i) the variability or dispersion in a population (population variance),

or (ii) the sum of the squared deviations of the measuremeats about their mean divided
b)f the degrees of freedom (sample variance). ‘
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APPENDIX A

THE DATA QUALITY OBJECTIVES PROCESS
_

One planning tool available to help in the design and implementation of a sampling and
analysis project is the data quality objective (DQO) process developed by the United States
Environmental Protection Agency’s (USEPA's) Quality Assurance Management Staff (QAMS).
DQOs are qualitative and quantitative statements that clarify the study objective, define the type,
quantity, and quality of required data, and specify the tolerable limits on decision errors. DQOs
are used to define the quality control (QC) requirements for data collection, sampling and analysis,
and data review and evaluation. These QC requirements are included in the quality assurance
(QA) objectives for environmental measurements and the DQOs also are incorporated into a
quality assurance project plan (QAPP). DQO development is an ongoing process involving
discussions between management and technical staff. This process is a practical means for
specifying and ensuring that the reguested information is known to be of the “required” quality.

Failure to establish DQOs prior to implementing field and laboratory activities can cause
difficulties for site investigators in the form of inefficiencies, increased costs, or generation of
unusabie data. For example, if low-cost analytical techniques will suffice, but higher cost

techniques are selected, ime and money are wasted.

THE DQO PROCESS

A seven-step DQO Process has been developed for uniform and consistent data generation
activities:

Step 1: State the Problem

Step 2: Identify the Decision

Step 3: Identify Inputs to the Decision

Step 4: Define the Study Boundaries
Step 5: Develop a Decision Rule
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Step 6: Specify Tolerable Limits on Decision Errors
Step 7: Optimize the Design for Obtaining Data.

The DQO process is based on the guidance document issued by QAMS as “final” in
September 1994. Guidance for the Data Quality Objecrives Process (EPA QA/G-4) provides
general guidance to organizations for developing data quality criteria and performance
specifications for decision making. Chapter One of the SW-846 Methods Manual also provides
additional guidance on the QA program in the Office of Solid Waste (OSW).

Step 1: State the Problem

The first step in any decision-making process is to define the problem that has resulted in the
inception of the study. A planning team is assembled and is tasked with developing the project-
specific DQOs. The planning team comprises personnel representing all phases of the project and
may include technical project managers, QA/QC managers, data users, and decision makers. The
primary decision maker, or leader, must be identified. Where applicable, field and lab
technicians, chemists, statisticians, and modelers also should be recruited for the planning team.
The responsibilities of each team member should be clearly defined during this initial planning

stage.

A concise description of the problem must be developed during this early stage of DQO
development. Existing information should be summarized, and the need for additional
information should be determined. Performance of literature searches or an evaluation of

historical data or ongoing studies related to the current site can be studied.

Available financial and manpower resources must be identified and project milestones and

deadlines also should be determined, if sufficient information is present.

Step 2: Identify the Decision

This step is used to define the decision statement that the study must resolve. The decision

statement is a consolidation of the principal study question and alternative actions. The principal
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study question identifies the key unknown conditions or unresolved issues that will be used to
reveal the solution to the probiem being investigated. Alternative actions, which are items that

may be taken to soive the problem based on the outcome or on the decisions arrived at from the

study, also are identified.

Step 3: Identify Inputs to the Decision

Specific information required to resolve the decision statement must be identified during this
step in the DQO development process. The selected data acquisition approach will lead to the next
set of questions that address the specific types of information needed to support the decision
statement. Sources of the necessary information are then developed and can include regulatory
guidance, scientific literature, historical data or past projects that were similar in scope to the

current effort.

A bright-line, defined as the threshold value that provides the criterion for choosing between
alternative actions, needs to be established.

Existing analytical methods are evaluated to determine if the method will perform as
published, or if method modification or method development needs to be included in the study.
Each analyte of interest should have a method detection limit or level of quantitation assigned, as
this performance information is used later in the DQO Process (Steps 5 & 7). '

Step 4: Define the Study Boundaries

Two types of boundaries must be defined and quantified: spatial and temporal. Spatial
boundaries define the physical area to be studied and locations to collect samples. Temporal
boundaries describe the timeframe that the study data will represent and when the samples should
be collected. To arrive at these boundaries, the characteristics that define the population must be
identified. For instance, the compounds of interest and the matrix that should be evaluated might
need to be selected 1o determine if the compounds are present and at what typical concentrations.

Draft A-3 ‘  February 19%



Geostatistical Soil Sampling Guidance—Appendix A

The spatial boundaries, or the geographic area to be studied, must be specified using some
physical feature or border, such as units of measure. Where possibie, the population should be

further segregated into more homogenous subsets, or strata, as a means of reducing variability.

Step 5: Develop a Decision Rule

A statement must be developed that combines the parameters of interest and the action levels
with the DQO outputs already developed. The combination of these three elements forms the
decision rule and summarizes what attributes the decision maker wants to study and how the
information will assist in solving the central problem. The four elements that form the decision
rule include: (1) the parameter of interest that describes a characteristic of the statistical
population, (2) the scale of decision making defined in Step 4 when boundaries were defined,
(3) the bright-line (action level or a measurement threshold value), used as a criterion to choose
alternative actions through the use of “if/then” statements, and (4) identifying the alternative
actions, as developed in Step 2.

Step 6: Specify Limits on Decision Errors

Decision makers are interested in knowing the true state of some feature of the environment
(e.g., the concentration of the constituent of concemn in soil). However, data generated from a
sampling and analysis program can only be used to estimate this state, and there is a chance that
the data are in error and the correct decision will not be made. This step in the DQO development
process allows the decision makers to specify acceptable or tolerable limits on decision errors.

There are at least two primary reasons why the decision maker might not determine the true
value of a population parameter. First, sampling design error occurs when the sampling design
is unable to capture the complete extent of variability that exists in the true state of the
environment. Second, measurement error, which is a combination of random and systematic
errors, results from various steps in the measurement process including sample collection, sample
handling, sample preparation, sample analysis, data reduction, and data handling. The
combination of sampling design error and measurement error can be viewed as the total study

error and may lead to decision errors.
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To estimate the probability of decision errors, the anticipated range of results from the
parameters of interest usually must be d.ctcnnined, perhaps through the use of historical data.
Values between the observed upper and lower bounds or perhaps from a distribution modeled after
the historical data can be used to estimate how likely are the various decision errors that might
occur depending on the hypothesis framework that has been constructed. The statistical
hypotheses associated with any decision criterion consist of a null hypothesis, supposed to
represent the initially assumed condition of the site, and the alternative hypothesis, representing
the condition of the site when the null hypothesis is not true. Often the null hypothesis indicates
the location of the center (in terms of concentration levels) of the hypothesized sampling
distribution, but it can describe other characteristics of the site population (e.g., an upper
percentile). Both the null and alternative hypotheses make statements regarding a characteristic
of the population rather than a characteristic of a sample. The probability of a decision error is
determined by estimating the chance that one of the two hypotheses will be accepted when in fact
the opposite hypothesis is true.

To identify the decision errors and to construct the hypothesis framework, performance of
four steps must be accomplished. (1) Both types of decision errors must be defined, determining
which occurs above the action level and which occurs below the action level. (2) Potential
consequences of each decision error must be specified and the impact of arriving at the incorrect
decision considered. The severity of the error may affect economic and social costs or have
ramifications to human health and the environment. One of the two types of errors (¢.g., above
or below the action level) often will have a greater impact than the other. (3) The decision maker
should cvalu‘me which scenario results in more serious consequences. (4) The null hypothesis,
or baseline condition, should be defined and the decision as to what constitutes a false-positive or
false-negative result should be answered.- The term false-positive is assigned to the decision error
where the decision maker rejects the null hypothesis when it is true. Conversely, a false-negative

is the resulting decision error if the null hypothesis is not rejected when it is false.

Some decision errors may be considered minor and of minimal impact 10 use of the data.

This “grey region” should be specified as a range of values having little or no adverse
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consequences to the project. Use of these grey area regions is often important as a tool for

building tolerabie limits on the probability of making an incorrect decision.

Step 7: Optimize the Design for Obtaining Data

The final step addresses the design of a resource-effective data collection system to satisfy
the DQOs. Verify that the DQO outputs produced in all preceding steps are internally consistent.
The design options should have been developed based on cost benefits versus achieving DQOs.
General data collection designs can then be developed as either a factorial design, systematic
sampling, composite sampling, or one of the following random sampling designs: simpie,

stratified, or sequential.

In general, three statistical expressions need to be selected to optimize the data collection
design. (1) An appropriate method for.testing the statistical hypothesis framework must be
chosen. (2) A statistical model used to compare measured values to the modeled values must be
developed and tested for consistency with the observed data. Once established, the model also can
be used to more thoroughly describe the components of error or bias that may exist in the
measured values. (3) Finally, a cost evaluation of number of samples versus the total cost of
sampling and analysis must be developed. Using these statistical expressions, an optimal sample
size and sampling layout can be chosen to meet the DQOs for each data collection design

alternative.

Quality Assurance Review

Lastly, have the document peer reviewed, preferably by personnel experienced in statistical
data collection designs. Ensure that all aspects of the project have been documented to minimize
the numbers of assumptions made during performance of the project.

DQO DECISION ERROR FEASIBILITY TRIALS (DEFT) SOFTWARE

The two most intensive steps in the DQO Process are Step 6: Specify Tolerable Limits on
Decision Errors, and Step 7: Optimize the Design for Obtaining Data. During Step 7, the entire
set of DQO outputs is incorpofated into a sampling design. If the DQO constraints are not
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feasible, it is necessary to iterate through one or more of the earlier steps of the DQO Process to
identify a sampling design that will meet the budget and generate adequate data for the decision.
This iteration can be time consuming and costly. EPA developed the DEFT User's Guide and
software (USEPA 1994¢) to soeamline this iterative process. Users can change DQO constraints
such as limits on decision errors or the “grey region” and evaluate how these changes affect the
sample size for several basic sampling designs. The output of the DEFT software can be used to
set upper and lower bounds on the sample size (i.e., the appropriate number of observations).
Through this process, the planning team can evaluate whether these constraints are appropriate or
feasible before the sampling and analysis plan is developed.

Users of the DEFT software are first prompted to enter information from the DQO outputs
based on a series of entry screens. Specific information requested by the DEFT software inciudes:

e Parameter of interest

e Minimum and maximum values (range) of the parameter of interest

e Action level (i.e., the bright-line)
e Null and alternative hypothesis

e Bounds of the gray region

e Estimate of the standard deviation

e Cost per sample for sample collection (i.e., field cost per sample)
e Cost per sample for sample analysis (i.c., laboratory cost per sample)
e Probability limits on decision errors for the bounds of the gray region

e  Any additional limits on decision errors.

The DEFT software automatically starts with a simple random sampling design, so the

information requested corresponds to this design.

EXAMPLE APPLICATION OF THE DEFT SOFTWARE

At a site contaminated with polynuciear aromatic hydrocarbons (PAH) compounds,

contaminated soil has been excavated and placed on a pad. Investigators are interested in
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determining whether the mean concentration of benzo(a)pyrene (BAP) exceeds the bright-line
standard of 90 mg/Kg. The investigators have decided to use the DEFT software during the DQO
Process to help optimize the study design.

Parameter of Interest

The parameter of interest for this study is the population mean of the concentration of BAP.

Minimum and Maximum Values (Range) of the Parameter of Interest

Based on data generated during a preliminary study of the contaminated soil, the minimum
concentration of BAP was 62 mg/Kg and the maximum was 120 mg/Kg.

Action Level

The action level, or bright-line, for BAP is 90 mg/Kg.

Null and Alternative Hypothesis

H,: mean > bright-line vs. H,: mean < bright-line.

Bounds of the Gray Region

The gray region is bounded on one side by the bright-line (90 mg/Kg). For “H,:
mean > bright-line vs. H,: mean < bright-line,” DEFT sets a default value for the other bound
of the gray region at the midpoint between the minimum concentration (62 mg/Kg) and the bright-
line. In this example, the lower bound of the gray region is 76 mg/Kg.

Estimate of the Standard Deviation

If there is no estimate of the standard deviation available, DEFT calculates a default value

given by:

(Maximum Concentration - Minimum Concentration)/6
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In this example, the estimate of the standard deviation is 9.7.

Cost Per Sample for Sample Collection

The cost of sample collection is approximately $67.00 per sample. This estimate is based

on the following assumptions:

e Two field sampling technicians are required.
e Samplers can collect, prepare, and ship 12 samples per 8-hour day.
e Labor rate is $50.00/hour (“loaded” rate).

Cost Per Sample for Sample Analysis

The cost per soil sample analysis for semi-volatile organic compounds, including BAP, is
approximately $400.00 per sample.

Probability Limits on Decision Errors for the Bounds of the Gray Region

For this examplie, the probability of making a false positive error is seta & = .01, and the
probability of making a false negative error is seta p = .05.

After the above information is entered into the DEFT software, sampling design and DQO
summary information is provided. For this example, a simple random sampling design would
require 11 salppis at a total cost of $5,137.00 (see attached “Design/DQO Summary Screen” and
*"Decision Performance Goal Diagram Screen with the Performance Curve").
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t****i************************************

Design/DQO Summary Screen

For the Sampling Design of: Simple Random Sampling

Total Cost: $5137.00

Laboratory Cost per Sample: $400.00
Field Cost per Sample: $67.00
Number of Samples: 11

Data Quality Objectives
Action Level: 950.00
Gray Region: 76.00 - 90.00
Null Hypothesis: mean 2 90.00
Standard Deviation (SD): 9.67

Decision Error Limits

conc. prob(error)
76.00 0.0500
90.00 0.0200

type
F(-)
F(-)
F(=)
F(+)
F(+)
F(+)

*ti*t**t*****t*****************i*********t
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RELEVANT GUIDANCE ON DATA QuALITY ORJECTIVES

1.

USEPA. 1994a. EPA Requiremens for Quality Assurance Project Plans for Environmental
Data Operarions (Interim Final). EPA QA/R-5. Quality Assurance Management Staff
(QAMS), Washington, DC.

Presents detailed specifications and instructions for the information that must be contained
in a QAPP for environmental data operations performed by or on behalf of USEPA and the
procedures for its review and approval.

USEPA. 1994b. Guidance for the Dasa Quality Objectives Process (Final). EPA QA/G-4.
Quality Assurance Management Staff (QAMS), Washington, DC.

Offers general guidance on developing data quality criteria and performance specifications
for data operations. The document outlines the seven distinct steps of the DQO Process:
state the problem; identify the decision; identify inputs to the decision; define the decision
boundaries; develop a decision rule; specify limits on decision rule; and optimize the design
for obtaining data. Includes a detailed example and a glossary.

USEPA. 1994c. Dara Quality Objéaim Decision Error Feasibility Trials (DQO/DEFT)
Version 4.0 Sofiware and User's Guide. EPA QA/G-4D (Final). Quality Assurance
Management Staff (QAMS), Washington, DC.

The DEFT software uses the outputs from Steps 1 through 6 of the DQO Process to allow
a decision maker or member of the DQO planning team to quickly generate cost information
about several simple sampling designs based on the DQO constraints.

USEPA. 1996. Guidance for Data Quality Assessment (Final). EPA QA/G-9. Quality
Assurance Management Staff (QAMS), Washington, DC.

. The purpose of this guidance is to demonstrate the use of EPA's data quality assessment

(DQA) process in evaluating environmental data sets and o provide some graphical and
statistical tools that are useful in performing DQA.
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DATA USEABILITY WORKSHEET

Mediom:

Site:

Requirement

Comment

Field Sampling

Evaluate field sampler’s trip report. Discuss any
sampling problems that affect data useability.

Discuss field conditions that affect data useability.

Discuss changes to approved field sampling
methodology

Are samples representative of receptor exposure for
this medium (e.g. sample depth, grab vs composite,
filiered vs unfiltered, low flow, etc.)?

Discuss the effect of field QC results on data
useability.

Summarize the effect of field sampling issues on the
risk assessment, if applicable,

DUWKS 3




DATA USEABILITY WORKSHEET

Site:
Medium:

Requirement

Comment

Analytical Techniques

Discuss whether the analytical methods are appropriate
for quantitative risk assessment.

Discuss data useability limitations of non-routine
analytical methods (e.g. immunoassay, low-
concentration, etc.) for use in quantitative risk
assessment.

Were detection limits adequate?

Summarize the effect of analytical technique i1ssues on
the risk assessment, if applicable.

DUWKS 3
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DATA USEABILITY WORKSHEET

Site:
Medium:

Requirement

Comment

Data Quality Objectives

Precision - Indicate notable sources of variability in the
data (e.g. similarity between duplicates and between
splits, overall distribution of data, effect of total
number of samples on variability). Discuss how
duplicates were handled.

Accuracy - Indicate any problems associated with
accuracy and notable sources of bias (e.g. problems
with spikes, dilutions, holding times, biank
contamination).

Representativeness - Indicate any problems associated
with data representativeness {e.g., trip blank or rinsate
blank contamination, COC problems, etc.).

Compieteness - Indicate any problems associated with
data completeness (e.g., incorrect sample analysis,
incomplete sample records, problems with field
procedures, elc.).

Comparability - Indicate any problems associated with
data comparability.

Were the DQOs specified in the QAPP sausfied?

Summarize the effect of DQO issues on the risk
assessment, if applicable.

DUWKS 3




DATA USEABILITY WORKSHEET

Site:

Medium:

Requirement

Comment

Data Validation and Interpretation

What are the data validation requirements for this
region?

What method or guidance was used 0 validate the
data?

Was the data validation method consistent with
regional guidance? Discuss any discrepancies.

Were all data qualifiers defined? Discuss those which
were not.

Which qualifiers represent usable data?

Which quahifiers represent unusable data?

How are tentatively identified compounds handled?

DUWKS 3




DATA USEABILITY WORKSHEET
Site:
Medium:

Requirement Comment

Summarize the effect of data validation and
interpretation issues on the risk assessmeant, 1f
applicable.

Additional notes:

Note: The purpose of this Worksheet 1s to succinctly summanze the data useability analysis and conclusions. Reference
specific pages in the Risk Assessment text 10 further expand on the infortnation presented here.

DUWKS 3 =
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SUMMARY

This regional guidance is intended to clarify the evaluation process for selecting
contaminants of concern {COCs) for the human health risk baseline risk assessment
process, as generally described in EPA's Risk Assessment Guidance for Superfund
(RAGS). This guidance sets forth objective criteria (e.g., comparison to background
levels, frequency of detections, essentiality, etc.) and provides explicit
recommendations on measuring attainment for each of these criteria in order to
evaluate whether or not a site-related contaminant should be retained as a COC.

Page 1 of 10 Pages
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EVALUATING AND IDENTIFYING CONTAMINANTS OF CONCERN
FOR HUMAN HEALTH

OBJECTIVE

The objective of this Regional
Guidance is to outline and describe a
selection process whereby preliminary lists
of potentially site-related contaminants can
be avaluated for elimination or retention as

contaminants of concern (COCs) for the

human health baseline risk assessment.

BACKGROUND

For certain sites, the list of potentially
site-related contaminants and exposure
pathways may be lengthy. Carrying a
large number of contaminants through a
quantitative risk assessment may be
complex, and may consume significant
amounts of time and resources. In these
cases, a selaction process should be used
to further reduce the number of
contaminants of potantial concern for each
medium to a resasonable and relevant
amount. EPA's Risk Assessment Guidance
for Superfund (RAGS): Part A (EPA,
1989a) describes general qualitative
criteria which should be considered when
evaluating contaminants for either
elimination or retention as contaminants of

concern (COCs) for the baseline risk
assessment. The purpose of this Regional
Guidance is to present those criteria in a
selecton process which can be applied on
a generic basis to USEPA Superfund sites
in Region 8. This Regional Guidance will
also present detailed sxamples of how
sevearal criteria presented In the upcoming
flow chart can be quantitatively evaluated.

DISCUSSION

EPA's RAGS: Part A (EPA 1989a)
recommends that the following criteria be
evaluated when determining which
chemicals on the initial list of all potentially
site-related contaminants should be
retained or eliminated as COCs for the
Baseline Risk Assessment:

1. Essential Nutrients

2. Excesdance of background
concentrations

3. Detection frequency

4, Mobility, persistence, and
biocaccumulation

5. Exceedance of ARARs

6. Historical Evidence

7. Concentration and Toxicity

Page 2 of 10 Pages
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Figure 1 presents a selection
process which addresses each of the
criteria present in RAGS: Part A (EPA
1989a) and can be used 1o arrive at a final
list of COCs for the risk assessment
evaluation. This selection process is
explained below:

1. Is the contaminant an essential
nutrient?

If the contaminant identified is an -

essential nutrient and is present at low
concentrations (i.e., only siightly elevated
above naturally oceurring levels or below
established EPA toxicity values or FDA
recommended nutritive lavels), it does not
need to be considered further in the risk
assessment. Examples of EPA toxicity
values which can be used are the slope
factors or Reference Doses listed on EPA's
Integrated Risk Information System (IRIS)
Database or Health Effects Assessment
Summary Tables (HEAST). The FDA's
Recommended Daily Allowance (RDA) of
essential dietary minerals and safe
- supplemental lavels of dietary minerals can
be used as nutritive indexes. Table |
shows the ‘essential elements/nutrients
which can be considered in the COC
selection process and their corresponding
toxicity value or safe nutritive level.

Element/nutrient

Calcium
Phosphorous
Magnesium
iron

2Zinc

lodine
Copper
Manganase
Fluoride
Sodium
Chromium HI
Potassium
Chioride
Selenium
Molybdenum
Cobalt

TABLE |

Dose (mg/kg/day}

1.4E+01°*
1.4E+01*
B.7E+00*
2.6E-01*
3.0E-01 i
2,1E-03*
3.7€-02 h
5.0E-03 i
6.0E-02 i
No data

1.0E+00i

5.7E-01°*
5.1E-01*
5.0E-031
5.0E-03 i
6.0E-02 e

SOPF BAA-LI
Sewtsmem 1904

*FDA RDA of essential minerals or FDA

suppiemental dietary mineral lavels

| = IRIS
h = HEAST

e = EPA provisional toxicity value

2. Does the contaminant exceed

background concentrations?

For the purpose of comparing site-
related contamination to background levels
of chemicals, EPA's RAGS: Part A (EPA,
1989a) divides background types into

naturally

Page 3 of 10 Pages
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anthropogenic chemicals include pesticides
from agriculture, lead from auto emissions,
and PAHs from fossils fuel combustion.
This COC selection process  will
automatically include comparisons of site-
related contaminants to naturally occurring
chemicals. Inclusion of site comparisons
to background anthropogenic chemicals
(whether localized or ubiquitous) will be
considered on a site-specific basis.

The USEPA has issued guidance for
ground water detection monitoring
programs being conducted under the
Resource Conservation and Recovery Act
(RCRA). This guidance, entitled
“Statistical Analysis of Ground-Water
Monitoring Data at RCRA Faclilities” (EPA,
1989b) provides a conceptual framework

for determining and applying an
appropriate  statistical method for
comparison of background and

contaminated groundwater data. This
statistical guidance could also be applied
to soil background comparisons.

The RCRA guidance details two
types of statistical comparisons that can
be made between samples collected from
background and contaminated sites.
These two type of statistical comparisons
are (1) distributional tests, and (2) extreme
tests are

SOAF FRA-O3
Baptornbar 1894

statistical tests used to determine whether
the central tendencies of two groups of
data are similar. Extreme values tasts are
statistical tests used to compare individual
results (i.e., results from an affected site)
to results from a distribution {e.g., the
distribution of the background data). The
objective of the statistical analysis for the
risk assessment Is to determine If site
concentrations differ significantly from
background concentrations, on___the
average. Thersefore, distributional tests,
and generally not extreme vaiue tests,
should be chosen for risk analysis,

Figure 2 is an exampie of a flow
chart (based on the RCRA guidance) for
comparing background and  site
concentrations using distributional tests,
which depend on the percent of detected
values for each parameter and distribution
of background and site concentrations.
The data analysis process was divided in
this way because each statistical method
can handle a certain number of detected
values before the method becomes
ineffective in determining a significant
difference. The risk assessor is not
limited, however, to those statistical tests
shown in Figure 2. The choice of
appropriate test should be based on the
distribution of the data, the percent of
non-detects in background and/or site

value tests. Distributional

Page 4 of 10 Pages
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data, the presence of multiple detection
limits, etc.

Caution: Statistical comparisons of data
Sets may be inappropriate and the
interpretation of those tests meaningless
when the number of non-detects are high
{e.g., > 50%) and the sample sizes are
small {e.g., N < 20). Itis recommended
that a statistician be consultad on the
appropriateness of the statistical test(s)
especially for unstable dats sets,

At some sites, a concern may exist
for "hot spots™ or situations where a small
Proportion of the site is contaminated
above background, yoet application of
distributional tests show no difference
between site and background levels of
randomly sampied data. For example,
there may have been too few samples
collected at the site, so that perhaps only
one or two measurements are elevated
above background. One method for
dealing with this situation is to compare
each site measurement to a “hot
measurement” concentration value (Gilbert
and Simpson, 1992). This “hot
measurement” value can be a risk based
number, a standard, or some function of

the background data {e.g., upper tolerance.

limit). Generally the hot measurement
value should be selected to identify smail

SOfe SAA-03
Santunaw 1084

areas that may individuslly present
excessive health risk beyond that of
8verage site-wide exposures. If one or
more site measurements equal or excead
the hot measurement vaiue, the
contaminant can be retained as a COcC.

3. Detection Frequency

A contaminant with a detection
frequency of 5% proceeds into the
toxicity concentration screen. A chemical
with <5% detection frequency Is further
evaluated with up to four additional
criteria. -

4, Persistence, Mobility, and

Bioaccumulation

A chemical Is retained as a COC if it
is either highly persistent or highly mobile.
Several physico-chemical parameters
describe these processes, including
environmental half-iife, water solubility, log
Kow &nd K. The log octanoi/water
partition coefficient (log K_,) is the ratio of
the chemical concentration in octanol to
the concentration in water. A high iog
Kowe typically greater than 3, indicates
higher concentrations in the octano! rather
than in the water. K, is an equilibrium

Page 5 of 10 Pages
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constant that measures the partitioning
between organic carbon and water. K., is
useful for describing mobility potentiai
because it correiates better with
adsorption to soll and sediment. A
chemical's mobility is generally
proportional to its water solubility and
inversely proportional to Kew and K,..
Chemicals with log K,., < 2.7 and Kea <
50 are considered to be highly mobile,
while chemicals with log K, > 3 and Koo
> 500 generally have low mobility
potential.

In general, chemicais with Log K,.,>
3 begin to have a high bloaccumuilation
potential. It is immediately obvious that
these criteria would only exclude
chemicals with K,,.'s of 2.8 and 2.8. For
this reason, it is recommended that the
parameters of bioaccumulation or mobility
not be used to exclude contaminants.

Persistence is measured by the number
of days required to reduce a chemical's
concentration by one-haif through biotic
and abiotic degradation processes.
Chemicals are considered highly persistent
if their half-lives in water are >90 days,
and not persistent in water with half-lives
< 30 days.

- contaminants.

SOPs PRA-O3
Cmwaaw 1004

PARAMETER POTENTIAL FOR ACTION:

Kew > 3 : Bioaccumulation

OR

Kew < 2.7 : Mobility
Ke < 50: *

Do not use criterla for eliminating
-Proceed 1o Toxicity
Concentration Screen.

Y2 > 90 : Persistence

Proceed to Toxicity Concentration Screen.

5. Do concentrations exceed Health-
and Technology-based Numerical
criteria (ARAR's)?

Numerical criteria are federal and
duly-promulgated state environmental and
public health laws, requirements, or
regulations for the protsction of human
heaith from exposure to chemical
contaminants. If the maximum contam-
inant concentration or the 95th percent
upper confidence limit of the mean for
chemical concentrations exceeds heaith-
and technology-based criteria, proceed to
the Toxicity Concentration Screen.

Page 6 of 10 Pages
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8. Is therg Historical Evidence of the
Compound at the Site?

Chemicals reliably associated with
site  activities based on historical
information generally should not be
eliminated from the Quantitative risk
assessment,

7. Toxicity/Concentration Scresn

EPA's RAGS: Part A (EPA 1989a)
Suggests consideration of a toxicity
concentration screen bassd on calculating
individual risk factors and eliminating
chemicals . which do not contribute, for
example, more than 1% of the total rigk.
If 1 or more chemicals are present at very
high concentrations, this method may lead
to the elimination of chemicals which do
not contribute much to the overall risk, but
exceed health-based levels, none the less.
For this reason, it is recommended that the
toxicity concentration screen be based on
generic Preliminary Remediation Goals
(PRGs) as calculated by RAGS: Part B (EPA
1991), Region fii's Risk-Based
Concentration Tables spreadsheet is ong
such example of screening leveis based on
the RAGS: Part B PRG equations. EPA's
Soil Screening Levels (SSLs) are another
example, albeit more conservative. Either

8OP# gRa.01
Satarraw 1984

the maximum contaminant value or the 95
percent upper confidence limit of the
arithmetic mean can be compared to the
PRG for exposure to that media. Use of
the latter vaiue is recommended as the
more scientifically rigorous value for use in
these comparisons. If the contaminant
concentration is less than the PRG/10 for
non-carcinogens, or less than the PRG
calculated at a 10 risk for carcinogens,
the contaminant may be excluded as a
coc. For non-carcinq@ens, the
cc;mparison value of 0.1 PRG ensures that
any additive adverse effects will still result
in & hazard inde~ of less than one.

RECOMMENDATION

For sites where the preliminary list
of potentially site-related contaminants is
quite lengthy, it is recommended that the
selection process outlined and described
sbove be wused to evaluate the
contaminants and derive the final list of
COC's which will be carried through the
baseline risk assessment, Use of this
selection process, however, may not be
appropriate for all sites. ft takes a fair
amount of time and resources to evaluate
each praliminary contaminant in this
selection process. Therefore, sites with

Page 7 of 10 Pages
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smaller lists of preliminary contaminants
may find it easier to just 1o carry all of the
identified contaminants through the
quantitative risk assessment evaluation.
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Figure 1 - Selection Process for COC's
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Figure 2 - Decision Tree for Comparisons
of Gentral Tendency
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OSWER Directive No. $355.7-04

MEMORANDUM

SUBJBCT: Land Use in the CLA Remedy Selection Process
FROM: Ellioce P. Laws /J{/( L
Asgistant Admini o

TO: Director, Waste Management Division

Regions I, IV, V, VII

Director, Emergency and Remedial Response Division
Region II

Director, Hazardous Waste Management Division
Regions III, VI, VIII, IX

Director, Hazardous Waste Division,
Regidn X

Director, Environmental Services Division
Regions I, VI, VII

Purposgsa:

This directive presents additional information for
considering land use in making remedy selection decisions under
the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) at Natiocnmal Priorities List (NPL) sites.
The U.S. Environmental Protection Agency (EPA) believes that
early community involvement, with a particular focus on the
community's desired future uses of property associated with the
CERCLA site, should result in a more democratic decisionmaking
process; greater community support for remedies selected as a
result of this process; and more expedited, cost-effective .
cleanups. ’

The major points of this directive are:

[ Discussions with local land use planning authorities,
appropriate officials, and the public, as appropriate,
should be conducted as early as possible in the scoping
phase of the Remedial Investigation/Feasibility Study
(RI/FS). This will assist EPA in understanding the

‘. SecycledRecyclab.e
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raasonably antic

icipacted Zuture uses of the land con which
~he Superiund sitcs

is located;

] If the site is located in a community that is likely z=
have environmental justice concerns, extra effor:cs
should be made to reach out to and consult with
segments of the community that are not necessarily
reached by conventicnal communication vehicles or
through local officials and planning commissions;

L Remedial action objectives developed during the RI/FS
should reflect the reasonably anticipated future land

use or uses;

® Future land use assumptions allow the baseline risk
assessment and the feasibility study to be focused on
developing practicable and cost effective remedial
alternatives. These altermatives should lead to site
activities which are consistent with the reasonably
anticipated future land use. However, there may be
reasons to analyze implications associated with
additional land uses;

L Land uses that will be availaktle following completion
of remedial action are determined as part of the remedy
selection process. During this process, the goal of
realizing reasonably anticipated future land uses is
considered along with other factors. Any combination
of unrestricted uses, restricted uses, or use for long-
term wagste management may result. '

- Discussions with local land use authorities and other
locally affected parties to make assumptions about future land
use are also appropriate. in the RCRA context. EPA recognizes
that RCRA facilities typically are industrial properties that are
actively managed, rather than the abandoned sites that are often
addressed under CERCLA. Therefore, consideration of non-
residential uses is especially likely to be appropriate for RCRA
facility cleanups. Decisions regarding future land use that are
made as part of RCRA corrective actions raise particular issues
for RCRA (e.g., timing, property transfers, and the viability of
long-~-term permit or other contrcls) in ensuring protection of
human health and the environment. EPA intends to address the
igsue of future land use as it relates specifically to RCRA
facility cleanups in subsequent guidance and/or rulemakings.

This guidance is also relevant for Federal Facility sites.
Land use assumptions at sites that are undergoing base closure
may be different than at sites where a Federal agency will be
maintaining control of the facility. Most land management agency
sites will remain in Federal ownership after remedial actions.

In these cases, Forest Land Management Plans and other resource



manacement guidelines may help develop reasonable assumptlcns
about furure uses of tne land. At all such sitces, however, th:s
document can focus the land use consideration toward appropriate

options.

Background:

Reasonably anticipated future use of the land at NPL sites
is an important consideration in determining the appropriate
extent of remediation. Future use of the land will affect the
types of exposures and the frequency of exposures that may occur
to any residual contamination remaining on the site, which in
turn affects the nature of the remedy chosen. On the other hand,
the alternatives selected through the National 0il and Hazardous
Substance Contingency Plan (NCP) [55 Fed. Reg. 8666, March 8,
1990] process for CERCLA remedy selection determine the extent to
which hazardous constituents remain at the site, and therefore
affect subsequent available land and ground water uses.

The NCP preamble specifically discusses land use assumptions
regarding the baseline risk assessment. The baseline risk
assessment provides the basis for taking a remedial action at a
Superfund site and supports the development of remedial action
objectives. Land use assumptions affect the exposure pathways
that are evaluated in the baseline rigk assessment. Current land
use is critical in determining whether there is a current risk
associated with a Superfund site, and future land use is
important in estimating potential future threats. The results of
the risk assessment aid in determining the degree of remediation
necessary to ensure long-term protection at NPL sites.

EPA has been-criticized for too often assuming that future
use will be residential. In many cases, residential use is the
least restricted land use and where human activities are
associated with the greatest potential for exposures. This
directive is intended to facilitate future remedial decisions at
NPL sites by outlining a public process and sources of
information which should be considered in developing reascnable
assumptions regarding future land use.

This directive expands on discussions provided in the
preamble to the National 0il and Hazardous Substance Contingency
Plan (NCP); "Risk Assegsament Guidance for Superfund Vol. I, Human
Health Evaluation Manual" (Part A} (EPA/540/1-89/002, Dec. 1989);
"Guidance for Conducting Remedial Investigations and Feasibility
Studies Under CERCLA" (OSWER Directive 9355.3-01, Oct. 1988); and

! Federal agency responsibility under CERCLA 120(h)i3),

which relates to additional clean up which may be required to
allow for unrestricted use of the property, is not addressed in
this guidance. :
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"Rcle oI the Baseline Risk Assessment 1n SuperZund Remedy
Selecticn Decisions" (OSWER Directive 59355.0-30, April 22, 19%1).

This land use directive may have the most relevance in
situacions where surface soil is the primary exposure pathway.
Generally, where soil contamination is impacting ground water,
protection of the ground water may drive soil cleanup levels.
Consideration of future ground water use for CERCLA sites is not
addressed in this document. There are separate expectations
established for ground water in the NCP rule section 300.430
(a) (1) (iii) (F) that "EPA expects to return usable ground waters
to their beneficial uses wherever practicable, within a timeframe
that is reasonable given the particular circumstances of the

gite."

Objective

This directive has two primary objectives. First, this
directive promotes early discussions with local land use planning
authorities, local officials, and the public regarding reasonably
anticipated future uses of the property on which an NPL site is
located. Second, this directive promotes the use of that
information to formulate realistic assumptions regarding future
land use and clarifies how these assumptions fit in and influence
the baseline risk assessment, the development of altermatives,
and the CERCLA remedy selection process.

Inplementation

The approach in this guidance is meant to be considered at
current and future sites in the RI/FS pipeline, to the extent
possible. This directive is not intended to suggest that
previcus remedy selection decisions should be re-opened.

Developing Assumptions About Future Land Use
In order to ensure use of realistic assumptions regarding
future land uses at a site, EPA_should discugs reasopablv
antici . e .
—n5%91Q559i—f?5H;f—H%%g-QfT5h5—3?55r—15hT%anl—lﬂnd—“ﬂﬁ—?lﬁnnlng
i i . EPA
should gain an understanding of the reasonably anticipated future

land uses at a particular Superfund site to perform the risk
asgegsment and select the appropriate remedy.

A visual ingpection of the site -and its surrounding area is
a good starting point in developing assumptions regarding future
land use. Discussions with the local land use authorities and
appropriate officials should follow. Discussions with the public
can be accomplished through a public meeting and/or other means.
By developing realistic assumpticns based on information gathered
from these sources early in the RI/FS process, EPA may develop
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remedial alternatives that are consistent wlith the anticilpactad

[

future use.

The development of assumpticns regarding the reascnably
anticipated future land use should not become an extensive,
independent research project. Site managers should use existing
information to the extent possible, much of which will be
available from local land use planning authorities. Sources and
types of information that may aid EPA in determining the
reasonably anticipated future land use include, but are not

limited to:

Current land use

Zoning laws

Zoning maps :

Comprehensive community master plan

Population growth patterns and projections (e.g.,
Bureau of Census projections)

Accessibility of .site to existing infrastructure (e.g.,
transportation and public utilities)

Institutional controls ~urrently in place

Site location in relation to urban, residential,
commercial, industrial, agricultural and recreational
areas

) Federal/State land use designation (Federal/State
control over designated lands range from established
uses for the general public, such as national parks or
State recreational areas, to governmental facilities
providing extensive site access restrictions, such as
Department of Defense facilities

Historical or recent development patterns

Cultural factors (e.g., historical sites, Native
American religious sites)

Natural resources information

Potential vulnerability of ground water to contaminants
that might migrate from soil

Environmental justice issues

Location of on-site or nearby wetlands

Proximicy of site to a floodplain

Proximity of site to critical habitats of endangered or
threatened species

Geographic and geclogic information

Location of Wellhead Protection areas, recharge areas,
and other areas identified in a State's Comprehensive
Ground-water Protection Program .

These types of information should be considered when
developing the assumptiocns about future land use. Interaction
with the public, which includes all stakehoclders affected by the
site, should serve to increase the certainty in the assumptions
made regarding future land use at an NPL site and increase the
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confidence expectations about anticipated future land use ars, .o
fac:z, reasonable.

for example, future industrial land use is likely to be a
reasonable assumption where a site is currently used for
industrial purpcses, is located in an area where the surroundings
are zoned for industrial use, and the comprehensive plan predicts
che site will continue to be used for industrial purposes.

Community Involvement

NPL sites are located in diverse areas of the country, with
great variability in land use planning practices. For some NPL
sites, the future land use of a site may have been carefully
considered through local, public, participatory, planning
processes, such as zoning hearings, master plan approvals or
other vehicles. When this is the case, local residents around.
the Superfund site are likely to demonstrate substantial
agreement with the local land use planning authority on the
future use of the property. Where there is subgtantial agreement
among local residents and land use planning agencies, owners and
developers, EPA can rely with a great deal of certainty on the
future land use already anticipated for the site. For other NPL
sites, however, the absence or nature of a local planning process
may yield considerably less certainty about what assumptions
regarding future use are reasonable. In some instances the local
residents near the Superfund site may feel disenfranchised from
the local land use planning and development process. This may be
an especially important issue where there are concerns regarding
environmental justice in the neighborhood around the NPL site.
Consistent with the principle of fairnmess, EPA should make an
extra effort to reach out to the local community to establish
appropriate future land use assumptions at such sites.

The baseline risk assessment generally needs only to
consider the reasonably anticipated future land use; lLowever, it
may be valuable to evaluate risks associated with other land
uses. The NCP preamble (55 Fed. Reg. 8710) states that in the
baseline risk assessment, more than one future land use
assumption may be considered when decision makers wish to
understand the implications of unexpected exposures. Especially
where there is some uncertainty regarding the anticipated future
land use, it may be useful to compare the potential risks
associated with several land use scenarios to estimate the impact
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en -uman nealth and the environment shculd the land use
unexpectedly change. The magnitude of such potenc:ial iTpacts may
be an important consideration in determining whecher anc now
instictur-onal concrols should be used to restrict future uses.

If the baseline risk assessment evaluates a future use under
which exposure is limited, it will not serve the traditional
role, evaluating a "no action" scenario. A remedy, i.e.
inscitutional controls to limit future exposure, will be required
to protect human health and the environment. In addition to
analyzing human health exposure scenarios associated with certain
land uses, ecological exposures may also need to be considered.

Dav R a ve

Remedial action objectives provide the foundation upon which
remedial cleanup alternmatives are developed.
v v
v iV w jev v i d
- -

. EPA recognizes, however, that achieving
either the reasonably anticipated land use, or the land use
preferred by the community, may not be practicable across the
entire site, or in some cases, at all. For example, as RI/FS
data become available, they may indicate that the remedial
alternatives under consideration for achieving a level of cleanup
consistent with the reasonably anticipated future land use are
not cost-effective nor practicable. If this is the case, the
remedial action objective may be revised which may result in
different, more reasonable land use(s).

Wi

EPA's remedy selection expectations described in section
300.430(a) (1) (1ii) of the NCP should also be considered when
developing remedial action objectives. Where practicable, EPA
expects to treat principal threats, to use engineering controls
such as containment for low-level threats, to use institutional
controls to supplement engineering controls, to consider the use
of innovative technology, and to return usable ground waters to
beneficial uses to protect human health and the environment.
{Some types of applicable or relevant and appropriate
requirements (ARARS) define protective cleanup levels which may,
in turn, influence post-remediation land use potential.)

in cases where the future land use is relatively certain,
the remedial action objective generally should reflect this land
use. Generally, it need not include altermative land use
scenarios unless, as discussed above, it is impracticable to
provide a protective remedy that allows for that use. A landfill
site is an example where it is highly likely that che future land
use will remain unchanged (i.e., long-term waste management
area), given the NCP's expectation that treatment of high volumes
of waste generally will be impracticable and the fact that EPA'S
presumptive remedy for landfills is containment. In such a case,
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a remecdial action cbjective could be established with a verv high
cegree of certainty to reflect the reascnably anticipated Zuture

land use.

In cases where cthe reasonably anticipated future land use is
"highly uncertain, a range of the reasonably likely future land
uses should be considered in developing remedial action
objectives. These likely furture land uses can be.reflected by
developing a range of remedial alternatives that will achieve
different land use potentials. The remedy selection process will
determine which alcernative is most appropriate for the site and,
consequently, the land use(s) available feollowing remediation.

As discussed in "Role of the Baseline Rigk Assessment in
Superfund Remedy Selection Decisions"™ (OSWER Directive 9355.0-30,
April 22, 1991), EPA has established a risk range for carcinogens
within which EPA strives to manage site risks. EPA recognizes
that a specific cleanup level within the acceptable risk range
may be associated with more than one land use (e.g., an
induqtrial cleanup to 10 may also allow for residential use at
a 10" risk level.) It is not EPA'S intent that the risk range
be partitioned into risk standards based solely con categoriesg of
land use {(e.g., with resident&gl cleanups at the 10 level and
industrial cleanups at the 10 risk level.) Rather, the risk
range provides the necessary flexibility to address the technical
and cost limitations, and the performance and risk uncertainties
inherent in all waste remediation efforts.

Land Use Considerationms in Remedy Selection

As a result of the comparative analysis of alternatives with
respect to EPA's nine evaluation criteria, EPA selects a site-
specific remedy. The remedy determines the cleanup levels, the
volume of contaminated material to be treated, and the volume of
contaminated material to be contained. Consequently, the remedy
selection decision determines the size of the area that can be
returned to productive use and the particular types of uses that
will be possible following remediation. .

The volume and concentration of contaminants left cn-site,
and thus the degree of residual risk at a site, will affect
future land use. For example, a remedial altermative may include
leaving in place contaminants in soil at concentrations
protective for industrial exposures, but not protective for
residential exposures. In this case, institutional controls
should be used to ensure that industrial use of the land is
maintained and to prevent risks from residential exposures.
Conversely, a remedial alternative may result in no waste left in
pPlace and allow for unrestricted use (e.g., regidential use).



-
-

Results of Remedy Selection Process

Several potential land use situations could resul: from
ZPA's remedy selection decision. They are:

[ The remedy achieves cleanup levels that allow the
entire site to be available for the reasonably
anticipated future land use in the baseline risk
assessment (or, where future land use is uncercain, al
uses that could reasonably be anticipated).

5

L The remedy achieves cleanup levels that allow mosct, buz
not all, of the site to be available for the reasocnably
anticipated future land use. For example, in order to
be cost effective and practicable, the remedy may
require creation of a long-term waste management area
for containment of treatment residuals or low-level
waste on a small portion of the site. The cleanup
levels in this portion of the site might allow for a
more restricted land use.

° The remedy achieves cleanup levels that require a more
restricted land use than the reasonably anticipated
future land use for the entir2 site. This situation
occurs when no remedial altermative that is cost-
effective or practicable will achieve the cleanup
levels consistent with the reasonably anticipated
future land use. The site may still be used for
productive purposes, but the use would be more
restricted than the reasonably anticipated future land
use. Furthermore, the more restricted use could be a
long-term waste management area over all or a portion
of the site.

Institutional Controls

If any remedial alternative developed during the FS will
require a restricted land use in order to be protective, it is
essential that the alternmative include components that will
ensure that it remain protective. In particular, instituticnal
controls will generally have to be included in the alternative to
prevent an unanticipated change in land use that could result in
unacceptable exposures to residual contamination, or, at a
minimum, alert future users to the residual risks and meonitor for
any changes in use. In such cases, institutional controls will
play a key role in ensuring long-term protectiveness and should
be evaluated and implemented with the same degree of care as is
given to other elements of the remedy. In developing remedial
alternatives that include institutional controls, EPA should
determine: the type of institutional control to be used, the
existence of the authority to implement the institutional
coentrol, and the appropriate enticy's resolve and ability to

.
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implemenz cthe insticutional contreol. An alternative may
anticipate two or more options for establishing instituticnal
controls, but should fully evaluate all such options. A variety
of institutional controls may be used such as deed restrictions
and deed notices, and adoption of land use controls by a local
government. These controls either prohibit certain kinds of site
uses or, at a minimum, notify potential owners or land users of
the presence of hazardous substances remaining on site at levels
that are not protective for all uses. Where exposure must be
limited to assure protectiveness, a deed notice alone generally
will not provide a sufficiently protective remedy. While the ROD
need not always specify the precise type of control to be
imposed, sufficient analysis should be shown in the FS and ROD to
support a conclusion that effective implementation of
institutional controls can reasonably be expected.

Suppose, for example, that a selected remedy will be
protective for industrial land use and low levels of hazardous
substances will remain on site. An industry may still be able to
operate its business with the selected remedy in place.
Institutional controls, however, cenerally will need to be
established to ensure the.land is not used for other, less
restricted purposes, such as residential use, or to-alert
potential buyers of any remaining contamination.

Future Changes in Land Use

Where waste is left on-gsite at levels that would require
limited use and restricted exposure, EPA will conduct reviews at
least every five years to monitor the site for any changes. Such
reviews should analyze the implementation and effectiveness of
institutional controls with the same degree of care as other
parts of the remedy. Should land use change, it will be
necessary to evaluate the implications of that change for the
selected remedy, and whether the remedy remains protective.

EPA'S role in any subsequent additional cleanup will be
determined on a site-specific basis. If landowners or others
decide at a future date to change the land use in such a way that
makes further cleanup necessary to ensure protectiveness, CERCLA
does not prevent them from conducting such a cleanup as long as
protectiveness of the remedy is not compromised. (EPA may invoke
CERCLA section 122(e) (6), if necessary, to prevent actions that
are inconsistent with the original remedy.} In general, EPA
.would not expect to become involved actively in the conduct or
oversight of such cleanups. EPA, however, retains its authority
to take further response action where necessary to ensure
protectiveness.



Further Information
I you have any cquestions concerning this directive, please

-

call sSherri Clark at 703-603-9043.

NOTICE: The policies set out in this memorandum are intended
solely as guidance. They are not intended, nor can they be
relied upon, to create any rights enforceable by any party in
litigation with the United States. EPA officials may decide to
follow the guidance provided in this memorandum, or to act at
variance with the guidance, based on an analysis of specific sice
circumstances. Remedy selection decisions are made and justified
on a cage-specific basis. The Agency also reserves the right to
change this guidance at any time without public notice.
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Attachment C

Chemical Properties

This attachment provides the chemical properties necessary to calculate inhalation and migration to
ground water SSLs (see Section 2.5.2) for 110 chemicals commonly found at Superfund sites. The
Technical Background Document for Soil Screening Guidance describes the derivation and sources

for these property values.

Table C-1 provides soil organic carbon - water partition coefficients (Ky). air and water
diffusivities (D;, and D, ), water solubilities (S), and dimensionless Henry's law constants
(H").

Table C-2 provides pH-specific Ky values for organic contaminants that ionize under natural

pH conditions. Site-specific soil pH measurements (see Section 2.3.5) can be used to select
appropriate K, values for these chemicals. Where site-specific soil pH values are not

available, values corresponding to a pH or 6.8 should be used (note that the K. values for
these chemicals in Table C-1 are for a pH of 6.8).

Table C-3 provides the physical state (liquid or solid) for organic contaminants. A
contaminant's liquid or solid state is needed to apply and interpret soil saturation limit (Cgy)

results (see Section 2.5.2, p.23).

Table C-4 provides pH-specific soil-water partition coefficients (Ky) for metals. Site-specific
soil pH measurements (see Section 2.3.5) can be used to select appropriate K values for

these metals. Where site-specific soil pH values are not available, values corresponding to a
pH of 6.8 should be used.

Except for air and water diffusivities, the chemical properties necessary to calculate SSLs for
additional chemicals may be found in the Superfund Chemical Data Matrix (SCDM). Additional air
and water diffusivities may be obtained from the CHEMDATS and WATERS models, both of which
can be downloaded off EPA's SCRAM electronic bulletin board system. Accessing information is

OAQPS SCRAM BBS

(919)541-5742 (24 hr/d, 7 d/wk except Monday AM)

Line Settings: 8 bits, no parity, 1 stop bit

Terminal emulation: VT100 or ANSI

System Operator: (919)541-5384 (normal business hours EST)

C-1



Table C-1. Chemical-Specific Properties used in SSL Calculations

Koc Dia Diw

CAS No. Compound ({L/kg) {cm%s) (cmis)
83-32-9 Acenaphthene 7.08E+03 4.21E-02 7.69E-06
67-64-1 Acelone 5.75E-01 1.24E-01 1.14E-05
309-00-2 Aldrin 245E+06 1.32E-02 4.86E-06
120-12-7 Anthracene 2.95E+04 3.24E-02 7.74E-06
58-55-3 Benz(a)anthracene 3.98E+05 5.10E-02 9.00E-06
71-43-2 Benzene 5.89E+01 8.80E-02 9.80E-06
205-99-2 Benzo(b)fluoranthene 1.23E+06 2.26E-02 5.56E-06
207-08-9 Benzo(k)fluoranthene 1.23E+06 2.26E-02 5.56E-06
65-85-0 Benzoic acid 6.00E-01 §.36E-02 7.97E-06
50-32-8 Benzo(a)pyrene 1.02E+06 4.30E-02 9.00E-06
111-44-4  Bis(2-chloroethyl)ether 1.55E+01 6.92E-02 7.53E-06
117-81-7 Bis(2-ethylhexyl)phthalate 1.51E+07 3.51E-02 3.66E-06
75-27-4 Bromodichloromethane 5.50E+01 2.98E-02 1.06E-05
75-25-2 Bromoform 8.71E+01 1.49E-02 1.03E-05
71-36-3 Butanol 6.92E+00 8.00E-02 9.30E-06
B5-68-7 Butyl benzyl phthalate 5.75E+04 1.74E-02 4.83E-06
B6-74-8 Carbazole 3.39E+03 3.90E-02 7.03E-06
75-15-0 Carbon disulfide 4 57e+01 1.04E-01 1.00E-05
56-23-5 Carbon tetrachloride 1.74E+02 7.80E-02 B.80E-06
57-74-9 Chlordane 1.20E+05 1.18E-02 4.37E-06
106-47-8 p-Chloroaniline 6.61E+01 4.83E-02 1.01E-05
108-90-7 Chlorohenzene 219E+02 7.30E-02 8.70E-06
124-48-1 Chlorodibromomethane 6.31E+01 1.96E-02 1.05E-05
67-66-3 Chloroform 3.88E+01 1.04E-01 1.00E-05
95-57-8 2-Chlorophenol 3.88E+02 5.01E-02 9.46E-06
218-01-9 Chrysene 3.98E+05 2.4BE-02 6.21E-06
72-54-8 DDD 1.00E+06 1.69E-02 4.76E-06
72-55-9 DDE 447E+06 1.44E-02 5.87E-06
50-29-3 DOT 263E+06 1.37E-02 4.95E-06
53-70-3 Dibenz{a h)anthracene 3.B0E+06 2.02E-02 5.1BE-06
84-74-2 Di-n-butyl phthalate J.39E+04 4.38E-02 7.86E-06
95-50-1 1,2-Dichlorobenzene 6.17E+02 6.90E-02 7.90E-06
106-46-7 1,4-Dichforcbenzene 6.17E+02 6.90E-02 7.90E-06
91-84-1  3,3-Dichlorobenzidine 7.24E+02 1.94E-02 6.74E-06
75-34-3  1,1-Dichlorocethane 3.16E+01 7.42E-02 1.05E-05
107-06-2 1,2-Dichloroethane 1.74E+01 1.04E-01 9.90E-06
75-35-4  1,1-Dichloroethylene 5.89E+01 9.00E-02 1.04E-05
156-58-2 cis-1,2-Dichloroethylene 3.85e+01 7.36E-02 1.13E-05
156-60-5 trans-1.2-Dichloroethyiene 5.25e+01 7.07E-02 1.19E-05
120-83-2 2,4-Dichlorophenol 1.47E+02 3.46E-02 8.77E-06
78-87-5 1,2-Dichloropropane 4 37E+01 7.82E-02 8.73E-06
542-75-6 1,3-Dichloropropene 4 57E+01 6.26E-02 1.00E-05
60-57-1 Dieldrin 2.14E+04 125E-02 4.74E-06
B4-66-2 Diethylphthalate 2.88E+02 256E-02 6.35E-06
105-67-9 2,4-Dimethylphenol 2.09E+02 5.8B4E-02 B.69E-06

C-2

S
{mgiL)
4.24E+00
1.00E+06
1.80E-01
4.34E-02
9.40E-03
1.75E+03
1.50E-03
8.00E-04
3.50E+03
1.62E-03
1.72E+04
3.40E-01
6.74E+03
3.10E+03
7.40E+04
2.69E+00
7.48E+00
1.19E+03
7.93E+02
5.60E-02
5.30E+03
4.72E+02
2.60E+03
7.92E+03
2.20E+04
1.60E-03
9.00E-02
1.20E-01
2.50E-02
2.49E-03
1.12E+01
1.56E+02
7.38E+01
3.1M1E+00
5.06E+03
8.52E+03
2.25E+03
3.50E+03
6.30E+03
4.50E+03
2.80E+03
2.80E+03
1.95€-01
1.08E+03
7.87E+03

(dimen:ionless)
6.36E-03
1.59E-03
6.97€-03
2.67E-03
1.37E-04
2.28E-01
4 55E-03
3.40E-05
6.31E-05
4.63E-05
7.38E-04
4.18E-06
6.56E-02
2.19E-02
3.61E-04
5.17E-05
6.26E-07
1.24E+00
1.25E+00
1.99E-03
1.36E-05
1.52E-01
3.21E-02
1.50E-01
1.60E-02
3.88E-03
1.64E-04
8.61E-04
3.32E-04
6.03E-07
3.85E-08
7.79E-02
9.96E-02
1.64E-07
2.30E-01
401E-02
1.07E+00
1.67E-01
3.85E-01
1.30E-04
1.15E-01
7.26E-01
6.19E-04
1.85E-05
8.20E-05



Table C-1 (continued)

Koc Dia Diw S
CAS No. Compound {L/kg} (cmiis} (cmis) (mg/lL)
51-28-5 2, 4-Dinitrophenol 1.00E-02 2.73E-02 9.06E-06 2.79E+03
121-14-2 2 4-Dinitrotoluene 955E+01 203E-01 7.06E-06 2.70E+02
606-20-2 2,6-Dinitrotoluene 6.92E+01 3.27E-02 7.26E-06 1.82E+02
117-84-0 Di-n-octyl phthalate 8.32E+07 1.51E-02 358E-06 Z2.00E-02
115-29-7 Endosulfan 2.14E+03 1.15E-02 4.55E-06  5.10E-01
72-20-8 Endrin 1.23E+04 1.25E-02 4.74E-06  2.50E-01
100414 Ethylbenzene 3.63E+02 7.50E-02 7.80E-068 1.69E+02
206-44-0¢ Fluoranthene 1.07E+05 3.02E-02 6.35E-06  2.06E-01
86-73-7 Fluorene 1.38E+04 3.63E-02 7.8BE-06 1.98E+00
76-44-8 Heptachlor 1.41E+06 1.12E-02 569E-06 1.80E-01
1024-57-3 Heptachior epoxide 8.32E+04 1.32E-02 4.23E-06 2.00E-01
118-74-1 Hexachlorobenzene 550E+04 542E-02 591E-06 6.20E+00
87-68-3 Hexachioro-1,3-butadiene 5.37E+04 561E-02 6.16E-08  3.23E+00
319-84-6 -HCH (a-BHC) 1.23E+03 1.42E-02 7.34E-06  2.00E+00
319-85-7 R-HCH (&-BHC) 1.26E+03 142E-02 7.34E-06 2.40E-01
58-89-9  y.HCH (Lindane) 1.07E+03 1.42E-02 7.34E-06 6.80E+00
77-47-4 Hexachlorocyclopentadiene 200E+05 1.61E-02 7.21E-06 1.80E+00
67-72-1 Hexachloroethane 1.78E+03 2.50E-03 6.80E-06 5.00E+O01
193-39-5 Indeno(1,2,3-cd)pyrene 347E+06 1.90E-02 566E-06 2.20E-05
78-59-1 Isophorone 468E+01 623E-02 6.76E-06 1.20E+04
7439-97-6 Mercury - 3.07E-02 6.30E-06 -
72-43-5 Methoxychlor 9.77E+04 1.56E-02 4.46E-06 4.50E-02
74-83-9 Methyl bromide 1.05E+01 7.28E-02 1.21E-05 1.52E+04
75-09-2 Methylene chloride 1.17E+01 1.04E-01 1.17E-05 1.30E+04
95-48-7 2-Methylphenol 9.12E+01 7.40E-02 B.30E-06 2.60E+04
91-20-3 Naphthalene 2.00E+03 590E-02 7.50E-06 3.10E+01
98-95-3 Nitrobenzene 6.46E+01 7.60E-02 B8.60E-06 2.09E+03
86-30-6 A:Nitrosodiphenylamine 1.29E+03 3.12E-02 6.35E-06 3.51E+01
621-64-7 N-Nitrosodi-n-propylamine 2.40E+01 545E-02 B.17E-068 9.88E+03
1336-368-3 PCBs 3.09E+05 - e 7.00E-01
87-86-5 Pentachlorophenol 592E+02 5.60E-02 6.10E-06 1.95E+03
108-95-2 Phenol 2.88E+01 8.20E-02 9.10E-06 B.28E+D4
129-00-0 Pyrene 1.05E+05 2.72E-02 7.24E-06 1.35E-01
100-42-5 Styrene 7.76E+02 7.10E-02 8.00E-06 3.10E+02
79-34-5 1,1,2 2-Tetrachloroethane 9.33E+01 7.10E-02 7.90E-06 2.97E+03
127-18-4 Tetrachloroethylene 1.65E+02 7.20E-02 8.20E-06 2.00E+02
108-88-3 Toluene 1.82E+02 B.70E-02 B.60E-06 5.26E+02
8001-35-2 Toxaphene 2.57E+05 1.16E-02 4.34E-06  740E-01
120-82-1 1,2 4-Trichlorobenzene 1.78E+03 3.00E-02 8.23E-06 3.00E+02
71-55-6 1.1,1-Trichloroethane 1.10E+02 7.80E-02 B.BOE-06 1.33E+03
79-00-5 1,1,2-Trichloroethane 501E+01 7.80E-02 8.80E-06 442E+03
79-01-6 Trichloroethylene 1.66E+02 7.900E-02 9.10E-06 1.10E+03
95-95-4 2.4 ,5-Trichlorophenol 1.60E+03 291E-02 7.03E-06 1.20E+03
88-06-2 2,4 6-Trichlorophenol 3.81E+02 3.1BE-02 6.25E-06 B.00E+02

C-3

{dimensioniess)

1.82E-05
3.80E-06
3.06E-05
2.74E-03
4.59E-04
3.08E-04
3.23E-01
6.60E-04
2.61E-03
4.47E-02
3.90E-04
5.41E-02
3.34E-M1
4 35E-04

3.05E-05
5.74E-04

1.11E+00
1.59E-01
6.56E-05
2.72E-04
4.67E-01
6.48E-04
2.56E-01
8.98E-02
4.92E-05
1.88E-02
9.84E-04
2.05E-04
9 23E-05
1.00E-06
1.63E-05
4.51E-04
1.13E-01
1.41E-02
7.54E-01
2.72E-01
2 46E-04
5.82E-02
7.05E-01
3.74E-02
4.22E-01
1.78E-04
3.19E-04



Table C-1 {continued)

CAS No. Compound
108-05-4 Vinyl acetate
75-014  Vinyl chloride
108-38-3 m-Xylene
95-47-6 o-Xylene
106-42-3  p-Xylene

Koc
{L/kg)
5.25E+00
1.86E+01
4.07E+02
3.63E+02
3.89E+02

Dl.a
(em2is)
8.50E-02
1.06E-01
7.00€-02
B.70E-02
7.69€-02

Koc = Soil organic carbon/water partition coefficient.

D.a = Diffusivity in air (25 -C}.

D.w = Diffusivity in water (25 -C)

§ = Solubility in water (20-25-C}.

H' = Dimensionless Henry's law constant (HLC [atm-m3/mol] * 41) (25 -C).
Kq = Soilwater partition coefficent.

Dl,w
(cmils)
9.20E-06
1.23E-06
7.80E-06
1.00E-05
8.44E-06

S
{mg/L)
2.00E+04
2.76E+03
1.61E+02
1.78E+02
1.85E+02

{dimensionless}

2.10E-02
1.11E+00
3.01E-01
2.13E-01
314E-01



Table C-2. Koc Values for lonizing Organics as a Function of pH

Benzoic é-hloro- 2,4-Dichloro- EZJ'I‘:;Rro- Pentachloro- %est':é%hloro- %ﬂi:é?:-hloro-
pH Acid phenol phenol phenol  phencl phenol phenol

4.9 554E+00 3.98E+02 1.59E+02 2.94E-02 S.05E+03 1.73E+04  4.45E+03
50 464E+00 398E+02 1.59E+02 255E-02 7.96E+03 1.72E+04 4 .15E+03
51 3.8BE+00 3.98E+02 1.59E+02 2.23E-02 693E+03 1.70E+D4  3.83E+03
52 3.25E+00 3.98E+02 1.59E+02 1.9BE-02 5.97E+03 1.67E+04  3.49E+03
53 2.72E+00 398E+02 1.59E+02 1.78E-02 5.10E+03 1.65E+04  3.14E+03
54 226E+00 3.98E+02 1.58E+02 1.62E-02 4.32E+03 1.61E+04 2.79E+03
55 1.94E+00 3.97E+02 1.58E+02 1.50E-02 3.65E+03 1.57E+D4 2.45E+03
56 165E+00 3.97E+02 1.58E+02 1.40E-02 3.0VE+03 1.52E+04 2.13E+03
57 142E+00 3.97E+02 1.5BE+02 1.32E-02 2.58E+03 1.47E+04 1.83E+03
58 1.24E+00 3.97E+02 1.58E+02 1.25E-02 2.18E+03 - 1.40E+04 1.56E+03
59 1.09E+00 3.97E+02 1.57E+02 1.20E-02 1.84E+03 1.32E+04 1.32E+03
6.0 9.69E-01 3.96E+02 1.57E+02 1.16E-02 1.56E+03 1.24E+04 1.11E+03
6.1 B.75E-01 3.96E+02 1.57E+02 1.13E-02 1.33E+03 1.15E+04 9.27E+02
6.2 7.99e-01 3.96E+02 1.56E+02 1.10E-02 1.15E+03 1.05E+04 7.75E+02
6.3 7.36E-01 3.95E+02 1.55E+02 1.0BE-02 9.98E+02 9.51E+03 6.47E+02
6.4 6.89E-01 3.94E+02 1.54E+02 1.06E-02 B.77E+02 8.48BE+03 5.42E+02
6.5 6.51E-01 3.93E+02 1.53E+02 1.05E-02 7.81E+02 7.47E+03 4.55E+02
66 6.20E-01 3.92E+02 1.52E+02 1.04E-02 7.03E+02 6.49E+03 3.84E+02
6.7 5095E-01 3.90E+02 1.50E+02 1.03E-02 6.40E+02 §5.5BE+03  3.27E+02
6.8 6.76E-01 3.8BE+02 1.47E+02 1.02E-02 5.92E+02 4.74E+03 2.80E+02
6.9 560E-01 3.B6E+02 145E+02 1.02E-02 5.52E+02 3.99E+03 2.42E+02
7.0 547E-01 2.83E+02 1.41E+02 1.02E-02 521E+02 3.33E+03 2.13E+02
7.1 53BE-01 3.79E+02 1.3BE+02 1.02E-02 4.96E+02 2.76E+03  1.BBE+02
7.2 5.32E-D1 3.75E+02 1.33E+02 1.01E-02 4.76E+02 2.2BE+03 1.69E+02
7.3 5.25E-01 369E+02 128E+02 1.01E-02 461E+02 1.87E+03 1.53E+02
74 519E-01 3.62E+02 1.21E+02 1.01E-02 4.47E+02 153E+03 141E+02
7.5 516E-01 3.54E+02 1.14E+02 1.01E-02 4.37E+02 1.25E+03 1.31E+02
7.6 513E-01 344E+02 1.07E+02 1.01E-02 4.29E+02 1.02E+03  1.23E+02
7.7 .5.09E-01 3.33E+02 9.84E+01 1.00E-02 4.23E+02 8.31E+02 1.17E+02
78 506E-01 3.19E+02 8.97E+01 1.00E-02 4.18E+02 6.79E+02 1.13E+02
79 506E-01 3.04E+02 B.07E+01 1.00E-02 4.14E+02 5.56E+02 1.08E+02
80 5.06E-01 2.86E+02 7.17E+01 1.00E-02 4.10E+02 4.58E+02 1.05E+02

C-3

2,4,6-

2,4,5-Trichloro- Trichloro-

phenol
2.37E+03
2. 36E+03
2.36E+03
2 35E+03
2.34E+03
2.33E+03
2 32E+03
2.31E+03
2.29E+03
2.27E+03
2.24E+03
2.21E+03
2.17E+03
2.12E+03
2.06E+03
1.99E+03
1.91E+03
1.82E+03
1.71E+03
1.60E+03
1.47E+03
1.34E+03
1.21E+03
1.07E+03
9.43E+02
8.19E+02
7.03E+02
5.99E+02
5.07E+02
4 26E+02
3.57E+02
2. 98E+02

phenol

1.04E+03
1.03E+03
1.02E+03
1.01E+03
9.99E+02
9.82E+02
9.62E+02
9 38E+02
9.10E+02
8.77E+02
8.39E+02
7.96E+02
7.48E+02
6.97E+02
6.44E+02
5.89E+02
5.33E+02
4 80E+02
4.29E+02
3.81E+02
3.38E+02
3.00E+02
2.67E+02
2.39E+02
2.15E+02
1.95E+02
1.78E+02
1.64E+02
1.53E+02
1.44E+02
1.37E+02
1.31E+02



Table C-3. Physical State of Organic SSL Chemicals

Compounds liquid at soil temperatures

Compounds solid at soil temperatures

CAS No. Chemical P':'if"t"("g) CAS No. Chemical
67-64-1 Acetone 848~ 83-32-9 Acenaphthene
71-43-2 Benzene 5.5 309-00-2 Aldrin
117-81-7 Bis(2-ethylhexyl)phthalate -55 120-12-7 Anthracene
111-44-4 Bis(2-chloroethyl)ether -51.9 56-55-3 Benz(a)anthracene
75-27-4 Bromodichloromethane -57 50-32-8 Benzo(a)pyrene
75-25-2 Bromoform B 205-99-2 Benzo(b)fluoranthene
71-36-3 Butanol -89.8 207-08-9 Benzo(k)flucranthene
85-68-7 Butyl benzyl phthalate -35 65-85-0 Benzoic acid
75-15-0 Carbon disulfide -115 86-74-8 Carbazole
56-23-5 Carbon tetrachloride <23 57-74-9 Chlordane
108-90-7 Chlorobenzene -45.2 106-47-8 p-Chloroaniline

124-48-1 Chiorodibromomethane -20 218-01-9 Chrysene
67-66-3 Chloroform -63.6 72-54-8 DDD
95-57-8 2-Chlorophenol 9.8 72-55-9 DDE
84-74-2 Di-n-butyl phthalate -35 50-29-3 DDT
95-50-1 1,2-Dichlorcbenzene -16.7 53-70-3 Dibenzo(a,h)anthracene
75-34-3 1,1-Dichloroethane -96.9 106-46-7 1.4-Dichlorobenzene

107-06-2 1,2-Dichloroethane -35.5 81-94-1 3,3-Dichlorobenzidine
75-35-4 1,1-Dichloroethylene -122.5 120-83-2 2,4-Dichlorophenol

156-59-2 cis-1,2-Dichloroethylene -80 60-57-1 Dieldrin

156-60-5 trans-1,2-Dichloroethylene -49.8 105-67-9 2,4-Dimethyiphenol
78-87-5 1,2-Dichloropropane -70 51-28-5 24-Dinitrophenol

542-75-6 1,3-Dichloropropene NA 121-14-2 2 4-Dinitrotoluene
84-66-2 Diethylphthalate -40.5 606-20-2 2.6-Dinitrotoluene

117-84-0 Di-n-octyl phthalate -3o 72-20-8 Endrin

100-41-4 Ethylbenzene -94 9 206-44-0 Fluoranthene
87-68-3 Hexachloro-1,3-butadiene -21 86-73-7 Fluorene
77-47-4 Hexachlorocyclopentadiene -9 76-44-8 Heptachlor
78-59-1 Isophorone -8.1 1024-57-3 Heptachlor epoxide
74-83-9 Methy! bromide -93.7 118-74-1 Hexachlorobenzene
75-09-2 Methylene chioride -95.1 319-84-6 -HCH (a-BHC)
98-95-3 Nitrobenzene 5.7 319-85-7 -HCH {3-BHC)

100-42-5 Styrene -3 58-89-9 y.HCH (Lindane)
79-34-5 1,1,2,2-Tetrachloroethane -43.8 67-72-1 Hexachloroethane

127-18-4 Tetrachloroethylene -22.3 193-39-5 Indeno(1,2,3-cd)pyrene

108-88-3 Toluene -94.8 72-43-5 Methoxychlor

120-82-1 1,2 4-Trichlorobenzene 17 95-48-7 2-Methylphenol
71-55-6 1,1,1-Trichloroethane -30.4 621-64-7 N-Nitrosodi-n-propylamine
79-00-5 1,1,2-Trichloroethane -36.6 86-30-6 A-Nitrosodiphenylamine
79-01-6 Trichloroethylene -84.7 91-20-3 Naphthalene

108-05-4 Vinyl acetate -83.2 87-86-5 Pentachlorophenol
75-01-4 Vinyi chloride -153.7 108-85-2 Phenal
108-38-3 m-Xylene 478 129-00-0 Pyrene
95-47-6 o-Xylene -25.2 8001-35-2 Toxaphene
106-42-3 p-Xylene 13.2 95-954 2.4 5-Trichlorophenol

88-06-2 2.4,8-Trichlorophenol
115-28-7 Endosullifan

NA = Not available.

C-6

Melting
Point { C)
934
104
215
84
176.5
168
217
122.4
246.2
106
725
258.2
109.5
89
108.5
269.5
52.7
132.5
45
175.5
245
115-116
71
66
200
107.8
114.8
95.5
160
231.8
160

315
112.5

187
161.5
87
29.8
NA
66.5
80.2
174
40.9
151.2
65-90
69
69
106



L0

Table C-4. Metal Ky Values (L/kg) as a Function of pHa

As

Cd

Cr (+3)

Cr {+6)

Hg

pH Ag Se TI In

49  285E+01  1.1E«01  23E+01  15E401  1.2E403  3.1E+01  4.0E-02  16E+01  1.0E01  1BE+01  4.4Er01  16ELD!
5.0  25E+01 126401  26E401  17E+01  19E+03  3.1E+01  6.0E02  18E+01  13E-01  17E401 456401 1| BEsol
51 25E+01  1.4E4+01  2.8E+01  19E+01  3.0E+03  3.0E+01  D.0E02 20E+01  1.6E-01  16Es0)  4.6E+01 9E+01
5.2 2.6E+01 1.5E+01 3.1E+01 2.1E+01 4.9E+03 2.9E+01 1.4E-01 2.2E+01 2.1E-01 1.5E+01 4.7E+01 2.1E+01
53 2.6E+01 1.7E+01 3.5E+01 2.3E+01 8.1E+03 2.8E+01 2.0E-01 2.4E+01 2.6E-01 1.4E+01 4. BE+01 2.3E+01
54 2.6E+01 1.9E+01 3.8E+01 2.5E+01 1.3E+04 27E+M 3.0E-01 2.6E+01 3.3E-01 1.3E+01 5.0£401 2.5E+D1
55 2.6E+01 2.1E+01 4.26+01 2.7E+01% 2.1E+D4 2.7E+0 4.6E-01 2.8E+01 4.2E-01 1.2E+01 ' 5.1E+01 2.6E+01
56  26E+01 22E401  47E+01  29E+01  35E+04  26E+01  6.9E-01  3.0E+0)  53E01  1.1E+01  52E+01  2.8Es01
5.7 2.7E+01 2.4E+01 5.3E+01 5.1E+0 5.5E+04 2.5E+01 1.0E+00 3.2E+01 6.7E-01 1.1E+01 5.4E+01 3.0E+01
58  27E+«01 26E«DI  BOE«O1  33E:01  B7E+04 25E+01  1.6E400 34E+01  8.4E-01  98E+00 S55E«01  32Es01
5.9 2.7E+01 2.8E+01 6.9E+01 3.5E+01 1.3E405 2.4E+01 2.3E+00  3.5E+01 1.1E+00 9.2E+00 5.6E+01 3.4E+01
6.0  27E+01 30E:01  B2E+01  37E+01  20E405  23E+01  3SE400  3BE+O1  1.3E400  B6EH00  5.8E01 36501
6.1 2.7E+01 3.1E+01 8.9E+01 4.0E+01 3.0E+05 2.3E+01 5.1E+00 4 0E+01 1.7E+00 8.0E+00 5.9E+01 3.9E+01
8.2 2.8E4+01 3.3E+01 1.2E+02 4.2E+01 4.2E+05 2.2E+01 7.5E+00 4.2E+01 21E+00 7.5E+00 6.1E+01 4.2E+01
6.3 2.8E+01 3.5E+01 1.6E+02 4.4E+01% 5.BE+05 2.2E+01 1.1E+01 4.5E+01 2.7E+00 7.0E+00 6.2E+01 4.4E+01
6.4 2.8E+01 3.6E+01 2.1E+02 4.8E+01 7.7E4+05 2.1E+01 1.6E+01 4.7E+01 3.4E+00 6.5E+00 6.4E+01 4.7E+01
6.5 2.8E+01  3.7E+01  2.8E+02 5.2E+01 9.9E+05 2.0E+01 22E+01  5.0f +01 4.2E+00 B6.1E+00 6.6E+01 5.1E+01
6.6 2.8E+01 3.9E+01 3.9E+02 5.7E+01 1.2E+08 2.0E+01 3.0E+01 5.4E+01 5.3E+00 5.7E+00 6.7E+0 5. 4E+01
8.7 2.9E4+01 4.0E+01 5.5E+02 6.4E+01 1.5E4086 1.9E+401 4.0E+01 5.8E+01 6.6E+00 5.3E+00 6.9E+01 5.8E+01
6.8 2.9E+01 4.1E+01 7.9E+02 7.5E+01 ) 1.8E+08 1.9E+01 5.2E+01 6.5E+01 8.3E+00 5.0E+00 7.1E401 €.2E+01
6.9 2.9E+01 4.2E+01 1.1E+03 9.1E+01 2.1E+08 1.BE+01 6.6E+01 7.4E4+01 1.0E+01 4.7E+00 T1.3E+01 G6.8E+01
7.0 2.9E+01 4.2E+01 1.7E+03 1.1E+02  2.5E+06 1.8E+01 8.2E+01 8.8E+01 1.3E+01 4.3E+00 7.4E+01 7.5E+01
7.1 2.9E+01 4.3E+01 2.5E+03 1.5E+02 2.8E+06 1.7E+1 9.9E+01 1.1E+02 1.6E+01 4.1E+00 71.6E+01 B.3E+01
7.2 3.0E+01 4.4E+01 3.8E+03 2.0E+02 3.1E+06 1.7E+01 1.2E+02 1.4E+02 2.0E+01 3.8E+00 7.8E+01 9.5E+01
7.3 3.0E+01 4 4E+01 5.7E+03 2.8E+02 3.4E+08 1.6E+01 1.3E+02 1.8E+02 2.5E+01 3.5E+00 8.0E+01 1.1E+02
7.4 3.0E+01 45E+01 8.6E+03 4.0E+02 3.7E+08 1.6E+01  1.56402 25E+02 31 E+01  33E+00 B8.2E+01  1.3E4+02
75 30E.01  46E:01  1.3E404  59E+02  39E406  16E+01  1.6E402  35E+02  39E401  3IE400  BSE01 1 6Es0p
7.6 A1E+01 4.6E+01 2.0E+04 B.7E+02 4.1E+06 1.5E+01 1.7E+02 4 9E+02 4.8E+01 2.9E+00 8.7E+01 1.9€+02
77 31Es01  47E401  3.0E+04  13E403  42E+06  1.5E+01  18E+02 7.0E+02 59E«01  27E400  8.9E+0f 2 4E+02
7.8 GAF+01 40401 466404  1.9E+03  43E+06  14E+01  1.9E+02  99E+02  73E401 256400 91Es+0; 3 1E+02
7.9 3.1E+01 5.0E+01 6.9E+04 2.QE+Q3 4.3E+06 1.4E+01 1.9E+02 1.4E403 8.9E+01 24E+00 9 4E+01 4 0E402
B0 3.1E+01 52E+01 10E+05 4.3E+03  43E+06 14E+01  20E+02  1.9E+03  11E+02  22E+00 96E+01 s 3E+02

a non pH-dependent inorganic K4 values for antirmony, cyanide, and vanadium are 45, 9.9, and 1,000 respectively.
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@% UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
& REGION 10
pact® 1200 Sixth Avenue

Seattie, Washington 98101

March 26, 1957
Reply To
Attn Of: OEAQ95

MEMORANDUM

SUBJECT: Inorganic Arsenic in Fish
FROM: Dana Davoli

TO: Karen Keeley

After talking with Roseanne about this, we have decided to
assume that 10% of the arsenic in seafood is inorganic. If use of
this value results in arsenic in seafood (e.g., fish, shellfish,
seaweed) driving a remediation, we would take a closer look at
the site-specific data (e.g., types and amounts of species
consumed, speciated arsenic analyses in seafoods).

The reasons we chose 10% are listed below:

(1) A review of the literature (see Attachment 1) shows that the

Noracr.g . . . s
range of ,arsenic in aquatic species ranges from below detection
to as high as about 9.0%. :

(2) Although most values are well below 10%, we chose 10% due to
the uncertainties listed below:

(1) Inorganic arsenic data are missing on many species,
including ones that might be expected to have high levels of
inorganic arsenic (e.g., seaweed, bottomfish, shellfish,
crustaceans) .

(1ii) Although it has always been assumed that methylation of
inorganic arsenic to form dimethyl arsenic (DMA) results in

Q Prini=d on Recycled Paper



detoxification, more recent data have shown that DMA may be a
probable human carcinogen {see Attachment 2). Data that we have
from a Superfund site in Washington show that the DMA levels are
much higher than the inorganic levels (see attached report). We
have no way of including this potential risk in our risk
assessments because the Agency has not yet developed a potency
factor for DMA.



ATTACHMENT J

WORLD HEALTH ORGANIZATION ABSTRACT
ON DIOXIN TOXIC EQUIVALENCY FACTORS

“ HEFA PRI TASKS HEAVISED FINAL ALASTER WPLH 140 R i meSimr o211 Jmen st



P T LTIV

WHO Toxic Equivalency Factors (TEFs) for dioxin-like compounds
for humans and wildlife

Introduction

Polychlorinated dibenzodioxins (PCDDs), polychlorinated dibenzofurans (PCDFs) and
polychiorinated biphenyls (PCBs) are persistent - and toxic - environmental chemicals, They
enter the food chain and accumulate in fatty tissues of humans and other humans. Several
representatives of these groups of chemicals have been shown to cause similar toxic effects as
2,3,7,8-TCDD, the most toxic dioxin. Their health effects include dermal toxicity,
immuynotoxicity, reproductive effects and teratogenicity, endocrine effects and
carcinogenicity, These chemicals are also found in hurnan milk, which raises serious health

concers.

As a result of their different chemical properties, the relative concentrations of the
various PCDD, PCDF and PCB compounds vary from sample to sample. They aiso differ
from the mixtures originally released into the environment. This complex situation hampers
the evaluation of the health risk for humans and for the environment and the establishment of
regulatory control of exposure to mixtures of these compounds.

TEF concept

The concept of toxic equivalency factors (TEFs) has been developed to deal with this
prablem. The TEF concept is based on the evidence that dioxin-like compounds share a
common mechanism of action - binding to the Ah-receptor. By applying this TEF concept,
the toxicity of the different compounds relative to that 0f2,3,7,8-TCDD is determined on the

basis of in vivo and in vitro data.

Several TEF schemes have been developed for PCDDs and PCDFs and for dioxin-like
PCBs. Recoguizing the need for 2 harmonized approach in setting internationally agreed
TEFs, the WHO European Centre for Environment and Health and the International
Programme on Chemical Safety (IPCS) have initiated a programme to derive consensus TEFs
for compounds with dioxin-like activity for assessing the impact of these commpounds on
human health. The first Consultation on the Derivation of TEF's for Dioxin-like PCBs was
convened in December 1993. For this meeting data on the relative toxicity of dioxin-like
PCBs for mammalian species were collected and criteria for deriving TEFs were established.

These data were entered into a database set up by the Karolinska Institute in
Stockholm, Sweden, and evaluated with respect to the applicability for the derivation of
TEFs. As a result of this process, consensus TEFs for human intake were derived for 13
different PCBs (1). In addition, it became apparent that the database should be extended to
include PCDDs and PCDFs, as well as data on the relative toxicity of dioxin-like compounds
for wildlife.

O
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Risks for Wildlﬂe'?

Onc¢ of the open questions was whether or not the TEFs derived for human risk assessment
purposes were appropriate for estimating the risk for wildlife, or whether a separate set of
TEFs for wildlife should be developed. This was discussed at an initial WHO consultation on
the derivation of TEFs for wildlife for PCBs, PCDDs, PCDF's and other dioxin-like
compounds, convened in August 1996. This WHO meeting identified the type of data
necessary for the derivation of TEFs for wildlife, and defined a workplan and the way dara
should be collected. [t decided to combine the efforts to derive TEFs for wildlife with the
update of existing TEFs for buman risk assessment. Furthermore, it recommended that TEFs
for human health and wildlife be harmonized to the extent possible.

Derivation of TEFs

Many scientific articles on PCDDs, PCDFs and PCBs were analysed, of which 185 fulfilled
the selection criteria. Based on the information available in these articles about 1600 sets of
information have been inserted into the database. Following collection of all available
information, 2 WHO meeting on the derivation of toxic equivalency factors (TEFs) for PCBs,
PCDDs, PCDFs and other dioxin-like compounds for bumans and wildlife was held at the
Institute of Environmental Medicine of the Karolinska Institute in June 1997. The meeting
evaluated the information in the database and discussed several general issues related to the

TEF concept.

The term TEF was defined to be an order of magnitude estimate of the toxicity of a
compound relative to the toxicity of TCDD that is derived using careful scientific judgement
after considering all available data. The relative potency of 2 compound cbtained in a single
in vivo or in vitro study will be referred to as a relative potency (REF) value. TEFs, in
combination with chemical residue data can be used to calculate toxic equivalent (TEQ)
concentrations in various media, including animal tissues, soil, sediment and water. TEQ
concentrations in samples containing PCDDs, PCDFs and PCBs aré calcuiated using the

following equation:
TEQ = ((PCDD; * TEFily) + ([PCDF; = TEF{lp) + ([PCB; x TEFjln)

Substantial evidence indicated that the TEF approach is equally valid for human risk
assessment as for wildlife, although wildlife risk assessments usually attempt to estimate
population-level effects (unlike traditional buman risk assessments, which focus on protecting
individuals) because effects on populations are of greater ecological relevance than are effects
on individuals. The criteria used for including a compound in a wildlife TEF scheme are the
same as those used for human TEFs. Compounds must:

e show a structural relationship to the PCDDs and PCDFs

» bind to the Ah receptor
« elicit dioxin-specific biochemical and toxic responses

» be persistent and-gccumulate in the food chain.
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New WHQO TEF scheme

Based on the available information ,both the previously established TEFs for PCDDs and
PCDFs (2) and the WHO TEFs for PCBs (1) for human risk assessment were re-evaiuated.
For revision of the existing TEFs for PCDDs, PCDFs and PCBs it was agreed by the working
group that if the available information was considered insufficient to warrant a change, the

existing value would be adopted.

In deniving TEFs for wild mammals it was concluded that there was insufficient
evidence to discriminate between laboratery and wild mammalian species, and it was therefore
decided that the TEFs for human risk assessment based on laboratory animals would be equally
applicable for wild mammal species.

The relative potency factors were primarily taken from in vive toxicity data, which were
given more weight than in vitro and/or QSAR data. /n vivo toxicity data were prioritized
according to the ranking scheme chronic > subchronic > subacute > acute. In the final TEF
sclection different Ah-receptor specific endpoints were also ranked according to toxic >
biochemical (¢.g. enzyme induction) response.

Also for the derivation of TEFs for PCDDs, PCDFs, and coplanar and mono-orthe
PCBs for fish, and birds a tieredapproach was followed that gives a higher weight to overt
toxicity in vitro studies than to biochemical effects. An even lower weight was given to
biochemical effects (enzyme induction) in vitro: In case none of these data were available an
estimate was made based on quantitative structure-activity relationships (QSAR).

When comparing the final TEF values across different taxa the working group tried to
harmonize the TEFs to the extent possible, as this would have 2 clear advantage from a nisk
assessment and management perspective. However total synchronisation of TEFs between
mammals, birds and fish was considered to be not feasible in case of obvious indications of
orders of a magnitude difference between the taxa.

In line with the already existing TEF values new TEFs were rounded to a value of
either lor 5, irrespective of the order of magnitude difference with the reference compound,
TCDD. It is important to point out that in this rounding procedure a conservative approach
has been chosen to provide optimal protection of hurnans and wildlife.

1. Ahlborg et al.(1994), Toxic equivalency factors for dioxin-like PCBs: Report on a WHO-
ECEH and IPCS consultation, December 1993. Chemosphere, Vol. 28, No. 6, 1049-1067.

2. NATO (1988), International toxicity equivalency factor (I-TEF) method of risk assessment
for complex mixtures of dioxins and related compounds. Repast No. 176, Brussels, Belgium.

For more information please contact F.X.Rolaf van Leeuwen, WHO European Centre for
Environment and Health, P.O. Box 10, NL-3730 AA De Bilt, tel. 31 30 2295 307, fax 31 30

2294 252, email sip@who.n!
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Table 1. WHO-TEFs for humans, mammals, fisk and birds

CONGENER

2.3,7,8-TCDD
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,3,9-HxCDD
.2,3,4,6.7,8-HpCDD
OCDD

2,3,7,3-TCDF
.2,3,7,3-PeCDF
2,3,4,7,8-PcCDF
1,2,3,4,7,8-HxCDF
1,2,3,6.7.8-HxCDF
1,2.3,7,8,9-HxCDF
2,3.4.6,7,8-HxCDF
1,23,4,6,7,8-HpCDF
1,2,3.4,7.8.9-HpCDE
OCDE

3,4,4',5-TCB (81)
3.3 .4.4-TCB (1D
3,3',4.9',5-PeCB (126)

3,3'4,4',5,5-HxCB (169)

2,,3'4,4-PeCB (105)
2,3,4,4',5-PeCB (114)
2,3',4,4",5-PcCB (118)
2,3,4,4',5-PeCB (123)

2,3,3',4,4,5-HxCB (156)
23,3' 4,4 S-HxCB (157)
2,3'.4,4'5.5-HxCB (167)
23,3 4,4',5,5-HpCB (189)

MID-CONT ECOL DIV DULUTH

TOXIC EQUIVALENCY FACTOR (TEF)

HUMANS/
MAMMALS

0.1
.0t
0.01

0.0001

0.0001
0.0001
0.1
0.01

0.0001
0.0005
0.0001
0.0001
0.0005
0.0005
.00001
0.0001

=" indicates no TEF beeause of lack of data

a) limieed daca g2t
b} struetural similaricy

L2 T )

abce

abed

acd
be
b.ed
ad

FISH 2

0.5
0.0t
0.01

g.001

0.05
0.05
0.5

a.1

0.1

0.1

0.1
0.01
0.01
0.0001

0.0005
0.0001
0.005
0.00005

<0.000005
<0.000005
<0.000005
<0.000005
<0.000005
<0.000005
<0.000005
<0.000005

£} QSAR madelling prediction from CYP| A induction (monkey, pig. chicken, or fish)

d) no new data {rom 199 review
¢) in viro CYPI A induction

g wive CYPLA induchion after 15y Qvg cxposure
2) QSAR modelling predicdon from class specific TEFs

€,c

b.e
b.e

BIRDS

0.1

1

Q.l

0.1

0.1

0.1
0.0t
0.01
0.0001

0.1
0.05
0.1
0.001

0.0001
0.0001
0.00001
0.00001
0.0001
0.0001
0.00001
0.0000!
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Revised
Manganese
Reference Dose

The manganese reference
dose (RD) in the RIS data

base was revised in
November, 1995. This
revision resuits in a lower risk
{and thus, higher cleanup
level) for drinking water
compared to the previous RiD.
The IRIS RfD of 1.4E-1
mg/kg/day is for the total oral
intake of manganese. As
stated in the IRIS file, it is
recommended that a modifying
factor of 3 be applied to the
RID for non-dietary exposures.

Bacikground

Prior to November, 1995 the
IRIS data base provided two
references doses for
manganese, one for food and
one for water. The food RfD
was based on dietary intake of
manganese. The water RfD
was based on a study of
humans who had ingested
drinking water containing
elevated levels of manganese
as well as on assumptions
regarding  differences in
absorption of manganese in
food as opposed to water.

The drinking water RfD was
withdrawn from IRIS in
November, 1985 because of
concerns about the validity of
the human exposure study and
because new information
indicated that the disparity
between absorption of
manganese from food as
opposed to water was
overestimated.

New Approach

The revised RMD for
manganese is for the total oral
intake of manganese. This
value is 0.14 mg/kg/day and is
derived as follows:

+ 10 mg/day of manganese
may be consumed without
adverse effects (the
“critical dose™. This value
comes from several dietary
studies.

average adult body
weight = 70 kg

Therefore, the RfD =

10 ma/day =0.14 mg/kg/day
70 kg

A maodifying factor of 3 is
recommended in IRIS when
assessing exposure from
drinking water.

Drinking Water Exposures

The average dietary
manganese content of the
U.S. population, 5 mg/day, is
subtracted from the “critica
dose" of 10 mg/day:

10 mg/day - Smg/day =
5 mg/day

Apply modifying factor of 3 per
IRIS recommendation:

5 mg/day = 1.67 mg/day
3

Compute RID:

1.67 ma/day = .024 mg/kg day
70 kg

The Hazard Index (HI) for
drinking water is calculated as
follows {using a simplified
equation):

Concentration{mafL} * 2liters/day
0.024 mg/kg/day * 70 kg

A HI of 1 comresponds. to a
concentration of 840 ug/L.

Soil Exposure

A modifying factor of 3 may be
appropriate for assessing risks
via expasure to sails if neonates
{a child 12 months or younger)
are a potentially exposed
population. For most RCRA and
Superfund risk assessments
neonates are unlikely to be
exposed to significant amounts
of soils. Therefore, a modifying
factor of 1 is appropriate.
Assuming exposure to a young
child wunder a residential
scenario, a hazard index of 1 for
manganese in soil would

correspond to a soil
concentration o{ 5,500 rhg/kg.

wntten by Margaret McDonough
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AN APPROACH FOR DETERMINING TOXICITY VALUES FOR DERMAL EXPOSURE.
C. B. Bast and H. T. Borges. Biomedical and Environmental Information Analysis. Health
Sciences Research Division. Oak Ridge National Laboratory’, Oak Ridge, TN.

*Managed by Martin Marietta Energy Systems, Inc., for the U.S. Department of Energy under
contract No. DE-AC05-840R21400.



ABSTRACT

Oraltoxicity data are available for many chemicals allowing for the calculation of Oral Reference
Doses (RED) for poncarcinogenic effects and slope factors (g; ) for carcinogenic effects. In contrast,
dermal toxicity data for long-term exposure arc not available for most chemicals which precludes
calculation of dermal RfDs and slope factors. Health risks from dermal exposure to chemicals may
be estimated by modification of the oral RED or slope factor by a chemical-specific gastrointestinal
absorption factor following SUPERFUND guidelines. This transforms the administered doses (oral
RfDs and slope factors) into absorbed doses for comparison to intake amounts determined from
dermal exposures. A computer program was developed to calculate the dermal RfD and slope factors
from absorption data obtained from the published literature. When no quantitative data were
available, estimates were made using structural analogs or a scheme developed to assign quantitative
values to qualitative data. When quantitative data were available, the most conservative absorption
factor from the species phylogenetically closest to the human was sclected. The computer program
uses two data bases for calculating dermal taxicity values. The first, updated quarterly, contains oral
and inhalation risk values for over 600 chemicals. The second contains the absorption factor and the
reference citation for over 100 chemicals. The program compares the CAS numbers of all chemicals
in both data bases. When a match is found and if oral data and absorption factors are present, the
program computes the dermal RfD and slope factors, prints the calculated results, the reference
citations, and the source of the oral data (IRIS or HEAST). Using this methodology, RfDs ranging
from 3.00E-08 to 4.00E+00 mg/kg/day and slopc factors ranging from 7.89E-03 to 430E+02

(mg/kg/day)* have been derived for over 60 chemicals.



.

INTRODUCTION

Oralm:ddtydamammﬂabhformanychcmicakenabﬁngOraIRcfcmnceDms(RfD)for

poncarcinogenic effects and slope factors (g, ) for carcinogenic effects to be calculated. In contrast,
dermal toxicity data for long-term exposure are not available for most chemicals. This precludes the

calculation of dermal RfDs and slope factors. However, the heslth risks from dermal exposure to
chemicals can be characterized by modification of the oral RfD or slope factor by a chemical-specific
gastrointestinal absorption factor. This transforms the administered doses (oral REDs and slope

factors) into absorbed doses which can then be compared to intake amounts determined from dermal

exposures.



" METHOD

L Ic-imn:ﬁcanbn of Potential Acute Effects. A first step in dermal risk assessment is to review dermal
waxicity of the compound and determine if it causes point of entry effects (direct skin effects). For
example, strong acids and bases causc direct skin destruction, and mercury, chromium, and lead can
cause skin irritation at relatively low concentrations. Even if the amount of chemical involved in
dermal exposure is small compared to the amount inhaled or ingested, dermal toxicity may be
important if acute skin effects exist. Also, when applying the following risk equations, it is important
o evaluate the risk valuc obtained in reference to the contribution of contact site toxicity.

2. Identification of Gastrointestinal Absorption Factors. Absorption data were obtained through on-
line literature searches of National Library of Medicine (NLM) databases and from hardcopy sources.
Secondary sources such as monographs, surveys, review articles, and criteria documents were used to
obtain gastrointestinal absorption data when possible. However, if no absorption data were present
in the secondary sources or if the absorption data were not clearly presented, primary publications
were consulted. |
Gastrointestinal (GI) absorption values calculated and reported in the literature were utilized
when the methods employed appeared to be scientifically sound. Inmeswhgrenoabsorpﬁon
factors were reported or where the factors appeared to be derived by inappropriate methods,
attempts were made to estimate absorption factors from the published absorption and excretion data.
In these instances, absorption was estimated by adding amounts of compound recovered in all
reported organs (excluding the luminal cooteats of the stomach and intestines) at necropsy and/or
from amounts measured from sampling of plasma, saliva, urine, and breath. In many cases it was
possible to estimate only a bwuﬁmitofahsorp;ionﬁmmitmuldnotbcdctetminedi[mmpound
detected in the feces was actually absorbed. In these cases, absorption is reported as "greater than

or equal to® a givea value.



In some cases qualitative descriptions of gastrointestinal absorption, such as “readily absorbed®
or *poorly absorbed” are available. When comparing qualitative and quantitative GI absorption data,
the terms °rare, little, sparse, and low” tend to refer to absorptions between 1-20%, “readily and
rapidly” to absorptions between 20-90%, and “well and almast complete® between 70-100%. Because
tcnmsuchasreadﬂyandrapidlymaymfcrtomtcrathcrthanamountofabsorption, it is difficult to
dcv&caqmﬁhﬁmabsorpﬁmmﬁngsyﬂanbmedmthcmmmtmmmon}yfoundinmc
literature. The following system is suggested when no quantitative data exist but qualitative data are

prescat:
Negligibly Absorbed: <1%
Poorly Absorbed: 1-20%
Moderately Absorbed: 21-50%
Well Absorbed: 51-80%
Very Well Absorbed: >80%

qumnﬁmﬁveorquaﬁuﬁvedaumavaﬂahlcfor:pedﬁcchcmiak,maucmptm
made to estimate absorption factors by structural analogy.

3 &lmhomeoﬁmﬁndAhapﬁmFamwaxﬁDammm The following
schcmewudevebpedmscbctGIabsorpﬁonfaaonformindermalrkkmmcnc
For chemicals with quantitative absorption data:

l)Seleaahso!pﬁondamﬁomthespedGWbmesﬁnm:daelymimhhummskin(U.&
EPA, 1992).

Human > Non-human Primate, Pig > Rat, Guinea Pig > Mouse, Rabbit
appropriate species. (thntheonlyvalmmﬂablewaptmeds'grcatcrthanorequal
to® a given absorption, thcvalmilselfmsdected.)

Forchc:mcakwuhonlyquahtauveahotphondau.
1) Utilize the qualitative system previously presented.

Subjecﬁvclyubuﬁntappmpﬁawabsorpﬁmcawgoq,mdsehuthcbwcrﬁmitoﬁhe
range as the absorption factor,



4. Conversion from Administered to Absorbed Dose. Gl absorption factors for 135 chemicals of
interest at DOE's Oak Ridge Reservation were identified in the literature and placed into a dermal
sk database. The CAS pumbers of these chemicals were compared clectronically with the CAS
numbers of a database containing the RED and Slope Factors of over 600 hundred chemicals. When
an exact match was found, the RfD and Slope Factor was inserted into the dermal risk database and
converted to taxicity values based on sbsorbed dosed for dermal cxposure as follows (U.S. EPA, 1992;

US. EPA, 1989):

RID et = RID ppinicares X ABSg

ql.huiui:qj.d-i-‘-udlABSGl



RESULTS

Using this metbodology, RfDs ranging from 3.00E-08 to 4.00E+00 mg/kg/day and slope factors

ranging from 7.89E-03 to 430E+02 (mg/kg/day)” bave been derived for over 60 chemicals. The

computer-gencrated table provides a consistent mathematical method for calculating dermal toxicity

values and is presented below.



REFERENCES*

US. EPA. 1989. Risk Assessment Guidance for Superfund. Volume L Human Health Evaluation
Manual (Part A). Interim Final Office of Emergency and Remedial Responsc, Washington, DC.
December, 1989. EPA/540/1-89/002

. U.S.EPA. 1992 Dermal Exposure Assessment: Principles and Applications. Interim Report. Office
of Health and Environmental Assessment. Washington, DC. January, 1992, EPA/600/6-91/4011B.

“References from which gastrointestinal absorption factors were obtained are listed at the end of the
computer-generated table.



FROM GASTROINTESTINAL (GI) ABSORPTION DATA IN ALPHABETICAL ORDER

DERMAL RISK VALUES DERIVED BY CALCULATION

Ab_"o:p“m Ab.g:p“m Oral RID (mg/kg/day) Oral Siope Dermal RID {mg/kg/day) Dermal Slope
Chemical CAS Number Factor (%)® Reference Chronic Subchronic (mg/kg/day)! Chronic Subchronic {mg/kg/day) !
Acenaphthene 000083-32-9 31 2 6.00E-02 b 6.00E-01 ° NA 1.86€-02 1.86E-01 NA
Acenaphthylene 000208-96-8 N 2 NA NA NA NA NA NA
Acetone 000067-64-1 83 3 1.00E-01 b 1.00E + 00 ° NA 8.30E-02 8.30€-01 NA
Aldrin 000309-00-2 50 65 3.00€-05 b 3.00€-05 © 1.70E + 01 b 1.50E-05 1.50€-05 3.40€ + 01
Aluminum 007429-90-5 10 4.5 NA NA NA NA NA NA
Anthracene 000120-12-7 76 6 3.00€-01 b 3.00k + 00 c NA 2.2BE-O1 2.28E +00 NA
Antimony (metallic} 007440-36-0 2.0 7 a.00e-04° 4.00€.04 ° NA 8.00E-08 8.00E-06 NA
Aroclos 1016 012674-11-2 90 46 7.00€-05 b NA NA 6.30€-05 NA NA
Aroclor 1254 011097-69-1 90 46 2.00€-05 b . 5.00E-05 € NA 1.80€-05 4 50E-05 NA
Aroclor 1260 011096-82-5 90 46 NA NA NA NA NA NA
Arsenic Salts NA 80 26 NA NA NA NA NA NA
Arsenic, Inorganic 007440-38-2 @ ] 300E04b 3.00£-04 © NA 1.23E-04 1 23€-04 NA
Barium 007440-39-3 7.0 9 7.00£-02° 7.00€-02 © NA 4.90£-03 4 90E-03 NA
Benzlalsnthracene 000056-55-3 31 2 NA NA NA NA NA NA
Benzene 000071-43-2 97 10 NA NA (@ NA NA 2 99€-02
Benzene Hexachloride NA 97 10 NA NA NA NA NA NA
Benzene, Ethyldimethyl NA 97 10 NA NA NA NA NA " NA
Benzene, Ethylmethyl NA 97 10 NA NA NA - NA NA NA
Benzone, Methylpropenyl NA 97 10 NA NA NA NA NA NA
Benzene, Methylpropyl NA 97 10 NA NA NA NA NA NA
Benzene, Trimethyl 025551-13-7 97 10 NA NA NA NA NA NA
Benzidine 000092-87-5 80 1" 3.00é-03 b 3.00€E-03 © 2.30E +02 b 2 40E 03 2 A0E 03 2 88E + 02
Benzolalpyrene 000050-32-8 at 2 NA NA 7.30E400° NA NA 2 35E + 01
Benzolblfluoranthene 000205-99-2 31 2 NA NA NA NA NA NA
Benzolg.h.ilperylene 000191-24-2 31 2 NA NA NA NA NA NA
Benzolkifluoranthene 000207-08-9 n 2 NA NA NA NA NA NA
02/09/95 The dermal values in this table have not undergone peer review Page 71



DERMAL RISK VALUES DERIVED BY CALCULATION
FROM GASTROINTESTINAL (GI) ABSORPTION DATA IN ALPHABETICAL ORDER

Ab.‘::mim Ab .‘j:pﬂm Oral RID (mg/kg/day) Ore! Slope Dermal RID {mg/kg/day) Dermal Slops
Chemical CAS Number  Factor (%)®  Reference Chronic Subchronic {mg/kg/day) ! Chronic Subchronic {mg/kg/day) !
Benzoic Acid ' 000065-85-0 100 . 12 . 4.00€ + 00 b 4.00E+00 ° NA 4.00€ + 00 4.00€ + 00 NA
Benzyl Alcohol 000100-51-8 66 12 3.00€-01 € 1.00€ + 00 ¢ NA 1.98€-01 6.60€-01 NA
Beryllium 007440-41-7 1.0 13,14 5.00€-03 b 5.00£-03 ° 4.30F + 00 b 5.00€-05 5.00€-05 4.30€ + 02
Bis(2-athylhexyl)phthalate - 000117-81-7 19 15 2.006-02" 2.00E-02 1.406:02° 3.80£-03 3.80£-03 7.37€-02
Boron And Borates Only 007440-42-8 90 75 9.00€-02 b 9.00£-02 € NA B8.10E-02 8.10£-02 NA
Bromodichloromethane 000075-27-4 98 67 2.00€-02 b 2.00€-02 © 6.20E-02 b 1.96E-02 1.96E-02 6 33E.02
Bromoform ) 006075-25-2 60 69 2.00€-02 b 2.00£-01 ° 7.905-03b 1.20€-02 1.20€-01 1.32€.02
Butanone-2, 4-chloro-4,4-difluoro NA 80 1 NA NA NA NA NA NA
Butyl Benzyl Phthlste 000085-68-7 61 78 2.00€-01 b 2.00E + 00 € NA 1.22€-01 1.22€ +00 NA
Cadmium (Diet) 007440-43-9 16, 17, 18, 19 1.006-03° NA NA 1.00£-05 NA NA
Cadmium (Water) 007440-43-9 t.0 16, 17, 18, 19 5.00E-04 b NA ’ NA 5.00€-06 NA NA
Carbazole 000086-74-8 70 - 78 NA ' NA 2.00€E-02 NA NA 2.86€-02
Carbon Disulfide 000075-15-0 63 20 1.006:01° 1.00€-01 ° NA 6.30£-02 6.30£-02 NA
Carbon Tetrachloride . 000056-23-5 65 21 7.00€E-04 b 7.00€-03 1.30€-01 b 4.55E-04 4. 55€-03 2.00€-01
Chilordane 000057-74-9 50 22 6.00e.05" 6.00€-05 1.30£ +00 ° ‘?75— 3.00€-05 3.00€-05 2 60F + 00
Chlorobenzene 000108-90-7 N 23 2.00€-02 b 2.00€-01 NA 6.20€-03 6.20€-02 NA
Chloroform 000067-66-3 20 24 1.00€-02 b 1.00€-02 6.10€-03 b 2.00€-03 2.00€-03 3.05€-02
Chromium {lIl) {insoluble Salts) 016065-83-1 0.50 74 1.00€ + 00 b 1.00€ + 00 € NA 5.00£-03 5.00£-03 NA
Chromium {VI) 018540-29-9 20 25 5.00E-03 b, 2.00£-02 NA 1.00E-04 4.00€-04 NA
Chromium Salts NA 20 74 NA NA NA NA NA NA
Chrysene 000218-01-9 a 2 NA NA NA NA NA NA
Cobalt 007440-48-4 . 80 26 NA NA NA NA NA NA .
Copper 007440-50-8 30 27 NA NA NA NA NA NA
Cresol, p- 000106-44-6 65 72 5.00€-03° 5.00£-03 ° NA 3 256.03 3 25€.03 NA
Cyanide (CN) 000057-12-5 17 37 2.00E-02b 2.00€-02 € NA 3 40E 03 3 40€-02 NA
DDD 000072-54-8 70 28 NA NA 2 40E 01 b NA NA 3 43F 01

™ s
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DERMAL RISK VALUES DERIVED BY CALCULATION
FROM GASTROINTESTINAL (Gl) ABSORPTION DATA IN ALPHABETICAL ORDER

Gl Gl

Oral Slope
Absorption Absorption

Dermal Slope
Factor

Oral RID (mg/kg/day) Factor

Dermal RID (mg/kg/day)

Chemical CAS Number Factor (%) Reference Chronic Subchronic (mg/kg/day)! Chronic Subchronic (mg/kg/day) !
DDE 000072-55-9 70 28 NA NA 3.40€-01 b NA NA 4 .B6E-O1
DOT 000050-29-3 70 28 5.00£-04 5.00E-04 ° 340601 ° 3.50£-04 3.50€-04 4.86E-OY
Dibenz(a.hjanthracene 000053-70-3 k)] 2 NA NA NA NA NA NA
Dibromochloromethane 000124-48-1 60 69 2.00E-02 b 2.00€-01 ¢ 8.40E-02 b 1.20€-02 1.20E-01 1.40€-01
Dibutyl Phthalste 000084-74-2 100 29 1.00e:01° 1.00€ 400 © NA 1.00E-01 NA NA
Dichlorobenzene, 1.4- 000106-46-7 90 82 NA NA 2.40€-02 NA NA 2 67E-02
Dichlorodifluoromethane 000075-71-8 23 12 2.00£-01° 9.00£-01 © NA 4.60E-02 2.07€-01 NA
Dichlorosthane, 1,1- 000075-34-3 100 80 1.00E-01 € 1.00E +00 ¢ NA 1.00E-01 NA NA
Dichloroethane, 1.2- 000107-06-2 100 30 NA NA Q.IOE-OZb NA NA 9 10E-02
Dichlorosethylene, 1. 1- 00007%5-35-4 100 31 9.00E-0:!b 9.00E-03 € 6.00€E-01 b 9.00€-03 9.00£-03 6 00E-01
Dichlorophenol, 2.4- 000120-83-2 82 2 :*IAOOEO:!b 3.00E-03 ¢ NA 2 46E-03 2 46E-03 NA
Dichloropropane, 1.2- 000078-87-5 74 68 NA NA 6.80€-02 NA NA 9 19€-02
Dichloropropens, 1,3- 000542-75-6 -1 73 3.00€-04 b 3.00£-03 ¢ 1.80E-01 1.65E-04 1.65€ 03 3 27€-01
Dieldrin 000060-57-1 50 65 S.OOE-OSb 5.00E-05 ¢ 1.60E + 01 b 2.50€-05 2.50E-05 3 20€ + Ot
Diethyl Phthalate 000084-66-2 90 79 8.00£-01 b 8.00€ +00 € NA 7.20€-01 7.20€ + 00 NA
Dimethylphthalate 000131-11-3 90 79 NA NA NA NA NA NA
Dinitro-o-cresol, 4.6- 000534-52-1 100 12 NA NA NA NA NA NA
Dinitrobenzene. 1.2- 000528-29-0 93 32 4.00€-04 © 4.00£03° NA 3.72E-04 3 72€.03 NA
Dinitratoluene, 2.4- 000121-14-2 85 33 2.005-03" 2.00€-03 ° 6.80€-01 b.d 1.70£-03 1 70€-03 8 00E-01
Dinitrotoluene, 2,6- 000606-20-2 85 a3 I.OOE-OSC 1.00E-02 ° 6.80E-01 b.d 8.50€-04 8 S50E-03 8 0OF 01
Endrin 000072-20-8 20 77 3.00€-04 b 3.00E-04 ¢ NA 6.00E-06 6 OOE-08 NA
Ethylbenzene 000100-41-4 97 10 1.00E-01 b NA NA 9 70E 02 NA NA
Fluoranthene 000206-44-0 an 2 4.00E-02h 4.006-01 © NA 1 24€ 02 1 24€ OV NA
Fluoride 007782 41-4 97 34 6.00E-02" 6.00€:02 ° NA 5 82E 02 5 82€ 02 NA
Heptachior 000076-44-8 72 35 5.00€-04 b 5 00€-04 ° 4 S0E + 00 b 3 60E 04 3 60F 04 6 25E + 00
Heptachlor Epoxide 001024 573 72 35 1.30E 05 b 1 30€ 05 i 9 10E + 00 b 9 36f 06 9 16f 06 1 26F 1 01

n7/0a:a85
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DERMAL RISK VALUES DERIVED BY CALCULATION
FROM GASTROINTESTINAL (Gl) ABSORPTION DATA IN ALPHABETICAL ORDER

Ab"j:p“m Ab.ﬁ:mim Oral RID (mg/kg/day) Oral Slope Dermal RID (mg/kg/day) Dermal Slope

Chemilcai CAS Number Factor (%)2 Reference Chronic Subchronic (mg/kg/day} ! Chronic Subchronic (mofkoldayl"
Hexachlorocyclohexane, Alpha- 000319-84-6 97 70 NA NA 6.30E + 00 b NA l NA 6 49E + 00
Hexachlorocyclohexane, Beta- 000319-85-7 91 70 NA NA 1.80E +00 b NA NA 1.98t +00
Hexachlorocyclohexane, Gamma- 000058-89-9 97 10 3.00E-04 b 3.00£-03 © 1.30€ +00 2.91E-04 2.91E-03 1.34E + 00
Hexanone, 2- 000591-78-6 66 36 NA NA NA NA NA NA
Indenol1.2,3-cdlpyrene ’ 000193-39-5 31 2 NA NA NA NA NA NA
fron 007439-89-6 15 26 NA NA NA NA NA NA
lsopropanol . 000067-63-0 100 12 NA NA NA NA NA NA
Lead And Compounds 0074239-92-1 15 26 NA NA NA NA NA NA
Lithium 007439-93-2 - 80 26 NA NA NA NA NA : NA
Magnesium ’ 007439-95-4 20 26 NA NA NA NA NA NA
Manganess (Diet) 007439-96-5 4.0 38 1.40£-01 b 1.40E-01 ° NA 6.60E-03 5 GOE-03 NA
Manganess (Watar) 007439965 4.0 a8 5.00£.03° 5.00£-03 © NA 2.00£-04 2 00E 04 NA
Mercury, Inorganic 007439-97-6 0.01 26, 39 3.00£-04 ° 3.00£-04 © NA 3.00€-08 3 00E 08 NA
Methyl Ethyl Ketone 000078-93-3 80 1 6.006--01 b 2.00€ + 00 c NA 4.80€-01 1.60F + 00 NA
Methyl Mercury 022967-92-6 90 26, 39, 40 3.006-04° 3.00¢-04 ° NA 2.70€-04 2.70€-04 NA
Methylene Chloride 000075-09-2 95 41 © 6.00E-02 b 6.00E-02 ¢ 7.50€-03 b 5.70€-02 5.70€-02 7.89€-03
Molybdenum 007439-98-7 38 a2 5.00€-03" 5.00£-03 ° NA 1.90£-03 1.90€.03 NA
Naphthalene . 000091-20-3 80 43 NA NA NA NA NA NA
Naphthalene, 1-Methyl 000090-12-0 80 43 NA . NA NA NA NA NA
Naphthalene, 2-Methyl 000091-57-6 80 43 NA NA NA NA NA NA
Nickel Soluble Salts 007440-02-0 27 a4 2.00e-02"° 2.00£-:02 ° NA 5.40E-03 5.40€-03 NA
Nitrobenzene 000098-95-3 97 10 5.006-04" 5.00£-03 © NA 4.85E 04 4 85E-03 NA
Nitrophenol, 4- 000100-02-7 100 12 NA " ONA NA NA NA NA
Nitroso-di-N-propylamine, N- 000621-64-7 25 45 NA NA 7.00E 4‘00 b NA NA 2 BOE + 01
Nitrosodiphenylamine, N- 000086-30-6 25 45 NA NA 4 90£.03° NA NA 1 96€ 02
Octyl Phthalate, di-N- 000117-84-0 90 79 2.00€-02° 2.00£-02 ¢ NA 1 BOE 02 1 BOE 02 NA

"
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DERMAL RISK VALUES DERIVED BY CALCULATION

FROM GASTROINTESTINAL (Gl) ABSORPTION DATA IN ALPHABETICAL ORDER

Abl‘:ption Ab-Go:plion Oral RID (mg/kg/day) 0’;'-;'::“ Dermal RID (mg/kg/day} Dcv'r:r:::’lopo
Chemical CAS Number Factor (%)® Reference Chronic Subchronic (molkgld.yl" Chronic Subchronic |mglkgld.yr‘
Pentachlorophenol 000087-86-5 100 71 3.00€-02 b 3.00E-02 € 1.20E-01 b 3.00E-02 3.00€-02 1 20€-0t
Pentyl Alcohol. N- 000071-41-0 50 12 NA NA NA NA NA NA
Phenanthrene 000085-01-8 73 2 NA NA NA NA NA NA
Phenol 000108-95-2 20 12 6.006:01° 6.006-01 © NA 5.40E-01 5.40€-01 NA
Polybrominated Biphenyls 059536-65-1 93 64 7.00E-06° 7.00E-05 € B8.90E +00 6.51E-06 6.51E-05 9.57E +00
Polychlorinated Biphenyls 001336-36-3 90 46 NA NA 7.70€ + 00 b NA NA 8 56E + 00
Pyrene 000129-00-0 n 2 3.00E-02 b 3.00E-01 © NA 9.30€-03 9 30E-02 NA
s;aansou. Acid 007783-00-8 87 a7 5.00£-03° 5.00£-03 ° NA 4.35€-03 4.35€.03 NA‘
Selenite 014124-67-5 70 48 NA NA NA NA NA NA
Selenium 007782-49-2 44 47 5.00£-03" 5.00£-03 ° NA 2.20€-03 2 20€-03 NA
Silver 007440-22-4 18 49 5.00E-03 b 6.00€-03 ¢ NA 9.00£-04 9.00E 04 NA
Sulfate 014808-79-8 20 50 NA NA NA NA NA NA
Tetrachloroethane, 1,1,2,2- 000079-34-5 70 51 NA NA 2.00E-01 b NA NA 2 86E-01
Tetrachlorosthylene 000127-18-4 100 63 1.00€-02 b 1.00E-01 € NA 1.00€-02 1.00€-01 NA
Thaltium 007440.28.0 15 62 NA NA NA NA NA NA
Thordum 007440-29-1 1.0 53 NA NA NA NA NA NA
Tin 007440-31-6 10 26 6.00€-01° 6.00E-01 © NA 6.00€-02 6.00E-02 NA
Titanium 007440-32-6 3.0 26 NA NA NA NA NA NA
Toluene 000108-88-3 80 54 2.00E-0O1 b 2.00E + 00 € NA 1.60F 01 1 60E + 00 NA
Trichloroethane, 1,1,1- 000071-55-6 90 55 NA NA NA NA NA NA
Trichlorosthane, 1.1.2- 000079-00-5 81 56 4.005-03b 4 00E-02 ° 5.70€-02 b 3 24E 03 3 24€ 02 7 O4E 02
Trichloroethylene 000079-01-6 15 57 NA NA NA NA NA NA
Trichlorofluoromethane 000075-69-4 23 12 3.00E-01 b 7.00E-01 ¢ NA 6 90E 02 1 61E O1 NA
Uranium 007440-61-1 85 26 NA NA NA NA NA NA
Uranium, Soluble Salts NA 85 26 3.00E-03 NA NA 2 55€ 03 NA NA
Vanadium. Metallic 007440-62-2 1.0 58, 59 7.00£.03° 7.00£.03 ° NA 7 OCE 05 7 00F 05 NA

n2:NQ/97
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DERMAL RISK VALUES DERIVED BY CALCULATION
FROM GASTROINTESTINAL (Gl) ABSORPTION DATA IN ALPHABETICAL ORDER

Gl (e]]

. Absorption Absorption Oral RID {mg/kg/day) 0';:::::” Dermal RtD Img/kg/day) D"R'c"g:o".
Chemical : CAS Number Factor (%)e Reference Chronic Subchronic (mg/kg/day) ! Chronic Subchronic |mgl‘ltgldny)"
Vinyl Acetate ) 000108-05-4 65 60 1.00E400°  1.00€ 400 ° NA 6.50E-01 8.50€-01 NA
Vinyl Chloride 000075-01-4 100 66 NA NA 1.90€ + 00 NA NA 1.90€ + 00
Xylene, Mixture . 001330-20-7 92 61 2.00€ + 00 b NA NA 1.84€ +00 NA NA
Zinc (Metallic) . 007440-66-8 20 62 3.00£-01 b 3.00€-01 ° NA 6.00€-02 6.00£-02 NA
Zirconium N 007440-67-7 - 80 !.2 NA NA NA NA NA NA

" Gi absoprtion factors obtained from literature by BEIA staff
c Source: Integrated Risk Information System (IRIS)
Source: Health and Environmental Affects Summary Table (HEAST) 1993
Listed as “Dinitrotoluene mixture, 2,4-/2,6-" in IRIS. The value Is based on a study using technical grade DNT.

e
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RAGS: Calculating the
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EPA

Inmermitent Bulletin

Office of Emergency and Remedial Response
Volume 1 Number 1

Hazardous Site Evaluation Division, 0S-230

The overarching mandate of the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA) is to protect human health and the environment from current and potential threats posed by
uncontrolled releases of hazardous substances. To help meet this mandate, the U.S. Environmental Protection
Agency's (EPA's) Office of Emergency and Remedial Response has developed a human health risk assessment
process as part of its remedial response program. This process is described in Risk Assessment Guidance for
Superfund: Volume I — Human Health Evaluation Manua! (RAGS/HHEM). Pant A of RAGS/HHEM
addresses the baseline risk assessment, and describes a general approach for estimating exposure to individuals
from hazardous substance releases at Superfund sites.

This bulletin explains the concentration term in the exposure/intake equation to remedial project
managers (RPMs), risk assessors, statisticians, and other personnel. This bulletin presents the general intake
equation as presented in RAGS/HHEM Part A, discusses basic concepts concerning the concentration term,
describes generally how 1o caiculate the concentration term, presents examples to illustrate several important
points, and, lastly, identifies where to get additional help.

THE CONCENTRATION TERM For Superfund assessments, the
- concentration term (C) in the intake equation is

How is the concentration term used?

RAGS/HHEM Part A presents the
Superfund risk assessment process in four "steps®:
(1) data collection and evaluation; (2) exposure
assessment; (3) toxicity assessment; and (4) risk
characterization. The concentration term is
calculated for use in the exposure assessment step.
Highlight 1 presents the general equation
Superfund uses for calculating exposure, and
illustrates that the concentration term (C) is one
of several parameters npeeded to estimate
contaminant intake for an individual

an estimate of the arithmetic average concentration
for a contaminant based on a set of site sampling

results. Because of the uncertainty associated with
estimating the true average copcentration at a site,
the 95 percent upper confidence limit (JCL) of

the arithmetic meap should be used for this
varigble. The 95 percent UCL provides reasonable

confidence that the true site average will not be
underestimated.

Why use an average value for the concentration
term? .

An estimate of average concentration is used
because:

these bulletina

Supplemerual Guidance 1o RAGS is 8 bulictin scrics on risk asscsament of Superfund sites. These bulleting serve as supplements to
Risk Asexmens Guidance for Superfind: Vobume | — Human Health Evaluation Manual. The information presented is intended as
guidance to EPA and other government cmployess. [t docs not constitute rulemaking by the Agency, and may not be relied on to
create a substantive or procedural right enforceable by any other peyson, The Government may take action that is at variance with




I1=C
where:
I =
C = contaminant concentration
CR = contact (intake) rate
EFD = exposure frequency and duration
BW = body weight
AT = averaging time

CRxEFD 1
X ="

Highlight 1
GENERAL EQUATION FOR ESTIMATING EXPOSURE
TO A SITE CONTAMINANT

AT

intake (i.e., the quantitative measure of exposure in RAGS/HHEM)

(8))] carcinogenic and chronic noncarcinogenic
. toxcity criteria! are based on lifetime
average exposures; and

(2) average concentration is most
representative of the concentration that
would be contacted at a site over time.

For example, if you assume that an exposed
individual moves randomly across an exposure
area, then the spatially averaged soil concentration
can be used to estimate the true average
concentration coatacted over time. In this
example, the average concentration contacted over
time would equal the spatially averaged
concentration over the exposure area. While an
individual may not actually exhibit a truly random
pattern of movement across an exposure area, the
assumption of equal time spent in different parts
of the area is a simple but reasonable approach.

When should an average concentration be used?

The two types of exposure estimates now
being required for Superfund risk assessments, a
reasonable maximem exposure (RME) and an
average, should both use an average concentration.
To be protective, the overall estimate of intake
(sec Highlight 1) used as a basis for action at

! When acute toxiciry is of most concers, a long-
term average concentration generally shouid not be
used for risk assessment purposes, as the focus
should be 10 estimate short-term, peak
concentrations.

Superfund sites should be an estimate in the high
end of the intake/dose distribution. One high-end
option is the RME used in the Superfund
program. The RME, which is defined as the
highest exposure that could reasonably be expected
1o occur for a given exposure pathway at a site, is
intended to account for both uncertainty in the
contaminant concentration and variability in
exposure parameters (c.g., exposure frequency,
averaging time). For comparative purposes,
Agency guidance (U.S. EPA, Guidance on Risk
Characterization for Risk Managers and Risk
Assessors, February 26, 1992) states that an average
estimate of exposure also should be presented in
risk assessments. For decision-making purposes in
the Superfund program, however, RME is used to
estimate risk.

Why use an estimate of the arithmetic mean
rather than the geometric mean?

The choice of the arithmetic mean
concentration as the appropriate measure for
cstimating exposure derives from the need to
estimate an individual's long-term average
exposure. Most Agency health criteria are based
on the long-term average daily dose, which is
simply the sum of all daily doses divided by the
total number of days in the averaging period. This
is the definition of an arithmetic mean. The

2 For additional information on RME, see
RAGS/HHEM Part A and the Natigpal Oil and
Hazardous Substances Pollution Contingency Plan
(NCP), 55 Federal Register 8710, March 8, 1990.



arithmetic mean is appropriate regardless of the
pattern of daily exposures over time or the type of
statistical distributioa that might best describe the
sampling data. The geometric mean of a set of
sampling results, bowever, bears no logical
connection 1o the cumulative intake that would
result from long-term contact with site
contaminants, and it may differ appreciably from -
and be much lower than — the arithmetic mean.
Although the geometric mean is a convenient
parameter for describing central tendencies of
lognormal distributions, it is not an appropriate
basis for estimating the concentration term used in
Superfund exposure assessments. The following
simple example may help clarify the difference
between the arithmetic and geometric mean when
used for an exposuse assessment:

Assume the daily exposure for a trespasser
subject 1o random exposure at a site is 1.0,
0.01, 1.0, 0.0, 1.0, 001, 1.0, and 0.01
units/day over an 8-day period. Given
these values, the cumulative exposure is
simply their summation, or 4.04 units.
Dividing this by 8 days of exposure results
in an arithmetic mean of 0.505 units/day.
This is the value we would want to use in
a risk assessment for this individual, not
the peometric mean of 0.1 units/day.
Viewed another way, multiplication of the
geometric mean by the number of days
equals 0.8 units, considerably lower than
the known cumulative exposure of 4.04
upits.

UCL AS AN ESTIMATE OF THE
AVERAGE CONCENTRATION

What is a 95 percent UCL?

The 95 percent UCL of a mean is defined
as a value that, when calculated repeatedly for
randomly drawn subsets of site data, equals or
exceeds the true mean 95 percent of the time.
Although the 95 percent UCL of the mean
provides a conservative estimate of the average (or
mean) concentration, it should not be confused
with a 95'® percentile of site concentration data (as

shown in Highlight 2).
Why use the UCL as the average concentration?
Statistical confidence limits are the classical

tool for addressing uncertainties of a distribution
average. The 95 percent UCL of the arithmetic

mean concentration s used as the average
concentration because it is not possible to know
the true mean. The 95 percent UCL therefore
accounts for uncertainties due to limited sampling
data at Superfund sites. As sampling data become
less limited at a site, uncertaipties decrease, the
UCL moves closer 10 the true mean, and exposure
evaluations using either the mean or the UCL
produce similar results. This concept is illustrated

in Highlight 2.

Should a value other than the 95 percent UCL be
used for the concentration?

A value other than the 95 percent UCL
can be used provided the risk assessor cap
documeat that high coverage of the true
population mean occurs (i.c., the value equals or
exceeds the true population mean with high
probability). For exposure areas with limited
amounts of data or extreme variability in measured
or modeled data, the UCL can be greater than the
highest measured or modeled concentration. In
these cases, if additional data cannot practicably be
obtained, the highest measured or modeled value
could be used as the concentration term. Note,
however, that the true mean still may be higher
than this maximum value (i.e., the 95 percent UCL
indicates a higher mean is possible), especially if
the most contaminated portion of the site has not
been sampled.

CALCULATING THE UCL

How many samples are necessary 1o calculate the
95 percent UCL?

Sampling data from Superfund sites have
shown that data sets with fewer than 10 samples
per exposure area provide poor estimates of the
mean concentration (i.e., there is a large difference
between the sample mean and the 95 percent
UCL), while data sets with 10 1o 20 samples per
exposure area provide somewhat better estimates
of the mean, and data sets with 20 to 30 samples
provide fairly consistent estimates of the mean
(i.e., the 95 percent UCL is close to the sample
mean). Remember that, in general, the UCL
apptoaches the true mean as more samples are
included in the calculation.

Shouid the data be transformed?

EPA's experience shows that most large or
“complete” environmental contaminant data sets



Highlight 2
COMPARISON OF UCL AND 95'® PERCENTILE

5
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Observations

Concantration

As sample size increases, the UCL of the mean moves closer 1o the true mean, while the 950
percentile of the distribution remains at the upper end of the distribution.

from soil sampling are lognormally distributed
rather than normally distributed (sec Highlights 3
and 4 for illustrations of lognormal and normal
distributions). In most cases, it is reasonable
10 assume that Superfund soil sampling data are
lognormally distributed. Because transformation is
a necessary step in calculating the UCL of the
arithmetic mean for a lognormal distribution, the
data should be transformed by using the natural
logarithm function (i.c., calculate In(x), where x is
the value from the data set). However, in cases
where there is a question about the distribution of
the data set, a statistical test should be used to
identify the best distributional assumption for the
data set. The W-test (Gilbert 1987) is ome
statistical method that can be used to determine if
a data set is consistent with a normal or lognormal
distribution. In all cases, it is vatuable to plot the
data to better understand the contaminant
distribution at the site.

How do you calculate the UCL for a lognormal
distribution?

To calculate the 95 percent UCL of the
arithmetic mean for a lognormally distributed data

set, first transform the data using the natural
logarithm function as discussed previously (i.e.,
calculate In(x)). After wansforming the data,
determine the 95 percent UCL for the data set by
completing the following four steps:

(1) Calculate the arithmetic mean of the
transformed data (which is also the log of
the geometric mean);

2) Calculate the standard deviation of the

transformed data;

{3) Determine the H-statistic (e.g., see Gilbert
1987); and

“4) Calculate the UCL using the equation
shown in Highlight §,

How do you calculate the UCL for a normal
distribution?

If a statistical test supports the assumption
that the data set is normally distributed, calculate

the 95 perceat UCL by completing .the following
four steps:



Highlight 3
EXAMPLE OF A LOGNORMAL DISTRIBUTION
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Highlight §
CALCULATING THE UCL OF THE ARITHMETIC MEAN
FOR A LOGNORMAL DISTRIBUTION

UCL = 2% +055% +sH1/a-T)

where:
UCL = upper confidence limit
e = constant (base of the natural log, equal to 2.718)
X = mean of the transformed data
5 = standard deviation of the transformed data
H = H-statistic (e.g., from table published in Gilbert 1987)
n = number of samples
Highlight 6
CALCULATING THE UCL OF THE ARITHMETIC MEAN FOR A NORMAL DISTRIBUTION
UCL=x+t(s//n)
where:
UCL = upper confidence limijt
X = mean of the untransformed data
] = standard deviation of the vntransformed data
t = Student-t satistic (e.g., from table published in Gilbert 1987)
n = number of sampies

(1} Caiculate the arithmetic mean of the
untransformed data;

(2)  .Calculate the standard deviation of the
* untransformed data;

3) Determine the one-tajled t-statistic (e.g.,
see Gilbert 1987); and

(4}  CQalculate the UCL using the equation
presented in Highlight 6.

Use caution when applying normal distribution
calculations if there is a possibility that hegvily
contaminated portions of the site have not been
adequatcly sampled. In such cases, a UCL from
normal distribution calculations could fail bejow
the true mean, even if a limited data set at a site
appears normally distributed.

EXAMPLES

The examples shown in Highlights 7 and 8
address the exposure scenario where an individual
at a Superfund sitc has equal opportunity to
contact soil in any sector of the contaminated area
over time. Even though the examples address only
soil exposures, the UCL approach is applicable to
all exposure pathways. Guidance and examples for
other exposure patbhways will be presented in
forthcoming bulletins.

Highlight 7 presents a simple data set and
provides a stepwise demonsiration of transforming
the daia — assuming a lognormal distribution =
and calculating the UCL. Highlipht 8 uses the
same data sel to show the difference between_the
UCLs that would result from assuming normal and
lognormal distribution of the data. These



examples demonsirate the importance of using the
correct assumpiions.

WHERE CAN | GET MORE HELP?

Additional information on Superfund’s
policy and approach to calculating the
concentration term and estimating exposures at
wasie sites can be obtained in:

®  US.EPA, Risk Assessment Guidance
for Superfund: Volume I — Human
Health Evaliation Manual (Parr A),
EPA/540/1-89/002, December 1989.

e US. EPA, Guidance for Data
Useability in Risk Assessment,
EPA/540/G-90/008 (OSWER
Directive 9285.7-05), October 1990.

®  US.EPA, Risk Assessment Guidance
for Superfund (Part A — Baseline Risk
Assessment) Supplemental Guidancef
Standard Exposure Factors, OSWER
Directive 5285.6-03, May 1991.

Useful statistical guidance can be found in many
standard textbooks, including:

®  Gilbert, R.O., Stanstical Methods for
Environmental Pollunon Monitonng,
Van Nostrand Reinhoid, New York,
New York, 1987.

Questions or comments concerning the
concentration term can be direcied 1o:

®  Toxics Integration Branch
Office of Emergency and Remedial
Response
401 M Street SW
Washington, DC 20460
Phone: 202-260-9486

EPA staff can obtain additional copies of this
bulletin by calling EPA’s Center for Environmental
Research Information at FTS 684-7562 (513-569-
7652). Others can obtain copies by contacting
NTIS at 800-3364700 (703-487-4650 in the
Washington, DC area).
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Highlight 7
EXAMPLE OF DATA TRANSFORMATION AND CALCULATION OF UCL

This example shows the calculation of a 95 percent UCL of the arithmetic mean
concentration for chromium in soil at a Superfund site. This example is applicable oniy to a
scenario in which a spatially random ure pattern is assumed. The concentrations of chromjum
obtained from random sampling in soil at this site (in mg/kg) are 10, 13, 20, 36, 41, 59, 67, 110, 110,
136, 140, 160, 200, 230, and 1300. Using these data, the following steps are taken to calculate a
concentration term for the intake equation:

(1) Plot the data and inspect the graph. (You may need the help of a statistician for this part
[as well as other parts] of the calculation of the UCL.) The plot (not shown, but similar to
Highlight 3) shows a skew to the right, consistent with a lognormal distribution.

{2) Transform the data by taking the natural log of the values (i.e., determine In(x)). For this
data set, the transformed values are; 2.30, 2.56, 3.00, 3.58, 3.71, 4.08, 4.20, 4.70, 4,70, 4.91,
4.94, 5.08, 5.30, 5.44, and 7.17.

(3) Apply the UCL equation in Highlight 5, where:

X =438

s =125

H = 3.163 (based on 95 percent)
n=15

The resuiting 95 percent UCL of the arithmetic mean is thus found to equal ¢6218), or 502 mp/xg.

Highlight 8
COMPARING UCLS OF THE ARITHMETIC MEAN ASSUMING DIFFERENT DISTRIBUTIONS

In this example, the data presented in Highlight 7 are used to demonstrate the difference in
the UCL that is seen if the normal distribution approach were inappropriately applied to this data
set (i.e., if, in this example, a normal distribution is assumed).

ASSUMED DISTRIBUTION: Normal Lognormal
TEST STATISTIC: Student-t H-statistic

95 PERCENT UCL (mg/kg): 325 502
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The Toxics Integration Branch and Regional nsk
assessors have formed a Total Quality Management
(TQM) Quality Action Team (QAT), known as the
Concentration Term workgroup, to address the broad
goal of improving the quality of data used in baseline
risk assessments.

For this fact sheet, the Concentration Term
workgroup consulted with representatives of the
Groundwater Forum to address the risk assessment
challenges posed by groundwater, in particular.

alculating Risk

e e ]

Risk at Superfund sites generally is calculated by
comparing estimates of human exposure with Agency-
verified toxicity criteria. Exposure is calculated by
combining concentration with other parameters, such
as the contact rate, exposure frequency and duration,
and body weight. Current Agency guidance (U.S.
EPA, Guidance on Risk Characterization for Risk
Managers and Risk Assessors, February 26, 1993)
requires risk assessments to present multipie descrip-
tors of risk, inciuding estimates for both average and
high-end exposure scenarios. The Superfund site
manager uses the calculated risk value to help deter-
mine the need for and extent of contaminant cleanup.
Since risk and exposure are linearly related, the
poliutant’s concentration has a significant influence on
the risk analysis, and, consequently, the remediai
decision at a given site. The calculation of the concen-
tration term is crucial; miscalculation could result in a
false estimate of risk and, ultimately, result in inappro-
priate cleanup decisions and misdirected Superfund
actions.

The Superfund program uses a reasonable maxi-
mum exposure (RME) or high-end risk calculation as

the basis for remedial decisions. RME is intended to
estimate a conservative case that is both protective of
human health and the environment, while remaining
within the range of potential exposure levels.
Because groundwater is a very complex and
dynamic medium with characteristics that can change

| seasonally, it is likely that concentration of a given

contarminant in each well will vary over time. There-
fore, the concentration term is best described by an
arithmetic average, regardless of whether the overall
exposure estimate is high-end or average. Time and
resource considerations generally preclude collecting
enough data to calculate a true average; therefore,
Superfund has relied on an upper-confidence limit on
the arithmetic mean (UCL,,) to represent the average
concentration.

he Challenge of Groundwater
Risk Assessment

o T T B P e Ty L M W T i

When determining the need for action, there are
both policy and technical issues that set groundwater
apart from other media, such as soil. EPA's policy is to
consider the maximum beneficial use of groundwater
and to protect it against future contamination. The
National Qil and Hazardous Substances Pollution
Contingency Plan (NCP) (U.S. EPA Publication
9200.2-14, January 1992) states that groundwater is an
inherently valuable natural resource to be protected and
restored where necessary and practieal, as groundwater
that is not currently used may be a drinking water
supply in the future. An example of this practice 1S
where a deeper, uncontaminated aquifer is hydrauli-
cally connected to a shallow, contaminated aquifer.

(continued on p.2)
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{continued from p.1i

Although the shallow aquifer may not
currently be a drinking water resource,
EPA may choose to remediate it to
protect the deeper aquifer. In addi-
tion, few states have designated
aquifers as unpotable, resulting in
most aquifers being considered
drinking water sources that must be
addressed in the risk assessment.

These policies are sometimes
at odds with Superfund’s attempts
to reasonably assess potential nisks
to human health. Risk assessment
should be based upon the likelihood
that a person will be continuously
exposed to the contaminants present
at the stte over time. Ina true
assessment of risk, the usability of
the aquifer must be considered.
This includes such factors as the
quality of the water (pH, redox
potential, salinity, etc.), the size of
the aquifer, the hydraulic character-
istics, the community’s water
needs, and the availability of other
drinking water sources.

Technical issues center around
the characteristics of groundwater
and make estimating long-term
exposures particulary difficult.
Most groundwater plumes move
over time. The rate at which the
plume moves, both horizontally and
vertically, can greatly affect the
concentration of contaminants at
the same well. Seasonal vanations
in precipitation can cause low-to-
high shifts in the groundwater table,
flushing some contaminants out of
the sample area.

The complexity of ground-
water as a medium has a very
definite impact on the ability to
caiculate a reliable concentration
term. Because the concentration
term is key to determining risk, it is
imperative that the risk assessor has
enough information to properly
calculate the concentration term.
Analysis has shown that as the

vmber of sampies increases. the

or More Information

Additional information on Supertund's poficy and
approach o calculating risk at groundwater sites can be

cbtained in:

« US. EPA, Hisk Assessment Guidance for Superfund
(RAGS): Volume I—Human Health Evaluation
Manual (Part A), EPA/540/1-89/002, December

1989.

~
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« U.S. EPA, Supplemental Guidance to RAGS: Calculaling the Concentra-
tion Term, Publication 9285.7-081, March 1992,

« U.S. EPA, Guidance for Data Usability in Risk Assessment, EPA/540/G-
90/008 (OSWER Directive 9285.70S), Oclober 1980.

« U.S.EPA, Guidance on Risk Characterization for Risk Managers and
== RiskAssessors, memorandum from F. Henry Habicht 1l to Assistant and
w‘%ﬂe@mﬂﬁ&:ﬁﬁs&ators February 26, 1993. (Availabla !mm the Office of .

‘= the Admlmstrator )i

» U.S&’EPA. Gmdance Document for Providing Altemate Waler Supplies,
-~ EPAJ540/G-87/006 (OSWER Direclive 9355.3-03), February 1988.
- {Available from the Superfund Document Genter at 202/260-9760.)

« U.S. EPA, National Oil ‘and Hazardous Substances Pollution Contin-
gency Plan (The NCP), Publication 8200.2-14, January 1992.

degree of uncentainty and inherent
conservatism is reduced. Prelimi-
nary results with soif analyses have
shown that data from 10 to 20
samples per exposure area can support
the calculation of a UCL, that is
reasonably close to the true mean.

Risk assessors have found that
groundwater pollutant concentra-
tion data collected during the
remedial investigation often are
insufficient to support a statistically
meaningful average. For ground-
water, the exposure area is difficult
to define, and due to the expense
and labor required to install
monitoring wells, adequate data
may not be available for risk

analysis use. If the available data
cannol support statistical calcula-
tion of a pollutant’s average
concentration, the risk assessor is
forced Lo calculate risk values
from a single concentration
measurement, usually relying on a
maximum value. This approach
provides very low scientific
confidence, as a single measure-
ment cannot represent the con-
tamination present in the entire
plume. Thus, the risk assessors
and site managers must reach a
compromise between the desire
for the optimum amount of data
and the cost of installing and
sampling wells.




Members of the Groundwa-

ter Forum provided the following
description of a groundwater site
investigation. First, they stated
that it is common practice in the
initial phases of a groundwater
site investigation to install be-
tween five to six wells across the
site, targeting source areas and
potential downgradient migration.
Second, around wells with high
hits, one or two additional wetls
may be installed to further define
the “center of the plume.” Fi- .
nally, once the “center” has been
located, future efforts focus on
defining the extent of contamina-
tion downgradient of the “center.”
The number of sampling rounds
varies from site to site. but four
quarters” worth of data will
provide a very good picture of the
influence of seasonal changes on
the level of the water table.
Although other exposure
estimates are made. the NCP
directs that the risk assessment
focus on estimating an RME.
Therefore, it is appropriate for the
assessor to target data from wells
in the “center” of the plume. As
stated above, the assessor may
have data from only two or three
wells, and calculation of a mean-
ingful UCL , requires 10 to 20

samples. The
primary purpose
of calculating the
UCL,, is to ensure
that the true mean of the
entire site would not be under-
estimated, as is common with
iimited data sets. However, in
this case, we are targeting data
from the more highly contami-
nated area of the plume, and it is
unlikely that the site-wide average
will be underestimated. Thus, for
the concentration term in ground-
water risk assessments, it is
sufficient to take the simple
arithmetic average of sample data
obtained from two to three wells
in the “center” of the plume.
Again, to account for the impact
of seasonal variations, data from
at least iwo quarters is required,
and data from four quarters is
preferred.

This guidance is most appli-
cable to sites where groundwater
is not currently used for drinking
water. For residential wells that
are currently in use, action may be
taken where “Removal Action - .
Levels” are exceeded. This action
can be taken based on one round
of sampling with confirmation
analyses.
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PO Widih/Size of -
%ﬁi_ 7 Capture Zone

ssues to = |
Consider JOlnﬂy at Each Site « The true exposure area for

groundwater is the area
“captured” by a residential

Our discussions with the Groundwater Forum produced the pumping well. The area
following list of issues that Regional risk assessors and defined as the “center” of the
hydrogeologists shouid explore together on a site-specific basis. plume may be different.

« Plumes move at different rates,
but few are static. This fact
underscores the indefensibility
of using one data point to
represent a long-term exposure

Type of Well

Aesdential, muncipal, o mendonng

Speed of
R unelioyenen!

point concentration. » Residential wells usually
»  Also, speed of plume movement can affect duration of exposure to pump on the orderof 1 10 5
contaminants, leading to either acute or chronic exposure. gallons per munute, and data
. obtained from monitoring
» Contaminants in a plume are wells may not reflect the type
subject to a variety of forces : HVdfGUIiC-EQ{CBS_- of exposure in a residential

that can retard migration or “‘,.-—b > intheAquifel' setting. A more representative
"_-_____—4"' - e 5

attenuate the concentration NG estimate of exposure point
over time. Even quarterly concentration may be

sample data over a year's time represents only a “snapshot” of achieved by modeling the
contaminant levels that may not be representative of the true long- impact of a pumping well in
term exposure point concentration. the “center” of the plume.

* Municipal wells or well fields
can differ substantially in
construction and pumping
capacity from monitoring
wells.
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This bibliography is based on a limited literature search and review and is not a complete list of documents
related to ecological risk assessment.

U.S. ENVIRONMENTAL PROTECTION AGENCY GUIDANCE

U.S. Environmental Protection Agency. 1994. Ecological Risk Assessment Guidance for Superfund:
Process for Designing and Conducting Ecological Risk Assessments. Environmental Response Team.
Edison, New Jersey. September.

This proposed agency-wide guidance document describes an accepted process for designing and
conducting ecological risk assessments under the Superfund program, including methods for calculating
risk-based cleanup levels. The final version of this guidance document will supersede Risk Assessment
Guidance for Superfund, Volume II, Environmental Evaluation Manual, which still can be used as a basic
tutorial on Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
ecological risk assessment.

EPA. 1993 and 1994. A Review of Ecological Assessment Case Studies From a Risk Assessment
Perspective. Volumes 1 and 2. Risk Assessment Forum. Washington, D.C.

EPA scientists present a cross section of ecological assessment case studies. The case studies present a
variety of work scopes, ecosystems, ecological endpoints, chemical and nonchemical stressors, and
programmatic requirements within EPA. The approaches used in the case studies are generally consistent
with some, but not all, of the principles in the Framework for Ecological Risk Assessment (EPA 1992).
While these case studies are useful examples of the “state-of-the-practice,” they should not be regarded
models to be followed.

EPA. 1992. Framework for Ecological Risk Assessment. EPA/630/R-92/001. Risk Assessment
Forum. Washington, D.C. February.

This reference should be used in conjunction with other technical guidelines since it is only a conceptual
framework and is not considered a “stand alone” guidance document. The framework provides a format
that facilitates consistent ecological risk assessment formulation at regulated facilities, including Resource
Conservation and Recovery Act (RCRA) hazardous waste facilities.

EPA. 1989. The Nature and Extent of Ecological Risks at Superfund Sites and RCRA Facilities.
EPA-230-03-89-043. Office of Policy Analysis. Washington, D.C. June.

This report presents the results of a study of ecological risks posed by Superfund sites and RCRA facilities.
The report includes discussions of methods used in the identification of sites and review of reports, the
nature and extent of ecological threats, and summaries of key findings.

EPA. 1989. Risk Assessment Guidance for Superfund, Volume II, Environmental Evaluation
Manual. Interim Final. EPA/540/1-89/001. Office of Solid Waste and Emergency Response.
Washington, D.C. March.

Risk Assessment Guidance for Superfund (RAGS) Volume II provides cdnceptual guidance in planning

studies to evaluate the ecology of a site, including RCRA facilities. The draft Ecological Risk Assessment
Guidance for Superfund supersedes RAGS Volume Il as guidance on how to design and conduct
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ecological risk assessments. RAGS Volume II does include useful information on the regulatory and
statutory bases of ecological risk assessment, basic ecological concepts, and other background information
that are not presented in RAGS Volume II.

EPA. 1989. Ecological Assessments of Hazardous Waste Sites: A Field and Laboratory Reference.
EPA/600/3-89/013. Office of Research and Development. Washington, D.C. March.

This document provides introductory discussions on various techniques in ecological risk assessment that
may be appropriate for RCRA facilities.

The following ECO Updates are ecological risk assessment bulletins intermittently issued by the EPA that
supplement RAGS Volume II. These bulletins are used to provide technical information that pertains to
various aspects of ecological risk assessment. The bulletins do not constitute rule making by the EPA.
There are currently three volumes of ECO Updates containing specific topics as follows:

Volume 1:

EPA. 1991. The Role of BTAGs in Ecological Assessment. Volume 1. Number 1. Office of Solid
Waste and Emergency Response. Washington, D.C. September.

This bulletin summarizes the Biological Technical Assistance Group (BTAG) structure and function in the
CERCLA process. It explains how the BTAG can assist project managers in evaluating ecological risks.

EPA. 1991. Ecological Assessment of Superfund Sites: An Overview. Volume 1. Number 2. Office
of Solid Waste and Emergency Response. Washington, D.C. December.

This bulletin provides an updated framework for ecological assessment in the Superfund (or CERCLA)
program. It describes ecological assessment components and how they fit into the remedial investigation
and feasibility study (RI/FS) process.

EPA. 1992. The Role of Natural Resource Trustees in the Superfund Process. Volume 1. Number 3.
Office of Solid Waste and Emergency Response. Washington, D.C. March.

This bulletin facilitates the working relationship between project managers involved in site cleanup and
natural resource trustees. It also helps ensure compliance with applicable or relevant and appropriate
requirements (ARAR) and increases understanding of trustee issues relevant to the CERCLA process.

EPA. 1992. Developing a Work Scope for Ecological Assessments. 1992. Volume 1. Number 4.
Office of Solid Waste and Emergency Response. Washington, D.C. May.

This bulletin helps project managers involved in site cleanup to plan and manage ecological assessments as
part of the RI/FS process under CERCLA. It includes information on project scoping, preparing

statements of work, and work plan development.

EPA. 1992. Briefing the BTAG: Initial Description of Setting, History, and Ecology of a Site.
Volume 1. Number 5. Office of Solid Waste and Emergency Response. Washington, D.C. August.
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This bulletin focuses on the first opportunity (usually in the early RI planning stage) that a project manager
has for conferring with the BTAG about possible ecological effects at a site. Pertinent information to
present to the BTAG includes the site’s setting and history, constituents expected. and ecological
characteristics.

Volume 2:

EPA. 1994. Using Toxicity Tests in Ecological Risk Assessment. Volume 2. Number 1. Office of
Solid Waste and Emergency Response. Washington, D.C. September.

This bulletin presents measurement endpoints in toxicity testing, elements in a toxicity assessment, and
general guidelines for selecting toxicity tests. These tests may help to determine whether concentrations of
COPECs detected in site media are high enough to cause adverse effects in organisms; demonstrate
whether constituents are bioavailable; evaluate the aggregate toxic effects of all hazardous constituents in a
medium; and evaluate the toxicity of substances whose biological effects are not well understood.

EPA. 1994. Catalogue of Standard Toxicity Tests for Ecological Risk Assessment. 1994. Volume 2.
Number 2. Office of Solid Waste and Emergency Response. Washington, D.C. September.

This bulletin consists of a list of standardized aquatic, sediment, terrestrial, and microbial toxicity tests
used at CERCLA sites. It indicates source documents that more fully describe test protocols.

EPA. 1994. Field Studies for Ecological Risk Assessment. Volume 2. Number 3. Office of Solid
Waste and Emergency Response. Washington, D.C. September.

This bulletin addresses ecological field studies as part of the ecological risk assessment that occur in the
area of ecological concern at a site. It covers important considerations such as the organisms to be
evaluated in the field study and elements in the design of a field study. A catalogue of field methods is
also presented.

EPA. 1994. Selecting and Using Reference Information in Superfund Ecological Risk Assessments.
Volume 2. Number 4. Office of Solid Waste and Emergency Response. Washington, D.C.
September.

This bulletin summarizes methods for identifying and using reference information sources such as existing
relevant data, mathematical models, and new data collected from unimpacted or reference sites.

Volume 3:

EPA. 1996. Ecological Significance and Selection of Candidate Assessment Endpoints. Volume 3.
Number 1. Office of Solid Waste and Emergency Response. Washington, D.C. January.

This bulletin helps project managers identify ecological elements at a site, estimate their relative value and
significance in the ecosystem, and identify potential assessment endpoints.

EPA. 1996. Ecotox Thresholds. Volume 3. Number 2. Office of Solid Waste and Emergency
Response. Washington, D.C. January.

N-3
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This bulletin describes how ecotoxicological values are to be used for screening purposes in the Superfund
ecological risk assessment process. It summarizes the methodologies used to calculate ecotox thresholds
for each medium and discusses limitations of using ecotox thresholds.

REGION-SPECIFIC U.S. ENVIRONMENTAL PROTECTION AGENCY GUIDANCE
Region 1

EPA. 1989. Supplemental Risk Assessment Guidance for the Superfund Program - Part 2: Guidance
Jor Ecological Risk Assessments. EPA/901/5-69/01. Risk Assessment Work Group. Boston,
Massachusetts.

This manual reviews elements of the ecological risk assessment process and the types of data needed to
evaluate risks to ecological receptors.

Region 3

EPA. 1994. Interim Ecological Risk Assessment Guidelines. 9107-4431. Hazardous Waste
Management Division. Philadelphia, Pennsylvania.

This draft document briefly summarizes three levels of ecological risk assessment: the screening level, the
semiquantitative level, and the quantitative level.

Region 4

EPA. 1995. Supplemental Guidance to RAGS: Region 4 Bulletins - Ecological Risk Assessment.
Draft. Office of Health Assessment. Atlanta, Georgia. November.

This draft document includes bulletins that discuss preliminary risk evaluation or screening-level
ecological risk assessment, ecological screening values used to identify COPECs in the screening-level
ecological risk assessment, assessment and measurement endpoint selection based on the results of the
screening-level ecological risk assessment, and inclusion of natural resource trustees in the CERCLA
process.

Region 5§

EPA. 1992. Regional Guidance for Conducting Ecological Assessments. Draft final. Chicago,
Illinois. April.

This reference supplements existing CERCLA guidelines; it outlines a framework for conducting
ecological assessments at Superfund sites.

EPA. 1994. Ecological Risk Assessment Guidance for RCRA Corrective Action. Interim draft.
Waste Management Division. Chicago, Illinois. July.

This is a draft document that discusses ecological risk assessment and how to effectively integrate risk
assessment and corrective action processes.
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Region 7

EPA. 1995. Assessing Ecological Risk at RCRA Hazardous Waste Treatment, Storage, and Disposal
Facilities: A Project Manager’s Guide. Kansas City, Kansas. June.

This guide is design to help project managers and risk managers that are unfamiliar with ecological
concepts used in ecological risk assessment. The focus is on evaluating ecological risks posed by RCRA
treatment, storage, and disposal (TSD) facilities in Region 7. The guide relies primarily on CERCLA
guidance to provide the framework for ecological risk assessment at RCRA TSD facilities in Region 7.

Region 8

EPA. 1994. Operation of the Ecological Technical Assistance Group (ETAG) for EPA Region VIII
Ecological Risk Assessments. ER-01. Hazardous Waste Management Division. September.

This technical guidance describes the goals of the ETAG (or BTAG) for CERCLA ecological risk
assessments in Region 8. ETAGs and BTAGs help EPA achieve better and more consistent ecological risk
assessments at CERCLA sites.

Region 10

EPA. 1995. Supplemental Risk Assessment Guidance for Superfund. Draft. Seattle, Washington.
December.

This draft guidance incorporates CERCLA human health and ecological risk assessment guidance. It
summarizes important concepts for the agency-wide guidance, highlights steps of the CERCLA RI/FS
process in which risk assessors need to be involved, and identifies specific deliverables required by EPA
Region 10 during the development of baseline risk assessments.

DEPARTMENT OF ENERGY GUIDANCE

U.S. Department of Energy (DOE). 1996. Screening Benchmarks for Ecological Risk Assessment.
Version 1.5 (computer database program). Oak Ridge National Laboratory. Oak Ridge,
Tennessee. January.

Note: Screening benchmarks approved for use at some DOE facilities are formatted in a computer
database format. The database provides screening values for aquatic biota, wildlife, terrestrial
plants, sediment-associated organisms, and soil and litter organisms. The sources and derivation
of these screening values are presented in the following DOE documents.

Suter 1I, G.W. and J.B. Mabrey. 1994. Toxicological Benchmarks for Screening of Potential
Contaminants of Concern for Effects on Aquatic Biota on Oak Ridge Reservation: 1994 Revision.
ES/ER/TM-96. Oak Ridge National Laboratory. Oak Ridge, Tennessee.

Opresko, D.M., B.E. Sample, and G.W. Suter I1. 1995. Toxicological Benchmarks for Wildlife: 1993
Revision. ES/ER/TM-86/R2. Oak Ridge National Laboratory. Oak Ridge, Tennessee.
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Will, M.E. and G.W. Suter I1. 1995. Toxicological Benchmarks for Screening Potential Contaminants of
Concern for Effects on Terrestrial Plants: 1995 Revision. ES/ER/TM-85-R2. Oak Ridge National
Laboratory. Oak Ridge, Tennessee.

Suter II, G.W., and R.N. Hull. 1994. Toxicological Benchmarks for Screening Contaminants of Potential
Concern for Effects on Sediment-Associated Biota: 1994 Revision. ES/ER/TM-95/R1. Oak Ridge
National Laboratory. Oak Ridge, Tennessee.

Will, M.E. and G.W. Suter II. 1995. Toxicological Benchmarks for Potential Contaminants of Concern
Jor Effects on Soil and Litter Invertebrates and Heterotrophic Process. ES/ER/TM-126/R1. Oak Ridge
National Laboratory. Oak Ridge, Tennessee.

Barnthouse, L.W., et al. 1992. Survey of Ecological Risk Assessment at DOE Facilities. NTIS
Accession Number: DE93000972/XAB. Oak Ridge National Laboratory. Oak Ridge, Tennessee.

This document is a survey of ecological risk assessment procedures at a subset of major DOE facilities.
The survey identifies ecological risk assessment approaches used by DOE and its contractors. It
documents lessons learned with these approaches. The survey identifies new technical developments and
approaches that may apply to DOE facilities. The report also identifies major data needs, data resources,
and methodological deficiencies.

Suter I, G.W. 1994. Approach and Strategy for Performing Ecological Risk Assessments for the U.S.
Department of Energy’s Oak Ridge Reservation. ES/ER/TM-33/R1. Oak Ridge National
Laboratory. Oak Ridge, Tennessee. August.

This document includes guidelines on developing conceptual models for the ecological risk assessment
process, selecting assessment and measurement endpoints, specific data requirements, and risk
characterization.

DEPARTMENT OF DEFENSE GUIDANCE

LaPoint, T.W., M. Simini, J.D. Florian, Jr., and R.S. Wentsel. 1995. Procedural Guidelines for
Ecological Risk Assessments at U.S. Army Sites - Volume 2: Research and Biomonitoring Methods for
the Characterization of Ecological Effects. Report Number: ERDEC-TR-221. Aberdeen Proving
Ground, Maryland. February.

Volume 2 contains information about more than 100 environmental models and test methods used in
ecological risk assessment. The methodologies are designed to assist risk assessors in selecting appropriate
models and tests that are relevant to ecological hypotheses and goals of Rls and FSs.

Wentsel, R.S., T.W. LaPoint, M. Simini, D. Ludwig, and L. Brewer. 1994. Procedural Guidelines
Jor Ecological Risk Assessments at U.S. Army Sites - Volume 1. Report Number: ERDEC-TR-221.
Aberdeen Proving Ground, Maryland. December.

Volume | provides ecological risk assessment guidance for U.S. Army National Priority sites and sites

listed under the Base Realignment and Closure program. This report provides an enhanced understanding
of CERCLA guidance, cost-effective and tiered procedures, and a conceptual framework to standardize
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ecological risk assessments at U.S. Army facilities. The conceptual framework is based on EPA’s
agency-wide framework.

NATIONAL OCEANIC and ATMOSPHERIC ADMINISTRATION GUIDANCE

Long, E.R. and L.G. Morgan. 1990. The Potential for Biological Effects of Sediment-Sorbed
Contaminants Tested in the National Status and Trends Program. Technical memorandum NOS
OMA 52. March.

This report assesses the potential for adverse biological effects through exposure of biota to hazardous
constituents in sediments sampled and analyzed under the National Status and Trends Program.
Guidelines for assessing potential effects are included and were developed from data assembled for a
variety of approaches and many geographic areas.

Long, E.R. 1992. Ranges in chemical concentrations in Sediments Associated with Adverse Biological
Effects. Marine Pollution Bulletin 24. Volume 1. Pages 38-45.

Data derived from many geographic regions, methods, and approaches are evaluated in this paper to
identify the ranges in chemical concentrations associated with adverse biological effects. Data from three
basic approaches to determining health-based criteria were evaluated: the equilibrium partitioning
approach, the spiked-sediment bioassay approach, and various methods of evaluating biological and
chemical data collected during field surveys.

Long, E.R. et al. 1995. “Incidence of Adverse Biological Effects Within Ranges of Chemical
Concentrations in Marine and Estuarine Sediments.” Environmental Management. 19(1): 81-97.

This paper presents effects range-low (ER-L) and effects range-median (ER-M) guideline values for
selected chemicals, based on biological and chemical data compiled from numerous modeling, laboratory,
and field studies performed in marine and estuarine sediments. The incidence of adverse effects was
quantified within 3 separate concentration ranges for the selected chemicals.

AMERICAN SOCIETY for TESTING and MATERIALS GUIDANCE

American Society for Testing and Materials (ASTM). 1996. Standard Guide for Selecting and Using
Ecological Endpoints for Contaminated Sites. Draft. ASTM subcommittee E-47.13. January.

This guide presents an approach to identifying, selecting, and using assessment and measurement
endpoints that may be affected by direct or indirect chemical and nonchemical stressors associated with
wastes and contaminated media at specific sites under current and future land uses. NOTE: According to
ASTM, this document is a draft and not an ASTM standard. As such, it has not been approved by ASTM.
The final approved version of this draft may or may not include the same information as it appears in this
draft. For more information on this draft, contact ASTM at 100 Barr Harbor Drive, West Conshohocken,
Pennsylvania 19428.

ASTM. 1995. Standard Guide for Developing Conceptual Site Models for Contaminated Sites.
STP E-1689. ASTM. Philadelphia, Pennsylvania.
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This guide assists in the development of conceptual site models used to integrate technical information,
support sampling design elements such as identifying data needs and data collection activities, and
evaluate risk to human health and the environment posed by a contaminated site.

Gorsuch, J.W,, J. Dwyer, C. Ingersoll, and T.W. LaPoint, editors. 1993. Environmental Toxicology
and Risk Assessment - Volume 2. ASTM STP 1216. ISBN 0-8031-1485-0. Philadelphia,

Pennsylvania.

This document presents 48 papers on new research techniques, findings concerning various environmental
stressors, and the application of techniques and processes of environmental assessment. Specific topics
include aquatic toxicology and the use of experimental ecosystems, plants for toxicity assessments, and
sediment toxicology.

Hughes, J.S., G.R. Biddinger, and E. Mones, editors. 1995. Environmental Toxicology and Risk
Assessment - Volume 3. ASTM STP 1218. ISBN 0-8031-1485-0. Philadelphia, Pennsylvania.

This text provides a comprehensive overview of the current status of ecological risk assessment and
suggested advances. Also, 22 papers are presented on topics such as models in ecological risk assessment,
ecotoxicology and the measurement of ecological effects at various sites, fate and effects of chemicals, and
the development and refinement of new methods to evaluate exposure and toxicity.

Landis, W.G., J.S. Hughes, and M.A. Lewis, editors. 1993. Environmental Toxicology and Risk
Assessment. ASTM STP 1179. ISBN 0-8931-1860-0. ASTM. Philadelphia, Pennsylvania.

This document presents 28 papers addressing such topics as evaluating ecological impacts at the
population and community levels, biomarkers, and marine toxicity test methods and methods development.
Other topics include evaluating regulatory concerns, basic research, risk and hazard assessment, and
methods development in environmental toxicology.

CANADIAN GUIDANCE

Canadian Council of Ministers of the Environment (CCME). 1996. A Framework for Ecological
Risk Assessment-General Guidance. National Contaminated Sites Remediation Program. March.

This document provides general guidance for using the framework for ecological risk assessment at
contaminated sites in Canada. Topics include planning ecological risk assessments, screening-level
assessments, and preliminary and detailed quantitative ecological risk assessments.

CCME. 1996. A Protocol for the Derivation of Environmental and Human Health Soil Quality
Guidelines. National Contaminated Sites Remediation Program. March.

This document includes rationale and guidance for developing environmental and human health soil

quality guidelines for contaminated sites in Canada. Topics include derivation of environmental soil
quality guidelines, relevant endpoints for deriving soil quality guidelines, potential ecological receptors and
exposure pathways of soil contamination, and uncertainties in guidelines derivation.

CCME. 1995. Protocol for the Derivation of Canadian Sediment Quality Guidelines for the Protection
of Aquatic Life. CCME EPC-98E. Environment Canada. Ottawa, Canada. March.

N-8
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These guidelines can be used to assess sediment quality, help set goals for sediment quality that will
sustain aquatic systemn health for the long term, and develop site-specific objectives. The document
outlines procedures for deriving scientifically defensible sediment quality guidelines for the protection of
aquatic life. The document also discusses the use of sediment quality guidelines as benchmarks, the
National Status and Trends Program (NSTP) approach, the spiked-sediment toxicity approach, and
derivation of safety factors.

Gaudet, C. 1994. A Framework for Ecological Risk Assessment at Contaminated Sites in Canada:
Review and Recommendations. Scientific Series Number 199. Environment Canada. Ottawa,
Canada.

This document presents the ecological risk assessment framework for the National Contaminated Sites
Remediation Program. The framework includes a tiered approach to ecological risk assessment. The
document discusses ecological risk assessment components such as problem definition, exposure
assessment, receptor characterization, hazard assessment, and risk characterization.

Jaagumagi, R. 1993. Development of the Ontario Provincial Sediment Quality Guidelines for Arsenic,
Cadmium, Chromium, Copper, Iron, Lead, Manganese, Mercury, Nickel, and Zinc. 1ISBN
0-7729-9249-5. Ontario Ministry of the Environment. Canada. August.

This document describes the derivation of the metals guidelines and summarizes data used to derive the
values listed in the guidelines. The document also summarizes properties and fate of the metals, describes
the forms in which metals can exist in sediments, and provides details of the calculations used to arrive at
the sediment quality guidelines.

Jaagumagi, R. 1994. Development of the Ontario Provincial Sediment Quality Guidelines for
Polycyclic Aromatic Hydrocarbons. ISBN 0-7778-1710-1. Ontario Ministry of the Environment.
Canada. January.

This document describes the derivation of the guidelines for 12 individual polycyclic aromatic
hydrocarbons (PAH) as well as total PAH and summarizes data used to derive these values. The document
also summarizes the fate of PAHs in sediments, and provides details of the calculations of the sediment
quality guidelines.

Keddy, C., J.C. Greene, and M.A. Bonnell. 1994. 4 Review of Whole Organism Bioassays for
Assessing the Quality of Soil, Freshwater Sediment, and Freshwater in Canada. Scientific Series
Number 198. Ecosystem Conservation Directorate. Ontario, Canada.

This report addresses application of recommended bioassays to site assessment and remediation. The
report identifies potentially suitable test methods, assesses their applicability, and recommends tests for
soil, freshwater sediment, and fresh water. The report also evaluates the future for hazardous constituent
assessment using biological organisms, including alternative test endpoints, in situ tests, and assessment
beyond whole organisms and fresh water, such as methods for assessing impacts to microbial processes
and multispecies testing.

Persaud, D., R. Jaagumagi, and A. Hayton. 1993. Guidelines for the Protection and Management of
Aquatic Sediment Quality in Ontario. ISBN 0-7729-9248-7. Ontario Minister of the Environment.
Canada. August.
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The purpose of the sediment quality guidelines is to protect aquatic systems by setting safe concentrations
for metals, nutrients, and organic compounds. The guidelines help decision makers with sediment issues,
including determining which sediments are contaminated and how to effectively manage the problem. The
guidelines establish three levels of effect: no effect level, lowest effect level. and severe effect level.

ADDITIONAL GUIDANCE

Bartell, S.M., R.H. Gardner, and R.V. O’Neill. 1992. Ecological Risk Estimation. ISBN
0-873711637. Lewis Publishers. Chelsea, Michigan.

This publication presents an approach to estimating ecological risks using laboratory toxicity data to
predict ecological consequences of toxic chemicals. The text includes discussions of the following
subjects: toxicological and ecological data for risk analysis, modeling aquatic ecosystems, modeling
sublethal toxic effects, predicting risks, evaluating predictive methodology, and comparisons of predicted
and measured effects.

Burmaster, D.E. and P.D. Anderson. 1994. “Principles of Good Practice for the Use of Monte
Carlo Techniques in Human Health and Ecological Risk Assessment.” Risk Analysis. Volume 14.
Pages 477-481.

This paper proposes 14 principles of good practice in performing and reviewing probabilistic or Monte
Carlo risk assessments of toxic chemicals in the environment. Monte Carlo risk assessments that follow
these principles will be easier to understand, will explicitly distinguish assumptions from data, and will
consider and quantify effects that could otherwise lead to misinterpretation of the results.

Calabrese, E.J. and L.A. Baldwin. 1993. Performing Ecological Risk Assessments. Lewis
Publishers. Chelsea, Michigan.

This text presents an extensive compilation that addresses components of an ecological risk assessment,
including environmental fate modeling and pharmacokinetic factors, uncertainty factors, deriving
chemical-specific and species-specific maximum acceptable tissue concentrations, and sediment quality
criteria.

Cairns, J., B.R. Niederlehner, and D.R. Orvos, editors. 1992. Predicting Ecosystem Risk. Volume
XX. Princeton Scientific Publishing Company. Princeton, New Jersey.

This text includes a series of papers on topics such as predicting ecological risks posed by changes in
hydrological regime, forest management, genetically engineered microorganisms and products, highways,
and radioactive materials. The use of experimental stream mesocosms in assessing risks is also discussed.

Cardwell, R., et al. 1991. Aquatic Risk: An Assessment Report. Evaluation of the Protocols for
Aquatic Ecological Risk Assessment. Water Environment Research Foundation Order Number:
D000S. Alexandria, Virginia. '

This report evaluates aquatic and ecological risk models. Additional research is identified to help develop
a conceptual framework to integrate, organize, and validate aquatic ecological risk assessment protocols,
and to apply these protocols to water quality issues.
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Clifford, P.A., D.E. Barchers, D.F. Ludwig, R.L. Sielken, J.S. Klingensmith, R.V. Graham, and M.L.
Banton. 1995. “An Approach to Quantifying Spatial Components of Exposure for Ecological Risk
Assessment.” Environmental Toxicology and Chemistry. Volume 14. Pages 895-906.

This paper presents an approach to quantifying spatial components of exposure using the Geographic
Information System (GIS). GIS is used to estimate spatially weighted exposure concentrations within an
organism’s foraging or exposure ranges. GIS is also used for comparing exposure concentrations to
benchmark concentrations and presenting site-specific results in a three-dimensional format to effectively
present site-specific quantified ecological risks and to provide an effective risk management
decision-making tool.

International Atomic Energy Agency. 1992. Effects of Ionizing Radiation on Plants and Animals at
Levels Implied by Current Radiation Protection Standards. Technical Report Series Number 332.
ISBN 92-0-100992-5. Vienna, Austria.

This report addresses potential effects on plant and animal populations through chronic releases of
radionuclides. The report includes reviews of available information on the effects of ionizing radiation on
natural organisms and determines the doses above which there are adverse effects to plants and animals.
The report also establishes whether on not plant and animal populations are adequately protected under
radiation protections standards for humans.

Landis, W.G., G.B. Matthews, R.A. Matthews, and A. Sergeant. 1994. “Application of Multivariate
Techniques to Endpoint Determination, Selection, and Evaluation in Ecological Risk Assessment.”
Environmental Toxicology and Chemistry. Volume 13. Pages 1917 - 1927,

The paper reviews the role of ecological endpoints and introduces and discusses the ramifications of
multivariate analysis on the assessment of risk to ecological systems. Three methods are discussed in the
paper: the mean strain measurement, the state-space analysis, and the nonmetric clustering method.

MacDonald, D.D. 1994. Approach to the Assessment of Sediment Quality in Florida Coastal Waters,
Volume 1 - Development and Evaluation of Sediment Quality Assessment Guidelines. MacDonald
Environmental Sciences, Ltd. British Columbia, Canada. November.

This report recommends a scientifically defensible framework for assessing the biological significance of
sediment-associated hazardous constituents. Numerical sediment quality assessment guidelines (SQAG)
provide the basis for assessing potential effects of sediment-associated constituents. The report reviews a
variety of approaches and recommends an integrated strategy and relevant assessment tools. The SQAGs
are derived from a variety of sediment quality data and are based on a weight-of-evidence approach that
links constituent concentrations with adverse biological effects.

MacDonald, D.D. 1994. Approach to the Assessment of Sediment Quality in Florida Coastal Waters,
Volume 2 - Application of the Sediment Quality Assessment Guidelines. MacDonald Environmental
Sciences, Ltd. British Columbia, Canada. November.

This document assists potential users in applying SQAGs and other relevant sediment quality assessment

tools. The report lists applications of SQAGs that are considered inappropriate and presents a framework
for assessing the significance of sediment-associated constituents.
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Maclntosh, D.L., G.W. Suter II, and F.O. Hoffman. 1994. “Use of Probabilistic Exposure Models
in Ecological Risk Assessments of Contaminated Sites.” Risk Analysis. Volume 14. Pages 405 - 419.

This paper discusses the use stochastic food web models in ecological risk assessment, particularly in
estimating exposure to endpoint species as well as subsequent effects and determining cleanup levels by
estimating concentrations in environmental media that will not cause significant adverse effects in endpoint
species.

Maughan, J.T. 1993. Ecological Assessment of Hazardous Waste Sites. ISBN 0-442-01091-5. Van
Nostrand Reinhold. New York, New York.

Essential technical and regulatory information necessary to plan, prepare, and implement an ecological risk
assessment is presented in this text. The ecological risk assessment process is examined along with
techniques for evaluating three important components of ecological risk assessments: terrestrial pathways
of constituents, sediment quality and contamination, and toxicity testing.

McCarthy, J.F. and L.R. Shugart, editors. 1990. Biomarkers of Environmental Contamination.
ISBN 0-87371-284-6. Lewis Publishers. Boca Raton, Florida.

This text provides and introduction and review of the research on biological markers in plants as well as
animals and provides an approach to evaluating ecological and health effects of environmental
contamination. The focus is on the development, application, and validation of biological markers as
indicators of exposure to toxic chemicals or as predictors of the averse consequences of that exposure.

Peterle, T.J. 1991. Wildlife Toxicology. Van Nostrand Reinhold. New York, New York.

This text provides information on environmental pollution as it affects wildlife. The text covers relevant
laws and regulations, materials found in environmental pollutants, transport and distribution in natural
systems, accumulation in organisms, lethal and chronic effects on organisms, and effects on ecosystems.

Suter II, G.W. 1993. Ecological Risk Assessment. ISBN 0-87371-875-5. Lewis Publishers. Chelsea,
Michigan.

This text emphasizes risks to aquatic systems because of the preponderance of data and modeling
techniques for aquatic systems. There are also more ecological risk assessments that address aquatic rather
than terrestrial systems. Predictive risk assessments are the main focus because the risk assessment
paradigm is based on predictive assessments. A chapter in the text is dedicated to retrospective
assessments. Chemical, physical, and biological stressors are discussed in the text. Effects of exposure to
chemicals and fate and transport of chemicals are discussed. This text also refers to other literature
concerning ecological risk assessment.

Suter II, G.W. 1990. “Endpoints for Regional Ecological Risk Assessments.” Environmental
Management. Volume 14. Pages 19 - 23,

This article distinguishes between assessment and measurement endpoints in terms of their roles in
ecological risk assessment. Topics include endpoint selection criteria and regional ecosystem effects.
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POLICY FOR USE OF PROBABILISTIC ANALYSIS IN
RISK ASSESSMENT

at the U.S. Environmental Protection Agency

May 15, 1997

% (uiding Principles for Monle Carlo Analysis (EPA/630/R-97/001)

INTRODUCTION

The importance of adequately characterizing variability and uncertainty in risk assessments has been
emphasized in several science and policy documents. These include the 1992 U.S. Environmental
Protection Agency (EPA) Exposure Assessment Guidelines, the 1392 EPA Risk Assessment Council (RAC)
Guidance, the 1995 EPA Policy for Risk Characterization, the EPA Proposed Guidelines for Ecological Risk
Assessment, the EPA Region 3 Technical Guidance Manual on Risk Assessment, the EPA Region 8
Superfund Technical Guidance, the 1994 National Academy of Sciences "Science and Judgment in Risk
Assessment," and the report by the Commission on Risk Assessment and Risk Management. As part of the
implementation of the recommendations contained in these reports, the Agency is issuing guidance on the
appropriate use of an application for analyzing variability and uncertainty in Agency risk assessments.

This policy and the guiding principles attached are designed to support the use of various techniques for
characterizing variability and uncertainty. Further, the policy defines a set of Conditions for Acceptance.
These conditions are important for ensuring good scientific practice in quantifying uncertainty and variability.
In accordance with EPA's 1995 Policy for Risk Characterization, this policy also emphasizes the importance
of clarity, transparency, reasonableness, and consistency in risk assessments.

There are a variety of different methods for characterizing uncertainty and variability. These methods cover
a broad range of complexity from the simple comparison of discrete points to probabilistic techniques like
Monte Carlo analysis. Recently, interest in using Monte Carlo analysis for risk assessment has increased.
This method has the advantage of allowing the analyst to account for relationships between input variables
and of providing the flexibility to investigate the effects of different modeling assumptions. Experience has
shown that to benefit fully from the advantages of such probabilistic techniques as Monte Carlo analysis,
certain standards of practice are to be observed. The Agency is issuing, therefore, this policy statement and
associated guiding principles. While Monte Carlo analysis is the most frequently encountered probabilistic
tool for analyzing variability and uncertainty in risk assessments, the intent of this policy is not to indicate
that Monte Carlo analysis is the only acceptable approach for Agency risk assessments. The spirit of this
policy and the Conditions for Acceptance described herein are equally applicable to other methods for
analyzing variability and uncertainty.

POLICY STATEMENT
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It 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. 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 pollcy applies to all aspects including
stressor and dose-response assessment.

CONDITIONS FOR ACCEPTANCE

When risk assessments using probabilistic analysis techniques (including Monte Carlo analysis) are submitted
to the Agency for review and evaluation, the following conditions are to be satisfied to ensure high quality
science. These conditions, related to the good scientific practices of transparency, reproducibility, and the
use of sound methods, are summarized here and explained more fully in the Attachment, "Guiding Principles
for Monte Carlo Analysis."

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 questions 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.

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.

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, 95th 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.

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
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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.

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

LEGAL EFFECT

This policy and associated guidance on probabilistic analysis techniques do not establish or affect legal
rights or obligations. Rather, they confirm the Agency position that probabilistic techniques can be viable
statistical tools for analyzing variability and uncertainty in some risk assessments. Further, they outline
relevant Conditions for Acceptance and identify factors Agency staff should consider in implementing the

policy.

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

IMPLEMENTATION

Assistant Administrators and Regional Administrators are responsible for implementation of this policy within
their organizational units. The implementation strategy is divided into immediate and follow-up activities.

Immediate Activities

To assist EPA program and regional offices with this implementation, initial guidance on the use of one
probabilistic analysis tool, Monte Carlo analysis, is provided in the Attachment, "Guiding Principles for Monte
Carlo Analysis" (EPA/630/R-97/001). The focus of this guidance is on Monte Carlo analysis because it is
the most frequently encountered technique in human health risk assessments. Additional information may be
found in the "Summary Report for the Workshop on Monte Carlo Analysis" (EPA/630/R-96/010). This report
summarizes discussions held during the May 1996 Risk Assessment Forum sponsored workshop that
involved leading experts in Monte Carlo analysis.

Follow-Up Activities

To prepare for the use and evaluation of probabilistic analysis methods, including Monte Carlo analysis,
within the next year, EPA's Risk Assessment Forum (RAF) will develop illustrative case studies for use as
guidance and training tools. Further, the RAF will organize workshops or colloquia to facilitate the
development of distributions for selected exposure factors. EPA's National Center for Environmental
Assessment (NCEA) will develop an Agency training course on probabilistic analysis methods, including
Monte Carlo analysis for both risk assessors and risk managers which will become available during Fiscal
Year (FY) 1997 or FY 1998. Also. NCEA will develop detailed technical guidance for the quantitative analysis
of variability and uncertainty.

In the longer term, various Regions, Programs and the Office of Research and Development (ORD) may need

to modify existing or develop new guidelines or models to facilitate use of such techniques as Monte Carlo
analysis. Also, the NCEA will revise or update the Exposure Factors Handbook to include distributional
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information. ORD's National Exposure Research Laboratory

(NERL) has formed a modeling group that may provide assessment and analysis advice to Program and
Regional Offices. The issue of using probabilistic techniques, including Monte Carlo analysis in the dose
response portion of human health risk assessments requires further study. NCEA will conduct research in
this area and additional guidance will be provided if necessary.

Fred Hansen

Deputy Administrator
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PREFACE

The U.S. Environmental Protection ‘Agency (EPA) Risk Assessment Forum was
established to promote scientific consensus on risk assessment issues and to ensure that this
consensus is incorporated into appropriate risk assessment guidance. To accomplish this. the Risk
Assessment Forum assembles experts throughout EPA in a formal process to study and report on
these issues from an Agency-wide perspective. For major risk assessment activities, the Risk
Assessment Forum has established Technical Panels to conduct scientific reviews and analyses.
Members are chosen to assure that necessary technical expertise is available.

This report is part ofa continuing effort to develop guidance covering the use of
probabilistic techniques in Agency risk assessments. This report draws heavily on the
recommendations from a May 1996 workshop organized by the Risk Assessment Forum that
convened experts and practitioners in the use of Monte Carlo analysis, internal as well as external
to EPA, to discuss the issues and advance the development of guiding principles concerning how
to prepare or review an assessment based on use of Monte Carlo analysis. The conclusions and
recommendations that emerged from these discussions are summarized in the report “Summary
Report for the Workshop on Monte Carlo Analysis” (EPA/630/R-96/010). Subsequent to the
workshop, the Risk Assessment Forum organized a Technical Panel to consider the workshop
recommendations and to develop an initial set of principles to guide Agency risk assessors in the
use of probabilistic analysis tools including Monte Carlo analysis. It is anticipated that there will
be need for further expansion and revision of these guiding principles as Agency risk assessors

gain experience in their application.
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Introduction

The importance of adequately characterizing variability and uncertainty in fate, transport,
exposure. and dose-response assessments for human health and ecological risk assessments has
been emphasized in several U.S. Environmental Protection Agency (EPA) documents and

activities. These include:

the 1986 Risk Assessment Guidelines;

the 1992 Risk Assessment Council (RAC) Guidance (the Habicht memorandum),

the 1992 Exposure Assessment Guidelines; and

the 1995 Policy for Risk Characterization (the Browner memorandum).

As a follow up to these activities EPA is issuing this policy and preliminary guidance on
using probabilistic analysis. The policy documents the EPA's position “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.” The policy establishes conditions that are to be satisfied by risk assessments that
use probabilistic techniques. These conditions relate to the good scientific practices of clarity,
consistency, transparency, reproducibility, and the use of sound methods.

The EPA policy lists the following conditions for an acceptable risk assessment that uses
probabilistic analysis techniques. These conditions were derived from principles that are
presented later in this document and its Appendix. Therefore, after each condition, the relevant

principles are noted.

| 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, etc.). The questions
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.
(Principles 4, 5, 6, and 11)

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. (Principles 1 and 2)

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. (Principles 1 and 14)

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.
(Principles 3, 7, 8, 10, 12, and 13)

The numerical stability of the central tendency and the higher end (i.e., tail) of the

output distributions are to be presented and discussed. (Principle 9)

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 nsk communication. When comparisons are made, it is important to explain
the similarities and differences in the underlying data, assumptions, and models.
(Principle 15).
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8. Since fixed exposure assumptions (e.g., exposure duration, body weight) are
sometimes embedded in the toxicity metrics (e.g., Reference Doses, Reference
Concentrations, unit cancer risk factors), the exposure estimates from the probabilistic

output distribution are to be aligned with the toxicity metric.

The following sections present a general framework and broad set of principles important
for ensuring good scientific practices in the use of Monte Carlo analysis (a frequently encountered
tool for evaluating uncertainty and variability). Many of the principles apply generally to the
various techniques for conducting quantitative analyses of variability and uncertainty; however,
the focus of the following principles is on Monte Carlo analysis. EPA recognizes that quantitative
risk assessment methods and quantitative variability and uncertainty analysis are undergoing rapid
development. These guiding principles are intended to serve as a minimum set of principles and
are not intended to constrain or prevent the use of new or innovative improvements where

scientifically defensible.

Fundamental Goals and Challenges

In the context of this policy, the basic goal of a Monte Carlo analysis is to chatacterize,
quantitatively, the uncertainty and variability in estimates of exposure or risk. A secondary goal is
to identify key sources of variability and uncertainty and to quantify the relative contribution of
these sources to the overall variance and range of model results.

Consistent with EPA principles and policies, an analysis of variability and uncertainty
should provide its audience with clear and concise information on the variability in individual
exposures and risks; it should provide information on population risk (extent of harm in the
exposed popﬂlation); it should provide information on the distribution of exposures and risks to
highly exposed or highly susceptiblé populations; it should describe qualitatively and
quantitatively the scientific uncertainty in the models applied, the data utilized, and the specific
risk estimates that are used.

Ultimately, the most important aspect of a quantitative variability and uncertainty analysis
mav well be the process of interaction between the risk assessor, risk manager and other
interested parties that makes risk assessment into a dynamic rather than a static process.
Questions for the risk assessor and risk manager to consider at the initiation of a quantitative

vanability and uncertainty analvsis include:

(OS]



o Will the quantitative analysis of uncertainty and variability improve the risk
assessment?

o What are the major sources of variability and uncertainty? How will variahiliry
and uncertainty be kept separate in the analysis?

* Are there time and resources to complete a complex analysis?
e Does the project warrant this level of effort?

e Will a quantitative estimate of uncertainty improve the decision? How will the
regulatory decision be affected by this variability and uncertainty analysis?

o What types of skills and experience are needed to perform the analysis?
» Have the weaknesses and strengths of the methods been evaluated?

o How will the variability and uncertainty analysis be communicated to the public
and decision makers? '

One of the most important challenges facing the risk assessor is to communicate,
effectively, the insights an analysis of variability and uncertainty provides. It is important for the
risk assessor to remember that insights will generally be qualitative in nature even though the

models they derive from are quantitative. Insights can include:

o An appreciation of the overall degree of variability and uncertainty and the
confidence that can be placed in the analysis and its findings.

e An understanding of the key sources of variability and key sources of uncertainty
and their impacts on the analysis. ~

* An understanding of the critical assumptions and their importance 1o the analysis
and findings. '

e An understanding of the unimportant assumptions and why they are unimporiant.

o Anunderstanding of the extent to which plausible alternative assumptions or
models could affect any conclusions.

*  An understanding of key scientific controversies related o the assessment and a
sense of what difference they might make regarding the conclusions.
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The risk assessor should strive to present quantitative results in a manner that will clearly

communicate the information they contain.

When a Monte Carlo Analysis Might Add Value to a

Quantitative Risk Assessment

Not every assessment requires or warrants a quantitative characterization of vanability and
uncertainty. For example, it may be unnecessary to perform a Monte Carlo analysis when |
screening calculations show exposures or risks to be clearly below levels of concern (and the
screening technique is known to significantly over-estimate exposure). As another example, it
may be unnecessary to perform a Monte Carlo analysis when the costs of remediation are low.

On the other hand, there may be a number of situations in which a Monte Carlo analysis
may be useful. For example, a Monte Carlo analysis may be useful when screening calculations
using conservative point estimates fall above the levels of concern. Other situations could include
when it is necessary to disclose the degree of bias associated with point estimates of exposure;
when it is necessary to rank exposures, exposure pathways, sites or contaminants, when the cost
of regulatory or remedial action is high and the exposures are marginal; or when the consequences
of simplistic exposure estimates are unacceptable.

Often, a “tiered approach” may be helpful in deciding whether or not a Monte Carlo
analysis can add value to the assessment and decision. In a tiered approach, one begins with a
fairly simple screening level model and progresses to more sophisticated and realistic (and usually
more complex) models only as warranted by the findings and value added to the decision.
Throughout each of the steps in a tiered approach, soliciting input from each of the interested
parties is recommended. Ultimately, whether or not a Monte Carlo analysis should be conducted
is a matter of judgment, based on consideration of the intended use, the importance of the
exposure assessment and the value and insights it provides to the risk assessor, risk manager, and

other atfected individuals or groups.



Key Terms and Their Definitions

The following section presents definitions for a number of key terms which are used

throughout this document.

Bayesian _

The Bayesian or subjective view is that the probability of an event is the degree of belief
that a person has, given some state of knowledge, that the event will occur. In the classical or
frequentist view, the probability of an event is the frequency with which an event occurs given a
long sequence of identical and independent trials. In exposure assessment situations, directly
representative and complete data sets are rarely available; inferences in these situations are
inherently subjective. The decision as to the appropriateness of either approach (Bayesian or
Classical) is based on the available data and the extent of subjectivity deemed appropriate.

Correlation, Correlation Analysis

Correlation analysis is an investigation.of the measure of statistical association among
random variables based on samples. Widely used measures include the linear correlation
coefficient (also called the product-moment correlation coefficient or Pearson’s correlation
coefficient), and such non-parametric measures as Spearman rank-order correlation coefficient,
and Kendall’s tau. When the data are nonlinear, non-parametric correlation is generally
considered to be more robust than linear correlation.

Cumulative Distribution Function (CDF)

The CDF is alternatively referred to in the literature as the distribution function,
cumulative frequency function, or the cumulative probability function. The cumulative
distribution function, F(x), expresses the probability the random variable X assumes a value less
than or equal to some value x, F(x) = Prob (X < x). For continuous random variables, the
cumulative distribution function is obtained from the probability density function by integration, or

by summation in the case of discrete random variables.

Latin Hypercube Sampling _
In Monte Carlo analysis, one of two sampling schemes are generally employed: simple
random sampling or Latin Hypercube sampling. Latin hypercube sampling may be viewed as a

stratified sampling scheme designed to ensure that the upper or lower ends of the distributions
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used in the analysis are well represented. Latin hypercube sampling is considered to be more
efficient than simple random sampling, that is, it requires fewer simulations to produce the same
level of precision. Latin hypercube sampling is generally recommended over simple random

sampling when the model is complex or when time and resource constraints are an issue.

Monte Carlo Analysis, Monte Carlo Simulation

Monte Carlo Analysis is a computer-based method of analysis developed in the 1940's that
uses statistical sampling techniques in obtaining a probabilistic approximation to the solution of a
mathematical equation or model.

Parameter

Two distinct, but often confusing, definitions for parameter are used. In the first usage
(preferred), parameter refers to the constants characterizing the probability density function or
cumulative distribution function of a random variable. For example, if the random variable W is
known to be normally distributed with mean p and standard deviation g, the characteﬁzing
constants p and o are called parameters. In the second usage, parameter is defined as the
constants and independent variables which define a mathematical equation or model. For
example, in the equation Z = aX + BY, the independent variables (X,Y) and the constants (e, )

are all parameters.

Probability Density Function (PDF)

The PDF is alternatively referred to in the literature as the probability function or the
frequency function. For continuous random variables, that is, the random variables which can
assume any value within some defined range (either finite or infinite), the probability density
function expresses the probability that the random variable falls within some very small interval.
For discrete random varniables, that is, random variables which can only assume certain isolated or
fixed values. the term probability mass function (PMF) is preferred over the term probability
density function. PMF éxpresses the probability that the random variable takes on a specific

value.

Random Variable
A random variable is a quantity which can take on any number of values but whose exact

value cannot be known before a direct observation is made. For example, the outcome of the toss



of a pair of dice is a random variable, as is the height or weight of a person selected at random

from the New York City phone book.

Representativeness
Representativeness is the degree to which a sample is characteristic of the population tor

which the samples are being used to make inferences.

Sensitivity, Sensitivity Analysis

Sensitivity generally refers to the variation in output of a mathematical model with respect
to changes in the values of the model’s input. A sensitivity analysis attempts to provide a ranking
of the model’s input assumptions with respect to their contribution to model output variability or
uncertainty. The difficulty of a sensitivity analysis increases when the underlying model is
nonlinear, nonmonotonic or when the input parameters range over several orders of magnitude.
Many measures of sensitivity have been proposed. For example, the partial rank correlation
coefficient and standardized rank regression coefficient have been found to be useful. Scatter
plots of the output against each of the model inputs can be a very effective tool for identifying
sensitivities, especially when the relationships are nonlinear. For simple models or for screening
purposes, the sensitivity index can be helpful. '

In a broader sense, sensitivity can refer to how conclusions may change if models, data, or

assessment assumptions are changed.

Simulation v
In the context of Monte Carlo analysis, simulation is the process of approximating the

output of a model through repetitive random application of a model’s algorithm.



Uncertainty
Uncertainty refers to lack of knowledge about specific factors, parameters, or models.

For example, we may be uncertain about the mean concentration of a specific pollutant at a
contaminated site or we may be uncertain about a specific measure of uptake (e.g., 95th percentile
fish consumption rate among all adult males in the United States). Uncertainty includes parameter
uncertainty ( measurement errors, sampling errors, systematic errors), model uncertainty
(uncertainty due to necessary simplification of real-world processes, mis-specification of the
model structure, model misuse, use of inappropriate surrogate variables), and scenario
uncertainty (descriptive errors, aggregation errors, errors in professional judgment, incomplete

analysis).

Variability
Variability refers to observed differences attributable to true heterogeneity or diversity in a

‘population or exposure parameter. Sources of variability are the result of natural random
processes and stem from environmental, lifestyle, and genetic differences among humans.
Examples include human physiological variation (e.g., natural variation in bodyweight, height,
breathing rates, drinking water intake rates), weather variability, variation in soil types and
differences in contaminant concentrations in the environment. Variability is usually not reducible

by further measurement or study (but can be better characterized).

Preliminary Issues and Considerations

Defining the Assessment Questions

The critical first step in any exposure assessment is to develop a clear and unambiguous
statement of the purpose and scope of the assessment. A clear understanding of the purpose will
help to define and bound the analysis. Generally, the exposure assessment should be made as
simple as possible while still including all important sources of risk. Finding the optimum match
between the sophistication of the analysis and the assessment problem may be best achieved using
a “tered appfoach“ to the analysis, that is, starting as simply as possible and sequentially
employing increasingly sophisticated analyses, but only as warranted by the value added to the

analvsis and decision process.



Selection and Development Of _
Some Considerations in the Selection of Models

the Conceptual and

. appropriateness of the model's assumptions vis-a-vis

Mathematical Models the analysis objectives

To help identify and select plausible . compatibility of the model input/output and linkages tc
, other models used in the analysis

models, the risk assessor should develop
. .. . . the theoretical basis for the model
selection critenia tailored to each assessment

questi on. The application of these criteria . level of aggregation, spatial and temporal scales

may dictate that different models be used for - resolution limits
different subpopulations under study (e.g., . sensitivity to input variability and input uncertainty
highly exposed individuals vs. the general . reliability of the model and code, including peer review

population). In developing these criteria, the of the theory and computer code

risk assessor should consider all significant - verification studies, relevant field tests

assumptions, be explicit about the . degree of acceptance by the user community
uncertainties, including technical and . friendliness' speed and accuracy

scientific uncertainties about specific . staff and computer resources required

quanﬁties’ mbdeling uncertajnties, | e —————

uncertainties about functional forms, and
should identify significant scientific issues about which there is uncertainty.
At any step in the analysis, the risk assessor should be aware of the manner in which

alternative selections might influence the conclusions reached.

Selection and Evaluation of Available Data

After the assessment questions have been defined and conceptual models have been
developed, it is necessary to compile and evaluate existing data (e.g., site specific or surrogate
data) on vanables important to the assessment. It is important to evaluate data quality and the

extent to which the data are representative of the population under study.



Guiding Principles for Monte Carlo Analysis

This section presents a discussion of principles of good practice for Monte Carlo
simulation as it may be applied to environmental assessments. It is not intended to serve as
detailed technical guidance on how to conduct or evaluate an analysis of vanability and

uncertainty.

Selecting Input Data and Distributions for Use in Monte Carlo

Analysis

1. Conduct preliminary sensitivity analyses or.numeri'cal experiments to identify model
structures, exposure pathways, and model input assumptions and parameters that make
important contributions to the assessment endpoint and its overall variability and/or
uncertainty. ‘

The capabilities of current desktop computers allow for a number of "what if" scenarios to
be examined to provide insight into the effects on the analysis of selecting a particular model,
including or excluding specific exposure pathways, and making certain assumptions with respect
to model input parameters. The output of an analysis may be sensitive to the structure of the
exposure model. Alternative plausible models should be examined to determine if structural
differences have important effects on the output distribution (in both the region of central
tendency and in the tails).

Numerical experiments or sensitivity analysis also should be used to identify exposure
pathways that contribute significantly to or even dominate total exposure. Resources might be
saved by excluding unimportant exposure pathways (e.g., those that do not contribute appreciably
to the total exposure) from full probabilistic analyses or from further analyses altogether. For
important pathways, the model input parameters that contribute the most to overall variability and
uncertainty should be identified. Again, unimportant parameters may be excluded from full
probabilistic treatment. For important parameters, empirical distributions or parametric
distributions may be used. Once again, numerical experiments should be conducted to determine
the sensitivity of the output to different assumptions with respect to the distributional forms of
the input parameters. Identifying important pathways and parameters where assumptions about
distributional form contribute significantly to overall uncertainty may aid in focusing data

vathering efforts.
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Dependencies or correlations between model parameters also may have a significant
influence on the outcome of the analysis. The sensitivity of the analysis to various assumptions
about known or suspected dependencies should be examined. Those dependencies or correlations
identified as having a significant effect must be accounted for in later analyses.

Conducting a systematic sensitivity study may not be a trivial undertaking, involving
significant effort on the part of the risk assessor. Risk assessors should exercise great care not to
prematurely’or unjustifiably eliminate pathways or parameters from full probabilistic treatment.
Any parameter or pathway eliminated from full probabilistic treatment should be identified and the
reasons for its elimination thoroughly discussed.

2. Restrict the use of probabilistic assessment to significant pathways and parameters.
Although specifying distributions for all or most variables in a Monte Carlo analysis is
useful for exploring and characterizing the full range of variability and uncertainty, it is often
unnecessary and not cost effective. If a systematic preliminary sensitivity analysis (that includes
examining the effects of various assumptions about distributions) was undertaken and
documented, and exposure pathways and parameters that contribute little to the assessment
endpoint and its overall uncertainty and variability were identified, the risk assessor may simplify
the Monte Carlo analysis by focusing on those pathways and parameters identified as significant.
From a computational standpoint, a Monte Carlo analysis can include a mix of point estimates and
distributions for the input parameters to the exposure model. However, the risk assessor and risk
manager should continually review the basis for "fixing" certain parameters as point values to

avoid the perception that these are indeed constants that are not subject to change.

3. Use data to inform the choice of input distributions for model parameters .

The choice of input distribution should always be based on all information (both
qualitative and quantitative) available for a parameter. In selecting a distributional form, the risk
assessor should consider the quality of the information in the database and ask a series of

questions including (but not limited to):

e [s there any mechanistic basis for choosing a distributional family?

o Is the shape of the distribution likely to be dictated by physical or biological
properties or other mechanisms?

o [s the variable discrete or continuous?

12



o Whart are the bounds of the variable?

o Is the distribution skewed or symmetric?

o [f the distribution is thought 1o be skewed, in which direction?
o What ot.her aspects of the shape of the distribution are known?

When data for an important parameter are limited, it may be useful to define plausible
alternative scenarios to incorporate some information on the impact of that variable in the overall
assessment (as done in the sensitivity analysis). In doing this, the risk assessor should select the
widest distributional family consistent with the state of knowledge and should, for important

parameters, test the sensitivity of the findings and conclusions to changes in distributional shape.

4. Surrogate data can be used to develop distributions when they can be appropriately
justified.

_The risk assessor should always seek representative data of the highest quality available.
However, the question of how representative the available data are is often a serious issue. Many
times. the available data do not represent conditions (e.g., temporal and spatial scales) in the
population being assessed. The assessor should identify and evaluate the factors that introduce
uncertainty into the assessment. In particular, attention should be given to potential biases that
may exist in surrogate data and their implications for the representativeness of the fitted
distrbutions.

When alternative surrogate data sets are available, care must be taken when selecting or
combining sets. The risk assessor should use accepted statistical practices and techniques when
combining data, consulting with the appropriate experts as needed.

Whenever possible, collect site or case specific data (even'in limited quantities) to help
justify the use of the distribution based on surrogate data. The use of surrogate data to develop
distributions can be made more defensible when case-specific data are obtained to check the

reasonableness of the distribution.

5. When obtaining empirical data to develop input distributions for exposure model

parameters, the basic tenets of environmental sampling should be followed. Further,



particular attention should be given to the quality of information at the tails of the gl
distribution. ( ;
As a general rule, the development of data for use in distributions should be carried out

using the basic principles employed for exposure assessments. For example,

* Receptor-based sampling in which data are obtained on the receptor or on the
exposure fields relative to the receptor,

e Sampling at appropriate spatial or temporal scales using an appropriate
stratified random sampling methodology;

e Using two-stage sampling to determine and evaluate the degree of error,
statistical power, and subsequent sampling needs; and

e Establishing data quality objectives.

In addition, the quality of information at the tails of input distributions often is not as good
as the central values. The assessor should pay particular attention to this issue when devising data
collection strategies.

6. Depending on the objectives of the assessment, expert ' judgment can be included either (
within the computational analysis by developing distributions using various methods or
by using judgments to select and separately analyze alternate, but plausible, scenarios.
When expert judgment is employed, the analyst should be very explicit about its use.

" Expert judgment is used, to some extent, throughout all exposure assessments. However,
debatable issues arise when applying expert opinions to input distributions for Monte Carlo
analyses. Using expert judgment to derive a distribution for an input parameter can reflect bounds
on the state of knowledge and provide insights into the overall uncertainty. This may be
particularly useful during the sensitivity analysis to help identify important variables for which
additional data may be needed. However, distributions based exclusively or primarily on expert
judgment reflect the opinion of individuals or groups and, therefore, may be subject to

considerable bias. Further, without explicit documentation of the use of expert opinions, the

! According to NCRP (1996). an expert has (1) training and experience in the subject area resulung in
superior knowledge in the field, (2) access to relevant information. (3) an ability to process and effectively use the
information. and (4) 15 recognized by his or her peers or those conducting the study as quahtied to provide judgments
about assumptions. models. and model parameters at the level of detail required
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distributions based on these judgments might be erroneously viewed as equivalent to those based
on hard data. When distributions based on expert judgement have an appreciable effect on the

outcome of an analysis, it is critical to highlight this in the uncertainty characterization.

Evaluating Variability and Uncertainty

7. The concepts of variability and uncertainty are distinct. They can be tracked and
evaluated separately during an analysis, or they can be analyzed within the same
computational framework. Separating variability and uncertainty is necessary to
provide greater accountability and transparency. The decision about how to track
them separately must be made on a case-by-case basis for each variable.

Variability represents the true heterogeneity or diversity inherent in a well-charactenzed
population. As such, it is not reducible through further study. Uncertainty represents a lack of
knowledge about the population. Itis sometimes reducible through further study. Therefore, -
separating variability and uncertainty during the analysis is necessary to identify parameters for
which additional data.are needed. There can be uncertainty about the variability within a
population. For example, if only a subset of the population is measured or if the population is
otherwise under-sampled, the resulting measure of variability may differ from the true population

variability. This situation may also indicate the need for additional data collection.

8. There are methodological differences regarding how variability and uncertainty are
addressed in a Monte Carlo analysis.
There are formal approaches for distinguishing between and evaluating variability and
uncertainty. When deciding on methods for evaluating variability and uncertainty, the assessor

should consider the following issues.

o Variability depends on the averaging time, averaging space, or other dimensions
in which the data are aggregated.

e Standard data analysis tends to understate uncertainty by focusing solely on
random error within a data set. Conversely, standard data analysis tends to
overstate variability by implicitly including measurement errors.

o arious types of model errors can represent important sources of uncertainty.
Alternative conceptual or mathematical models are a potentially important source
of uncertainty. A major threat (o the accuracy of a variability analysis is a lack of
representativeness of the data.
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9. Methods should investigate the numerical stability of the moments and the tails of the
distributions. ' '
For the purposes of these principles, numerical stability refers to observed numerical
changes in the characteristics (i.e., mean, variance, percentiles) of the Monte Carlo simulation
output distribution as the number of simulations increases. - Depending on the al gebraic structure
of the model and the exact distributional forms used to characterize the input parameters. some
outputs will stabilize quickly, that is, the output mean and variance tend to reach more or less
constant values after relatively few sampling iterations and exhibit only relatively minor
fluctuations as the number of simulations increases. On the other hand, some model outputs may
take longer to stabilize. The risk assessor should take care to be aware of these behaviors. Risk
assessors should always use more simulations than they think necessary. Ideally, Monte Carlo
simulations should be repeated using several non-overlapping subsequences to check for stability
and repeatability. Random number seeds should always be recorded. In cases where the tails of
the output distribution do not stabilize, the assessor should consider the quality of information in
the tails of the input distributions. Typically, the analyst has the least information about the input

tails. This suggest two points.

e Data gathering efforts should be structured to provide adequate coverage at the
tails of the input distributions.

e The assessment should include a narrative and qualitative discussion of the
quality of information at the tails of the input distributions.

10. There are limits to the assessor's ability to account for and characterize all sources of
uncertainty. The analyst should identify areas of uncertainty and include them in the
analysis, either quantitatively or qualitatively.

Accounting for the important sources of uncertainty should be a key objective in Monte

Carlo analysis. However, it is not possible to characterize all the uncertainties associated with the

models and data. The analyst should attempt to identify the full range of types of uncertainty

impinging on an analysis and clearly disclose what set of uncertainties the analysis attempts to
represent and what it does not. Qualitative evaluations of uncertainty including relative ranking of
the sources of uncertainty may be an acceptable approach to uncertainty evaluation, especially

when objective quantitative measures are not available. Bayesian methods may sometimes be

/x
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usetul for incorporating subjective information into variability and uncertainty analyses in a

manner that is consistent with distinguishing variability from uncertainty.

Presenting the Results of a Monte Carlo Analysis
11. Provide a complete and thorough description of the exposure model and its equations
(including a discussion of the limitations of the methods and the results).

Consistent with the Exposure Assessment Guidelines, Model Selection Guidance, and
other relevant Agency guidance, provide a detailed discussion of the exposure model(s) and
pathways selected to address specific assessment endpoints. Show all the formulas used. Define
all terms. Provide complete references. If external modeling was necessary (e.g., fate and
transport modeling used to provide estimates of the distribution of environmental concentrations),
identify the model (including version) and its input parameters. Qualitatively describe the major
advantages and limitations of the models used.

The objectives are transparency and reproducibility - to provide a complete enough

description so that the assessment might be independently duplicated and verified.

12. Provide detailed information on the input distributions selected. This information
should identify whether the input represents largely variability, largely uncertainty,
or some combination of both. Further, information on goodness-of-fit statistics
should be discussed. :

It is important to document thoroughly and convey critical data and methods that provide
an important context for understanding and interpreting the results of the assessment. This
detailed information should distinguish between variability and uncertainty and should include
graphs and charts to visually convey written information.

The probability density function (PDF) and cumulative distribution function (CDF) graphs
provide different, but equally important insights. A plot of a PDF shows possible values of a
random variable on the horizontal axis and their respective probabilities (technically, their

densities) on the vertical axis. This plot is useful for displaying:

o the relative probability of values;
o the most likely values (e.g., modes);

e the shape of the distribution (e.g., skewness, kurtosis); and
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e small changes in probability density.

A plot of the cumulative distribution function shows the probability that the value of a random

vanable is less than a specific value. These plots are good for displaying:

e fractiles, including the median;

e probability intervals, including confidence intervals,
e stochastic dominance; and

e mixed, continuous, and discrete distributions.

Goodness-of-fit tests are formal statistical tests of the hypothesis that a specific set of
sampled observations are an independent sample from the assumed distribution. Common tests
include the chi-square test, the Kolmogorov-Smirnov test, and the Anderson-Darling test.
Goodness-of-fit tests for normality and lognormality include Lilliefors' test, the Shapiro-Wilks'
test, and D'Agostino's test. i

Risk assessors should never depend solely on the results of goodness-of-fit tests to select
the analytic form for a distribution. Goodness-of-fit tests have low discriminatory power and are
generally best for rejecting poor distribution fits rather than for identifying good fits. For small to
medium sampie sizes, goodness-of-fit tests are not very sensitive to small differences between the
observed and fitted distributions. On the other hand, for large data sets, even small and
unimportant differences between the observed and fitted distributions may lead to rejection of the
null hypothesis. For small to medium sample sizes, goodness-of-fit tests should best be viewed as
a systematic approach to detecting gross differences. The risk assessor should never let
differences in goodness-of-fit test results be the sole factor for determining the analytic form of a
distribution.

Graphical methods for assessing fit provide visual comparisons between the experimental
data and the fitted distribution. Despite the fact that they are non-quantitative, graphical methods
often can be most persuasive in supporting the selection of a particular distribution or in rejecting
- the fit of a distribution. This persuasive power derives from the inherent weaknesses in numerical
goodness-of-fit tests. Such graphical methods as probability-probability (P-P) and quantile-

quantile (Q-Q) plots can provide clear and intuitive indications of goodness-of-fit.
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Having selected and justified the selection of specific distributions, the assessor should
provide plots of both the PDF and CDF, with one above the other on the same page and using
identical horizontal scales. The location of the mean should be clearly indicated on both curves

[See Figure 1]. These graphs should be accompanied by a summary table of the relevant data.

13. Provide detailed information and graphs for each output distribution.

In a fashion similar to that for the input distributions, the risk assessor should provide
plots of both the PDF and CDF for each output distribution, with one above the other on the
same page, using identical horizontal scales. The location of the mean should clearly be indicated

on both curves. Graphs should be accompanied by a summary table of the relevant data.

14. Discuss the presence or absence of dependencies and correlations.

Covariance among the input variables can significantly affect the analysis output. It is
important to consider covariance among the model's most sensitive variables. It is particularly
important to consider covariance when the focus of the analysis is on the high end (i.e., upper
end) of the distribution.

When covariance among specific parameters is suspected but cannot be determined due to
lack of data, the sensitivity of the findings to a range of different assumed dependencies should be

evaluated and reported.

15. Calculate and present point estimates.

Traditional deterministic (point) estimates should be calculated using established
protocols. Clearly identify the mathematical model used as well as the values used for each input
parameter in this calculation. Indicate in the discussion (and graphically) where the point estimate
falls on the distribution generated by the Monte Carlo analysis. Discuss the model and parameter
assumptions that have the most influence on the point estimate's position in the distribution. The
most important issue in comparing point estimates and Monte Carlo results is whether the data
and exposure methods employed in the two are comparable. Usually, when a major difference
between point estimates and Monte Carlo results is observed, there has been a fundamental
change in data or methods. Comparisons need to call attention to such differences and determine
their impact.

In some cases, additional point estimates could be calculated to address specific risk
management questions or to meet the information needs of the audience for the assessment. Point

estimates can often assist in communicating assessment results to certain groups by providing a
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scenario-based perspective. For example, if point estimates are prepared for scenarios with which
the audience can identify, the significance of presented distributions may become clearer. This

may also be a way to help the audience identify important risks.

16. A tiered presentation style, in which briefing materials are assembled at various levels
of detail, may be helpful. Presentations should be tailored to address the questions
and information needs of the audience.

Entirely different types of reports are needed for scientific and nonscientific audiences.
Scientists generally will want more detail than non-scientists. Risk managers may need more
detail than the public. Reports for the scientific community are usually very detailed. Descriptive,
less detailed summary presentations and key statistics with their uncertainty intervals (e.g., box
and whisker plots) are generally more appropriate for non-scientists.

To handle the different levels of sophistication and detail needed for different audiences, it
may be useful to design a presentation in a tiered format where the level of detail increases with
each successive tier. For example, the first tier could be a one-page summary that might include a
graph or other numerical presentation as well as a couple of paragraphs outlining what was done.
This tier alone might be sufficient for some audiences. The next tier could be an executive
summary, and the third tier could be a full detailed report. For further information consult Bloom
etal., 1993. _

Graphical techniques can play an indispensable role in communicating the findings from a
Monte Carlo analysis. It is important that the risk assessor select a clear and uncluttered graphical
style in an easily understood format. Equally important is deciding which information to display.
Displaying too much data or inappropriate data will weaken the effectiveness of the effort.
Having decided which information to display, the nsk assessor should carefully tailor a graphical
presentation to the informational needs and sophistication of specific audiences. The performance
of a graphical display of quantitative information depends on the information the risk assessor is
trying to convey to the audience and on how well the graph is constructed (Cleveland, I994)‘ The

following are some recommendations that may prove useful for effective graphic presentation:

+ Avoid excessively complicated graphs. Keep graphs intended for a glance (e.g.,
overhead or slide presentations) relatively simple and uncluttered. Graphs
intended for publication can include more complexity.

* Avoid pie charts, perspective charts (3-dimensional bar and pie charts, ribbon
charts), pseudo-perspective charts (2-dimensional bar or line charts).

20



™

Color and shading can create visual biases and are very difficult to use effectively.
Use color or shading only when necessary and then, only very carefully. Consult
references on the use of color and shading in graphics.

When possible in publications and reports, gfaphs should be accompanied by a
table of the relevant data.

If probability density or cumulative probability plots are presented, present both,
with one above the other on the same page, with identical horizontal scales and
with the location of the mean clearly indicated on both curves with a solid point.

Do not depend on the audience to correctly interpret any visual display of data.
Always provide a narrative in the report interpreting the important aspects of the
graph.

Descriptive statistics and box plots generally serve the less technically-oriented
audience well. Probability density and cumulative probability plots are generally
more meaningful to risk assessors and uncertainty analysts.



Appendix: Probability Distribution Selection Issues

Surrogate Data, Fitting Distributions, Default Distributions

Subjective Distributions

Identification of relevant and valid data to represent an exposure variable is prerequisite to
selecting a probability distribution However, often the data available are not a direct measure of
the exposure variable of interest. The risk assessor is often faced with using data taken in spatial
or temporal scales that are significantly different from the scale of the problem under
consideration. The question becomes whether or not or how to use marginally representative or
surrogate data to represent a particular exposure variable. While there can be no hard and fast
rules on how to make that judgment, there are a number of questions risk assessors need to ask
when the surrogate data are the only data available.

Is there Prior Knowledge about Mechanisms? Ideally, the selection of candidate probability
distributions should be based on consideration of the underlying physical processes or mechanisms
thought to be key in giving rise to the observed vanability. For example, if the exposure variable
is the result of the product of a large number of other random variables, it would make sense to
select a lognormal distribution for testing. As another example, the exponential distribution
would be a reasonable candidate if the stochastic variable represents a process akin to inter-arrival
times of events that occur at a constant rate. As a final example, a gamma distribution would be a
reasonable candidate if the random variable of interest was the sum of independent exponential
random variables.

Threshold Question - Are the surrogate data of acceptable quality and representativeness to
support reliable exposure estimates? :

What uncertainties and biases are likely to be introduced by using surrogate data? For
example, if the data have been collected in a different geographic region, the contribution of
factors such as soil type, rainfall, ambient temperature, growing season, natural sources of
exposure, population density, and local industry may have a significant effect on the exposure
concentrations and activity patterns. If the data are collected from volunteers or from hot spots,
they will probably not represent the distribution of values in the population of interest. Each
difference between the survey data and the population being assessed should be noted. The
effects of these differences on the desired distribution should be discussed if possible.

How are the biases likely to affect the analysis and can the biases be corrected? The risk
assessor may be able to state with a high degree of certainty that the available data over-estimates
or under-estimates the parameter of interest. Use of ambient air data on arsenic collected near
smelters will almost certainly over-estimate average arsenic exposures in the United States.
However, the smelter data can probably be used to produce an estimate of inhalation exposures
that falls within the high end. In other cases. the assessor may be unsure how unrepresentative
data will affect the estimate as in the case when data collected by a particular State are used in a
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national assessment. In most cases, correction of suspected biases will be difficult or not possible.
If only hot spot data are available for example, only bounding or high end estimates may be
possible. Unsupported assumptions about biases should be avoided. Information regarding the
direction and extent of biases should be included in the uncertainty analysis.

How should any uncertainty introduced by the surrogate data be represented?

In identifying plausible distributions to represent variability, the risk assessor should examine
the following characteristics of the vanable:

1. Nature of the variable.

Can the variable only take on discrete values (e.g., either on or off; either heads or tails) or is
the variable continuous over some range (e.g., pollutant concentration; body weight; dnnking
water consumption rate)? Is the variable correlated with or dependent on another variable?

2. Bounds of the variable. .

What is the physical or plausible range of the variable (e.g., takes on only positive values;
bounded by the interval [a,b]). Are physical measurements of the variable censored due to limits
of detection or some aspect of the experimental design?

3. Symmetry of the Distribution.

Is distribution of the variable known to be or thought to be skewed or symmetric? If the
distribution is thought to be skewed, in which direction? What other aspects of the shape of the
distribution are known? Is the shape of the distribution likely to be dictated by physical/biological
properties (e.g., logistic growth rates) or other mechanisms?

4. Summary Statistics.

Summary statistics can sometimes be useful in discriminating among candidate distributions.
For example, frequently the range of the variable can be used to eliminate inappropnate
distributions; it would not be reasonable to select a lognormal distribution for an absorption
coefficient since the range of the lognormal distribution is (0,) while the range of the absorption
coefficient is (0,1). If the coefficient of variation is near 1.0, then an exponential distribution
might be appropriate. Information on skewness can also be useful. For symmetric distributions,
skewness = 0; for distributions skewed to the right, skewness > 0; for distributions skewed to the
left, skewness < 0.

3. Graphical Methods to Explore the Data.

The risk assessor can often gain important insights by using a number of simple graphical
techniques to explore the data prior to numerical analysis. A wide variety of graphical methods
have been developed to aid in this exploration including frequency histograms for continuous
distrnibutions, stem and leaf plots, dot plots, line plots for discrete distributions, box and whisker
plots. scatter plots, star representations, glyphs, Chemoff faces, etc. [Tukey (1977); Conover
(1980): du Toit er al. (1986), Morgan and Henrion, (1990)]. These graphical methods are all
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intended to permit visual inspection of the density function corresponding to the distribution of b
the data. They can assist the assessor in examining the data for skewness, behavior in the tails. (
_ rounding biases, presence of multi-modal behavior, and data outliers.

Frequency histograms can be compared to the fundamental shapes associated with standard
analytic distributions (e.g., normal, lognormal, gamma, Weibull). Law and Kelton (1991) and
Evans et al. (1993) have prepared a useful set of figures which plot many of the standard analvtic
distributions for a range of parameter values. Frequency histograms should be plotted on both
linear and logarithmic scales and plotted over a range of frequency bin widths (class intervals) to
avoid too much jaggedness or too much smoothing (i.e., too little or too much data aggregation)
The data can be sorted and plotted on probability paper to check for normality (or log-normality).
Most of the statistical packages available for personal computers include histogram and
probability plotting features, as do most of the spreadsheet programs. Some statistical packages
include stem and leaf, and box and whisker plotting features

After having explored the above characteristics of the variable, the risk assessor has three
basic techniques for representing the data in the analysis. In the first method, the assessor can
attempt to fit a theoretical or parametric distribution to the data using standard statistical
techniques. As a second option, the assessor can use the data to define an empirical distribution
function (EDF). Finally, the assessor can use the data directly in the analysis utilizing random
resampling techniques (i.e., bootstrapping). Each of these three techniques has its own benefits.
However, there is no consensus among researchers (authors) as to which method is generally
superior. For example, Law and Kelton (1991) observe that EDFs may contain irregularities,
especially when the data are limited and that when an EDF is used in the typical manner, values <
outside the range of the observed data cannot be generated. Consequently, when the data are
representative of the exposure variable and the fit is good, some prefer to use parametric
distributions. On the other hand, some authors prefer EDFs (Bratley, Fox and Schrage, 1987)
arguing that the smoothing which necessarily takes place in the fitting process distorts real
information. In addition, when data are limited, accurate estimation of the upper end (tail) is
difficult. Ultimately, the technique selected will be a matter of the risk assessor’s comfort with the
techniques and the quality and quantity of the data under evaluation.

The following discussion focuses primarily on parametric techniques. For a discussion of the
other methods, the reader is referred to Efron and Tibshirani (1993), Law & Kelton (1991), and
Bratley et al (1987).

Having selected parametric distributions, it is necessary to estimate numerical values for the
intrinsic parameters which characterize each of the analytic distributions and assess the quality of
the resulting fit.

Parameter Estimation. Parameter estimation is generally accomplished using conventional

statistical methods, the most popular of which include the method of maximum likelihood.
method of least squares, and the method of moments. See Johnson and Kotz (1970), Law and
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Kelton (1991). Kendall and Stewart (1979), Evans et al. (1993), Ang and Tang (1975),
Gilbert (1987), and Meyer (1975).

Assessing the Representativeness of the Fitted Distribution. Having estimated the
parameters of the candidate distributions, it is necessary to evaluate the "quality of the fit"
and. if more than one distribution was selected, to select the "best" distribution from among
the candidates. Unfortunately, there is no single, unambiguous measure of what constitutes
best fit. Ultimately, the risk assessor must judge whether or not the fit is acceptable.

Graphical Methods for Assessing Fit. Graphical methods provide visual comparisons
between the experimental data and the fitted distribution. Despite the fact that they are non-
quantitative, graphical methods often can be most persuasive in supporting the selection of a
particular distribution or in rejecting the fit of a distnbution. This persuasive power derives
from the inherent weaknesses in numerical goodness-of-fit tests. Commonly used graphical
methods include: frequency comparisons which compare a histogram of the experimental data
with the density function of the fitted data; probability plots compare the observed cumulative
density function with the fitted cumulative density function. Probability plots are often based
on graphical transformations such that the plotted cumulative density function results ina
straight line; probability-probability plots (P-P plots) compare the observed probability with
the fitted probability. P-P plots tend to emphasize differences in the middle of the predicted
and observed cumulative distributions; quantile-quantile plots (Q-Q plots) graph the ith-
quantile of the fitted distribution against the ith quantile data. Q-Q plots tend to emphasize
differences in the tails of the fitted and observed cumulative distributions; and box plots
compare a box plot of the observed data with a box plot of the fitted distribution.

Goodness-of-Fit Tests. Goodness-of-fit tests are formal statistical tests of the hypothesis that
the set of sampled observations are an independent sample from the assumed distribution.
The null hypothesis is that the randomly sampled set of observations are independent,
identically distributed random variables with distribution function F. Commonly used
goodness-of-fit tests include the chi-square test, Kolmogorov-Smimov test, and Anderson-
Darling test. The chi-square test is based on the difference between the square of the
observed and expected frequencies. Itis highly dependent on the width and number of
intervals chosen and is considered to have low power. It is best used to reject poor fits. The
Kolmogorov-Smirnov Test is a non-parametric test based on the maximum absolute
difference between the theoretical and sample Cumulative Distribution Functions (CDFs).
The Kolmogorov-Smimov test is most sensitive around the median and less sensitive in the
tails and is best at detecting shifts in the empirical CDF relative to the known CDF. Itis less
proficient at detecting spread but is considered to be more powerful than the chi-square test.
The Anderson-Darling test is designed to test goodness-of-fit in the tails of a Probability
Density Function (PDF) based on a weighted-average of the squared difference between the
observed and expected cumulative densities.

(9]
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Care must be taken not to over-interpret or over-rely on the findings of goodness-of-fit tests.
It is far too tempting to use the power and speed of computers to run goodness-of-fit tests
against a generous list of candidate distributions, pick the distribution with the "best"
goodness-of-fit statistic, and claim that the distribution that fit "best" was not rejected at some
specific level of significance. This practice is statistically incorrect and should be avoided
[Bratley ez al., 1987, page 134]. Goodness-of-fit tests have notoriously low power and are
generally best for rejecting poor distribution fits rather than for identifying good fits. For
small to medium sample sizes, goodness-of-fit tests are not very sensitive to small differences
between the observed and fitted distributions. On the other hand, for large data sets, even
minute differences between the observed and fitted distributions may lead to rejection of the
null hypothesis. For small to medium sample sizes, goodness-of-fit tests should best be
viewed as a systematic approach to detecting gross differences.

Tests of Choice for Normality and Lognormality. Several tests for normality (and
lognormality when log-transformed data are used) which are considered more powerful than
either the chi-square or Komolgarov-Smimoff (K-S) tests have been developed: Lilliefors'
test which is based on the K-S test but with "normalized" data values, Shapiro-Wilks test (for
sample sizes < 50), and D'Agostino's test (for sample sizes > 50). The Shapiro-Wilks and
D'Agostino tests are the tests of choice when testing for normality or lognormality.

If the data are not well-fit by a theoretical distribution, the risk assessor should consider the
Empirical Distribution Function or bootstrapping techniques mentioned above.

For those situations in which the data are not adequately representative of the exposure
vanable or where the quality or quantity of the data are questionable the following approaches
may be considered.

Distributions Based on Surrogate Data. Production of an exposure assessment often
requires that dozens of factors be evaluated, including exposure concentrations, intake rates,
exposure times, and frequencies. A combination of monitoring, survey, and experimental
data, fate and transport modeling, and professional judgment is used to evaluate these factors
Often the only available data are not completely representative of the population being
assessed. Some examples are the use of activity pattern data collected in one geographic
region to evaluate the duration of activities at a Superfund site in another region; use of
national intake data on consumption of a particular food item to estimate regional mtal\e and
use of data collected from volunteers to represent the general population.

In each such case, the question of whether to use the unrepresentative data to estimate the
distribution of a variable should be carefully evaluated. Considerations include how to express
the possible bias and uncertainty introduced by the unrepresentativeness of the data and
alternatives to using the data. In these situations, the risk assessor should carefully evaluate
the basis of the distribution (e.g., data used, method) before choosing a particular surrogate or
before picking among alternative distributions for the same exposure parameter. The
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following table indicates exposure parameters for which surrogate distributions may be
reasonable and useful.

Table 1 Examples of exposure parameters for which
distributions based on surrogate data might be reasonable

body weight

height

total skin surface area

exposed skin - hands, forearms, head, upper
body

Receptor Physiological
Parameters

Receptor residency periods - age, residency type
Time-Activity weekly work hours

Patterns time since last job change
Behavioral showering duration

soil ingestion rates
Receptor soil adherence
Contact Rates | food ingestion - vegetables, freshwater finfish,
saltwater finfish, shellifish, beef
water intake - total water, tapwater

inhalation rates

Rough Characterizations of Ranges and Distributional Forms. In the absence of
acceptable representative data or if the study is to be used primarily for screening, crude
characterizations of the ranges and distributions of the exposure variable may be adequate.
For example, physical plausibility arguments may be used to establish ranges for the
parameters. Then, assuming such distributions as the uniform, log-uniform, triangular and
log-triangular distributions can be helpful in establishing which input variables have the
greatest influence on the output variable. However, the risk assessor should be aware that
there is some controversy concerning the use of these types of distributions in the absence of
data. Generally, the range of the model output is more dependant on the ranges of the input
variables than it is on the actual shapes of the input distributions. Therefore, the risk assessor
should be careful to avoid assigning overly-restrictive ranges or unreasonably large ranges to
variables. Distributional assumptions can have a large influence on the shapes of the output
distribution. When the shape of the output distribution must be estimated accurately, care and
attention should be devoted to developing the input distributions.

Distributions Based on Expert Judgment. One method that has seen increasing usage in
environmental risk assessment is the method of subjective probabilities in which an expert or
experts are asked to estimate various behaviors and likelihoods regarding specific model
variables or scenarios. Expert elicitation is divided into two categories: (1) informal
elicitation, and (2) formal elicitation. Informal elicitation methods include self assessment,
brainstorming, causal elicitation (without structured efforts to control biases), and taped
aroup discussions between the project staff and selected experts.
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Formal elicitation methods generally follow the steps identified by the U.S. Nuclear
Regulatory Commission (USNRC, 1989; Oritz, 1991; also see Morgan and Henrion. 1990:
IAEA, 1989, Helton, 1993, Taylor and Burmaster, 1993) and are considerably more elaborate
and expensive than informal methods. '

28



References Cited in Text

A. H-S. Ang and W. H. Tang, Probability Concepts in Engineering Planning and Design,
Volume [, Basic Principles, John Wiley & Sons, Inc., New York (1975).

D L Bloom, et al., Communicating Risk to Senior EPA Policy Makers: A Focus Group
Study, U.S. EPA Office of Air Quality Planning and Standards (1993).

P. Bratley, B. L. Fox, L. E. Schrage, 4 Guide to Simulation, Sprmger-Verlag, New York
(1987).

W S. Cleveland, The Elements of Graphing Data, revised edition, Hobart Press,
Summit, New Jersey (1994).

W. J. Conover, Practical Nonparamefric Statistics, John Wiley & Sons, Inc., New York
(1980).

S H C. du Toi.t, A. G. W. Steyn, R H. Stumpf, Graphical Exploratory Data Analysis,
Springer-Verlag, New York (1986).

B. Efron and R. Tibshirani, An introduction to the bootstrap, Chapman & Hall, New York
(1993).

M. Evans, N. Hastings, and B. Peacock, Statistical Distributions, John Wiley & Sons, New
York (1993).

R. O. Gilbert, Statistical Methods for Environmental Pollution Monitoring, Van Nostrand
Reinhold, New York (1987).

J. C. Helton, “Uncertainty and Sensitivity Analysis Techniques for Use In Performance
Assessment for Radioactive Waste Disposal,” Reliability Engineering and System Safety
Vol 42, pages 327-367 (1993).

IAEA, Safery Series | 00, Evaluating the Reliability of Predictions Made Using
F-nvironmental Transfer Models, International Atomic Energy Agency, Vienna, Austria
(1989).

N L. Johnson and S. Kotz, Continuous Univariate Distributions, volumes 1 & 2, John Wiley
& Sons, Inc., New York (1970).

M Kendall and A. Stuart, The Advanced Theory of Statistics, Volume I - Distribution
Theorv:. Volume II - Inference and Relationship, Macmillan Publishing Co., Inc., New York
(1979)



A. M. Law and W. D. Kelton, Simulation Modeling & Analysis, McGraw-Hill, Inc.. (1991)

S. L. Meyer, Data Analysis for Scientists and Engineers, John Wiley & Sons. Inc.. New York
(1975). ‘

M. G. Morgan and M. Henrion, Uncertainty A guide to Dealing with Uncertainty in
Quantitative Risk and Policy Analysis, Cambridge University Press, New York (1990).

NCRP Commentary No. 14, “A Guide for Uncertainty Analysis in Dose and Risk Assessments
Related to Environmental Contamination,” National Committee on Radiation Programs, :
Scientific Committee 64-17, Washington, D.C. (May, 1996).

N. R. Oritz, M. A. Wheeler, R. L. Keeney, S. Hora, M. A. Meyer, and R. L. Keeney, “Use of
Expert Judgment in NUREG-1150, Nuclear Engineering and Design, 126:313-331 (1991)

A. C. Taylor and D. E. Burmaster, “Using Objective and Subjective Information to Generate
Distributions for Probabilistic Exposure Assessment,” U.S. Environmental Protection Agency,

draft report (1993).
J. W. Tukey, Exploratory Data Analysis, Addison-Wesley, Boston (1977).

USNRUC, Severe Accident Risks: An Assessment for Five U.S. Nuclear power Plants (second
peer review draft), U.S. Nuclear Regulatory Commission, Washington, D.C. (1989).



References for Further Reading

B. F Baird, Managerial Decisions Under Uncertainty, John Wiley and Sons, Inc., New
York (1989).

D. E. Burmaster and P. D. Anderson, “Principles of Good Practice for the Use of Monte
Carlo Techniques in Human Health and Ecological Risk Assessments,” Risk Analysis, Vol.
14(4), pages 477-482 (August, 1994).

R. Clemen, Making Hard Decisions, Duxbury Press (1990).

D. C. Cox and P. Baybutt, “Methods for Uncertainty Analysns A Comparative Survey,” Risk
Analysis, Vol. 1 (4), 251-258 (1981).

R. D'Agostino and M. A. Stephens (eds), Goodness-of-Fit Techniques, Marcel Dekker, Inc.,
New York (1986).

L. Devroye, Non-Uniform Random Deviate Generation, Springer-Verlag, (1986).

D. M. Hamby, “A Review of Techniques for Parameter Sensitivity Analysis of Environmental
Models,” Environmental Monitoring and Assessment, Vol. 32, 135-154 (1994).

D. B. Hertz, and H. Thomas, Risk Analysis and Its Applications, John Wiley and Sons, New
York (1983).

D. B. Hertz, and H. Thomas, Practical Risk Analysis - An Approach Through Case Studies,
John Wiley and Sons, New York (1984).

F. O. Hoffman and J. S. Hammonds, An Introductory Guide to Uncertainty Analysis in
Environmenial and Health Risk Assessment, ES/ER/TM-35, Martin Marietta (1992).

F. O. Hoffman and J. S. Hammonds, “Propagation of Uncertainty in Risk Assessments: The
Need to Distinguish Between Uncertainty Due to Lack of Knowledge and Uncertainty Due to
Variability,” Risk Analysis. Vol. 14 (5), 707-712 (1994).

R. L. Iman and J. C. Helton, *“An Investigation of Uncenainfy and Sensitivity Analysis
Techniques tor Computer Models,” Risk Analysis, Vol. 8(1), pages 71-90 (1988).

R. L Iman and W.J Conover, “A Distribution-Free Approach to Inducing Rank Correlation
Among Input Variables,” Commun. Statistics, Communications and Computation, 11, 311-
331 (1982).



R. L. Iman, J. M. Davenport, and D. K. Zeigler, “Latin Hypercube Sampling (A Program
Users Guide),” Technical Report SAND 79:1473, Sandia Laboratories, Albuquerque (1980)

M. E. Johnson, Multivariate Statistical 'Simulalion, John Wiley & Sons, Inc., New York
(1987).

N. L. Johnson, S. Kotz and A. W. Kemp, Univariate Discrete Distributions, John Wiley &
Sons, Inc., New York (1992).

R. LePage and L. Billard, Exploring the Limits of Bootstrap, Wiley, New York (1992).

J. Lipton, et al. “Short Communication: Selecting Input Distributions for Use in Monte Carlo
Analysis,” Regulatory Toxicology and Pharmacology, 21, 192-198 (1995).

W.J. Kennedy, Jr. and J. E. Gentle, Statistical Computing, Marcel Dekker, Inc., New York
(1980).

T. E. McKone and K. T. Bogen, “Uncertainties in.Health Risk Assessment: An Integrated
Case Based on Tetrachloroethylene in California Groundwater,” Regulatory Toxicology and
Pharmacology, 15, 86-103 (1992).

R. E. Megill (Editor), Evaluating and Managing Risk, Penn Well Books, Tulsa, Oklahoma
(1985).

R. E. Megill, An Introduction to Risk Analysis, end Ed. Penn Well Books, Tulsa, Oklahoma
(1985).

Palisade Corporation, Risk Analysis and Simulation Add-In for Microsoft Excel or Lotus 1-2-
3. Windows Version Release 3.0 User’s Guide, Palisade Corporation, Newfield, New York
(1994).

W. H. Press, B. P. Flannery, S. A. Teulolsky, and W. T. Vetterling, Numerical Recipes in
Pascal: the Art of Scientific Computing, Cambridge University Press (1989). -

W.H. Press, S. A. Teulolsky, W. T. Vetterling, and B. P. Flannery, Numerical Recipes in
FORTRAN: the Art of Scientific Computing, Cambridge University Press (1992).

W.H. Press, S. A. Teulolsky, W. T. Vetterling, and B. P. Flannery, Numerical Recipes in C:
the Art of Scientific Computing, Cambridge University Press (1992).

T. Read and N. Cressie, Goodness-of-fit Statistics for Discrete Multivariate Data, Springer-
Verlag, New York (1988).



\" K. Rohatgi, Stanstical Inference, John Wiley & Sons, New York (1984).

R. Y Rubinstein. Simulation and the Monte Carlo Method, John Wiley and Sons, New York
(1981)

L. Sachs. Applied Statistics - A Handbook of Techniques, Spring-Verlag, New York (1984).
A_ Saltelli and J. Marivort, “Non-parametric Statistics in Sensitivity Analysis for Model
Output: A Comparison of Selected Techniques,” Reliability Engineering and System Safety,
Vol. 28, 229-253 (1990).

H. Schneider, 7runcated and Censored Distributions form Normal Populations, Marcel
Dekker, Inc., New York (1986). : '

F. A. Seiler and J. L. Alvarez, “On the Selection of Distributions for Stochastic Vanables,”
Risk Analysis, Vol. 16 (1), 5-18 (1996).

F A Seiler, “Error Propagation for Large Errors,” Risk Analysis, Vol 7 (4), 509-518 (1987).

W Slob, “Uncertainty Analysis in Multiplicative Models,” Risk Analysis, Vol. 14 (4), 571-576
(1994).

A. E. Smith, P.B. Ryan, J. S. Evans, “The Effect of Neglecting Correlations When
Propagating Uncertainty and Estimating the Population Distribution of Risk,” Risk Analysis,
Vol. 12 (4), 467-474 (1992).

U.S. Environmental Protection Agency, Guidelines for Carcinogenic Risk Assessment,
Federal Register 51(185), 33992-34003 (May 29, 1992).

U.S. Environmental Protection Agency, Source Assessment: Analysis of Uncertainty -
Principles and Applications, EPA/600/2-79-004 (August, 1978)

U.S. Environmental Protection Agency, Guidelines for Exposure Assessment, Federal
Register 57(104), 22888-22938 (May 29, 1992).

U S Environmental Protection Agency, Summary Report for the Workshop on Monte Carlo
Analysis, EPA/630/R-96/010 (September, 1996).

(O8]
(93]



Figure 1a. Example Monte Carlo Estimate of the PDF for Lifetime Cancer Risk
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Figure 1b: Example Monte Carlo Estimate of the CDF for Lifetime Cancer Risk
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_Figure 2: Example Box and Whiskers Plot of the Distribution of Lifetime Cancer Risk
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492: Dealing with Data
Below Detection Limits



Monitoring Well Data for Gladstone
Recycling Corporation

= Arsenic in ground water

= Method 606a (1987) with a detection limit of 2 ug/liter
= Intensive monitoring (almost daily) for February 1994
49 <2 <2 35 42 44 <2
22 29 27 32 22 21 29
43 31 29 <2 49 33 26
51 21 <2 53
= 5 out of 25 readings were "less than detection”
= Problem is to estimate the mean level of arsenic

192-10952



Strategies for Estimating Mean

= Strategy 1: Throw them away, ignore them

= Strategy 2: Make them all zero

= Strategy 3: Set them all at the detection limit
= Strategy 4: Use a statistical approach

= Strategy 5: Set them all at some value (e.g., DL/2)
(Note that strategies 2 and 3 are subsets of this strategy)

492 -1095 3



Consequences of the 3 Easy
Strategies

Strategy 1: Ignore them (invisible)
- Overestimates true mean (non-detects are small)
- Underestimates the variability (data set more compact)

Strategy 2: Make them all zero

- Underestimates true mean (non-detects probably
greater than zero)

- Overestimates the variability (increases spread in data)

Strategy 3: Set them all at the detection limit
~ Overestimates true mean (non-detects are small)
- Underestimates the variability (reduces spread in data)

492-1095 4



Comparison of the 3 Easy Strategies

Estimated Estimated

Mean Variance
1. Ignore them 3.440 1.143
2. Make them O 2.752 2.877
3. Setto DL 3.152 1.250

= Real values for "<2" are 1.9, 0.9, 1.5, 1.7, 1.8
= True Mean is 3.064,
= True Variance is 1.520

492 - 1095 5



Recommendations

Strategy 3: If you want to "nail them"
Strategy 2: If you want to conceal things

Strategy 1: Provided your boss does not catch you
wasting resources!

492-10956



Strategies 4 and 5

If there is a reasonable amount of data available:

Approximate
Percentage Analysis Method
of Non-Detects

<15 % Replace non-detects with DL{2, DL, or a very small number

15% - 50% Use a trimmed mean, Cohen's adjustment, or the
Winsorized mean and standard deviation

50% - 90% Use a test for proportions*

> 90% Use a Poisson Approach*

* Consult a statistician!

492-10957



Case (i): Less than 15% Non-Detects

= Set all non-detects equal to DL/2

= Resulting bias in estimating mean and variance quite
small

= [n the Arsenic Example:

- Adjusted Mean = 2.952 (True Mean = 3.064)
> Adjusted Variance = 1.897 (True Variance = 1.520)

492 -1085 8



Case (it): Between 15-50%

Non-Detects

= Cohen’'s Method
- Mends the Data

« Trimmed Mean
- Discards the Data

= Winsorized Mean and Standard Deviation
— Substitutes the Data

492-10859



Cohen’'s Method

= "Mends” the data essentially by estimation; estimates
what values should have been found

= Uses information from the values above the detection
limit together with assumptions about the distribution
of the data

= Calculates mean and variance from the values above
the Detection Limit, then adjusts the mean down and
the variance up

= Requires special tables

32-1095 10
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Why Cohen’s Method Works

YRR Normal
' N\ . . ’
/ \.  Distribution
// \\\
/’/ \\\,,_
+ \
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Lk L e

Cohen's method uses Normality and the principle of
Maximum Likelihood to estimate what impact the below
Detection Limit values (dotted) would have on the
estimates calculated from the above Detection Limit

values. | 492 -1095 11



How Cohen’'s Method Works

The data look like:

XX XXX | XXXXXXXXXX (n)Total number
(n-m) DL (m) observations of observations
observations above DL
below DL

1) Calculate the mean ( X ;) and variance (sd2 ) of the m
observations above the DL.

32-1095 12



How Cohen’'s Method Works -
Continued

2) Then Adjusted X = X, - A(X, - DL)
. 2 2 YL 2
Adjusted s* = s; + A(X, - DL)
where A is calculated from special tables.
In the Arsenic Example:

Adjusted Mean = 2.998 (True = 3.064)
Adjusted Variance = 1.780 (true = 1.520)

492 - 1095 13



The Trimmed Mean

= Discards data below the DL and an equivalent amount
of the largest values above the DL. |

= The percentage of data discarded below the DL defines
the trimmed mean percentage. For example, if 10% of
the data are below the detection level (so 20% of the
data are discarded), this method will compute a 10%
trimmed mean.

= Although good for estimating the mean, it does not help
with the variance.

192-1095 14



How Trimming Works

1) Find the percentage (p%) of readings below the DL.
(In the example, this was 5 out of 25 = 20%).

2) Determine the equivalent highest above the DL and
discard these values. (In the example, 5.3, 5.1, 4.9, 4.9,
4.4 are discarded.)

3) Calculate the mean of the remaining values. This is
the p% trimmed mean.

In the Arsenic Example:
20% Trimmed Mean is 2.947 (True = 3.064)
Trimmed Variance, incidently, is 0.476 (True = 1.520)

492 - 1095 15



Winsorized Mean and Variance

Similar to trimming but instead of throwing data
away, the ones below the DL are replaced by the
value closest to the DL, and the equivalent number of
highest values are replace by an equivalent high

value.

92-1095 16



How the Winsorized Mean Works

1) Rank the data from smallest to largest.

In the example,
>2,>2,>2,>2,>2|21,21,22,...,43,44,4.9,4.9,5.1,53

2) Replace those below the DL by the first value greater than
the DL. Replace the same number of the largest values by
the next closest value.

In the example, 2.1 is the first value greater than the DL so
the 5 non-detects are replaced with 2.1.

The five largest values are 4.4, 4.9, 4.9, 5.1, and 5.3. These
values are replaced by 4.3.

492 - 1095 17



How the Winsorized Mean Works -
Continued

3) Calculate sample mean, X , and sample variance, s,
as usual. Then the wmsorlzed meanis X , and the
winsorized variance s IS

2m- n- 1

In the Arsenic Example:
Winsorized Mean = 3.048 (True = 3.064)
Winsorized Variance = 2.344 (True = 1.520)

92 -1095 18



Comparison of Methods

| 1 2 3 4 - Stat | 4 - Stat | 4 - Stat 5
True | <DL =7 | <DL =0 | <DL=DL | Cohen | Trim. | Winsor | <DL=1/2DL
Mean | 3.064 | 3.440 2.752 3.152 2.998 | 2.947 | 3.048 2.952
Var. | 1.520 | 1.143 2.877 1.250 1.780 | 0.476 | 2.344 1.897

» Cohen’'s method is close for mean and variance

= Setting Less Than DL = %2DL good if only a few
non-detects

= Winsorization quite good if only interested in the mean

492 - 1095 19




But Why Does It Matter?

Data are likely to be used in a statistical test to determine
compliance with a standard or evidence of
contamination.

For example, standard Student'’s t-test:

{f = = —

where |1 comes from the null hypothesis (e.g., the
regulatory standard)

92 - 1085 20



Bias

= If less than detection values are replaced by something
else (i.e., some number) and X__and s_, are calculated,
then

true mean (X) = X + bias (X

new new )

2 2
true variance (s°) = Spew + Dias (Sp,)

= |t is impossible to eliminate these biases

= Statistical methods (Cohen or Winsorization) reduce
the bias considerably where as substitution methods
(2 DL, etc.) do not.

492 -1095 21



What's the Practical Effect?

Since is impossible to make the biases cancel, the simple
t-test becomes:
[ X + bias (}fn_w)] - U

new

—
I}

2 , 2
[ SHEW + bIaS _(Snew ) ]

| \ .
This:

- does not have the intended false positive rate ()

~ does not have the intended false negative rate ()
- does not have the intended statistical power

. 32-1095 22



Hypothesis Testing and Bias

It is difficult to predict what the true false positive
rate and false negative rate will be as both biases are
functions of the DL, amount of data, amount of data
below DL, and the relative standard deviation
(coefficient of variation).

492 - 1095 23



What if the Data are Not Normally
Distributed?

= [f approximately Lognormal, transform and use Cohen’s
method

= If roughly Lognormal shaped and only a few data below
DL, substitute 2 DL

= Trimming and Winsorization perform poorly unless data
are approximately symmetric

92 - 1095 24



Lognormal Example

= 10 Carbon Monoxide readings in a furnace room
collected a random intervals over a 24-hour period.

= Data from smallest to largest are:
1.53, 2.20, 2.72, 3.16, 3.76, 4.15, 4.43, 7.81, 8.42, 20.76
= Data are lognormally distributed

= Let DL = 2.00, so 9 readings are above DL

492 - 1095 25



Lognormal Example - Continued

*True Mean =5.89 *
* True Variance = 32.33 *

Winsorized: Replace < DL with 2.20, Replace 20.76 with 8.42
Winsorized Mean = 4.72
Winsorized Variance = 6.45

Substitution: Replace < DL with ¥z DL (1.00)

Substitution Mean = 5.84
Substitution Variance = 32.891

32 - 1095 26



How much

data is below
the DL?

Less than

15%

Substitute
DL/2

More than

15%

Call a
Statistician

Conclusions

Are data YES

approximately
normal?

data is below

Note: All percentages are approximate.

How much

the DL.?

Les; than Between More timn
15% 15% - 509% 50%
| i
Substitute Cohen's Calla
DL/2 Method Statistician

|
Trimmed

Mean

|
Winsorized Cohen's

Mean Method

492 - 1085 27
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