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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
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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.
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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).
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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.
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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

4 REPA RIMix TASKSREVISERFINALMASTER WPDN 15 1-RHNHIZNMANEN | /9777 Slamisae 3-6



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.
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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
5 REPAR LI TASKE AEVISEY FINALUMASTER WIPCH IS 1R M IRGENR] 11327 Tdamaae 4- ] 8



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
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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
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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.

i REPAR OB TASKEREVISENFINALVMASTER WPDAL S -RINIMONSAI L 14775 Jlamisae 4'4 l



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.

% REPARPIILTASKTREVISENFINALMASTER WPDA I3 1A 1IN BRI 1ATA -3 Samise 4-5 I



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.
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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) =
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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

4 REPAR UmIK TASKRREVISEDFINAL'MASTER WPD 3-RINH BITERLLAIANTS S3amaae 4-78



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
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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
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ELENIENTS TO CONSIDER WHEN DRAFTING EPA RISK
CHARACTERIZATIONS
: March 1995.
e
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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?
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—  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?
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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 