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INTRODUCTION

This guide provides guidance for the development of a Risk-Based Corrective Action (RBCA)
program that integrates the sciences of ecological and human health risk-based decision making into
the corrective action process. The RBCA provides a flexible, technically defensible framework for
corrective action that is applicable to a wide range of sites and chemical(s) of concern. The framework
incorporates a tiered analytical approach, applying increasingly complex levels of data collection and
analysis as the user proceeds through the process. It provides a starting point for the integration of
multiple regulatory programs into a site-wide corrective action activity and a technically defensible
process for achieving “No Further Action.” The successful implementation of the RBCA framework
is dependent on an understanding by the user of the technical policy decisions that are critical to the
risk management process and the identification and determination of these technical policy decisions
prior to beginning the process (see 3.2.60). There are numerous technical policy decisions that must
be made to implement the RBCA process, for example, defining data quality objectives, determining
target risk levels and addressing resource protection. It is not the intent of this guide to define
appropriate technical policy decisions. The RBCA process is not intended to replace existing
regulatory programs, but rather to complement these programs. Regardless of whether a corrective
action is specifically governed by a regulatory program, the user should consult the regulatory agency
requirements to identify the appropriate technical policy decisions prior to implementing the RBCA
process. The RBCA process encourages user-led initiatives and stakeholder involvement in both the
development of the technical policy decisions and the RBCA program. It recognizes the diversity of
sites and provides appendixes for possible applications and examples. The appendixes are provided for
additional information and are not mandatory sections of this standard guide. ASTM standards are not
federal or state regulations; they are consensus standards that can voluntarily be followed.

1. Scope

1.1 This is a guide for conducting risk-based corrective
action (RBCA) at chemical release sites based on protecting
human health and the environment. The RBCA is a consistent
decision-making process for the assessment and response to
chemical releases. Chemical release sites vary greatly in terms
of complexity, physical and chemical characteristics, and in the
risk that they may pose to human health and the environment.
The RBCA process recognizes this diversity by using a tiered
approach that integrates site assessment and response actions
with human health and ecological risk assessment to determine
the need for remedial action and to tailor corrective action
activities to site-specific conditions and risks. The evaluations

and methods used in the RBCA process begin with simple
analyses in Tier 1 and move to more complex evaluations in
either Tier 2 or Tier 3, as applicable. The process of gathering
and evaluating data is conducted in a scaled fashion. Conse-
quently, only the data that are necessary for a particular tier’s
decision-making are collected at that tier.

1.2 This guide describes an approach for risk-based correc-
tive action. It is intended to help direct and streamline the
corrective action process and to complement but not to
supersede federal, state and local regulations. It can be em-
ployed at sites where corrective action is being conducted
including sites where there may not be a regulatory framework
for corrective action, or where the user wishes to conduct
corrective action such as sites in voluntary cleanup programs or
under Brownfields initiatives. In addition, it can also be used as
a unifying framework when several different agency programs
affect the site. Furthermore, the user should be aware of the
federal, state and local corrective action programs that are
applicable for the site and, regardless of the program, federal,
state and local agency approvals may be required to implement

1 This guide is under the jurisdiction of ASTM Committee E50 on Environmental
Assessment and is the direct responsibility of Subcommittee E50.04 on Performance
Standards Related to Environmental Regulatory Programs.
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the processes outlined in this guide. Finally, regardless of
whether a corrective action is specifically governed by a
regulatory program, the user should consult the regulatory
agency requirements to identify the appropriate technical
policy decisions prior to implementing the RBCA process.

1.3 There are numerous technical policy decisions that must
be made to implement the RBCA process, for example,
defining data quality objectives, determining target risk levels,
specifying the appropriate statistics and sample sizes for
calculating exposure concentrations, selection of exposure
assumptions, determining when and how to account for cumu-
lative risks and additive effects among chemical(s) of concern
and addressing resource protection. It is not the intent of this
guide to define appropriate technical policy decisions. The user
must identify the appropriate technical policy decisions.

1.4 The general performance standard for this guide re-
quires that:

1.4.1 Technical policy decisions be identified before begin-
ning the process,

1.4.2 Data and information collected during the RBCA
process, including historical data as well as new data collected
during the site assessment, will be relevant to and of sufficient
quantity and quality to answer the questions posed by and the
decisions to be made in the RBCA process,

1.4.3 Actions taken during the risk-based decision process
will be protective of human health and the environment,

1.4.4 Applicable federal, state and local regulations will be
followed (for example, waste management requirements,
ground water designations, worker protection) and,

1.4.5 Remedial actions implemented will not result in
higher risk levels than existed before taking actions.

1.5 ASTM standards are not federal or state regulations,
they are consensus standards that can voluntarily be followed.

1.6 The RBCA process is not limited to a particular class of
compounds. This guide is intended to be a companion to Guide
E 1739, and does not supersede that document for petroleum
releases. If a release site contains a mixture of releases of
petroleum and other chemicals, this guide should be followed.

1.7 The United States Environmental Protection Agency
(USEPA) has developed guidance for human health risk
evaluation (see Appendix X8 for other resources). Many of the
components of this guidance have been integrated into the
RBCA framework. The science of ecological evaluation and
the process by which the science is applied, however, are not as
well defined and agreed upon as human health risk assessment.
Therefore, the information provided in this guide for each tier
evaluation for relevant ecological receptors and habitats is
general. The user is referred to Appendix X5, which provides
additional information regarding the development of a RBCA
framework for protection of ecological resources.

1.8 The decision process described in this guide integrates
exposure and risk assessment practices with site assessment
activities and remedial action selection to ensure that the
chosen actions are protective of human health and the envi-
ronment. The following general sequence of events is pre-
scribed in RBCA:

1.8.1 Perform an initial site assessment and develop the first
iteration of the site conceptual model. If the information is

sufficient to demonstrate that there are no complete or poten-
tially complete exposure pathways, then no further action is
warranted,

1.8.2 Evaluate the site (see definition of site 3.2.50) for
response actions (multiple sites at a single facility may require
different response actions and times),

1.8.3 Implement a response action that is appropriate for
conditions found at the site during the site response action
evaluation,

1.8.4 Define data requirements, develop data quality objec-
tives, and perform a site assessment for the Tier 1 evaluation if
the site conceptual model indicates that the tiered evaluation is
appropriate,

1.8.5 Conduct an exposure pathway analysis to determine if
relevant ecological receptors and habitats are present and if
complete and potentially complete exposure pathways are
present. If no relevant ecological receptors or habitats or
complete and potentially complete exposure pathways exist,
then no further action for relevant ecological receptors and
habitats is warranted,

1.8.6 For potential human exposure pathways, identify the
applicable Risk Based Screening Levels (RBSL) and for
potential ecological exposure pathways, identify the applicable
Relevant Ecological Screening Criteria (RESC). In addition,
identify any Other Relevant Measurable Criteria (ORMC), as
applicable. Collectively these are the Tier 1 corrective action
goals for the site;

1.8.7 Compare site conditions to the Tier 1 corrective action
goals determined to be applicable to the site;

1.8.8 If site conditions meet the corrective action goals for
chemical(s) of concern then, no further action is warranted,

1.8.9 If site conditions do not meet corrective action goals
for chemical(s) of concern then, one or more of the following
actions is appropriate:

1.8.9.1 Further tier evaluation;
1.8.9.2 Implement interim remedial action;
1.8.9.3 Design and implement remedial action to achieve

the corrective action goals.
1.8.10 Define Tier 2 data requirements, data quality objec-

tives, collect additional site-specific information and update the
site conceptual model, as necessary, if further tier evaluation is
warranted,

1.8.11 Develop point(s) of demonstration and Tier 2 correc-
tive action goals based on Site-Specific Target Levels (SSTL),
Site-Specific Ecological Criteria (SSEC) or ORMC, where
appropriate, for complete and potentially complete exposure
pathways, including exposure pathways for which no RBSL,
RESC or ORMC, as applicable, were determined;

1.8.12 Compare site conditions to the Tier 2 corrective
action goals determined to be applicable to the site;

1.8.13 If site conditions meet corrective action goals for
chemical(s) of concern, then no further action is warranted,

1.8.14 If site conditions do not meet corrective action goals
for chemical(s) of concern then, one or more of the following
actions is appropriate:

1.8.14.1 Further tier evaluation;
1.8.14.2 Implement interim remedial action;
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1.8.14.3 Design and implement remedial action to achieve
the corrective action goals.

1.8.15 Define Tier 3 data requirements, data quality objec-
tives and collect additional site-specific information and update
the site conceptual model, as necessary, if further tier evalua-
tion is warranted,

1.8.16 Develop point(s) of demonstration and Tier 3 correc-
tive action goals based on SSTL, SSEC, or ORMC, where
appropriate;

1.8.17 Compare site conditions to the Tier 3 corrective
action goals,

1.8.18 If site conditions meet corrective action goals for
chemical(s) of concern, then no further action is warranted,

1.8.19 If site conditions do not meet corrective action goals
for chemical(s) of concern, then one of the following actions is
appropriate:

1.8.19.1 Implement interim remedial action to facilitate
reassessment of the tier evaluation;

1.8.19.2 Design and implement remedial action to achieve
the corrective action goals.

1.8.20 Develop and implement a monitoring plan based on
the corrective action goals to validate the assumptions used for
the tier evaluation and to demonstrate effectiveness of the
remedial action, as applicable.

1.9 For chemical release sites currently in corrective action,
the user should review information and data available for the
site and determine the most appropriate entry point into the
RBCA framework consistent with the general performance
standards and sequence of events outlined in this guide.

1.10 This Guide is Organized as Follows— Section 2 lists
referenced documents, Section 3 defines terminology used in
this guide, Section 4 describes the significance and use of this
guide, Section 5 is a summary of the tiered approach, and
Section 6 presents the RBCA procedures in a step-by-step
process. Appendix X1 provides guidance on developing tech-
nical policy decisions and building a RBCA program, Appen-
dix X2 provides examples of chemical properties and effects
data that may be useful for a RBCA evaluation, Appendix X3
provides EXAMPLE development of RBSL, Appendix X4
describes the use of predictive modeling, Appendix X5 pro-
vides an outline of the process of the ecological evaluation,
Appendix X6 provides information about activity and use
limitations, Appendix X7 includes illustrative examples of the
application of the RBCA framework, and Appendix X8 in-
cludes references that may be helpful to the user. The Appen-
dixes are provided for additional information and are NOT
included as mandatory sections of this guide.

2. Referenced Documents

2.1 ASTM Standards:
D 5447 Guide for Application of a Ground-Water Flow

Model to a Site-Specific Problem2

D 5490 Guide for Comparing Ground-Water Flow Model
Simulations to Site-Specific Information2

D 5610 Guide for Defining Initial Conditions in Ground-
Water Flow Modeling2

D 5611 Guide for Conducting a Sensitivity Analysis for a
Ground Water Flow Model Application2

D 5612 Guide for Quality lanning and Field Implementa-
tion of a Water Quality Measurement Program3

D 5718 Guide for Documenting a Ground-Water Flow
Model Application2

D 5880 Guide for Subsurface Flow and Transport Model-
ing2

D 6235 Practice for Expedited Site Characterization of
Vadose Zone and Ground Water Contamination at Hazard-
ous Waste Contaminated Sites2

E 978 Practice for Evaluating Mathematical Models for the
Environmental Fate of Chemicals

E 1527 Practice for Environmental Site Assessments: Phase
I Environmental Site Assessment Process4

E 1599 Guide for Corrective Action for Petroleum Re-
leases4

E 1689 Guide for Developing Conceptual Site Models for
Contaminated Sites5

E 1739 Standard Guide for Risk-Based Corrective Action
Applied at Petroleum Release Sites4

E 1903 Guide for Environmental Site Assessments: Phase II
Environmental Site Assessment Process4

E 1912 Guide for Accelerated Site Characterization for
Confirmed or Suspected Petroleum Releases4

E 1943 Guide for Remediation of Ground Water by Natural
Attenuation at Petroleum Release Sites4

3. Terminology

3.1 The reader should review the definitions presented here
prior to reviewing the guide, as many of the terms included in
this guide may have different meanings than the specific
regulatory definitions within existing federal, state or local
programs. The following terms are being defined to reflect their
specific use in this guide. The user should not assume that these
definitions replace existing regulatory definitions. Where the
definition or use of a term in this guide differs from an existing
regulatory definition or use, the user should address these
differences prior to proceeding with the RBCA process.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 activity and use limitations—Legal or physical restric-

tions or limitations on the use of, or access to, a site or facility
to eliminate or minimize potential exposures to chemical(s) of
concern, or to prevent activities that could interfere with the
effectiveness of a remedial action, to ensure maintenance of
site conditions that meet the corrective goals for chemical(s) of
concern. These legal or physical restrictions are intended to
prevent adverse impacts to receptors and relevant ecological
receptors and habitats that may be exposed to chemical(s) of
concern. Activity and use limitations include both engineering
and institutional controls.

3.2.2 additive effects—refers to combined non-cancer ef-
fects of chemical(s) of concern with the same mechanism of
action in a receptor.

2 Annual Book of ASTM Standards, Vol 04.09.

3 Annual Book of ASTM Standards, Vol 11.01.
4 Annual Book of ASTM Standards, Vol 11.04.
5 Annual Book of ASTM Standards, Vol 11.05.
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3.2.3 bio-availability—a measure of the chemical(s) of
concern in environmental media that is accessible to an
organism for absorption.

3.2.4 biodegradation—Natural plant, animal, or microbial
metabolism that results in the reduction of mass of a chemi-
cal(s) of concern.

3.2.5 chemical release—Any spill or leak or detection of
concentrations of chemical(s) of concern in environmental
media.

3.2.6 chemical(s) of concern—The specific compounds and
their breakdown products that are identified for evaluation in
the RBCA process. Identification can be based on their
historical and current use at a site, detected concentrations in
environmental media and their mobility, toxicity, and persis-
tence in the environment. Because chemical(s) of concern may
be identified at many points in the RBCA process, including
before any determination that they pose an unacceptable risk to
human health or the environment, the term should not auto-
matically be construed to be associated with increased or
unacceptable risk.

3.2.7 corrective action—The sequence of actions that in-
clude site assessment and investigation, risk assessment, re-
sponse actions, interim remedial action, remedial action, op-
eration and maintenance of equipment, monitoring of progress,
making no further action determinations and termination of the
remedial action.

3.2.8 corrective action goals—concentration or other nu-
meric values, physical condition or remedial action perfor-
mance criteria that demonstrate that no further action is
necessary to protect human health and the environment. For
example, these goals may include one or a combination of
RBSL, SSTL, RESC, SSEC and ORMC chosen for source
area(s), point(s) of demonstration and point(s) of exposure. The
corrective action goals are specific to each Tier in the evalua-
tion.

3.2.9 cumulative risks—refers to the combined carcinogenic
risks from all exposure pathways for all chemicals for a
receptor.

3.2.10 direct exposure pathways—An exposure pathway
where the point of exposure is at the source, without a release
to any other medium and without an intermediate biological
transfer step.

3.2.11 ecological evaluation—A process for organizing and
analyzing data, information, assumptions and uncertainties to
evaluate the likelihood that adverse effects to relevant ecologi-
cal receptors or habitats may occur or are occurring as a result
of exposure to chemical(s) of concern.

3.2.12 engineering controls—Physical modifications to a
site or facility to reduce or eliminate the potential for exposure
to chemical(s) of concern (for example, slurry walls, capping,
hydraulic controls for ground water, or point-of-use water
treatment).

3.2.13 exposure assessment—The determination or estima-
tion (qualitative or quantitative) of the magnitude, frequency,
duration and route of exposure between a source area and a
receptor.

3.2.14 exposure pathway—The course a chemical of con-
cern takes from the source area(s) to a receptor or relevant

ecological receptor and habitat. An exposure pathway de-
scribes the mechanism by which an individual or population is
exposed to a chemical of concern originating from a site. Each
exposure pathway includes a source or release from a source of
a chemical of concern, a point of exposure, an exposure route
and the potential receptors or relevant ecological receptors and
habitats. If the exposure point is not at the source, a transport
or exposure medium, or both, (for example, air or water) are
also included.

3.2.15 exposure route—The manner in which a chemical(s)
of concern comes in contact with a receptor (for example,
ingestion, inhalation, dermal contact).

3.2.16 exposure scenario—The description of the circum-
stances, including site properties and chemical properties, or
the potential circumstances under which a receptor or a
relevant ecological receptor or habitat could be in contact with
chemical(s) of concern;

3.2.17 facility—The property containing the source of the
chemical(s) of concern where a release has occurred. A facility
may include multiple sources and therefore, multiple sites.

3.2.18 guide—a series of options or instructions that do not
recommend a specific course of action.

3.2.19 hazard index—The sum of two or more hazard
quotients for chemical(s) of concern or multiple exposure
pathways to a particular receptor, or both.

3.2.20 hazard quotient—The ratio of the level of exposure
of a chemical of concern over a specified time period to a
reference dose for that chemical of concern derived for a
similar exposure period.

3.2.21 incremental carcinogenic risk levels—The potential
for incremental human carcinogenic effects, over background
cancer occurrence levels, due to exposure to the chemical(s) of
concern. This is the individual lifetime excess cancer risk.

3.2.22 indirect exposure pathways—An exposure pathway
with at least one intermediate release to any media, or an
intermediate biological transfer step, between the source and
the point(s) of exposure (for example, chemical(s) of concern
from soil through ground water to the point(s) of exposure).

3.2.23 institutional controls—A legal or administrative re-
striction on the use of, or access to a site or facility to eliminate
or minimize potential exposure to a chemical(s) of concern (for
example, restrictive covenants, restrictive zoning).

3.2.24 interim remedial action—The course of action taken
to reduce migration of a chemical(s) of concern in its vapor,
dissolved, or liquid phase, or to reduce the concentration of a
chemical(s) of concern at a source area(s).

3.2.25 maximum contaminant level (MCL)—A standard for
drinking water established by USEPA under the Safe Drinking
Water Act which is the maximum permissible level of a
chemical(s) of concern in water which is delivered to any user
of a public water supply.

3.2.26 natural attenuation—The reduction in the concentra-
tion(s) of chemicals of concern in environmental media due to
naturally occurring physical, chemical and biological processes
(for example, diffusion, dispersion, adsorption, chemical deg-
radation and biodegradation).

3.2.27 non-aqueous phase liquids (NAPL)—Chemicals that
are insoluble or only slightly soluble in water that exist as a
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separate liquid phase in environmental media. They can be less
dense or more dense than water.

3.2.28 other relevant measurable criteria (ORMC)—
Parameters used to define corrective action goals for chemi-
cal(s) of concern. The ORMC are concentration values, other
numeric values, physical condition or performance criteria
other than RBSL, RESC, SSTL or SSEC. Examples of ORMC
are regulatory standards, consensus criteria, aesthetic criteria,
and ground water protection criteria. Technical policy deci-
sions regarding ORMC may exist, or may need to be made to
determine the appropriate values, conditions or performance
criteria that are used for the corrective action goals.

3.2.29 petroleum—Includes crude oil or any fraction thereof
that is liquid at standard conditions of temperature and pressure
(60 °F (15.6°C) and 14.7 lb/in.2 absolute (10 340 kg/m2)). The
term includes petroleum-based substances comprised of a
complex blend of hydrocarbons derived from crude oil through
processes of separation, conversion, upgrading, and finishing,
(for example, motor fuels, jet fuels, lubricants, petroleum
solvents, used oils).

3.2.30 point(s) of demonstration—A location(s) selected
between the source area(s) and the potential point(s) of
exposure where corrective action goals are met.

3.2.31 point(s) of exposure—The point(s) at which an indi-
vidual or population may come in contact with a chemical(s) of
concern originating from a site.

3.2.32 potentially complete exposure pathway—A situation
with a reasonably likely chance of occurrence in which a
receptor or relevant ecological receptor or habitat may become
directly or indirectly exposed to the chemical(s) of concern.

3.2.33 practice—a definitive procedure for performing one
or more specific operations or functions that does not produce
a test result.

3.2.34 probabilistic evaluation—A modeling procedure
used to evaluate the uncertainty surrounding a probability
distribution when the result depends on a number of factors,
each of which has its own variability and uncertainty.

3.2.35 qualitative ecological screening evaluation—A pro-
cess conducted as part of the Tier 1 evaluation wherein relevant
ecological receptors and habitats and exposure pathways are
identified. The necessary information can be collected as part
of the data gathering activities during the initial site assessment
or the Tier 1 site assessment ( 6.3.2 and 6.3.3). Within Tier 1,
this screening-level information, which is typically qualitative,
may be used to evaluate potential exposure pathways to
relevant ecological receptors and habitats and to identify
potential chemical(s) of concern. If available, generic, non-
site-specific ecological criteria and guidelines (3.2.42) may be
used to further evaluate complete and potentially complete
exposure pathways.

3.2.36 qualitative risk analysis—A non-quantitative evalu-
ation of the potential risks at a site as determined by the
potential exposure pathways and receptors based on known or
reasonably available information.

3.2.37 reasonable maximum exposure (RME)—The highest
exposure that is reasonably expected to occur at a site. RME’s
are estimated for individual exposure pathways or a combina-
tion of exposure pathways.

3.2.38 reasonably anticipated future use—Future use of a
site or facility which can be predicted with a reasonably high
degree of certainty given historical use, current use, and local
government planning and zoning.

3.2.39 receptors—The persons that are or may be affected
by a release. (see relevant ecological receptors and habitats,
3.2.41, for non-human receptor definition).

3.2.40 reference dose—A toxicity value for evaluating po-
tential non-carcinogenic effects in humans resulting from
exposure to a chemical(s) of concern.

3.2.41 relevant ecological receptors and habitats—The
ecological resources that are valued at the site. Because of the
variety of ecological resources that may be present, focusing
upon those relevant to a site is an important part of the problem
formulation phase of ecological evaluation. Identification of
relevant ecological receptors and habitats is dependent upon
site-specific factors and technical policy decisions. Examples
may include species or communities afforded special protec-
tion by law or regulation; recreationally, commercially or
culturally important resources; regionally or nationally rare
communities; communities with high aesthetic quality; and
habitats, species or communities that are important in main-
taining the integrity and bio-diversity of the environment.

3.2.42 relevant ecological screening criteria (RESC)—
Generic, non-site specific ecological criteria or guidelines that
are determined to be applicable to relevant ecological receptors
and habitats, exposure pathways and site conditions utilized
during the Tier 1 evaluation. These may include chemical
concentrations, biological measures or other relevant generic
criteria consistent with the technical policy decisions.

3.2.43 remedial action—Activities conducted to reduce or
eliminate current or potential future exposures to receptors or
relevant ecological receptors and habitats. These activities
include monitoring, implementing activity and use limitations
and designing and operating clean-up equipment. Remedial
action includes activities that are conducted to reduce sources
of exposures to meet corrective action goals, or sever exposure
pathways to meet corrective action goals.

3.2.44 response action—An immediate course of action,
including monitoring, abatement or containment measures to
mitigate known or potential hazards to human health, safety
and the environment, taken before interim remedial action or
remedial action.

3.2.45 response action evaluation—A qualitative analysis
of a site, based on known or readily available information, to
identify the need for and urgency of response actions and the
need for further information gathering. The analysis is also
used to identify appropriate early risk reduction steps.

3.2.46 risk—The potential for, or probability of, an adverse
effect. These may be expressed qualitatively or quantitatively.

3.2.47 risk assessment—An analysis of the potential for
adverse effects on receptors and relevant ecological receptors
and habitats caused by a chemical(s) of concern from a site.
The risk assessment activities are the basis for the development
of corrective action goals and determination of where interim
remedial actions, remedial action or a combination of actions
are required.
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3.2.48 risk reduction—The lowering or elimination of the
level of risk posed to human health or the environment
through, response actions, interim remedial actions, remedial
action or a combination of actions.

3.2.49 risk-based screening level/screening levels (RBSL)—
Non-site-specific human health risk-based values for chemi-
cal(s) of concern that are protective of human health for
specified exposure pathways utilized during the Tier 1 evalu-
ation.

3.2.50 site—The area(s) defined by the likely physical
distribution of the chemical(s) of concern from a source area.
A site could be an entire property or facility, a defined area or
portion of a facility or property or multiple facilities or
properties. One facility may contain multiple sites. Multiple
sites at one facility may be addressed individually or as a
group.

3.2.51 site assessment—A characterization of a site through
an evaluation of its physical and environmental context (for
example, subsurface geology, soil properties and structures,
hydrology, and surface characteristics) to determine if a release
has occurred, the levels of the chemical(s) of concern in
environmental media, and the likely physical distribution of the
chemical(s) of concern. As an example, the site assessment
collects data on soil, ground water and surface water quality,
land and resource use, potential receptors, and potential rel-
evant ecological receptors and habitats, and generates informa-
tion to develop a site conceptual model and to support
risk-based decision-making. The user is referred to Guides
E 1912 and D 6235 and other references in Appendix X8 for
more information.

3.2.52 site conceptual model—The integrated representa-
tion of the physical and environmental context, the complete
and potentially complete exposure pathways and the potential
fate and transport of chemical(s) of concern at a site. The site
conceptual model should include both the current understand-
ing of the site and the understanding of the potential future
conditions and uses for the site. It provides a method to
conduct the exposure pathway evaluation, inventory the expo-
sure pathways evaluated, and determine the status of the
exposure pathways as incomplete, potentially complete or
complete.

3.2.53 site conditions—A general description of a site’s
chemical, physical or biological characteristics that relate to
potential exposures to receptors or relevant ecological recep-
tors and habitats.

3.2.54 site-specific—Activities, information and data
unique to a particular site.

3.2.55 site-specific ecological criteria (SSEC)—Risk-based
qualitative or quantitative criteria for relevant ecological re-
ceptors and habitats identified for a particular site under the
Tier 2 or Tier 3 evaluations. These may include chemical
concentrations, biological measures or other relevant generic
criteria consistent with the technical policy decisions. SSEC
may be revised as data are obtained that better describe the
conditions and the relevant ecological receptors and habitats.

3.2.56 site-specific target levels (SSTL)—Risk-based values
for chemical(s) of concern that are protective of human health
for specified exposure pathways developed for a particular site
under the Tier 2 or Tier 3 evaluations.

3.2.57 source area(s)—The source area(s) is defined as the
location of non-aqueous phase liquid (NAPL) chemical, the
locations of highest soil or ground water concentrations of the
chemical(s) of concern or the location releasing the chemical(s)
of concern.

3.2.58 stakeholders—Individuals, organizations or other en-
tities that directly affect or are directly affected by the correc-
tive action. Stakeholders include, but are not limited to,
owners, buyers, developers, lenders, insurers, government
agencies and community members and groups.

3.2.59 standard—As used in ASTM, a document that has
been developed and established within the consensus principles
of the Society and that meets the approval requirements of
ASTM procedures and regulations.

3.2.60 technical policy decisions—The choices specific to
the user that are necessary to implement the Risk-Based
Corrective Action framework described in this guide at a
particular site. The decisions involve regulatory policies, value
judgments, different stakeholder decisions and using profes-
sional judgment to evaluate available information, therefore,
there may be more than one scientifically supportable answer
for any particular technical policy decision. The choices
represent different approaches. The user should consult the
regulatory agency requirements to identify the appropriate
technical policy decisions prior to implementing the RBCA
process. Examples of technical policy decisions are, data
quality objectives, target risk levels, land use, ground water
use, natural resource protection, relevant ecological receptors
and habitats, stakeholder notification and involvement and
exposure factors.

3.2.61 Tier 1 Evaluation—A risk-based analysis utilizing
non-site-specific corrective action goals for complete and
potentially complete direct and indirect human exposure path-
ways and qualitative ecological screening evaluation for com-
plete and potentially complete exposure pathways for relevant
ecological receptors and habitats. The non-site-specific correc-
tive action goals developed for human exposure pathways are
based on conservative assumptions (for example, exposure
factors, fate and transport parameters) and methodologies (for
example, algorithms, analytical models) to estimate the non-
site-specific values. The Tier 1 exposure pathways for human
receptors assume that the receptor and the source are located in
the same location. A qualitative ecological screening evalua-
tion is conducted that may be combined with RESC to evaluate
the potential exposures to relevant ecological receptors and
habitats. The Tier 1 evaluation for some chemical(s) of concern
or exposure pathways may also be based on comparison of site
conditions to ORMC. The non-site-specific corrective action
goals for complete and potentially complete exposure path-
ways are compared to site conditions to determine if further
corrective action is warranted.
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3.2.62 Tier 2 Evaluation—A risk-based analysis that in-
volves an incremental refinement of the Tier 1 methodology to
develop site-specific corrective action goals. The Tier 2 evalu-
ation for human exposure pathways may include developing
statistically representative concentrations of chemical(s) of
concern for comparison to the Tier 1 corrective action goals,
back-calculating SSTL by applying the direct exposure path-
way corrective action goals established under a Tier 1 evalu-
ation at site-specific determined point(s) of exposure, develop-
ing SSTL for potential indirect exposure pathways at point(s)
of exposure using site-specific conditions and the Tier 1
methodology, or developing SSTL for complete or potentially
complete exposure pathways using site-specific conditions for
which no RBSL were developed in Tier 1, or the evaluation
may employ a combination of alternatives. For relevant eco-
logical receptors and habitats, the Tier 2 evaluation may
involve additional qualitative or quantitative analyses. The Tier
2 evaluation for some chemical(s) of concern and exposure
pathways may also be based on comparison of site conditions
to ORMC. The corrective action goals for complete and
potentially complete exposure pathways are compared to site
conditions to determine if further corrective action is war-
ranted.

3.2.63 Tier 3 Evaluation—A risk-based analysis that in-
volves a significant incremental effort over the Tier 2 evalua-
tion to develop site-specific corrective action goals. The Tier 3
evaluation for human exposure pathways typically uses ad-
vanced exposure assessment, toxicity and risk assessment
techniques (for example, probabilistic exposure assessment
methods, use of bio-availability data, use of advanced fate and
transport modeling) allowing maximum flexibility to develop
SSTL for potential direct and indirect exposure pathways at the
point(s) of exposure based on site-specific conditions. A Tier 3
evaluation for relevant ecological receptors and habitats is
typically more quantitative in nature and uses more site-
specific data than previous tiers. The Tier 3 evaluation for some
chemical(s) of concern and exposure pathways may also be
based on comparison of site conditions to ORMC. The correc-
tive action goals for complete and potentially complete expo-
sure pathways are compared to site conditions to determine if
further corrective action is warranted.

3.2.64 user—An individual or group involved in the RBCA
process including owners, operators, regulators, UST fund
managers, federal government case managers, attorneys, con-
sultants, legislators and other stakeholders. Two specific cases
of users are envisioned. The first is the individual or group
addressing a site or sites under the circumstances where there
is no specific agency program or there are multiple agency
programs applicable to their project. The second is a regulatory
agency that is developing a comprehensive corrective action
program.

4. Significance and Use

4.1 The risk-based corrective action (RBCA) process pre-
sented in this guide is a consistent, streamlined decision
process for selecting corrective actions at chemical release
sites.

4.2 Risk assessment is a developing science. The scientific
approach used to develop the RBSL and SSTL may vary by

regulatory agency and by user due to regulatory requirements,
guidance and use of alternative scientifically-based methods.

4.3 Activities described in this guide should be conducted
by persons familiar with current site characterization tech-
niques, remedial action science and technology, current human
health risk and exposure assessment methodologies, toxicol-
ogy, and current ecological evaluation methodologies.

4.4 In order to properly apply the RBCA process, the user
should AVOID the following:

4.4.1 Prescribing Tier 1 RBSL or RESC as remedial action
standards for all sites rather than screening levels,

4.4.2 Limiting use of the RBCA process to Tier 1 evaluation
only and not continuing with Tier 2 or Tier 3 analyses for sites
where further tier evaluation is appropriate,

4.4.3 Placing arbitrary time constraints on the corrective
action process; for example, requiring that Tiers 1, 2, and 3 be
completed within time periods that do not reflect the actual
urgency of and risks posed by the site,

4.4.4 Using the RBCA process only when active remedial
action is not technically feasible, rather than as a process that
is applicable during all phases of corrective action,

4.4.5 Conducting active remedial action to achieve only
technology-based remedial limits (for example, asymptotic
levels) prior to determining applicable corrective action goals,

4.4.6 Using predictive modeling that is not supported by
available data or knowledge of site conditions,

4.4.7 Limiting remedial action options to a single class of
remedial actions for all sites,

4.4.8 Using unjustified or inappropriate exposure factors,
4.4.9 Using unjustified or inappropriate toxicity parameters,
4.4.10 Failing to consider cumulative risks and additive

effects when evaluating multiple chemicals,
4.4.11 Excluding the evaluation of options for activity and

use limitations, point(s) of exposure, point(s) of demonstration,
sequencing remedial action activities at multiple sites on the
same facility, or risk levels,

4.4.12 Excluding the maintenance and monitoring of activ-
ity and use limitations,

4.4.13 Failing to consider the long-term effectiveness and
reliability of potential remedial action options,

4.4.14 Failing to evaluate potential risks to the public, to
workers and to relevant ecological receptors and habitats that
may be created by proposed remedial actions or assessment
methods and

4.4.15 Continuing monitoring or remedial action at sites
that have achieved the corrective action goals (unless monitor-
ing is specifically required for an activity and use limitation or
another regulatory requirement). Achievement of corrective
action goals is predicated on sufficient monitoring to substan-
tiate the site conditions.

4.5 The RBCA process described in this guide includes
several features that are only examples of standardized ap-
proaches to addressing the objectives of the particular activity,
for example, the response action evaluation table and the
exposure scenario evaluation flowchart. These elements should
be customized by the user based on the constraints of the site
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or group of sites being addressed and the appropriate technical
policy decisions. The objectives of the analyses are identified
in this guide.

5. A Tiered Approach to Risk-Based Corrective Action
(RBCA)

5.1 Risk-based corrective action is the integration of site
assessment, remedial action selection, and monitoring with
appropriate risk and exposure assessment practices. This cre-
ates a process by which corrective action decisions are made in
a consistent manner that is protective of human health and the
environment. Prior to implementing the RBCA process, the
user must identify the relevant technical policy decisions
appropriate for the site (see 1.2, 1.3 and Appendix X1). The
user should also identify the appropriate stakeholder notifica-
tion and involvement process to provide information and to
collect input during the implementation of the RBCA process.

5.2 The RBCA process is implemented in a tiered approach,
involving increasingly sophisticated levels of data collection
and analysis as the user proceeds through the tiers. At each
further tier of evaluation, the assumptions of earlier tiers are
replaced with additional site-specific data and information.

5.3 There is some degree of uncertainty associated with all
risk estimates and site assessments. In the RBCA process it is
necessary for the user to address uncertainty through the level
of conservatism applied to each tier. As the user moves through
the tier evaluation process, the level of conservatism should
decrease as the uncertainty decreases. The uncertainty should
be clearly articulated during each tier of evaluation. The
analysis of uncertainty allows the user to determine if the
information obtained is adequate to make a decision. As the
user proceeds to higher tiers, the knowledge gained about the
site is used to tailor the degree of investigation needed, as
explained in the following sections. In some cases, after
completion of the Tier 1 evaluation, the user may find it
appropriate for some exposure pathways to proceed directly to
a Tier 3 evaluation. As contemplated here, the results of all of
the completed tiers of analyses would be compiled into one
RBCA report at the end of the evaluation. Reporting require-
ments and approvals must be determined based on the particu-
lar federal, state and local programs that apply to the site.

6. Risk-Based Corrective Action (RBCA) Procedures

6.1 The sequence of principal tasks and decisions associated
with the RBCA process are outlined on the flowcharts shown in
Fig. 1 and Fig. 2. Each of these actions and decisions is
discussed as follows. Prior to implementing these actions, the
user should identify the appropriate stakeholder notification
and involvement process to provide information and to collect
input during the implementation of the RBCA process. Infor-
mation is gathered in the initial site assessment to develop the
site conceptual model.

6.2 Initial Site Assessment—The initial site assessment is a
planning and scoping activity to develop the site conceptual
model, (for example, identifying potential transport pathways
and potential receptors) based on the initial understanding of
the site. The planning and scoping activity is a critical part of
implementing the technical policy decisions due to the poten-
tial complexity of human and ecological exposure pathways.

This is especially important for ecological issues due to the
variety of relevant ecological receptors and habitats. Informa-
tion collected during the initial site assessment may identify
incomplete exposure pathways that may eliminate the need for
any further evaluation of one or more exposure pathways or the
site. For example, some regulatory agencies specify processes
to define incomplete exposure pathways or define minimum
criteria, threshold quantities or concentrations of a chemical
release as an exclusion from or entry to a further RBCA
analysis for a site. If the information is sufficient to demon-
strate that there are no complete or potentially complete
exposure pathways, then no further action is warranted. If
minimum criteria, threshold quantities or concentrations that
define exclusion from a RBCA analysis are available and site
conditions meet these criteria, thresholds or concentrations, as
applicable, then no further action is warranted for the site.

6.2.1 The initial site assessment should include a review of
known or reasonably available information on:

6.2.1.1 Appropriate regulatory requirements;
6.2.1.2 Historical site activities, past releases and prior site

assessment information to identify potential chemical(s) of
concern, sources of the chemical(s) of concern, source area(s),
human receptors and relevant ecological receptors and habitats,
and fate and transport mechanisms;

6.2.1.3 Potential current and reasonably anticipated future
use of the site and surrounding land;

6.2.1.4 Potential ground water and surface water use; and
6.2.1.5 Regional hydrogeologic and geologic characteris-

tics, (for example, depth to ground water, aquifer thickness,
flow direction, gradient, description of confining units and
ground water quality).

6.3 Site Conceptual Model—The site conceptual model is
developed to provide an overall understanding of the site and
includes the hypotheses that form the basis of the RBCA
evaluation. It is also used to communicate the understanding of
the site to the stakeholders. Through the site conceptual model
the user identifies the complete and potentially complete
exposure pathways. The site conceptual model provides a
template to conduct the exposure pathway evaluation, inven-
tory the exposure pathways evaluated, and determine the status
of the exposure pathways as incomplete, potentially complete
or complete. It also provides a means to identify potential
Response Actions (see 6.6). The site conceptual model is
developed as part of the initial site assessment and is updated
as additional data are gathered throughout the RBCA process.
Subsequent site assessment activities are conducted to refine
the site conceptual model and conduct the tier analyses.

6.3.1 Exposure Pathway Evaluation—The user is respon-
sible for identifying the complete and potentially complete
exposure pathways for a site. An EXAMPLE exposure path-
way evaluation flowchart is presented in Fig. 3, and it may be
used as a tool to guide the user in selecting appropriate
exposure scenarios based on site assessment information. This
figure is only presented as an example of the kind of visual
representation that may be useful in the evaluation of exposure
pathways. Other types or forms of charts or tables may also be
used in the evaluation.
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FIG. 1 RBCA Flowchart (After E 1739-95)
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6.3.1.1 Identify Receptors—To identify receptors and rel-
evant ecological receptors and habitats, consider current and
reasonably anticipated future site and surrounding land use.

6.3.1.2 Characterize Site Sources and Exposure
Pathways—Use the data and information collected throughout
the RBCA process to identify relevant sources, transport

FIG. 2 RBCA Flowchart (Continued) (After E 1739-95)
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mechanisms, and exposure pathways. More than one flow chart
may be needed to correspond to multiple sources with different
exposure pathways.

6.3.2 In each successive tier of evaluation the complete and
potentially complete exposure pathways are re-evaluated in
light of the additional data collected. Further evaluations are
not conducted for exposure pathways determined to be incom-
plete.

6.4 Data Quality Objectives—Throughout the RBCA pro-
cess, appropriate data quality objectives should be determined
for the task that is being conducted. These objectives integrate
the site specificity of data needed for each task and applicable
regulatory requirements. The user may generate site-specific
data and information or estimate reasonable values for key
physical characteristics using soil survey data and other rea-
sonably available information. Sufficient quantity and quality
of data should be collected during the RBCA process to meet
the data quality objectives for any aspect of the RBCA
evaluation. In addition, the quality and quantity of data
collected must be consistent with the objectives of the particu-
lar task within the RBCA evaluation. The user is referred to
Guide E 1912 and Ref (1)6 and other references for more
information.

6.5 Site Assessment—In general, the site assessment gathers
the information necessary to implement the RBCA analyses.
Among the tasks for which site assessment data are used are:
refining the site conceptual model, determining appropriate
response actions, performing human health and ecological risk
evaluations and making decisions for further tier evaluation, no
further action, interim remedial action or remedial action for
the complete and potentially complete exposure pathways.
State and local government and local community sources
should be consulted, as appropriate, in the collection of the site
assessment information. Adequate site assessment is critical to
the RBCA process to identify sources of chemical(s) of
concern that may exist at the site. The site assessment data
should be summarized in a clear and concise format (for
example, using Fig. 3 or Guide E 1689). The site assessment is
limited to gathering only the information necessary at each tier
to evaluate the complete or potentially complete exposure
pathways identified in the site conceptual model.

6.5.1 If complete or potentially complete exposure path-
ways are identified during the site conceptual model develop-
ment indicating that the tiered evaluation is appropriate, then a
site assessment for the Tier 1 evaluation should be conducted.
The purpose of the site assessment is to gather information
relevant to the evaluation of the complete and potentially
complete exposure pathways defined by the site conceptual
model. The information collected should also be used to
improve the understanding of the site through refinements to
the site conceptual model. The site assessment for Tier 1
should include information to:

6.5.1.1 Identify chemical(s) of concern;
6.5.1.2 Locate sources of the chemical(s) of concern and

source area(s), to the extent practicable;

6.5.1.3 Locate maximum concentrations of chemical(s) of
concern in different media (for example, air, soil, soil gas,
surface water, sediments, ground water);

6.5.1.4 Locate human receptors and relevant ecological
receptors and habitats that could be impacted;

6.5.1.5 Identify potentially significant transport and human
and ecological exposure pathways (for example, ground water
transport, vapor migration through soils and utilities);

6.5.1.6 Identify current and reasonably anticipated future
use of the site and surrounding land. This identification should
include an evaluation of ground water resources, surface water
and relevant ecological receptors and habitats;

6.5.1.7 Identify state or local ground water classifications,
options for alternative classifications or designations applicable
to the site; and

6.5.1.8 Determine regional and site-specific hydrogeologic
and geologic characteristics, (for example, depth to ground
water, aquifer thickness, flow direction, gradient, description of
confining units and ground water quality).

6.5.2 The site assessment for Tier 1 may also collect
information to:

6.5.2.1 Calculate an appropriate upper confidence limit on
concentration data for chemical(s) of concern, if sufficient data
are available;

6.5.2.2 Determine background concentrations of chemi-
cal(s) of concern in environmental media (see Appendix X1);

6.5.3 The purpose of the site assessment under Tier 2 is to
gather information relevant to the complete and potentially
complete exposure pathways defined by the site conceptual
model and determined, based on the Tier 1 results, to require
further tier evaluation. The information collected should also
be used to improve the understanding of the site through
refinements to the site conceptual model. In addition to the
information gathered under 6.2, 6.5.1 and 6.5.2 and updates to
that information, if the Tier 2 evaluation is appropriate, the site
assessment should collect information to:

6.5.3.1 Determine site-specific hydrogeologic and geologic
characteristics (for example, depth to ground water, aquifer
thickness, hydraulic conductivity, flow direction and velocity,
gradient, description of lithology and confining units and
ground water quality);

6.5.3.2 Determine concentrations of chemical(s) of concern
in environmental media, and site conditions relative to the
corrective action goals;

6.5.3.3 Determine changes in concentrations of chemical(s)
of concern over time (for example, stable, increasing, decreas-
ing);

6.5.3.4 Determine concentrations of chemical(s) of concern
measured at point(s) of exposure (for example, concentrations
in nearby drinking water wells, concentrations in surface water
or vapor concentrations in nearby conduits or sewers);

6.5.3.5 Evaluate complete and potentially complete expo-
sure pathways for human receptors and relevant ecological
receptors and habitats to refine the list of complete and
potentially complete exposure pathways and determine those
that are incomplete exposure pathways, and;

6.5.3.6 Determine point(s) of demonstration (see 3.2.30).
6 The boldface numbers given in parentheses refer to a list of references at the

end of the text.
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6.5.4 The purpose of the site assessment under Tier 3 is to
gather information relevant to the complete and potentially
complete exposure pathways defined by the site conceptual
model and determined, based on the Tier 2 results, to require
further tier evaluation. The information collected should also
be used to improve the understanding of the site through
refinements to the site conceptual model. In addition to the
information gathered under 6.2, 6.5.1, 6.5.2 and 6.5.3, if the
Tier 3 evaluation is appropriate, the site assessment may
include significant additional information collection required
for site-specific modeling efforts.

6.6 Response Action Evaluations and Response
Actions—As the user gathers data, site conditions should be
evaluated and a response action should be implemented,
consistent with site conditions and simultaneously with the
tiered evaluation process to mitigate known or potential
hazards. Sites are first evaluated by the need and urgency for
response action based on information collected during the
initial site assessment. This process is repeated when new data
indicate a significant change in site conditions, as additional
data affords a more detailed characterization of the site, or after
interim remedial actions. Table 1 presents EXAMPLE site
conditions and potential responses.

NOTE 1—The response actions given in Table 1 are only examples. The
user should select options that best address the short-term human health,
safety and environmental concerns of the site while implementing the
RBCA process.

6.6.1 The site conditions and response actions given in
Table 1 are examples. The user should base the response
actions for a site on the current and potential degree of hazard
to human health, safety and the environment. For example,
sites may pose an immediate, short-term (0-2 years) or longer-
term (greater than 2 years) threat to human health, safety and
the environment.

6.6.2 Associated with each site condition in Table 1 is a
response action; the response actions are implemented to
eliminate potential for future impacts that may occur as the
user proceeds with the RBCA process. Note that response
actions do not always require active remedial action; in many
cases the response action is to monitor or further assess site
conditions to ensure that risks posed by the site do not increase
above acceptable levels over time.

6.6.3 The site should be re-evaluated when additional site
information is collected which indicates a significant change
(including an improvement) in site conditions or when imple-
mentation of a response action or an interim remedial action
causes a significant change in site conditions.

6.7 Development of Corrective Action Goals—At each tier
the user identifies or develops the applicable corrective action
goals based on the current or potential exposure pathways.
These will be a combination of RBSL, RESC, SSTL, SSEC
and ORMC. Technical policy decisions regarding ORMC may
exist, or may need to be made to determine the levels or
performance criteria that are used for the corrective action
goals. The user should recognize that the specific combination
of RBSL, RESC, SSTL, SSEC and ORMC to be used as
corrective action goals for a particular site is determined based
on the technical policy decisions.

6.7.1 Tier 1 Corrective Action Goals—The corrective action
goals in Tier 1 are the RBSL, RESC or ORMC, as applicable.
If an RBSL, RESC or ORMC is not available, the user may
develop an RBSL, RESC or ORMC. If RBSL are available, the
user is responsible for determining that the RBSL are based on
currently acceptable methodologies and parameters and are
appropriate for the site(s). If there is no applicable RBSL,
RESC, or ORMC for a specific exposure scenario, then the
exposure pathway cannot be evaluated in Tier 1 and it is carried
to a Tier 2 evaluation. In Tier 1, the point(s) of exposure and
point(s) of demonstration are assumed to be located proximal
to the source area(s), regardless of the actual, or potential
future, location of the receptor.

6.7.1.1 The RBSL are concentration values for each chemi-
cal of concern in environmental media (for example, soil, water
and air), based on the technical policy decisions for incremen-
tal carcinogenic risk levels and hazard quotients and on the
potential exposure scenarios for human receptors (for example,
residential, commercial, industrial, agricultural).

6.7.1.2 The RBSL are determined utilizing typical, non-site
specific values for exposure parameters and physical param-
eters for media. For each exposure scenario the RBSL are
based on current human health parameters (for example,
USEPA RME), and current human toxicological information
such as in the USEPA Integrated Risk Information System
(IRIS) Database, Health Effects Assessment Summary Tables

TABLE 1 Example Site Conditions and Response Actions

Site Conditions Example Response Actions

Immediate threat to human health,
safety, or relevant ecological receptors
and habitats

Notify appropriate authorities, property
owners, and potentially affected
parties, and evaluate the need to:

• Explosive levels of vapors present in
a building

• Evacuate occupants, begin
abatement measures

• An active public water supply is
impacted by chemicals of concern

• Provide alternate water supply

• Threatened and endangered species
are impacted

• Implement containment measures
and habitat management to minimize
extent of impact

Short Term (0-2 years) threat to human
health, safety, or relevant ecological
receptors and habitats.

Notify appropriate authorities, property
owners, and potentially affected
parties, and evaluate the need to:

• Chronic concentrations of chemical(s)
of concern have been measured in
shallow surface soils that are open to
public access

• Remove soils, cover soils, or restrict
access.

• Impacted surface water, storm water,
or ground water discharges to a
habitat, or surface water body used for
human drinking water or contact
recreation.

• Institute containment measures,
restrict access to areas near
discharge, and evaluate the
magnitude and impact of the
discharge.

Long-term (>2 years) threat to human
health, safety, or relevant ecological
receptors and habitats.

Notify appropriate authorities, property
owners, and potentially affected
parties, and evaluate the need to:

• Ground water is impacted and potable
water supply wells producing from the
impacted interval are located >2 years
ground water travel time from the
dissolved plume.

• Monitor the dissolved plume and
evaluate the potential for natural
attenuation and the need for
hydraulic control.

• Impacted surface water, storm water,
or ground water discharges within
1500 feet of a habitat, or surface water
body used for human drinking water or
contact recreation.

• Investigate current impact on habitat
or surface water body, restrict access
to area of discharge (if necessary)
and evaluate the need for
containment/control measures.
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(HEAST), State sources, peer-reviewed source(s), agency ap-
proved toxicity data for proprietary chemicals or the best
available toxicity data. Consequently, the RBSL are updated
when new methodologies and parameters are developed.

6.7.1.3 When developing Tier 1 RBSL, cumulative risks
and additive effects should be considered.

6.7.1.4 If RBSL or RESC are not developed or ORMC are
not appropriate for complete or potentially complete exposure
pathways, then further evaluation for those exposure pathways
is conducted in Tier 2.

6.7.1.5 For indirect exposure pathways, fate and transport
models can be used to predict RBSL at a source area that
correspond to exposure point concentrations.

6.7.1.6 The user should always review the assumptions,
technical policy decisions and methodology used to derive
values the RBSL to make sure that they are consistent with
reasonable maximum exposure scenarios for the site being
considered as well as currently accepted methodologies.

6.7.1.7 Appendix X3 provides examples of the derivation of
RBSL for a range of compound types. The assumptions and
methodology used in deriving the examples are discussed in
Appendix X3. Note that not all of the possible exposure
pathways are considered in the derivation of the examples.
Appendix X3 is presented solely for the purpose of providing
examples of the development of the RBSL. The values and
methodologies should not be viewed as proposed RBSL.

6.7.2 Tier 2 and 3 Corrective Action Goals—The corrective
action goals in Tier 2 and Tier 3 are the SSTL, SSEC or
ORMC, as applicable. Tier 2 and Tier 3 provide the user with
options for human exposures to determine SSTL and point(s)
of exposure. Corrective action goals are based on SSTL, SSEC
and ORMC that are protective of human health and the
environment. It is important to note that Tier 1 RBSL, Tier 2
SSTL and Tier 3 SSTL are based on achieving similar levels of
protection of human health. Similar levels of protection are
defined by the technical policy decisions on risk targets,
methods for addressing cumulative risks and additive effects
and methods for addressing uncertainty. Tier 2 and Tier 3
provide the user options to determine SSEC for relevant
ecological receptors and habitats. Tier 2 and Tier 3 also provide
the user with the option to develop or refine ORMC, where
applicable, consistent with the technical policy decisions. In
Tier 2 and Tier 3 the corrective action goals for the source
area(s), point(s) of demonstration and point(s) of exposure may
be different values or criteria, for example, different concen-
trations of chemical(s) of concern in environmental media
based on the fate and transport relationships between the
various locations.

6.7.2.1 For human exposure pathways, the Tier 2 SSTL can
be derived from the same equations used to calculate Tier 1
RBSL, except that site-specific parameters are used in the
calculations. The additional site-specific data may support
alternate fate and transport analyses. The Tier 2 analysis may
involve applying Tier 1 RBSL at more probable point(s) of
exposure. The SSTL may also be needed for potential exposure
pathways using site-specific conditions for which no RBSL

were developed or ORMC were appropriate in Tier 1. The
development of SSTL may also consider a combination of
these methods.

6.7.2.2 For relevant ecological receptors and habitats, the
Tier 2 evaluation may involve the development of SSEC and
the comparison of site conditions to SSEC. Other qualitative or
quantitative analyses may also be appropriate for a Tier 2
evaluation.

6.7.2.3 For human exposure pathways, Tier 3 provides the
user with an option to determine SSTL for both direct and
indirect human exposure pathways using site-specific param-
eters and point(s) of exposure and point(s) of demonstration
when it is judged that Tier 2 SSTL should not be used to
determine corrective action goals.

6.7.2.4 Cumulative risks and additive effects should be
considered when developing Tier 2 and Tier 3 SSTL.

6.7.2.5 For relevant ecological receptors and habitats, a Tier
3 evaluation is typically quantitative in nature and involves
more site-specific data than previous tiers. Determination of
SSEC may involve a more extensive site-specific analysis. In
developing the SSEC, the user should consult current federal,
state and other information.

6.7.3 Use of Multi-Component Measurements—Various
multi-component measurement chemical analyses are often
used in site assessments. These methods include, total petro-
leum hydrocarbons (TPH), total organic carbon (TOC) and
total organic volatiles (TOV), and usually determine the total
amount of a class of compounds. Some of these multi-
component measurements are general measures and as such
may provide insufficient information about the amounts of
individual chemical(s) of concern present to calculate risk.
However, new methods for the evaluation of multi-component
measurements in terms of risk and exposure are being devel-
oped. If multi-component measurements are used as corrective
action goals in any tier evaluation, the user is responsible for
determining that the evaluations are based on currently accept-
able methodologies and parameters that are applicable to
risk-based calculations.

6.8 Tier 1 Evaluation—Tier 1 provides the user the option to
identify or develop the corrective action goals (see section
6.7.1). If there is no corrective action goal for a specific
exposure scenario, then the exposure pathway cannot be
evaluated in Tier 1 and it is carried to a Tier 2 evaluation. In
Tier 1, the point(s) of exposure and point(s) of demonstration
are assumed to be located proximal to the source area(s),
regardless of the actual or potential future location of the
point(s) of exposure. The site conditions as determined through
the initial site assessment and the site assessment for Tier 1 are
compared to the corrective action goals based on the complete
and potentially complete exposure pathways defined by the site
conceptual model. In Tier 1, the quantity of assessment data are
typically limited, therefore conservative assumptions about site
conditions are used for the comparison. For example the
maximum concentrations of chemical(s) of concern are com-
pared to the RBSL or ORMC. If there are sufficient site
assessment data, the user may choose to use a statistically
derived value rather than a conservative value. Background
conditions should also be considered in the Tier 1 comparisons.
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In Tier 1, the evaluation for relevant ecological receptors and
habitats should take the form of qualitative analyses, as
discussed in 6.9.

6.9 Ecological Evaluation—Utilize a qualitative ecological
screening evaluation to support the identification of relevant
ecological receptors and habitats, to select relevant ecological
exposure pathways and to identify potential chemical(s) of
concern (see Appendix X5). Due to the complexity of ecologi-
cal systems, if exposure pathways are complete or potentially
complete, then a refinement of the exposure pathway analysis
should occur in Tier 1 to focus the assessment as early in the
process as practicable or appropriate. Selection of RESC or
development of RESC should occur, and a comparison to site
conditions made. If after this refinement, complete or poten-
tially complete ecological exposure pathways still exist for
relevant ecological receptors and habitats on or near the site,
then a site-specific assessment should be conducted. The
site-specific assessment may involve selection of RESC or the
development of SSEC, as applicable. This may include litera-
ture values, determining the toxicity of media to test organ-
isms, biological surveys or multiple lines of evidence.

6.10 Evaluation of Tier Results—Within each tier evalua-
tion the user compares the site conditions to the corrective
action goals.

6.10.1 If site conditions meet corrective action goals for
chemical(s) of concern, then no further action may be appro-
priate (see 6.10.3). If site conditions do not meet the corrective
action goals, then interim remedial action, remedial action, or
further tier evaluation must be conducted.

6.10.1.1 Interim Remedial Action—An interim remedial
action may be more practical than attempting to implement a
comprehensive remedial action (for example, when the desired
risk reduction is infeasible due to technology or resource
limitations). Furthermore, if interim remedial actions can
reduce or eliminate a short-term threat, then interim remedial
action steps should be employed before proceeding to further
tier evaluation. If an interim remedial action is selected in the
evaluation under 6.10.1 as the most appropriate option, then a
design is implemented to address the most significant concerns
in an expedited fashion. The interim remedial action may
include removal or treatment of source area(s) with complete
or potentially complete exposure pathways, or another method
to address the most significant exposure concerns, to reduce
migration, and facilitate reassessment of the tier evaluation.
Interim remedial actions may also lead to further evaluation of
response actions.

6.10.1.2 Remedial Action—If remedial action is selected in
the evaluation under 6.10.1 as the most appropriate option,
then a remedial action is designed and implemented to reduce
concentrations at the point(s) of exposure, to eliminate an
exposure pathway, or to address a potentially unacceptable risk
to relevant ecological receptors and habitats. The remedial
action may include some combination of source removal,
treatment, and containment technologies, exposure pathway
elimination as well as activity and use limitations (for addi-
tional discussion see 6.13). Examples of these include soil
removal, soil venting, bioventing, air sparging, pumping for
hydraulic control, chemical fixation, capping, industrial work-

place protective practices and natural attenuation. When site
conditions meet corrective action goals, then the user may elect
to move to 6.10.3. Additionally, remedial action may be used to
reduce concentration(s) of chemical(s) of concern, reduce
exposures and facilitate a re-evaluation of the tier analysis.

6.10.1.3 Further Tier Evaluation—If further tier evaluation
is warranted, additional site assessment information should be
collected to develop or identify corrective action goals under a
Tier 2 or Tier 3 evaluation (see 6.7.2). Further tier evaluations
are conducted only for the complete and potentially complete
exposure pathways. Further tier evaluation is warranted when:

(1) The basis for the Tier 1 or Tier 2 corrective action goals,
as applicable, (for example, hydrogeology, exposure param-
eters, point(s) of exposure, reasonable land use options) are not
representative of the site-specific conditions; or,

(2) The Tier 1 or Tier 2 corrective action goals, as applicable,
do not exist for a complete and potentially complete exposure
pathway; or,

(3) The corrective action goals developed under further tier
evaluation will be significantly different than the Tier 1 or Tier
2 corrective action goals, as applicable, or will significantly
modify the remedial action activities; or,

(4) The cost of remedial action to achieve Tier 1 or Tier 2
corrective action goals, as applicable, will likely be greater
than the cost of further tier evaluation and subsequent remedial
action.

6.10.2 If site conditions meet corrective action goals, but the
user is not confident that data support the conclusion that the
site conditions will meet the corrective action goals in the
future, then the user institutes a monitoring plan to collect data
sufficient to confidently conclude that site conditions will meet
corrective action goals in the future (see 6.14). After these data
are collected, no further action may be appropriate (see 6.10.3).
If site conditions will not meet corrective action goals in the
future, then initial remedial action, remedial action or further
tier evaluation is appropriate (see 6.10.1).

6.10.3 If site conditions meet corrective action goals and the
user is confident that data support the conclusion that site
conditions will meet corrective action goals in the future, then
no additional corrective action activities are necessary, and the
user has completed the RBCA process. In practice, this is often
accompanied by the issuing of a No Further Action letter, or its
equivalent, by the applicable regulatory agency (see Appendix
X1).

6.11 Tier 2 Evaluation—Tier 2 provides the user with an
option to determine the site-specific point(s) of exposure and
point(s) of demonstration and corresponding corrective action
goals for the chemical(s) of concern applicable at the point(s)
of demonstration and source area(s) as well as corrective action
goals for relevant ecological receptors and habitats (see 6.7.2).
Additional site assessment data may be required; however, the
incremental effort may be minimal relative to Tier 1. In most
cases, only a limited number of exposure pathways, exposure
scenarios, and chemical(s) of concern are considered in the
Tier 2 evaluation since many are eliminated from consideration
during the Tier 1 evaluation. In Tier 2, the evaluation for
relevant ecological receptors and habitats can take the form of
additional qualitative or quantitative analyses.
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6.11.1 In Tier 2 for human health the user identifies the
direct and indirect complete and potentially complete exposure
pathways. The Tier 2 evaluation may include:

6.11.1.1 For the complete and potentially complete indirect
exposure scenarios, identification of the appropriate site-
specific point(s) of exposure and point(s) of demonstration. A
combination of assessment data and predictive modeling re-
sults are used to determine the SSTL at the source area(s) or the
point(s) of demonstration, or both, or

6.11.1.2 Application of the RBSL, or ORMC, for the direct
exposure scenarios at site-specific point(s) of exposure (as
opposed to the source area(s) as is done in Tier 1). The SSTL
for source area(s) and point(s) of demonstration can be
determined based on the demonstrated and predicted attenua-
tion (that is, reduction in concentration with distance) of
compounds that migrate away from the source area(s), or

6.11.1.3 Application of a statistical data handling method,
when appropriate data exist, to the source area(s) data and
comparison of the representative source area(s) concentration
to the RBSL, or

6.11.1.4 Application of the site-specific exposure and site
condition values to the Tier 1 RBSL calculations to determine
SSTL for the source area(s), or

6.11.1.5 Implementation of alternate fate and transport al-
gorithms to determine SSTL, or

6.11.1.6 Development of SSTL may consider a combination
of these methods.

6.11.1.7 The SSTL may also be needed for potential expo-
sure pathways using site-specific conditions for which no
RBSL were developed or ORMC identified in Tier 1.

6.11.1.8 An example of Tier 2 application is illustrated in
Appendix X7.

6.11.2 The Tier 2 evaluation of the RBCA process involves
the development of SSTL based on the measured and predicted
attenuation of the chemical(s) of concern away from the source
area(s) using relatively simplistic mathematical models. The
SSTL for the source area(s) are generally not equal to the SSTL
for the point(s) of demonstration. The predictive models are:

6.11.2.1 Relatively simplistic, and are often algebraic or
semi-analytical expressions,

6.11.2.2 Limited to practicably attainable site-specific data,
or easily estimated quantities (for example, total porosity,
fraction organic carbon, depth to ground water) for input
parameters, and

6.11.2.3 Based on descriptions of relevant physical and
chemical phenomena. The models are relatively simple, (that
is, certain complex mechanisms are neglected) which results in
predicted concentrations that are greater than those likely to
occur (for example, assuming constant concentrations in
source area(s)). Appendix X4 discusses the use of predictive
models and presents models that might be considered for Tier
2 evaluation.

6.11.3 For relevant ecological receptors and habitats the
Tier 2 evaluation may involve further site-specific evaluation
utilizing additional qualitative or quantitative analyses.

6.11.4 Compare the site conditions to the Tier 2 corrective
action goals. Identify the exposure scenarios where the site

conditions do not meet the corrective action goals and evaluate
these scenarios in accordance with 6.10.

6.12 Tier 3 Evaluation—In a Tier 3 evaluation for both
human health and relevant ecological receptors and habitats,
corrective action goals are developed on the basis of more
sophisticated statistical evaluations and chemical fate and
transport analyses, using site-specific input parameters for both
direct and indirect exposure scenarios, as well as alternative
toxicity data, exposure factors and bio-availability information,
(see 6.7.2). Tier 3 evaluations could involve collection of
significant additional site information, statistical evaluation of
that data and completion of more extensive modeling efforts
than required for either a Tier 1 or Tier 2 evaluations.
Cumulative risks and additive effects are important consider-
ations in Tier 3 analyses.

6.12.1 Tier 3 analyses may include the following:
6.12.1.1 The use of numerical ground water modeling codes

that predict time-dependent dissolved chemical transport and
account for spatially varying permeability fields to predict
exposure point(s) concentrations,

6.12.1.2 The use of site-specific data, mathematical models,
alternative toxicity data, bio-availability information and

6.12.1.3 Implementation of probabilistic exposure analysis
methods to quantify the uncertainties in the exposures for a
given site (see Appendix X2 and Appendix X4), and

6.12.1.4 The gathering of sufficient data to refine site-
specific parameter estimates (for example, biodegradation
rates, desorption factors) and improve the accuracy of the
model predictions.

6.12.2 In a Tier 3 evaluation for relevant ecological recep-
tors and habitats, activities to identify applicable SSEC are
quantitative in nature. Where appropriate, these assessments
may be conducted in accordance with current federal or state
acceptable methods for relevant ecological receptors and
habitats.

6.12.3 Compare the site conditions to the Tier 3 corrective
action goals. Identify the exposure scenarios where the site
conditions do not meet the corrective action goals and evaluate
these scenarios in accordance with 6.10, except that a tier
upgrade (6.10.1.3) is not available.

6.13 Implementing the Selected Remedial Action
Program—When it is judged by the user that no further tier
evaluation is necessary, or practicable, or applicable, a reme-
dial alternatives evaluation should be conducted to determine
the appropriate remedial actions necessary to achieve the
corrective action goals determined for the site. Because reme-
dial action itself can create new risks, including imposing
significant physical, biological and chemical stresses on rel-
evant ecological receptors and habitats, the remedial action
should be balanced against the short and long term risks
consistent with the technical policy decisions.

6.13.1 The remedial alternative evaluation should consider
the applicable technical policy decisions and the following for
each remedial action:

6.13.1.1 Effectiveness of the remedial action in protecting
human health and the environment,

6.13.1.2 Long-term reliability and probable success in meet-
ing the corrective action goals now and in the future,
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6.13.1.3 Short-term risks posed by the implementation of
the remedial action,

6.13.1.4 Amenability of the remedial action to integration
with property redevelopment plans,

6.13.1.5 Acceptability of the remedial action to the stake-
holders,

6.13.1.6 Implementability and technical practicability of the
remedial action, and

6.13.1.7 The cost-effectiveness of the options to meet the
corrective action goals.

6.13.2 Based on the alternative evaluation conducted under
6.13.1, a remedial action(s) is selected. The detailed design and
specification of the selected alternative(s) are then developed
for installation and operation.

6.13.3 The remedial action is implemented in accordance
with the design and specification developed under 6.13.2.
Following implementation, monitoring should be conducted to
ensure that the design conditions are being met by the remedial
action (see 6.13.4 and 6.14).

6.13.4 The remedial action must continue until such time as
monitoring indicates that the corrective action goals have been
met for a statistically significant number of monitoring periods,
at the point(s) of demonstration or source area(s), or both, as
appropriate.

6.13.5 At any time during the remedial action:
6.13.5.1 If site conditions change (for example, property use

changes from residential to commercial and this was not
anticipated in the future use of the property) or new data
becomes available (for example, more refined aquifer param-
eters, site-specific biodegradation rates, new toxicity data for
the chemical(s) of concern, or site-specific exposure factors are
better defined) that would impact the corrective action goals,
the user should return to the tier evaluation.

6.13.5.2 If the remedial action was initiated with Tier 1 or
Tier 2 corrective action goals, the user may choose to return to
the next higher tier evaluation.

6.13.5.3 If concentrations of chemical(s) of concern de-
crease to an asymptotic level that is above the corrective action
goals, at the point(s) of demonstration, the user must choose to
either conduct further tier evaluation (unless Tier 3 has already
been completed), modify the remedial action system or further
reduce or eliminate exposures through activity and use limita-
tions.

6.13.6 Similar remedial actions can be implemented at
different sites with different design objectives depending on the
chemical(s) of concern, the hydrogeological setting and the
corrective action goals. For example at one site ground water
pumping may be implemented for hydraulic control while at
another the ground water pumping may be used for source
removal. In addition, the reliability of different designs for
different objectives will be different. Further, the reliability of
different remedial action options will vary depending on the
site setting and potentially on the regulatory and legal structure
of the jurisdiction in which the site is located (for example, the
reliability of activity and use limitations varies depending on
the structure of the limitation and the jurisdiction in which it is
implemented, see Appendix X6).

6.14 Implementing a Monitoring Program—In many cases
monitoring is appropriate. Upon completion of this monitoring
effort (if required), no further action is required.

6.14.1 Monitoring is necessary to:
6.14.1.1 Demonstrate the effectiveness of the implemented

remedial action, or
6.14.1.2 Confirm that current conditions persist or improve

with time, or
6.14.1.3 Verify model assumptions and conditions.
6.14.2 If monitoring does not demonstrate the effectiveness

of the implemented remedial action the user should reevaluate
the remedial action (see 6.13). If the monitoring does not
confirm that current conditions persist or improve with time or
verify model assumptions and conditions then the user should
return to the applicable tier evaluation (see 6.11 and 6.12).

6.15 Site Maintenance—In addition to monitoring, some
remedial actions (for example, physical barriers - capping,
hydraulic control, or activity and use limitations) require
maintenance to ensure integrity and continued performance.
The required maintenance should be conducted until corrective
action goals have been demonstrated. In the case of some
activity and use limitations site maintenance may be needed
beyond the remedial action closure (see 6.16).

6.16 No Further Action and Remedial Action Closure—No
further action is necessary when corrective action goals have
been demonstrated (as required in 6.10.3) to be achieved.
Under these circumstances, if monitoring and site maintenance
are no longer required to ensure that conditions persist, then no
further action is necessary, except to ensure that activity and
use limitations (if any) remain in place. If these conditions are
met, the closure should be documented. Example closure
instruments are discussed in Appendix X1.

6.17 RBCA Report—After completion of the final tier
evaluation, a RBCA report should be prepared. The report must
include all of the data collected to support the RBCA decisions
that were made. The report content will depend on the specific
site, the tier evaluation and the requirements of the regulatory
agency, however the RBCA report will typically include the
following:

6.17.1 An executive summary,
6.17.2 A site description,
6.17.3 A summary of the site ownership and use,
6.17.4 A summary of past releases or potential source areas,
6.17.5 A summary of the current and completed site activi-

ties,
6.17.6 A description of regional hydrogeologic conditions,
6.17.7 A description of site-specific hydrogeologic condi-

tions,
6.17.8 A summary of reasonably anticipated use,
6.17.9 A summary and discussion of the site conceptual

model, the exposure pathway analysis and the qualitative
ecological screening evaluation,

6.17.10 A summary of the tier evaluations conducted, in-
cluding the methods and assumptions used to derive the
corrective action goals,

6.17.11 A summary of the analytical data and the appropri-
ate corrective action goals used,

6.17.12 A site map of the location,
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6.17.13 An extended site map to include significant features
(for example local land use and ground water supply wells),

6.17.14 Site plan view showing location of facility or site
structures (for example, aboveground storage tanks, under-
ground storage tanks, waste management areas, buried utilities
and conduits, suspected/confirmed sources),

6.17.15 Site photos, if available,

6.17.16 A ground water elevation map,
6.17.17 Geologic cross-section(s),
6.17.18 Concentration maps for chemical(s) of concern in

the appropriate environmental media,
6.17.19 A section that contains an outcome statement defin-

ing the corrective action goals and completion conditions, and
6.17.20 A summary of the technical policy decisions.

APPENDIXES

(Nonmandatory Information)

X1. CONSIDERATIONS FOR DEVELOPMENT OF A RBCA PROGRAM

X1.1 Introduction:

X1.1.1 The agencies responsible for developing and imple-
menting a RBCA program and interested stakeholders are the
focus of this appendix. Agencies empowered to enforce stat-
utes, promulgate and enforce regulations and implement policy
guidance governing cleanup must make key decisions in order
to blend the existing program with the risk-based approach.
Such decisions are typically made, either formally or infor-
mally, with the involvement of stakeholders. In this context a
risk-based corrective action (RBCA) program provides regu-
latory agencies, the regulated community, and the stakeholders
with clear, practical guidelines for assessment and control of
risks posed to human health and the environment by chemical
releases. The RBCA framework provides an opportunity and a
focus for agencies working toward the development of a
unified and consistent set of policies and procedures for
risk-based corrective actions. While no single procedure is
mandatory, a clear understanding of the RBCA planning
process for both regulatory agency personnel and the regulated
community can streamline the site review process by the
regulatory agency and expedite implementation of appropriate
corrective action. Toward this end, development of a RBCA
regulatory program involves considerable discussion by the
regulatory authority and other concerned stakeholders regard-
ing legal and regulatory issues, technical policy decisions, and
program documentation and communication.

X1.1.2 This appendix is intended to serve as an outline of
suggestions to assist in the development process and identify
relevant information resources. Although in some cases spe-
cific examples are discussed in this appendix for ease of
understanding, there is no intention to advocate specific posi-
tions regarding regulatory policies. Instead, a list of key actions
and issues to be considered by the RBCA development team
are provided. An effective development team includes all major
stakeholder groups. In some programs there are statutory or
regulatory authorities that require interested parties to be
brought together before rules regarding clean-up programs are
promulgated. There may be requirements to appoint and
convene a multidisciplinary advisory board to provide advice
before rules are promulgated. The composition of such advi-
sory boards may be detailed in regulation or a matter of policy
in a particular jurisdiction.

X1.2 Overview of RBCA Development Process:

X1.2.1 The RBCA program development process involves
the following principal steps:

X1.2.1.1 Selecting the Framework—Deciding to use the
RBCA framework.

X1.2.1.2 Administrative Actions—Coordination with con-
cerned stakeholders and evaluation and/or revision of existing
laws and regulations. A key element is the Stakeholders’
Meeting.

X1.2.1.3 Technical Policy Decisions—Specification of
technical criteria required for calculation of risk-based correc-
tive action goals, performance standards for modeling, expo-
sure pathway analysis and data collection.

X1.2.1.4 Program Documentation—Development of writ-
ten guidance and other tools to assist the agency and the user.
(for example, standardized report forms and software tools for
application of the RBCA process.)

X1.2.1.5 Specialized Program Elements—The development
team may wish to consider specialized mechanisms for volun-
tary cleanup programs (VCPs), such as completion letters, no
further action statements or liability covenants. Many state
programs, for example, have specific or general statutory
provision governing the issuance of liability covenants.

X1.2.1.6 Education/Outreach—Training or communication
or both with regulatory staff, the regulated community, envi-
ronmental consultants and contractors, stakeholder organiza-
tions, and the general stakeholders.

X1.2.1.7 Stakeholder Involvement—The development team
may consider use of standard policies and techniques for
communication with stakeholders on a site-by-site basis and/or
for program development and implementation.

X1.2.2 In general, these development tasks may be under-
taken in a sequential manner. However, some degree of overlap
or iteration may be required to establish a workable and
efficient risk-based program for assessment, remediation, and
closure of affected sites. Detailed discussion of each program
development step is provided below.

X1.3 Selecting the Framework—The threshold decision for
a regulatory agency is whether to develop or modify an
existing cleanup program around the RBCA framework. This
decision may require some underlying assumptions to be
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modified in fundamental ways. Many traditional cleanup pro-
grams require the collection of large amounts of information
and a complete and detailed profile of the site, before an
evaluation of the risks, risk reduction measures or the remedy
selection process is ever initiated. In contrast, the basic
principle of RBCA is to allow the user to gather just enough
information to make a risk-based decision at the lowest tier of
analysis. This facilitates timely decisions, based on risk, most
efficiently, and with the least amount of information possible.
At lower tiers, uncertainty is compensated by more conserva-
tive assumptions. In other words, at lower tiers, a complete
detailed profile of the site is not needed because the agency
builds in a reasonable worst-case set of assumptions in the
corrective action goals, as appropriate. At higher tiers, uncer-
tainty is reduced through collection and analysis of more
site-specific information. The agency responsible for decision
making should consider the level of understanding and accep-
tance of this underlying philosophy by the people who must
implement it, prior to embarking on program development
using RBCA.

X1.4 Administrative Actions:

X1.4.1 This guide provides a risk management framework
that can be customized to address the concerns of local
stakeholders and integrated with the legal and regulatory
framework. For this reason, it is important to involve key
stakeholders (defined below) early in the program development
process. In addition, the development team (defined below)
may review existing laws and regulations to identify possible
roadblocks to RBCA implementation and any statutory or
regulatory actions that may be required. While specific provi-
sions for stakeholder involvement are beyond the scope of this
guide, it is recommended that stakeholder involvement and
outreach activities be integrated into the RBCA development
process. Stakeholder involvement activities may or may not be
appropriate at every site in a RBCA program. Key consider-
ations are outlined below.

X1.4.2 Advisory Committee Acts and Stakeholders
Meetings—Many state and federal programs develop regula-
tions, policies and guidelines with specific consensus building
requirements and formal or informal requirements for repre-
sentation by balanced stakeholder groups. It is extremely
important for the program development process to consider the
use of such representation to reach consensus on some of the
widely debated issues which could impact the application and
implementation of the RBCA process. During the development
process, Stakeholders Meetings among the following potential
participants may be critical: the regulatory agency and other
users; industry; real estate interests; financing interests; local
governments and redevelopment authorities; citizen groups and
environmental groups. The purpose of such meetings is to
reach consensus on a common approach for the critical
technical policy decisions discussed below, especially in the
area of risk management.

X1.4.3 Development Team—To assist in producing an effi-
cient and workable RBCA program, an effective development
team can serve a key role. The team may include representa-
tives from the principal regulatory agency, the regulated
community, environmental groups, citizens and other parties

likely to be affected by a new or revised regulatory program.
Other such stakeholders may include, but are not limited to:
local government; representatives from the real estate, banking,
or insurance industries; environmental professional or techni-
cal organizations; citizens’ groups; and environmental and
public health advocates. Consideration of these diverse per-
spectives can greatly facilitate the ultimate success of the
RBCA program. Stakeholders may be involved either as a
working group (that is, the development team) or as an
oversight or advisory committee. In most cases, to provide for
meaningful discussion and input, preliminary training or ori-
entation of stakeholder representatives regarding RBCA con-
cepts and key policy issues will be required.

X1.4.4 Statutory Review—The development team should
review existing environmental laws and identify how the
RBCA program should be crafted to comport with existing
statutes and to identify possible constraints on RBCA imple-
mentation. Examples include state drinking water quality
criteria, non-degradation standards and policies, wellhead pro-
tection programs, legally mandated soil and ground water
remediation standards, or full site delineation requirements. A
distinction should be made to differentiate between ground
water restoration standards and those for ground water protec-
tion, since they may have different purposes. The development
team may evaluate existing laws to customize the risk-based
approach, recommend statutory modification to facilitate
RBCA, or a combination of both. Key elements in the statutory
review include consideration of natural resource protection and
conservation requirements. Many programs have, for example,
explicit ground water protection and future use statutes.

X1.4.5 Regulatory Action—In some cases, current regula-
tions mandate uniform concentration limits for soil and ground
water affected by a chemical release (for example, background
levels, practical quantitation limits, or other maximum allow-
able limits), regardless of location, land use, or exposure
scenario. In some cases this situation may require careful
crafting of the RBCA framework to accommodate current
regulations. In other cases incorporation of risk-based correc-
tive action goals may require redrafting portions of the existing
rules. As a practical matter, many programs have employed
some combination of regulatory accommodation and modifi-
cation. The outcome of any debate to replace or modify
existing programs depends on active, successful of stakeholder
involvement activities. In addition, depending on the scope of
the existing regulations, accommodations or modifications may
also be required to those sections addressing: site assessment
requirements; response action evaluation procedures; remedia-
tion options; requirements for treatment; permanent solutions;
use of activity and use limitations; use of natural attenuation;
point of compliance; and compliance monitoring specifica-
tions. The regulations may consist of language defining key
policy elements of the RBCA program and authorizing agency
promulgation of detailed written guidance. In some jurisdic-
tions, detailed procedural guidelines will need to be incorpo-
rated in the rules due to legal constraints on the use of guidance
documents.

E 2081 – 00

19



X1.4.6 Policy and Guidance Development—As an alterna-
tive to statutory or regulatory mandates, agencies may elect to
implement the RBCA program in the form of policy guidelines
and/or technical guidance materials. As noted below, clearly
documented policies and administrative procedures are critical
to proper understanding and implementation of a RBCA
program by the regulated community. Having technical deci-
sions promulgated through policy and/or guidance enhances
the flexibility of the program, allowing for routine updates as
the leading edge of environmental science evolves. Many
states, for example, rely on policy and guidance for certain
aspects of the cleanup program.

X1.5 Technical Policy Decisions:

X1.5.1 Reaching Consensus—Virtually all cleanup pro-
grams demonstrate differences of opinion among stakeholders
on some of the key policy issues which confront remedy
selection and the development of a RBCA program. There is a
natural tension which exists, for example, between groups
which believe allowable risk-levels should be set conserva-
tively and those which would recommend more relaxed stan-
dards. The use of activity and use limitations, the requirement
for treatment and point(s) of compliance are other controversial
issues which will inevitably confront the regulatory agency
responsible for such policy decisions. An important principle to
use in this part of the development process is to engage in the
debate, through adequate stakeholder involvement, and to
achieve as much consensus as possible among differing views.
Technical policy decisions can then be incorporated into the
RBCA framework. Although the agency must clearly and
decisively exercise its regulatory responsibility and make the
key decisions needed to implement the cleanup program the
experience from many programs has shown that continued
stakeholder involvement in the regulatory process has been
very beneficial.

X1.5.2 Risk Decisions:
X1.5.2.1 For a release to enter into the RBCA analysis, the

regulatory agency or user should establish criteria to determine
whether or not further evaluation or action is needed for human
health or ecological concerns. This is a threshold technical
policy decision. Some agencies may establish notification
thresholds, based on reportable quantities or concentrations of
chemical releases. In some programs, if no exposure pathway
is complete no further risk analysis is required. In this manner,
regulations or policy show whether or not the application of
RBCA is needed.

X1.5.2.2 The regulatory agency has the prerogative to make
key policy decisions during program development. The RBCA
program development team should consider detailed guidance
on a comprehensive range of policy issues such as the
calculation and application of risk-based corrective action
goals. A summary list of the key issues to be addressed is
provided in Table X1.1. These policy decisions serve to flesh
out the ASTM RBCA framework, providing a consistent basis
for determining whether remediation is necessary and, if so,
“how clean is clean” for a wide variety of site conditions. To
design the RBCA program, the development team may attempt
to build consensus in the following areas: cumulative risks and
additive effects; the conservatism applied to risk calculations;

minimum data requirements for site assessment and closure;
variables affecting the selection of target risk levels and
exposure factors; and the applicability of ASTM, state, or
Environmental Protection Agency (EPA) calculation protocols
(see Table X1.1).

X1.5.2.3 Cumulative Risk and Additive Effects—The re-
sponsible regulatory agency should consider how to handle
additive effects or cumulative risk. Some agencies may create
Tier 1 RBSL with sufficiently conservative assumptions to
account for cumulative risks and additive effects and therefore
establish screening levels within an allowable risk range. Other
agencies may require Tier 1 screening to use conservative
single endpoint screening values and not a range. For example,
in Massachusetts, screening numbers (the equivalent of RB-
SLS) are set at a single number based on a 1*10-6 cancer risk
endpoint or 20 % of the non-cancer Reference Dose, which
ever is lower. The rationale here is that the screening numbers
using the conservative risk endpoints for a single number will
be protective for almost all sites. For higher Tier analysis the
total site risk must not exceed a 1*10-5 cancer risk endpoint or
a non-cancer Hazard Index of 1.0 .(Massachusetts Contingency
Plan, 1997, 310CMR 40.0983). For some chemicals, non-
cancer effects may be considered for RBSL because they may
have an additive effect on the same target organ. EPA guidance
recommends that the potential for additive effects must be
carefully evaluated at every site by considering the Hazard
Index for chemicals with References Doses or Concentrations
are based on the same endpoint of toxicity such as a target
organ or system. For example, EPA Soil Screening guidance
recognizes at least eleven chemicals, including several pesti-
cides, whose non-carcinogenic effects may be specific to the
human liver (Ref (2), pp. 9-15)

TABLE X1.1 Example Technical Policy Decisions to be made by
the Regulatory Agency

How to Reach Consensus

Risk Decisions
How to Deal with Cumulative Risk and Additive Effects
Appropriate Sources of Toxicity Information
Use of a Risk Range

Other Relevant Measurable Criteria

How to Record Consensus Decisions

Site Assessment

Ecological Risk Assessment

Land Use
Future Uses and Exposure Pathway Analysis
How to Use Activity and Use Limitations
When to Use Activity and Use Limitations
Resource Protection

Remedy Selection Criteria
Balancing the criteria
Treatment Versus Activity and Use Limitations
Remedial Action Effectiveness
Long-term Reliability
Short-term risks
Property Redevelopment Plans
Acceptability to Stakeholders
Implementability
Cost-effectiveness
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X1.5.2.4 States may also develop their own sources of
information on chemical toxicity. Among other things, the
regulatory agency must decide on the level of scientific
research, reliability and uncertainty which is appropriate in a
particular program for a particular use. This is especially true
for toxicity information. Regulatory agencies may also wish to
evaluate the applicability of occupational, ambient exposure
values for workers at operating industrial sites within their
RBCA program. In addition to chemical toxicity, an agency
developing a RBCA program may wish to consider alternative
data sources and methods to address exposure and bioavail-
ability. The alternative data sources and methods consulted and
used should be reasonably accessible and clearly communi-
cated to the user.

X1.5.2.5 The Risk Range—Many programs allow the flex-
ibility of decision making within an acceptable risk range. For
example, the Federal Superfund Program has established an
acceptable range for lifetime excess cancer risks of 10−4 to
10−6.7 Corrective action goals are based on achieving similar
levels of protection for human health that are within the
acceptable range of risks and the protection of environmental
receptors as determined by the implementing agency. Thus the
levels of protection may vary from site to site as well as across
the tiers at the same site as long as it will result in achieving
levels of protection within the defined acceptable range of
risks. In some programs, however, a single number for total site
risk has been selected by the regulatory agency or set by statute
for all sites and tiers of analysis. While such programs lack the
flexibility of a risk range, some stakeholders feel this approach
affords a level of fairness and cleanup consistency.

X1.5.2.6 The regulatory agency may also consider develop-
ment of Other Relevant Measurable Criteria in the program
which are not directly related to human health or ecological
risks. In planning risk based programs, noise, odors, taste and
visual appearance may be important considerations in evaluat-
ing chemical releases.

X1.5.3 Upon completion of the planning session(s), the
consensus decisions of the development team may be recorded
in a variety of ways. Development of a RBCA program should
avoid arbitrary decisions, which are isolated from stakeholder
involvement. Based on this process and sufficient training, a
knowledgeable person should be able to complete a RBCA
evaluation in accordance with the established program. Spe-
cialized documentation may be required for RBCA implemen-
tation to reach site completion as outlined below.

X1.5.4 Site Assessment:
X1.5.4.1 Initial Site Assessment—The purpose of the initial

site assessment is to form the first conceptual model of a
release at a site based on rudimentary information. This model
may change over time, as more information becomes available.
For simple releases at sites incomplete pathways may eliminate
the need for any further evaluation. Some regulatory agencies,

for example, define threshold quantities or concentrations of a
chemical release as exclusion from or entry to a further RBCA
analysis.

X1.5.4.2 One of the key technical decision frameworks in a
risk based corrective action program is the type and degree of
assessment needed to provide the level of information neces-
sary to make cleanup decisions. The identification of chemicals
of concern in the soil, ground water and other media in
relationship to exposure pathways must be sufficient to support
the decision being made, while minimizing the amount of data
collected which is of limited use. The objective is to optimize
the site assessment using the “just-in-time” process of least
information for lower tiers. While site assessments for the
RBCA process attempt to determine all significant sources of
chemical releases, performance standards to define the extent
of the release may differ, according to the requirements
developed by the regulatory agency. For example, some
agencies require definition of the full horizontal and vertical
extent of all releases to below the most conservative risk-based
screening values. Other agencies outline how to define data
quality objectives and then use those to determine the extent of
site assessment. Still others may select conservative assump-
tions in lower RBCA Tiers as a substitute for the definition of
all levels of chemical releases.

X1.5.4.3 There is a wealth of information from both gov-
ernment and industry on appropriate levels and techniques for
assessment. These include Guide E 1912 Guide for Accelerated
Site Characterization for Confirmed or Suspected Petroleum
Releases and Guide E 1527, as well as numerous EPA guidance
documents, including Ref (1). In building a program, the
development team should consider appropriate guidance for
site assessment.

X1.5.5 Ecological Risk Assessment—The development
team should consider carefully the issues that will arise during
the development of a tiered framework for ecological risk
assessment. This includes any boundary parameters, which
may be selected during the qualitative ecological exposure
assessment described in Appendix X5. For example, some
regulatory agencies may decide that size or distance thresholds
such as acreage or distance from resources may be useful
screening tools for ecological assessment to determine if
further, detailed assessment of the ecosystem is or is not
required. Other regulatory agencies, on the other hand, may
decide that this approach is too limited and that exclusion of
some habitats and selection of receptors is too subjective to be
useful. Ecological boundary parameters may depend on both
regulatory and policy issues that apply to the geographic area
to be covered by the standards being developed under the
RBCA framework. Ecological screening criteria may include
chemical concentrations, biological measures or other relevant
generic criteria. The regulatory agency should exercise great
care in selecting the appropriate decision points for ecological
screening and assessment, especially in the selection of rel-
evant ecological receptors and habitats. Appendix X5 contains
a suggested qualitative ecological exposure assessment and
describes the conceptual tiered framework for ecological risk
assessment.

X1.5.6 Land and Resource Use:

7 EPA uses a 10−6 level as a point of departure for preliminary remediation goals
for cancer risks. While the 10−6 starting point expresses EPA’s preference for setting
clean up levels at the more protective end of the risk range, these levels may be
revised within the acceptable risk range based on consideration of appropriate
factors, including exposure factors, uncertainty factors and technical factors.
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X1.5.6.1 Current and reasonably anticipated future uses of
land and water, including ecological considerations, are impor-
tant in the RBCA process. This is because the exposure
scenarios for human health and relevant ecological receptors
depend on the population potentially exposed and the fre-
quency and intensity of exposure to the media where chemicals
have been released. Exposure pathway analysis may also be
known as the conceptual site model.

X1.5.6.2 For a number of reasons, the restriction of future
activities, access, or land use through various activity and use
limitations may or may not be acceptable to the implementing
agency as part of a cleanup remedy. As with other technical and
policy issues, this decision requires consideration by stake-
holder groups for a particular program in order to decide how
effective such controls may be in reducing risks. For some
programs, for example, the financial and other assurances
required of an operating industrial facility may be totally
acceptable to the regulatory agency to ensure exposure path-
ways which are limited to future industrial use. On the other
hand, in a mixed-use urban area, a regulatory agency may
decide that no particular activity and use limitation is accept-
able to eliminate a potential residential exposure pathway.

X1.5.6.3 In the United States, the current and future allow-
able or planned uses of real property and other resources, such
as water, are controlled by a complex combination of munici-
pal, county, state and federal rules and processes. Each local
jurisdiction may have unique land use controls. For this reason,
the development team should consider decisions carefully on
how and when to use restrictions on access, land use and
human activities as part of available corrective actions for the
site. While program developers should exercise care in using
zoning regulations to rule out exposure pathways for on-site
chemical releases, specifically targeted activity and use limita-
tions may be effective tools in cutting off or preventing the
completion of potential exposure pathways to chemical re-
leases. Various types of activity and use limitations are
described in Appendix X6.

X1.5.7 Ground Water Restoration and Protection:
X1.5.7.1 Restoration—The RBCA program development

team should address critical issues regarding ground water
restoration. Decisions on how to address ground water resto-
ration are manifested in the RBCA program in determining the
applicability of various ground water exposure pathways, point
of demonstration requirements (where does the standard have
to be met), and remedial objectives (restoration versus expo-
sure prevention) for ground water. Existing state statutes,
regulations, or policies must be accommodated during RBCA
program development, but sufficient discretion may be af-
forded in deciding how the requirements apply in terms of
degree and time to the various ground water resources. The
USEPA policies that promote restoration of ground water for
maximum beneficial use also recognize that all ground waters
do not represent the same maximum beneficial use and
therefore may not warrant an equivalent level of restoration.
Because ground water restoration issues are sensitive and
controversial, a wide stakeholder representation in the
decision-making process may enhance the acceptance of deci-
sions made by the RBCA development team. The National

Contingency Plan, and Regional EPA Guidance such as the
1996 EPA Region 1 Ground water Use and Value Determina-
tion Guidance provide important and applicable concepts,
principles, and criteria regarding ground water restoration.

X1.5.7.2 Protection—In order to address issues of non-
degradation, and protection of ground water, many states have
developed ground water classification systems which define
beneficial and non-beneficial use ground waters. The classifi-
cation systems may have been developed separately from
restoration issues. They typically consider such factors as
ground water quality and quantity, proximity to public and
private ground water users, nature of the ground water use,
presence of alternate or superior water supplies, susceptibility
to impacts by releases of chemicals of concern, and location.
Some state ground water classification systems which have
been established through the USEPA’s Comprehensive State
Ground Water Protection Program (CSGWPP) may set ground
water classifications at a state or regional scale, while other
classification systems which are not established through a
CSGWPP are applied as a set of criteria at individual release
sites. Ground water classification systems provide a convenient
context in which to establish policies regarding ground water
for RBCA program development. Once a ground water classi-
fication system is established, the RBCA development team
can make decisions about how the ground water protection
scheme relates to restoration issues such as ground water
exposure pathways, points of demonstration, and remedial
objectives for the various ground water classes. Sources of
information on ground water protection include 1986 draft
Federal Ground Water Classification Guidelines and the 1992
EPA Final Comprehensive State Ground Water Protection
Program Guidance,

X1.5.7.3 Example Approaches:
(1) The Massachusetts Department of Environmental Protec-

tion’s (DEP) Massachusetts Contingency Plan establishes three
classes of ground water, which factors in different risk consid-
erations. GW-1 class ground waters are current and potential
drinking water sources. GW-2 class ground waters are shallow
ground waters where vapor migration pathways may be of
concern. Both class GW-1 and GW-3 ground waters can also
be class GW-2 ground waters. GW-3 class ground waters are
non-drinking water ground waters where protection of surface
waters from ground water discharges is of concern. Massachu-
setts DEP also has an EPA-endorsed CSGWPP, and a Ground
Water Use and Value Memorandum of Agreement (MOA) with
the US EPA designed to enhance consistency in ground water
classification between Massachusetts DEP and EPA Region 1.
The MOA is applicable to National Priority List sites and is
structured in terms of high and medium use and value ground
waters which is generally represented by GW-1, and low use
and value ground waters (GW-3).

(2) The Pennsylvania Department of Environmental Protec-
tion Land Recycling Program sets a ground water classification
system in terms of Used and Non-Use Aquifers. The point of
compliance is established at the property boundary that existed
at the time impacts were discovered, but the standard to be met
at the point of compliance varies depending on the aquifer
classification, properties of the chemical, and other site-specific
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considerations. Flexibility is provided to document lack of
current and planned use of ground water within 1000 ft of the
property boundary and within the impacted area in order to
provide some consideration of special considerations in urban-
ized areas.

(3) The Ohio Environmental Protection Agency Voluntary
Action Program sets an elaborate ground water classification
system defined in terms of Critical Resource Ground Water/
Non-Urban Setting, Critical Resource Ground Water/Urban
Setting, Class A Ground Water/Non-Urban Setting, Class A
Ground Water/Urban Setting, and Class B Ground Water. For
each ground water class, different performance-based ground
water response objectives are established for on-site and
off-site ground water exposure pathways depending on if the
source area is on-site, off-site, or both on-site and off-site.

(4) The Texas Natural Resource Conservation Commission’s
proposed Texas Risk Reduction Program would set a ground
water classification system defined in terms of primary ground
water resources (Class 1), other current and potential use
ground waters (Class 2), and no potential use ground waters
(Class 3). Class 1 ground water resources must be fully
restored to drinking water standards, while exposure preven-
tion strategies may be established for Class 2 and 3 ground
waters.

(5) The Louisiana Department of Environmental Quality’s
proposed Risk Evaluation/Corrective Action Program also sets
three classes of ground water. Class 1 ground waters must be
fully restored to drinking water standards, whereas drinking
water criteria may be applied at the property line or closest
reasonable off-site point of exposure for Class 2 ground water.
Class 3 ground water requirements are based on the protection
of any surface waters receiving discharge from the impacted
ground water. Each of these example ground water classifica-
tion systems have a common recognition that all ground water
resources do not represent the same beneficial use, and
accordingly provide the context for RBCA program develop-
ment in the state.

X1.5.7.4 Non-Attainment Zones—Some states have devel-
oped ground water protection programs that include the des-
ignation of areas of ground water to be “non-attainment”
zones. These zones could be located in urbanized areas where
there are multiple impacts to ground water from releases of
chemicals of concern. For example, Illinois recognizes ordi-
nances established by units of local government that effectively
prohibit the installation and use of potable supply wells as an
effective activity and use limitation for the elimination of the
ground water ingestion exposure pathway. When the ordinance
does not apply to the local unit of government, then the local
unit of government must enter into a Memorandum of Under-
standing with the state and maintain a registry of release sites
within the ordinance area. Provisions are also set forth regard-
ing notification of affected landowners, criteria for voidance of
the ordinance, deed recordation, presence of existing potable
wells, and ground water response objectives. Such non-
attainment provisions recognize situations where units of local
government may not place a high value on ground water
resources within urbanized areas due to economic consider-
ations, or due to the existence of regional historical ground

water impacts that render the ground water unfit for use. The
non-attainment zones may be re-evaluated as remediation by
natural attenuation and individual user response actions im-
prove the regional ground water conditions. These zones also
provide a convenient context in which to establish policies
regarding ground water restoration and protection for RBCA
program development. Further, non-attainment zones may be
of particular benefit in Brownfields redevelopment areas where
ground water ingestion is not an otherwise relevant exposure
pathway.

X1.5.8 Natural Resource Values:
X1.5.8.1 Many natural resources may have intrinsic value to

the public, regardless of actual current or planned future use of
the resource. For example, while the ground water underneath
a National Park may not have an actual use, its value in pristine
condition may outweigh considerations of actual use. Such
large public policy issues may play a role in technical policy
decisions for actions under a RBCA program, even though they
are not related to risk, per se.

X1.5.9 Remedy Selection Criteria—Programs developing
remedy selection should consider a wide array of factors such
as treatment types, permanence versus institutional based
remedies as well as the use of innovative technologies. Both
risk reduction and long term risk management activities should
consider remedy effectiveness against cost. Given limited
resources for either publicly or privately funded corrective
actions, the program development team may consider various
schemes to balance selected risk criteria against the cost of
corrective actions. Cost and effectiveness as balancing criteria
are common elements of risk-based decision-making programs
for corrective action. During the initial development of the
program, in balancing these factors, the user should consider
that no single factor will predominate over the others. As with
other difficult risk management issues, such factors will require
a careful balancing act among differing stakeholder opinions
and focused decision-making on the part of the regulatory
agency. In the end, however, it is the responsibility of the
regulatory agency to determine how best to balance the criteria
for a particular program.

X1.5.9.1 Treatment versus Activity and Use Limitations—
While it is beyond the scope of this guide to suggest specific
preferences for treatment or for activity and use limitations,
these are issues which are critical to this technical policy
decision which a regulatory agency must make. For example,
the speed, frequency and short term cost-effectiveness of risk
reduction through cutting off exposure pathways is generally of
great interest to a regulatory program. These are benefits of
using activity and use limitations. Also of interest to the
regulatory agency are issues such as: returning potentially
useable ground water to beneficial use, increasing land values,
and lowering long term operation, maintenance and monitoring
costs. These are some of the benefits of treatment and the
reduction of toxicity, mobility, and volume of chemical re-
leases. Categories of remedy selection criteria include:

X1.5.9.2 Effectiveness of the remedial action in protecting
human health and the environment;

X1.5.9.3 Long-term reliability and probable success in
meeting the corrective action goals;
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X1.5.9.4 Short-term risks posed by the implementation of
the remedial action;

X1.5.9.5 Amenability of the remedial action to integration
with property redevelopment plans;

X1.5.9.6 Acceptability of the remedial action to the stake-
holders;

X1.5.9.7 Implementability and technical practicability of
the remedial action; and

X1.5.9.8 The cost-effectiveness of the options to meet the
corrective action goals.

X1.6 RBCA Program Documentation:

X1.6.1 In order to ensure uniform application of the RBCA
program, agencies should consider providing guidance docu-
ments and standardized tools for the regulated community and
stakeholders. This documentation may consist of guidance
manuals, standardized report forms and software tools. Such
documentation may include the following:

X1.6.2 RBCA Process Overview—A RBCA guidance
manual should outline the RBCA process and provide detailed
step-by-step instructions for implementation of the program.
The manual may include flowcharts outlining the program and
a description of potential exposure pathways and transport
mechanisms, including any assumptions regarding land use
patterns, activity and use limitations, and remedy selection
criteria.

X1.6.3 Response Action Evaluation—As the user gathers
data, site conditions should be evaluated and a response action
should be implemented, consistent with site conditions. This
process may be repeated as additional data affords a more
detailed characterization of the site. Some programs place sites
in risk reduction categories, and when actions are performed,
the category automatically changes to a less urgent status. In
these programs the user selects a category and action which
best addresses the short-term health (human and ecological)
and safety concerns of the site while implementing the RBCA
process. While some programs also have risk reduction cat-
egories to generate fees or for other statutory purposes, other
programs avoid long term categorization schemes to avoid
attaching a stigma to a property which could affect later
transactions. As with many program development elements, the
regulatory agency must resolve such issues, following the
stakeholder involvement process.

X1.6.4 Tier 1 Evaluation Guidance—Tier 1 guidance may
include the algorithms used to develop look-up tables, as well
as an example look-up table or tables and detailed instructions
on how to use the look-up tables. The RBCA framework refers
to such look-up tables as Risk-Based Screening Levels or
RBSL. Table X1.1 gives a suggested outline for the technical
policy decisions that define the look-up table. These decisions
can be made by all stakeholders and documented by the
development team. The development team may decide to avoid
creating RBSL and other look-up tables as “bright-line,”
stand-alone targets for clean up.

X1.6.5 Tier 2 Evaluation Guidance—Tier 2 guidance may
include detailed instructions on selection of appropriate mod-
eling procedures, target risks, exposure scenarios, and policies
regarding off-site migration of chemicals of concern, perfor-
mance and compliance monitoring. The guidance may also

include the criteria for evaluating Tier 2 results, conditions for
tier upgrade, criteria and location of the point of compliance,
corrective action alternatives, and closure options.

X1.6.6 Tier 3 Evaluation Guidance—The guidance for Tier
3 may simply define the tier and explain its use. In order to
remain flexible, specific procedures may not be recommended,
however, it may be desirable for some limits to be placed on
performance standards acceptable to the agency. Evaluations at
the Tier 3 level may include alternative risk and exposure
assessment protocols. As with the other tiers, Tier 3 guidance
may also include criteria for evaluating Tier 3 results, and
explain what alternatives exist for sites to meet Tier 3 criteria,
such as corrective action, monitoring programs, variance
procedures, more complex fate and transport modeling and
engineering controls.

X1.6.7 Administrative Procedures—Administrative proce-
dures for the RBCA application submittal and review process
should be clearly outlined. To the degree feasible, separate
steps of the RBCA planning program (for example, site
assessment, response action evaluation, and Tier 1 evaluation)
may be consolidated into single submittals to minimize the
number of separate reviews requested by agency personnel for
each site. As the user proceeds to higher Tiers of the RBCA
process, the knowledge gained about the site is used to tailor
the degree of investigation needed. Approval to move from one
tier to the next may not be necessary. In some cases, after
completion of the Tier 1 evaluation, the program may direct the
user to proceed directly to a Tier 3 evaluation. The results of all
completed tiers of analysis will typically be submitted to the
overseeing agency for final documentation. Upon receipt,
submittals may be checked for completeness. This may be
facilitated with an administrative checklist prior to in-depth
evaluation. Standard site completion letters (see X1.6) issued
to volunteers may also be reviewed to ensure consistency with
the RBCA program. Depending on the tier and the complexity
of a site, an agency may phase its involvement (that is, for
some programs, little oversight may be necessary for a Tier 1
evaluation, while a Tier 3 evaluation may require significant
input from the agency).

X1.6.8 Standardized Report Forms—Standardized report
forms can be very helpful in the RBCA process, aiding in the
collection of site data and in both the preparation and review of
site reports. Properly designed standardized report forms may
guide the user in the collection of the appropriate type and
amount of data. These forms can be of the “fill-in-the-blank” or
“cross reference” variety, or both, for Tiers 1 and 2, and may
outline general procedures to be used in Tier 3.

X1.6.9 Tier 1/Tier 2 Software Tools—A helpful element in a
successful RBCA program may be computer software that
assists both the regulatory agency and the regulated community
in understanding and performing the multitude of necessary
calculations. With the increasing use and power of personal
desktop computers and the availability of common spreadsheet
programs, user-friendly software tools can be developed for
use by technical staff with minimal training in computer
applications. These tools can be customized to include specific
exposure pathways and algorithms, and can be programmed to
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report results in a standardized format, suitable for inclusion
into site assessment reports.

X1.7 Specialized Program Elements:

X1.7.1 Introduction—This section of the appendix provides
a review of program elements currently being used by regula-
tory agencies including those with licensed or certified private
contractors. The items described include those used in state
voluntary cleanup programs (VCPs) and a variety of other
programs to provide site closure or completion, as well as
comparable assurances available from the Federal government.
The term completion letters includes letters and other types of
documents, including covenants, certificates and agreements,
being used to provide interested parties with assurances that a
voluntary corrective action has adequately identified the
chemicals of concern from releases into the environment, has
adequately identified exposure pathways and any unacceptable
risks posed by those chemicals of concern to human health or
the environment, and has achieved an appropriate target level.
This section of the appendix gives examples of the types of
completion documents currently being used by various states
or the Federal government,or both, and describes some of the
advantages and disadvantages of each type of completion
method.

X1.7.2 Program elements vary in form and content. Some
consist of completion letters and are very formal, while others
are very informal. The interested party must petition for or
request a completion letter in some states, whereas in other
states the completion document is granted automatically upon
the completion of certain activities.

X1.7.3 For further information about a particular state’s
program, contact the Association of State and Territorial Solid
Waste Management Officials (ASTSWMO) or the Regional
office of the Environmental Protection Agency (EPA).

X1.7.4 Example Program Elements.
X1.7.4.1 Application Process—Many states require an ap-

plication for interested parties to participate in the VCPs. Some
states require the volunteer to sign a formal agreement, such as
a consent agreement.

X1.7.4.2 Submission of Reports—Some states require sub-
mission of reports once remediation has been completed.

X1.7.4.3 State-Certified or Licensed Contractors—Some
states require the use of state-certified professionals, or labo-
ratories, or both to conduct a cleanup.

X1.7.4.4 Environmental Professional—Some states require
submission of a statement, opinion or certification from a
qualified environmental professional that the voluntary cleanup
plan has been fully implemented or completed and that the
remediation meets applicable standards.

X1.7.4.5 Letter Agreement or Formal Consent Order—
Some states require a memorandum/letter of agreement or
consent order before the volunteer can participate in the VCP.

X1.7.4.6 Prior Approval—Some states require prior ap-
proval of work plans, or reports, or both.

X1.7.4.7 Reopeners—Many states have explicit reopener
provisions in their completion letters for changed conditions,
new information, or failure to comply with the voluntary
cleanup plan.

X1.7.4.8 Consideration of Future Land Use—Many states
take future land use into consideration in making risk-based
decisions and have developed (by policy or statute) activity and
use limitations to address future land use changes.

X1.7.4.9 Reimbursement of State Oversight Costs—Many
states require reimbursement of their oversight or laboratory or
other costs.

X1.7.5 Examples of Completion Documents—The types of
completion documents currently being used by the states
include, but are not necessarily limited to, the following:
statements or certificates of completion; no further action
opinions/letters; no action letters; private contractor statements
of completion; off-site source determination letters; covenants
not to sue; releases; contribution protection; no association
determination letters; and prospective purchaser agreements.
The terminology for a specific type of completion letter in one
state may not mean the same thing in another state, and the
descriptions given below are very general in nature.

X1.7.5.1 Statements or Certificates of Completion of Re-
sponse Action—In some states, Statements or Certificates of
Completion of Response Action are relatively straight-forward
to obtain from regulatory agencies. They provide some cer-
tainty that the regulatory agency is satisfied that no further
corrective action is required at the site. Legally, however, they
generally are not as binding as other types of completion
letters, such as covenants not to sue. Accordingly, in these
states, Certificates of Completion may be viewed by some
interested parties as not providing sufficient comfort against
further liability. However, in other states, a Statement or
Certificate of Completion is a complete release of state
superfund liability and runs with the land; as such, it provides
liability assurances to successors and assigns as well. A
Statement or Certificate of Completion in these states is likely
to be viewed quite favorably by interested parties, but it may be
more time-consuming to obtain. Some state programs tie the
certificate of completion to specific exposure pathway assump-
tions, such as land use.

X1.7.5.2 No Further Action Opinions/Letters/Assurance
Letters—As a general rule, no further action opinions or letters
are relatively straight-forward to obtain from regulatory agen-
cies. They provide some certainty that the regulatory agency is
satisfied that no further corrective action is required at the site.
EPA, for example, has developed generic ways to encourage
redevelopment including a designation of No Further Remedial
Action Planned for sites listed in the CERCLIS inventory. No
Further Action Opinions or Letters generally do not constitute
a release from further liability at the site. Legally, therefore,
they do not provide the same level of comfort as, for example,
a covenant not to sue. Accordingly, No Further Action Opin-
ions or Letters may be viewed by some interested parties as not
providing sufficient comfort against further liability.

X1.7.5.3 No Further Action Opinions or Letters can also be
written as Limited No Further Action Opinions or Letters.
Limited No Further Action Opinions or Letters pertain to only
a portion of the property or to only some of the known releases
at a site. For example, they might address and document
releases to the soil, but not potential ground water releases.
They are helpful when a discrete issue is slowing down a real
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estate transaction because they can generally be obtained fairly
quickly and easily. However, they are limited in nature and do
not provide the same degree of comfort that most other types
of completion letters offer.

X1.7.5.4 No Action Letter—A No Action Letter is essen-
tially a no further action letter, except that it includes additional
language indicating that the state will not take any
enforcement/administrative actions once the regulatory agency
is satisfied with the volunteer’s technical conclusions. A No
Action Letter will often say that the release (site) will not be
referred to the Superfund program and will not be added to
CERCLIS or the state Superfund list.

X1.7.5.5 Private Contractor Statements of Completion or
No Further Action Letters provide an alternative where the
state does not have sufficient resources to review every site
investigation and remediation to determine its adequacy. In the
states with this type of program, the private contractor must be
state-licensed or certified, so there is indirect state oversight
over the process. Private Contractor Statements of
Completion/No Further Action Letters are generally available
more quickly and readily than other types of completion letters.
Legally, however, they are not as binding as other types of
completion letters, such as covenants not to sue. Accordingly,
Private Contractor Statements of Completion/No Further Ac-
tion Letters may be viewed by some interested parties as not
providing sufficient comfort against further liability.

X1.7.5.6 Off-Site Source Determination Letters—Some
states, as well as the Federal government, have taken the
position that they will not exercise their enforcement discretion
under certain circumstances where chemicals of concern origi-
nating off-site in the ground water have affected an “innocent,”
downgradient property. Many of these states issue letters
providing that they will not hold the impacted property liable
for any chemical releases originating off-site. The Federal
government’s position is available in the form of guidance,
issued May 24, 1995, and entitled “Final Policy Toward
Owners of Property Containing Contaminated Aquifers.” A
state Off-Site Determination Letter has the same types of
advantages and disadvantages as a No Further Action Opinion
or Letter.

X1.7.5.7 Covenants Not to Sue—Covenants Not to Sue are
legally binding agreements between a state or the Federal
government and an interested party. They provide assurances
that the interested party will not be pursued in the future for
additional remediation work or targeted in an enforcement
action. At the same time, because they are more binding than
most other types of completion letters discussed above, they
are generally more difficult and time-consuming to obtain.
They generally must be negotiated on a case-by-case basis.

X1.7.5.8 Releases—Some states use releases to absolve
volunteers from further responsibility for corrective action.
Releases tend to be a qualitative determination that the
remediation has been successfully completed; they generally
do not absolve the volunteer from joint, strict and several
liability. In this regard, releases have the same types of
advantages and disadvantages as No Further Action Letters.

X1.7.5.9 Contribution Protection—A few states are provid-
ing, by statute, contribution protection to parties that voluntar-

ily remediate a site. This protection is generally embodied in an
administrative or judicial order or consent decree or a settle-
ment agreement. Contribution protection protects the volunteer
from contribution actions by other responsible parties and, in
some instances, protection against citizen suits as well.

X1.7.5.10 No Association Determination Letters—No As-
sociation Determination Letters are being used to offer lenders,
prospective purchasers, and other “innocent” parties assur-
ances that they will not be the subject of future remediation
orders or other types of enforcement actions. Similar types of
protection are being offered automatically by statute (that is,
without the need for a formal letter) in some states to interested
persons such as lenders, municipalities, utilities, etc.

X1.7.5.11 Prospective Purchaser Agreements—Prospective
Purchaser Agreements provide protection from liability for
innocent buyers who perform remediation in accordance with
a plan approved by the state or the Federal government. These
agreements can be obtained from either a state offering such an
mechanism, or EPA (if its an NPL site), or both. The Federal
government has offered guidance, dated May 24, 1995, entitled
“Guidance on Agreements With Prospective Purchasers of
Contaminated Property,” describing what types of sites are
eligible for the Federal program. A variety of policies may be
pursued which arise from EPA guidance, such as government
statements of no further interest at this time.

X1.7.5.12 Other Mechanisms:
X1.7.5.13 Review and Evaluation Services—Many states

provide review and evaluation services to determine the
adequacy of any site investigations or remediation plans.

X1.7.5.14 Reclassification of the Site or Redefinition of Site
Boundaries—Many states reclassify sites that have been reme-
diated or deemed not to require remediation as “inactive” or
redefine a site’s boundaries.

X1.7.5.15 Agreement Not to List on Federal CERCLIS—
Many states have agreed to refrain from listing sites partici-
pating in the state VCP on the Federal CERCLIS or the state
Superfund list. This agreement often comes in the form of a No
Action Letter or is incorporated into another type of comple-
tion letter.

X1.7.5.16 Immunity from Enforcement Actions—In some
states, the completion letter constitutes immunity to a state
enforcement action.

X1.7.5.17 No Release—A few states explicitly provide that
current or prior owners or operators who are considered to be
potentially responsible parties will NOT be released from
liability at the site.

X1.7.6 Eligibility for Program
X1.7.6.1 Current Owner Only—Some states allow current

owners only to participate in the VCP.
X1.7.6.2 Lenders/Fiduciaries—Some states allow lenders,

fiduciaries, and/or other parties providing financing to partici-
pate in the VCP and thereby enjoy its benefits. In addition,
some states provide liability protection automatically by statute
without the need for the lender or fiduciary to obtain a
completion letter from the VCP.

X1.7.6.3 Prospective Purchasers—Some states allow pro-
spective purchasers the benefits from the VCP.
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X1.7.6.4 Non-Responsible Parties Only—Some states allow
only non-responsible or non-liable parties to participate in their
VCPs.

X1.7.6.5 Successors and Assigns—Some states allow suc-
cessors and assigns to enjoy the benefits from the VCP.

X1.7.6.6 Third Party Claims—Some states provide broad-
based releases that protect the volunteer from third party claims
as well.

X1.7.7 Other Issues:
X1.7.7.1 Recordation—Some states require recordation of

the completion letter in local land records.
X1.7.7.2 Audits—Some states reserve the right to audit

properties undergoing voluntary remediation.
X1.7.7.3 Stakeholder Involvement—Some states mandate

stakeholder involvement for some or all of the sites moving
through the VCP.

X1.7.7.4 Affıdavits—Some states require that all documents
relating to the VCP be submitted by affidavit.

X1.7.7.5 Audit Privilege—Some states provide that any
information or data generated during the remediation is not
admissible in any administrative or judicial action.

X1.7.7.6 Access to Records/Records Retention—Some
states require that volunteers provide them access to remedia-
tion records and require retention of those records for a specific
length of time.

X1.7.7.7 Waiver or Consolidation of Permitting
Requirements—Some states waive or consolidate state and
local permitting requirements in an effort to facilitate voluntary
remediation.

X1.8 Education/Outreach:

X1.8.1 To ensure the success of the RBCA program, both
regulatory agencies and the regulated community should be
given adequate training opportunities regarding program ob-
jectives and procedural requirements. In addition, outreach
efforts may be undertaken to promote understanding and
acceptance of the risk-based process by other involved parties,
such as community or citizen’s groups and the real estate,
development, banking, or insurance industries. Key consider-
ations are summarized below.

X1.8.2 Agency Personnel Training—Regulatory agency
personnel should receive training commensurate with their
responsibilities regarding RBCA evaluations, corrective ac-
tions, and completion reports. Such training may include an
overview of the RBCA process, review of key policy decisions,
guidance regarding evaluation of site assessment data and
selection of representative site parameters, calculation of
risk-based corrective action goals, and determination of appro-
priate corrective actions. In general, such training will build
upon the prior knowledge and experience of the agency staff,
focusing on those areas in which RBCA policies may modify
or expand existing procedures.

X1.8.3 Regulated Community and Contractor Training—
The regulated community and the professional consultants and
contractors involved in the RBCA program implementation
should also receive a formal orientation comparable to that
received by agency personnel. An effective training technique
may be to train agency personnel, the regulated community and
consultants simultaneously. Emphasis may be placed on avail-

able standardized tools for calculations and reporting. The
regulatory agency may choose to conduct these orientation
sessions and/or authorize certified trainers to conduct in-depth
training workshops. Written guidance and practical case study
examples will greatly improve the ability of the applicant to
“get it right” the first time.

X1.8.4 Outreach Programs—Efforts should be considered
to communicate the objectives and significance of the RBCA
program to stakeholders, including members of the general
public, environmental groups businesses, real estate interests,
banking establishments, the insurance industry and all those
potentially involved in the sale and transfer of affected prop-
erties. Key issues to address include: the significance of
risk-based corrective action goals and the level of protection
provided to current and future property users; the general
process required to achieve site closure; and the optional
mechanisms for activity and use limitations that may be
applied in some cases. These outreach initiatives may take the
form of printed information booklets, stakeholder forums, trade
association presentations, or all of these.

X1.9 Stakeholder Involvement Activities:

X1.9.1 Introduction:
X1.9.1.1 One of the purposes of this appendix is to provide

a review of generally accepted principles in successful stake-
holder involvement, including risk communication. For pur-
poses of this appendix, stakeholder involvement activities are
those activities that can be used by volunteers and regulatory
agencies in corrective action programs to ensure that the
stakeholder is both informed of and, if interested, involved in
planning for corrective actions. This incorporates the concept
that risk communication activities must be designed to allow
the stakeholder an opportunity to understand what the risks
from chemical releases are and how they can be mitigated. In
VCPs, the opportunity for stakeholder involvement activities
may be provided by the state or the private sector, or both, and
the opportunity may be provided during either the development
of the program, on a site-specific basis, or both.

X1.9.1.2 Methods to provide the opportunity for stake-
holder involvement in RBCA and risk communication pro-
grams may occur during the following steps of regulatory
development:

X1.9.1.3 Initial program development;
X1.9.1.4 Policies and guidance;
X1.9.1.5 Regulation development/Implementation;
X1.9.1.6 Informal Methods;
X1.9.1.7 Risk Communication Techniques;
X1.9.1.8 Stakeholder involvement opportunities for envi-

ronmental programs vary in the level of effort, form and
content. Agencies can establish various regulatory require-
ments for the regulated community or they can fashion
guidance stating the general policy of the state agency to
provide maximum opportunities for stakeholder involvement
in decision making. Stakeholder involvement may be program-
wide and site-specific.

X1.9.1.9 The scope of stakeholder involvement for different
activities is quite varied among cleanup programs. While some
programs require and engage in stakeholder involvement only
during the guidance or regulatory development stage, others
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may require local, site-specific stakeholder involvement oppor-
tunities for each stage in the cleanup process. Three examples
will illustrate this phenomenon. During private corrective
actions, which may use the RBCA framework, there may be no
specific regulatory approval or required stakeholder involve-
ment activities. Insurance companies, for example, may use
RBCA to determine “prudent to do” actions for their clients,
without requiring site-specific stakeholder involvement. In the
second example, Pennsylvania developed its Act 2, Land
Recycling Program using stakeholder participation. Specific
sites, however, which use the background or statewide health
standards, require notification only and do not require any
further stakeholder involvement to complete cleanup. The
rationale here is that stakeholder input on the basis of cleanup
was provided at once in developing the program. Finally,
Massachusetts developed its RBCA program and required
milestone public notification requirements for each site in the
program. Furthermore, with a citizen petition, responsible
parties are required to formulate and implement a Public
Participation Plan for an individual site, including public
meetings at each milestone of the cleanup process. Clearly
these examples represent the spectrum as to the scope and level
of effort of stakeholder involvement in RBCA programs.

X1.9.2 Risk Communication—The use of the RBCA guide,
as with all technical materials, will require a sincere attempt to
communicate with stakeholders. Some basic principles of risk
communication are articulated in this appendix.

X1.9.3 Program Development—Many state VCPs and other
cleanup programs have either required or voluntarily included
stakeholder involvement during development. The use of
advisory committees, surveys of potential stakeholders, and
workgroups from the regulated community are all techniques
that have been employed to develop a VCP. These methods are
in addition to any statutory public hearing requirements, and
generally reflect the unique nature of VCPs. During this
process, the scientific underpinnings supporting RBCA meth-
ods should be clearly explained to stakeholders.

X1.9.4 Policies and Guidance:
X1.9.4.1 Many VCPs are built on policies and guidance

written by the regulatory agency. Such documents may recom-
mend general or specific opportunities for stakeholder involve-
ment opportunities.

X1.9.4.2 At sites where the stakeholders indicate an interest
in participating in response action planning and implementa-
tion, policy and guidance may recommend that opportunities
be established in a stakeholder involvement plan that is
prepared in response to petition or more informal request or a
request by local officials. Such a plan may: provide background
about the site, response actions already conducted, and the
history of stakeholder involvement at the site; identify the
specific opportunities for stakeholder involvement in cleanup
decisions that will take place; and describe activities that will
be undertaken to address and incorporate concerns in the
remediation. Stakeholders may also be involved in risk reduc-
tion measures and/or remediation done as part of a state VCP.
In addition to its utility at the overall program development
phase, the stakeholders meeting may be an effective commu-
nication technique at an individual site. Site-specific stake-

holder meetings may be used to discuss the identified regula-
tory approach, identify critical data gaps such as fundamental
information on exposure pathways and receptors, and ulti-
mately to communicate the selected risk-based corrective
actions for the chemical release.

X1.9.4.3 Specific techniques recognized in agency guidance
may also include the regular publication and distribution of site
fact sheets and conducting community interviews.

X1.9.5 Regulations—Many regulatory agencies have pro-
mulgated specific regulations which require formal, docu-
mented opportunities for stakeholder involvement. Public
meetings or hearings, either formal or informal, may be
required at certain stages of corrective action decision making
such as the selection of remedy. Other requirements may
include activities that inform stakeholders about the status of
response actions. These activities include, among others, noti-
fications to local officials and publication of legal notices in
newspapers at key milestones in the response action process. In
addition, because future use of a site is a major determinant of
remediation goals, regulations may require consideration of
local land use planning activities to determine current and
potentially feasible future site uses.

X1.9.6 Informal Methods—The use of the RBCA guidance
includes site assessment activities that by their very nature
require close contact with stakeholders and the local govern-
ment. Everything from site access to sampling, to the review of
town records, requires interaction with people who live and
work in the community where the site is located. Informal
stakeholder involvement requires tact, honesty and a willing-
ness on the part of the user of the guide to communicate with
many different people about the site. Sometimes, the under-
standing of site conditions and remediation challenges are
more effected by such informal interactions than they are by
public hearings or meetings.

X1.9.7 Risk Communication Techniques:
X1.9.7.1 People in the community should be well informed

about the true risks presented by a site and the decision-making
process regarding assessment and cleanup activities at a site. It
is important to communicate with residents as often as possible
and at a level that can be easily understood.

X1.9.7.2 The use of jargon and acronyms should be strictly
limited during interactions with stakeholders. Written and oral
presentations should consider material at the 9th or 10th grade
reading level for ease of understanding among adults who are
not technically trained. Long involved sentences with multiple
clauses may be avoided by substituting simple direct state-
ments and familiar terms.

X1.9.7.3 Comparative risks from chemicals and from ev-
eryday activities may be a tool for consideration in communi-
cation of risks. The risks of getting struck by lightning, for
example, might be compared with the risks of cancer from an
individual chemical at an individual site. The cumulative risks
of driving an automobile might be compared with cumulative
risks from a site. In addition there is a need to compare actual,
expected risk with calculated or theoretical risk which may be
based on upper bound, conservative estimates.

X1.9.7.4 Caution in the use of comparative examples must
be exercised because of the perception of risks by individuals
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and communities, as well as understandable sensitivity to the
comparison of voluntary versus involuntary risks. Risks that
are natural, not man-made and that are part of a community’s
everyday experience may not be perceived as very high risks.
In rural communities, for example, while the risk of contracting
Lyme disease transmitted from ticks may be quite high, the
perceived risk is surprisingly low. While the risks of injury
from motor vehicles are quite high, because riding in a car or
on the bus is more or less voluntary, the perceived risks and
level of outrage generated by cars in the community may be
much lower than the perceived risk and level of outrage
generated by the presence of chemical releases in the neigh-
borhood. Regardless of the use of comparative risk tools,
stakeholder involvement in decision making will eventually
lower both the level of outrage and the perceived risks from a
site, because it gives communities and individuals a greater
sense of control over the risks.

X1.10 RBCA Program Evaluation:

X1.10.1 Evaluation of the proposed RBCA process may
assess the impact of critical policy decisions and optimize
program efficiency. This evaluation can be conducted before,
during, or after development and implementation. It may be a
cooperative effort among various organizations representing
industry, government and other stakeholders. Such program
evaluations may include one or more administrative reviews of
technical investigations described below.

X1.10.2 Administrative Review—Administrative process
flowcharts of the proposed RBCA program and the existing
corrective action rules may be developed and compared to
characterize the scope and timing of principal steps involved in
the site evaluation, remediation, and closure process. Key
issues in this assessment will be the clarity and completeness of
the site management process, as well as the number of review
and approval steps imposed upon the regulatory authority.

Consistent with the goals of RBCA, the administrative process
should serve to expedite action at higher risk sites.

X1.10.3 Demonstration Projects—A demonstration project
involves processing a limited number of sites (for example,
less than ten) through the RBCA program in as much detail as
possible. The objective of the demonstration effort is to check
the completeness of the proposed RBCA guidelines, identify
possible conflicts or constraints on implementation, and predict
general effects on remediation requirements or costs.

X1.10.4 Planning Level Studies—A planning level study
involves processing a large number of sites (that is, all of one
company’s sites in a state or region, or a random selection from
all sites in the state or region) through the RBCA process.
Results from any demonstration projects may also be inte-
grated into planning level studies. This study can often give a
clear picture of the potential resource savings made possible by
adopting a RBCA program, as well as the potential impact of
a given policy decision on the rate of site closures under Tiers
1 and 2.

X1.11 Available Resources—Development and implemen-
tation of a RBCA program will require a significant commit-
ment on the part of the development team. However, those
RBCA programs presently in place in various states have
demonstrated that this effort can yield significant benefits in
terms of expediting the site remediation process and ensuring
efficient allocation of limited resources to high priority sites.
Parties interested in developing a RBCA program are encour-
aged to contact those state agencies with programs currently
underway for examples of written guidelines and direct expe-
rience with procedural challenges and successes. The EPA
Office of Underground Storage Tanks (OUST) and Office of
Solid Waste and Emergency Response (OSWER) are presently
maintaining an information clearinghouse for RBCA programs
and can provide data regarding document resources and contact
names. Table X1.2 shows some program attributes of the
various state programs.
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X2. CHEMICALS: THE ROLE THAT PROPERTIES AND EFFECTS PLAY IN THE RBCA PROCESS

X2.1 Introduction:

X2.1.1 The purpose of this appendix is to:
X2.1.1.1 Highlight issues that a user should consider when

looking at/for site-related chemicals,
X2.1.1.2 Identify common chemical groups that may be

encountered at sites,
X2.1.1.3 Define chemical properties that are environmen-

tally relevant for examining the fate and behavior of chemicals
at a site, and

X2.1.1.4 Discuss the potential human health and ecological
effects of chemicals at a site.

X2.1.2 Users for whom this appendix is intended include an
individual or group involved in the RBCA process including
owners, operators, regulators, UST Fund managers, attorneys,
consultants, legislators, and others.

X2.2 Issues for the User:

X2.2.1 Chemical data may be gathered for a variety of
purposes such as supporting site assessment, response actions,
comparison to RBSL, and determining SSTL. Consistent with
the tiered approach employed within RBCA, additional site-
specific chemical data and information may need to be col-
lected at successive tiers to appropriately incorporate the
concepts presented in this appendix into the evaluation. Ex-
amples of the types of data used during Tier 2 and 3 evaluations
are presented in this appendix. Such information should be
summarized in a clear and concise format in RBCA reports.

X2.2.2 The user should consider obtaining information on
chemical properties and effects commensurate with the
qualitative/quantitative level of the Tier (1,2, or 3) Evaluation.
This appendix highlights properties and effects of chemicals as
they pertain to:

X2.2.2.1 Identifying pathways of exposure,
X2.2.2.2 Providing values that are used in fate and transport

estimates or models,
X2.2.2.3 Identifying the kinds of toxic effects that a chemi-

cal may pose,
X2.2.2.4 Identifying the degree of toxicity that a chemical

may pose,
X2.2.2.5 Developing RBSL and SSTL values, and
X2.2.2.6 Identifying sampling and analytical needs.

X2.3 Chemicals - Groupings, Properties, and Chemical
Behavior:

X2.3.1 Chemical Groupings:
X2.3.1.1 This RBCA standard has been developed for use at

sites that could contain any number of chemicals, and hence
crosses over many types of manufacturing, production, and
disposal processes. When the user plans how to approach the
collection of data to support the tiered evaluation at any given
level, consideration must be given to determining chemical
concentrations for groupings of chemicals appropriate to the
site such that fate, transport, behavior, and exposure are
addressed. The chemical groupings selected as examples for
this appendix are based on the frequency they are encountered

TABLE X1.2 Suggested Action Item Checklist for RBCA Program
Implementation

Program Design Tasks
• Response Action Evaluation System
• Chemicals of Concern List
• Target Risk Limits
• Applicable Exposure Factors
• Tier 1 RBCA Equations
• Tier 2 RBCA Modeling Requirements
• Point of Compliance Definitions
• Compliance Monitoring Specifications
• Risk Management Options (Institutional controls, long-term engineering

controls, other activity and use limitations)
• Minimum Site Characterization Requirements
• Data Sources and Uncertainty Guidelines

Agency Guidance Documents
• RBCA Guidance Manual (includes all of the following)
• Tier 1 RBSL
• Tier 2 Modeling Guidance (default parameters, approved analytical models,

etc.)
• Tier 3 Modeling Guidance
• Standardized Report Formats
• Customized Tier 1/Tier 2
• RBCA Application Review Checklist

Administrative/Institutional Tasks
• Legislative Action
• Regulatory Action
• Coordination/Review with Stakeholders
• Agency Staff Training
• Education/Outreach to Regulated Community and Contractors
• RBCA Demonstration Studies
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at sites, and environmentally relevant physicochemical prop-
erties that determine their fate and behavior at the site. These
groupings correlate with many of the analyses developed in the
Ref (3) that were designed to capture broad classes of
chemicals in a variety of sample matrices (see Table X2.1). The
table provides the user with insight into commonly defined
broad classes of chemicals as well as the predominant methods
used for their analysis. While it is not all encompassing, it
provides the user with guidance as a possible approach for
categorizing chemicals and for requesting appropriate analyti-
cal methods for measuring those chemicals in different envi-
ronmental media. The analytical methods in Table X2.1 are
used only to illustrate logical groupings of chemicals. Because
methods change with time, the user needs to identify the
analytical methods that are acceptable and appropriate for the
specific application.

X2.3.2 Chemical Properties:
X2.3.2.1 The fate and transport of chemicals in the envi-

ronment is largely a function of their physicochemical proper-
ties under differing ambient environmental conditions. The
physicochemical properties of a chemical can be used to infer
its equilibrium distribution between the various environmental
compartments and to study its behavior within a single
environmental medium. Exposures may also occur under
non-equilibrium conditions. In such cases, the rate of release of
a chemical may influence exposure. The relationships between
chemical properties and environmental media govern these
processes. Rates of chemical release can affect a chemical’s
bioavailability. Environmental conditions and route of expo-
sure to human or ecological receptors also influence rates of
release and bioavailability. Information on soil properties can
be helpful for evaluating and modeling the bioavailability of
inorganic and organic chemicals.

X2.3.2.2 For organic compounds, investigators often con-
sider the following physicochemical properties when studying
environmental behavior, transport, and accumulation: aqueous
solubility (S or Cw), vapor pressure (Vp or Po), Henry’s Law
constant (H or KH), octanol-water partition coefficient (Kow),
and organic carbon partition coefficient (Koc). The fate and

transport of inorganic compounds, such as metals, can be
influenced by their chemical speciation and properties such as
complexation reactivity, surface reactivity, and aqueous solu-
bility. Although these physicochemical properties govern the
transfer of chemicals between the various environmental media
and do not reflect the rates of the various exchange processes
(that is, no consideration of kinetics), knowledge of such
physicochemical properties is useful when assessing chemical
movement between media and the relative importance of
various source and sink terms within media. Other important
processes that affect the transport and fate for organic and
inorganic compounds can include biodegradation, chemical
release from soil and sediment solids, sequestration, chemical
transformations such as acid-base reactions, redox reactions,
hydrolysis reactions, and direct and indirect photochemical
transformations. The kinetics of chemical release is a key
aspect of exposure for chemicals that are adsorbed or seques-
tered. In cases where equilibrium relationships overestimate
exposures, information on the kinetics of release can be
especially valuable. These may be important for ground water,
exposure to humans, and exposure to ecological receptors.

X2.3.3 Defining Physicochemical Properties:
X2.3.3.1 Aqueous solubility (S or Cw) refers to the maxi-

mum concentration that a pure compound can achieve in water
at equilibrium. This property is measured in the laboratory and
provided in various texts on environmental chemistry.

X2.3.3.2 Vapor pressure (Vp or Po) is a measure of the
partial pressure of the vapor phase of a compound at equilib-
rium with its pure condensed phase (either liquid or solid).
Vapor pressure reflects the tendency of a compound to flee the
condensed phase and enter the gaseous phase and is highly
dependent upon temperature. This property is measured in the
laboratory and provided in various texts on environmental
chemistry.

X2.3.3.3 The Henry’s Law constant (H or KH) is the ratio of
the partial pressure of a compound in air to its concentration in
water at equilibrium. The Henry’s Law constant is an air-water
partitioning coefficient and, for a particular compound, it can
be simply estimated by knowing the compound’s aqueous

TABLE X2.1 Chemical Grouping Summary Derived from EPA SW-846 Methods (3)

Chemical Grouping Chemical Analytical
Method Number

Analytical Method Description of Chemicals in Grouping

Halogenated VOCs 8010 B II (see also
8240/8260)

GC Mixed aromatics and aliphatics, single and multiple halogens

Aromatic VOCs 8021 A II (see also
8240/8260)

Capillary GC/PID & ECD in
series

BTEXs, mixed aromatic and aliphatics, without halogens, and with
single/multiple halogens

Phenols 8040 GC Basic phenol, plus chloro, methyl and nitro substituted phenols
Phthalate Esters 8061 II Capillary GC/ECD Various phthalate esters, substituted and non-substituted

Organochlorine Pesticides 8080 A II/8081 II 8080 A II: GC Organochlorine Pesticides, PCBs as Arochlors
+ PCBs as Arochlors 8081 II: Capillary GC

PAHs 8100, 8310 8100: GC, 8310: LC PAHs
Chlorinated Hydrocarbons 8120 A II, 8121 II 8120 A II: GC

II: Capillary GC
8121 8120 A II: Aromatics, saturated/unsaturated aliphatics (subset of

8121 II), 8121 II: more compounds than 8120 A II
Non-Halogenated VOCs 8240 B II, 8260 A II 8240 B II: GC/MS

A II: Capillary GC/MS
8260 8240 B II: Broad list of compounds, 8260 A II: more compounds than

8240 B II, isomeric resolution
Non-Halogenated SVOCs 8250 A II, 8270 B II 8250 A II: GC/MS

8270 B II: Capillary GC/MS
8250 A II: Broad list of compounds, 8270 B II: more compounds than

8250 A II, isomeric resolution
Metals 7000 Series AA/direct aspiration, furnace

technique, gaseous hydride,
borohydride reduction

All metals except mercury

Mercury 7470 A II, 7471 A II Manual cold vapor technique Mercury
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solubility and vapor pressure at a given temperature. This
property is measured in the laboratory and provided in various
texts on environmental chemistry.

X2.3.3.4 The octanol-water partition coefficient (Kow) is a
dimensionless constant which reflects the tendency of a chemi-
cal to partition between an organic phase (octanol) and water.
The octanol-water partition coefficient is essentially a measure
of a compound’s hydrophobicity, and more hydrophobic com-
pounds will preferentially partition into the more nonpolar
octanol phase as well as into other nonpolar phases such as
natural organic matter. This property is measured in the
laboratory and provided in various texts on environmental
chemistry.

X2.3.3.5 The organic carbon partition coefficient (Koc) is a
measure of the tendency of a chemical to partition between
organic carbon in soil or sediment and water. This property is
either measured in the laboratory or estimated from Kow.

X2.3.3.6 Chemical speciation refers to the oxidation state of
a metal. It can be measured in the laboratory or estimated from
environmental conditions.

X2.3.3.7 Complexation reactivity refers to the tendency of
two dissolved species to react to form a third species. Com-
plexation reactions are reversible processes, and the product
species can be either soluble or insoluble as a precipitate. This
property can be measured in the laboratory or estimated from
environmental conditions.

X2.3.3.8 Surface reactivity refers to the tendency of solutes
(for example, charged metals) to react with solid surfaces.
Surface reactions can involve the formation of chemical bonds
between solutes and surface moieties (for example, carboxyl,
phenolic, or sulfhydryl groups) or electrostatic interaction
between ions and charged surfaces (for example, ion ex-
change).

X2.3.3.9 Density refers to the mass of a substance per unit
volume (g/cc). This parameter is measured in the laboratory
under specific conditions, and estimated or modeled under field
conditions.

X2.3.3.10 Availability referes to the ability of a chemical to
be released from a soil particle and thus be available for
degradation, volatilization, or other mechanisms that have an
effect on the transport, exposure and toxicity of the chemical.
Laboratory protocols can be used to estimate values for rapid
and slow, long-term release of this process in soils.

X2.3.4 Environmental Behavior and Exposure Pathways:
X2.3.4.1 The chemical groupings presented in this section

are based upon the SW-846 groups given in Table X2.1. These
groups are further organized by physicochemical properties
(see Table X2.2) and environmental behavior (see Table X2.3).
Toxicological criteria and effects information is presented in
X2.4 to X2.6.

X2.3.4.2 The table on physicochemical properties (see
Table X2.2) gives the user examples of chemicals within each
of the chemical groupings presented in Table X2.1. The
example chemicals were chosen to illustrate the range of
physicochemical properties that exists within each grouping. It
is critical that the user understand that reported values for these

physicochemical properties can vary widely among reference
sources and that the values reported in Table X2.2 reflect only
the references cited.

X2.3.4.3 The table on environmental behavior (See Table
X2.3) provides the user with a semi-quantitative indication of
how chemicals might move between different environmental
media. It is intended to be used at an early stage of investiga-
tion to guide sampling activities and to aid in the development
of an exposure analysis. It is not intended to provide an
indication of the level of risk associated with exposure because
it does not incorporate toxicity information. The table employs
qualitative designations of low, medium, and high (L, M, and
H) to rank potential exposure pathways. The semi-quantitative
designations in the table usually span a range (for example,
L-M, M-H) which reflects both variations in physicochemical
properties within the chemical groupings and possible site-
specific variations. In some cases potential for exposure will
depend on specific activities (for example, excavation of soil)
or on other site-specific conditions. The user is advised to
review the footnotes for additional guidance on these modify-
ing factors.

X2.3.4.4 The effects that these properties have on environ-
mental behavior and exposure pathways are discussed below
with an example compound(s) provided for each chemical
grouping. Again, these descriptions are general, as site-specific
factors can influence the behavior of compounds.

X2.3.5 Halogenated Volatile Organic Compounds:
X2.3.5.1 These compounds are volatile and soluble in water

as indicated by their Henry’s Law constants and solubility
values, respectively. They tend to have a low residence time in
surface soil and surface water environments. However, they
can leach to and migrate in ground water where they are
typically more persistent than non-halogenated compounds.

X2.3.5.2 Major exposure routes include the ingestion of
impacted ground water and the inhalation of vapors. These
compounds usually do not accumulate in the food chain.

X2.3.6 Non-Halogenated Volatile Organic Compounds:
X2.3.6.1 These chemicals tend to be relatively soluble in

water, and therefore can be transported to ground water
systems, and be distributed between the various environmental
media in a similar fashion to the halogenated VOCs. While
their environmental fates are similar to the halogenated VOCs,
abiotic transformations and biodegradation can be more im-
portant processes for non-halogenated VOCs, reducing their
residence times in the subsurface environment.

X2.3.6.2 The potentially important exposure pathways
again include the ingestion of impacted ground water and the
inhalation of vapors from soil and ground water.

X2.3.7 Alkylated Benzenes:
X2.3.7.1 Alkylated benzenes such as the BTEX compounds

(benzene, toluene, ethylbenzene, and xylenes) have high vapor
pressures and are relatively soluble in water. Due to their high
vapor pressures, volatilization is often an important removal
process for these compounds. These compounds also have a
tendency to leach from impacted soils to the water table, with
subsequent transport in ground water. They are mobile in the
subsurface due to their relatively high aqueous solubilities and
low octanol-water partition coefficients. Biodegradation can be
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an important removal process for alkylated benzenes in soil
and aquifer systems, thus reducing their residence times in
these media.

X2.3.7.2 Ingestion of, or dermal contact with, impacted
ground water, and inhalation of vapors from soil and water can
be important exposure pathways for alkylated benzenes.

X2.3.8 Polycyclic Aromatic Hydrocarbons (PAHs):
X2.3.8.1 These compounds have a high affinity for organic

matter and are relatively insoluble in water, as reflected in high
Koc and Kow values, and low aqueous solubilities. PAHs tend
to remain bound to particulates and dissolve slowly in water.
As such, the physical fate of these chemicals is usually
controlled by the transport of particulates and the release of the
chemicals from soil and sediment solids. Consequently, soil,
sediment, and suspended particulate matter are the more
common media for transport. Biodegradation by microorgan-
isms is an important removal process for PAHs. Volatilization
can also be an important removal process for the lighter
molecular weight PAHs.

X2.3.8.2 Direct contact with impacted media, as well as
inhalation of fugitive dust can be important exposure pathways
for PAHs. PAHs may occur in select food stuffs, including the
leaves of plants after atmospheric deposition and in shellfish

through bioaccumulation. These chemicals do not typically
bioaccumulate in vertebrates such as fish.

X2.3.9 Phenols:
X2.3.9.1 These compounds are highly water soluble and can

leach from soil into underlying ground water systems. They are
not persistent in surface waters due to rapid microbial and
indirect photolytic degradation. Phenols are not highly volatile
compounds, nor are they readily bioaccumulated by terrestrial
or aquatic biota.

X2.3.9.2 Important exposure pathways for phenols could
include ingestion of ground and surface waters, as well as
dermal contact with such waters. Exposure to phenols would
have to occur soon after their release due to their rapid
disappearance from natural waters.

X2.3.10 Phthalate Esters:
X2.3.10.1 Phthalate esters vary greatly in their water solu-

bility and sorptive characteristics. Some can be very water-
soluble and can thus migrate horizontally in surface runoff to
surface water bodies, or can vertically migrate in soil solutions
to the underlying water table. Others tend to sorb strongly to
organic matter. Direct photolysis can also act to remove
phthalate esters in surface waters. Volatilization is not an

TABLE X2.2 Physicochemical Properties of Sample Compounds Selected to Represent the Magnitude and Range of Properties within
Environmentally Significant Compound ClassesA

Compound Class Sample Compounds Cw

Aqueous Solubility
(mg/L)

P°
Vapor Pressure

(torr)

KH

Henry’s Law
Constant

(L atm mol–1)

log Kow

Octanol-Water
Partition Coefficient

Koc

Organic Carbon
Partition Coefficient

(mL/g)B

Organics

Halogenated Volatile Organic Dichloromethane 1.9E+04 4.5E+02 2.60E+00 1.15 1.1E+01
Compounds Tetrachloroethene 1.50E+02 1.91E+01 2.75E+01 2.88 3.7E+02

Non-halogenated Volatile Carbon DisulfideC 2.10E+03 (20°C) 2.97E+02 (20°C) 1.4E+00 (20°C) 1.70-4.16 6.5E+01
Organic Compounds Methyl Ethyl KetoneC 2.39E+05 9.06E+01 1.05E-02 0.29 4.8E+00

Alkylated Benzenes Benzene 1.79E+03 9.6E+01 5.5E+00 2.13 5.4E+01
(subset of Aromatic VOCs) Ethylbenzene 1.68E+02 9.57E+00 7.9E+00 3.15 5.8E+02

Chlorinated Benzenes 1,2-Dichlorobenzene 1.18E+02 1.48E+00 2.5E+00 3.38 1.0E+03
(subset of Chlorinated Hydrocarbons) Hexachlorobenzene 5.81E-03 2.35E-05 1.50E+00 5.5 7.4E+04

Phenols Phenol 9.0E+05 1.95E-01 4.1E-04 1.45 2.3E+00
2-ChlorophenolC 2.80E+04 1.42E+00 5.6E-04 2.15 6.2E+01

Phthalate Esters Dimethyl Phthalate 4.25E+03 1.82E-02 1.10E-03 1.53 4.4E+01
Di-n-butyl Pththalate 9.43E+00 7.26E-05 1.29E-03 4.57 1.3E+03

Polychlorinated Biphenyls (PCBs) AldrinC 0.02(20°C) 0.0000375 (20°C) 5.0E-01 6.5 3.8E+04

and Organochlorine Pesticides Dieldrin 2.20E-01 5.02E-06 1.12E-02 5.48 9.9E+03

Organic Acids and Bases Benzoic AcidC,D 2700 (18°C) 4.5e-3 (20°C) 7.00E-05 1.87 5.7E+01
AnilineC,E 3.61E+04 4.89E-01 1.20E-01 0.9 1.4E+01

Polycyclic Aromatic Naphthalene 3.15E+02 7.96E-02 4.3E-01 3.36 1.4E+03
Hydrocarbons (PAHs) Benzo(a)pyrene 1.52E-03 5.51E-09 1.20E-03 6.50 1.9E+06

Inorganics

MetalsC Lead NA 1.00E+01 (1160°C) NA NA NA
Mercury NA 2.00E-03 NA NA NA

A All data is for 25°C and was taken from Schwarzenbach et al. (4)unless otherwise noted.
B All Koc values estimated using linear free energy relationships.
C Data from Howard (5).
D Benzoic Acid is an organic acid and has an acid dissociation (pKa) of 4.1 (5).
E Aniline is an organic base and has a base dissociation constant (pKb) of 9.4 (5).
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important fate processes for phthalate esters due to low vapor
pressures and Henry’s Law constants.

X2.3.10.2 Potential exposure to phthalate esters can occur
via direct contact with impacted media and through ingestion
of ground and surface waters.

X2.3.11 Polychlorinated Biphenyls (PCBs) and Orga-
nochlorine Pesticides:

X2.3.11.1 Polychlorinated biphenyls and organochlorine
pesticides are generally very hydrophobic and persistent in
environmental media due to low aqueous solubilities, high

TABLE X2.3 Qualitative Ranking of Important Potential Exposure Pathways Based on Chemical Behavior for Common Site
Contaminants Grouped by Compound ClassA,B,C,D

Compound Class Contaminated Media

Surface Soils Sub-surface SoilsE Ground WaterF SedimentG Surface WaterG

Organics
Halogenated Volatile Organic direct contact: L→M direct contact: L→M vapor formation: H direct contact: M→H direct contact: M→H
Compounds leaching to gw: M→H vapor formation: H ingestion: M→H ingestion of biota: L vapor formation: H
(e.g., dichloromethane, vapor formation: H leaching to gw: M→H transport to surface water: vapor formation: H ingestion of water: M→H
tetrachloroethene) fugitive dusts: L→M fugitive dust: L M→H transfer to overlying waters: ingestion of biota: L

surface runoff: M→H H

Non-halogenated Volatile direct contact: L→M direct contact: L→M vapor formation: H direct contact: M→H direct contact: M→H
Organic Compounds leaching to gw: M→H vapor formation: H ingestion: L→M ingestion of biota: L vapor formation: H
(e.g., carbon disulfide, vapor formation: H leaching to gw: M→H transport to surface water: vapor formation: H ingestion of water: M→H
methyl ethyl ketone) fugitive dusts: L→M fugitive dust: L L→M transfer to overlying waters: ingestion of biota: L

surface runoff: M→H H

Alkylated Benzenes direct contact: L→M direct contact: L→M vapor formation: H direct contact: L→M direct contact: M→H
(subset of Aromatic VOCs) leaching to gw: M→H vapor formation: H ingestion: M→H ingestion of biota: L vapor formation: H
(e.g., benzene, vapor formation: H leaching to gw: M→H transport to surface water: vapor formation: H ingestion of water: M→H
ethylbenzene) fugitive dusts: L→M fugitive dust: L→M M→H transfer to overlying waters: ingestion of biota: L

surface runoff: M→H H

Chlorinated Benzenes direct contact: M→H direct contact: M→H vapor formation: L→M direct contact: M→H direct contact: M→H
(subset of Chlorinated leaching to gw: L→M vapor formation: L→M ingestion: M→H ingestion of biota: L→N vapor formation: L→M
Hydrocarbons) e.g., vapor formation: L→M leaching to gw: L→M transport to surface water: vapor formation: L→M ingestion of water: M→H
1,2-dichlorobenzene, fugitive dusts: M→H fugitive dust: M→H M→H transfer to overlying waters: ingestion of biota: L→M
hexachlorobenzene) surface runoff: L→M L→M

Phenols direct contact: M direct contact: L→M vapor formation: L→M direct contact: L→M direct contact: M→H
(e.g., phenol, leaching to gw: H vapor formation: L→M ingestion: M→H ingestion of biota: L vapor formation: L
2-chlorophenol) vapor formation: L→M leaching to gw: H transport to surface water: vapor formation: L→M ingestion of water: M→H

fugitive dusts: M fugitive dust: L→M M→H transfer to overlying waters: ingestion of biota: L
surface runoff: H H

Phthalate Esters direct contact: M→H direct contact: M→H vapor formation: L direct contact: M→H direct contact: M→H
(e.g., dimethyl phthalate, leaching to gw: L→M vapor formation: L ingestion: M→H ingestion of biota: L vapor formation: L
di-n-butyl-phthalate) vapor formation: L leaching to gw: L→M transport to surface water: vapor formation: L ingestion of water: M→H

fugitive dusts: M→H fugitive dust: M→H L→M transfer to overlying waters: ingestion of biota: L
surface runoff: L→M L→M

Polychlorinated Biphenyls (PCBs) direct contact: M→H direct contact: M→H vapor formation: L→M direct contact: M→H direct contact: M→H
and Organochlorine Pesticides leaching to gw: L→M vapor formation: L→M ingestion: M→H ingestion of biota: M→H vapor formation: L→M
(e.g., aldrin, dieldrin) vapor formation: L→M leaching to gw: L→M transport to surface water: vapor formation: L→M ingestion of water: M→H

fugitive dusts: M→H fugitive dust: M→H M→H transfer to overlying waters: ingestion of biota: M→H
surface runoff: L→M L→M

Polycyclic Aromatic direct contact: M→H direct contact: M→H vapor formation: L direct contact: M→H direct contact: M→H
Hydrocarbons (PAHs) leaching to gw: L vapor formation: L ingestion: M→H ingestion of biota: L→M vapor formation: L
(e.g., naphthalene, vapor formation: L leaching to gw: L→M transport to surface water: vapor formation: L ingestion of water: M→H
benzo(a)pyrene) fugitive dusts: M→H fugitive dust: M→H L→M transfer to overlying waters: ingestion of biota: L→M

surface runoff: L→M L→M

Inorganics
Metals direct contact: M→H direct contact: M→H vapor formation: LH direct contact: M→H direct contact: M→H
(e.g., lead, mercury) leaching to gw: L→M vapor formation: LH ingestion: L→M ingestion of biota: L→M vapor formation: LH

vapor formation: LH leaching to gw: L→M transport to surface water: vapor formation: LH ingestion of water: M→H
fugitive dusts: M→H fugitive dust: M→H L→M transfer to overlying waters: ingestion of biota: L→M
surface runoff: L→M L→M

A Assumes chemical release directly into media of interest with subsequent fate and transport processes acting to influence contaminant concentration in media of
interest (that is, through transformations and distribution among other media).

B L = low, M = moderate, and H = high
C Direct contact refers to both incidental ingestion and dermal contact.
D gw = ground water
E For direct contact and fugitive dust, potential exposure is via excavation.
F For ingestion, potential exposure is via transport to a water supply.
G For ingestion, potential exposure is via bioaccumulation in edible aquatic organisms.
H Mercury is a extremely volatile metal when present in its elemental form [Hg(O)], and vapors are thus often an important exposure pathway for this metal.
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octanol-water partition coefficients, and high organic carbon
partition coefficients. Therefore, these compounds tend to sorb
to soil matrices where they are effectively sequestered and are
not easily released for subsequent transport by water or air.
However, due to high Henry’s Law constants, if solubilized
these compounds can be transferred from water surfaces to the
overlying air.

X2.3.11.2 Important exposure pathways for PCBs include
direct contact with impacted media and ingestion of PCB-
containing foodstuffs. Exposure to PCBs, in particular the less
highly chlorinated species, can also occur via inhalation of
vapors. PCBs and organochlorine pesticides can bioaccumulate
and biomagnify.

X2.3.12 Chlorinated Benzenes:
X2.3.12.1 Physicochemical properties of the chlorinated

benzenes span a wide range and consequently the various
chlorinated benzenes have contrasting environmental fates.
Volatilization from ground and water surfaces are important
processes for the mono- and di-chlorinated compounds as these
compounds have high vapor pressures, and high Henry’s Law
constants. The less chlorinated compounds are also more
soluble in water, potentially resulting in leaching through the
vadose zone to the underlying water table. The more chlori-
nated benzenes, such as pentachlorobenzene and hexachlo-
robenzene, are more hydrophobic and tend to sorb to soil and
sediment organic carbon. As a result, these more hydrophobic
compounds can be persistent in soils and sediments.

X2.3.12.2 Exposure pathways for chlorinated benzenes vary
depending on the degree of chlorination. Inhalation of vapors
and ingestion of, or dermal contact with contaminated waters
can be relevant exposure pathways for the lesser chlorinated
compounds. Ingestion of soil and sediments, either directly or
indirectly via inhalation of fugitive dust, are the more impor-
tant exposure pathways for the more chlorinated compounds.

X2.3.13 Organic Acids and Bases:
X2.3.13.1 Organic acids and bases include a variety of

compounds that either have proton donor or proton acceptor
properties. Organic acids and bases can have a number of
different functional groups, such as aromatic rings with hy-
droxyl groups (for example, phenolic compounds), aliphatic
and aromatic carboxyl groups, aliphatic and aromatic amino
groups, and aromatic rings containing nitrogen atoms (for
example, pyridines). Although encompassing numerous com-
pounds with greatly differing chemical structures, organic acids
and bases are generally extremely water-soluble and are hence
very mobile in surface runoff and soil pore waters. Leaching to
ground water and subsequent transport in ground water sys-
tems are common fate processes for organic acids and bases.
Organic acids and bases are generally not volatile compounds.
Sorption of organic acids and bases can occur for both their
ionized and neutral forms, although partitioning into organic
phases is often decreased for ionized forms relative to neutral
forms. The persistence of organic acids and bases in environ-
mental media depends upon their chemical structure and, as a
result, generalizations can not be made for the compound class
as a whole. The fate of organic acids and bases is largely
dependent upon ambient pH in aquatic and soil environments
because pH affects the magnitude of dissociation of organic

acids and bases (that is, the relative concentrations of ionized
and neutral forms). Benzoic acid is an example of an organic
acid that is not extremely persistent in aquatic and soil
environments due to high rates of biodegradation and a limited
sorption capability. Aniline is an example of an organic base
that is rapidly removed from surface waters and soils through
photodegradation and biodegradation. However, aniline can be
relatively persistent in soil environments due to its ability to
sorb to soils. Thus, sorption is stronger at lower pH due to a
greater fraction of the neutral form.

X2.3.13.2 Exposure to organic acids and bases can occur
via dermal contact with contaminated waters and through
ingestion of ground and surface waters. Depending upon the
physicochemical properties of organic acids and bases and
such site-specific conditions as pH, sorption to soils can occur
in some circumstances. As a result, potential exposure to
organic acids and bases could also occur through incidental
ingestion of soil or via inhalation of fugitive dust.

X2.3.14 Metals:
X2.3.14.1 The environmental behavior of metals is highly

dependent on their chemical speciation. The aqueous solubility
of metals is moderated by their ability to react with other
dissolved species to form insoluble precipitates (complexation)
and to adsorb to charged surfaces (surface reactivity). Reactive
ligands for metals in natural waters include sulfates, carbon-
ates, sulfides, and hydroxides. As a rule-of-thumb, the transi-
tion metals have been demonstrated to have the complex
stability sequence: Mn2+ < Fe2+ < Co2+ < Ni2+ < Cu2+ <
Zn2+. Divalent metal species are generally more strongly
adsorbed onto charged surfaces than monovalent metals, and
smaller cations are more preferentially retained by charged
surfaces in competitions for exchange sites with larger cations.
Complexed and adsorbed metals can be retained in soils and
sediments.

X2.3.14.2 The potentially important exposure pathways for
metals can include ingestion of contaminated ground and
surface waters, as well as dermal contact with these waters.
Ingestion of soils and sediments, either directly or via fugitive
dust, can also be important. Mercury is a unique metal because
it is volatile (see Table X2.2). As a result, inhalation of vapors
should be considered a possible exposure pathway for this
metal in its non-complexed form.

X2.3.15 Mixtures:
X2.3.15.1 The fate and transport of individual chemicals

within mixtures can greatly differ from the behavior observed
for those compounds in their pure forms. Co-factors, such as
the presence of solvents or cosolvents, can potentiate the
mobilization of compounds that individually might be ex-
pected to sorb onto organic matter and be retained (for
example, PAHs). Similarly, vapor pressures and aqueous solu-
bilities can vary between individual components and mixtures.
For example, the presence of inorganic salts can decrease the
solubility of neutral nonpolar compounds in an aqueous
environment.

X2.3.15.2 Potentially important exposure pathways for mix-
tures need to be assessed on a case-by-case basis, as they are
dependent upon the nature of the mixture and site-specific
conditions.
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X2.3.16 Media of Exposure:
X2.3.16.1 Site-specific conditions are important in influenc-

ing the environmental behavior of chemicals. Which site-
specific conditions are most important depends upon the
compound’s physicochemical properties and the media of
interest. For example, the composition, pH or organic carbon
content of the contaminated soils are very important to some
chemical groupings, while wind or elevated ground surface
temperatures can be very important for others. Bioavailability,
may also be influenced by site-specific conditions.

X2.3.16.2 The following descriptions indicate a number of
environmental parameters which can influence the behavior of
and exposure to common chemicals in the environment. These
descriptions are followed by short discussions of media-
specific conditions which can be important modifiers of the
behavior of, and exposure to, environmentally released chemi-
cals.

X2.3.17 Defining Environmental Parameters:
X2.3.17.1 Acid-volatile sulfides (AVS) are reactive solid-

phase sulfides which can bind certain metals such as cadmium
and lead in aquatic environments, thus removing them from
interstitial waters and reducing their bioavailability to
sediment-dwelling organisms. The ratio of AVS to SEM
(simultaneously extracted metals) on a molar basis is com-
monly used to predict the bioavailability and toxicity of metals
in sediments.

X2.3.17.2 Total organic carbon (TOC) refers to solid phase
organic carbon in natural organic matter which can bind
chemicals in soil and sedimentary environments. Natural
organic matter typically consists of 50 % organic carbon. TOC
is a commonly measured analytical parameter for soil and
sediment samples because sorption to organic carbon can be an
important fate process for chemical species.

X2.3.17.3 The pH of a solution is a measure of the concen-
tration of hydrogen or hydroxide ions present in a solution. The
pH of surface waters, ground waters, and soil solutions is an
important parameter with respect to the speciation and mobi-
lization of chemicals. The pH of natural waters normally lies
between 4 and 9.

X2.3.17.4 Conductivity refers to the current carrying capac-
ity of dissolved ions (for example, Ca2+, Na+, Mg2+, Al3+,
etc.). Conductivity is a commonly measured environmental
parameter because it is a reflection of the concentration of ions
available for reaction with dissolved chemical species such as
metals.

X2.3.17.5 Redox potential (EH) is an analytical measure of
the oxidative/reductive conditions present in an aquatic envi-
ronment. Positive redox potentials are reflective of highly
oxidizing conditions, while negative redox potentials are com-
mon of reducing environments. Redox potential influences the
speciation and hence the mobilization and toxicity of chemical
species such as metals.

X2.3.17.6 Cation exchange capacity (CEC) is a measure of
the ion exchange properties of a soil environment. Clay
minerals typically have high CECs and can efficiently retain
and exchange cations. The CEC of soils is dependent upon soil
mineralogy and pH.

X2.3.18 Soil:

X2.3.18.1 Both soil characteristics and physical properties
can be important when considering the fate and transport of
chemicals. Soil characteristics such as organic carbon content,
soil composition (percent sand, silt and clay, iron oxide
content, etc.), and cation exchange capacity (CEC) can influ-
ence the environmental behavior of chemicals. Adsorption of
chemicals to soil surfaces can be important processes that serve
to bind and retain chemicals. For some metals, soil constituents
such as iron oxides can induce chemical reactions that result in
the formation of immobile and insoluble precipitates. The
cation exchange capacity (CEC) of soils is dependent upon soil
mineralogy and pH, and can indicate whether the retention of
charged species through ion exchange will be an important
process. Soil pH and redox conditions can also affect the form
and speciation of chemicals, and in turn influence their fate and
transport. Physical properties such as soil strength, soil mois-
ture, and soil particle size are important with respect to the
erosion of soil and the formation of fugitive dust. Hydraulic
conductivity affects the rate of vertical and horizontal transport
in soil systems and is thus of importance with respect to the
transport of chemicals in soils to the underlying water table and
to nearby surface water bodies.

X2.3.18.2 The bioavailability of chemicals in soil varies
with soil type, and the residence time of the chemical(s). Due
to interactions between chemicals and soil matrices, the frac-
tion of a chemical which is bioavailable to organisms generally
is less than the bulk concentration, even for newly introduced
chemicals. Chemicals may also weather in soil systems, may
become sequestered within soil matrices, and hence may show
diminished availability to organisms as shown in Ref (6).
Consequently, the residence time of chemicals in a soil along
with the soil characteristics can influence the bioavailability of
chemicals in soils via oral or dermal exposure.

X2.3.19 Sediment:
X2.3.19.1 Sediment properties such as total organic carbon

content (TOC), particle size distribution, clay type and content,
CEC, and pH affect the sorption of organic and inorganic
compounds to sediment. Sorbed compounds tend to be less
bioavailable to organisms and, as a result, direct exposure
through ingestion of sediments and exposure through the food
chain are often reduced.

X2.3.19.2 The bioavailability of some metals in sediments
is related to the presence of Acid Volatile Sulfides (AVS) Ref
(7). It has been shown that insoluble metal sulfides, typically
iron and manganese sulfides, control metal availability in
anoxic sediments by reacting with available divalent metals. A
comparison of the level of AVS to the amount of available
divalent metal (Simultaneously Extracted Metal or SEM) on a
molar basis indicates whether there is sufficient AVS to
effectively sequester the available metal species, and reduce
availability to receptors.

X2.3.20 Surface and Ground Water—Chemicals in water
may be affected by water characteristics such as suspended
solids, transparency, dissolved organic carbon, temperature,
pH, redox potential, and advective/dispersive processes. These
characteristics interact with the physicochemical properties of
the chemicals to influence their fate and transport. For ex-
ample, suspended solids affect the distribution of hydrophobic
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organic compounds which preferentially sorb to particles, and
transparency affects the rate of photodegradation. Furthermore,
dissolved organic carbon, nutrient concentrations and the
prevalence of oxic or anoxic conditions can affect microbial
degradation.

X2.3.21 Non-Aqueous Phase Liquids (NAPL)— At some
sites, organic chemicals may be present in the form of
non-aqueous phase liquids (NAPLs) and, as such, represent a
noteworthy site-specific condition. NAPLs can be thought of
both as a chemical mixture and as a medium that is important
to behavior and exposure. NAPLs may either float on the
ground water surface (light or L-NAPL) or sink through water
(dense or D-NAPL). An example of a potential L-NAPL
mixture is gasoline. An example of a chemical that can occur
as a D-NAPL is trichloroethylene. The chemicals within the
NAPL behave differently than they do when dissolved in water
or adsorbed onto soils and sediments. NAPLs may move along
density gradients in response to gravity. L-NAPLs may flow
along the ground water surface while D-NAPLs may move
along interfaces in subsurface geologic formations. Further, the
fate of chemicals within the NAPL are affected by the NAPL
medium. For example, the hydrophobic nature of the NAPL
medium and the surface tension of the NAPL may limit
diffusion of chemicals within the NAPL into surrounding
ground water.

X2.3.22 Air— Volatilization can be affected by air tempera-
ture and wind velocity. Wind velocity can also affect the
transport of airborne pollutants from their sources. Precipita-
tion events and gravitational settling can result in the re-
deposition of airborne pollutant onto ground and water sur-
faces.

X2.4 Toxicity Values and Effects Considerations:

X2.4.1 In the previous sections of this appendix, the physi-
cal and chemical properties of chemicals and how these
properties determine the environmental distribution of chemi-
cals was discussed. Knowing the approximate long-term con-
centrations of chemicals in different environmental media is
necessary for determining long-term exposures. In addition to
needing some estimate of the affect of time on the concentra-
tion of chemicals in different environmental media, knowledge
of the potential toxicity of chemicals is necessary to provide an
estimation of risk from exposure to released chemicals. In
order to estimate an acceptable level of exposure to a chemi-
cal(s), for either human or ecological receptors, an understand-
ing of the basis for, and the derivation of toxicity values (for
example, reference doses, reference concentrations, slope fac-
tors, sediment quality criteria) and how these values should be
applied to different exposure scenarios is necessary. This
section describes how toxicity is assessed using laboratory
animal experiments and epidemiologic data, how those data are
used to derive toxicity values used for risk assessment, and
how simultaneous exposures to multiple chemicals (that is,
mixtures) are assessed.

X2.4.1.1 Toxicity Assessment Process—Dose-response data
(either from animal or epidemiological studies) are typically
used to identify levels above and below which adverse effects
are observed as well as the magnitude of these effects.
Observed adverse effects may include whole body effects (for

example, weight loss), effects on specific body organs (for
example, central nervous system), teratogenic effects (that is,
birth defects), mutagenic effects (that is, alters genetic mate-
rial) and carcinogenic effects (that is, produces malignant
tumors). The assessment process involves either defining a
toxicity value that represents an exposure level below which
effects are not expected (as is done for most non-cancer effects)
or a value that represents the relationship between dose and
response for environmental exposure levels (as is done for
most carcinogens.)

X2.4.2 Non-Cancer Effects:
X2.4.2.1 Chemicals are generally believed to elicit non-

cancer effects via threshold mechanisms. Therefore, for most
chemicals, toxicologists have defined levels of exposure that
will not result in any adverse effects in exposed individuals or
ecological receptors. Scientific methods for determining the
level of exposure that will not result in adverse non-cancer
effects in exposed populations are briefly outlined below.

X2.4.2.2 Most estimates of an acceptable dose for humans
are based on animal studies. In rare instances, well defined
human epidemiological information is available on a chemical.
Animal or human data are used in establishing a Reference
Dose (RfD) or Reference Concentration (RfC) - (see Table
X2.4). The extrapolation of animal bioassay results when
predicting human risk involves a number of assumptions
regarding effects thresholds, dosing/exposure duration differ-
ences, interspecies and intraspecies extrapolation, high- to
low-dose extrapolation, and route-to-route extrapolation. When
calculating toxicological criteria for non-cancer effects, gener-
ally uncertainty factors (see Table X2.4) of ten, are applied to
either the No-Observed-Adverse-Effect-Level (NOAEL) or
Lowest-Observed-Adverse-Effect-Level (LOAEL) in animal
or epidemiologic studies to account for uncertainties in pre-
dicting a NOAEL for humans. The toxicity values derived by
applying uncertainty and modifying factors to NOAELs and
LOAELs are termed RfDs and RfCs, for oral and inhalation
exposures, respectively. The application of uncertainty factors
(for example, 10 for interspecies, 10 for intraspecies, 5-10 for
subchronic to lifetime, etc.) results in estimates that are more
likely to overestimate than underestimate risks. The uncertain-
ties in estimating acceptable levels of exposure at any site,
based on RfDs/RfCs should be clearly communicated in each
assessment

X2.4.2.3 Toxicity studies used for deriving toxicological
criteria can generally be broken into five categories based on
the frequency and duration of exposure to the risk agent. These
studies can be described as follows:

X2.4.2.4 Acute studies typically use one exposure or mul-
tiple exposures over a short duration (24 h). Symptoms are
usually observed within a short time after dosing. Acute studies
are generally designed to measure frank effects such as
neurological damage or death, and are often used to define dose
ranges for use in studies of longer duration. The level of
exposure necessary to elicit acute effects is generally much
larger than that required to elicit effects after repeated expo-
sures. Acute studies are not generally used for estimating
acceptable levels of longer-term exposure.
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X2.4.2.5 Subchronic studies use multiple or continuous
exposures over an extended period (three months is the usual
time frame in rodent studies) generally defined as 10 % or less
of an animals lifetime. Subchronic exposures in humans are
generally viewed as encompassing seven years or less. Sub-
chronic studies may be designed to assess a particular toxico-
logical endpoint (for example, neurologic effects), but are most
often comprehensive in their design. Subchronic studies are
suitable for use in determining acceptable levels of subchronic
and/or chronic exposure for non-cancer effects.

X2.4.2.6 Chronic studies use multiple exposures over an
extended period of time, usually a significant fraction of the
animal’s lifetime (typically two years for rodents). Chronic
studies generally involve numerous physical observations dur-
ing the dosing period and a complete toxicological/
pathological evaluation after dosing has been concluded.

Chronic studies in rodents often evaluate both cancer and
non-cancer endpoints, and are preferred for use in establishing
chronic RfDs/RfCs.

X2.4.2.7 Reproductive and developmental studies examine
adverse effects on fertility and fetal development. Exposures in
developmental toxicity studies are generally limited to a
specific timeframe such as the period of fetal organ develop-
ment. Observed effects are often limited by study design and
include observations such as sperm motility.

X2.4.2.8 Multi-generation studies use multiple or continu-
ous exposures over two or more generations. Observed effects
are usually limited to reproductive and/or teratogenic effects in
the offspring and gross and pathological changes in the adults.

X2.4.2.9 Derivation of Toxicity Values and Criteria—Data
from the above studies are used to generate Reference Doses
(RfDs), Reference Concentrations (RfCs), slope factors (SFs),

TABLE X2.4 Definitions of Important Toxicological Characteristics

NOAEL (No-observed-adverse-effect level): An exposure level at which there are no statistically or biologically significant increases in the
frequency or severity of adverse effects between the exposed population and its appropriate control; some effects may be produced at this
level, but they are not considered as adverse, not precursors to adverse effects. In an experiment with several NOAELs, the regulatory focus is
primarily on the highest one, leading to the common usage of the term NOAEL as the highest exposure without adverse effects.

LOAEL (Lowest-observed-adverse-effect level): The lowest exposure level at which there are statistically or biologically significant increases in
the frequency or severity of adverse effects between the exposed population and its appropriate control group.

Uncertainty factor: One of several, generally 10–fold factors, used in operationally deriving the Reference Dose (RfD) or Reference
Concentration (RfC) from experimental data. Ufs are intended to account for (1) the variation in sensitivity among the members of the human
population; (2) the uncertainty in extrapolating animal data to the case of humans; (3) the uncertainty in extrapolating from data obtained in a
study that is of less-than-lifetime exposure; and, (4) the uncertainty in using LOAEL data rather than NOAEL data.

Modifying Factor: An additional uncertainty factor that is greater than zero and less than or equal to 10. The magnitude of the MF depends on
the professional assessment of scientific uncertainties of the study not treated by uncertainty factors; such as, the completeness of the overall
data base and the number of species tested. The default value of the MF is one.

Reference Dose: A reference dose is an estimate (with an uncertainty typically spanning perhaps an order of magnitude) of a daily exposure
(mg/kg/day) to the general human population (including sensitive subgroups) that is likely to be without an appreciable risk of deleterious
effects during a lifetime of exposure.

Reference Concentration: A reference concentration is an estimate (with an uncertainty spanning perhaps an order of magnitude) of a
continuous exposure to the human population (including sensitive subgroups) that is likely to be without appreciable deleterious effects during a
lifetime.

Slope Factor: The slope of the dose-response curve in the low-dose region. When low-dose linearity cannot be assumed, the slope factor is
the slope of the straight line from zero dose to the dose at 1% excess risk. An upper bound on this slope is usually used instead of the slope
itself. The units of the slope factor are usually expressed as (mg/kg/day)−1.

Drinking Water MCLs & MCLGs: Maximum Contaminant Levels (MCLs) are drinking water standards established by the EPA that are protective
of human health. However, these standards take into account the technological capability of attaining these standards. The EPA has, therefore,
also established MCL goals (MCLGs) which are based only on the protection of human health. The MCL standards are often used as clean-up
criteria.

Drinking Water Health Advisories: The Office of Drinking Water provides health advisories (HAs) as technical guidance for the protection of
human health. They are not enforceable federal standards. HAs are the concentration of a substance in drinking water estimated to have
negligible deleterious effects in humans, when ingested for specific time periods.

Water Quality Criteria: These criteria are not rules and they do not have regulatory impact. Rather, these criteria present scientific data and
guidance of the environmental effects of pollutants which can be useful to derive regulatory requirements based on considerations of water
quality impacts.
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and are also used in generating Drinking Water Maximum
Contaminant Levels (MCLs) and Goals (MCLGs), Health
Advisories (HAs) and Water Quality Criteria. See Table X2.4
for definitions of these important criteria.

X2.4.3 Cancer Effects— Agents may elicit carcinogenic
effects through either threshold or non-threshold mechanisms.
However, defining the carcinogenic threshold for agents that
exert their carcinogenic effects via non-genotoxic/threshold
mechanisms has proven much more difficult than defining the
threshold for non-carcinogenic effects. Due to that difficulty,
U.S. regulatory agencies generally assume that carcinogens act
via non-threshold mechanisms and that any level of exposure
to a carcinogen, no matter how small, presents some risk of
developing cancer. International regulatory agencies (for ex-
ample, WHO), however, apply safety factors similar to those
used in the U.S. for non-cancer effects when establishing
acceptable levels of exposure to carcinogenic agents. The U.S.
Environmental Protection Agency calculates Slope factors that
are used to calculate upper-bound numerical estimates of
carcinogenic risk. Because of the uncertainty regarding the
ability of risk agents to produce incremental carcinogenic
effects in humans, USEPA has also developed weight-of-
evidence criteria for carcinogenicity (see Table X2.5). The
weight-of-evidence criteria are used to aid in risk management
decisions, by defining the confidence scientists have in the
ability of the slope factor to predict human risk or the
confidence scientist have that the agent is not carcinogenic
under a defined set of circumstances. USEPA is revising their
scheme for categorizing carcinogens and estimating their
carcinogenic risk to better reflect chemical-specific differences
in scientific knowledge.

X2.4.4 Integrated Risk Information System (IRIS) is gener-
ally considered the primary source for RfD, RfC, and SF
values, see Ref (8).

X2.4.5 Health Effects Assessment Summary Tables
(HEAST) reference a larger database than IRIS. HEAST is
often used as a secondary source of health effects information
when toxicity criteria are not available in IRIS. Whereas the
information in IRIS has been subject to at least Agency-wide
verification, the information in the HEAST tables has not.

Thus, extra care should be exercised in using the values in
HEAST as they are solely reflective of the opinions of a limited
number of EPA scientists. Furthermore, the toxicity criteria
listed in HEAST are not updated on any regular basis. The user
is expected to consult the original U.S. EPA assessment
documents and recent scientific studies to determine the
strengths and limitations of the data in HEAST, see Ref (9).

X2.4.6 If toxicity criteria (that is, RfDs, RfCs, and SFs) are
not available, or are inappropriately listed in IRIS, HEAST, or
State approved databases, a toxicologist should be consulted
for appropriate values for use in the assessment. If project
toxicologists with experience in the derivation of toxicity
criteria are not available, toxicologists at the EPA’s National
Center for Exposure Assessment (NCEA) in Cincinnati are
often able to supply appropriate criteria for site-specific use.
The derivation basis for toxicity criteria obtained from sources
other than IRIS or HEAST should be documented in greater
detail.

X2.5 Chemicals of Concern (COCs) for Risk Assessments:

X2.5.1 Selection and Evaluation of COCs—It is often not
necessary to assess in detail the potential human health or
environmental risk associated with every site-related com-
pound present in an environmental release. For this reason, risk
management decisions are generally based on the assessment
of the potential impacts from a selected group of indicator
compounds or chemicals of concern (COC). It is inherently
assumed in this approach that the chemicals of interest con-
tribute the vast majority of the total potential impact from all
chemicals present in the affected media. The chemicals of
interest are selected based primarily on consideration of
potential exposure routes, concentrations, toxicological prop-
erties and mobility in the affected media. In the Tier 1
evaluation, toxicological information, such as presented above,
is used to develop Risk-Based Screening Levels (RBSL). If
further Tiers of evaluation are necessary based on the results of
the Tier 1 analysis, only those chemicals that were detected at
concentrations above the Tier 1 values are evaluated further.
Those chemicals that are evaluated in the RBCA process are
termed chemicals of concern (COCs). In Tiers 2 and 3 more
detailed evaluation of the toxicological criteria and physico-
chemical data is performed. In Tiers 2 and 3 of any site
evaluation, potential additive and synergistic effects of COCs
may be evaluated.

X2.5.2 How Toxicity Is Assessed: Individual Chemicals
Versus Mixtures— The toxicity of an individual chemical is
typically established based on dose-response studies which
estimate the relationship between different dose levels and the
magnitude of their adverse effects (that is, toxicity). When
evaluating exposures to multiple chemicals, preference is given
to data on actual mixtures. For example, often a single toxicity
factor is used when evaluating exposures to PCBs. However,
when data on mixtures is not available, a relative toxicity
approach is sometimes used within chemical classes. The
relative toxicity approach is most applicable when the toxicity
of individual congeners is structure-dependent. For example, as
discussed above, the cancer potencies of certain PAHs relative
to the most studied compound of this class, benzo[a]pyrene, are
presently approximated using an “estimated order of potential

TABLE X2.5 Weight of Evidence Criteria for Carcinogens

Category Criterion

A Human carcinogen, with sufficient evidence from epidemiological
studies.

B1 Probable human carcinogen, with limited evidence from
epidemiological studies.

B2 Probable human carcinogen, with sufficient evidence from animal
studies and inadequate evidence or no data from epidemiological
studies.

C Possible human carcinogen, with limited evidence from animal
studies in the absence of human data.

D Not classifiable as to human carcinogenicity, owing to inadequate
human and animal evidence.

E Evidence of noncarcinogenicity for humans, with no evidence of
carcinogenicity in at least two adequate animal tests in different
species, or in both adequate animal and epidemiological studies.
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potency” approach. Interim relative potencies that are sug-
gested for use by U.S. EPA Ref (10) for seven carcinogenic
PAHs are shown in Table X2.6. Also, when calculating a
Hazard Index to evaluate the potential for additive non-
carcinogenic effects, only hazard quotients for chemicals
effecting the same target organ and mechanism of action
should be summed.

X2.5.2.1 Generally, the risks associated with individual
constituents of a complex mixture are assumed to be additive,
and carcinogenic and noncarcinogenic risks are determined
separately (for noncarcinogenic endpoints it is only appropriate

to sum hazard quotients of compounds with similar toxicologi-
cal endpoints and mechanisms of action). Lack of sufficient
toxicological information is often an impediment to this
procedure. When toxicological information is unavailable from
a published database, health scientists may be utilized to derive
values appropriate for use in the risk assessment.

X2.5.3 Use of TPH or TOC Measurements in Risk
Assessments— Various chemical analysis methods commonly
referred to as “Total Petroleum Hydrocarbons” (TPH) or “Total
Organic Content” (TOC) are often used during an initial site
assessments to focus future investigations toward particular
compounds and/or media. These methods usually determine
the total amount of hydrocarbons present as a single number,
and give no information on the types of hydrocarbons present.
Such TPH or TOC methods may be useful in screening
assessments where the whole product toxicity approach is
appropriate to determine the need for further sampling. In
general, these measurements should not be used for risk
assessments, because the general measure of TPH or TOC
provides insufficient information about the amounts of indi-
vidual compounds present to accurately characterize potential
risk. More information on petroleum hydrocarbons is available
from the Total Petroleum Hydrocarbon Working Group
(TPHWG) effort. Refs (11-14).

X3. DEVELOPMENT OF EXAMPLE RISK-BASED SCREENING LEVELS (RBSLs)

X3.1 Introduction:

X3.1.1 This appendix contains the equations and parameters
used to develop example RBSLs (Table X3.1). This appendix
was prepared solely for the purpose of presenting example
calculations for RBSLs. These values should not be viewed, or
misused, as proposed remediation “standards”. The reader
should note that the example is for an adult male, not all
possible pathways have been considered, and a number of
assumptions concerning exposure scenarios and parameter
values have been made. In developing RBSLs, evaluate all
assumptions for appropriateness. The selected chemicals in this
appendix should not be viewed as an inclusive or exclusive list
for purpose of site investigation.

X3.1.2 The approaches used to calculate example RBSLs
appearing in this appendix are briefly discussed as follows for
exposure to vapors, ground water, surficial soils, and subsur-
face soils by means of the following representative pathways:

X3.1.2.1 Direct inhalation of vapors,
X3.1.2.2 Ingestion of ground water,
X3.1.2.3 Inhalation of outdoor vapors originating from

dissolved chemicals in ground water,
X3.1.2.4 Inhalation of indoor vapors originating from dis-

solved chemicals in ground water,
X3.1.2.5 Ingestion of surficial soil, inhalation of outdoor

vapors and particulates emanating from surficial soils, and
dermal absorption resulting from surficial soil contact with
skin,

X3.1.2.6 Inhalation of outdoor vapors originating from
chemicals in subsurface soils,

X3.1.2.7 Inhalation of indoor vapors originating from
chemicals in subsurface soils,

X3.1.2.8 Ingestion of ground water impacted by aqueous
leaching of dissolved chemicals from unsaturated soils,

X3.1.2.9 Migration of a free-phase liquid in unsaturated
soil, and

X3.1.2.10 Migration of a free-phase liquid plume in satu-
rated soil.

X3.1.3 For the pathways considered, approaches used in
this appendix are consistent with guidelines contained in Ref.
(15).

X3.1.4 The development presented as follows focuses only
on human-health RBSLs for chronic (long-term) exposures.

X3.1.4.1 In the case of compounds that have been classified
as carcinogens, the example RBSLs are based on the general
equation:

risk 5 average lifetime compound intake @mg/kg2day] (X3.1)

x slope factor @mg/kg2day]–1

where the intake depends on exposure parameters (ingestion
rate, exposure duration, and so forth), the source concentration,
and transport rates between the source and receptor. The slope
factor is selected after reviewing a number of sources, includ-
ing the USEPA Integrated Risk Information System (IRIS) (8)
database, USEPA Health Effects Assessment Summary Tables
(HEAST) (9), and peer-reviewed sources. Note that this risk
value does not reflect the actual probability for the specified
exposure scenario to occur.

X3.1.4.2 The slope factor may be equivalently defined in
terms of a unit risk factor,

TABLE X2.6 Cancer Potencies of Seven PAHs Relative to
Benzo[a]pyreneA

Compound Relative Cancer Potency

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

A Interim values provided as temporary guidance for risk evaluation of PAHs in
Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic
Hydrocarbons (10).
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations (See Refs. 2, 16-21)

NOTE 1—Reference Note A: Estimated from Kow given in USEPA (1994) (16) and a Kow to Koc regression equation from USEPA (1996) (17).
NOTE 2—Reference Note B: Vapor pressure estimated from aqueous solubility limit and Henry’s law coefficient.
NOTE 3—Reference R-to-R: An exposure route to exposure route extrapolation of available IRIS or HEAST data, consistent with USEPA (1996) (17).
NOTE 4—Reference FR: United States Federal Register.
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations (See Refs. 2, 16-21) (continued)
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations (See Refs. 2, 16-21) (continued)
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations (See Refs. 2, 16-21) (continued)
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations (See Refs. 2, 16-21) (continued)
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations (See Refs. 2, 16-21) (continued)
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations (See Refs. 2, 16-21) (continued)
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations (See Refs. 2, 16-21) (continued)
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations (See Refs. 2, 16-21) (continued)
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations (See Refs. 2, 16-21) (continued)
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations (See Refs. 2, 16-21) (continued)
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations (See Refs. 2, 16-21) (continued)
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations (See Refs. 2, 16-21) (continued)
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations (See Refs. 2, 16-21) (continued)
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations (See Refs. 2, 16-21) (continued)
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations (See Refs. 2, 16-21) (continued)
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TABLE X3.1 Chemical-Specific Parameters and Risk-Based Screening Level Concentrations (See Refs. 2, 16-21) (continued)
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slope factor @mg/kg2day]–1 5 unit risk factor @mg/m3#–1

(X3.2)

/defined average lifetime media intake @m3/kg2day]–1

where the defined average lifetime media intake (of water or
air) is based on defined exposure parameters (media ingestion
rate, exposure duration, and so forth) for direct ingestion or
inhalation of the chemical.

X3.1.4.3 The example RBSL values appearing in this ap-
pendix correspond to upper bound conservative probabilities of
adverse health effects (“risks”) in the range from 10–6 to 10–4

resulting from the specified exposure.
X3.1.4.4 In the case of compounds that have not been

classified as carcinogens, the example RBSLs are based on the
general equation:

hazard quotient 5 average intake [mg/kg2day] (X3.3)

/reference dose [mg/kg2day]

where the intake depends on exposure parameters (ingestion
rate, exposure duration, and so forth), the source concentration,
and transport rates between the source and receptor. The
reference dose is selected after reviewing a number of sources,
including the USEPA Integrated Risk Information System
(IRIS) (8) database, USEPA Health Effects Assessment Sum-

mary Tables (HEAST) (9), and peer-reviewed sources. Note
that this hazard quotient value does not reflect the actual
probability for the specified exposure scenario to occur.

X3.1.4.5 The reference dose may be equivalently defined in
terms of a reference concentration,

reference dose @mg/kg2day] 5 reference concentration @mg/m3#

(X3.4)

x defined average daily media intake @m3/kg2day]

where the defined average daily media intake (of water or
air) is based on defined exposure parameters (media ingestion
rate, exposure duration, and so forth) for direct ingestion or
inhalation of the chemical.

X3.1.4.6 The example RBSL values appearing in this ap-
pendix correspond to upper bound conservative estimates for
hazard quotients of unity resulting from the specified exposure.
Note that this hazard quotient value does not reflect the actual
probability for the specified exposure scenario to occur.

X3.1.5 Tables X3.2-X3.4 summarize the equations and
parameters used to prepare the example RBSLs (Table X3.1).
The basis for each of these equations is discussed in X3.2-
X3.12.

TABLE X3.2 Site and Scenario-Specific Parameters (continued)

parameter residential industrial definition, units

specified risk or hazard criteria

THQ 1 1 target hazard quotient for individual chemicals (unitless)
TRU 1.00E-04 1.00E-04 target excess individual lifetime cancer risk - upper range value (unitless)
TRL 1.00E-06 1.00E-06 target excess individual lifetime cancer risk - lower range value (unitless)

exposure parameters (adult male)

ATc 70 70 defined carcinogen averaging time (years)
ATn 30 25 defined averaging time for non-carcinogen (years), = ED
BW 70 70 body weight (kg)
ED 30 25 exposure duration (years)
EF 350 250 exposure frequency (days/year)
IRsoil 100 50 soil ingestion rate (mg/day)
IRair-indoor 15 20 daily inhalation rate (m3/day) - indoor
IRair-outdoor 20 20 daily inhalation rate (m3/day) - outdoor
IRw 2 1 daily water ingestion rate (L/day)
SA 3160 3160 seasonally-averaged skin surface area (cm2/day)
M 0.5 0.5 soil to skin adherence factor (mg/cm2)

building parameters

Lb 200 300 enclosed space volume/infiltration area ratio (cm)
ER 12 20 enclosed space air exchange rate (1/day)
Lcrack 15 15 enclosed-space foundation or wall thickness (cm)
h 0.01 0.01 foundation crack fraction (cm2-cracks/cm2-total area)
dP 0 0 indoor/outdoor differential pressure (g/cm-s2)
kv 1.00E-08 1.00E-08 soil permeability (cm2)
Zcrack 15 15 depth to bottom of slab (cm)
Xcrack 3400 3400 slab perimeter (cm)
Ab 700000 700000 slab area (cm2)
surface parameters

t 30 25 averaging time for surface emission vapor flux (years)
Uair 225 225 ambient air velocity in mixing zone (cm/s)
dair 200 200 mixing zone height (cm)
A 20250000 20250000 source-zone area (cm2)
W 4500 4500 width of source-zone area (cm)
Lss 100 100 thickness of surficial soils (cm)
Pe 6.90E-14 6.90E-14 Areal total respirable particulate emission flux from source (g/cm2-s)

derived parameters

LFpw,gw 4.70E+00 4.70E+00 leaching factor, ground water/soil pore water ratio (cm3-wat/cm3-wat)
Qs 0 0 convective flow through basement slab (cm3-air/sec)
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TABLE X3.2 Continued

parameter residential industrial definition, units

DFesp 2.78E-02 6.94E-02 dispersion factor for enclosed-space air (g-cm2/s)/(g/cm3)
DFamb 10 10 dispersion factor for ambient air (g-cm2/s)/(g/cm3)
VFp 6.9E-15 6.9E-15 total respirable particulate concentration from soil source (g-soil/cm3-air)

mobility limit parameters

Sr 0.04 0.04 specified residual void fraction in vadose zone soil (cm3-oil/cm3-void)
Sr 0.04 0.04 specified residual void fraction in saturated zone soil (cm3-oil/cm3-void)

soil parameters

hcap 5 capillary zone thickness (cm)
hv 295 vadose zone thickness (cm)
uwcap 0.342 soil water content - capillary fringe region (cm3-water/cm3-soil)
uwvad 0.12 soil water content - vadose zone (cm3-water/cm3-soil)
uwcrk 0.12 soil water content - soil filled foundation cracks (cm3-water/cm3-soil)
uacap 0.038 soil air content - capillary fringe region (cm3-air/cm3-soil)
uavad 0.26 soil air content - vadose zone (cm3-air/cm3-soil)
uacrk 0.26 soil air content - soil filled foundation cracks (cm3-air/cm3-soil)
rs 1.7 soil bulk density - dry soil (g/cm3)
foc 0.01 mass fraction of organic carbon in soil (g-oc/g-soil)
uT 0.38 soil porosity (cm3-void/cm3-soil)
Lgw 300 depth to ground water (cm)
Ls 100 thickness of surficial soils (cm)
pH 6.8 soil/water pH (unitless)

ground water parameters
dgw 200 ground water mixing zone height (cm)
I 30 water infiltration rate (cm/year)
Ugw 6.85 ground water Darcy velocity (cm/day)

chemical-specific identifying parameters

CASRN Chemical Abstract Service Registration Number
name common chemical name

chemical-specific transport and thermodynamic parameters

MW molecular weight (g/mole)
Dair molecular diffusion coefficient in air (cm2/sec)
Dwat molecular diffusion coefficient in water (cm2/sec)
Koc organic carbon/water partition coefficient log10(L-wat/kg-oc)
Kd water / soil partition coefficient log10(L-wat/kg-soil)

(Kd= Koc focfor organic chemicals)
H Henry’s law constant (atm-m3/mol) or (L-water/L-air)
Pv Vapor pressure (mm Hg)
S Aqueous solubility limit (mg/L-wat)
pKa acid ionization equilibrium constant (log10(mole/mole))
pKb base ionization equilibrium constant (log10(mole/mole))

chemical-specific toxicity parameters and exposure criteria

RfDo chronic oral reference dose (mg/kg-day)
RfCi chronic inhalation reference concentration (mg/m3)
SFo slope factor - oral (1/(mg/kg-day))
SFi slope factor - inhalation (1/(mg/kg-day))
W of E weight of evidence
MCL Federal maximum contaminant level for public drinking water supply (mg/L-wat)
RAFo relative absorption factor - oral (mg-adsorbed/mg-applied)
RAFd relative absorption factor - dermal (mg-adsorbed/mg-applied)
PEL-TWA OSHA Permissable Exposure Level Time-Weighted Average workplace criteria (mg/m3-air)
TLV-TWA ACGIH Threshold Limit Value - Time Weighted Average workplace criteria (mg/m3-air)

derived parameters - dependent on chemical and soil properties

UF fraction of unionized chemical in water (unitless)
Heff effective Henry’s law coefficient (L-water/L-air)
Csat,vap saturated vapor concentration (mg/m3-air)
Ksw soil to water partition coefficient - vadose zone (L-water/kg-soil)
Csat,soil residual soil concentration - vadose zone (mg/kg-soil)
Deff,vad effective diffusivity - vadose zone (cm2/sec)
Deff,cap effective diffusivity - capillary fringe zone (cm2/sec)
Deff,ws effective diffusivity - averaged water table to surface (cm2/sec)
Deff,crk effective diffusivity - enclosed space foundation cracks (cm2/sec)
Rc dissolved phase retardation factor for saturated ground water flow ((cm/s)-wat/(cm/s)-phase)
Ri dissolved phase retardation factor for vadose zone infiltration flow ((cm/s)-wat/(cm/s)-phase)

derived parameters— dependent on scenario parameters, and chemical and soil properties

VFs,esp volatilization factor, subsurface soil to enclosed space (g-soil/cm3-air)
VFgw,esp volatilization factor, ground water to enclosed space (cm3-wat/cm3-air)
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TABLE X3.2 Continued

parameter residential industrial definition, units

VFss,amb,1 volatilization factor, surficial soil to ambient air (g-soil/cm3-air)
VFss,amb,2 volatilization factor, surficial soil to ambient air, mass-limited (g-soil/cm3-air)
VFss,amb,min(1,2) applicable volatilization factor, surficial soil to ambient air (g-soil/cm3-air)
LFsw leaching factor, soil to ground water (g-soil/cm3-wat)
VFs,amb volatilization factor, subsurface soil to ambient air (g-soil/cm3-air)
VFgw,amb volatilization factor, ground water to ambient air (cm3-wat/cm3-air)

Risk-Based Screening Level Concentrations

RBSLair Risk-Based Screening Level for Air (mg/m3)
- ambient (outdoor) vapor
- enclosed space (indoor) vapor

RBSLgw Risk-Based Screening Level for Ground Water (mg/L)
- ingestion
- inhalation of evolved vapors to outdoor air
- inhalation of evolved vapors to indoor air

RBSLs Risk-Based Screening Level for soils (mg/kg)
- leaching to ground water ingestion
- inhalation of evolved vapors from subsurface soil to outdoor air
- inhalation of evolved vapors from subsurface soil to indoor air

RBSLss Risk-Based Screening Level for surficial soil (mg/kg)
- combined exposure to direct ingestion, dermal contact, vapor inhalation, and particulate inhalation

(i-d-v-p) Apportionment of RBSLss as a fraction of exposure by direct ingestion, dermal contact, vapor inhalation, and particulate
inhalation (% each)
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TABLE X3.3 Equations Used to Develop Example Tier 1 Risk-Based Screening Levels (RBSLs) Appearing in Table X3.1 (continued)
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TABLE X3.3 Continued
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TABLE X3.3 Continued
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TABLE X3.4 Calculated Parameters Used in Example Tier 1 Risk-Based Screening Level Equations of Table X3.3 (continued)
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TABLE X3.4 Continued
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TABLE X3.4 Continued
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TABLE X3.4 Continued

X3.2 Air-Inhalation of Vapors (Outdoors/Indoors):

X3.2.1 In this case chemical intake results from the inhala-
tion of vapors. It is assumed that vapor concentrations remain
constant over the duration of exposure, and all inhaled chemi-
cals are absorbed. Equations appearing in Table X3.3 for
estimating RBSLs for vapor concentrations in the breathing
zone follow guidance given in Ref. (15). Should the example
RBSL exceed the saturated vapor concentration for any indi-
vidual component, “P<” is entered in the table to indicate that
the selected risk level or hazard quotient cannot be reached or
exceeded for that chemical and the specified exposure scenario
(unless an aerosol of the chemical is inhaled).

X3.2.2 A target vapor concentration other than the RBSL
for inhalation may be selected and used as an alternate
inhalation criteria (e.g. PEL-TWA or TLV-TWA workplace
exposure criteria as listed in Table X3.1, or odor nuisance
level). The reader should review the restrictions and assump-
tions embodied in these alternate criteria for appropriateness
before their use as Tier 1 air inhalation screening criteria.

X3.3 Ground Water-Ingestion of Ground Water:

X3.3.1 In this case chemical intake results from ingestion of
ground water. It is assumed that the dissolved chemical
concentrations remain constant over the duration of exposure.
Equations appearing in Table X3.3 for estimating RBSLs for
drinking water concentrations follow guidance given in Ref.
(15) for ingestion of chemicals in drinking water. Should the
example RBSL exceed the pure component aqueous solubility
limit for any component, “S<” is entered in the table to indicate
the selected risk level or hazard quotient cannot be reached for
that compound and the specified exposure scenario (unless
immiscible free-phase chemical is mixed with the ingested
water).

X3.3.2 A target concentration other than the RBSL for
ground water ingestion may be selected and used as an
alternate ground water criteria (e.g., Federal drinking water
MCL criteria for a public water supply as listed in Table X3.1,
taste or odor threshold, or ecological criteria). Determining and
validating the basis of these alternate criteria is necessary
before their use as Tier 1 ground water ingestion screening
criteria.

X3.4 Ground Water-Inhalation of Outdoor Vapors:

X3.4.1 In this case chemical intake is a result of inhalation
of outdoor vapors which originate from dissolved chemicals in
ground water located some distance below ground surface.
Here the goal is to determine the RBSL for the chemical
dissolved in ground water that corresponds to the target RBSL
for outdoor vapors in the breathing zone, as given in Table
X3.3. A target vapor concentration value other than the RBSL
for inhalation (as discussed in X3.2.2) may be selected and
substituted for the RBSLair parameter appearing in the equa-
tions given in Table X3.3.

X3.4.2 A conceptual model for the transport of chemicals
from ground water to ambient air is depicted in Fig. X3.1.
Values for the parameters listed in this figure are specified in
Table X3.2. For simplicity, the relationship between outdoor air
and dissolved ground water concentrations is represented in
Table X3.3 by the “volatilization factor”, VFgw,amb [(mg/cm3-
air)/(mg/cm3-water)], defined in Table X3.4. It is based on the
following assumptions:

X3.4.2.1 A constant dissolved chemical concentration in
ground water,

X3.4.2.2 Linear equilibrium partitioning between dissolved
chemicals in ground water and chemical vapors at the ground
water table,

FIG. X3.1 Volatilization from Ground Water to Ambient Air
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X3.4.2.3 Steady-state vapor- and liquid-phase diffusion
through the capillary fringe and vadose zones to ground
surface,

X3.4.2.4 No loss of chemical as it diffuses toward ground
surface (that is, no biodegradation), and

X3.4.2.5 Steady well-mixed atmospheric dispersion of the
emanating vapors within the breathing zone as modeled by a
“box model” for air dispersion.

X3.4.3 Should the example RBSLgw exceed the pure com-
ponent solubility for any individual component, “S<” is en-
tered in the table to indicate that the selected risk level or
hazard quotient cannot be reached or exceeded for that
compound and the specified exposure scenario.

X3.5 Ground Water-Inhalation of Enclosed-Space (Indoor)
Vapors:

X3.5.1 In this case chemical intake results from the inhala-
tion of vapors in enclosed spaces. The chemical vapors
originate from dissolved chemicals in ground water located
some distance below ground surface. Here the goal is to
determine the RBSL for the chemical dissolved in ground
water which corresponds to the target RBSL for vapors in the
breathing zone as given in Table X3.3. A target vapor concen-
tration value other than the RBSL for inhalation (as discussed
in X3.2.2) may be substituted for the RBSLair parameter
appearing in the equations given in Table X3.3.

X3.5.2 A conceptual model for the transport of chemicals
from ground water to indoor air is depicted in Fig. X3.2. Values
for the parameters listed in this figure are specified in Table
X3.2. For simplicity, the relationship between enclosed-space
air and dissolved ground water concentrations is represented in
Table X3.3 by the “volatilization factor” VFgw,esp [(mg/cm3-
air)/(mg/cm3-water)] defined in Table X3.4. It is based on the
following assumptions:

X3.5.2.1 A constant dissolved chemical concentration in
ground water,

X3.5.2.2 Equilibrium partitioning between dissolved chemi-
cals in ground water and chemical vapors at the ground water
table,

X3.5.2.3 Steady-state vapor- and liquid-phase diffusion
through the capillary fringe, vadose zone, and foundation
cracks,

X3.5.2.4 No loss of chemical as it diffuses toward ground
surface (e.g., no biodegradation), and

X3.5.2.5 Steady, well-mixed atmospheric dispersion of the
emanating vapors within the enclosed space, where the con-
vective transport into the building through foundation cracks or
openings is negligible in comparison with diffusive transport.

X3.5.3 Should the example RBSLgw exceed the pure com-
ponent solubility for any individual component, “S<” is en-
tered in the table to indicate that the selected risk level or
hazard quotient cannot be reached or exceeded for that
compound and the specified exposure scenario.

X3.6 Surficial Soils-Ingestion, Dermal Contact, and Vapor
and Particulate Inhalation:

X3.6.1 In this case it is assumed that chemical intake results
from a combination of intake routes, including: ingestion,
dermal absorption, and inhalation of both particulates and
vapors emanating from surficial soil.

X3.6.2 Equations used to estimate intake resulting from
ingestion follow guidance given in Ref. (15) for ingestion of
chemicals in soil. For this route, it has been assumed that
surficial soil chemical concentrations and intake rates remain
constant over the exposure duration. Other values for exposure
parameters (that is, child exposure or age-adjusted exposure)
should also be considered for ingestion of soil.

X3.6.3 Equations used to estimate intake resulting from
dermal absorption follow guidance given in Ref. (15) for
dermal contact with chemicals in soil. For this route, it has
been assumed that surficial soil chemical concentrations and
absorption rates remain constant over the exposure duration.
Other values for exposure parameters (that is, child exposure or
age-adjusted exposure) should also be considered for dermal
contact with soil.

X3.6.4 Equations used to estimate intake resulting from the
inhalation of particulates follow guidance given in Ref. (15) for
inhalation of airborne chemicals. For this route, it has been
assumed that surficial soil chemical concentrations, intake
rates, and atmospheric particulate concentrations remain con-
stant over the exposure duration.

X3.6.5 Equations used to estimate intake resulting from the
inhalation of airborne chemicals which have volatilized from
surficial soils follow guidance given in Ref. (15) for inhalation
of airborne chemicals.

X3.6.6 A conceptual model for the volatilization of chemi-
cals from surficial soils to outdoor air is depicted in Fig. X3.3.
Values for the parameters listed in this figure are specified in
Table X3.2. For simplicity, the relationship between outdoor air
and surficial soil concentrations is represented in Table X3.3 by
the “volatilization factor” VFss [(mg/cm3-air)/(mg/g-soil)] de-
fined in Table X3.4. It is based on the following assumptions:

X3.6.6.1 Uniformly distributed chemical throughout the
depth range of 0-Lss (cm) below ground surface,

X3.6.6.2 Linear equilibrium partitioning within the soil
matrix between sorbed, dissolved, and vapor phases, where the
partitioning is a function of constant chemical- and soil-
specific parameters.

X3.6.6.3 Diffusion through the surficial soil layer,
X3.6.6.4 No loss of chemical as it diffuses toward ground

surface (e.g., no biodegradation), andFIG. X3.2 Volatilization from Ground Water to Enclosed-Space Air
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X3.6.6.5 Steady well-mixed atmospheric dispersion of the
emanating vapors within the breathing zone as modeled by a
“box model” for air dispersion.

X3.6.7 In the event that the time-averaged flux exceeds that
which would occur if all chemical initially present in the
surficial soil zone volatilized during the exposure period, then
the volatilization factor is determined from a mass balance
assuming that all chemical initially present in the surficial soil
zone volatilizes during the exposure period.

X3.6.8 Equations for calculating the apportionment of
chemical from this presumed combination of surficial soil
intake routes, including ingestion, dermal absorption, inhala-
tion of particulates, and inhalation of vapors emanating from
surficial soil, are specified in Table X3.3. The calculated values
are included in Table X3.1.

X3.7 Subsurface Soils-Inhalation of Outdoor Vapors:

X3.7.1 In this case chemical intake is a result of inhalation
of outdoor vapors which originate from chemicals contained in
subsurface soils located some distance below ground surface.
Here the goal is to determine the RBSL for subsurface soils
that corresponds to the target RBSL for outdoor vapors in the
breathing zone, as given in X3.2. A target vapor concentration
other than the RBSL for inhalation (as discussed in X3.2.2)
may be substituted for the RBSLair parameter appearing in the
equations given in Table X3.3.

X3.7.2 A conceptual model for the transport of chemicals
from subsurface soils to ambient air is depicted in Fig. X3.4.
Values for the parameters listed in this figure are specified in
Table X3.2. For simplicity, the relationship between outdoor air
and soil concentration is represented in Table X3.3 by the
“volatilization factor”, VFs,amb [(mg/cm3-air)/(mg/g-soil)], de-
fined in Table X3.4. It is based on the following assumptions:

X3.7.2.1 A constant chemical concentration in subsurface
soils.

X3.7.2.2 Linear equilibrium partitioning within the soil
matrix between sorbed, dissolved, and vapor phases, where the
partitioning is a function of constant chemical- and soil-
specific parameters,

X3.7.2.3 Steady-state vapor- and liquid-phase diffusion
through the vadose zone to ground surface,

X3.7.2.4 No loss of chemical as it diffuses toward ground
surface (that is, no biodegradation), and

X3.7.2.5 Steady well-mixed atmospheric dispersion of the
emanating vapors within the breathing zone as modeled by a
“box model” for air dispersion.

X3.7.3 Should the example RBSL exceed the value for
which the equilibrated vapor and dissolved pore-water phases
become saturated, Csat,soil [mg/kg-soil] (see Table X3.4 for
calculation of this value), “Rs” is entered into the table to
indicate the selected risk level or hazard quotient cannot be
reached or exceeded for that compound and the specified
exposure scenario (even if free-phase product or precipitate is
present in the soil).

X3.7.4 No mass balance is imposed on the volatilization
factor VFs,amb.

X3.7.4.1 If the depth of the affected subsurface soil layer, ds,
can be specified, a mass balance can be imposed.

X3.7.4.2 In the event that the time-averaged flux exceeds
that which would occur if all the chemical initially present in
the affected subsurface soil layer volatilized during the expo-
sure period, then the volatilization factor can be determined
from a mass balance assuming that all chemical present in the
subsurface soil layer volatilizes during the exposure period.

X3.8 Subsurface Soils-Inhalation of Enclosed-Space (In-
door) Vapors:

X3.8.1 In this case chemical intake is a result of inhalation
of enclosed-space vapors which originate from chemicals
contained in subsurface soils located some distance below
ground surface. Here the goal is to determine the RBSL for
subsurface soils that corresponds to the target RBSL for indoor
vapors, as given in Table X3.3. A target vapor concentration
other than the RBSL for inhalation (as discussed in X3.2.2)
may be substituted for the RBSLair parameter appearing in
Table X3.3.

X3.8.2 A conceptual model for the transport of chemicals
from subsurface soils to enclosed spaces is depicted in Fig.
X3.5. Values for the parameters listed in this figure are
specified in Table X3.2. For simplicity, the relationship be-
tween indoor air and soil concentrations is represented in Table

FIG. X3.3 Volatilization from Surficial Soils FIG. X3.4 Volatilization from Subsurface Soils to Ambient Air
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X3.3 by the “volatilization factor”, VFs,esp [(mg/cm3-air)/(mg/
g-soil)], defined in Table X3.4. It is based on the following
assumptions:

X3.8.2.1 A constant chemical concentration in subsurface
soils,

X3.8.2.2 Linear equilibrium partitioning within the soil
matrix between sorbed, dissolved, and vapor phases, where the
partitioning is a function of constant chemical- and soil-
specific parameters,

X3.8.2.3 Steady-state vapor- and liquid-phase diffusion
through the vadose zone and foundation cracks,

X3.8.2.4 No loss of chemical as it diffuses toward the
indoor space (that is, no biodegradation), and

X3.8.2.5 Well-mixed atmospheric dispersion of the emanat-
ing vapors within the enclosed space.

X3.8.3 Should the example RBSLs exceed the value for
which the equilibrated vapor and dissolved pore-water phases
become saturated, Csat,soil [mg/kg-soil] (see Table X3.4 for
calculation of this value), “Rs” is entered into the table to
indicate the selected risk level or hazard quotient cannot be
reached or exceeded for that compound and the specified
exposure scenario (even if free-phase product or precipitate is
present in the soil).

X3.8.4 No mass balance is imposed on the volatilization
factor VFs,esp.

X3.8.4.1 If the depth of the affected subsurface soil layer, ds,
can be specified, a mass balance can be imposed.

X3.8.4.2 In the event that the time-averaged flux exceeds
that which would occur if all the chemical initially present in
the affected subsurface soil layer volatilized during the expo-
sure period, then the volatilization factor can be determined
from a mass balance assuming that all chemical present in the
subsurface soil layer volatilizes during the exposure period.

X3.9 Subsurface Soils-Leaching to Ground Water:

X3.9.1 In this case chemical intake is a result of chemicals
leaching from subsurface soils, followed by inhalation of
enclosed-space vapors, inhalation of outdoor vapors, or inges-
tion of ground water as discussed in X3.1 through X3.3. Here
the goal is to determine the RBSL for subsurface soils that

correspond to the target RBSLs for the inhalation or ground
water ingestion routes. A target ground water concentration
other than an RBSL for ground water (as discussed in X3.2.2),
may be substituted for the RBSLgw parameter appearing in the
equations given in Table X3.3.

X3.9.2 A conceptual model for the leaching of chemicals
from subsurface soils to ground water is depicted in Fig. X3.6.
Values for the parameters listed in this figure are specified in
Table X3.2. For simplicity, the ratio between total soil concen-
tration and ground water concentration is represented in Table
X3.3 by the soil/ground water “leaching factor”, LFsw [(mg/
cm3-water)/(mg/g-soil)], defined in Table X3.4. This factor is
based on the following assumptions:

X3.9.2.1 A constant chemical concentration in subsurface
soils,

X3.9.2.2 Linear equilibrium partitioning within the soil
matrix between sorbed, dissolved, and vapor phases, where the
partitioning is a function of constant chemical- and soil-
specific parameters,

X3.9.2.3 Steady-state leaching from the vadose zone to
ground water resulting from the constant leaching rate I [cm/s],

X3.9.2.4 The contribution of vapor- and liquid-phase diffu-
sion through the vadose zone is negligible in comparison to the
transport due to infiltration,

X3.9.2.5 No loss of chemical as it leaches toward ground
water (e.g., no biodegradation), and,

X3.9.2.6 Steady well-mixed dispersion of the leachate
within a ground water “mixing zone”.

X3.9.3 Should the example RBSLs exceed the value for
which the equilibrated vapor and dissolved pore-water phases
become saturated (see Table X3.4 for calculation of this value),
“Rs” is entered in the table to indicate that the selected risk
level or hazard quotient cannot be reached or exceeded for that
compound and the specified exposure scenario (even if free-
phase product or precipitate is present in the soil).

X3.9.4 In some regulatory programs, “dilution attenuation
factors” (DAFs) are currently being proposed based on fate and
transport modeling results. A DAF is typically defined as the
ratio of a target ground water concentration divided by the
source leachate concentration. This is identical in definition to
the ground water/soil pore water leaching factor, LFpw,gw,

FIG. X3.5 Volatilization from Subsurface Soils to Enclosed-Space
Air

FIG. X3.6 Leaching from Subsurface Soils to Ground Water
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defined in Table X3.4 as a component of the soil/ground water
leaching factor, LFsw.

X3.9.5 No mass balance is imposed on the leaching factor,
LFsw.

X3.9.5.1 If the depth of the affected subsurface soil layer, ds,
can be specified, a mass balance can be imposed.

X3.9.5.2 2 In the event that the time-averaged leaching rate
exceeds that which would occur if all the chemical initially
present in the affected soil layer leached during the exposure
period, then the leaching factor can be determined from a mass
balance assuming that all chemical present in the soil layer
leached to ground water during the exposure period.

X3.10 Free-phase Liquid Migration in Unsaturated Soils:

X3.10.1 In this case our concern is in the further migration
of nonaqueous phase liquid (NAPL) chemical in unsaturated
soil, from a source zone toward the water table and on towards
a potential receptor, or from a source zone toward a building
basement, sump, or utility conduit, and on towards a potential
receptor.

X3.10.2 The presence of a pure-chemical NAPL may be
estimated using the equation for Csat,soil and Ksw in Table X3.4
with parameters for unsaturated soil. For mixtures of chemi-
cals, Csat,soil is irrelevant for predicting the presence or absence
of a NAPL. The presence or absence of a NAPL consisting of
a liquid mixture of immiscible chemicals may be estimated
using calculations presented by Johnson et al. (22), Mott (23),
or Mariner (24).

X3.10.3 A NAPL may be present in unsaturated soil, but
immobile. The mobility of a NAPL is not governed by
thermodynamic properties, but by capillary, viscous, and grav-
ity forces acting on the bulk NAPL phase. Wilson and Conrad
(25), Conrad et al. (26), and Cohen and Mercer (27) have
compiled experimental data on measured levels of immobile
NAPL for a range of chemicals and soil types. This immobile
NAPL level is specified as residual saturation, Sr, which is the
fraction of available soil pore volume taken up by the immobile
NAPL.

X3.10.4 We calculate an example RBSLs for pure chemicals
using the equation specified in Table X3.3. It is based on the
following assumptions:

X3.10.4.1 A specified value of Sr consistent with sandy soil
conditions and the prior references (X3.10.3),

X3.10.4.2 A local measurement of chemical concentration
in soil,

X3.10.4.3 Linear equilibrium partitioning within the soil
matrix between sorbed, dissolved, vapor, and immiscible
phases, where the partitioning is a function of constant
chemical- and soil-specific parameters.

X3.10.4.4 A pure chemical immiscible phase,
X3.10.4.5 Displacement of the air-phase soil void volume

by the NAPL volume, and,
X3.10.4.6 The pure chemical is presumed to be a liquid at

standard conditions of temperature and pressure.
X3.10.5 The RBSLs value is not applicable for chemicals

which are infinitely miscible in water. No NAPL will exist in
such a case.

X3.10.6 For mixtures of chemicals, the pure chemical
RBSLs value is not relevant.

X3.10.6.1 The RBSLs value for a chemical mixture may be
estimated using calculations presented by Johnson et al. (22),
Mott (23), or Mariner (24), and a specified residual saturation
level, Sr or,

X3.10.6.2 The equation specified in Table X3.3 may be
conservatively simplified, using the bulk density of the liquid
chemical mixture, and neglecting the sorbed, dissolved, and
vapor phase contribution to soil concentration.

X3.10.7 The calculated RBSLs value is intended to be
conservative with respect to presumed conditions.

X3.10.7.1 The applicable value of Sr may be smaller for
soils which are more course grained (for example, gravel) than
the presumed sandy soil. The applicable value of Sr may be
much greater for soils which are finer grained (for example, silt
and clay) than the presumed sandy soil.

X3.10.7.2 The selected Sr value is intended to be conserva-
tive with respect to chemical type and properties. A larger Sr

value may be applicable (for example, with some non-
Newtonian fluids).

X3.10.8 Site characterization is a necessary component of
determining the mobility or immobility of a NAPL in unsat-
urated soils. More information on estimating the presence and
mobility of a NAPL is given in API (28) and USEPA (29).

X3.10.9 Use of the example RBSL concentrations in this
appendix for leaching from soils to ground water (X3.9)
presumes that further migration of NAPL in unsaturated soil
from a source zone toward the water table is insignificant.

X3.10.10 The example RBSL concentrations in this appen-
dix regarding inhalation of indoor or outdoor vapors (X3.7 and
X3.8) originating from soils are conservative with respect to
the presence or absence of a NAPL phase, unless that NAPL
phase has migrated near or into a building basement, sump, or
utility conduit that may shorten the diffusive vapor transport
pathway.

X3.11 Free-phase Liquid Migration in Saturated Soils:

X3.11.1 In this case our concern is in the further migration
of non-aqueous phase liquid (NAPL) chemical in saturated
soil, from a source zone toward a potential receptor.

X3.11.1.1 The presence of a NAPL may be detected or
confirmed through the use of ground water monitoring wells.

X3.11.1.2 The presence of a pure-chemical NAPL may be
estimated using the equation for Csat,soil and Ksw in Table X3.4
using parameters for saturated soil, including uw = uT. For
mixtures of chemicals, Csat,soil is irrelevant for predicting the
presence or absence of a NAPL. The presence or absence of a
NAPL consisting of a liquid mixture of immiscible chemicals
may be estimated using algebraic calculations presented by
Johnson et al. (22), Mott (23), or Mariner (24).

X3.11.2 As for unsaturated soils (X3.10.3), a NAPL may be
present in saturated soil, but immobile. The mobility of a
NAPL is not governed by thermodynamic properties, but by
capillary, viscous, and gravity forces acting on the bulk NAPL
phase. Wilson and Conrad (25) and Conrad, et al., (26) have
measured levels of immobile NAPL at values of residual
saturation, Sr, which are generally greater than that for similar
unsaturated soils.
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X3.11.3 We may calculate an example RBSLs for pure
chemicals in saturated soil using the equation specified in Table
X3.3. This is based on the following assumptions:

X3.11.3.1 A specified value of Sr consistent with sandy soil
conditions and the prior references (X3.10.3),

X3.11.3.2 A local measurement of chemical concentration
in soil,

X3.11.3.3 Linear equilibrium partitioning within the soil
matrix between sorbed, dissolved, and immiscible phases,
where the partitioning is a function of constant chemical- and
soil-specific parameters,

X3.11.3.4 A pure chemical immiscible phase,
X3.11.3.5 Displacement of the water-phase soil void vol-

ume by the NAPL volume, and,
X3.11.3.6 The pure chemical is a liquid at standard condi-

tions of temperature and pressure.
X3.11.4 The RBSLs value is not applicable for chemicals

which are infinitely miscible in water. No NAPL will exist in
such a case.

X3.11.5 For mixtures of chemicals, the pure chemical
RBSLs value is not relevant.

X3.11.5.1 The RBSLs value for a chemical mixture in
saturated soil may be estimated using calculations presented
Johnson et al. (22), Mott (23), or Mariner (24), and a specified
residual saturation level, Sr or,

X3.11.5.2 The equation specified in Table X3.3 may be
conservatively simplified, using the bulk density of the liquid
chemical mixture, and neglecting the sorbed and dissolved
phase contribution to soil concentration.

X3.11.6 The calculated RBSLs value is intended to be
conservative with respect to presumed conditions.

X3.11.6.1 The applicable value of Sr may be smaller for
soils which are more course grained (for example, gravel) than
the presumed sandy soil. The applicable value of Sr may be
much greater for soils which are finer grained (for example, silt
and clay) than the presumed sandy soil.

X3.11.6.2 The selected Sr value is intended to be conserva-
tive with respect to chemical type and properties. A larger Sr

value may be applicable (for example, with some non-
Newtonian fluids).

X3.11.7 Site characterization is a necessary component of
determining the mobility or immobility of a NAPL in saturated
soils. More information on estimating the presence and mobil-
ity of a NAPL is given in API (28) and USEPA (29).

X3.11.8 Use of the example RBSL concentrations in this
appendix for ingestion of ground water (X3.3) or inhalation of
indoor or outdoor vapors (X3.4 and X3.5) originating from
ground water presumes that further migration of NAPL in
saturated soil from a source zone toward a potential receptor is
insignificant.

X3.12 Parameter Values:

X3.12.1 The equations in Table X3.3 refer to intermediate
parameters (volatilization factors, leaching factors, dispersion
factors, and so forth). Equations for these intermediate param-
eters are specified in Table X3.4. The chemical-specific calcu-
lated values for these intermediate parameters are given in
Table X3.1.

X3.12.2 The IRIS- and HEAST-referenced slope factor and
reference dose values, the OSHA PEL-TWA and ACGIH
TLV-TWA concentration values, and the Federal MCL values
cited in Table X3.1 are the most recently updated values
available prior to the writing of this appendix. They are cited at
their last revised date.

X3.12.3 Table X3.2 lists exposure parameters used to cal-
culate the example RBSLs (Table X3.1). All values given are
based on adult male exposures only. With the exception of the
dermal exposure parameters (SA, M, and RAFd), the values
given are reasonable maximum exposure (RME) values pre-
sented in Ref. (30) and are either upper bound estimates or
average estimates for each individual exposure parameter, as
appropriate. Other values for exposure parameters (that is,
child exposure or age-adjusted exposure) may be selected and
substituted for the parameters appearing in the equations given
in Tables X3.3 and X3.4.

X3.12.4 The skin surface area, SA = 3160 cm2/day, is based
on the seasonally-averaged surface area of the head, hands, and
forearms for adult males given in Ref. (30). The soil-to-skin
adherence factor, M [mg/cm2], and dermal relative absorption
factor, RAFd [mg-absorbed/mg-applied], are based on guid-
ance issued by Ref. (31). Other values for skin surface area
(that is, child or age-adjusted values) may be selected and
substituted for the parameters appearing in the equations given
in Tables X3.3 and X3.4.

X3.12.5 Soil properties are based on typical values for
sandy soils and are consistent with values given in Ref. (32).
With respect to chemical vapor and aqueous transport through
the soil matrix, RBSL values calculated for assumed sandy soil
conditions will lead to overpredictions of actual exposure in
cases where the actual soil texture is finer grained than the
presumed sandy soil (e.g. for loam or clay).

X3.12.6 Physical dimensions are consistent with the scale
of a moderate-sized chemical release site (approximately 0.5
acre).

X3.12.7 Particulate emission rates were estimated by the
approach presented by Cowherd, et al. (33). It was assumed
that the mode of the surficial soil size distribution was 2 mm,
the erosion potential was unlimited, there was no vegetative
cover or non-erodable elements, and the mean annual wind
speed was 4 m/s.

X3.12.8 The chemical-specific parameters used are defined
in Table X3.2. Values are specified in Table X3.1.

X3.12.8.1 Linear equilibrium partitioning between soil pore
water, soil pore air, and soil sorbed phases is presumed at soil
pore vapor concentrations below the saturated vapor limit,
Csat,vap, defined in Table X3.4, and at pore water concentrations
below the aqueous solubility limit, S, defined in Table X3.2.
Under these conditions volumetric fractions of a chemical
partitioned between each of these phases within the soil matrix
are defined through mass and species conservation by the
following equations:

FRACvapor Fcm32vapor

cm32soil G5
Heff · ua

Heff · ua 1 Kd · rs 1 uw
(X3.5)
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FRACwater Fcm32water

cm32soil G5
uw

Heff · ua 1 Kd · rs 1 uw
(X3.6)

FRACsorbed Fcm32sorbed

cm32soil G5
Kd · rs

Heff · ua 1 Kd · rs 1 uw

(X3.7)

Parameters in these equations are defined in Table X3.2. For
individual chemicals these fractions are plotted in Table X3.1
as a function of the soil saturation ratio, uw/uT. This series of
plots illustrate the diverse range of partitioning behavior for the
selection of chemicals presented in this appendix. Given a
convective or diffusive driving force, those chemicals with a
higher mass fraction in pore water or pore air are expected to
be transported at a higher phase velocity through the soil
matrix. Presumed vadose-zone conditions correspond to a
single value of the soil saturation ratio, uw/uT = 0.12/0.38, on
this plot. Saturated soil corresponds to a value of uw/uT = 1.

X3.12.8.2 Vapor- and liquid-phase diffusive transport
through soils resulting in air emissions, under conditions of
linear equilibrium partitioning between soil pore water, pore
air, and soil sorption, is governed by a single group of
chemical- and soil-specific terms as indicated in Table X3.4 for
the volatilization factor for surficial soils to ambient air. This
group of terms, (Heff · Deff /Ksw · rs) [cm2/sec], is plotted in
Table X3.1 as a function of the soil saturation ratio, uw/uT. This
series of plots illustrate, for a single chemical, the sensitivity of
diffusive transport to changes in soil moisture. Each of two
terms for the effective diffusion coefficient (from Table X3.4) is
plotted, illustrating the relative contribution of water- and
air-phase diffusive transport. For the selection of chemicals
presented in this appendix, the wide range in magnitude for
(Heff · Deff /Ksw · rs) values illustrates the chemical-specific
variation in diffusive transport through soils. Presumed vadose-
zone conditions correspond to a single value of the soil
saturation ratio, uw/uT = 0.12/0.38, on each of the plots.

X3.12.8.3 Chemical-specific water- and air-phase thermo-
dynamic parameters are presumed consistent in definition,
based on the equation:

H Fatm2m3

g2mol G5
Pv [mm Hg] · MW [g/g2mol]

S [mg/L] ·
atm

760 mm Hg ·
mg
g

m3

L
(X3.8)

Variability, especially for extremely low measured values of
aqueous solubility, S, and vapor pressure, Pv, is expected. For
ionic chemical species, the unionized fraction of chemical in
water is used in the definition of Henry’s law coefficient, H.

X3.12.8.4 The pure chemical aqueous solubility limit is an
upper bound for most organic chemical concentrations dis-
solved in water. For chemicals which may form ions in water
including acids, bases, and salts, the pure component aqueous
solubility limit is not necessarily an upper bound solubility
limit. For inorganic species in this appendix, the aqueous
solubility limit will depend on the soil/water pH, the chemical
oxidation state, and the solution matrix.

X3.12.8.5 The organic carbon/water partition coefficient,
Koc, is relatively insensitive to soil type for non-ionizing
organic chemicals in moist soils. For organic chemicals which
form ions within the normal soil pH range, including acids,
bases, and salts, Koc will vary with soil/water pH, the chemical
oxidation state, and the composition of the soil matrix. The
soil/water partition coefficient, Kd, for inorganic chemicals,
including acids, bases, and salts, will vary with the soil/water
pH, the chemical oxidation state, and the composition of the
soil matrix.

X3.12.9 In this development, surficial soils are defined as
those soils present within 1 m of ground surface. Subsurface
soil RBSLs are based on assumed source depths of 1 m.
Ground water is assumed to be located 3 m below ground
surface.

X3.12.10 Once again, the reader is reminded that the
parameter (and corresponding example RBSL) values and
selected chemicals are presented here as examples only, and
are not intended to be used as standards. At best, the parameters
are reasonable values based on current information and pro-
fessional judgment. The reader should review and verify all
assumptions prior to using any of the example RBSLs as
screening values.

X4. THE ROLE OF MATHEMATICAL MODELING IN THE RISK-BASED CORRECTIVE ACTION PROCESS

X4.1 Introduction:

X4.1.1 In the context of Risk-Based Corrective Action
(RBCA), mathematical “models” are any of the calculations
that are used in the various steps of the RBCA process
ultimately to determine corrective action goals, for example,
Risk-Based Screening Levels (RBSL), Site-Specific Target
Levels (SSTL), and to develop a strategy for achieving these
goals. These models are most typically associated with assess-
ing the fate and transport of chemicals in the environment, that
is, they are used to estimate the direction, rate, and extent of
chemical migration. However, “models” are also used to
estimate chemical uptake that result from environmental expo-
sure and to interpret, interpolate, extrapolate, and assess the
consistency of site characterization data, historical monitoring
data, and toxicological information. Models may play an

important role in the design of remedial action systems and
monitoring programs (for example, well locations, density, and
sampling frequency). Therefore, mathematical modeling is a
valuable tool that can provide information to the RBCA
process.

X4.1.2 Refer to Guide D 5880 and D 5718 for more infor-
mation relative to the proper application of mathematical
models used in fate and transport assessments.

X4.2 Uses of Mathematical Modeling:

X4.2.1 Mathematical model results play a key role in many
phases of RBCA, including:

X4.2.1.1 Determining the potential urgency of response
based on estimated migration and attenuation rates of chemi-
cal(s) of concern,

X4.2.1.2 Developing Tier 1 RBSL,
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X4.2.1.3 Determining Tier 2 SSTL,
X4.2.1.4 Designing Remedial Action Systems,
X4.2.1.5 Designing Monitoring Programs.
X4.2.2 Examples of predictive modeling uses in the RBCA

process include:
X4.2.2.1 The interpolation of site-specific data, as in the

case of drawing contour maps for ground water concentrations
and ground water elevations,

X4.2.2.2 The prediction of future chemical concentration
distributions based on historical trend data, as in the case of
ground water transport modeling,

X4.2.2.3 The recommendation of sampling locations and
sampling frequency based on current interpretation and future
expectations of the distribution of chemicals of concern, as in
the design of ground water monitoring networks,

X4.2.2.4 The design of remedial action alternatives, as in
the case of hydraulic control systems, and

X4.2.2.5 The calculation of exposures as in the develop-
ment of RBSL and SSTL.

X4.2.3 Predictive modeling is not used in the RBCA pro-
cess as:

X4.2.3.1 A substitute for actual site characterization or
monitoring data.

X4.3 Characteristics of Mathematical Models:

X4.3.1 Mathematical models are, at best, approximations of
the real processes (such as the movement of chemicals in the
subsurface, or the ingestion of chemicals contained in drinking
water) that they are used to represent. These models may be
relatively simple, as in the case of some analytical solutions:
they may also be complex, as is typically the case for
numerical chemical migration models. Regardless of the model
used certain key issues, specifically, the ability of the model to
produce accurate and valid results, and the uncertainty in the
results should be evaluated to determine how well these models
represent the real world processes they describe.

X4.3.2 The “accuracy” of modeling predictions is judged
based on how well the model predicts observed behavior, and
is dependent upon a number of factors including:

X4.3.2.1 The approximations used when describing the real
system by mathematical expressions,

X4.3.2.2 The input parameters used to generate the results,
and

X4.3.2.3 The mathematical methods used to solve the gov-
erning equations (for example numerical solution methods,
expansion approximations).

X4.3.3 Modeling results are always subject to some degree
of uncertainty, due to variability and uncertainties in the input
parameters. Variability represents true heterogeneity in the
parameter while uncertainty represents ignorance (or lack of
perfect knowledge) about poorly characterized phenomena or
models. It is important to quantify this uncertainty when
interpreting the results. Many times this is done with a
“sensitivity” analysis in which the user quantifies the influence
of changes in input parameters on the model results, and then
identifies those parameters that most significantly influence the
results. The use of probabilistic risk analysis (PRA), that is, use

of statistical distributions in place of single point values is a
useful alternative to account for both variability and uncer-
tainty in input data.

X4.3.4 The “validation” of model results is dependent upon
the model meeting pre-established objectives. This is usually
accomplished by comparing model results with known solu-
tions for simplified conditions. In some cases, for example,
conservative Tier 1 assessments, exposure and risk may be
overestimated as a means of addressing uncertainty. In this
case one might say that the models are often valid but not
accurate. However, the validation of model results, at any Tier,
should be to ensure that these are consistent with real world
expectations and when these differ, then the rationale for these
differences should be explicitly stated.

X4.4 Categories of Mathematical Models Used in the
RBCA Process:

X4.4.1 Mathematical models typically used in the RBCA
process can be grouped into broad categories:

X4.4.1.1 Chemical fate and transport (migration) models,
X4.4.1.2 Exposure assessment models,
X4.4.1.3 Dose-response assessment models, and
X4.4.1.4 Remedial action system design models.
X4.4.2 The determination of Tier 1 RBSL, or Tiers 2 and 3

SSTL generally involves the use of the first three types of
models.

X4.5 Migration Models:

X4.5.1 Chemical(s) of concern can both migrate (for ex-
ample, by leaching, advection, dispersion) and transform (for
example, by biodegradation, hydrolysis, photolysis) in the
environment. Migration (that is, fate and transport) models
estimate the movement of a chemical through soil, ground
water, or air over time. Most models focus on specific
phenomena (for example, ground water transport) and vary in
complexity, depending on assumptions made during model
development. In RBCA, simple screening-level migration
models are utilized in Tiers 1 and 2. More complex models are
typically used in Tier 3.

X4.5.2 Most screening level migration models have a
simple mathematical form and are based on rough conceptual
approximations of actual phenomena. For example, the travel
time between the leading edge of a dissolved hydrocarbon
plume and a ground water well can be approximated by:

distance to well ~ft!
retarded flow velocity ~ft/y!

5
1000 ft
100 ft/y 5 10 years (X4.1)

X4.5.3 Migration Model Data Requirements—Input data
requirements are dependent on the phenomenon being de-
scribed. For ground water migration models the most com-
monly required data for various screening level models in-
clude:

X4.5.3.1 Soil bulk density (can be estimated ' 1.7 g/cm3),
X4.5.3.2 Total soil porosity (can be estimated ' 0.38

cm3/cm3),
X4.5.3.3 Soil moisture content can be conservatively esti-

mated in many cases. It is approximately equal to the total soil
porosity beneath the water table, and typically >0.05 cm3-H2O/
cm3-soil in the vadose zone; this can be a critical input
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parameter in the case of diffusion models and may require
site-specific determination unless conservative values are used,

X4.5.3.4 Fraction organic matter in soil particles (= 0.005 –
0.01: sandy soil is often conservatively assumed); this can also
be a critical parameter requiring site-specific determination
unless conservative values are used),

X4.5.3.5 Hydraulic conductivity (generally site-specific de-
termination required),

X4.5.3.6 Ground water gradient and flow direction (requires
site-specific determination),

X4.5.3.7 First-order decay-rate (generally requires site-
specific calibration, as models are very sensitive to this
parameter).

X4.5.4 Depending on the phenomenon being described or
the models selected, or both, other information may be
required. For example, if air dispersion of soil particulates is
being described then values for parameters such as wind speed,
precipitation, temperature, soil particle size distributions, and
nearby building characteristics will be needed.

X4.5.5 In most cases, measurements of the attenuation (that
is, decrease in concentration) of chemicals with distance away
from the source area will be required to calibrate and verify the
selected models. The amount of data required varies depending
on:

X4.5.5.1 The models used,
X4.5.5.2 Their sensitivity to changes in model input param-

eters, and
X4.5.5.3 The contribution of the particular exposure path-

way to the total incremental exposure.
X4.5.6 Generally, site-specific physical and chemical prop-

erties for the most sensitive parameters are required for
migration models. However, in lieu of site-specific data, values
selected from the literature may be used. These may take the
form of conservative single point estimates or a range or
distribution of values may be used as an alternative to account
for variability and uncertainty in these parameters.

X4.6 Exposure Models:

X4.6.1 “Exposure models” are used to estimate the chemi-
cal uptake resulting from various exposure routes, such as
ingestion, inhalation, and absorption.

X4.6.2 Typically, the models used to estimate uptake are
simple algebraic expressions, such as those contained in Ref
(15). Application of these equations is illustrated in Appendix
X3.

X4.6.3 Human exposure factors may be divided into recep-
tor physiologic parameters (for example, body weight, skin
surface area); contact rate (for example, consumption of water,
soil ingestion rate); and time activity patterns (for example,
time spent indoors/outdoors, time spent at work). Some of
these variables, particularly the physiologic parameters, have
been well characterized but others, such as time-activity
patterns, are less well documented. All parameters are subject
to variability (that is, true heterogeneity) and uncertainty (that
is, ignorance about a measurement). Thus, a range of values
may be available for any given parameter. The choice will
depend to some extent on the site-specific circumstances and
the level of conservatism desired. While point values are often
selected for simplicity, statistical distributions for many of the

exposure parameters are readily available for Tier 3 analyses.
Typical sources for these parameters are the USEPA Exposure
Factors Handbook (1997) (30) and the AIHC Exposure Factors
Sourcebook (1994) (34).

X4.7 Dose-Response Models:

X4.7.1 In general terms, the purpose of the toxicity assess-
ment is to collect and weigh the available evidence regarding
the potential for particular chemical(s) of concern to cause
adverse effects in exposed individuals and to provide an
estimate of the relationship between the extent of exposure to
a chemical and the increased likelihood and/or severity of
adverse effects. Adverse effects are broadly characterized as
carcinogenic (that is, resulting in tumor development or other
forms of cancer) or non-carcinogenic (that is, all other forms of
toxicity unrelated to cancer effects). Toxicity assessments
combine dose-response data with models to identify a “safe
dose” or a toxic level for a particular adverse effect. Most
estimates of a “safe dose” or toxic level are based on animal
studies. In some instances, human epidemiological information
is available on a chemical.

X4.7.2 For non-carcinogenic effects, toxicity criteria are
developed based on the concept that there is a “safe” (that is,
threshold) level of material to which humans can be exposed
without adverse effects. These criteria are often derived for
chronic exposures (usually over a lifetime) by applying safety
or uncertainty factors, or both, to intake levels observed to have
little or no effects in human or animal studies. These are
typically expressed as an acceptable daily intake, that is, a
reference dose (RfD) or a reference concentration (RfC).

X4.7.3 The threshold value for a chemical is often called the
no observed adverse effects level (NOAEL). Scientists usually
estimate NOAELs from animal studies. An important value
that typically results from a NOAEL or LOAEL (lowest
observed adverse effect level) value is the reference dose
(RfD). A reference dose is an estimate (with an uncertainty
typically spanning an order of magnitude) of a daily exposure
(mg/kg/day) to the general human population (including sen-
sitive subgroups) that is likely to be without an appreciable risk
of deleterious effects during a lifetime of exposure. The RfD
value is derived from the NOAEL or LOAEL by application of
uncertainty factors (UF) that reflect various types of data used
to estimate RfDs and an additional modifying factor (MF),
which is based on a professional judgment of the quality of the
entire database for the chemical. The oral RfD, for example, is
calculated from the following model:

RfD 5
NOAEL

UF 3 MF (X4.2)

X4.7.4 The first step in evaluating potential carcinogenic
materials is determining if the material is a carcinogen based
on human or animal studies, or both. The USEPA currently has
a 5 tier (A-E) classification scheme.

X4.7.5 Depending on mode of action, carcinogenic materi-
als may be divided into genotoxic (that is, having the ability to
mutate genetic material and eventually initiate tumors, also
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referred to as mutagenic) or non-genotoxic (that is, non-
mutagenic). It is generally accepted that whereas non-
genotoxic materials may exhibit a threshold limit, any expo-
sure to genotoxic materials may eventually lead to tumor
formation. For materials classified as carcinogenic, a determi-
nation of an “acceptable” (genotoxic) or “safe” (non-
genotoxic) exposure level is driven by the mode of action that
produces the carcinogenic effect.

X4.7.6 Thus, for non-genotoxic materials, a “safe” level
may be derived from no (or lowest) observed adverse effect
levels, that is, NOAEL or LOAEL (typically from animal
studies) combined with safety and uncertainty factors. The
process is comparable to that used for non-cancer effects. This
general approach has not traditionally been used by the USEPA
until recently (1996) when the USEPA proposed its new cancer
guidelines which take a more mechanistic approach (that is,
taking into account how the specific cancer is formed).

X4.7.7 For genotoxic materials (where it is assumed that no
threshold exist), extrapolation methods are often used to
calculate a sufficiently low level that is “acceptable.” USEPA
typically use a mathematical modeling method (for example,
one-hit, linear multi-stage) to calculate this value, often ex-
pressed numerically as a slope factors (SF) or unit risk factor
(URF).

X4.7.8 Toxicity values are generally obtained from a stan-
dard set of reference tables (for example, USEPA’s Integrated
Risk Information System(8), IRIS, or the Health Effects Sum-
mary Assessment Tables, HEAST (9)). It is important to note
that the information in IRIS has typically only been peer-
reviewed within the EPA and may not always have support
from the external scientific community. Whereas the informa-
tion in IRIS has been subject to agency-wide data quality
review, the information in the HEAST tables has not. The user
is expected to consult the original assessment documents to
appreciate the strengths and limitations of the data in HEAST.
Thus, care should be exercised in using the values in HEAST.

Some state and local agencies have toxicity factors they have
derived themselves or preferences for factors to use if neither
IRIS nor HEAST lists a value.

X4.7.9 It is important to note that in extrapolating the
information obtained in animal studies to humans, a number of
conservative assumptions are made.

X4.7.9.1 For noncarcinogens, a system of default safety and
uncertainty factors, as discussed above, (in multiples of 10) is
used to convert observation in animals to estimates in humans.

X4.7.9.2 For carcinogens, some of the most important
assumptions include:

X4.7.9.2.1 The results of the most sensitive animal study
are used to extrapolate to humans,

X4.7.9.2.2 In general, chemicals with any carcinogenic
activity in animals are assumed to be potential human carcino-
gens, and

X4.7.9.2.3 No threshold exists for carcinogens (see section
X4.7.6).

X4.7.10 The uncertainty in the RfD and SF values are often
neglected in deference to single point values which are then
typically summarized in databases such as IRIS and HEAST
and are used subsequently as absolute estimates of risk.
Further, many of these conservative assumptions described
above are technical policy decisions made by the USEPA.
These assumptions are not explicitly defined and may obscure
the conservatism in the safe dose estimate. Thus, care must be
exercised in interpreting results which have as a basis these
conservative toxicity evaluations.

X4.8 Remedial Action System Design Models:

X4.8.1 Models may be used in the design of remedial action
systems, such as those used to assess flow and removal rates
from vapor extraction systems, or drawdown versus pumping
rate behavior for pump and treat systems. Remedial system
practices generally also contain economic (cost) models.

X5. RISK-BASED CORRECTIVE ACTION FOR PROTECTION OF ECOLOGICAL RESOURCES (ECO-RBCA)

X5.1 Due to the success of the risk-based corrective action
(RBCA) program for petroleum release sites, there is a great
deal of interest and need for applying the RCA process to
assess risks to ecological resources. In response, ASTM
Subcommittee E50.04 on Performance Standards Related to
Environmentally Regulated Programs has initiated develop-
ment of a standardized approach to RBCA for protection of
ecological resources (Eco-RBCA).8 As developed in the hu-
man health-based approaches at petroleum release and chemi-
cal release sites, the new Eco-RBCA standard guide describes
a logical sequence of activities and decisions to be followed
from the time a chemical release is discovered until no further
action is achieved. The Eco-RBCA standard guide outlines an
approach for managing chemical release sites by integrating
site assessment, ecological risk assessment, risk management,

and corrective action into a technically defensible framework.

X5.2 The Eco-RBCA standard guide provides a technically
defensible process for achieving no further action when appro-
priate. The Eco-RBCA process encourages user initiatives and
stakeholder involvement in the development of a RBCA
program for a site. The Eco-RBCA standard guide (1) helps
direct risk based corrective action at a site, (2) compliments but
does not supersede federal, regional, or state regulations, and
(3) can be employed where there may not be a regulatory
framework for corrective action, or where agency guidance for
such actions does not exist, or where the user wishes to conduct
corrective action such as sites in voluntary cleanup programs or
under Brownfields initiatives. In addition, it can also be used as
a unifying framework where several different agency programs
affect the site.

X5.3 The Eco-RBCA standard guide outlines a tiered
approach for conducting ecological evaluations as part of

8 When ASTM publishes the Eco–RBCA standard guide, the information in that
guide supercedes the information in this appendix.
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risk-based corrective actions taken at sites impacted by a
chemical release. The RBCA process employs a tiered ap-
proach that optimizes resources (for example, time, financial,
and professional) while making scientifically sound risk man-
agement decisions. Tiers are groupings of evaluations that start
simple and proceed to more complex evaluations when site
conditions warrant. Each tier represents a level of effort that
determines whether risk based corrective action is appropriate
and which alternative action will eliminate or achieve an
acceptable level of risk to relevant ecological receptors and
habitats. In early tiers, environmentally conservative assess-
ments are used to compensate for the uncertainty of using
limited data and qualitative site information. In later tiers, site
specific evaluations are used to develop more realistic exposure
estimates, and the evaluation is refined by focusing on relevant
ecological receptors and habitats and chemicals identified in
previous tiers.

X5.4 The Eco-RBCA is divided into three tiers of evalua-
tion. The Tier 1 Evaluation includes the Tier 1 Ecological Risk
Assessment and the Tier 1 decision point (Steps 3 and 4,
respectively). Likewise, the Tier 2 Evaluation includes the Tier
2 Ecological Risk Assessment (Step 5) and the Tier 2 decision
point (Step 6) and the Tier 3 Evaluation includes the Tier 3
Ecological Risk Assessment (Step 7) and the Tier 3 decision
point (Step 8). Before initiating an Eco-RBCA evaluation, an
initial site assessment is conducted.

X5.4.1 Step 1 - Initial Site Assessment (Planning and
Scoping)—At this first step it is determined whether or not an
Eco-RBCA evaluation is appropriate for a site. This step
includes the development of a site conceptual model and
consideration of appropriate regulatory requirements, technical
policy decisions, screening criteria, and the technical need for
an assessment of site conditions. No further action is appro-
priate if there are no complete or potentially complete exposure
pathways to relevant ecological receptors and habitats. Stake-
holders should be identified in Step 1 and decisions regarding
the above issues should include these stakeholders.

X5.4.2 Step 2 – Decision Point: Response Action
Evaluation— The decision to proceed in Step 2 depends on the
technical policy decisions and the regulatory requirements (for
example, screening criteria identified in Step 1) and actual site
conditions. The decision point may lead to a no further action
decision (Step 10), a Tier 1 Evaluation (Step 3), or an
evaluation of the need for initial response actions. Initial
response actions may be required before thoroughly evaluating
risks to relevant ecological receptors and habitats in Step 3.
Such actions may be driven by any or all of the need to reduce
immediate threats to identified receptors, existing regulatory
requirements (for example, based on National Contingency
Plan (NCP) - Oil Spill Response, Clean Water Act (CWA) -
impact on migratory waterfowl), or approaches used success-
fully at similar sites. The user returns to Step 1 if response
actions are implemented. If response actions are not required
but further evaluation is appropriate, then the user proceeds to
the Tier 1 Evaluation in Step 3, which includes the Tier 1
Ecological Risk Assessment (ERA).

X5.4.3 Step 3 - Tier 1 ERA—The Tier 1 ERA consists of two
phases: an Exposure Pathway Analysis and a Generic Screen-

ing Evaluation. The Tier 1 Exposure Pathway Analysis in-
volves refinement of a site conceptual model (defined by the
sources, potential transport pathways, and potential relevant
ecological receptors and habitats) and deciding if the potential
exposure pathways need to be evaluated further. If no poten-
tially complete exposure pathways exist, a no further action
decision should result. If further evaluation is appropriate, a
generic screening evaluation should be conducted. This could
include a screening evaluation using relevant ecological
screening criteria (RESC), other relevant measurable criteria
(ORMC), multiple lines of evidence, site observations (for
example, site walk, sketch diagram, written discussion, check-
list), or other information.

X5.4.4 Step 4 - Tier 1 Decision Point—Following the Tier 1
Ecological Risk Assessment a decision is made as to whether
site conditions meet the Tier 1 corrective action goals. This
decision should be based on consideration of the Tier 1
Evaluation results, technical policy decisions, applicable regu-
lations, site owner management plans, land use and controls,
community values, and other stakeholder issues. Implications
of this decision may need further discussion in terms of values
and flexibility. If comparison of the site conditions meet the
corrective action goals, then the user proceeds to Step 10 to
determine whether no further action is appropriate. If it is
determined in Step 4 that the site may not meet the corrective
action goals, then either interim remedial action, remedial
action based on applicable corrective action goals (Step 9), or
further tiered evaluation is conducted (Step 5).

X5.4.5 Step 5 - Tier 2 ERA— The Tier 2 ERA is a
site-specific refinement of the Tier 1 ERA. Tier 2 may include
one or more of the following as necessary to support site-
specific decisions: (1) further refinement of the site conceptual
model in terms of relevant species and their exposure potential;
(2) a simple food web model and a narrower focus on relevant
ecological receptors and habitats and potentially complete
exposure pathways; (3) measurements of species density and
diversity; (4) site chemical concentration measurement and
monitoring (for example, fate and transport modeling); (5)
simple models (with site specific data) to be used in refining
exposure estimates; and (6) other simple qualitative or quan-
titative evaluation methods.

X5.4.6 Step 6 - Tier 2 Decision Point—Following the Tier 2
ERA a decision is made as to whether site conditions meet the
Tier 2 corrective action goals. The decision options for the Tier
2 evaluation will be the same as for the Tier 1 decision point
described in Step 4. A decision is made as to whether to
consider no further action (through Step 10), assess remedial
alternatives (Step 9), or proceed with further evaluation in Step
7.

X5.4.7 Step 7 - Tier 3 ERA—The Tier 3 ERA is a refinement
of Tier 2, and generally will involve a much greater expendi-
ture of resources than a Tier 2 ERA. Tier 3 may include the use
of probabilistic tools (for example, Monte Carlo or statistical
models) and in-situ tests (for example, caged bivalves, sub-
strate colonization). Numerical models, with detailed site
monitoring, may be applicable for chemical fate and transport
predictions.
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X5.4.8 Step 8 - Tier 3 Decision Point—Following the Tier 3
ERA a decision is made as to whether site conditions meet the
Tier 3 corrective action goals. Decision options for the Tier 3
decision point are essentially the same as the Tier 1 and Tier 2
decision points described in Steps 4 and 6. One notable
exception is that further evaluation in another advanced tier is
not an option. A decision is required as to whether to assess
remedial alternatives (Step 9) or consider no further action
(Step 10).

X5.4.9 Step 9 - Implementing the Remedial Action
Program—The evaluation of potential remedial action alterna-
tives is conducted in Step 9. The effectiveness, likelihood of
success, and costs should be considered in evaluating, select-
ing, and implementing a remedial action program. The evalu-
ation of the remedial action alternatives includes the probabil-
ity of success in meeting the corrective action goals, costs,
effectiveness of the remedial action in protecting relevant
ecological receptors and habitats, long-term reliability, and the
implementability and practicability of the remedial action. In
addition, the risks of remedial action should be compared to the
environmental benefits (for example, water table drawdown in
hydraulic containment and effect on wetlands, soil removal in
sensitive habitat) as part of the process. Following the selection
and implementation of remedial action(s), the user proceeds to
the Step 10 decision point to decide whether no further action
or further monitoring is appropriate.

X5.4.10 Step 10 - Monitoring Programs—In this step moni-
toring tasks (for example, water well monitoring, biota moni-
toring, ecological surveys, confirmation of ground water con-
centration attenuation) and the requirements for establishing
the effectiveness of the remedial action program are deter-
mined. Such measures are needed to evaluate whether site
conditions are changing and if corrective action goals are met.

This step requires an evaluation of performance objectives
(that is, the corrective action goals) for their continued rel-
evance (for example, exposure model remains applicable).

X5.5 The ASTM Eco-RBCA standard guide is under
development and is currently organized as follows:

X5.5.1 Section 1 gives an overview of the process;
X5.5.2 Section 2 lists referenced documents;
X5.5.3 Section 3 defines terminology used;
X5.5.4 Section 4 describes the significance and use of this

standard guide;
X5.5.5 Section 5 provides general information pertinent to

the Eco-RBCA process; and
X5.5.6 Section 6 presents a description of the 10 steps of the

Eco-RBCA process.

X5.6 The Eco-RBCA standard guide includes appendixes
that are provided for additional information but are considered
non-mandatory. The appendixes are as follows:

X5.6.1 Appendix X1 provides a brief description of the
Guide for RBCA (Guide E 2081).

X5.6.2 Appendix X1 describes screening criteria and how
they can be applied within the Eco-RBCA framework;

X5.6.3 Appendix X2 is a comparative analysis of ecological
risk assessment regulatory approaches and guidance docu-
ments;

X5.6.4 Appendix X3 presents the development and selec-
tion of relevant ecological screening benchmarks;

X5.6.5 Appendix X4 includes examples of the application
of the Eco-RBCA framework;

X5.6.6 Appendix X5 presents risk management issues; and
X5.6.7 Appendix X6 presents information on uncertainty

and probabilistic tools.

X6. ACTIVITY AND USE LIMITATIONS, INCLUDING INSTITUTIONAL AND ENGINEERING CONTROLS

X6.1 Corrective action programs utilizing risk-based cor-
rective action principles frequently rely on Activity and Use
Limitations (AULs), including institutional and engineering
controls, to achieve an “acceptable risk” or “no significant
risk” level. For purposes of this appendix, “activity and use
limitations” are those controls that can be utilized by respon-
sible parties, voluntary parties and regulatory agencies in
corrective action programs where, as a part of the program,
certain levels of chemical releases may remain in soil or
ground water. AULs provide a mechanism to ensure that
exposures to remaining chemicals of concern are prevented or
reduced to protect human health and the environment. The
need for, implementability of, and enforceability of AULs
should be considered early in the risk based corrective action
process. Understanding the activity and land use are an integral
part of the risk based corrective action process. A user may
determine, based upon post-remedial action land or ground
water use, or deficiencies in the AULs that may be available,
that an AUL may not be feasible for the site. The user also

needs to identify who will be responsible for the long-term
enforcement and maintenance of any AULs that are used at a
site.

X6.2 Because of the importance of this issue to the
long-term success of risk-based corrective action, the ASTM
E50.04 Subcommittee has initiated the development of a
separate standard guide concerning the use of AULs, including
institutional and engineering controls.9 The AUL standard
guide will explain how AULs need to be considered during the
risk based corrective action process. The guidance document
will also describe the types of AULs that are commonly
available, including proprietary controls (for example, “deed
restrictions,” restrictive covenants, easements, equitable servi-
tudes); state and local government controls (for example,
zoning, building permits, well drilling prohibitions, water and

9 When ASTM publishes the activity and use limitations standard guide, the
information in that guide supercedes the information in this appendix.
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well use advisories); statutory enforcement tools (for example,
permits and consent orders); and informational devices (for
example, deed notices, notice to government agencies, record
notice, registry act requirements, transfer act requirements).
Finally, the standard guide will discuss implementation con-
siderations, such as identifying the need for, reliability of, and
implementability of AULs early in the corrective action pro-
cess; whether there are available state and local authorities to
implement an AUL; enforceability considerations; changes in
land use; and stakeholder participation issues.

X6.3 The purpose of this appendix is to provide basic
review information about AULs typically used in corrective
action programs.

X6.4 The types of AULs discussed in this appendix are as
follows:

1. Deed restrictions, or restrictive covenants;
2. Use restrictions (including well restriction areas);
3. Access controls;
4. Compliance monitoring;
5. Notice, including record notice, actual notice, and notice

to government authorities;
6. Registry act requirements;
7. Transfer act requirements;
8. Contractual obligations and agreements and
9. Restrictive zoning.

X6.5 AULs vary in both form and content. Agencies and
landowners can invoke various authorities and enforcement
mechanisms, both public and private, to implement any one or
a combination of the controls. For example, a state could adopt
a statutory mandate (see X6.6) requiring the use of deed
restrictions (see X6.7) as a way of enforcing use restrictions
(see X6.8) and posting signage (a type of access control, see
X6.9) along with compliance monitoring (X6.10). Thus, a
number of AULs are often used as overlapping strategies.

X6.6 Statutory Mandates:

X6.6.1 Some states’ emergency response programs mandate
post-remedial action AULs and impose civil penalties for
non-compliance. These programs impose obligations on land-
owners to use one or more AULs described in this appendix.

X6.7 Deed Restrictions:

X6.7.1 Deed restrictions place limits and conditions on the
use and conveyance of land. They serve two purposes: inform-
ing prospective owners and tenants of the environmental status
of the property and ensuring long-term compliance with the
AULs that are necessary to maintain the integrity of the
remedial action over time. Certain legal rules must be satisfied
in order to make a deed restriction binding and enforceable, as
described below.

X6.7.2 The following four factors are required for a promise
in a deed restriction (also called a “restrictive covenant”) to be
held against current and subsequent landowners: (1) a writing,
(2) intention by both original parties that particular restrictions
be placed on the land in perpetuity, (3) “privity of estate,” and
(4) the restriction must “touch and concern the land.”

X6.7.2.1 The first requirement is that of a writing. Convey-
ances of land are legally required to be documented in a
writing. This legal rule also holds true for deed restrictions
affecting land. Ideally, a deed restriction used as an AUL would
be written with particularity and then recorded in the local land
records office, similar to the documentation and recording of a
sale of land. Parties may also encounter the requirement that
the deed restriction be executed “under seal,” a legal formality
that has been abandoned in most states.

X6.7.2.2 The second requirement that must be satisfied for
a deed restriction to be legal and binding is that the deed
restriction should be precisely reflect the parties’ intentions in
regard to the scope and the duration of the restrictions.
Explicitly stating in the deed restriction that the parties intend
the restriction to “run with the land” (that is, last forever and
bind subsequent owners) is strongly recommended.

X6.7.2.3 The third requirement, privity of estate, means that
only persons with a certain relationship to the land should be
able to enforce a deed restriction. Normally, deed restrictions
are promises between buyer and seller or between neighbors,
therefore, the state or a third party may not enforce a deed
restriction. Privity of estate, however, should not be a barrier to
state enforcement of the deed restriction if the proper steps are
taken. Even in states that require privity of estate, this concern
can be addressed if the landowner takes the land with knowl-
edge that the restrictions exist and might be enforced by these
third parties. Thus, it is strongly recommended that the deed
restriction explicitly state that the state’s environmental author-
ity may enforce the restriction. Recording of the deed restric-
tion serves as notice to anyone who later purchases or acquires
an interest in the land.

X6.7.2.4 Finally, a deed restriction is only enforceable if the
promise “touches and concerns the land.” This means that any
deed restriction used as an AUL should be written so that it
centers on the land and use of the land. One fact to consider
when deciding if the promise“ touches and concerns the land”
is whether the landowner’s legal interest in the land is
decreased in value due to the deed restriction. If the land is
devalued in this way, then the restriction could be said to
“touch and concern the land.” Note that the focus of the inquiry
is on the land itself; promises that are personal in nature and
only concern human activities that happen to take place on the
land are least likely to be enforceable.

X6.7.3 Deed restrictions or restrictive covenants may be
difficult, at best, for some states to enforce. Due to the potential
difficulties encountered by a governmental agency in enforcing
a deed restriction, it may be appropriate for an individual state
to seek statutory and regulatory amendments to ensure that
such authority exits in regard to all deed restrictions for
environmental purposes. Specific legal advice should be sought
with respect to the validity of restrictive covenants or deed
restrictions in a particular state.

X6.7.4 Remedies for noncompliance with deed restrictions
comes in two forms: (1) persons or agencies may sue to obtain
a court order (injunction) requiring compliance or (2) if the
state statute allows for it, the state’s attorney general can seek
enforcement of civil penalties, such as fines, for non-
compliance.
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X6.7.5 A state program can require a landowner to continue
monitoring activities and to allow state environmental officials
access to the site to monitor compliance with AULs. These
arrangements may need to be placed in a deed restriction in
order to run with the land from owner to owner, but responsible
parties or voluntary parties may also be required to sign a
contract making these promises. Additionally, it should be
noted that almost every state has authority to issue adminis-
trative orders to accomplish some or all of the above.

X6.7.6 The above arrangements can also set out procedures
that will be followed if some emergency requires that the site
be disturbed. If, for example, underground utility lines must be
repaired, the landowner would follow this protocol for han-
dling the soil and alerting the state authority.

X6.8 Use Restrictions:

X6.8.1 Use restrictions are usually the main component of a
deed restriction. Use restrictions describe appropriate and
inappropriate uses of the property in an effort to perpetuate the
benefits of the corrective action and ensure property use that is
consistent with the applicable corrective action goals. Such
techniques also prohibit any person from making any use of the
site in a manner that creates an unacceptable risk to human
health or environment from exposure to the residual chemical
releases.

X6.8.2 Use restrictions may address uses that could disturb
a containment cap or unremediated soils. A prohibition of
drinking on-site ground water (or off-site ground water by
means of well restriction areas) may also be appropriate. Well
restriction areas can be a form of AUL by providing notice of
chemicals of concern in ground water, and by prohibiting or
conditioning the construction of wells in that area. As an
example, a program may allow a restriction of record to
include one or more of the following:

1. Restriction on property use;
2. Conditioning the change of use from nonresidential to

residential on compliance with all applicable corrective action
goals for a residential property;

3. Restriction of access; or
4. Restriction of the disturbance of agency approved reme-

dial actions on the land.
X6.8.2.1 This technique preserves the integrity of any

ground water remedial action by prohibiting or conditioning
the placement and use of any or all types of wells within the
area.

X6.8.2.2 Well restrictions of this nature would be subject to
agency approval, public notice and may include the restriction
on constructing or locating any wells within a particular
designated area. Notice of the well restriction is recorded on
the land records and with various health officials and municipal
officials. The restrictions can only be released upon a demon-
stration that the chemicals of concern in the well restriction
area meet the corrective action goals.

X6.9 Access Controls:

X6.9.1 Another subset of AULs is the control of access to
any particular site. Access can be controlled by measures such
as fencing and gates, security, posting or warnings. Consider-
ation of the way in which the site and adjacent land are used

help to determine the appropriate level and means of access
controls. For example, it should be noted whether the site is
located in a residential or mixed neighborhood; whether
sensitive land use areas, such as playgrounds, day care centers,
or schools are within close proximity; or if the site provides a
pathway that is frequently traversed by neighbors. These
factors could increase the potential for and intensity of expo-
sures to the chemicals of concern.

X6.9.2 Access controls require continued maintenance and
custodial care for the length of time the AULs are to be
in-place. Therefore, planning must occur for these activities,
including the financial responsibility for such up-keep.

X6.10 Monitoring Programs:

X6.10.1 Monitoring programs may be needed to ensure that
conditions do not deteriorate and result in unacceptable risks to
human health or the environment either on or off-site. For
example, monitoring programs may be needed to ensure that
chemical migration is not occurring at an unacceptable rate or
intensity.

X6.10.2 Monitoring may be conducted at scheduled inter-
vals, as necessary, during the period of time that the AULs are
in-place.

X6.10.3 Monitoring programs could include sampling
ground water monitoring wells located on-site, downgradient
of the site; sampling air from air monitoring stations on- and
off-site; and monitoring discharges to nearby surface water
bodies.

X6.10.4 Monitoring programs requires continued mainte-
nance, custodial care and data collection and evaluation for a
length of time. Therefore, planning must occur for these
activities, including the financial responsibility for such up-
keep.

X6.11 Notice:

X6.11.1 Regulations of this type generally provide notice of
specific location of chemical releases on the site, and disclose
any restrictions on access, use, and development of part or all
of the impacted site to preserve the integrity of the remedial
action. Three types of notice are described below (1) record
notice; (2) actual notice; and (3) notice of governmental
authorities.

X6.12 Record Notice:

X6.12.1 Some states require that sites having releases of
hazardous waste file a notice on the land records providing to
any subsequent purchaser of the property information regard-
ing the past or current activities on the site.

X6.12.2 The record notice requirement may be broad; the
program may require any property subject to a response action
to obtain a professional opinion and then prepare and record a
Grant of Environmental Restriction that is supported by that
opinion.

X6.12.3 The record notice requirement can be ancillary to a
transfer act (see X6.16), in which case recording of an
environmental statement is only required in conjunction with a
land transaction.
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X6.13 Actual Notice:

X6.13.1 States may require direct notice of environmental
information to other parties to a land transaction. These laws
protect potential buyers and tenants, and they also help ensure
that use restrictions and other AULs are perpetuated.

X6.13.2 Actual notice of an environmental defect or failure
to provide notice may give a party the right to cancel the
transaction and result in civil penalties. For example, landlords
and sellers who do not give notice as required by the state may
be liable for actual damages plus fines. Nonresidential tenants
who fail to notify landowners of suspected or actual hazardous
substance releases can have their leases canceled and are
subject to fines.

X6.14 Notice to Government Authorities

X6.14.1 Parties to a land transaction may also be required to
file the environmental statement with various environmental
authorities. Notice to the government may be required before
the transaction takes place.

X6.15 Registry Act Requirements:

X6.15.1 Some states have registry act programs that provide
for the maintenance of a registry of hazardous waste disposal
sites and the restriction of the use and transfer of listed sites.

X6.15.2 A typical registry act provides that the state envi-
ronmental agency establish and maintain a registry of all real
property which has been used for hazardous substance disposal
either illegally or before regulation of hazardous waste disposal
began in that state.

X6.15.3 The state agency is responsible for investigating
potential sites for inclusion on the registry. The registry
includes the location of the site and a listing of the hazardous
wastes on the property, and may also include a classification of
the level of health or environmental hazards presented by the
conditions on the property. The state agency may be required to
perform detailed inspections of the site to determine its priority
relative to other sites.

X6.15.4 Owners of sites proposed for inclusion on the
registry have rights of hearing and appeal, and owners of sites
on the registry have rights to modify or terminate their listing.
In some cases, the owner of a site proposed for inclusion on the
registry may obtain the withdrawal of the proposed registration
by entering into a consent agreement with the state. Such a
consent agreement establishes a timetable and responsibility
for remedial action.

X6.15.5 When a site appears on the state registry, the owner
must comply with regulatory requirements in regard to use and
transfer of the site. The use of a site listed on the registry may
not be changed without permission of the state agency. In
negotiations for a conveyance of a registered site, the owner
may be obligated to disclose the registration early in the
process, and permission of the state agency may be required to
convey a registered property. Under other schemes, permission
to convey is not required, but the seller must notify the state
agency of the transaction.

X6.15.6 Finally, registry acts require that the listing of a
property on a hazardous materials site registry be recorded in

the records of the appropriate locality so that the registration
will appear in the chain of title.

X6.16 Transfer Act Requirements:

X6.16.1 Some states have transfer act programs that require
full evaluation of all environmental issues before or after the
transfer occurs. It may be that within such a program, AULs
can be established by way of consent order, administrative
order, or some other technique that establishes implementation
and continued responsibility for AULs.

X6.16.2 A typical transfer act imposes obligations and
confers rights on parties to a land transaction arising out of the
environmental status of the property to be conveyed. Transfer
acts impose information obligations on the seller or lessor of a
property (see X6.16.3). That party must disclose general
information about strict liability for corrective action costs as
well as property-specific information, such as presence of
hazardous substances, permitting requirements and status,
releases, and enforcement actions and variances.

X6.16.3 Compliance with transfer act obligations in the
manner prescribed is crucial for ensuring a successful convey-
ance. Sometimes the transfer act operates to render a transac-
tion voidable before the transfer occurs. Failure to give notice
in the required form and within the time period required or the
revelation of an environmental violation or unremediated
condition will relieve the transferee and the lender of any
obligation to close the transaction, even if a contract has
already been executed. Moreover, a violation of the transfer
can be the basis for a lawsuit to recover consequential
damages.

X6.17 Contractual Obligations and Agreements:

X6.17.1 One system for ensuring the future restriction on
use of a site, or the obligation to conduct corrective action on
a site, is to require private parties to restrict use by contract.
While this method is often negotiated among private parties, it
will be difficult, if not impossible, to institutionalize some
control over that process without interfering with the abilities
and rights of private parties to freely negotiate these liabilities.

X6.17.2 Another avenue is for the landowner or responsible
party to obligate itself to the state by contract. The state may
require a contractual commitment from the party to provide
long-term monitoring of the site, use restrictions, and means of
continued funding for corrective action (including active re-
medial action).

X6.18 Restrictive Zoning

X6.18.1 Local land use control jurisdictions may provide
for restrictive or “overlay” zoning that prohibits certain activi-
ties or land uses. Such AULs are difficult to establish for
individual sites. For many sites located in the same local
planning jurisdiction which have undergone RBCA analysis, a
restrictive “zone” may be more practical. This “overlay” might
prevent certain exposures to chemicals of concern as an
effective means of establishing a number of AULs with one
regulatory action.
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X7. RISK-BASED CORRECTIVE ACTION CASE EXAMPLES

X7.1 Introduction—This appendix illustrates the critical
features of the risk-based corrective action process through
presentation of several case examples, including an agricultural
chemical formulation and distribution facility (X7.2) and an
operating industrial facility (X7.3). Both cases are hypotheti-
cal. The decisions made in each example case are not neces-
sarily generally applicable; they are a function of pertinent
technical policy decisions (discussed in Appendix X1), con-
currence of all involved parties, and compliance with federal,
state, or local laws and regulations. The examples cover a
range of situations and include illustration of the Tier 1
screening process, site conditions & initial response actions the
Tier 2 assessment, and corrective action selection. Methods
and decisions used in these steps are briefly summarized.

X7.2 Agricultural Chemical Formulation and Distribution
Facility:

X7.2.1 Initial Site Assessment—Components of the initial
site assessment are discussed in X7.2.2 to X7.2.10. A plan view
of the site and surrounding area, with important features
illustrated, is given in Fig. X7.1.

X7.2.2 Site Description—The site consists of a two-acre
tract in a predominately agricultural area. The adjacent land use
is both agricultural and residential. The nearest residence is at
a distance of 400 ft from the property boundary. The site is not
currently subject to any federal, state, or local enforcement
actions.

X7.2.3 Site Ownership and Activity—The current business
on the site is engaged in sales and distribution of prepackaged
pesticides, prepackaged fertilizers and soil amendments, and
bulk aqueous liquid fertilizers. In addition to the present site
use, prior activities at the site included on-site mixing and
formulation of bulk pesticides. The site includes an enclosed
office and warehouse for storage of prepackaged materials, a
tank farm for storage of bulk liquid fertilizer, several loading
and material transfer areas, and several waste storage areas.
The business has been in operation on the present site for forty
years, with four changes in ownership over the same time
period. The site surface is unpaved, with a gravel parking area
and a concrete-paved wash pad area.

X7.2.4 Past Releases or Potential Source Areas—Potential
spill or leak areas on the site include the current fertilizer tank
farm area, a fertilizer loading rack area, a truck wash pad, a
burn barrel area, and a used pesticide container and used oil
storage area. The area which had formerly been used for
formulation of bulk liquid pesticides is identifiable by the
remaining equipment foundations; this has also been identified
as a potential leak or spill area. Stained soil was observed in the
vicinity of the truck wash pad area and the used oil storage
area.

X7.2.5 Regional and Site Hydrogeologic Conditions:
X7.2.5.1 The climate in the region is subtropical, with a

warm, dry winter season and a hot, wet summer season.
Agricultural crops in the adjacent farm fields are watered using
drip irrigation during the summer months.

X7.2.5.2 The regional topography is complex, with the site
located in an alluvial mountain valley drained by a single
continuously flowing small creek. United State Geological
Survey (USGS) topological maps indicate the creek is fed by
springs along its length, both upstream and downstream from
the site. The site itself is gradually sloped towards an open
drainage ditch which is seasonally dry. The drainage ditch
enters the creek 200 ft from the site boundary. Two low areas
are evident on the site. These low areas evidently pond with
water during wet weather periods.

X7.2.5.3 The site hydrogeological investigation has in-
cluded soil borings, collection of ground water samples, and
characterization of geological structure and hydrogeological
conditions. The first three to six feet of soils on the site consist
primarily of sandy loam, going to poorly sorted sandy gravel at
depths below ground surface (BGS) between six to twenty feet,
and to poorly sorted gravelly sand at depths greater than twenty
feet BGS. First encountered ground water in the region is
found at a seasonally varying mean depth BGS of 24 to 30 ft.
Ground water gradient, determined from four installed on-site
piezometers, is in the direction of the creek. Ground water
velocity has been estimated from the measured gradient and the
observed soil characterization. A basalt layer is encountered in
the vicinity of the site at depths of between 100 to 120 ft.
Municipal and residential drinking water in the vicinity is
generally produced from wells at a depth of 80 to 100 ft BGS.

X7.2.6 Beneficial Use Summary and Receptor Survey:
X7.2.6.1 The site is in a rural agricultural area. Drinking

water for on-site use is supplied from a well screened at a depth
BGS of 100 ft. The nearest off-site residence, at a distance of
approximately 400 ft downgradient from the site, is supplied
from a well screened at a depth of 90 ft BGS. Six wells are
within one-half mile of the site. Three of the wells are used for
residential drinking water and the remaining wells are used for
agricultural irrigation. Ground water is the sole drinking water
supply source within this local mountain-valley area and the
state has a ground water classification scheme that identifies
ground water in this area as Class II. In the absence onsite
exposure points, the point of exposure for Class II ground
water is assumed to be the facility boundary.

X7.2.6.2 The site itself is considered a commercial/
industrial property. Access to the warehouse, tanks, loading
racks, and other potentially impacted areas is restricted by a
fence and locked gate.

X7.2.7 Ecological Assessment Summary—There is no ob-
vious impact to vegetation on the site. For the preliminary site
visit, during the late summer, green vegetation was found only
in the vicinity of the creek boundary or in the adjacent irrigated
fields. The creek is considered a relevant ecological receptor
and habitat; there was no obvious impact to the creek or
adjacent drainage ditch due to site activities.

X7.2.8 Exposure Scenario Evaluation Flowsheet—An ex-
posure scenario flowsheet for this site is given in Fig. X7.2.
This flowsheet is based on information discussed in X7.2.2 to
X7.2.7.
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X7.2.8.1 Commercial/industrial exposure to on-site im-
pacted surficial soils, through direct contact, is both a current
and potential future exposure pathway at this site. Inhalation of
vapors evolved from impacted soils, both indoors and out-
doors, is also a current or potential future exposure pathway for
on-site commercial/industrial receptors.

X7.2.8.2 Migration of non-aqueous phase liquids, leaching
of soluble constituents to ground water, and migration of
soluble chemicals of concern via ground water transport to
residential water ingestion are viable exposure pathways for
this site, both under current land use and for any viable future
use of the site.

X7.2.8.3 The potential also exists at this site for surface
water or sediment migration to an off-site creek, in addition to
potential migration of any soluble ground water plume to the
creek. The creek is considered habitat.

X7.2.9 Site Conditions and Initial Response Actions—
Based on a qualitative evaluation of the information collected
in the initial site assessment, no immediate threat to human
health, safety, or environmental receptors has been identified,
and no immediate response action is warranted for the site (see
Table 1, Site Conditions and Initial Response Actions). If an
immediate threat was identified, it would be addressed forth-
with, site conditions are evaluated and revised as additional
information on the site becomes available.

X7.2.10 Site Sampling Activities - Initial Site Investigation:
X7.2.10.1 In the initial site investigation, soil samples were

taken from the identified potential spill or leak areas. This
included both surficial soil and samples taken at geometrically
increasing depth increments to the water table, which on site
was found at a depth BGS of approximately 28 ft. In addition,
surficial soil samples were taken from several locations along
the dry drainage ditch.

X7.2.10.2 The selected soil analyses were based on chemi-
cals of concern identified from previous and current site use. In
areas where pesticide impacts were suspected, samples were
analyzed for organochlorine pesticides, organophosphate pes-
ticides, and carbamate pesticides. Soil samples were analyzed
for nitrate and ammonia in the areas potentially impacted by
spilled fertilizer. In the used oil area, the soil chemical analyses
included volatile and semi-volatile organic compounds, as well
as total petroleum hydrocarbons reported by carbon number
range.

X7.2.10.3 Half the soil borings were extended into the
region of the upper water table, and shallow ground water
samples (30 to 40 ft BGS) were taken from temporary
sampling points. These ground water samples were analyzed
for both pesticides and nitrate. Several composite water
samples were taken from the flowing off-site creek, both
upstream and downstream from the dry ditch outflow location.
Ground water samples were also taken from existing wells in
the vicinity of the site, as available, during the preliminary
on-site investigation.

X7.2.10.4 Sampling and chemical analysis procedures ap-
propriate for use in a quantitative risk assessment were used in
the site investigation. The method quantification limits for the
chemicals of potential concern, in nearly all cases, were below
the most stringent applicable Tier 1 risk-based screening-level

(RBSL) concentrations. Where this was not the case, it was
judged that such chemicals were either not likely to be the sole
chemicals present in a sample, or were not very likely to have
been used at the site or in the site vicinity. The resulting data
set was reviewed and judged to be reliable, accurate, and
verifiable.

X7.2.11 Analytical Data and Screening-Level Comparison-
Tier 1:

X7.2.11.1 Site conditions have been compared to the ge-
neric conditions used in deriving Tier 1 RBSL concentrations
for soil and ground water, and based on the site soil type and
identified site characteristics, the Tier 1 RBSL concentrations
are considered to be conservative with respect to actual site
conditions.

X7.2.11.2 The analyzed soil and ground water samples
showed non-detectable concentrations for most potential
chemicals of concern, in most samples. Given that the analyti-
cal method quantification limits were at or below the applicable
RBSL concentrations, and that all identified potential source
areas were sampled, no further investigation of the non-
detected chemicals in soil or ground water was warranted.

X7.2.11.3 No generic Tier 1 Relevant Ecological Screening
Criteria (RESC) concentrations are available for impacts to
surface water as a relevant ecological receptor and habitat. The
quantitative assessment of surface water impacts is deferred to
a site-specific Tier 2 assessment. No site chemicals of concern
were detected in the creek water samples and no pesticides
were detected in surficial soil samples taken from the dry
drainage ditch. Nitrate was detected in the drainage ditch at
concentrations below any available Tier 1 RBSL criteria (based
on leaching to ground water and exposure to surficial soil).

X7.2.11.4 The detected soil concentrations have been com-
pared to the available and applicable Tier 1 RBSL concentra-
tions. The soil concentrations in the following source areas for
the indicated chemical and exposure pathways were above the
corrective action goals:
Former pesticide formulation area.

Lindane:
leaching to ground water and surficial soil exposure.

1,2-Dichloropropane:
leaching to ground water and indoor air inhalation.

Truck wash pad.
Lindane:

leaching to ground water and surficial soil exposure.
Toxaphene:

leaching to ground water, surficial soil exposure, indoor air inhala-
tion.

Fertilizer loading rack area and tank farm area.
Nitrate:

leaching to ground water.

Additional investigation was focused on the chemicals for
which the concentrations were above the Tier 1 RBSL. For
those chemicals which were not above any applicable Tier 1
RBSL, no further investigation has been pursued.

X7.2.11.5 In the used oil storage area, concentrations of
benzene, ethylbenzene, toluene, and xylenes, as well as poly-
cyclic aromatic hydrocarbons were not above the RBSL for
soils, but a relatively high total petroleum hydrocarbon con-
centration was measured. On a carbon number basis, this
petroleum hydrocarbon was shown to consist of constituents
with a boiling point greater than n-pentadecane (C15H32). In
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this range, the chemicals of concern are expected to be
relatively immobile. No migration of the petroleum hydrocar-
bons beyond a 2 ft. depth was detected. No aesthetic concerns
were noted.

X7.2.11.6 In ground water, measured concentrations were
compared against the applicable and available Tier 1 RBSL
criteria on a point-by-point basis. Most chemicals of potential
concern were either not detected in ground water, or did not
exceed the most stringent applicable Tier 1 RBSL concentra-
tion in any analyzed sample. Where this was the case, no
further investigation of the screened chemicals was warranted.
Those chemicals which were above a Tier 1 RBSL concentra-
tion for ground water included toxaphene and 1,2-
dichloropropane, for both the risk-based ground water inges-
tion criteria and the ORMC, which are the State drinking water
maximum contaminant levels (MCLs) for Class II ground
water. The nitrate in ground water concentrations were above
the State drinking water MCL for Class II ground water.
Toxaphene concentrations, in addition, were above the RBSL
ground water criteria based on indoor air inhalation.

X7.2.11.7 Ground water samples taken from existing water
wells in the vicinity of the site have been compared against Tier
1 RBSL ground water ingestion criteria. This included samples
from the on-site drinking water well and the nearest downgra-
dient drinking water well, 400 ft from the property boundary.
None of the samples from the drinking water wells were above
the Tier 1 corrective action goals for drinking water. Nitrate in
upgradient, downgradient, and on-site drinking water wells
was detectable at low levels, but were not above the Tier 1
corrective action goal (the State drinking water MCL).

X7.2.12 Refined Screening-Level Comparison - Tier 1:
X7.2.12.1 As a refinement on the point-by-point compari-

sons of site data with applicable Tier 1 RBSL concentrations,
the areas where chemicals of concern were found to be above
the corrective action goals were examined in greater detail.
This comparison provides a means for determining potentially
complete exposure pathways based on site data, and for
expediting the choice of any needed remedial action.

X7.2.12.2 For those samples which were above the Tier 1
RBSL surficial soil criteria (lindane and toxaphene), further
refinement of the point-by-point screening-level assessment
showed that all of the samples which were above this Tier 1
RBSL criteria were taken at depths BGS greater than 10 ft,
except for two samples (toxaphene) in the truck wash pad area,
which were taken at a depth BGS of 1 ft. These shallow soil
samples were above the Tier 1 RBSL surficial soil criteria for
toxaphene by a wide margin.

X7.2.12.3 For the indoor air inhalation exposure pathway,
with both 1,2-dichloropropane and toxaphene, no samples were
above the indoor air RBSL criteria for soil either within a
distance of 25 ft from a currently occupied building or within
15 ft of the ground surface, except for toxaphene in the vicinity
of the truck wash pad area (where no current occupied
buildings exist). For points where the concentrations at a depth
greater than 15 ft (for either soil or ground water) were above
the Tier 1 RBSL indoor air inhalation, no shallower samples
taken in the same bore-hole were above the Tier 1 RBSL
indoor air inhalation criteria for soil, indicating that the indoor

air vapor transport predicted with the generic and conservative
Tier 1 models is not confirmed by observation, and is not found
to be a currently completed exposure pathway at this site.

X7.2.12.4 For the exposure pathway of leaching to ingested
ground water, concentrations in different potential source areas
were above the Tier 1 RBSL criteria for lindane, 1,2-
dichloropropane, toxaphene, and nitrate. For 1,2-
dichloropropane, toxaphene, and nitrate, the leaching potential
was confirmed by on-site concentration measurements in
ground water above the respective Tier 1 RBSL ground water
ingestion criteria. The areas of ground water impacts at
concentrations above the Tier 1 RBSL ground water ingestion
criteria was adequately delineated for toxaphene in the prelimi-
nary site investigation. For 1,2-dichloropropane and nitrate, the
ground water plumes above the Tier 1 RBSL ground water
ingestion criteria extend beyond the on-site sampled area
covered in the preliminary site investigation.

X7.2.13 Site Conditions & Initial Response Actions - Given
the additional site information, the site condition analysis
(Table 1, Example Site Conditions and Initial Response Ac-
tions) was repeated.

X7.2.13.1 Based on the initial site investigation, and esti-
mated chemical of concern travel times, the potential exists for
impact to an off-site domestic water supply well within
approximately a two-year ground water travel time for both the
nitrate and 1,2-dichloropropane plumes. In response, an in-
terim remediation system was installed as a hydraulic stabili-
zation measure to minimize off-site migration of impacted
ground water. Sentry monitoring wells have been installed at
the site between the source zones and the existing off-site
drinking water wells to evaluate the effectiveness of the interim
system. These sentry monitoring wells were completed in both
the same zone (90–100 ft. BGS) as the drinking water wells,
and at shallower levels (30–40 ft. BGS). A quarterly ground
water monitoring program was initiated at the site, along with
further ground water investigation (a Tier 2 investigation,
discussed below).

X7.2.13.2 No current impact is seen in the existing off-site
drinking water wells. By negotiation and agreement between
the involved parties, the site will be re-evaluated and response
action will be taken if two quarters of compliance point well
monitoring data are above the applicable Tier 2 site-specific
target level (SSTL) concentrations (discussed below). This
response action is intended to eliminate the potential risk prior
to any actual exposure to impacted drinking water.

X7.2.13.3 No impact is evident in the off-site creek, but the
site is within 500 ft of this environmental receptor. The
drainage ditch leading from the site to the creek provides an
inappropriate transport conduit for site surface water run-off.
As a interim response action, containment and control of
surface water run-off to this ditch from the site has been
implemented. This response action interrupts the identified
exposure pathway. At the same time, the site was regraded to
eliminate the two low areas on the site which may pond during
wet weather periods.

X7.2.13.4 A final item of concern in the Tier 1 analysis is
the toxaphene found in surficial soil at the truck wash pad
above Tier 1 RBSL surficial soil criteria. This soil is within the
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access-controlled area of the site. As an interim response, this
site access control will be maintained. Other responses were
deferred until a decision on final corrective action for the site
was reached. This deferral requires continued commitment by
the current business operator to control access to the site, and
to inform any individuals with access to the controlled area of
the discovered chemicals and the hazards associated with these
chemicals.

X7.2.14 Evaluation of Tier 1 Results—A series of decisions,
based on urgency and relative costs and benefits, were made
between interim remedial action, remedial action, or further
tier evaluation at this point, for each instance where the site
conditions did not meet the Tier 1 corrective action goals.

X7.2.14.1 Interim action was initiated in cases where it was
justified by site conditions, as discussed in X7.2.13.

X7.2.14.2 For soils, the Tier 1 analysis of X7.2.11 and
X7.2.12 has been sufficient; no recalculation of Tier 1 RBSL
concentrations for soils using site-specific data is justified.

X7.2.14.3 For ground water, a Tier 2 assessment and evalu-
ation is justified.

X7.2.15 Tier 2 Investigation—The Tier 2 investigation has
focused on delineating the off-site nitrate and 1,2-
dichloropropane ground water plumes, and in establishing a
measure of the plume stability (growing, steady-state, shrink-
ing) over time. The Tier 2 site investigation has included
collection of additional ground water concentration data, mea-
surement of saturated soil properties, and estimation of site-
specific parameters including ground water velocity and direc-
tion. Simple mathematical models for ground water transport
have been used to check and validate the internal consistency
of the measured site data and the attenuation of detected
chemicals with distance from the source zone. Well placement
in this investigation has been optimized to define the near-
centerline plume concentrations with distance from the source,
and to determine the maximum downgradient extent of the
plume.

X7.2.16 Tier 2 Assessment:
X7.2.16.1 Measured aqueous concentrations of nitrate and

1,2-dichloropropane in shallow (30 to 40 ft. BGS) wells, both
onsite and offsite, were found to be nearly stable with time.
Measured and modeled attenuation rates of these chemicals
along the near-centerline of the ground water plumes have been
used to establish Tier 2 site-specific target level (SSTL)
concentrations for nitrate and 1,2-dichloropropane. By nego-
tiation and agreement between the involved parties, the chosen
ground water receptor point was located just beyond the
downgradient edge of the property boundary and adjacent
public road easement. This was judged to be the nearest viable
location for a future off-site ground water well. It is upgradient
of the nearest existing ground water well. Screening level
ground water concentrations were fixed at the Tier 1 RBSL
ground water ingestion levels for the selected receptor point;
the calculated Tier 2 SSTL compliance concentrations for the
compliance point monitoring well locations (upgradient from
the receptor point) are higher than the Tier 1 RBSL ground
water ingestion concentrations, and include derived factors
which account for the observed attenuation rates in ground
water with increasing distance from the source area.

X7.2.16.2 The Tier 2 site investigation has shown that the
nitrate ground water plume meets the Tier 2 SSTL compliance
point concentration for the applicable compliance point sentry
monitoring well. The measured soluble nitrate plume is rea-
sonably stable or shrinking with time. Both upgradient and
downgradient wells screened in the upper aquifer (30 to 40 ft
BGS) show low but detectable nitrate levels, most likely due to
the adjacent land use. No nitrate above Tier 1 RBSL ground
water ingestion criteria were detected in monitoring wells
screened at the depths similar to that used for drinking water
wells (90–100 ft BGS) near the site.

X7.2.16.3 The 1,2-dichloropropane plume has been found
to exceed the Tier 2 SSTL compliance point concentration for
the applicable sentry monitoring well at shallow depth (30 to
40 ft BGS). Modeling and data show that this shallow plume
extends off-site, and beyond the nearest possible future off-site
ground water well, at levels greater than the Tier 1 RBSL
ground water ingestion concentration. This shallow plume has
also been shown to intercept the location of an existing off-site
drinking water well. The drinking water well is completed in a
deeper zone than the region where the chemicals of concern
have been identified, and the drinking water well is not
currently impacted. No 1,2-dichloropropane is detectable in
any monitoring wells screened at depths of 90 to 100 ft, or at
the depths similar to that used for drinking water wells near the
site. The measured 1,2-dichloropropane plume is relatively
stable over time.

X7.2.16.4 No chemicals of concern have been detected in
the off-site creek. An estimate of potential surface water
chemical concentrations in the creek has been made using a
combination of the estimated volume of impacted ground water
seepage into the creek and a geometric mean average water
flow for the creek. This estimate of surface water chemical
concentration is below analysis detection limits, and is also
below any applicable freshwater aquatic toxicity criteria (se-
lected as a relevant ecological screening criteria, or RESC) or
human health-based criteria levels. Since surface water run-off
has been contained on-site as part of a interim response action,
water run-off is no longer a relevant transport pathway to the
creek for this site. The interim response action has interrupted
the identified exposure pathway.

X7.2.17 Site Conditions and Emergency Response—
Additional information from the Tier 2 investigation and
assessment has warranted a re-classification of the site (Table
1, Example Site Conditions and Initial Response Actions),
based on better knowledge of site conditions and the measured
extent of the chemical of concern ground water plumes. The
off-site 1,2-dichloropropane ground water plume not being
captured by the interim system has been shown to intercept the
location of an existing residential drinking water well. This
drinking water well is completed in a deeper zone than the
plume, and is not impacted. The potential for vertical migration
of the chemical of concern plume due to pumping at this
existing drinking water well location has been investigated and
found to be of concern. As an interim response, a point-of-use
water treatment system has been provided for this ground water
user. The previously implemented ground water monitoring
program is also continuing at the site.
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X7.2.18 Final Corrective Action:
X7.2.18.1 As a final corrective action, the interim system

will become the final system with modifications appropriate to
continue ground water treatment to levels achievable by the
best available technology, and to hydraulically stabilize the
plume to minimize offsite migration. The final system will
continue operating until 1,2-dichloropropane concentrations
are reduced below the Tier 2 RBSL or involved parties agree
that is technically impracticable to continue system operation.
In selection of this final corrective action, continued
commercial/industrial use of the site is presumed. No everlast-
ing use restrictions are intended to be placed on adjacent
property use or off-site ground water use based on offsite
plume stability and calculated attenuation rates. The continued
commercial/industrial site description implies that a use restric-
tion, using applicable and available methods (described in
Appendix X6), has been placed on the site, and that this use
restriction is acceptable to the involved parties. This use
restriction includes limitations for impacted on-site ground
water use as a drinking water supply, and appropriate limita-
tions on site activity (for example, no residential use, no deep
excavation without appropriate worker protection).

X7.2.18.2 For soils, final corrective action has included
removal of affected soils in the truck wash pad area from the
surface to a depth of 3 ft, appropriate disposal of the impacted
soil, and replacement with clean soil fill material. All other
issues regarding soils have been addressed in interim corrective
action or in the refined assessment. The interim actions for soils
have included elimination of a potential surface runoff trans-
port pathway to a surface water body, and site grading to
eliminate the potential for on-site ponded water (and the
associated water-head driven aqueous infiltration).

X7.2.18.3 Remediation of the 1,2-dichloropropane ground
water plume to the applicable Tier 2 SSTL levels, by any
existing and available methodology is technically impracti-
cable. Remediation to asymptotic levels by the best available
technology is estimated to take up to three years until it would
be technically impracticable to continue system operation.

X7.2.18.4 During the remediation period, to prevent unin-
tended exposure to the affected ground water, off-site use
restrictions for ground water in the immediate vicinity of the
ground water plume were put in place. This use restriction,
during the remediation period, is based on concurrence of all
affected parties. Given the beneficial use of ground water in the
local area as a sole drinking water supply source, the ultimate
goal has been to return to unrestricted use of the off-site ground
water as quickly as is technically possible. We note that the
Tier 2 assessment has already established that the 1,2-
dichloropropane ground water plume is relatively stable over
time, and, at least, the present situation is not worsening.
System operation is expected to reduce the overall time to
reduce the 1,2-dichloropropane concentration to a level where
monitored natural attenuation can continue as the selected final
corrective action until the Tier 2 SSTL is achieved.

X7.2.18.5 The ground water plume is fed from a aqueous
leachate source in on-site unsaturated soils. Lowering the
on-site aqueous infiltration rate, through site grading, has been
estimated to proportionately lower the total mass transport rate

of leached 1,2-dichloropropane to ground water. Given
literature-identified attenuation mechanisms of hydrolysis and
biodegradation for 1,2-dichloropropane, and the lowered
aqueous-leachate plume source loading, recession of the plume
with time was predicted.

X7.2.18.6 After 2 additional years of quarterly ground water
monitoring subsequent to system deactivation, seasonal fluc-
tuations in ground water concentrations were seen, but a
general downward trend in concentration was evident. At this
point an annual monitoring program was implemented. After 6
additional years, the general downward trend was shown to
continue, and the 1,2-dichloropropane plume was shown to
decrease below the Tier 2 SSTL compliance point concentra-
tion for the applicable sentry monitoring well. No compliance
point concentrations were above the SSTL within an additional
year-long period of monitoring.

X7.2.18.7 Based on prior agreement between the involved
parties, meeting all appropriate Tier 2 SSTL concentrations for
the applicable sentry monitoring wells, over a 1 year time
period, has been sufficient demonstration that the site meets all
remaining conditions with respect to the site use restrictions
discussed in X7.2.18.1. A “no further action” letter, consistent
with the continued restricted commercial/industrial site use,
has been issued. The off-site ground water use restrictions
discussed in X7.2.18.4 have been lifted.

X7.2.18.8 If, over the period of monitoring, decreases in
monitored ground water concentrations did not meet expecta-
tions, the corrective action plan for ground water would have
been reviewed and modified. During the period of monitoring,
site conditions and additional data were used to continuously
monitor the site classification conditions and the appropriate-
ness of the corrective action response.

X7.2.18.9 If a specific regulatory requirement of, for ex-
ample, a ground water restoration goal is applicable as an
ORMC, then this would be included in the corrective action
goals.

X7.2.19 No further action for this site is based on restricted
commercial/industrial site use. If less restrictive site use
(residential use, for example) is desired by the property owner,
a re-assessment of the property would be needed.

X7.2.20 Again, the decisions made in this hypothetical case
example are based on presumed technical policy decisions,
concurrence of all involved parties, and compliance with
federal, state, or local laws and regulations.

X7.3 Operating Industrial Facility:

X7.3.1 Initial Site Assessment—Components of the initial
site assessment are discussed in X7.3.2 to X7.3.10. A plan view
of the site and surrounding area, with important features
illustrated, is given in Fig. X7.3.

X7.3.2 Site Description—The property consists of a 3-acre
city block in a zoned light industrial area. The adjacent land use
is mixed light industrial, commercial, and residential. The
immediate neighboring properties are all commercial and
industrial; the nearest residences are at a distance of 400 ft
from the property boundary. The site is not subject to any
federal, state, or local enforcement actions.

X7.3.3 Site Ownership and Activity—There are two busi-
nesses currently operating on the site. The first is a commercial
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construction contractor, and includes an office building and
warehouse, an asphalt-paved parking lot, and a gravel-paved
equipment and materials storage yard. The second business is
an electric motor rebuilding facility which includes an office, a
workshop, a manufacturing building, a storage area, a used
solvent tank location, and an asphalt-paved parking lot. Both
businesses have been in operation at the present site for over
twenty-five years.

X7.3.4 Past Releases or Potential Source Areas—Potential
spill or leak areas on the site include a former underground
gasoline storage tank, since removed; a diked concrete-paved
solvent storage area; two former outdoor above ground heating
oil tanks, since removed; an electrical equipment and trans-
former storage area; and a former sludge and used solvent
storage tank area.

X7.3.5 Regional and Site Hydrogeologic Conditions:
X7.3.5.1 The site hydrogeological investigation has in-

cluded soil borings, collection of ground water samples, and
characterization of geological structure and hydrogeological
conditions. The site surface topography is generally flat with a
15 ft variation over the 3-acre site. The regional topography is
also relatively flat; surface elevation changes within 2 miles of
the site are less than 50 ft. No permanent surface water features
or low spots are present on the site. No permanent surface
water features are present in the vicinity of the site. Surface
water runoff from the site drains to a municipal stormwater
sewer and treatment system. The site is not in a flood plain.

X7.3.5.2 The first five to eight feet of soils on the site
consist primarily of fill material including sand, silt, and clay.
The fill material is generally underlain by a layer of up to 10 ft
of silty loam, followed by a layer of clayey silt to a depth of 40
ft. The water table in the vicinity of the site is found at an
average depth of 60 to 80 ft, and generally exceeds the USEPA
drinking water criteria for total suspended particulate, iron, and
manganese. Municipal drinking water used in the area is
produced from either wells at depths of 200 to 250 ft, or
supplied from a local river.

X7.3.6 Beneficial Use Summary and Receptor Survey:
X7.3.6.1 The site is within an industrialized urban area. All

businesses and residences within five miles of the site are
served by municipal water and sewer utilities. The municipal
water is supplied from a local river and from ground water
wells, the nearest being two miles upgradient from the site, and
producing from a depth of 220 ft. No producing ground water
wells or well setback zones of any type are currently located
closer than two miles from the site. A local ground water use
restriction is in place (as described in Appendix X6) to prevent
installation of drinking water wells within the urban area. The
intent of this local use restriction has been to prevent ingestion
of impacted ground water within the urban area.

X7.3.6.2 The site itself is zoned light industrial, is presently
operating with commercial/industrial tenants, and by all like-
lihood, land use will continue in the future as commercial/
industrial. All neighboring properties adjacent to the site are
currently either light industrial or commercial. The nearest
residential properties are 400 ft. from the property boundary.

X7.3.7 Ecological Assessment Summary—There is no evi-
dence of impact to vegetation on the site. There are no relevant

ecological receptors and habitats on the site. Given the local
industrial development and urban activity, there is a low
likelihood that the site will be returned to an undeveloped,
pristine condition. The surface water nearest to the site is a
creek which, at closest, passes within 2 miles of the site. No
impacts to ecological receptors or habitat are anticipated in the
future due to this site, and, by agreement of the involved
parties, no further study of ecological impacts is planned.

X7.3.8 Exposure Scenario Evaluation Flowsheet—An ex-
posure scenario flowsheet for this site is given in Fig. X7.4.
This flowsheet is based on information discussed in X7.3.2 to
X7.3.7.

X7.3.8.1 Commercial/industrial exposure to on-site im-
pacted surficial soils, through direct contact, is both a current
and potential future exposure pathway at this site. Inhalation of
vapors evolved from subsurface impacted soils, both indoors
and outdoors, is also a current or potential future exposure
pathway for on-site commercial/industrial receptors.

X7.3.8.2 Leaching of soluble constituents to ground water,
or migration of non-aqueous phase liquids, are viable transport
pathways at this site, but ingestion of impacted ground water
by residents in the vicinity of this site is not of concern, given
the local ground water use restriction.

X7.3.8.3 Surface water or sediment exposure pathways are
not present and therefore not applicable at this site. Volatiliza-
tion of chemicals of concern from ground water is not likely to
be of concern because of the depth to the water table.

X7.3.9 Site Conditions and Initial Response Actions—
Based on a qualitative evaluation of the information collected
in the initial site assessment, no immediate threat to human
health, safety, environmental receptors, or habitat has been
identified, and no immediate response action is warranted for
the site (Table 1, Example Site Conditions and Initial Response
Actions). If an immediate threat was identified, it would be
addressed forthwith. Site condition analysis is repeated and
revised as additional information on the site becomes available.

X7.3.10 Site Activities - Preliminary Site Investigation:
X7.3.10.1 In the preliminary site investigation, soil samples

were taken from the identified potential spill or leak areas. This
included both surficial soil and samples taken at geometrically
increasing depth increments to 25 ft. The selected soil analyses
have been based on chemicals of concern identified from
previous and current site use at each of the potentially impacted
areas.

X7.3.10.2 Three soil borings to a depth of 80 ft were taken
near the site boundaries to map soil stratigraphy, the depth to
ground water, and the approximate local ground water flow
direction. Temporary ground water sampling points were
installed at these three locations and ground water samples
were collected to determine ground water quality and to
determine the presence of chemicals of concern, including any
non-aqueous phase liquids.

X7.3.10.3 Sampling and chemical analysis procedures ap-
propriate for use in a quantitative risk assessment were used in
the site investigation. The method quantification limits for the
chemicals of potential concern, in all cases, were below the
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most stringent applicable risk-based screening-level concentra-
tions. The resulting data set was reviewed and judged to be
reliable, accurate, and verifiable.

X7.3.10.4 For those samples taken in an area where the
potential existed for a mobile, non-aqueous phase liquid plume,
the soil samples were analyzed for total petroleum hydrocar-
bons (TPH), with measured values reported by equivalent
carbon number range.

X7.3.11 Analytical Data and Screening-Level Comparison-
Tier 1:

X7.3.11.1 Site conditions have been compared to the ge-
neric conditions used in deriving Tier 1 risk-based screening-
level (RBSL) concentrations for soil and ground water, and
based on the site soil type and identified site conditions, the
Tier 1 RBSL concentrations are considered to be conservative
with respect to actual site conditions.

X7.3.11.2 The analyzed soil and ground water samples
showed non-detectable concentrations for most potential
chemicals of concern in all samples. Given that the analytical
method quantification limits, in all cases, were below the most
stringent applicable Tier 1 RBSL concentrations, no further
investigation of these non-detected chemicals was necessary.

X7.3.11.3 The preliminary screening of the site data con-
sisted of point-by-point comparisons of all site soil analytical
data to the applicable RBSL. All measured values showed
concentrations which were below the screening criteria except
for benzene and trichloroethene (TCE), with respect to the
indoor air inhalation exposure pathway; and poly-chlorinated
biphenyls (PCBs), with respect to the surficial soil exposure
pathway.

X7.3.11.4 No measured values of TPH in soil were great
enough to indicate that free-phase organic liquid migration in
soils would be of concern for any source region of this site. For
TCE, all measured concentrations were below the residual soil
concentration level calculated for Tier 1 soil assumptions; no
free-phase liquid was found.

X7.3.11.5 The TCE was detected at concentrations below
the calculated Tier 1 RBSL concentration in a single downgra-
dient ground water sample, but above the Federal drinking
water MCL concentration value. No measured free-phase
liquids were evident in any of the ground water samples. With
a local use restriction in place to prevent the use of ground
water wells for drinking water in the vicinity of this site, there
will be no ingestion exposure to impacted ground water. By
agreement of the involved parties, no further investigation of
ground water is planned.

X7.3.12 Refined Screening-Level Comparisons - Tier 1:
X7.3.12.1 As a refinement of the point-by-point comparison

of site data with applicable Tier 1 RBSL concentrations, the
areas where concentrations of chemicals of concern were noted
to be above the corrective action goals were examined in
greater detail.

X7.3.12.2 For the PCBs, concentrations greater than the
Tier 1 RBSL screening-level values were confined to the area
of the electrical equipment and transformer storage area. Of
four surficial soil samples in this area, two showed low but
quantifiable levels of PCBs, while two showed non-detected
concentrations. No PCBs were detected at depth. In refinement

of the Tier 1 screening-level assessment, an arithmetic average
PCB surficial soil concentration was calculated, using a
weighted average of the two detected soil concentrations and
half the detection limit for the remaining two samples. This
averaged surficial soil PCB concentration was then compared
to the Tier 1 RBSL concentration for surficial soil; the average
concentration was above the Tier 1 RBSL surficial soil criteria.

X7.3.12.3 For the benzene and TCE, site soil concentrations
that were above the Tier 1 RBSL concentrations were confined
to the area of the used solvent storage tank area. In refinement
of this point-by-point screening-level assessment, it was noted
that the only values exceeding the Tier 1 RBSL indoor air
inhalation soil concentration were for soil samples taken in the
depth range of 18 ft to 25 ft BGS; shallower samples taken in
the same borings at depths of 4 ft to 12 ft were lower, and did
not, in any case, exceed this screening level. In addition, no soil
samples taken within 25 ft of any existing building were above
any Tier 1 RBSL indoor air soil criteria. Based on this analysis,
we can conclude that the observed soil concentrations do not
confirm vapor transport to the surface at levels great enough to
exceed the applicable Tier 1 RBSL concentration along any
existing complete transport pathway, or at any actual point of
exposure for indoor air inhalation.

X7.3.13 Site Classification and Initial Response
X7.3.13.1 Based on the preliminary investigation, and com-

parison with classification scenarios (Table 1, Example Site
Classification and Response Actions), the site could best be
described as posing no demonstrable long-term threat to human
health, safety, relevant ecological receptors, or habitat.

X7.3.13.2 Management of the on-site businesses have been
informed that the site concentrations were above the
commercial/industrial surficial soil criteria for PCBs in the
region of the electrical equipment and transformer storage area.
As an interim response, signs were posted and access to this
area of the site was limited by an installed fence and locked
gate, pending the selection of a final corrective action for the
site. This interim response requires continued commitment by
the current business operators to maintain the fence and gate,
and to inform any individuals with access to the controlled area
of the discovered chemicals and the hazards associated with
these chemicals.

X7.3.14 Evaluation of Tier 1 Results—A series of decisions,
based on urgency and relative costs and benefits, were made
between interim remedial action, remedial action, or further
tier evaluation at this point, for each instance where the site
conditions did not meet the Tier 1 corrective action goals.

X7.3.14.1 Interim action was initiated in cases where it was
justified by the site conditions.

X7.3.14.2 For soils, the Tier 1 analysis of X7.3.11 and
X7.3.12 has been sufficient; no recalculation of Tier 1 RBSL
concentrations for PCBs in soil using site-specific data is
needed.

X7.3.14.3 For ground water, no exposure pathway is present
and no further analysis is justified.

X7.3.14.4 No Tier 2 investigation has been necessary for
this site.

X7.3.15 Final Corrective Action:
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X7.3.15.1 In selection of final corrective action, continued
commercial/industrial use of the site is presumed.

X7.3.15.2 For soils, final corrective action has included
removal of surficial soils in the electrical equipment and
transformer storage area, replacement with clean fill material,
and concrete paving.

X7.3.16 Since the assessment is based on the assumption of
continued commercial/industrial site use, the future use of the
site has been restricted, by agreement of the involved parties,
through administrative controls (discussed in Appendix X6), to
commercial/industrial (non-residential) use.

X7.3.17 The administrative controls will remain in effect
unless actions are taken at a later date to re-access the site using
the more conservative assumptions of a residential screening
criteria, and, if needed, corrective actions sufficient to meet the
residential site use criteria are implemented.

X7.3.18 Finally, the decisions made in this hypothetical
case example are based on presumed technical policy deci-
sions, concurrence of all involved parties, and compliance with
federal, state, or local laws and regulations.

X8. OTHER RESOURCES

American Petroleum Institute, “A Guide for Assessing and
Remediating Petroleum Hydrocarbons in Soils”, API Publica-
tion 1629, First Edition, 1993.

American Petroleum Institute, “Assessing the Significance
of Subsurface Contaminated Vapor Migration to Enclosed
Spaces”, API HESD Publication 4674, 1998.

Boulding, J.R., 1991, Description and Sampling of Contami-
nated Soils: A Field Pocket Guide, EPA/625/12-91/002, 122
pp.

Boulding, J.R., 1994, Description and Sampling of Contami-
nated Soils: A Field Guide, Revised and Expanded 2nd Edition,
Lewis Publishers, Chelsea, MI, 220 pp.

Department of Labor 29 CFR 1910: General Industry
Standards

Department of Labor 29 CFR 1926: Construction Standards
Di Toro, Dominic M., Mahony, John D., Hansen, David J.,

Scott, K. John, Hicks, Michael B., Mayr, Suzanne M., and
Redmond, Michele S. 1990, Toxicity of Cadmium in Sedi-
ments: The Role of Acid Volatile Sulfide, Environmental
Toxicology Chem. 9:1487-1502.

Freeze, R.A. and J.A. Cherry, 1979, Ground Water, Prentice-
Hall Publishing Co., Englewood Cliffs, J.J. 604 pp.

Hemond, Harold F and Fechner, Elizabeth J., 1994, Chemi-
cal Fate and Transport in the Environment, Boston: Academic
Press.

Howard, Philip H., Boethling, Robert S., Jarvis, William F.,
Meylan, William M., and Michaelenko, Edward M., 1991,
Handbook of Environmental Degradation Rates, Chelsea,
Michigan: Lewis Publishers, Inc.

Johnson, P.C., and Ettinger, R.A., 1991: “Heuristic Model
for Predicting the Intrusion Rate of Contaminant Vapors into
Buildings”, Environmental Science and Technology, 25, pp.
1445–1452.

Johnson, P.C., 1998, “Assessing the Significance of Subsur-
face Vapor Contaminant Vapor Migration to Enclosed Spaces:
Site-Specific Alternatives to Generic Estimates”, American
Petroleum Institute, Health and Sciences Department, Publi-
cation Number 4674.

LaGrega, Michael D., Buckingham, Phillip L, Evans, Jeffrey
C., and The Environmental Resources Management Group,
1994, Hazardous Waste Management, New York: McGraw-
Hill, Inc.

Lyman, Warren J., Reehl, William F., and Rosenblatt, David
H., 1990, Handbook of Chemical Property Estimation Meth-
ods, Washington, D. C., American Chemical Society .

Mausbach, M.J., 1992, Soil Survey Interpretations for Wet
Soils, In: Proc. 8th Int. Soil Correlation Meeting (VII ISCOM):
Characterization, Classification and Utilization of Wet Soils,
J.M. Kimble (ed), USDA, Soil Conservation, National Soil
Survey Center, Lincoln, NE, pp 172-178.

NFPA 329, Leakage and Repair Safeguards for Flammable
and Combustible Liquids.

The Presidential/Congressional Commission on Risk As-
sessment and Risk Management, “Framework for Environmen-
tal Health Risk Management”, 1997.

USEPA, “Activity Factors”, ORD, PB98-124241, August
1997.

USEPA Community Relations in Superfund: A Handbook,
EPA/540/R-92/009, January 1992.

USEPA, “Dermal Exposure Assessment: Principles and
Applications”, Interim Report, 1992.

USEPA, “Ecological Assessment of Hazardous Waste Sites:
A Field and Laboratory Reference Document”, EPA/600/3-89/
013, NTIS No. PB89205967, March 1989.

USEPA, “Food Ingestion Factors”, ORD, PB98-124225,
August 1997.

USEPA, “General Exposure Factors”, ORD, PB98–124233,
August 1997.

USEPA, “Guidance for Data Usability in Risk Assessment
(Part A)”, OERR, (9285.7-09A), April 1992.

USEPA, “Guidelines for Ecological Risk Assessment”, 63
Fed. Reg. 26846-26924, May 14, 1998.

USEPA, “Guidelines for Exposure Assessment”, Federal
Register 57, No. 104, May 1992, pp 22888-22938.

USEPA, “Human Health Evaluation Manual, Supplemental
Guidance: Standard Default Exposure Factors”, OSWER Di-
rective No. 9285.603, NTIS No. PB91921314, March 1991.

USEPA, Land Use in the CERCLA Remedy Selection Pro-
cess, OSWER Directive No. 9355,7-04, May 25, 1995.

USEPA, “Methods for Derivation of Inhalation Reference
Concentrations and Application of Inhalation Dosimetry”,
ORD, EPA/600/8-90/066F, October 1994.

USEPA RCRA Public Participation Manual, EPA/530/R-96/
007, September 1996.

E 2081 – 00

93



USEPA, “Risk Assessment Guidance for Superfund, Volume
1, Human Health Evaluation Manual, Part B: Development of
Risk-Based Preliminary Remediation Goals”, OSWER Direc-
tive No. 9285.7-01B, NTIS No. PB9296333, USEPA, Decem-
ber 1991.

USEPA, “Risk Assessment Guidance for Superfund, Volume
2: Environmental Evaluation Manual”, EPA/540/1-89/001,
NTIS No. PB90155599, March 1989.

USEPA, Sediment Quality Criteria for the Protection of
Benthic Organisms. EPAÄ822ÄRÄ93Ä015), 1993.

USEPA, “User’s Guide for the Johnson and Ettinger (1991),
Model for Subsurface Vapor Intrusion into Buildings”, (United
States Environmental Protection Agency, Office of Emergency
and Remedial Response, Washington, DC), September 1997.

REFERENCES

(1) USEPA, Final Guidance for the Data Quality Objective Process,
September 1994.

(2) USEPA, Soil Screening Guidance: Technical Background Document,
United States Environmental Protection Agency, Office of Solid Waste
and Emergency Response, Washington, DC, EPA/540/R-95/128, NTIS
PB96-963502, May, 1996.

(3) USEPA, Test Methods for Evaluating Solid Waste Physical/Chemical
Methods, SW-846, 3rd Edition, Proposed Update, EPA/SW-846.3.2,
PB94-170 321, 1994.

(4) Schwarzenbach, René P., Gschwend, Philip M., and Imboden, Dieter
M., Environmental Organic Chemistry, New York: John Wiley & Sons,
Inc., 1993.

(5) Howard, Philip H., Handbook of Environmental Fate and Exposure
Data for Organic Chemicals. Volume II, Solvents, Chelsea, Michigan:
Lewis Publishers, Inc., 1990.

(6) Linz, D.G., and Nakles, D.V., Environmentally Acceptable Endpoints
In Soil: Risk-Based Approach to Contaimated Site Management Based
on Availability of Chemicals In Soil, American Academy of Environ-
mental Engineers, 1996, p. 630.

(7) Di Toro, Dominic M., Mahony, John D., Hansen, David J., Scott, K.
John, Carlson, Anthony R., and Ankley, Gerald T., Acid Volatile
Sulfide Predicts the Acute Toxicity of Cadmium and Nickel in
Sediments, Environmental Science and Technology, Vol 26, 1992, pp.
96-101.

(8) Integrated Risk Information System (IRIS), United States Environ-
mental Protection Agency, Washington, D.C., Updated Monthly.

(9) Health Effects Assessment Summary Tables (HEAST), OSWER OS-
230, United States Environmental Protection Agency, Washington,
DC, March 1992.

(10) USEPA, “Provisional Guidance for Quantitative Risk Assessment of
Polycyclic Aromatic Hydrocarbons”, ECAO-CIN-842, 1993.

(11) Edwards, D.A., et. al. TPHCWG Series, “Volume 4: Development of
Fraction-Specific Reference Doses (RfD’s) and Reference Concen-
trations (RfC’s) for Total Petroleum Hydrocarbons (TPH)”, Amherst
Scientific Publishers, Amherst, MA 1997.

(12) Gustafson, J.B., Griffith Tell, J., and Orem, D., TPHCWG Series,
“Volume 3: Selection of Representative TPH Fractions Based on Fate
and Transport Considerations”,Amherst Scientific Publishers, Am-
herst, MA 1997.

(13) Potter, T.L., and Simmons, K.E., TPHCWG Series, “Volume 2:
Composition of Petroleum Mixtures”, Amherst Scientific Publishers,
Amherst, MA 1998.

(14) Wade, W. ed., TPHCWG Series, “Volume 1: Analysis of Petroleum
Hydrocarbons in Environmental Media”, Amherst Scientific Publish-
ers, Amherst, MA 1998.

(15) Risk Assessment Guidance for Superfund, Vol 1, Human Health
Evaluation Manual, Part A, EPA/540/1-89/002, United States Envi-
ronmental Protection Agency, Washington, DC, July 1989.

(16) USEPA, Air Emissions Models for Waste and Wastewater, United
States Environmental Protection Agency, Office of Air Quality
Planning and Standards, EPA-453/R-94-080A, 1994.

(17) ACGIH Threshold Limit Values, (American Conference of Govern-
mental Industrial Hygienists, Cincinnati, OH), (annual revision cited
dates are the latest revision), 1996.

(18) USEPA, Water Related Environmental Fate of 129 Priority Pollut-
ants, Vol 1, USEPA, OWQPS, (EPA-440/4-79-029a), 1979.

(19) USEPA, Hazardous Waste Treatment, Storage, and Disposal Facili-
ties (TSDF) – USEPA, OAQPS, Air Emission Models, (EPA-450/3-
87-026), 1989.

(20) Verschueren, Karel, Handbook of Environmental Data on Organic
Chemicals, Third Ed., Van Nostrand Reinhold Co. Inc., New York,
ISBN: 0–442-01916-5, 1996.

(21) 29 CFR 1910, Code of Federal Regulations, Chapter XVII Occupa-
tional Safety and Health Administration, Department of Labor, Part
1910 Occupational Safety and Health Standards.

(22) Johnson, P. C., Hertz, M. B., Byers, D. L., “Estimates for Hydrocar-
bon Vapor Emissions Resulting from Service Station Remediations
and Buried Gasoline-Contaminated Soils,” Petroleum Contaminated
Soils, Vol 3, P. T. Kostecki and E. J. Calabrese, eds., (Lewis
Publishers, Chelsea, MI), 1990, pp. 295-326.

(23) Mott, H. V., “A Model for Determination of the Phase Distribution
of Petroleum Hydrocarbons at Release Sites,” Ground Water Moni-
toring and Remediation, 15, 3, 1995, pp. 157-167.

(24) Mariner, P.E., Jin, M., and Jackson, R.E., A Algorithm for the
Estimation of NAPL Saturation and Composition from Typical Soil
Chemical Analyses, Ground Water Monitoring and Remediation, 17,
1:, 1997, pp. 122-129.

(25) Wilson, J. L. and Conrad, S. H. , “Is Physical Displacement of
Residual Hydrocarbons a Realistic Possibility in Aquifer Restora-
tion?”, National Water Well Association / American Petroleum
Institute Petroleum Hydrocarbons and Organic Chemicals in Ground
Water – Prevention, Detection, and Restoration Conference, Hous-
ton, TX, 1984, pp. 274-298.

(26) Conrad, S. H., Hagan, E. F., and Wilson, J. L., “Why are Residual
Saturations of Organic Liquids Different Above and Below the Water
Table?”, paper presented at the National Water Well Association /
American Petroleum Institute Petroleum Hydrocarbons and Organic
Chemicals in Ground Water – Prevention, Detection, and Restoration
Conference, Houston, TX, 1986.

(27) Cohen, R.M., and Mercer, J.W., DNAPL Site Evaluation, ( CRC
Press, Inc., Boca Raton, Florida).

(28) American Petroleum Institute, A Guide to the Assessment of Reme-
diation of Underground Petroleum Releases, Publication 1628, Third
Edition, Washington, D. C., July, 1996.

(29) USEPA Estimating the Potential for Occurrence of DNAPL at
Superfund Sites, Publication 9355.4-07FS, Office of Solid Waste and
Emergency Response, Washington, DC, NTIS PB92-963358, 1992.

(30) USEPA, “Exposure Factors Handbook Volumes I, II, III, (EPA/600/
P-95/002F a, b, c), Exposure Factors Handbook, August 1997.

(31) USEPA, Supplemental Risk Assessment Guidance for the Superfund
Program, EPA/901/5-89/001, Environmental Protection Agency Re-
gion 1, Washington, DC, 1989.

E 2081 – 00

94



(32) USEPA, Superfund Exposure Assessment Manual, EPA/540/1-88/
001, United States Environmental Protection Agency, Washington,
DC, July 1988.

(33) Cowherd, C., Muleski, G. E., Englehart, P. J., and Gillett, D. A.,
Rapid Assessment of Exposure to Particulate Emissions from Surface
Contamination Sites, Midwest Research Institute, PB85-192219,
1985.

(34) American Industrial Health Council, Exposure Factors Sourcebook,
1994.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

E 2081 – 00

95


