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NOTICE

This manual provides guidance on methods for public health evaluations
that are conducted as part of EPA's feasibility study process at Superfund
remedial sites. The manual specifically supports Chapter 5 of the Guidance
for Feasibility Studies (U.S. EPA, Office of Emergency and Remedial Response,
April, 1985), which briefly describes public health evaluation procedures.
This manual does not contain procedures for health assessments, which are
separate analyses conducted by the Agency for Toxic Substances and Disease
Registry (ATSDR). The procedures and data given in this manual supersede
information previously released by the Office of Emergency and Remedial
Response on public health evaluation at Superfund sites.
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PREFACE AND EXECUTIVE SUMMARY

This manual establishes a framework for public health evaluation at
Superfund sites and for development of health-based performange goals for
remedial alternatives that are based on applicable or relevamt and appropriate
requirements of other laws, where available, or risk analysis techniques where
those requirements are not available. These procedures were developed by
EPA's Office of Emergency and Remedial Response (OERR) in conjunction with an
Agency-wide Task Force, which.included representatives from the program
offices, the Office of Waste Programs Enforcement, the Office of Research and
Development, the Office of Policy, Planning and Evaluation, and several
Regional offices. The procedures provided in the manual are designed to
conform to EPA's risk assessment guidelines (51 Federal Register 33992-34054,
September 24, 1986). In addition, guidance developed by EPA's Office of Waste
Programs Enforcement for endangerment assessments at enforcement-lead sites
incorporates the procedures in this manual.

Public health evaluation is an important component of the remedial investi-
gation (RI) and feasibility study (FS) phase of cleanup at Superfund sites.
This procedures manual was developed to supplement Chapter 5 of the Guidance on
Feasibility Studies Under CERCLA. That guidance describes what the public
health evaluation process is, but not how to conduct it. In contrast, this
manual provides detailed guidance on how to conduct the evaluation.

The Superfund Public Health Evaluation Manual has been developed for use
by a diverse audience, including EPA regional staff, state Superfund program
staff, federal and state remedial contractors, and potentially responsible
parties. Individuals having different levels of scientific training and
experience are likely to use the manual in designing, conducting, and reviewing
public health evaluations. Because assumptions and judgments are required in
many parts of the analysis, the individuals conducting the evaluation are key
elements in the process. The manual is not intended for use by non-technical
personnel to perform technical evaluations, nor to allow professionals trained
in one discipline to perform the work of another. Rather, it is the
responsibility of remedial project managers, using the manual as a guide, to
match the scientific support they deem necessary with the appropriate
resources at their disposal.

Public health evaluation cannot be reduced to simple, "cookbook"

. procedures. If all judgment could be removed from the process, undoubtedly
the results from various sites would be far more consistent. In addition,
state-of-the-art public health evaluation techniques have not been fully
accepted by all scientists, and important chemical data are frequently
unavailable. For instance, toxicity testing has not kept pace with the need
for information on many chemicals, and procedures used in exposure assessment
often require many assumptions. The universe of uncontrolled hazardous waste
sites is both variable and complex, with each site posing a unique set of
circumstances. It would be unrealistic to expect that all data necessary to
determine precisely the health risks associated with every site will be
available. Where data gaps necessitate making assumptions to conduct the
public health evaluation for a site, the manual instructs that all such

kok ok October 1986 * * *
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Because toxicity data will change as new information becomes available,
CERR will distribute updated summary tables on a regular basis. OERR has
compiled the toxicity data from Appendix C along with values for key standards
and criteria into a personal computer data base, PHRED--Public Health Risk
Evaluation Database. PHRED has been designed to allow the user to both store
and print selected fields of chemical data. The software package can be used
on an IBM PC/XT/AT or compatible PC/XT/AT. The software cbnéiéts of two
disks: a program disk and a data disk. OERR plans to periodically update the
data disk as new information becomes available. OERR also is developing a
comprehensive document, the Superfund Risk Assessment Information Directory,
to supplement the .Superfund Public Health Evaluation Manual and other risk
assessment guidance prepared by EPA. The directory will assist in
decision-making by providing EPA officials with ready access to the most
current risk assessment information. Such a compilation of sources, models,
data bases, and individuals will make it possible to rapidly evaluate
state-of-the-art risk assessment information, allow quick response to
inquiries, reduce possible duplications of effort, and maximize consistency
among sources of information.

At the time this manual was prepared for final publication, Congress had
just passed a CERCLA reauthorization bill. Throughout this manual, where
reauthorization is likely to affect the procedures for conducting public
health evaluations, footnotes to the text have been included to describe the
changes likely to result. Users should also be aware that citations in this
manual to specific sections of CERCLA refer to CERCLA of 1980 (P.L. 96-510)
and may not be valid for the reauthorization statute.

For further information concerning the Superfund Public Health Evaluation
Manual and process contact the Director, Policy Analysis Staff, Office of
Emergency and Remedial Response, U.S. EPA, 401 M Street, S.W., Washington,
D.C. 20460.

* %k ok October 1986 * *
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CHAPTER 1

OVERVIEW OF THE SUPERFUND PUBLIC HEALTH EVALUATION PROCESS

-

The Comprehensive Environmental Response, Compensation and Liability Act
of 1980 (CERCLA) establishes a national program for responding to releases of
hazardous substances into the environment. In addition, the National 0il and
Hazardous Substances Pollution Contingency Plan (NCP) establishes the process
for determining appropriate remedial actions at Superfund sites.’!/ Together,
CERCLA and the NCP require that a remedial action selected for a Superfund
site be cost-effective and that it be adequate to protect public health. The
NCP, Guidance on Remedial Investigations under CERCLA (EPA, 1985b), and
Guidance on Feasibility Studies under CERCLA (EPA, 1985a) require that
selection of a cost-effective remedy be based on a comparison of alternatives
that examines public health impacts, environmental impacts, technological and
engineering feasibility, cost, and institutional factors. As a general rule,
EPA will pursue remedies that attain or exceed?” the requirements of
applicable or relevant and appropriate federal public health or environmental
laws. However, because of unique circumstances at particular sites, there may
be alternatives that do not meet the standards of other laws, but that still
provide protection of public health, welfare, and the environment. The
Agency's most current toxicity data, documented in Health Effects Assessments
(HEAs), along with other criteria, advisories and guidance will also be
considered and may be used in fashioning remedies.

This manual supplements Chapter 5 of the feasibility study guidance, which
provides interim guidance on conducting an evaluation of potential public
health impacts at Superfund sites. The manual provides an approach that may
be followed for analyzing public health impacts of remedial alternatives. EPA
recognizes that other approaches may be equally valid. This manual covers the
two key elements of a public health evaluation that should be addressed in any
feasibility study, regardless of the approach that is used: (1) the baseline
public health evaluation, and (2) the public health analysis of remedial
alternatives.

Section 104 of CERCLA authorizes taking a removal or remedial action to
protect public health, welfare, or the environment when there is a release or
substantial threat of release of any hazardous substance or when there is a

' CERCLA was reauthorized just before this manual was prepared for
final publication. Several provisions of the reauthorization measure will
affect the procedures described in this manual. In addition, the NCP will be
revised as a result of reauthorization. '

2] For instance, the Agency might choose incineration as an alternative
that exceeds what would be required by applicable standards because it is a
more permanent and reliable solution than RCRA closure standards for land
disposal facilities.

* % %  QOctober 1986 * * *
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technology, and the characteristics of the exposure pathways, the remedial
project manager will need to carefully consider the level of effort and amount
of quantification needed to conduct an evaluation. The remainder of Chapter 1
explains these factors in more detail; however, judgment by the remedial
project manager ultimately will determine the appropriate level of .analysis.
. ~
oL,

It is also important to realize that not all of the compgnents of the
manual are appropriate to use at all sites. For example, an evaluation of the
baseline situation must be conducted at all sites. However, the approach
presented in Chapter 3 for selecting indicator chemicals is useful only at
sites with a wide array of chemicals. Similarly, part of the performance goal
development approach in Chapter 8 is useful only at sites where applicable or
relevant and appropriate ambient concentration requirements are not available
for all chemicals of interest.

1.1 DESCRIPTION OF PROCESS COMPONENTS

The public health evaluation framework presented in this manual has two
major components:

baseline public health evaluation, and
. development of performance goals for remedial
alternatives.

As previously mentioned, an analysis of the baseline is a requirement for all
remedial sites. Baseline public health evaluations can range from
straightforward and uncomplicated to very detailed and complex. In addition
to a baseline analysis, the remedial ‘project manager should develop
health-based performance goals, which will assist in development and
refinement of appropriate remedial alternatives.

- ~

(i.1J\ Baseline Public Health Evaluation

The baseline public health evaluation covers a wide range of complexity,
quantification, and level of effort, depending on numerous site factors. The
evaluation can be viewed as spanning a continuum of complexity and resource
requirements. The appropriate level of detail for a public health
evaluation is a site-specific decision.

The baseline evaluation, as described in this manual, involves five
steps. They are not a required set of procedures to be followed at all sites
because some, of the steps (or parts of steps) do not necessarily apply to some
sites. As 4 'first step in the process, indicator chemicals are selected, if
needed, from among the list of contaminants known to be at the site. The
procedure for selecting indicator chemicals, discussed in Chapter 3,
incorporates chemical toxicity information, physical/ﬁhemical factors, and
measured concentrations at the site. The second steﬂiin the evaluation, an
assessment of exposure concentrations of the indicator chemicals is described
in Chapter 4. Chemical releases are estimated and environmental fate and
transport may be modeled to project exposure levels via air, ground water,
surface water, or other pathways. Following the estimation of exposure
concentrations, comparison to applicable or relevant and appropriate
requirements (e.g., Federal drinking water standards) is made.

.
*
3
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CHAPTER 2

BACKGROUND: AGENCY RULES, POLICIES, AND GUIDELINES

~

To understand the context of the public health evaluation process, it is
important to be familiar with EPA rules, policies, and guidelines relevant to
remedial actions at Superfund sites. In this chapter, the most important
related rules, policies, and guidelines are summarized and references for
further information are provided.

2.1 THE NATIONAL OIL AND HAZARDOUS SUBSTANCES POLLUTION
CONTINGENCY PLAN (NCP)

The NCP7J is a regulation that provides a framework for implementing the
response powers and responsibilities established under CERCLA. Subpart F of
the NCP outlines the hazardous substance response process and includes
provisions for both removal and remedial actions. Federal and state agencies
and private parties responsible for preparing feasibility studies for Superfund
remedial sites should be familiar with the NCP. The most recent version of
the NCP was published on November 20, 1985 (EPA, 1985c).®¢ A copy can be
obtained from EPA's Office of Emergency and Remedial Response (OERR), U.S. EPA
CERCLA Docket Clerk, 401 M Street, SW, Washington, DC 20460.

The NCP sets forth a five-step remedial respcnse ‘process:

. Site discovery or notification: Releases of
hazardous substances, pollutants, or contaminants
identified by federal, state, local government agencies,
or private parties are reported to the National Response
Center. Upon discovery, such potential sites are
screened to identify release situations warranting
further remedial response consideration. These sites
are entered into the Emergency and Remedial Response
Inventory System (ERRIS). This computerized system
serves as a data base of site information and tracks the
change in status of a site through the response process.

. Preliminary assessment and site inspection (PA/SI):
The preliminary assessment involves collection and
review of all available information and may include
off-site reconnaissance to evaluate the source and
nature of hazardous substances present and to identify
the responsible party(s). Depending on the results of
the preliminary assessment, a site may be referred for
further action. Site inspections routinely include the
collection of samples and are conducted to determine the

’J Part 300, Chapter 40 of the Code of Federal Regulations (40 CFR 300).

®) Reauthorization of CERCLA will result in revision of the NCP.

* % %  QOctober 1986 * * *
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determination of which federal environmental and public health requirements
are applicable or relevant and appropriate to the site is also made as a part
of the scoping effort.

Several activities supporting the remedial investigatjon may féquire
preparation of specific plans or implementation of specific procedures. These
include preparing a sampling plan; identifying data management procedures;
planning for worker health and safety needs; and identifying and reviewing
institutional issues arising from federal, state, and local regulationms,
policies, and guidelines.

Site characterization is the focal point of the remedial investigation and
involves collection and analysis of data needed for various types of
assessments in the feasibility study. Because site data and complexity vary,
a multilevel approach to data collection is recommended, including problem
identification and scoping, followed by problem quantification, followed if
necessary by further problem quantification and detailed investigation. The
focus, data needs, and data evaluations conducted at each level of the
investigation are described in the guidance document.

The Guidance for Feasibility Studies Under CERCLA is intended to provide a
detailed structure for identifying, evaluating, and selecting remedial action
alternatives under CERCLA. The feasibility study process begins with
development of specific alternatives, based on the general response actions
identified in the remedial investigation. Remedial technologies are screened
for their applicability to the site. Technologies considered appropriate are
then combined to form alternatives, which are screened on the basis of public
health and environmental concerns and order-of-magnitude costs.

Alternatives that pass the screening process undergo detailed analyses to
provide site decision-makers with information for selecting an alternative
that is cost-effective. The guidance document describes methods for
engineering, institutional, public health, environmental, and cost analyses.
The engineering analysis evaluates constructability and reliability to ensure
the technical feasibility of alternatives. The institutional analysis
examines alternatives in terms of the federal, state, or local requirements,
advisories, or guidance. The public health evaluation, for which this manual
provides more detailed guidance, assesses potential health risks if no action
is taken and for remedial alternatives that are developed. The environmental
analysis includes assessment of adverse environmental impacts if no action is
taken and the short- and long-term effects of the alternatives. The cost
analysis examines capital and operating costs of each alternative.

Once the detailed analyses are conducted, the information is organized to
compare findings of the evaluations for each alternative. The objective of
this summary is to ensure that important information is presented in a concise
format so that the decision-maker can choose the remedy that provides the best
balance of human health and environmental protection, engineering reliability,
and cost.

Although there are separate guidance documents, the remedial investigation
and the feasibility study are interdependent. The activities comprising the
remedial investigation and feasibility study are generally performed
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. alternatives that do not attain applicable or
relevant and appropriate Federal public health or
environmental requirements, but that will reduce the
likelihood of present or future threat from the
hazardous substances and that provide signifigant
protection to public health, welfare, and the:” &'
environment; and

. the no-action alternative.

The CERCLA compliance policy provides a list of requirements that are
potentially applicable or relevant and appropriate (i.e., must be used in the
development of alternatives) and other federal criteria, advisories,
guidances, and state standards that are to be considered and may be used if
pertinent. In cases where requirements are deemed applicable or relevant and
appropriate to remedial actions developed and considered during the
feasibility study process, they should be applied carefully in the public
health evaluation, with consideration given to the economic and technical
factors used to establish the requirement that may be significantly different
from circumstances at a specific Superfund site. For instance, drinking water
maximum contaminant levels (MCLs) are developed using certain economic
considerations that may not be appropriate to some Superfund sites. In
addition, various requirements may be applicable at different points in the
exposure pathway.

This manual provides guidance for incorporating applicable or relevant and
appropriate requirements into the public health evaluation process. Although
RCRA design and operating standards are clearly important requirements to
consider in remedial design at Superfund sites, they are not discussed at
length in this manual because they do not provide ambient concentration levels
for chemicals. This manual focuses on ambient chemical concentration
standards and criteria that can be used for comparison to baseline conditions
and to set quantitative pertormance goals. The Office of Emergency and
Remedial Response is also preparing further guidance for implementing the
compliance policy. That guidance, the Manual on CERCLA Compliance with Other
Environmental Statutes, will explain specifically how applicable or relevant
and appropriate requirements under other laws should be identified and used in
the design of remedial alternatives and will also include case studies to
illustrate different situations. The manual is currently in draft form. For
further information contact the U.S. EPA CERCLA Docket Clerk, 401 M Street,

SW, wWashington, DC 20460.

2.4 AGENCY POLICY FOR PLANNING AND IMPLEMENTING
OFF-SITE RESPONSE ACTIONS

In 1985 EPA adopted a policy for Superfund response actions involving
off-site storage, treatment, or disposal of CERCLA hazardous substances.'?!d

11 "procedures for Planning and Implementing Off-Site Response

Actions,”" Memorandum from Jack W. McGraw, Acting Assistant Administrator for
Solid Waste and Emergency Response to EPA Regional Administrators, May 6, 1985.

* % %  (October 1986 * * *
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the NCP. The MOU establishes policies for conducting response and non-response
health activities related to releases of hazardous substances. A copy of the
MOU is provided in Appendix E.!*“/

Under the current MOU, ATSDR's major responsibilities include assessment
of populations with current or potential exposure to waété»sgtes, development
of health advisories, and follow-up investigation of populations to evaluate
futurc health effects. As defined by the MOU, EPA's major health-related
responsibilities are risk assessment and risk management. Risk assessment is
defined as a qualitative/quantitative process conducted to characterize the
nature and magnitude of potential risks to public health from exposure to
hazardous substances, pollutants, or contaminants released from specific
Superfund sites. The framework for such EPA public health evaluations is
given in this procedures manual.

Where ATSDR is involved, EPA and ATSDR are to coordinate any
health-related activities during the remedial process. Health assessments,
health advisories, and other information developed by ATSDR should be
considered by the public health evaluation team at Superfund sites, and
appropriate data and conclusions should be incorporated into the public health
evaluation process and reports. Likewise, EPA public health evaluations
should be made available to ATSDR for consideration during their analyses. It
is EPA's responsibility to incorporate both the results of risk assessments
developed as part of the public health evaluation process and any ATSDR
analyses into risk management determinations of extent of remedy.

At sites where ATSDR is involved, its staff should be consulted for
assistance in interpretation of human health data, such as clinical or
epidemiologic survey information. The MOU clearly states that if human
subjects testing is necessary, ATSDR will be responsible for such testing and
will coordinate it with EPA.

Under reauthorization ATSDR will be required to conduct health assessments
for all sites on or proposed for addition to the NPL, according to a
statutorily mandated schedule. The purpose of these ATSDR health assessments
is to assist in determining whether actions should be taken to reduce human
exposure to hazardous substances and whether additional information (e.g.,
epidemiologic studies, disease registries, health surveillance programs) on
human exposure and associated health risk is needed. Although both EPA and
ATSDR are responsible for developing independent analyses related to public
health, EPA is solely responsible for making risk management decisions based
on these analyses. Currently, EPA aud ATSDR are working together to define
the roles and responsibilities of the two agencies under reauthorization and
the relationship between EPA public health evaluations and ATSDR health
assessments. 1ln addition, a procedures document to better integrate ATSDR
health assessments in the RI/FS process is being developed.

14J° Under reauthorization, ATSDR's health-related responsibilities will

be expanded significantly. As a result, a new agreement between EPA and ATSDR
will be developed.

* % *  October 1986 * * =*
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CHAPTER 3

STEP 1: SELECTION OF
INDICATOR CHEMICALS

—

7 oo

- r -~

.

The baseline public health evaluation process consists of five steps,
which are shown in the flowchart given earlier in Exhibit 1-1. These steps
are discussed individually in Chapters 3 through 7. As emphasized in Chapter
1, not all steps will be needed at all sites because of variability in site
conditions. :

Prior to initiating these five steps, available site data relevant to
detailed public health evaluation should be gathered, organized, and

reviewed. Among the types of information to be collected are-site background -

data, disposal history (and records, if available), types of remedial actions
being considered, on-site and off-site chemical analysis data, site
characterization data necessary for exposure assessment (e.g., topography,
hydrogeology), information on local human populations, and any human body
burden and health effects data (unlikely to be available at many sites). Data
sources will include preliminary assessments and reports, site inspection
reports, Field Investigation Team (FIT) reports, remedial investigation
scoping documentation, analytical data and reports available from ongoing site
characterization (RI) and alternatives screening (FS) activities, and ATSDR
health assessments.

The next task of the public health evaluation is to determine whether
indicator chemicals need to be selected for the site. The indicator chemical
selection procedure described here is designed to identify the "highest risk"
chemicals at a site so that the public health evaluation is focused on the
chemicals of greatest concern. In general, if less than 10 to 15 chemicals
are actually identified at a site, this indicator selection step is not
necessary. In such cases, proceed to Chapter 4 and evaluate all of the
chemicals at the site. This "shortcut" will be especially useful when only a
very few chemicals are present at a site and a simple quantitative analysis is
appropriate. However, remedial investigation sampling at hazardous waste
sites often demonstrates the presence of a large number of chemical
substances. In such instances, conducting a public health evaluation that
includes all the identified chemicals may be unnecessarily time-consuming. To
avoid unnecessary effort, the Superfund process is based on selected indicator
chemicals that pose the g_-eatest potential public health risk at a site. Such
indicator chemicals must be chosen carefully so that they represent the most
toxic, mobile, and persistent chemicals at the site, as well as those present
in the largest amounts (i.e., the "highest risk" chemicals).

Step 1 of the baseline analysis (i.e., analysis of a site under an
assumption of no remedial action) is selection, if necessary, of a subset of
the chemicals present at a site as indicator chemicals. An outline of this
step is presented in Exhibit 3-1, and procedures for the selection are given
in the remainder of this chapter. The toxicity data required to complete the
selection procedure for many commonly found chemicals are listed in Exhibits
C-3 and C-5 in Appendix C. Appendix D documents the methods used to derive
the toxicity data given in Exhibits C-3 and C-5.

* * % QOctober 1986 * * *
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EXHIBIT 3-1
OVERVIEW OF STEP 1: SELECTING INDICATOR CHEMICALS

e
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. Determine Representative Concentrations from Site Monitoring Data

Calculate Indicator Scores Based on Maximum and Representative
Concentrations and Route-Specific Toxicity Data

Select Indicator Chemicals Based on Indicator
Scores and Physical/Chemical Property Data
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Two important factors for ranking chemicals in the indicator chemical
selection process are their measured concentrations at the site and their
toxicity. Additional factors to be considered include physical and chemical
parameters related to environmental mobility and persistence. The  indicator
chemicals selected for the baseline public health evaldation by following the
procedures in this chapter will be reviewed later for applicability to the
remedial alternatives. Because of concerns related to treatability and
additional exposure pathways, more chemicals may need to be assessed in the
analysis of remedial alternatives (see Section 8.1).

It is emphasized that the indicator chemical selection process presented
here is not supposed to contravene professional judgment. If, after
completing the procedures given in this chapter, certain chemicals considered

them. Simply amend Worksheet 3-5 with an explanation of the reasoning and why
this process did not°identify them. It is not intended that the indicator
chemical selection process exclude any chemical that may cause significant
human or environmental harm. Rather, the intent of the process is to ensure
that all chemicals posing a significant risk to human health are addressed and
to focus the public health evaluation on the primary chemicals of concern.

3.1 DEVELOP INITIAL LIST OF INDICATOR CHEMICALS

The first task in the indicator chemical selection process is development
of an initial indicator chemical list, which is based principally on chemical
toxicity information, site concentration data, and environmental mobility as
reflected in Ko‘:”-I (the organic carbon partition coefficient) values. K__ is

considered to account for the possibility of substances leaching out of the
soil and being introduced into surface and ground water. The initial list
will eventually be pared down using additional factors to develop a final
indicator list. The indicator chemical selection process is designed for
sites with large numbers of chemicals where consideration of all physical,
chemical, and concentration information at one time is too cumbersome. If
only a moderate number of chemicals are present at a site, all toxicity,
chemical, and physical factors may be considered simultaneously.

Each chemical detected at the site above local background levels is
scored. If, based on recent monitoring data in the site vicinity, it is clear
that levels of certain chemicals do not exceed local background
concentrations, and there is no known source (e.g., intact drums, waste pile)
at the site, these chemicals may be excluded from the evaluation. However,
determining background may be difficult. 1If there is a question about what
background is or the relation of a chemical concentration to background,
report these doubts but do not exclude the chemical from the evaluation.

151 A chemical's K . is being used as an estimator of environmental

mobility. In general, chemicals with high values have correspondingly high
bioconcentration factors, whereas chemicals with low values will tend to be
leachable from soil and mobile in ground water. A more detailed discussion of

Koc is presented later in the text of this chapter.

wle  ole ol Nrt+trmrbhay 1QRA ot ofs o
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The following algorithm is used to score each chemical measured at the
site:

IS

(]
W
N
@)
[ ]
-3
p—
T

| i§=1 i3 i) S
where RS
ISi = indicator score for chemical i (unitless)

Cij = concentration of chemical i in medium j at the site based on

monitoring data (units must be mg/l in water, mg/kg in soil, or
mg/m® in air)

’I‘ij = a toxicity constant for chemical i in medium j (units are
the inverse of above concentration units).

Concentration values used in this equation for a given chemical should be
representative of all available site monitoring data that have been QA/QC
validated. Toxicity constants (T values) are derived for each environmental

" medium and two types of toxic effects (carcinogenicity and other chromic
effects). Exhibit 3-2 lists for each medium of concern the units of
concentration that should be used to express exposure levels, the exposure
route (e.g., ingestion or inhalation), and the corresponding toxicity
constants and their units. In all cases, toxicity constant units are the
inverse of their respective concentration units so that indicator scores
(C*T) will always be unitless. Essentially, the indicator score is a ratio
between measured concentration and a toxicity-based concentration benchmark
that is used to rank the site chemicals.

Toxicity constants fof noncarcinogens (Tn) are derived from the minimum
-effective decse (MED) for chronic.effects, a severity of effect factor, and
standard factors for body weight and oral or inhalation intake (e.g., 70 kg
body weight, 2 liters/day of drinking water, 20 cubic meters/day of air).
Toxicity constants for potential carcinogens (Tc) are based on the dose at
which a 10 percent incremental carcinogenic response is observed (EDlO) and

the same standard intake and body weight factors. The intake factor for soil
toxicity constants is based on an assumption of 100 milligrams of soil consumed
per day for 2- to 6-year-olds (EPA, 1984).

Toxicity constants, T, are medium-specific. The toxicity constant for use
. s . , W,
with drinking water concentrations is referred to as T, whereas one for
) . . . ) .y :_ S
concentrations in air is aT, and one for concentrations in soil is "T.

Values for toxicity constants (wT, aT, and ST) for a number of compounds

are given in Appendix C. Appendix D describes in detail the methods used for
‘calculating the toxicity constants in Appendix C. The data base for this
procedure is adopted from the supporting documentation for the Superfund
Reportable Quantities rulemaking. Its use for selection of indicator chemicals
at Superfund sites will be reconsidered if another more appropriate data base
becomes available for ranking the toxicity of a large number of chemicals.

Because of probable differences in dose-response mechanisms (non-threshold
vs. threshold), potential carcinogens (PCs) and noncarcinogens (NCs) are
scored and selected independently. Indicator scores for carcinogens and
noncarcinogens are not on comparable scales and should never be compared.
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EXHIBIT 3-2

OSWER Directive 9285.4-1

CONCENTRATION AND TOXICITY CONSTANT UNITS

Environmental

* Kk ok October 1986

Environmental Concentration Exposure Toxicity Toxicity
Medium ’ Units Route Constant Constant Units
: . . w -1
Water mg/l a/ ingestion T (mg/1)
Soil mg/kg b/ ingestion ST (mg/kg)-1
Air mg/m3 c/ inhalation aT (mg/m3)-1
a/ Milligrams per liter of drinking water.
b/ Milligrams per kilogram of soil.
¢/ Milligrams per cubic meter of air.
* % ok
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To begin the indicator selection process, use Worksheet 3-1 to list all
compounds found at the site. For each compound record its Chemical Abstract
Service (CAS) number and Koc value from Appendix C. Record the maximum and

minimum observed concentrations as well as a '"representative" concentration

for each compound. Determination of the representative concentration should
be based on an analysis of all the site monitoring data, with the goal being
to represent long range trends at potential human exposure points. It may be
appropriate to use a geometric or arithmetic mean of some or all of the samples
as the most representative concentration, or it may be more appropriate to
choose a concentration that reflects a time trend occurring at the site. Use
the monitoring data most relevant to a public health evaluation at the site.

For example, simply averaging upgradient and downgradient well results would
usually be inappropriate. To get a concentration that represents the concen-
tration of chemicals in a ground-water plume, the mean should generally be
calculated based on samples where the chemical has been detected, not including
samples below detection limits. Focus on data from locations nearest to expo-
sure points. Also, consider detection frequency in determining a representa-
~tive concentration, giving relatively less weight to chemicals detected
infrequently. Be sure to be consistent for all chemicals within each medium

so that the selection process is not biased (i.e., do not choose a geometric
mean concentration. for one chemical and an arithmetic mean for a second).

Indicate on the worksheet the basis for the representative concentration
chosen and note any assumptions or additional information required to use this
information. If there are concerns about use of these concentrations, note
them. For example, even if the concentrations adequately represent the
quantitative monitoring information. available, they may not seem to reflect
the reality of a 450,000-gallon lined lagoon whose liner may fail at any
time. Another concetrn related to representativeness of monitoring data is
detectability. 1If there is reason to believe that a chemical is present but
is not being detected by the sampling and analytical protocols used, be sure
to note this also. If a chemical is considered sufficiently important, it may
be chosen as an indicator chemical regardless of its concentration. Also note
any chemicals that were identified analytically but for which no quantitative
data are available. '

After completing Worksheet 3-1, refer to Appendix C to determine each
compound's toxicologic class (potential carcinogen (PC) and/or noncarcinogen
(NC)), severity rating value (noncarcinogens) or weight-of-evidence rating

(carcinogens), and appropriate toxicity constants (wT, ST, and aT).

Enter this information on Worksheet 3-2. If a chemical is designated as both
a PC and NC, complete the indicator scoring procedure for it in both
toxicologic classes. Generally, compounds not listed in Appendix C or with
insufficient data for indicator scoring should be classified as unknown under
toxicologic class.!'®! These substances should be listed in the final report

1¢) Users should be aware that a few chemicals (e.g., dichloromethane)
have the necessary toxicity values for risk characterization (Exhibits C-4 and
C-6) but not for indicator selection (Exhibits C-3 and C-5). This results
from the use of different toxicity data bases for deriving indicator selection
parameters and risk characterization parameters. Therefore, be sure not to
exclude chemicals simply because they lack the toxicity constants necessary
for indicator selection.
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to provide an indication of the uncertainty associated with omitted chemicals
and to assist headquarters personnel in identifying data gaps. If you have
reason to believe that these compounds may be significant at your site,
contact the Environmental Criteria and Assessment Office (ECAO), U.S. EPA, 26
W. St. Clair Street, Cincinnati, Ohio 45268, for guidance din estimating the
necessary toxicity constants. S

The next task is to calculate IS values for each chemical. List all
potential carcinogens on Worksheet 3-3 and all noncarcinogens on Worksheet
3-4, Calculate C times T (C*T) for each medium for each chemical, using
both the peak and the representative concentrations. To develop an indicator
score (IS), sum the C*T values across media. If a compound is present in
both ground and surface water use only the higher C*T value for these two
media (i.e., do not include both in the IS score). This approach for water
makes the -conservative assumptiorm that all drinking water is obtained from the
source giving the higher C*T value. Rank the compounds on these two
worksheets separately on the basis of the indicator scores.

Record on Worksheet 3-5, in rank order based on IS values, the top-scoring
10 to 15 compounds from both Worksheet 3-3 (potential carcinogenic effects)
and Worksheet 3-4 (noncarcinogenic effects). Compare the list of chemicals on
Worksheet 3-5 to the chemicals identified with either an H or an L on
Worksheet 3-1 (H indicates one of 10 chemicals with highest Koc values, L

indicates one of 10 with lowest). If an important exposure scenario at the
site involves consumption of contaminated fish and none of the 10 chemicals
designated with an H made it onto the initial list, consider placing one or
more of them onto that list. Also, if exposure via ground-water contamination
is a concern and none of the 10 chemicals designated with an L made it onto
the initial indicator list, consider enlarging the list to include one or more
of these chemicals.

The list of 20 to 30 compounds on Worksheet 3-5 is the initial list of
indicator chemicals from which the final set of indicators is selected for the
site. In most cases the initial list and final selection should be based on
representative concentrations, although indicator scores based on maximum or
peak concentrations may be used to modify the selection. There is no
predetermined number of indicator chemicals appropriate for all sites; between
5 and 10 chemicals would be a manageable number and may be sufficient for most
sites. However, if a very large number of chemicals has been detected at a
site, it. may be wise to select more indicators. The number and identity of
indicator chemicals selected is a site-specific decision that must be made and
documented for the site. Guidance for making the final selection is given in
the following section.

3.2 SELECT FINAL INDICATOR CHEMICALS

Final selection of indicator chemicals is not based on a numerical ranking
algorithm or set of precise decision rules. Instead, there are several
chemical-specific factors to consider, plus a few general selection rules.

The initial factor to consider is the relative indicator scores (IS) of the
chemicals. The IS, based in part on concentrations at the site, has already
been used to rank chemicals for the initial indicator chemical list (Worksheet
3-5). In general, higher ranking chemicals based on representative IS values

* * %  October 1986 * * ¥
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should be selected in preference to lower ranking chemicals within the same
toxicologic class (PC or NC). This rule can be modified, however, on the
basis of the additional selection factors discussed below. Consideration
should also be given to the quantity of chemicals found at the site. Some
pollutants may not appear in very high concentration buy may be distributed
throughout the entire site, adding up to a substantial total;duantity.

Because values of IS for PC and NC are not directly comparable, the IS
value is not relevant to a determination of the relative number of PC and NC
to select. In fact, this determination is subjective. Always include at
least some of both classes, and consider the relative number of PC and NC
present at the site (e.g., if 90 percent of the chemicals at a site are
noncarcinogens, probably more noncarcinogens than carcinogens should be
selected). In any case, include several top-ranked (by IS) PC and NC as
indicater—ehemicals unless there are extremely strong site-specific reasons
for doing otherwise.

Although IS is the initial selection factor, several additional factors
are also important. These factors include five important chemical properties
related to exposure potential: water solubility. vapor pressure, Henry's Law
constant, organic carbon partition coefficient (KOC), and persistence in

various media. High or low values of any of these factors for a chemical
found at a site may produce a high future exposure potential and may warrant
inclusion of a particular chemical in the list of indicator chemicals despite
a low IS score. Values for these factors are given in Appendix C for many
chemicals. Record appropriate values for the preliminary indicator chemicals
listed on Worksheet 3-5. For chemicals not listed in Appendix C, determine
values using sources listed in Appendix C or other standard references. Also,
estimation techniques are available for many physical/chemical parameters and
have been summarized in Lyman et al. (1982) and Mabey et al. (1982). Use of .
estimation techniques in the absence of experimental data is encouraged, as
long as the procedures are documented.

Clearly, other chemical properties could affect exposures and risks at a
specific site. However, to limit the amount of data to be collected and
considered, the irdicator selection procedure focuses on the five properties .
listed above. These properties are important, but not exclusive, determinants
of environmental transport and fate. Some of the properties have different
implications for different exposure pathways. As a result, consideration of
the potentially important exposure pathways at a site is important when
applying physical/chemical factors in the selection process. A brief
description of the relevance of each property to potential chemical release,
transport, and fate is given below. Additional discussion of these parameters
is available in numerous references, including Kenaga and Goring (1978), Lyman
et al. (1982), Nelson et al. (1983), and Maki et al. (1980).

Water solubility is the maximum concentration of a chemical that
dissolves in pure water at a specific temperature and pH. Solubility of an
inorganic species can vary widely, depending on temperature, pH, Eh (redox
potential), and the types and concentrations of complexing species present.
Solubilities range from less than 1 ppb to greater than 100,000 ppm, with most
common organics falling between 1 and 100,000 ppm (Lyman, 1982a). Water
-solubility is a critical property affecting environmental fate (Menzer and
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Nelson, 1980). Highly soluble chemicals can be rapidly leached from wastes
and contaminated soil and are generally mobile in ground water. Solubility is
one of the controlling factors affecting leachate strength and migration of
chemicals from waste sites (along with sorption potential, soil type, and
water infiltration). Soluble chemicals also tend to be more readily
biodegradable than those with low solubility (Lyman, 1982a). Water solubility
is especially important in the evaluation of aquatic expasure pathways.
Solubility affects "leachability" into both ground water and surface water,
and highly soluble compounds are usually less strongly adsorbed (thus more
mobile) in both ground and surface water. Solubility, along with several
other factors, also affects volatilization from water.-- in general, high
solubility is associated with lower volatilization rates (Menzer and Nelson,
1980).

Some chemicals may be measured at a site at concentrations higher than
their water solubilities. This situation can arise in the case of non-aqueous
phase liquids (i.e., liquids that are not dissolved in water and that form a
second liquid layver, often floating on top of an aqueous phase or perched on
top of an aquifer). In these cases almost pure contaminant may be found.
Also, contaminants may be dissolved in the non-ageous phase at concentrations
higher than their water solubilities. Chemicals detected at concentrations
higher than their water solubilities may warrant special consideration in
selection of indicator chemicals.

- Vapor pressure and Henry's Law constant are two measures of chemical
volatility and thus are important in evaluating air exposure pathways. Vapor
pressure is a relative measure of the volatility of a chemical in its pure
state (Jaber et al., 1984). Vapor pressures of liquids range from 0.001 to

760 torr (mm Hg), with solids ranging down to 10.7 (Grain, 1982). Vapor
pressure is an important determinant of the rate of vaporization from waste
sites, but other factors, including temperature and wind speed, degree of
adsorption, water solubility, and soil conditions, are also important. Vapor
pressure is most directly relevant to exposure pathways involving chemical
releases to air from spills or contaminated surface soils. Henry's Law
constant, which combines vapor pressure with solubility and molecular weight,
is more appropriate for estimating releases to air from contaminated water
(e.g., ponds, lagoons) and should be used to evaluate chemicals for which this
type of pathway is expected. At sites where air exposure pathways are not
important, these two factors should not be used in the selection of final
indicator chemicals.

The organic carbon partition coefficient (Koc) is a measure of

relative sorption potential for organics and is a significant environmental
fate determinant for all exposure pathways, especially aqueous pathways. The
Koc indicates the tendency of an organic chemical to be adsorbed, and it is

largely independent of soil properties (Lyman, 1982b). Koc is expressed as
the ratio of amount of chemical adsorbed per unit weight of organic carbon to

the chemical concentration in solution at equilibrium. Therefore:

Koc = mg adsorbed/kg organic carbon

mg dissolved/liter solution

* # % QOctober 1986 * * *
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The normal range of Koc values is from 1 to 107, with higher values

indicating greater sorption potential (Lyman, 1982b). Many other partition

coefficients exist (e.g., K_, K,, K ), but K was selected for this
om d ow oc

purpose because it is chemical-specific (essentially independent of soil
conditions) and for organics is directly related to soil ind}§ediment
sorption, both of which are significant chemical fate processes at many
Superfund sites. For inorganics, some other parameter such as the
distribution coefficient for a specific soil type (Kd) or the maximum

exchangeable mass may be a better measure of relative adsorption potential.

The significance and interpretation of Koc varies with different exposure
pathways. For ground water, low Koc values indicate faster leaching from the

I

waste source into an aquifer and relatively rapid transport through the aquifer
(i.e., limited retardation of the chemical). Koc is directly proportional to

the retardation factor, which is used in many ground-water transport models.
Therefore, among chemicals with similar IS values due to ground-water pathwayvs,
high mobility (low KOC) chemicals generally would be of more concern. If a

chemical with a low Koc is present at a high concentration in soil but is
not chosen because of a low IS value, consider adding it to the final
indicator list.

For surface water pathways, Koc also has several significant
implications. 4 high KoC indicates tight bonding of a chemical to soil,

which means that less of the chemical will be dissolved in site runoff, but
also implies that runoff of contaminated soil particles may occur over a

longer time period. At some Superfund sites, direct recharge of:-surface water .
by ground water is important; in these situations, because of ground-water
mobility considerations, chemicals with high Koc are of relatively lower

concern. Once a chemical gets into surface water, however, a high KoC may
be of, great concern because it indicates a tendency to bioaccumulate (Koc is

related to bioaccumulation potential). If aquatic food chain péthways are
possibly significant, this implication of KOC should be considered. The

Koc value also indicates the relative amount of sediment adsorption in

. surface waters.

An example of the consideration of Koc in indicator chemical selection

follows. For a site with: (1) potential ground-water exposure pathways, (2)
high soil concentrations of a chemical with low Koc’ and (3) low

concentrations of the same chemical in available ground-water monitoring data,
consideration should be given to selecting that chemical despite its probable
low indicator score. The combination of low Koc and high soil concentration

indicates that significant releases of the chemical to ground water are
possible in the future.
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The final chemical property to be considered in the indicator selection
process is persistence in various environmental media. This property is a
measure of how long a chemical will exist in a given medium, obviously a
critical factor in assessing exposure potential. Important removal processes
are phase transfer (e.g., water to air, soil to water), chemical ~
transformation (hydrOlYSlS, photolysis), and blologlcal :Iansformatlon
Available persistence data are given in Appendix C as ranges of overall
half-lives (i.e., due to all removal processes) in air, soil, ground water,
and surface water. If half-life values from other sources are used, be sure
to determine whether they represent overall disappearance rates or whether
they correspond to a specific removal mechanism.

Half-lives of chemicals vary from seconds to thousands of years. Small
half-lives generally indicate a lower level of concern, although degradation
products may have a higher toxicity or environmental mobility than the R
original chemical. 1In considering persistence as a secondary factor for
selecting indicator chemicals, you must consider the exposure pathways
contributing to the IS score (Worksheets 3-3 and 3-4). Do not use relative
persistence in one medium to approximate it in another because the important
removal processes may be very different.

One additional factor, to be considered for potential carcinogens only, is

the qualitative weight-of-evidence rating. This rating is an incication of the
quality and quantity of data underlying a chemical's designation as a potencial
human carcinogen. The categories of evidence for human carcinogenicity include
sufficient, limited, and inadequate. Chemicals on the preliminary indicators
list with sufficient evidence of human carcinogenicity (EPA Group A) and
chemicals with limited human evidence and sufficient animal evidence (EPA
Group Bl) should generally be selected as final indicators unless there are
convincing reascns to do otherwise. For chemicals with similar IS values,

ones with stronger weight-of-evidence should usually be selected.

Using the preceding discussion as guidance, make the finel selection of
indicator chemicals. Starting with the initial chemical list given in
Worksheet 3-3, consider IS scores and relevant additional factors in the final
selection process. Indicate on Worksheet 3-5 the final selections and the
rationale for each. If toxic organics and inorganics are both present at the
site, be sure to include at least one of each on the final list of indicator
chemicals.

* * 113 %

By following the procedures described in this chapter, a subset of the
chemicals present at the site has been selected to serve as indicator
chemicals. The procedure has been structured to favor the selection of those
chemicals that pose the greatest potential risks and therefore should serve as
indicator chemicals. There are many components of the selection procedure
that require individual judgment. Care must be taken to apply the general
principles set forth in each step in a consistent manner so that the £final
scores are comparable. The scores developed here are used only for relative
ranking and have no meaning outside the context of this procedure. They
should not be considered as a quantitative measure of a chemical's toxicity or
exposure. As a next step in the quantitative analysis process, exposure
pathways will be identified for these indicator chemlcals and exposure point
concentrations estimated.
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CHAPTER 4

STEP 2: ESTIMATION OF EXPOSURE POINT
CONCENTRATIONS OF INDICATOR CHEMICALS

This chapter describes methods for estimating baseline environmental
concentrations of indicator chemicals so that the extent and duration of human
exposure in the absence of any remedial action can be determined. During the
remedial investigation, it is essential to collect sufficient environmental
sampling data so that if contamination has reached a human exposure point,
some actual data may be used in the evaluation of potential effects. However,
at many Superfund sites, contamination has not yet reached the point of human
exposure. As a result, it is necessary to estimate how and when such exposure
will take place. Chemical fate and transport equations and models may be
useful for predicting exposures. Many models, ranging widely in
sophistication, data input requirements, cost, and reliability, are
available. Ultimately, the remedial project manager must decide what model to
use in exposure assessment. Consideration should be given to the complexity
of the site and the environment, the precision needed, and the time available
for analysis. The Superfund Exposure Assessment Manual, a companion to
this manual, describes the various models available and provides guidance in
selecting appropriate modeling techniques for each site. It should be
recognized, however, that the uncertainty associated with modeling results can
be significant.

At most sites, a combination of site monitoring data and environmental
modeling results will be required to estimate chemical concentrations at
exposure points.” Alone, both types of information have considerable
drawbacks. Taken together, site monitoring data and environmental modeling
offer the best approach to estimating exposure levels.

Site monitoring data have the advantage of being actual measurements of
chemical concentrations on and in the vicinity of the site. Within the
accuracy and precision of the sampling and analysis procedures, these
measurements are real chemical levels representative of the sampling time,
location, and medium.'’/ Consideration of site monitoring data alone,
however, has several disadvantages for public health evaluation, particularly
for assessment of long-term effects. Potential drawbacks include:

. Temporal representativeness -- Monitoring data may be
representative of current and/or past conditions, but do
not give a clear indication of future conditions. Often
at 3uperfund sites the sampling history is too short to
detect time trends, especially in ground water. Because
it is necessary to predict future exposures to quantify
long-term risks, especially if contaminants have yet to
reach any exposure points, monitoring data must be

'7J Site monitoring data should be QA/QC validated before use in the
risk assessment process.
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supplemented by some kind of environmental fate modeling
(or simple assumptions, such as that concentration will

. remain constant or continue to change at the observed
trend for the next 70 years). Over-reliance on
environmental monitoring data can lead to an
underemphasis on chemicals not yet released from a -
source and on slow-moving chemicals that haveé npt yet
reached monitoring points. Source monitoring data can
help identify these chemicals.

° Spatial representativeness -- Monitoring data are
representative of their sampling locations, which may or
may not be relevant to a risk assessment. In the past,
monitoring at Superfund sites was often conducted
on-site at or near a contaminant source. Because
chemical concentrations are spatially variable, and
available data may not cover off-site human exposure
points, monitoring data usually must be supplemented by
modeling to allow an adequate assessment of public
health effects.

The extreme time and space variability of environmental concentration data
at Superfund sites and the need for projections of future health risks, often
at off-site exposure points, necessitate the use of chemical fate modeling
along with site monitoring data. Monitoring usually represents a time
"window' that is too small and a spatial distribution that is too limited to
fully represent site conditions. However, at all sites the available
monitoring data must be reviewed thoroughly and used to the extent possible.
For example, monitoring data should always be used to assist in selection,
calibration, and verification of chemical fate models and to help in the
estimation of source terms (i.e., release rates) for these models.

Environmental fate modeling at Superfund sites also has significant
disadvantages. However, models can project chemical concentrations over space
and time and thus overcome the major drawback to site monitoring data. With
all fate models, especially ones dealing with long-term subsurface transport,
there is considerable uncertainty. Ground-water models have not been
validated over the long time periods of concern, and many subsurface
environments (e.g., anisotropic, heterogeneous) are not well suited to
available models. More sophisticated computer models are expensive to use,
often require extensive data inputs, and still may not be very accurate
because of limitations in the characterization of the source term or other
input data. Thus, simple environmental fate models using conservative (i.e.,
reasonable worst case) assumptions are usually most appropriate for Superfund
sites.

In the event that data from human monitoring in the site vicinity (e.g.,
blood or tissue analyses, genetic testing data) are available or such
monitoring is planned, the Agency for Toxic Substances and Disease Registry
(ATSDR) should be consulted. ATSDR should take the lead in conducting any
human monitoring and in assessing the current health status of people near the
site based on human monitoring data.

* % %  QOctober 1986 * * *
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At some Superfund sites, background chemical contamination is
significant and should be accounted for in the public health evaluation.
Background is defined here as chemical contamination due to a source other
than the site under evaluation. Background can be either "natural,"” as in the
case of certain inorganics such as arsenic, or from various anthropogenic
sources (e.g., industrial point sources, other uncontrdlled waste sites,
agricultural pesticide applications). Try to define local Background
conditions for chemicals of concern based on recent monitoring data, such as
RI site characterization results, at locations clearly unaffected by the site
(e.g., upgradient, upwind). Three or four upgradient samples taken on one day
are insufficient to establish background. However, if background conditions
can be assessed with confidence based on available monitoring data, this
information should be incorporated into the evaluation. Information resources
such as the U.S. Geological Survey, the Soil Conservation Service, the Army
Corps of Engineers, and state land use agencies may be helpful in determining
background concentrations.

The recommended option for including background is to estimate all
¢hemical concentrations, intakes, and risks for two scenarios: (1) actual
conditions at the site, reflecting both background and site-specific
contamination, and (2) background alone, as if the site did not exist. The
first scenario allows an estimate of overall health risk at exposure points
affected by the site, without attribution of the source of the risk. The
second scenario indicates the probable risk due to sources other than the
site, and comparison of the two scenarios gives information on the relative
importance of the site to overall risk. For example, if background arsenic
was 5 ppm in drinking water and projected exposure from all sources was 15
ppm, both values could be carried through the entire process, completing
parallel worksheets for background and overall risk scenarios.

The methods for estimating environmental concentrations described in this
chapter and the Superfund Exposure Assessment Manual should be applied to the
selected indicator chemicals. Exhibit 4-1 diagrams the activities involved in
estimating exposure point concentrations. The first task is a detailed
exposure pathway analysis, which is described in Section 4.1. The second
task, estimation of short-term and long-term concentrations for each indicator
chemical at each human exposure point, is discussed in Section &4.2. These
concentrations will generally be derived from a combination of site monitoring
and modeling information. Short-term concentrations (STC) are averaged over a
relatively short time period (10 toc 90 days) and are used to evaluate
potential effects of subchronic exposure; long-term concentrations (LTC) are
averaged over longer time periods, up to a human lifetime (70 years), and are
used in the assessment of effects of chronic exposure.

For assessment of potential carcinogenic risk, the LTC should usually be
averaged over a lifetime. However, for assessment of other chronic health
risks, the LTC should not necessarily be averaged over a 70-year period and
for some chemicals it would clearly be incorrect to do so. The recommended
approach is to average LTCs over the time period of highest exposure for
assessment of noncarcinogenic effects and not to substantially reduce an LTC
value by averaging over a full lifetime. However, if significant
noncarcinogenic risk is projected using this approach, it may be necessary to
refer to the specific toxicologic studies on which the toxicity values (i.e.,
reference dose) are based to determine the most appropriate averaging period.

b
b
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EXHIBIT 4-1
OVERVIEW OF STEP 2: ESTIMATING EXPOSURE POINT CONCENTRATIONS

—

— me————

—— —— —————————————————
— — — ———— —————— — S ———

Estimate Exposure Point Concentrations of Indicator Chemicals
Using Environmental Monitoring and Appropriate Models

Compare Projected Concentrations to Applicable
or Relevant and Appropriate Requirements
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For example, volatilization from a site may be rapid for a few months and
then decrease substantially. The peak STC would be obtained by averaging
concentrations over the 10- to 90-day period of greatest volatilization. The
LTC for assessing cancer risk would be averaged over the entire 70=year
period, beginning with the date of the site assessment.” The LTC will always
be less than or equal to the peak STC. g

-

The concentrations derived in Step 2 of the public health evaluation
process will be the inputs to Step 3 -- estimation of chemical intakes. The
exposure point concentrations will also be compared to applicable or relevant
and appropriate ambient concentration requirements, a task described in
Section 4.3.

Worksheets are provided as a means for organizing and documenting the data
collected for estimating exposure point concentrations. Filling in these
worksheets will not be sufficient to complete the quantitative analyses
required. Rather, they serve to direct and focus the analysis so that the
results can be used directly in later steps of the public health evaluation.
All procedures, assumptions, and calculations used to develop concentration
estimates must be clearly documented in a2 format that will facilitate review.

4.1 IDENTIFY EXPOSURE PATHWAYS

This section describes an approach for identifying potential human
exposure pathways at a Superfund site. An exposure pathway consists of four
necessary elements: (1) a source and mechanism of chemicdl release to the
environment, (2) an environmental transport medium (e.g., air, ground water)
for the released chemical, (3) a point of potential human contact with the.
contaminated medium (referred to as the exposure point), and (4) a human
exposure route (e.g., drinking water ingestion) at the contact point. Exhibit
4-2 illustrates the elements of an exposure pathway. Each pathway therefore
describes a unique mechanism by which a population or an individual is exposed
to contaminants originating from a site. The overall risks posed by a site
are a composite of the set of individual pathway risks. Risks for individual
pathways, however, may not be additive because they may represent risks to
different populations.

The Superfund risk assessment process is based on concern for both
individual risk and risk to exposed populations. One exposure point that
should be evaluated for a pathway is the geographic point of highest individual
exposure for a given release source/transport medium combination (i.e., the
geographic location where human inhabitants are exposed to the highest
predicted chemical concentrations). Exposure points with lower predicted
chemical concentrations and large potentially exposed populations should also
be evaluated. For example, a potentially vulnerable public water supply
serving a large population should be included in the evaluation even if higher
exposures are projected at a few private wells closer to the site.

To identify possible exposure pathways, human activity patterns near the
site should be defined and combined with chemical release source and transport
media information. This task is accomplished using a qualitative, yet
systematic procedure that relies on professional judgment and experience.
Because chemical release and transport are more rigorously analyzed in the
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next phase of the exposure assessment (Section 4.2), the initial list of
exposure pathways can be modified as the analysis proceeds. If there are
questions or uncertainties about a possible exposure pathway, it should not be
eliminated from the analysis until the next phase is completed.

The analysis described here is a first-cut organization 6f the relevant
site information so that major exposure pathways can be def@ﬁed. It is not
intended as a time-consuming task in the overall public health evaluation
process. Iterations of this procedure following the results of additional
site sampling and/or modeling will confirm the important exposure pathways. A

four-step framework for the exposure pathway analysis is described below.
4.1.1 Determine Possible Chemical Release Sources and Release Media

To determine possible release sources for a site in the absence of
remedial action, use all available site descriptions and data from preliminary
assessment, site inspection, and remedial investigation. Also obtain and use
any appropriate information being developed as part of the feasibility study.
Monitoring data showing off-site contamination in excess of background levels
are especially valuable because they demonstrate chemical release and
transport from the site. Exhibit 4-3 lists some typical release sources at
Superfund remedial sites, organized by release medium. In many cases the
release, transport, and exposure media will be the same (i.e., release to air
will result in transport and exposure via air). However, intermedia transfers
can occur and may be critical at some sites (e.g., fish ingestion exposures,
which result from-releases to surface water).

Use Worksheet 4-1 to summarize the results of the initial release source
analysis. Supplement Worksheet 4-1 with a site map that indicates locations
of the release sources. At this point, combinations of release
source/transport medium for a site (i.e., the first two components of exposure
pathways) have been identified and the exposure points for each must now be
determined.

4.1.2 ldentify and Characterize Possible Human Exposure Points

First, identify for each combination of release source and transport medium
(Worksheet 4-1) the location of highest individual exposure to the general
public (defined here as the "significant" exposure point). Next, determine
the number of people potentially affected at each of the significant exposure
points and record the basis for the estimate. Both short-term and long-term
exposures must be considered. In addition, include any locations with the
potential for exposure of large numbers of people (e.g., public drinking water
supplies, shopping centers, industrial parks) or sensitive populations that
may be at special risk (e.g., schools, hospitals). Some of these locations
should be included as supplementary exposure points in the exposure and risk
analysis to follow. In addition to identifying locations of exposure points,
determine the probable routes of exposure at each. Guidance for identifying
significant exposure points is given below for each transport medium.

Consider including the site itself as an exposure point, basec on a reason-

able future use scenario. Clearly, this consideration would be inappropriate
at sites where future development is improbable, but some sites may have
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EXHIBIT 4-3

COMMON CHEMICAL RELEASE SOURCES AT
SITES IN THE ABSENCE OF REMEDIAL ACTION

AL

Release Release
Medium Mechanism Release Source
Air Volatilization Surface wastes =-- lagoons, ponds,

pits, spills - - -
Contaminated surface soil
o Contaminated wetlands

Leaking drums

Fugitive dust Contaminated surface soil
generation Waste piles
Surface water Surface runoff Contaminated surface soil
Episodic overland Lagoon overiiow
flows Spills, leaking containers

Ground-water seepage Contaminated ground water

Ground water Site leaching Surface or buried wastes
Contaminated soil

Soil Site leaching Surface or buried wastes
Surface runoff Contaminated surface soil
Episodic overland Lagoon overflow
flows Spills
Fugitive dust Contaminated surface soil
generation/ Waste piles
deposition
Tracking Contaminated surface soil
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Name of Site:
Date:

Analvst:

QC: .

WORKSHEET 4-1

PRELIMINARY RELEASE SOURCE ANALYSIS
FOR BASELINE SITE CONDITIONS

Release
Release Potential Release Release Probability/
Medium Release Source Mechanism Time Frame Amount
Air Contaminated Volatilization C 100% probabilitv;

surface soil amounts mav be high
Surface On-site lagoon Overflow E Low probabilitv;
water relatively high
amounts

Ground
water

Soil

INSTRUCTIONS
1. For each medium, list potential release sources and mechanisms.

Estimate release time frame: chronic (C) or episodic (E).

N

3. Record any information, qualitative or quantitative, on release
' probabilities and amounts. If quantitative data from observations made
during the remedial investigation on frequency, duration, probability, and
quantity of releases are available, report those values here.

4. Attach a site map indicating locations of release sources.

ASSUMPTIONS

List all major assumptions in developing the data for this worksheet:
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A
future human contact uses. Consult with local planning and zoning officials

to determine a reasonable future use scenario. If the scenario incliludes human
contact, include these on-site exposure pathways in the analysis.

Air Exposure. For air exposures, the individuals gxposed to Bighest
concentrations will generally be the people located downwind of and nearest to
the source. This may not always be true; for example, the point of highest
ambient ground-level concentration may be some distance from the source if the
source is elevated. In these cases, the appropriate exposure point must be
determined later, in conjunction with sampling or air modeling efforts (as
described in Section 4.2). At the majority of Superfund sites, however, it
can probably be assumed that the nearest population is the pertinent exposure
point. Once the release sources into air are determined in the first task, it
is relatively straightforward to locate the closest population. These
populations can be located in residential,-dindustrial, or commercial areas or
at other points of human activity. Potential sources of this information
include:

¢ site vicinity surveys;

. topographic maps;

. aerial photos of the site;

. county or city land-use maps; and
N census data.

On a map, indicate precisely for each air release source the direction and
distance to the significant exposure point.

The point of highest short-term individual exposure by air may well be
different from the point of highest long-term exposure. The highest short-
term exposure point will generally be the closest population in any direction
from the site, whereas the highest long-term exposure point will, in most
cases, be downwind. Therefore, select the exposure point for determining
long-term concentration within the downwind 90° arc from the emission source
(43° on each side of the average downwind centerline as determined from
historical wind data for locations near the site), unless it can be
demonstrated that long-term concentrations will be higher elsewhere.
Historical wind data are usually available for airports and some other
locations through the National Oceanic and Atmospheric Administration (NOAA).

Surface Water Exposure. The significant exposure points for surface
water pathways depend on downstream uses of the water. Both withdrawal points
ar.d areas of in-stream use must be considered. Withdrawal uses to be
considered include domestic water supply (drinking, cooking, bathing),
agricultural use (livestock watering, irrigation), and industrial use.
Relevant in-stream uses include swimming and other water contact sports and
private and commercial fishing (resulting in ingestion of contaminated fish).
Sources for identifving withdrawal points and uses include:

o site vicinity surveys;

. state water agency records;

. local water utility records;

. withdrawal permits; and

. EPA Office of Drinking Water data bases (Federal Reporting Data
System, or FRDS).



" OSWER Directive 9285.4-1

Locate on a map the exact points of withdrawal in relation to the source from
topographic maps. Indicate points of in-stream use from site vicinity surveys
and possibly from local or state planning and recreation agencies.

At some sites, an important potential route of exposure via surface water
is through the ingestion of contaminated fish or shellfish- +Fish living in
contaminated water concentrate contaminants from the water in their tissue.
Due to the solubility of some contaminants in fats, many chemicals are
bioconcentrated and appear in the tissue at concentrations higher than in the
surrounding water. Consumption of fish from surface water near sites should
be considered as a possible exposure route.

Ground-Water Exposure. Determining points of highest exposure to
ground-water contaminants will often be difficult unless subsurface flow
modeling is done. In general, nearby wells will have higher concentrations
than distant wells, and wells in the direction of ground-water flow (often
approximated by surface slope) will be higher. If comprehensive ground-water
modeling is planned, do not determine the significant exposure point until it
is completed. Determine instead the locations, depths, pumping rates, and
uses of all wells in the immediate site vicinity and in the likely direction
of flow. Specify the ground-water formations from which various wells are
pumping, and determine the general extent of hydraulic connection among the
multiple formations. Identify well information through state or local agency
well logs or site vicinity surveys. This information can then be used in
conjunction with monitoring and/or modeling results developed to determine the
significant exposure points.

If subsurface modeling is not planned, determine the likely flow direction
from geohydrologic data and assume that the closest domestic well in that
direction is the highest individual-exposure point. Locations and depths of
public water supply wells should also be determined. In addition to domestic
wells, locations of agricultural and industrial wells and any other relevant
ground-water uses must be determined.

Hydraulic connections between ground water and the surface water exposure
points identified above should also be determined.

Soil Exposure. Areas of highest direct exposure to contaminated surface
soil will generally be on or directly adjacent to the waste site. If access
to the site is not restricted or otherwise limited (e.g., by distance), the
site itself usually can be assumed to be the point of highest individual
exposure to surface soil. If site access is limited, the significant exposure
point for soil often will be the nearest residence or other human use area
(e.g., playground). 1If there is no evidence of surface soil contamination in
the site vicinity, there may be no important direct exposure pathways
resulting from soil contamination. A possible indirect -route of exposure from
soil contamination to be considered is chemical uptake by plants, with
subsequent ingestion by humans.

Typical exposure points for the four environmental exposure media are
summarized in Exhibit 4-4. This exhibit can be used as guidance for
determining exposure points, but this determination is a site-by-site analysis
and the possibility of other exposure points must be considered for each site.
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EXHIBIT 4-4

TYPICAL EXPOSURE POINTS FOR CHEMICAL
RELEASES FROM HAZARDOUS WASTE SITES -
[

.

<

Transport,/Exposure Typical Major

Medium

Exposure Point

Exposure Route

Alr—

Surface water

Ground water

Soil

" T "Nearest residence to

source
Nearest population magnet
(e.g., shopping center,
school, industrial park)
Other residence/population
at point of highest
concentration

Withdrawal point fcr

" ‘potable use

Withdrawal point for
agricultural use

withdrawal point for other
uses (e.g., industrial)

Nearest point for
swimming/contact sSports

Nearest point for fishing

Nearest potable well
(private or public)
Nearest agricultural well

Nearest well for other
uses (e.g., industrial)

On-site

Immediately adjacent to
site (if site is
restricted)

Nearest cropland

Inhalation

Inhalation

Inhalation

Ingestion, dermal,
inhalation

Inhalation, inges-
tion (food),
dermal

Inhalation, dermal

Ingestion, dermal

Ingestion (food)

Ingestion, dermal,
inhalation

Inhalation, inges-
Tion (food),
dermal

Inhalation, dermal

Dermal, ingestion
Dermal, ingestion

Ingestion (food)
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4.1.3 Integrate Release Sources, Environmental Transport Media,
Exposure Points, and Exposure Routes into Exposure Pathways

Assemble the information developed in the previous two steps and determine
the complete exposure pathways that exist for the sitefl;ﬁsg‘Morksheet 4-2 to
record the exposure pathway information. A complete exposure pathway is one
that has all the necessary components: a source and mechanism of chemical
release, an environmental transport medium, a potential human exposure point,
and a likely route of exposure. For example, if a release to ground water is
projected but there is no ground-water use (or projected use) from the
affected aquifer, then the exposure pathway is incomplete. The exposure
points for the complete exposure pathwavs define the spatial locations at
which chemical concentrations must be projected. The health risk estimates
developed later in this process are based on exposures at these locations.
The total number of people that may be exposed does not enter into the public
health evaluation quantitatively; however, it may be important on a
qualitative basis. .

In some cases, exposures via identified pathwavs may be non-quantifiable.
There are a number of possible reasons for this, including the absence of data
on which to base estimates of chemical releases, environmental concentrations,
or human intakes. If an exposure pathway is determined to be non-quantifiable
during the exposure assessment procedure to follow, continue to include it as
a potential pathway on all subsequent worksheets, designating it as
non-quantified. This information can be taken into account in assessments of
the uncertainty of the results.

4.1.4 Determine Presence of .Sensitive Human Populations

Review the informdtion on the site area and determine if any population
groups with high sensitivity to chemical exposure are present. Sensitive
subpopulations that may be at higher risk include infants and children,
elderly people, pregnant women, and people with chronic illnesses. Sites may
be located in areas without readily identifiable sensitive subpopulations, but
if such subpopulations are present, the number of people involved and their
location should be determined.

To identify sensitive subpopulations in the site area, determine locations
of schools, day care centers, hospitals, nursing homes, and retirement
communities that are within three miles of the site or that use drinking water
potentially affected by the site. Use local census data and information from
local public health officials for this determination. Record this information
on Worksheet 6-2 (see Chapter 6).

4.2 ESTIMATE EXPOSURE POINT CONCENTRATIONS

To the extent available, measured chemical concentration data should be
reviewed for each chemical, exposure medium, and exposure point. Such
monitoring data can be used to estimate peak short-term concentrations at
exposure points. However, in addition to short-term indications of
concentration, long-term concentrations (averaged over periods up to a human
lifetime, 70 years) need to be estimated. Long-term concentrations are more
difficult to estimate and usually require environmental fate modeling (see

t
*
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Sections 4.2.1 and 4.2.2). The short-term and long-term concentration
estimates will be used in the next phase of the public health evaluation --
calculating human intake. By understanding the potential long-term exposures
from a site, one will better understand the consequences of not taking any
action. Short-term concentrations will be important ifi phe evaluation of
chemicals to which even short-term exposure is a concern?anglwhich can be
contained by certain management practices. Note that the only chemicals being
evaluated here are those that have been selected as indicator chemicals.

Relevant monitoring results from points of human exposure should be
recorded on Worksheet 4-4 (near the end of Chapter 4) to provide short-term
concentration values. Because several samples are generally taken, some
measure of the variability of the estimate (confidence interval, range) should
be recorded. Long-term concentrations on which to base lifetime exposures may
be estimated on the basis of both monitoring data and the chemical release and
fate models described in the Superfund Exposure Assessment anual.

After potential exposure pathways are determined, environmental
concentrations for each indicator chemical must be estimated at each of the
significant and supplementary exposure point locations identified in Worksheet

"4-2. Concentrations of substances need to be estimated as a function of time
(i.e., short-term and long-term) in each environmental medium -- air, surface
water, ground water, or soil -- through which potential exposures could
occur. For example, if in completing Worksheet 4-2, it is determined that
potential exposure routes for a nearby residential area are inhalation of
contaminated air and ingestion of contaminated ground water, chemical
concentrations over time must be predicted for both air and ground water at
this location.

Estimating environmental concentrations at an exposure point is
essentially a two-step process. First, quantify the amounts of chemicals that
will be released to the environment by the various sources identified in the
exposure pathway analysis. Given these release quantities, then predict the
environmental transport and fate of each indicator substance in the identified
medium of the exposure pathway. An example would be the movement of a
contaminant released to ground water from contaminated soil and then
transported to a drinking water well.

Numerous analytical techniques are available to perform the calculations
required in these two steps. These techniques are described in detail in the
Superfund Exposure Assessment Manual. The techniques vary in sophistication
from simple, desk-top methods that provide rapid, order-of-magnitude
projections, to more rigorous approaches involving computer modeling that may
give more accurate results, but require more time and resources to undertake.
All techniques require certain chemical- and site-specific data, although the
data requirements vary with the degree of sophistication of the method used.
Regardless of the technique used, it is likely that numerous assumptions will
be required because of gaps in available data. The appropriate level of
sophistication will be influenced by data availability, and by the demands and
bounds of the remedial investigation/feasibility study effort at a specific
site. Relatively simple chemical release and transport models are usually
appropriate for Superfund public health evaluation exposure assessments.

sk
o
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There are two recommended approaches for addressing the unavoidable
estimation uncertainties likely to be encountered in the exposure assessment.
One is to use a conservative (not necessarily "worst-case") approach in making
the assumptions necessary for a particular estimation method. The-consequence
of making conservative assumptions is that risks may be’ sdbsrantially
overstated but will not be understated in the final analysist All assumptions
and the basis for each should be recorded.

A second, and generally preferred, approach is to calculate and present
both best estimates and conservative upper bound estimates for all exposure
point chemical concentrations. If this approach is followed and both sets
of concentration estimates are carried through the entire public healcth
evaluation (ultimately resulting in two sets of risk estimates), the results
will provide not only an estimate of the risk magnitude but also a good

“indication of the overall uncertainty of the analysis. Of course, this
approach requires more calculation effort, but it is a straightforward way to
account for analytical and data uncertainties. This approach, which yields an
upper bound and best estimate of each risk projection, emphasizes the
uncertainty involved by displaving it quantitatively. A large disparic:
between the upper bound and best estimates of risk would indicate relatively
high uncertainty, and vice-versa. This approach requires that two sets of
most subsequent wcrksheets be completed, one for the best estimate and one for
the upper bound.

A third possible approach, generally beyond the scope of the Superfund
public health evaluation process, is to model the important variables
determining chemical concentration and risk stochastically. This allows
estimation of a risk distribution, from which median and 90th percentile (or
other upper bound) values can be determined. This approach is more complex
and time-consuming than a deterministic approach, and it still only acgounts
for uncertainty due to the variables modeled stochastically. It does not
address other sources of uncertainty, such as applicability of the release or
transport models to the real site situation.

The following subsections explain how chemical release and transport
models should be used and the types of outputs that are needed to continue the
risk assessments process. Detailed guidance on chemical release, transport,
and fate assessment at Superfund sites is contained in the Superfund Exposure
Assessment Manual, which accompanies this manual. 1In addition, a set of
background documents for EPA's proposed guidelines for exposure assessment
(EPA, 1984b) is being prepared and will be a convenient source of this
information when released.

4.2.1 Quantify Chemical Releases

Chemical releases are quantified in terms of release rates. These rates
are then used along with other factors to predict environmental fate and
transport. Various methods are available for estimating release rates. They
are fairly straightforward and can be verified with the use of site sampling
data. Evidence of chemical release into an environmental medium such as ground
water, air or surface water must have been observed to warrant a gquantitative
analysis. When release rates calculated from a model result in concentrations
that do rnot make sense in light of the site sampling data, reexamine the
selection of the model or the reliability of the sampling results.
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To quantify releases, consider separately each release medium and the
associated sources and mechanisms of release that have been identified in the
exposure pathway analysis (Section 4.1) for a specific chemical. Calculate
the mass loading of the chemical contaminant from each release source to the
environmental medium. In some cases, it will be sufficient to calculate a
constant, or steady-state loading rate, based on the assu@ption that
insignificant reductions in contaminants occur at the source“during the
evaluation time period. In other instances, reductions in release rates over
time may need to be accounted. Ultimately, professional judgment must be used
to decide which course to take for each specific release source.

Brief descriptions of methods available to calculate releases are
presented below for each of the four primary environmental media of interest
-- air, surface water, ground water, and soil. References are also made to
more detailed descriptions of the methods contained in other documents. A
substantial amount of data is required to complete the analyses described. -
Recognizing-that all of the necessary data will rarely be available, the
analyses can be conducted with proper application of professional judgment in
making assumptions. Again, all assumptions and their basises should be
recorded.

Air Release Modeling. Releases of hazardous constituents to air from a
remedial action site generally occur as a result of volatilization or fugitive
dust generation. The calculation of the site volatilization rate depends on
the situation in which the waste constituent exists in the environment. The
rate differs according to whether the wastes are covered with soil, are
concentrated on the surface, or are dissolved in water. Volatilization rate
is determined primarily by the chemical properties of a given substance, the
concentration of that substance, and environmental conditions such as wind
speed and temperature.

There are a number of mathematical models available that describe
volatilization rates for various types of physical situations. For a review
and discussion of mathematical models describing volatile releases from
hazardous waste sites and the selection of appropriate k-values, refer to the

Superfund Exposure Assessment Manual.

Contaminated fugitive dusts from a waste site can result from many
activities, including:

. wind erosion of wastes and soils
' vehicular traffic movement over contaminated roads
. heavy equipment activity at the site.

One or any combination of these activities can create emissions of toxic
materials associated with the fugitive dust. In addition to the Superfund
Exposure Assessment Manual, a manual recently prepared for EPA's Exposure
Assessment Group, "Rapid Assessment of Exposure to Particulate Emissions from
Surface Contamination Sites" (Cowherd et al., 1984) is a valuable reference
for fugitive dust calculations.

Surface Water Release Modeling. Releases of hazardous constituents to
surface water can occur due to the point discharge of treated runoff,
leachate, or ground water (this mechanism is not usually relevant to

* % % October 1986 * * *
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assessment of the no-action alternative); contaminated surrface runoff;
recharge by contaminated ground water; or episodic overland flow from leaks,
spills, or lagoon or pond overtopping. Refer to the Superfund Exposure
Assessment Manual for additional guidance.

Ground-Water Release Modeling. Calculating releases to ground water
involves the estimation of leachate migration from the s&tgﬁ For an
uncontrolled site, one approach is to use site sampling data to determine the
extent of soil contamination directly beneath the source of chemical release
at the site, and convert these to release rates of constituents. For detailed
guidance, refer to the Superfund Exposure Assessment Manual.

Soil Releases. Surface soils may become contaminated with toxic
materials as a result of intentional placement of the wastes on the ground, or
from spills, lagoons or pond failures, contaminated site runoff, or downwind
"deposition of contaminated airborne particulates. The substances of concern
are generally those that adsorb to or are otherwise associated with the soil
particles. Determine the extent of contamination of soils using the results
of the sampling and analysis conducted during the remedial investigation
"phase. Monitoring is really the only practical method to provide direct
quantification of soil contamination. The Superfund ZIxposure Assessment
Manual gives more detailed guidance on estimating soil releases.

Worksheet 4-3 is provided as a convenient mechanism for compiling the
results of the quantification of contaminant releases calculated for each
exposure point. List the results of release calculations in the appropriate
columns of the worksheet and attach all documentation for the release
calculations.

4.2.2 Predict Environmental Fate and Transport

In the second step of the process for estimating environmental
concentrations, use the estimates of mass loadings of chemicals released to
predict the environmental fate and transport of chemicals from the release
source to identified exposure points. For each chemical and each exposure
pathway, the outcome of this exercise will be short-term and long-term
environmental concentrations at the significant exposure point. To arrive at
these concentrations, the entire concentration profile of a substance over
time at the exposure point may have to be modeled; appropriate short-term and
long-term values can then be determined from the profile.

To account for the behavior of all released chemicals, it is necessary to
consider systematically the extent of chemical fate and transport in each
environmental medium. In this way, the remedial project manager can consider
the predominant mechanisms of chemical transport, transfer, and
transformation, and disregard less significant processes. In the following
sections, brief descriptions of the mechanisms for each of the major
environmental release media are presented. More detailed descriptions of
available techniques and computer models and their limitations are given in
the Superfund Exposure Assessment Manual.

Air Transport Modeling. The predominant mechanisms that affect the
atmospheric fate and transport of substances released to the air are
advection, dispersion and, in some cases, natural decay. Ambient

+
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concentrations of a chemical at a specified downwind distance from the site
can be determined as a direct function of chemical release rate when these key
processes are considered. Refer to the Superfund Exposure Assessment Manual
for guidance on appropriate modeling techniques.

) -

At some sites, relatively precise estimates of cheﬁiéhl;fate and transport
in air may be required. Sophisticated computer models are available for
predicting the behavior of chemicals released to the atmosphere. The models
have varying capabilities, data requirements, computer resource requirements
and sophistication of output. The Superfund Exposure Assessment Manual lists
some computer models that are applicable to the analyvsis of remedial action
sites. LExercise care in selecting the model most appropriate to the specific
site and the hazardous substance characteristics. The reasons for selecting a
particular model should be documented. Generally, for risk assessments in the
feasibility study, the simplest model that reasonably represents the system
should be used.

Surface water Transport Modelingz. The environmental fate of hazardous

"materials entering surface water bodies is highly dependent on the type of

water body and the specific chemicals involved. Relatively simpie,
straightforward approaches are available for estimating envircamental
concentrations in rivers and streams. However, more complex methods are
necessary for predicting concentrations resulting from releases to lakes,
reservoirs, and estuaries. A4pplicable methcds are described cr reierenced in
the Superfund Exposure Assessment Manual. In addition, EPA's Water Quality
Assessment documents (Mills et al., 1982) may be helpful in selecting water
models.

Sophisticated computer models are also available for the analysis of
environmental fate of hazardous substances in surface water bodies. As with
the sophisticated air models, these vary in complexity, input data
requirements, computer resource reguirements, and mocel capabilities. Again,
simple models are generally preferable. [f a computer mcdeling approach is
desired for a site, select the modeling procecdure most Jippropriate to the
circumstances under study. Again, document the rationale for selecting a
particular model.

Ground-Water Transport Modeling. In describing the behavior of contami-
nants released to ground water from a hazardous waste site, two major sub-
surface zones must be considered: the unsaturated soil zone above the ground
water (vadose zone), and the saturated zone, commonlyv called the aquifer. In
general, after a substance is released, it first moves vertically down through
the unsaturated soil zone to the ground water. Then, after initial mixing in
the ground water, the substance travels horizontally because of the advective
flow of the ground water underlying the site. The primary processes that
affect the fate and transport of contaminants in these two zones are advection
(including infiltration and leaching from the surface), dispersion, sorption
(including reversible adsorption, ion exchange, complexation, and
precipitation), and degradation. As a released substance flows away from the
source area, these processes act to reduce its concentration.

Time plays a key role in the movement of contaminants in the subsurface
environment. Unlike the air and surface water media where releases of
chemicals generally result in downwind or downstream ambient concentrations

e ole  ote ANerrabhoae 1Q0R4A4 o e ole
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within relatively short times after release (i.e., minutes, hours, or dayvs),
ground water moves slowly and takes much longer (vears) to transpert
contaminants. Consequently, the estimation of ground-water concentrations at
a given exposure point must be bounded by a specified time frame for which the
public health evaluation will be conducted. -

4 I
Lo,
\.

.

For purposes of evaluating individual risks for the no-action alternative
at Superfund sites, ground-water concentrations should be estimated for at
least 70 vears. This period is selected because it approximates an average
human life span, and it is the basis for establishment of the acceptable
chronic chemical intakes contained in the health effects assessments (HEAs).
Use the highest concentratiocn value predicted at an exposure point during the
70-vear period to represent the short-term concentration. For long-term
concentrations, use a /0-vear time-weighted average.

Numerous mathematical models are available that describe pollutant fate
and transport in the subsurface environment. These models are described or
referenced in the Superfund Exposure Assessment Manual. These models attempt
to define waste migration over time and distance using the physical and
chemical processes involved. The physical and chemical characteristics
considered by these models include:

. Boundary conditions (hvdraulic head distributions,
recharge and discharge points, locations and types of
boundaries);

. Material constants (hydraulic conductivity, porosity,
transmissivity, extent of hydrogeologic units);

. Attenuation mechanisms (adsorption-desorption, ion
exchange, complexing, nuclear decay, ion filtration, ‘gas
generation, precipitation-dissolution, biodegradation,
chemical degradation);

. Molecular diffusion and hydrodynamic dispersion
(transverse, longitudinal, and vertical); and

N Waste constituent concentrations (initial and
background concentrations, boundary conditions).

These characteristics are incorporated into models by combining two sets of
transport expressions: a ground-water flow equation and a chemical mass
transport equation. The result is a prediction of solute transport in the
ground-water svstem, with chemical reactions considered.

Separate models exist for predicting transport through both the
unsaturated and saturated zones. Models are often linked into a comprehensive
package to effectively simulate movement through both unsaturated and
saturated soil zones. In addition, some ground-water models have the
capability of predicting hazardous substance fate throughout both zones. MMost
of these models are designed to be used with a computer. The Superfund
Exposure Assessment Manual lists some computer models applicable for site
analysis.
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Models for ground-water transport generally have not been fully verified,
and their reliability is difficult to assess. Site-specific conditions and
the analyst's ability to account for site-specific characteristics with
quantitative input data influence the reliability of model results. Carefully
applied professional judgment is therefore necessary both in using the models
and in interpreting the results. Ground-water mcnitoring’d@ia colleczed in
the vicinity of the site should be used whenever possible to test the
reasonzbleness of model resul:zs. Models can sometimes be calibrazta2d wizh the®
measurements taken during the RI. When no monitoring data are available,
important sources of uncertainty should be noted and their impact on model
results should be anticipated and recorded.

wWworksheet 4-4 is provided as a format for recording the estimated chemical
concentrations for each exposure point.

4.3 COMPARE TO REQUIREMENTS, STANDARDS, AND CRITERIA

At this point in the process, the projected baseline ccncentrations of
indicator chemicals at exposure points should be compared to "applicable or
relevant and appropriate requirements (as defined by the NCP and originally
identified in the CERCLA compliance with other environmental statutes policy
memorandum that Is an appendix to the NCP; additional requirements are icenti-
fied in the CERCLA reauthorization statute). ''Ocher criteria, adviscries, and
guidance" may also be compared to exposure point ccncentrations, if pertinent
to site exposure conditions. The following subsections describe the procedure
for comparing both to requirements and to other criteria. The user should be
aware that EPA continues to update toxicological information and, based on
these updated data, may issue revised standards and criteria.

This entire section of the manual focuses on numerical criteria that are
in the form of ambient environmental concentraticn levels. In the case of
applicable or relevant and appropriate recuirements or other criteria expressed
in intake or dose units {(e.g., in mg/kg-day), the comparison shouid be deferred
until the intake estimation step of this process is complete (see Chapter 3).

4.3.1 Compare to Applicable or Relevant and Appropriate Requirements

If all indicator chemicals at a site have applicable or relevant and
appropriate requirements (ARARs), then the remainder of the baseline process
described in Chapters 5 through 7 is not necessary. In these cases, the
comparison of predicted exposure point concentrations of indicator chemicals
to ARARs will suffice as a baseline public health evaluation. At sites wnere
some indicator chemicals do not have ARARs, make the comparison to
requirements for those chemicals that have them and then proceed with the
complete risk characterization process for all indicator chemicals.

Therefore, in cases where ARARs are not available for all indicator chemicals,
the baseline public health evaluation will include both a comparison to ARARs

and a risk assessment as described in Chapters 5 through 7.

At the present time, EPA considers drinking water maximum contaminant
levels (MCLs) and maximum contaminant level goals (MCLGs), federal ambient
water quality criteria, national ambient air quality standards (NAAQS), and
state environmental standards to be potentially applicable or relevant and
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appropriate requirements for ambient.concentrations. Exhibits 4-3 and 4-9¢
list federal ARARs for ambient environmental concentrations of contaminants.
RCRA design and operating requirements are also applicable or relevant and
appropriate for design of remedial alternatives but, because theyv are not
pertinent to the baseline public health analysis, they ;:e,not discussed
further here (see Chapter 8). ozt

The determination of exactly which requirements are applicable or relevant
and appropriate to a particular Superfund site should be made on a
site-specific basis. Potential ARARs will not necessarily be appropriate for
every site. For potential ground-water and surface water exposure via
drinking water, the most zappropriate comparison values are Safe Drinking Water
Act MCLs and MCLGs; for air exposure, national ambient air quality standards
may be appropriate comparison values; for surface water contamination with
possible exposure via ingestion of aquatic organisms, federal ambient water
quality criteria may be appropriate. ARARs should correspond to the medium
(e.g., air, water) for which they were developed and must be applicable or
relevant and appropriate to site conditions. If requirements are available
for all indicator chemicals, but are not appropriate to site eXxposure
conditions, a full risk characterization should be completed.

Use Worksheet 4-5 to compare ARARs to environmental concentrations
projected for exposure points. Calculate ratios between ‘predicted
concentrations and requirements, and designate whether concentrations exceed
or fall below the requirements. Also, when risk levels associated with these
requirements are known, they should be recorded. This information will be
carried through to the end of the process and included in summary tables for
the baseline public health evaluation. Factors in the development of the
requirements listed in Exhibits 4-5 and 4-6 are discussed briefly in the
following sections. -

o=l

4.3.1.1 Maximum Contaminant Levels (MCLs) and Maximum Contaminant Level

Goals (MCLGs)

Drinking water standards under the Safe Drinking water act are promulgated
as maximum contaminant levels (MCLs). MCLs are currently available for 196
specific chemicals (10 inorganics and 6 organic pesticides), total
trihalomethanes (covers four chemicals), certain radionuclides, and
microorganisms (40 CFR 141). ©Under the Safe Drinking Water Act amendments of
1986 (P.L. 99-339), EPA is required to promulgate MCLs for 83 contaminants
within three vears. Generally, an MCL for a toxic chemical represents the
allowable liferime exposure to the contauminant for a 70 kg adult who is
assumed to ingest two liters of water per day. Total environmental exposure
of a particular contaminant from various sources was considered in calculating
specific MCLs. EFA estimated the amount of the substance to which the average
person is likely to be exposed from all sources (e.g., air, food, water) and
then determined the fraction of the total intake resulting from drinking water
ingestion. Liferime exposure limits were set at the lowest practical level to
minimize the amount of contamination ingested from water, especially when
exposure from other sources is large. The MCL calculation is adjusted by an
exposure factor to reflect gastrointestinal absorption associated with water
consumption.

In addition to health factors, an MCL is required by law to reflect the
technological and economic feasibility of removing the contaminant from the
water supply. The limit set must be feasible given the best available

we ol ols Neeralhar 1ORA o oo oo
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EXHIBIT 4-5
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SELECTED APPLICABLE OR RELEVANT AND
APPROPRIATE AMBIENT REQUIREMENTS a/ .

’

-~
~

SAFE DRINKING SAFE DRINKING CLEAN
WATER ACT WATER ACT AIR ACT
MCLs b/ MCLGs ¢ NAAQS
CHEMICAL (mg/1) (mg/ 1) fug/m3)
Arsenic - 0.05
Barium 1.0
Benzene 0
Cadmium 0.01
Carbon monoxide 40,000 (l-hour) d/
10,000 (8-hour) d/f
Carbon tetrachloride 0
Chlorophenoxys
2,4-Dichlorophenoxyacetic
acid (2,4-D) 0.1
2,4,5-Trichlorophenoxy-propionic 0.01
acid (2,4,5-TP)
Chromium VI (hexavalent) 0.05
p-Dichlorobenzene ' 0.75
1,2-Dichloroethane 0
1,1-Dichloroethylene 0.007
Endrin 0.0002
Fluoride 1.4-2.4
Lindane (99°% gamma-HCCH) 0.004
Hvdrocarbons (non-methane) 160 (3-hour) 4/
Lead 0.05 1.5 (90-day) e/
Mercury 0.002 -
Methoxychlor 0.1
Nitrate (as N) 10.0
Nitrogen dioxide 100 (l-year) £/
Ozone 235 (l-hour) d/
Particulate Matter 2060 (24-hour) d/
75 (l-year) g/
Radionuclides
Radium=-226 and 228 5 pCi/1l
Gross alpha activity 15 pCi/1l
Tritium 20,000 pCi/l
Strontium=-90 8 pCi/l
Other man-made radionuclides hy/
Selenium 0.01
Silver 0.05

Sulfur oxides

le
'y

ole  wls
w W%

-te
ry

October 1986 ¥

365
80

(24-hour) d/
(1-year) £/
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EXHIBIT 4-5
(Continued)

SELECTED APPLICABLE OR RELEVANT AND
APPROPRIATE AMBIENT REQUIREMENTS a/ -

-
e e
~

SAFE DRINKING SAFE DRINKING CLEAN
WATER ACT WATER ACT AIR ACT
MCLs b/ MCLGs ¢/ NAAQS
CHEMICAL (mg/1) (mg/1) (ug/m3)
Toxaphene 0.005"
1,1,1-Tr2chlcroethane 0.2
Trichloroethylene 0
Trihalomethanes (tctal) i/ 0.1
Vinyl chloride 0

a/ receral ambient waTer Qua.ity criteria {see ILxhiZit <-c; 2and state
environmental standards are. aiso ARARS.

b/ EPA has also proposed MCLs for eight volatile organic chemicals:
trichlorocethylene, carbon tetrachloride, 1,1,l-trichleroethane, vinyl
chloride, 1,l2-dichloroethane, benzene, 1,i-dichloroethvlene, and
p-dichlorobenzene (50 Federal Register 46902-46933, November 12, 1985).
Refer to Exhibit %-7 for the proposed MCL values.

40 additionai chemica.s.

s

c/ ZPA has alsc proposed NC
xhibiz «-7 for tne proposed MC

48]

d/ Maximum concentration not to be exceeded more than once per year.

e/ Three-month arithmetic mean concentration.

I/ Annual arithmetic mean concentration.

g/ Annual geometric mean concentration.

h/ Radionuclides in drinking water are limited to activity levels
corresponding to a total body or any internal organ dose of & millirem/yvear,

summed over all radionuclides present.

i/ Total trihalomethanes refers to the sum concentration of chloroform,
promodichloromethane, dibromochloromethane, and bromoform.

¥ %k * Ocrabaer 19RKRA b &
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EXHIBIT 4-6

OSWER Directive 9285.4-1

EPA AMBIENT WATER QUALITY CRITERIA
(WQC) FOR PROTECTION OF HUMAN HEALTH .

’

.-

P
-

WQC {(Concentrati
Correspond to Mid
for Potential Ca

ons in Parentheses
point of Risk Range
rcinogens Onlv) a/

Aquatic Organisms

Adjusted for Drinking

CHEMICAL and Drinking Water water Only b/
Acenaphthene 20 ug/l (Organoleptic) ¢/ 20 ug/l (Organoleptic)
Acrolein - 320 ug/1l 540 ug/1
Acrylonitrile® 0 (58 ng/l) 0 (63 ng/l)
Aldrin¥ 0 (0.074 ng/l) 0 (1.2 ng/l)
Antimony* 146 ug/1l 146 ug/l
Arsenic¥ 0 (2.2 ng/1) (25 ng/1)
Asbestos 0 (30,000 fibers/1) (30,000 fibers/1)
Benzene= 0 (0.096 ug,/1) 0 (0.07 ug/l)
Benzidine 0 (0.12 ng/1) 0 (0.15 ng/l)
Beryllium~ 0 (3.7 ng/l) 0 (3.9 ng/l)
Cadmium 10 ug/1 10 ug/1
Carbon tetrachloride 0 (0.4 ug/l) 0 (0.42 ug/1)
Chlordane* 0 (0.46 ng/1) .0 (22 ng/1)

Chlorinated benzenes
Hexachlorobenzene

1,2,4,5-Tetrachlorobenzene

Pentachlorobenzene*:
Trichlorobenzene™
Monochlorobenzene
Chlorinated ethanes
1,2-Dichloroethane®
1,1,1-Trichloroethane
1,1,2-Trichloroethane

1,1,2,2-Tetrachloroethane™

Hexachloroethane™
Monochloroethane
1,1-Dichloroethane*
1,1,1,2-Tetrachloroethane
Pentachloroethane
Chlorinated naphthalenes
Chlorinated phenols
3-Monochlorophenol
4-Monochlorophenol
2,3-Dichlorophenol
,5-Dichlorophenol
5-Dichlorophenol
-Dichlorophenol

. -

5-Trichlorophenol®

4,6-Tetrachlorophenol+

October 1986

0 (0.72 ng/l)

38 ug/1

74 ug/l
Insufficient data
488 ug/1

0 (0.94 ug/l)
18.4 mg/1l

0 (0.6 ug/l)

0 (0.17 ug/l)

0 (1.9 ug/l)
Insufficient data
Insufficient data
Insufficient data
Insufficient data
Insufficient data

(@]

.1 ug/l (Organoleptic)
.1 ug/l (Organoleptic)
.04 ug/1 (Organoleptic)
.5 ug/l (Organoleptic)
.2 ug/l (Organoleptic)
.3 ug/l (Organoleptic)
.0 ug/l (Organoleptic)
2600 ug/1

— O O O OO

L

0 (21 ng/l)

180 ug/1

570 ug/1
Insufficient data
488 ug/l

0 (0.94 ug/l)

19 mg/1

0 (0.6 ug/l)

0 (0.17 ug/l)

0 (2.4 ug/1)
Insufficient data
Insufficient data
Insufficient data
Insufficient data
Insufficient data

.1 ug/1l (Organoleptic)
.1 ug/l (Organoleptic)
.04 ug/1l (Organoleptic)
.5 ug/l (Organoleptic)
.2 ug/l (Organoleptic)
.3 ug/1l (Organoleptic)
.0 ug/1l (Organoleptic)
600 ug/1

N O OO OO O
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EXHIBIT 4-6
(Continued)

EPA AMBIENT WATER QUALITY CRITERIA
(WQC) FOR PROTECTION OF HUMAN HEALTH -

P
oo r

.- s

rd
RS

CHEMICAL

WQC (Concentraticns in Parentheses

Correspond

to Midpoint of Risk Range

for Potential Carcinogens Onlv) a/

Aguatic Organisms
and Drinking Water

Adjusted for Drinking
water Cnly b/

2,4,6-Trichlorophenol®
2- ﬁeth}‘---chlo*ophenol
3-Methvl-4-chlorophenol
B-ﬂethyl-é-chlcrophenol
Chloroalkyl ethers
*bis-{Chlorcmethvl]) ether*
bis-(2-Chloroethyl) ether=
bis-(2-Chloroiscpropvl) ether
Chlecroform
2-Chlorophnenol
Chromium Cr+o*
Cr+3*
Copper*
Cvanide*
DDT™
Dichlorobenzenes®
Dichlorobenzidines
Dichloroethvlenes
i,1-Dichioroechvliene™
1,2-Dicnioroetnyliene
Dichloromethane®
2,4-Dichlorophenol™*

(all isomers)

Dichloropropanes/Dichloropropenes

Dichloropropanes

Dichloropropenes
Dieldrin
2,«-Dimethylphenol
2,4-Dinitrotoluene®
1,2-Diphenylhydrazine®
Endosulfan®
Endrin
Ethyvlbenzene®
Flucranthene
Haloethers
Halomethanes
Heptachlor~*
Hexachlorobutadiene®
Hexachlorocyclohexanes

alpha-HCCH*

(HCCH)

K e

0 (1.2 ug/l)

1800 ug/1 (Crganoleptic)
3000 ug/l (Organoleptic)
”O ug/1l (Organolept:c)

0 70.0038 ag/l)
0 730 ng/l)

34.7 ug/l

C (0.19 ug/1)

0.1 ug,/l :Srzanocleptic,
50 Ug/l

170 mg/1

1 mg/1l (Organoleptic)
200 ug/l

0 (0.024 ng/ )

200 ug/l

0 (10.3 ng/l)

0 (33 ng,/ 13
Insufficient data
See Haliomethanes
3.09 mg/1

Insufficient data
87 ug/l

0 (0.071 ng/ 1)
%00 ug/l (Organoleptic)
0 (0.11 ug/1)

0 (%2 ng/l)

74 ug/l

1 ug/l

1.4 mg/l

42 ug/1
Insufficient data
0 (0.19 ug/l)

0 (0.28 ng/1)

0 (0.45 ug/l)

0 (9.2 ng/l)

October 1986 % kot

0 (1.8 ug/)
180C ug/1 ¢
30¢C
20 uvg,/1 (Or

Crganolept*c,
iOrzancieptic)
ganoleptic)

uo/‘l

0 10.0039 ng/1)
2 (30 ng/l)

1 mg,/1 (Organoleptic)
200 ug/1

0 (> 1.2 ng/l)

%70 ug/1

0 (20.7 ng/l)

O ."3_‘ noe 1

S/~
Insufficient data
See Halomethanes
3.09 mg/l

Insufficient data

87 ug/l

0 (1.1 ng/l)

-00 ug/l (Organcleptic)
0 (0.11 ug/l)

0 (46 ng/l)

138 ug/1l

‘1 ug/l

2.4 mg/l

188 ug/1
Insufficient data
0 (0.19 ug/l)

0 (11 ng/l)

0 (0.45 ug/l)

0 (13 ng/l)
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EXHIBIT 4-6
(Continued)

OSWER Directive 9285.4-1

EPA AMBIENT WATER QUALITY CRITERIA .
{WQC) FOR PROTECTION OF HUMAN HEALTH

<

WQC (Concentrations in Parentheses
Correspond to Midpoint of Risk Range
for Potential Carcinogens Onlyv) a/

Aquatic Organisms

Adjusted for Drinking

CHEMICAL and Drinking Water water Only b/
_ beta-HCCH* 0 (16.3 ng/l) 0 (23.2 ng/l)
gamma-HCCH* 0 (12.3 ng/1) 0 (17.4 ng/1)
delta-HCCH Insufficient data Insufficient data

epsilon-HCCH
Technical-HCCH

Hexachlorocyclopentadiene™

Isophorone*

Lead=

Mercury¥

Naphthalene

Nickel®*

Nitrobenzene*

Nitrophenols
2,4%4-Dinitro-o-cresol
Dinitrophenol*
Mononitrophenol
Trinitrophenol

Nitrosamines
n-Nitrosodimethylamine
n-Nitrosodiethylamine*

n-Nitrosodi-n-butylamine®

n-Nitrosodiphenylamine
n-Nitrosopyrrolidine™

Pentachlorophenol®

Phenol*

Phthalate esters
Dimethylphthalate
Diethylphthalate
Dibutylphthalate*

Di-2-ethylhexylphthalate
Polychlorinated biphenyls (PCBs)*
Polynuclear aromatic hydrocarbons

(PAHs)*
Selenium*
Silver®
2,3,7,8-TCDD*
Tetrachloroethylene®
Thallium*

Insufficient data
0 (5.2 ng/l)

206 ug/l

5.2 mg/l

50 ug/1

144 ng/l
Insufficent data
13.4 ug/1

15.8 mg/1

13.4 ug/1l

70 ug/1
Insufficient data
Insufficient data

0 (1.4 ng/l)
0 (0.8 ng/l)
0 (6.4 ng/l)
0_(&.9 ug/1l)
0 (16 ng/l)
1.01 mg/l

3.5 mg/l

313 mg/1

350 mg/1

34 mg/l

15 mg/1

0 (0.079 ng/l)
0 (2.8 ng/l)

10 ug/1

50 ug/1

0 (0.000013 ng/l)
0 (0.8 ug/l)

13 ug/l

October 1986 G

Insufficient data
0 (7.4 ng/1

206 ug/1l

5.2 mg/1l

50 ug/1l

10 ug/1
Insufficient data
15.4 ug/1

19.8 mg/1

13.6 ug/l

70 ug/1
Insufficient data
Insufficient data

0 (1.4 ng/1)
0 (0.8 ng/l)
0 (6.4 ng/l)
0 (7.0 ug/l)
0 (16 ng/l)
1.01 mg/1
3.5 mg/l

350 mg/1

434 mg/l

44 mg/l

21 mg/1l

0 (> 12.6 ng/l)
0 (3.1 ng/l)

10 ug/1

50 ug/l

0 (0.00018 ng/l)
0 (0.88 ug/l)
17.8 ug/l
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EXHIBIT 4-6

(Continued)

EPA AMBIENT WATER QUALITY CRITERIA
(WQC) FOR PROTECTION OF HUMAN ﬁEALTH ]

~

WQC (Concentrat:ions in Parentheses
Correspond to Midpoint of Risk Range
for Potential Carcinogens Onlv) a/

Aquatic Organisms Adjusted for Drinking
CHEMICAL and Drinking Water wWater Only b/
Toluene® 14.3 mg/l 15 mg/1
Toxaphene* 0 (0.71 .ng/1) 0 (26 ng/l)
Trichloroethylene 0 (2.7 ug/l) 0 (2.8 ug/l)
Vinyl chloride= 0 (2.0 ug/l) 0 (2.0 ug/l)
Zinc™ 5 mg/l (Organoleptic) 5 mg/l (Organoleptic)

* Toxicity values necessary for risk characterization are given in Appendix C.

a/ The criterion value, which is zero for all potential carcinogens, is listed
for all chemicals in the table. The concentration value given in parentheses for

. ) . -6 , . . .
potential carcinogens corresponds to a risk of 10 °, which is-the midpoint of the
-5 -7 . . s . . .
range of 10 to 10 given in water quality criteria documents. To obtain

. [t . - -5 . -6 . s
concentrations corresponding to risks of 10 7, the 10 concentrations shouid

. . N . . . . =
be multiplied by 10. To obtain concentrations corresponding to risks of 10 ,

-6 . o o .
the 10 concentrations should be divided by 10.

b/ These adjusted criteria, for drinking water ingestion only, were derived
from published EPA ambient water qualicty criteria (45 Federal Register 79318-79379,
November 28, 1980) for combined fish and drinking water ingestion and for fish
ingestion alone. The adjusted values are not official EPA ambient water quality
criteria, but may be appropriate for Superfund sites with contaminated ground
water. In the derivation of these values, intake was assumed to be 2 liters/day
for drinking water and 6.5 grams/day for fish, and human body weight was assumed to
be 70 kilograms. Values for bioconcentration factor, carcinogenic potency, and
acceptable daily intake were those used for water quality criteria development.

¢/ Criteria designated as organoleptic are based on taste and odor effects,
not human health effects. Health-based water quality criteria are not available
for these chemicals.

ohe ofe ole N mhae 1002 ole el  la



OSWER Directive 9285.4-1

139aYysSHIOM SI1YY 40y erep ayl buidojarap ul suorrdunsse aofew jje st}

SNOITLTdWNSSY

*juawas inbas 3yl Jo adouepasadIxa aledipul O°|

N ueyl J401e0ub sorles sjuawad 1nbas pue SUOIILIIUBOUO0D TuiIod 24NS0dX3 U3BMIAQ SOLJea Yl PJ0IdY G
*(D171) suoilesluansuod wial-buol 40 (D)1S) SUOITEITUADUO0D WIBF-I401YS SEe San|eA
ayl Ajr1iuapy “h=h FOOYSHIAO0M woay posedwod 3q 01 SU0IITelIUd0U0D Julod guansodxd ayl ujyeIqo
;ur\ *Ahuabe ajels ajerddoadde syl wouy
‘Spaepuels | BIUDINOSIAUD 3T1BIS 40) ‘4O 9-h pue G-t STIQIYX] wWoJy sjuswad Inbaa oy sanjea urelqo g
f. Y M
N *(S70W 493em Bupsuyap
h Asewiad “-H°9) sTudwda nbaa alerudoadde pue Juead|as 40 3|qedyjdde jJo A1)1uap) ayl aledjpuy -2
- ‘s{ed|wayd 401ea1pul jje ISy 1
SNOI1ONYISHT
' - .:
I g
- - - N
——— _ (] .
670 {01S] t/bw GO0 1/bw G0°0 T0W J3@1eM buinuiug peal ‘1
o11ey u0o171e43U3DU0Y pJaepuels posedwo) bBuyag jed1way)
pJepuels Juiog auansodx] /3Iudwau 1nbay Juawad 1nbay ajleradoaddy
BT R I N I [VE: TelVTo0) paioaloay JO anjepA pue Jueaa|ay/a|qed) |ddy
SOJUDPISAY 1SAJEON AL S| |oM J031EM buiyuiadQg a1eAldy 1qui104 auansodx]

“SNOILVYINIONOD INIOd JUNSOdXI AILVWILISIT 01 SINIWIHINDIY
1V IHd0oUddV OGNV INVAITIY HO 310VOH 1ddV 40 NOS I HVd4WOOD

G-t LIFUSHUOM

:0b

(1sAjeuy .

:aleq . . .

197115 JO auwep




OSWER Directive 9285.4-1
-66-

technology and treatment techniques. A safety factor is included in each of
the standards to provide adequate protection for sensitive populations that
may be at special risk such as infants and children. Safety factors vary from
chemical to chemical because of the different risks associated with each.

As part of the process for developing final drinking water standards
(i.e., MCLs), EPA develops maximum contaminant level gdalg'QﬁCLGs)."J
MCLGs are entirely health-based; thus, they are always less “than or equal to
MCLs. EPA recently promulgated MCLGs for eight volatile organic chemicals (40
CFR 141.30; 50 Federal Register 46880-~46901, November 13, 1983). Exhibit
4-5 lists the MCLs and MCLGs promulgated as of publication of this manual.

4.3.1.2 National Ambient Air Quality Standards (NAAQS)

~ NAAQS are available for six chemicals or chemical groups and for airborne
particulates; of these, the NAAQS for lead, hydrocarbons, and airborne
particulates appear to be most useful for Superfund public health
evaluations. In the development of primary NAAQS!®-, sources of the
contaminant that contribute to air pollution and all sources of exposure to
the contaminant (e.g, food, water, air) are considered in determining the
health risk. In addition, the statute states that primary NAAQS must be based
exclusively on air quality criteria issued by EPA for each air pollutant. The
Act does not require EPA to consider the costs (economics) of achieving the
standards or the technological feasibility of implementing the standards.
Standards can be promulgated as annual maximums, annual geometric means,
annual arithmetic means, or for other time periods that vary from one hour to
one year depending on the pollutant.

Primary standards must allow for an adequate margin of safety to account
for unidentified hazards and effects. There is no rule used in setting the
margin of safety for the standards. The law requires EPA to direct its efforts
at groups of particularly sensitive citizens, such as bronchial asthmatics and
emphysematics. In developing primary NAAQS, EPA must specify the nature and
severity of the health effects of each contaminant, characterize the sensitive
population invelved, determine probable adverse health effect levels in sensi-
tive persons, and estimate the level below which an adequate margin of safety
reduces or eliminates risks. Primary NAAQS are based for the most part on the
direct health effects of chemicals to sensitive groups.

4.3.1.3 Federal Ambient Water Quality Criteria

Federal ambient water gquality criteria for the protection of human health
have been developed for 62 out of 65 classes of toxic pollutants (a total of
95 individual chemicals have numerical health criteria). The health-based
water quality criterion is an estimate of the ambient surface water
concentration that will not result in adverse health effects in humans. In
the case of suspect or proven carcinogens, concentrations associated with a

182

(RMCLs) .

MCLGs were formerly known as recommended maximum contaminant levels

1%) EPA also develops secondary NAAQS under the Clean Air Act to protect
the public welfare from known or anticipated effects.

* % %  QOctober 1986 * * *
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range of incremental cancer risks are provided to supplement a criterion of
zero. The federal criteria are non-enforceable guidelines, which many states
have used in the development of enforceable ambient water quality standards
(see Section 4.3.1.4). Exhibit 4-6 lists federal ambient water quality
criteria for specific chemicals. e

- -

. e
S ¢

For most chemicals, federal water quality criteria to protect human health
are available for two different exposure pathways. One criterion is based on
lifetime ingestion of both drinking water and aguatic organisms, and the other
is based on lifetime ingestion of aquatic organisms alone. The calculations
incorporate the assumption that a 70-kilogram adult consumes 2 liters of water
and/or 6.5 grams of aquatic organisms daily for a 70-vear lifetime. Of
course, calculations can be made to derive an adjusted criterion for drinking
water ingestion only, based on the two published criteria and the same intake
assumptions (as was done for Exhibit 4=6). These adjusted criteria are more
appropriate than non-adjusted criteria for Superfund sites with contamination
of potential ground-water sources of drinking water because they are based on
more realistic exposure assumptions (i.e., exclusion of aquatic organism
ingestion as an exposure pathway).

Derivation of Criteria for Noncarcinogens. On the basis of a survey of
the toxicology literature, EPA established a "no observed adverse effect
level"” (NOAEL) for each chemical. The NOAELs were usually based on animal
studies, although human data were used whenever available. By applying a
safety factor to account for the uncertainty in using available data to
estimate human effects, an acceptable daily intake (ADI) was determined. .
Criteria (i.e., water concentrations) were then derived from the ADIs and the
standard intake assumptions given above.

Derivation of Criteria for Carcinogens. The same exposure and intake
assumptions were used for potential carcinogens. A literature search for
human and animal carcinogenic effects formed the basis for EPA's estimate of
the risk posed by potential human carcinogens. Because methods are not
currently available to establish the presence of a threshold for carcinogenic
effects, the criteria for all carcinogens state that the recommended
concentration for maximum protection of human health is zero. EPA also
estimated water concentrations corresponding to incremental risk levels, using
a linear, non-threshold extrapolation model. Extrapolation models provide
only an estimate of risk, but they represent the best available tool for
describing the potential threat of a substance, given certain assumptions. In
its published criteria, EPA provides water concentrations corresponding to
incremental lifetime cancer risks of 10-7, 10-°, and 10-%.

4.3.1.4 State Environmental Standards

State environmental standards are ARARs for Superfund remedial actions in
that state. The availability of and numerical values for these standards vary
widely from state to state. The remedial project manager is responsible for
determining the availability of applicable or relevant and appropriate state
standards for a site.

Water quality standards developed under the Clean Water Act are a commonly
available type of state standard. These standards serve the dual purposes of
establishing the water quality goals for a specific water body and as the
regulatory basis for establishing water quality-based controls beyond the

*Tok o October 1986 * %ok
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technoiogy-based levels of treatment required by Sections 301(b) and 306 of
the Clean Water Act. Water quality standards are adopted by states (or, where
necessary, promulgated by EPA) to protect the public health or welfare,
enhance the quality of the water, and serve the purposes of the Act. A water
quality standard consists of basically two parts: (1) a "designated use" (or
uses), which considers the water body's use and value for public water
supplies, for propagation of fish, shellfish, and wildlife, and for
recreational, navigation, agricultural, industrial, and other purposes; and
(2) "criteria", which are numerical limits or narrative statements necessary
to protect the designated use.

States must adopt appropriate water quality criteria sufficiently
stringent to protect the designated uses. Numerical criteria may be based on
ambient water quality criteria recommendations published by EPA (see Section
4.3.1.3) or developed by other scientifically defensible methods. States may
also modify EPA's recommended criteria to reflect local environmental
conditions and ‘human exposure patterns before incorporation into water quality
- standards. When a criterion for the protection of human health must be
developed for a chemical for which a national criterion has not been
recommended, the state should consult EPA headgquarters for assistance.
Guidelines for deriving human health-based water quality criteria were
published on November 28, 1980 (EPA, 1980).

4.3.2 Compare to Other Criteria, Advisories, and Guidance

In the absence of ARARs for all indicator chemicals, the remainder of the
process as outlined in Chapters 5 through 7 should be completed. In addition,
information on how exposure point concentrations compare to 'other criteria,
advisories, and guidance" (i.e., not ARARs) is useful as a supplement to the
risk assessment and should be noted in the public health evaluation chapter in
the feasibility study report. At sites where neither ARARs or appropriate
toxicity values are available for some indicator chemicals, the comparison of
ampient concentrations to other criteria may provide an important basis on
which to judge the potential health effects of environmental concentrations of
toxic substances.

For the purposes of Superfund public health evaluations, EPA considers
drinking water health advisories and proposed drinking water standards to be
pertinent for comparison with predicted concentrations, provided they are for
the same exposure pathway. Exhibit 4-7 lists proposed MCLs and MCLGs and
Exhibit 4-8 lists health advisories. Other standards may be used for
comparison as well, provided they correspond to the environnental medium for
which they were designed and are appropriate to site conditions. Criteria
inappropriate for public health evaluation of long-term chemical exposures,

such as LDSO values and unadjusted occupational threshold limit values

(TLVs), should not be used in this comparison.?®J

204 LD50 values and TLVs usually reflect short-term exposures. LD50

("lethal dose-50") is the dose of a chemical that is fatal in 50 percent of
the exposed population. TLVs are time-weighted average concentrations of
chemicals in air that should not be exceeded for a given time period (usually
15 minutes or 8 hours).
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EXHIBIT 4-7

EPA PROPOSED MCLs AND MCLGs

PROPOSED PROPOSED

CHEMICAL MCL (mg/l) a/ MCLG (mg/1) b/
Acrylamide 0
Alachlor 0
Aldicarb 0.009
Aldicarb sulfoxide 0.009
Aldicarb sulfone - 0.009
Arsenic 0.05
Asbestos 7.1 ¢/
Barium 1.5
Benzene 0.005
Cadmium 0.005
Carbofuran 0.036
Carbon tetrachloride 0.005
Chlordane 0
Chromium 0.12
Copper 1.3
Dibromochloropropane 0
o-Dichlorobenzene 0.62
p-Dichlorobenzene ©0.75

1,2-Dichloroethane 0.005
1,1-Dichloroethylene "0.007
1,2-cis-Dichloroethylene 0.07
l1,2-trans-Dichloroethylene 0.07
1,2-Dichloropropane 0.006
2,4-D 0.07
Epichlorohydrin 0
Ethylbenzene 0.68-
Ethylene dibromide (EDB) 0
Heptachlor 0
Heptachlor epoxide 0
Lead 0.02
Lindane 0.0002
Mercury 0.003
Methoxychlor 0.34
Monochlorobenzene 0.06
Nitrate 10
Nitrite 1
Polychlorinated biphenyls 0
Pentachlorophenol 0.22
Selenium 0.045
Styrene 0.14
.Tetrachloroethylene 0
1,1,1-Trichloroethane 0.2

* ook October 1986 * ok ok
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EXHIBIT 4-7
(Continued)
EPA PROPOSED MCLs AND MCLGs

P2

.
oz
PROPOSED PROPOSED

CHEMICAL MCL (mg/l) a/ MCLG (mg/l) b/
Trichloroethylene 0.005
Toluene 2
Toxaphene 0
2,4,5-TP 0.052
Vinyl chloride 0.001
Xylene 0.44

a/ MCL = maximum contaminant level; proposed values taken from 50 Federal
Register 46902 (November 13, 1983).

b/ MCLG = maximum contaminant level goal; proposed values taken from 350
Federal Register 46936 (November 13, 1985).

¢/ Million fibers per liter.
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Some ambient concentration requirements or criteria will be pertinent to
specific site conditions, while others can be adjusted to make them useful.
For example, if a requirement applies to a different environmental medium or
exposure route than the one threatened by a site, it would probably not be
appropriate to use it without adjustment. As an illusgration of this, ambient
water quality criteria, which were developed for surface:water, can be
adjusted for ground water by recalculating without the assumption of fish
ingestion (as in Exhibit 4-6). Concentration requirements and criteria may
also be based on a different level, frequency, or duration of exposure than
found at a specific site. Guidance on adjustment of standards for
site=-specific applications is currently under development by EPA.

For some chemicals several "other criteria, advisories, and guidance" may
be available as comparison values. In this case choose the most suitable
value for comparison. Suitability is determined in part by the pertinence of
the criterion to exposure conditions at.the site (e.g., exposed population
characteristics, duration and timing of exposure, exposure pathways)
and in part by how recently the value was developed. Some criteria have been
developed recently and may reflect new information compared to older values.
Some standards or criteria may have been scrutinized more closely than others
and may consequently have more scientific credibility. Other standards may be
current and scientifically accepted but not pertinent to exposure routes at
the site and therefore unsuitable. Consequently, the most suitable comparison
value is the most current, credible, and pertinent value available.

Use Worksheet 4-6 to compare "other criteria, advisories, and guidance" to
environmental concentrations projected for exposure points. Calculate the
ratios between predicted concentrations and requirements and be sure to
designate whether concentrations exceed or fall below the requirements. This
information will be carried through to the end of the process and included in
summary tables for the baseline public health evaluation. The criteria and
advisories in Exhibits 4-7 and 4-8 are discussed briefly in the following
sections.

4.3.2.1 Proposed MCLs and MCLGs

EPA has proposed MCLs for the same eight volatile organic chemicals for
which final MCLGs were promulgated (50 Federal Register 46902-46933,
November 13, 1985), and has proposed MCLGs for a larger group of inorganic
chemicals, synthetic organic chemicals, and microorganisms (50 Federal
Register 46936-47022, November 13, 1985). Exhibit 4-7 lists values for both
proposed MCLs and proposed MCLGs. In general, proposed requirements,
including proposed MCLs and MCLGs, should be used in the same manner as '"other
criteria, advisories, and guidance" (as defined in the CERCLA compliance with
other environmental statutes policy memorandum; see Section 2.3). It should
be recognized, however, that proposed regquirements can be changed before they
are promulgated; thus, final requirements may differ from proposed ones.
After a proposed requirement that falls in the ARAR category becomes final, it
should be acdded to the active list of ARARs.

4.3.2.2 Drinking Water Health Advisories

In addition to MCLs and MCLGs, EPA provides drinking water suppliers with
guidance on various chemicals that may be encountered in a water system. The
Office of Drinking Water's nonregulatory health advisories are concentrations
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of contaminants in drinking water at which adverse effects would not be
anticipated to occur. A margin of safety is included to protect sensitive
members of the population. The health advisory numbers are developed from
data describing noncarcinogenic end-points of toxicity. They do not
incorporate quantitatively any potential carcinogenic risk from slch exposure.
The Office of Drinking Water has recently developed healfh -advisories for 534
chemicals or chemicals groups, and these values are summarized in Exhibit 4-8.

Under certain circumstances and when the appropriate toxicological data
are available, health advisories may be developed for one-day, ten-day,
longer-term (several months to several years), and lifetime durations of
exposure. One-day and ten-day health advisories are calculated for a 10 kg
child (a one-year old infant) assumed to drink one liter of water per dav.
Lifetime health advisories are calculated for a 70 kg adult, assumed to drink
two liters of water per day. Longer-term health advisories are calculated for
both a 10 kg child and a 70 kg adult. For chemicals that are known or
probable human carcinogens according to the proposed Agency classification
scheme, non-zero one-day, ten-day, and longer-term health advisories may be
"derived, with attendant caveats. Health advisories for lifetime exposures are
not recommended for this group of substances. For these potential carcinocgens,
drinking water concentrations associated with projected upper 95 percent con-
fidence limit excess lifetime cancer risk of 10-° are provided. Comparison
of these values to measured or predicted drinking water concentrations can
give an indication of the magnitude of potential carcinogenic risk.

W * * % J=

This chapter, in conjunction with the Superfund Exposure Assessment
Manual, has presented instructions for estimating exposure point
concentrations of the indicator chemicals selected in Chapter 3. Important
exposure pathways have been identified. Ambient concentrations of the
indicator chemicals have been mocdeled from the point of release to the point
of human exposure for important exposure pathways, and these estimated
concentrations have been compared to applicable or relevant and appropriate
requirements and other federal criteria, advisories, and guidance. If all
indicator chemicals have applicable or relevant and appropriate requirements,
the baseline public health evaluation is now complete. In this case, proceed
to Chapter 8 to begin the analysis of remedial alternatives. Otherwise, the
exposure point concentrations estimated here will be used in Chapter 5 to
calculate chemical intakes, which subsequently will be used to estimate risk.

. -~ - PR



OSWER Directive 9285.4-1

-77-

CHAPTER 5

STEP 3: ESTIMATION OF CHEMICAL INTAKES

>

oL,

To assess the potential adverse health effects associated with a site, the
amount of human exposure to the selected contaminants must be determined. 1In
this chapter, methods are presented for estvimating human exposures using the
environmental concentrations of substances that were estimated by the methods

described in Chapter &4 and the Superfund Exposure Assessment Manual.

Human exposure is expressed in terms of intake, which is the amount of
substance taken into the body per unit body weight per unit time.?!J Intakes
are calculated separately for exposures to chemical contaminants in each
environmental medium =-- air, ground water, surface water, and soil. Then, for
each exposed population-at-risk, intakes for the same route of exposure are
summed, resulting in a total oral exposure and total inhalation exposure.
Dermal exposure, if determined to be important, should be estimated separately.
Exhibit 5-1 is an overview of the intake estimation step.

Because short-term (subchronic) exposures to relatively high
concentrations of chemical contaminants can cause different toxic effects than
those caused by long-term (chronic) exposures to lower concentrations, two
intake levels are calculated for each chemical -- the subchronic daily intake
(SDI) and the chronic daily intake (CDI). These calculated intakes are based
on short-term and long-term concentrations derived for each chemical using the
procedures in the preceding chapter. All intakes are expressed in mg/kgfday.

In circumstances where contamination already has reached a point of human
exposure, intake calculations may be made based on personal air monitoring and
body burden analysis data for exposed individuals. All human subject
monitoring and assessment should be coordinated with the Agency for Toxic
Substances and Disease Registry, Department of Health and Human Services.
Results should be reported directly on Worksheets 5-1 through 5-4.

The sections that follow give standard methods to estimate human intakes
through air, ground water, and surface water. If other exposure routes, such
as dermal absorption and soil ingestion are important, contact the Exposure
Assessment Group, Office of Research and Development, U.S. EPA, Washington,
D.C. 20460, for additional guidance. "Standard intake assumptions are given
in Exhibit 5-2. |If more accurate site-specific information is available, it
can be used to give a better representation of risk at the site. See Exhibit
5-2 for an example of how to use the standard assumptions and how to make

21) The term intake is used instead of dose because the information
required to estimate dose is often unavailable. To estimate dose, information
indicating the amount of a chemical that may be absorbed (e.g., across lung or
gastrointestinal tract lining or through the skin) and subsequently distributed
to target organs or tissues would be needed. When absorption data are
available they can be incorporated into the assessment. Because adequate
absorption data for specific chemicals are relatively rare, they cannot be
used consistently and are not included here.

* % % QOctober 1986 * * *
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EXHIBIT 5-1
OVERVIEW OF STEP 3: ESTIMATING HUMAN INTAKES
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Combine Adjusted Assumptions with Projected Chemical Concentrations
to Estimate Intakes for Individual Exposure Routes

Sum Intakes Across Exposure Routes, as Appropriate
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EXHIBIT 5-2

USED IN DAILY INTAKE CALCULATIONS a/

~
7

- -
re
kS

Parameter Standard Value Reference

Average body weight, adult 70 kg EPA, 1980
Average body weight, child 10 kg ICRP, 1975
Amount of water ingested

daily, adult 2 liters NAS, 1977
Amount of water ingested
- daily, child 1 liter NAS, 1977
Amount of air breathed

daily, adult 20 m? EPA, 1980
Amount of air breathed 5 m? FDA, 1970

daily, child
Amount of freshwater fish .

consumed daily, adult 6.5 g EPA, 1980

a/ Example 1: how to apply

the standard assumptions.

If contaminant concentration is 3 mg/liter in drinking water:

(3 mg/liter x 2 liters/day water consumption) # 70 kg body weight
= 0.086 mg/kg/day intake

Example 2: how to apply adjusted assumptions.

If site data indicate that the exposed population has a water consumption

rate of 1.2 liters/day

and an average weight of 60 kg, and the contaminant

concentration is 3 mg/liter in drinking water:

(3 mg/liter x 1.2 liters/day water consumption) * 60 kg bédy weight
= 0.06 mg/kg/day intake

-l
Y Iy
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adjustments based on more accurate intake and body weight information for the
exposed population. For example, higher than average fish consumption may be
important for some sites where surface water contamination is a problem. In
addition, the standard intake values do not account for reduced intakes
resulting from human activity pattefns that reduce human contact with the
contamination (i.e., it is assumed that exposure occurs 24 hours per day for
the entire period that contamination is present). This conservative approach
can be modified based on site-specific information to the contrary. For
example, if an industrial area is an inhalation exposure point, it may be
appropriate to adjust the standard intake factor by the fraction of a year
spent at the exposure point.

Worksheets are provided as a method of organizing information and keeping
track of intake calculations. However, they will not generally be required as
part of the final report. Only Worksheets 5-5, 5-6, and 5-7, the summary
worksheets, will be required for submission with the final report.

5.1 CALCULATE AIR INTAKES

Human intake of contaminants present in the air is dependent on the
contaminant concentration, the frequency and volume of inhalation, the
duration of exposure, and in the case of particulates, particle size.

" The measured or predicted atmospheric concentrations (short-term and
long-term) of each contaminant at specific exposure points are given in
wWorksheet 4-4. Insert these values into the appropriate columns of Worksheet
5-1. Note that a separate worksheet must be prepared for each inhalation
exposure point.

A standard human intake coefficient has been calculated for use in
determining air exposures in the absence of more accurate site-specific intake
information. This value takes into account the frequency (breathing rate),
volume, and duration of inhalation intake as well as an average human body
weight. The intake coefficient is calculated by dividing the daily air intake
by the average adult body weight to give a value in m?/kg/day. This
coefficient has been inserted into Worksheet 5-1 and is based on the standard
adult values given in Exhibit 5-2. For short-term exposures, include the
duration of exposure on Worksheet 5-1.

Using Worksheet 5-1, estimate subchronic and chronic air intakes for each
indicator chemical at all relevant exposure points. Note that absorption of
chemicals into the body is not accounted for by the intake estimates (or by
the critical toxicity values described in Chapter 6). However, if
chemical-specific absorption data are available, they can be used to refine
the assessment as long as the procedures and values are clearly documented.

5.2 CALCULATE GROUND-WATER INTAKES

Human exposure to contaminated ground water can occur when contaminated
wells are used as a drinking water source. The degree of exposure depends on
the concentration of the contaminant in drinking water, the amount of water
consumed per day, and the duration of exposure. '

e ke ke ™ e el tee YOO P R R W
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The measured or predicted concentrations (short-term and long-term) of
each contaminant in ground water at each exposure point are given in Worksheet
4=4. Insert these values into appropriate columns of Worksheet 5-2. Note
that separate worksheets must be prepared for each groupd-water exposure point.

7 '/‘ o .

A standard human intake coefficient has been calculated for use in
determining drinking water exposures. This value takes into account both
average daily consumption of water and average body weight. The intake
coefficient is calculated by dividing the standard drinking water intake by
the average adult body weight to give a value in l/kg/day. This coefficient
has been inserted into Worksheet 5-2 and is based on the standard adult values
given in Exhibit 5-2. For short-term exposures, also include the duration of
exposure on Worksheet 5-2.

Using Worksheet 5-2, estimate subchronic and chronic drinking water
intakes for each indicator chemical at all relevant ground-water exposure
points. '

5.3 CALCULATE SURFACE WATER INTAKES

For potential exposures to contaminated surface water, calculate intakes
from ingestion of drinking water and ingestion of contaminated fish, as
appropriate for the site being assessed.

Drinking Water. Human exposure to contaminated surface water can occur
when the surface water is used as a drinking water source. The degree of
exposure to contaminants present in drinking water derived from surface water
depends on the same factors described for drinking water derived from ground
water.

Obtain the concentrations (short-term and long-term) of each chemical
present in surface water at each exposure point from Worksheet 4-4. Insert
these values into the appropriate columns of Worksheet 5-3. The standard
human intake coefficient for drinking water is the same as that used for
calculating ground-water intakes and has been inserted into Worksheet 5-3.

For short-term exposures, include the duration of exposure on Worksheet 5-3.

Using Worksheet 5-3, estimate subchronic and chronic drinking water
intakes for each indicator chemical at all relevant surface water exposure
points.

Fish Consumption. Another potential route of exposure from contaminated
surface water is through the ingestion of contaminated fish. The factors that
determine human exposure from contaminated fish are the contaminant
concentration in the fish, the amount of fish consumed, and the duration of
exposure.

The concentration of a contaminant in fish can be estimated by multiplying
the concentration of the contaminant in surface water by the fish bioconcen-
tration factor for that chemical. Obtain surface water concentrations for
each chemical at each exposure point from Worksheet 4-4. Insert the
appropriate values into the appropriate columns of Worksheet 5-4. Standard
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human intake coefficients are calculated by dividing standard freshwater fish
intake per day by the average adult body weight. These coefficients have been
inserted into the worksheet. Obtain the fish bioconcentration factor for each
chemical from Appendix C or other sources. Again, for short-term exposures
include the duration of exposure on Worksheet 5-4. If the concentration of
contaminants in fish has been measured, this concentratiofy ¢can be used for
short-term exposure. It should not necessarily be used for <long-term exposure
because surface water concentrations are likely to change over the 70-year
period being considered, causing the concentration of contaminants in the fish
to change over time.

Using Worksheet 5-4, estimate subchronic and chronic daily intakes from
contaminated fish for each indicator chemical at all relevant surface water
exposure points.

5.4 CALCULATE INTAKES FROM OTHER EXPOSURE PATHWAYS

There are a number of other potentially important exposure pathways that
are more difficult to quantify than those just described. Nevertheless, the
human chemical intakes received though such pathways may be extremely
important to certain populations-at-risk. For example, at some sites children
plaving outdoors may be exposed to contaminated soil through dermal absorption
or through direct ingestion of soil. 1If young children have access to a site
or adjacent area with contaminated surface soil, exposure for this
subpopulation via soil ingestion can be estimated based on the following
assumptions:

o Ingestion is primarily of concern for children between
age two and six;

N Ingestion rate varies from 0.1 to 5 grams per day,
with higher values representative of pica behavior; and

. Body weight of children in this age group averages 17
kg, and ranges from 10 to 25 kg.

These assumptions are based on EPA (1984), Kimbrough et al. (1984), and
Anderson et al. (1984). In addition to exposures via soil ingestion, other
soil-related pathways, particularly migration of contaminants to ground and
surface waters, may be very important at a site and therefore should be
considered.

Another potential exposure pathway could be agricultural land being
irrigated with contaminated surface or ground water; human exposure would
occur if produce is contaminated and ingested. Humans may also be exposed via
consumption of game animals that reside in contaminated areas. Contaminated
surface waters, in addition to providing drinking water, may be used for
recreation and humans may be exposed by swimming in such waters. This may
result in dermal, oral, and inhalation exposures. During bathing or
showering, dermal or inhalation exposure may occur. Volatilization while
cooking with contaminated water may result in inhalation exposure.

Formulas and worksheets for these less common exposure pathways have not
been included in this manual because there has been little experience on which
to base standard formulas. It should be noted, however, that at certain sites

e o'e ofs MNatmlase QR4 e ke oha
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and for certain pojulations-at-risk, these less common routes of exposure may
be significant. If one of these exposure pathways (e.g., exposure to soil,
dermal exposure or surface water ingestion while swimming) has been identified
as significant, the Exposure Assessment Group at EPA headquarters should be
contacted for guidance on a method for calculating chemical intakes.

-
RS

5.5 COMBINE PATHWAY-SPECIFIC INTAKES TO YIELD TOTAL ORAL AND
TOTAL INHALATION INTAKES

In this step, total exposure scenarios are developed for each exposure
point, and the relevant route-specific intakes are combined for the affected
population. This exposure summation gives the total daily oral intake and
total daily inhalation intake of each chemical to which the population may be
exposed.

In Chapter &4, chemical concentrations at the significant exposure point
were estimated for each identified exposure pathway (see Worksheets 4-2 and
4=-4). Recall that the significant exposure point for a pathway is the point
of highest individual exposure, although locations with large exposed
populations and lower exposure levels should also be included in the analysis
as supplementary exposure points. Now the task is to determine, for each
significant exposure point identified in Chapter 4, which of the other
exposure pathways could contribute to total exposure at that point. Use
Worksheet 5-5 to record this information. Be sure to list any potentially
important non-quantified exposure pathways on Worksheet 5-5. If the
populations-at-risk for different exposure pathways are mutually exclusive, do
not sum intakes from both pathways for the same exposure point. For example,
it is incorrect to sum the intakes associated with ingesting drinking water
from different sources if each person's exposure is exclusively from one of
the sources.

After a total exposure scenario has been developed for each significant
exposure point (e.g., a population living near the site with private drinking
water), combine the individual chemical intakes calculated for each of the
oral exposure pathways identified for that exposure point. Do the same for
inhalation. Referring to Worksheet 5-5, insert the appropriate intakes to be
combined (from Worksheets 5-1 through 5-4) into Worksheet 5-6 (SDIs) and
Worksheet 5-7 (CDIs). Note that some intake values from Worksheets 5-1
through 5-4 may need to be adjusted when applied to exposure points other than
those specified. 1In situations where the significant exposure points of two
pathways are relatively far apart, the project management team must judge
whether the additional calculation effort is warranted or whether simply
summing the intakes for the significant exposure points is sufficient. For
example, if the significant exposure points for an air and a ground-water
pathway differ, the project manager may choose to adjust the intakes from
Worksheets 5-1 and 5-2 before using them for a total exposure estimate or may
combine the unadjusted intakes for a conservative total exposure estimate.

The next step in the summation procedure is to add the intakes from fish
and drinking water ingestion for each chemical to give the total oral SDI
(Worksheet 5-6) and CDI (Worksheet 5-7) for the population-at-risk at each
significant exposure point. The existence of any non-quantified exposure
pathways should be noted on these summary intake worksheets. In addition, be
sure to note the number of people exposed at each significant exposure point.

% 3k % October 1986 LK
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Name of Site:
Date:
Analyst:

QC: -

L,

.y s

~

WORKSHEET 5-5
PATHWAYS CONTRIBUTING TO TOTAL EXPOSURE

Exposure Pathﬁays
Contributing to
Exposure Point Total Exposure Comments

Nearest downgradient Ground-water ingestion
residences on private wells™

Air inhalation

Soil contact Non-quantified
Residences 1 mile SW on Ground-water ingestion
vulnerable public wells

Air inhalation Low exposure
Hospital at 2 miles on Ground-water ingestion

public well (sensitive)

* Significant exposure point.
INSTRUCTIONS

List the exposure points for all exPosure pathways being evaluated (from
Worksheet 4-2).

Determine the exposure pathways contributing to total exposure for each
listed exposure point.

Note in the comments column which exposure pathways are only short-term,
which are non-quantified, and any other pertinent information.

ASSUMPTIONS

List all major assumptions in developing the data for this worksheet:
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Name of Site:
Date:
Analyst:

QC:

A

WORKSHEET 5-6
TOTAL SUBCHRONIC DAILY INTAKE (SDI) CALCULATION

Total Exposure Point: Nearest Residences on Private Wells

Number of People: 40

Ground- Surface Fish Total Total
Water Water Ingestion Oral Air
Chemical SDI SDI SDI SDI SDI
Benzene 0.0058 - 4.7 x 10-6 0.0058 0.0075
Lead 0.0013 - 3.8 x10° 0.0013 0

INSTRUCTIONS
List all indicator chemicals.

Refer to Worksheet 5-5 and determine which exposure pathways are relevant
for the total exposure point.

Record SDIs (in mg/kg/day) for the total exposure point from Worksheets
5-1 through 5-4 in the appropriate columns. Be sure only to include SDIs
estimated for the same time period.

For relevant exposure pathways that had intakes calculated for a different
exposure point, adjust the intake estimates for the total exposure point.
Record the rationale and calculations supporting any adjustments and
attach to this worksheet.

Determine total oral SDI by adding the component SDIs (ground-water,
surface water, fish) for each chemical.

ASSUMPTIONS

List all major assumptions in developing the data for this worksheet:

* %k % October 1986 * ok %



OSWER Directive 9285.&-;

-80-

Name of Site:
Date:

Analvst:

QC: .

P
L,
- -~
e (

WORKSHEET 5-7
TOTAL CHRONIC DAILY INTAKE (CDI) CALCULATION

Total Exposure Point: Nearest Residences on Private Wells

Number of People: 4O

Ground- Surface Fish Total Total

Water Water Ingestion Oral Air
Chemical CDI CDI CDI CDI CDI
1. Benzene 0.00025 - 1.3 x 10°% 0.00025 0.0012

Lead 0.00015 - 1.5 x 10 ° 0.00015 O

~

w

INSTRUCTIONS
List-all indicator chemicals.

Refer to Worksheet 5-5 and determine which exposure pathways are relevant
for the total exposure point.

Record CDIs (in mg/kg/day) for the total exposure point from Worksheets
5-1 through 5-4 in the appropriate columns.

For relevant exposure pathways that had intakes calculated for a different
exposure point, adjust the intake estimates for the total exposure point.
Record the rationale and calculations supporting any adjustments and
attach to this worksheet.

Determine total oral CDI by adding the component CDIs (ground-water,
surface water, fish) for each chemical.

ASSUMPTIONS

List all major assumptions in the development of data for this worksheet:
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The intake summation procedure described here is most relevant to the
estimation of total chronic exposure levels. When estimating total subchronic
exposures, be sure not to sum peak intake values estimated for different time
periods. Remember, the time period defined as short term is anywhere from a
10 to a 90 day period. If the SDI for one pathway is estimated to occur
immediately and the SDI for another pathway affecting tha?sqhé exposure point
is predicted to occur in 5 years, it would be improper to sum these -- they
would affect the same population, but at different times. In this situation,
assessing short-term risks based on the higher of the two values usually will
provide a reasonable assessment of short-term risks. However, exposures
likely to occur immediately should also be assessed.

Human intakes for the indicator chemicals have been calculated from
measured or predicted ambient exposure point concentrations. Intakes received
from air, ground water, surface water, and fish consumption have been
calculated separately for each exposure pathway and combined to give total
oral and total inhalation intakes for each significant exposure point and each
selected indicator chemical. These intake estimates will be combined with
toxicity information gathered for Chapter 6 to perform the risk
characterization for Chapter 7.

kK October 1986 * kK
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CHAPTER 6

STEP 4: TOXICITY ASSESSMENT

-
4 7

This chapter describes the critical toxicity values (i.&., numerical values
describing a chemical's toxicity) needed for the risk characterization step of
the Superfund public health evaluation process. An overview of the toxicity
assessment step of the public health evaluation is shown in Exhibit 6-1.
Toxicity information is used in conjunction with the results of the exposure
assessment to characterize risk. EPA's verified reference doses (RfDs),?2-
evaluations by EPA's Carcinogen Assessment Group, and Health Effects
Assessment documents (HEAs) developed by EPA's Office of Research and
Development serve as a consistent source of critical toxicity values for the
Superfund public health evaluation process. Critical toxicity values from
these sources are summarized in Appendix C to this Manual and also are
contained in PHRED (Public Health Risk Evaluation Database). EPA believes
that these are currently the best available sources of toxicity values.
However, this process is intended to accommodate new information and, as new
toxicity data become available, Appendix C and PHRED will be updated to
reflect these changes. Toxicity information for specific chemicals not
covered in Appendix C may be available through the Environmental Criteria and
Assessment Office (ECAO), U.S. EPA, 26 W. St. Clair Street, Cincinnati, Ohio
45268. In situations where Appendix C does not contain the necessary critical
toxicity values for all indicator chemicals at a site, ECAO should be contacted
for additional information. In some cases it may be necessary to derive
appropriate values based on available toxicological or epidemiologic data.

Three values that describe the degree of tox1C1ty posed by a chem1ca1 are
required in the process:

o the acceptable intake for subchronic exposure (AIS);

i the acceptable intake for chronic exposure (AIC); and

i the carcinogenic potency factor (for potential
carcinogenic effects only).

These values are based on empirical data and have not been adjusted for
site-specific conditions. For some chemicals, separate critical toxicity
values are available for ingestion and inhalation routes of exposure.

AIS and AIC values are required for all chemicals being evaluated. These:
values are derived from quantitative information available from studies in
animals (or observations made in human epidemiologic studies) on the
relationship between intake and noncarcinogenic toxic effects. They are
designed to be protective of sensitive populations. The units for the AIS and
AIC are the same as those developed for SDI and CDI in the human exposure phase
of the public health evaluation -- mg/kg body weight/day. For teratogenic
chemicals, AIS values are generally derived for the teratogenic effects.

22) Reference doses are for noncarcinogenic effects and are similar in
concept to acceptable daily intakes (ADIs).

* % %  QOctober 1986 ¥ * *
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EXHIBIT 6-1
OVERVIEW OF STEP 4: ASSESSING TOXICITY

Il

Identify Critical Toxicity Values from EPA-Approved Sources
(Summarized in Appendix C to Manual)

Develop Toxicity Values (in Conjunction with Headquarters
EPA) for Additional Chemicals, if Necessary
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AIS values are determined by a process similar to the procedure used to
develop reference dose values, except that subchronic effects are the basis of
the values instead of chronic effects. Most AIS values are based on
subchronic (10-90 day) animal studies, although some are derived from human
exposure data. For chemicals without appropriate human data, the "highest
subchronic exposure level not causing adverse effects, of. no-observed-adverse-
effect-level (NOAEL), is determined for all valid animal 'sttidies available in
the literature. The NOAEL is then divided by appropriate uncertainty factors
to give the AIS. CUncertainty factors usually include a factor of 10 to
account for extrapolation from animal experiments to human effects and a
factor of 10 for intraspecies variability (i.e., to account for the fact that
two individuals of the same species may not react to the same quantity of a
chemical with the same level of response).

In general, AIC values are based on long-term animal studies. For a few
chemicals, however, adequate human data are available and are used. The
highest chronic exposure level not causing an adverse effect (NOAEL) is
determined by examining literature values from all appropriate animal
studies. The NOAEL value is then divided by uncertainty factors as in AIS
development. Again, a factor of 10 is used for extrapolation from animal
effects to human effects, and a factor of 10 is used to account for
intraspecies variability. If chronic studies are not available, subchronic
NOAELs are used and divided by an additional factor of 10 to account for
uncertainties in extrapolating from subchronic to chronic exposures.

The carcinogenic potency factor is expressed as the lifetime cancer risk
per mg/kg body weight/day. This factor is equivalent to ql* when it is

based on animal study data evaluated by the multistage model. This factor is
an estimated upper 95 percent confidence limit of the carcinogenic potency of
the chemical. From it, an upper bound estimate of cancer risk can be
determined. '

Although toxicity assessment is an integral part of the overall public
health evaluation, in most cases limited new work will actually be required of
the site analyst to complete this step. To prevent duplication of effort and
ensure consistency among public health evaluations, the toxicity assessment
step has already been done for many common toxic substances and is documented
in a HEA or RfD summary. If EPA has completed verification of a reference
dose (RfD) for a specific chemical, then that value should be used as an
AIC. 1If critical toxicity values are not available in Appendix C, contact
ECAO for further guidance. Worksheet 6-1 is provided as a format for
summarizing the required toxicity data.

-l -'e -te -te
-~ " 4 W<

In this chapter, toxicity information was collected to combine with
exposure information from the previous chapter to allow characterization of
the health risks of the indicator chemicals. Three kinds of data were
collected: chronic and subchronic acceptable intakes for noncarcinogenic
effects and carcinogenic potency factors for potential carcinogenic effects.
Using these data, long-term and short-term health risks can be characterized.
Guidance for. risk characterization is presented in Chapter 7.

* k% October 1986 Tk %k
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Name of Site:

Date:
Analvst:
QC:
f f/, .
WORKSHEET 6-1 h
CRITICAL TOXICITY VALUES
Carcinogenic
AIS AIC Potency Factor
Chemical (mg/kg/day) (mg/kg/day) (mg/kg/day)-
Tnhalation Route
1. Benzene -- - 0.026(A)*
2. Lead -- 0.00043 N/A
3. Methvl ethvl
ketone 2.2 0.22 N/A
Ingestion Route
1. Benzene .- -- 0.052(A)*
2. Lead -- 0.0014 N/A
3. Methvl ethvl -- 0.050 N/A

ketone

* EPA weight-of-evidence rating in parentheses for potemtial carcinogens.

INSTRUCTIONS
1. List all indicatof chemicals.

2. List AIS, AIC, and carcinogenic potency factor values and carcinogenicity
weight~of-evidence ratings, obtained from Appendix C (or EPA/ECAQ).

3. For teratogenic chemicals, list a separate AIS for that effect only.

ASSUMPTIONS

List all major assumptions in developing the data for this worksheet:



OSWER Directive 9285.4~1

-06-

CHAPTER 7

STEP 5: RISK CHARACTERIZATION

In this final step of the baseline public health evaluation process, a
comparison is made between projected intakes and reference levels for
noncarcinogens and between calculated risks and target risks for potential
carcinogens. In the following sections, the methodology for making these
comparisons is described. There are separate discussions for noncarcinogenic
and carcinogenic effects because the methodology differs for these two classes
of chemical toxicity. Exhibit 7-1 is an overview of the risk characterization
step.

Remember, comparisons to applicable or relevant and appropriate
requirements and other standards and criteria should already have been made
for those chemicals having them (see Section 4.3). This comparison to
requirements, in addition to the risk characterization results, will be
included in the final public health evaluation report in the feasibility study.

7.1 NONCARCINOGENIC EFFECTS

Most sites being assessed will have more than one indicator chemical being
evaluated for noncarcinogenic effects. To assess the overall potential for
noncarcinogenic effects posed by multiple chemicals, a hazard index approach
has been developed based on EPA's Guidelines for Health Risk Assessment of
Chemical Mixtures (EPA, 1986d). This approach-assumes that multiple sub-
threshold exposures could result in an adverse effect and that the magnitude
of the adverse effect will be proportional to the sum of the ratios of the
sub-threshold exposures to acceptable exposures. This can be expressed as:

Hazard Index = El/RL1 + EZ/RL2 + ... + Ei/RLi
where Ei = Exposure level (or intake) for the ith toxicant
RLi = Reference level (or intake) for the ith toxicant

Any single chemical with an exposure level greater than the reference
level will cause the hazard index to exceed unity, and when the index exceeds
unity, there may be concern for a potential health risk. For multiple chemical
exposures, the hazard index can exceed one even if no single chemical exceeds
its acceptable level. However, the assumption of additivity reflected in the
hazard index equation is most properly applied to compounds that induce the
same effect by the same mechanism. Consequently, application of the equation
to a mixture of compounds that are not expected to induce the same type of
effects could overestimate the potential for effects. |f the hazard index
results in a value greater than unity, segregate the compounds in the mixture
by critical effect and derive separate hazard indices for each effect.

Critical effects are described in the Health Effects Assessment documents.

* ko October 1986 w* koK
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EXHIBIT 7-1
OVERVIEW OF STEP 5: CHARACTERIZING RISKS

For Noncarcinogens, Compare Estimated Intakes to Reference Levels

For Carcinogens, Combine Estimated Intakes
with Upper-Bound Carcinogenic Potency Factors
to Calculate Risk
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To make the comparison between estimated subchronic exposure to several
chemicals and acceptable subchronic intakes, determine the subchronic hazard
index by calculating and then summing the SDI:AIS ratios for all chemicals.
Use Worksheet 7-1 to record this calculation and summation. A separate
subchronic hazard index should be developed for each tétal,gxposure point. Be
careful to sum ratios only for chemicals and exposure pathways for which the
short-term concentration time period is the same.

If any chemicals with teratogenic effects are being assesscd, calculate a
separate subchronic hazard index for them. The subchronic daily intake (SDI)
and the reference level for teratogenic effects should be used for assessment
of teratogenic risk.

To make the comparison between estimated chronic exposure to indicator
chemicals and acceptable chronic intake, follow a similar procedure,
calculating and then summing the ratios of CDI:AIC for all chemicals to give a
chronic hazard index. Calculate a separate index for each total exposure
point, using Worksheet 7-2 to calculate and record the necessary information.

Throughout this entire public health evaluation process, intakes and risks
from oral and inhalation exposure pathwavs have been estimated separately.
This was done so that route-specific toxicity data could be used. However,
the possible effects of multimedia exposure should be evaluated by summing the
hazard indices for inhalation and oral exposures at each total exposure
point. This will ensure that acceptable levels are not being exceeded by
combined intakes when multiple exposure pathways exist.

It is emphasized that the hazard index is not a mathematical prediction of
incidence or severity of effects.: It is simply a numerical index to help
identify potential exposure problems. Results for multiple chemicals should
not be interpreted too strongly.

If some of the indicator chemicals do not have adequate toxicity
information, thus preventing their inclusion in the hazard index, the hazard
index may not be reflective of actual hazard at the site. Consideration of
chemicals that do not have toxicity values could significantly increase the
hazard index to levels of concern. Professional judgment is required to
determine how to interpret the hazard index for a particular site.

7.2 POTENTIAL CARCINOGENIC EFFECTS

For potential carcinogens, risks are estimated as probabilities. The
carcinogenic potency factor, which is an upper 95 percent confidence limit on
the probability of response per unit intake of a chemical over a lifetime
(i.e., only 5 percent chance that the probability of response could be greater
than the estimated value on the basis of the experimental data used), converts
estimated intakes directly to incremental risk. If the exposure assessment is
conservative, the resultant risk predicted is an upper-bound estimate.
Consequently, predicted risk may overestimate the actual risk at a site.
However, this method is used so that carcinogenic risk will not be
underestimated.
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Name of Site:
Date:
Analyst:
QC:
WORKSHEET 7-1 AP

CALCULATION OF SUBCHRONIC HAZARD INDEX

Total Exposure Point: Nearest Residences on Private Wells

Inhalation Oral
Chemical SDI AIS SDI:AIS SDI AIS =~ .SDI:AIS
1. Benzene 0.0075 0.15* 0.05 0.0058 0.15%* 0.04
2. Lead 0 0.5 0 0.0013 0.5 0.003
3.
4.
* Values for illustration only; not in Appendix C.
"Sum of Inhalation SDI:AIS Ratios = _ 0.0S5
Sum of Oral SDI:AIS Ratios = 0.04&
Sum Total of All Ratios = 0.09
INSTRUCTIONS
1. " List all indicator chemicals.
2. List the total inhalation SDI and total oral SDI (in mg/kg/day) from
Worksheet 5-6 in the appropriate columns for each chemical.
3. List route-specific AIS values (from Worksheet 6-1) and calculate
route-specific SDI:AIS ratios for each chemical.
4.

Sum and record route-specific SDI:AIS ratios.

Sum and record total (inhalation plus oral) SDI:AIS ratios only if the
SDIs for the two routes refer to the same time period. If total is less
than 1, there is probably no subchronic health hazard. 1If the sum is
greater than 1, separate the ratios according to health endpoint and do a
separate worksheet for each endpoint.

ASSUMPTIONS

" List all major assumptions in developing the data for this worksheet:
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Name of Site:
Date:
Analyst:
QC: -
WORKSHEET 7-2 S

CALCULATION OF CHRONIC HAZARD INDEX

Total Exposure Point: Nearest Residences on Private Wells

Inhalation Oral
Chemical CDI AIC CDI:AIC CDI AIC CDI:AIC
Benzene 0.0012 0.002%* 0.6 0.00025 0.002* 0.1
Lead 0 0.00043 0 0.00015 0.0014 0.1

* Values for illustration only; not in Appendix C.

Sum of Inhalation CGDI:AIC Ratios = 0.6
Sum of Oral CDI:AIC Ratios = 0.2
Sum Total of All Ratios = 0.8

INSTRUCTIONS
List all indicator chemicals.

List the total inhalation CDI and total oral CDI (in mg/kg/day) from
Worksheet 5-7 in the appropriate columns for each chemical.

List route-specific AIC values (from Worksheet 6-1) and calculate
route-specific CDI:AIC ratios for each chemical.

Sum and record route-specific CDI:AIC ratios.
Sum and record total (inhalation plus oral) CDI:AIC ratios. 1If total is
less than 1, there is probably no chronic health hazard. If the sum is

greater than 1, separate the ratios according to health endpoint and do a
separate worksheet for each endpoint.

ASSUMPTIONS
List all major assumptions in developing the data for this worksheet:

* % %  QOctober 1986 ¥ * %
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Because relatively low intakes are most likely from environmental
exposures, it can be assumed that the dose-response relationship will be in
the linear portion of the dose-response curve. Under this assumption, the
slope of the dose-response curve is equivalent to the carcinogenic potency
factor, and risk will be directly related to intake at . low levels of
exposure. The carcinogenic risk equation is: {1“&'

Risk = CDI x Carcinogenic Potency Factor
The carcinogenic risk estimate will generally be an upper-bound estimate.

This equation is valid only at low risk levels. For sites where chemical
intakes may be large (e.g., estimated carcinogenic risk above 0.01), an
alternate model should be considered. For example, the one-hit equation,
which is consistent with the linear low-dose model given above, may be useful:

Risk = 1 - exp (- CDI x Carcinogenic Potency Factor)

In this situation, consult ECAO in Cincinnati for guidance on an appropriate
model.

For multiple compounds, the risk equation may be generalized to:
Risk = L (_CDIi x Carcinogenic Potency Factori)

This risk summation, also based on EPA's risk assessment guidelines, assumes
that individual intakes are small. It also assumes independence of action by
the compounds involved (i.e., that there are no synergistic or antagonistic
chemical interactions and.that all chemicals have the same endpoint, cancer).
If these assumptions are incorrect, over- or under-estimation of the actual
risk could result.

For Superfund public health evaluations, it also is assumed that cancer
risks from various exposure routes are additive. Expressed mathematically
this is:

Carcinogenic Risk [CDI (inhalation) x Potency Factor (inhalation)] +
for Chemical X =
[CDI (oral) x Potency Factor (oral)]

Therefore, the total carcinogenic risk for a site. is estimated by:

Total Risk = (Carcinogenic Risk for Chemical 1 + . . . + Chemicali)

The result of the characterization will be upper-bound estimates of the
potential carcinogenic risk for each total exposure point. Estimates for
individual chemicals and pathways as well as estimates of aggregate risk

should be developed and reported. Use Worksheet 7-3 to record the risk
calculations for potential carcinogens.

e als ols Ao mhae 1002 e  ale ol
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Name of Site:
Date:
Analvst:
QC: -
/ (‘ .
WORKSHEET 7-3 g

CALCULATION OF RISK FROM POTENTIAL CARCINOGENS

Total Exposure Point: Nearest Residences on Private Wells

Total
Carcinogenic Route- Chemical-
Exposure CDI Potency Factor specific specific
Chemical Route (mg/kg/day) (mg/kg/day)-1 Risk Risk
Benzene Oral 0.00025 0.052 1 x 107
4 x 107
Inhalation 0.0012 0.026 3 x 107
TOTAL UPPER BOUND RISK = & x 10°°

INSTRUCTIONS
List all potentially carcinogenic indicator chemicals.
List all exposure routes for each chemical.

Record CDIs (Worksheet 5-7) and carcinogenic potency factors (Worksheet
6-1) for each chemical and each exposure route.

Multiply the potency factor by the CDI to get the route-specific risk;
then sum the route-specific risks for each chemical.

Sum all of the chemical-specific risks to give an upper bound estimate of
total incremental risk due to potential carcinogens.

ASSUMPTIONS

List all major assumptions in developing the data for this worksheet:

% % %  (Qctober 1986 % * %
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7.3 UNCERTAINTIES

The public health evaluation process has been designed to rely on a subset
of the chemicals present at a site. These indicator chemicals were identified
on the basis of certain preliminary data. It is important at this time to
review the original data used to select the indicator cﬁemidals to make sure
that it remains valid and that new indicator chemical candidates have not been
uncovered during the evaluation process. It is wise to reevaluate the initial
choice of indicator chemicals at this time to assure yourself that, having
been through the entire process, they are still the appropriate chemicals on
which to base the public health evaluation.

It is emphasized that all estimates of carcinogenic risk and hazard index
are dependent on numerous assumptions, and many uncertainties are inherent in
the risk assessment process. Probably without exception, information on site
history and site characterization data will be lacking in some areas. lost
toxicity information is derived from animal studies, and reputable scientists
disagree about how to interpret these data. A single toxicity parameter based
"on an animal study does not convey the route of administration of test doses
of the suspect chemicals, the organ(s) in which the response occurred, or the
severity of endpoints in the animal experiment used to calculate the
dose-response relationship. Consequently, extrapolation to humans is a source
of uncertainty. Many toxicity studies are done at high doses relative to
exposures associated with waste disposal sites; extrapolation from high to low
doses also increases the uncertainty of risk numbers. Exposure modeling is
based on many simplifying assumptions that add to the uncertainty. Often the
quality or quantity of site-specific chemical monitoring data is inadequate.
The additivity of toxicant risks and the additivity of doses of the same
toxicant from different exposure routes are additional assumptions and
additional sources of uncertainty. Consequently, the results of the baseline
evaluation should not be taken as a characterization of absolute risk. An
important use of these results is to highlight potential sources of risk at a
site so that they may be dealt with effectively in the remedial process.

The procedures described in this chapter are not expected to supplant
expert judgment nor can they be designed to include all of the information
that may be available. 1If there are specific data germane to the assumption
of additivity discussed above (e.g., if two compounds are present at the same
site and it is known that the combination is five times more toxic than the
sum of toxicities for the two compounds), then modify the risk estimate
accordingly. If data on chemical interactions are available but are not good
enough to support quantitative assessment, note the information on the
"assumptions” portion of the appropriate worksheet.

A listing should be made of the most significant factors increasing the
uncertainty of the risk assessment results, as illustrated in Worksheet 7-4.

ols ols ole ol wle
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As a result of the procedures described in Chapters 3 through 7, indicator
chemicals at a site have been identified, releases calculated, exposure routes
identified, and exposure point concentrations calculated. Applicable or
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Name of Site:
Date:
Analvst:

QC:

WORKSHEET 7-4

SITE-SPECIFIC FACTORS INCREASING UNCERTAINTY

(1) Sensitive Population(s):

Yes, specifically: Hospital 1/2 mile southwest from site - 300 people
potentiallv exposed via air and drinking water

(2) Exposure Uncertainties:

A. Non-Quantifiable Exposure Routes
Yes, minor pathways: 1. Ingestion of vegetables and livestock
contaminated bv sprav irrigation
2. Ingestion/dermal absorption by swimmers

B. Overall Data Adequacy.
The site characterization and sampling data is believed to be
‘sufficiently detailed to allow a reasonable assessment; QA/QC is

acceptable

(3) Percentage of Chemicals Evaluated (number and volume):

Approximately 10 percent of the total number of chemicals detected
(represents over 70 percent of the total estimated volume)

(4) Chemical or Biological Interactions:

Yes, chemicals: 1. Benzene and PCBs
Extent of Interaction (if known):
Unknown, but PCBs increase metabolism of benzene

(5) Other Factors:

INSTRUCTIONS

1. Complete worksheet, based on results of analysis of the listed factors at
the site.

*okw % October 1986 * k%
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relevant and appropriate requirements, when available, were compared to
concentration estimates. Human intakes for each exposure pathway were
calculated and summed, then combined with toxicity data to get risk estimates
for both potential carcinogens and noncarcinogens. The results of the public
health evaluation of baseline site conditions will now be used as a starting
point for the formulation of numerical performance goals for management of
migration remedial alternatives. These results alsc canibe considered in the
development of source control measures and as a check to make sure all
potential sources of health risk at a site have been considered.

ok & October 1986 * * &
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CHAPTER 8

DEVELOPMENT OF PERFORMANCE GOALS AND ANALYSIS
OF RISKS FOR REMEDIAL ALTERNATIVES,

.

The baseline public health evaluation, using the procedures described in
the preceding chapters, provides considerable information on the baseline
health risks (i.e., in the absence of remedial action) from the site. This
information about chemical releases, routes of exposure, human exposure
points, and the level and timing of risk will be used as input to further
development of the proposed remedial alternatives. This chapter describes the
procedures for developing target chemical concentrations for remedial
alternatives based on public health considerations and for comparison of
health risks associated with each remedial alternative being considered.
Conceptual alternatives will have already been developed as a concurrent part
of the feasibility study process. By this time, site engineers should have
defined the options available for remedial actions at a site based on
"feasibility and technical considerations. This chapter provides methods to
compare public health risks among the remedial actions developed in other
parts of the RI/FS process.

The NCP defines two different types of remedial alternatives that can be
developed during the feasibility study process: source control
alternatives and management of migration alternatives. This chapter
provides guidante for developing performance goals and for estimating risks
associated with a given level of control for management of migration
alternatives.

Source control alternatives are those that control or remove the source of
contamination before it has migrated much beyond the source. For example,
site excavation and waste immobilization techniques are considered source
control alternatives. Such remedial alternatives should be assessed and
designed on the basis of applicable or relevant and appropriate requirements
(as defined by the NCP; see Section 2.3) and best engineering judgment.
However, best engineering judgment does not indicate how much to excavate or
help to determine acceptable residual levels of chemicals in soil. The
methods described in this chapter can be used to derive target soil
concentrations associated with a target risk range. Otherwise, the procedures
given in this chapter, with the exception of those described in Section 8.6
for assessing short-term effects, do not apply to source control alternatives.

Management of migration alternatives are those that address contaminants
that have migrated away from the source. For example, pump and treat
techniques for removing ground-water contamination are considered management
of migration alternatives. These alternatives should be analyzed based on
applicable or relevant and appropriate requirements and/or target health risk
levels for population exposure points.

The determination that proposed remedial alternatives attain, exceed, or
fall below RCRA design and operating standards or any other applicable or
relevant and appropriate requirement that is not an ambient concentration
level is made independently of the procedures in this chapter. Thus,
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although RCRA requirements are a key consideration in the development of
remedial alternatives, they do not provide ambient concentration targets for
specific chemicals and are not discussed further in this chapter. The
procedures of this chapter allow development of ambient concentation goals to
assist in refining remedial alternatives. -

Fel.
L.

Some sites may have both source control and management ©f migration
alternatives under evaluation. TFor these sites, follow the procedures
described in this chapter for management of migration alternatives.

The remedial alternative ultimately chosen is a risk management decision
that is made as part of the overall feasibility study. This chapter provides
methods for a health-based comparison among alternatives. After a remedial
action has been chosen, the target concentrations developed for the comparison
can be used as performance goals for the remedial alternative and to calculate
allowable release rates for contaminants at the site. When applicable or
relevant and appropriate ambient requirements are available for all indicator
chemicals at a site, the project manager will have specific environmental
concentration levels for each chemical to use as performance goals.

When applicable or relevant and appropriate requirements are not available
for all indicator chemicals, remedies considered should reduce ambient
chemical concentrations to levels associated with a carcinogenic risk range of

-4 =7 . . . .
10 to 10 (e.g., at least one remedial alternative being considered

-

. . . . . -4 ) -6
could be associated with a carcinogenic risk of 10 , one with 10 ~, and

. -7 - , : . : .
one with 10 ') where possible. TFor noncarcinogenic contaminants, exposure
point concentrations should be reduced to correspond to acceptable intake
levels. At sites where both potential carcinogens and noncarcinogens are
involved, the potential carcinogens will generally drive the design process
because concentrations corresponding to the target risk range are usually
lower than acceptable concentrations of noncarcinogens.

When some indicator chemicals have applicable or relevant and appropriate
requirements and others do not, the preferred approach is first to evaluate
remedial alternatives based on the total target carcinogenic risk range, as
when there are no applicable or relevant and appropriate requirements. Then,
for each chemical with a requirement, determine whether at least one
alternative attains, one exceeds, and one falls below its requirement. Given
the broad target range of carcinogenic risk, it is likely that these .three
conditions would be met. If not, additional remedial options may have to be
developed to satisfy the proposed policy of considering options that exceed,
attain, and fall below applicable or relevant and appropriate requirements.

A tiered approach for evaluating and comparing alternatives is described
in this chapter. The first step is a reevaluation of the indicator chemicals
to determine whether any additions are necessary due to treatability
concerns. Second, human exposure pathways are determined for each remedial
alternative. The next step is development of preliminary target
concentrations, based either on applicable or relevant and appropriate
requirements or the potential carcinogenic indicator chemicals at the site.
The initial focus on potential carcinogens rather than noncarcinogens greatly
simplifies the process, and it is a logical approach because potential
carcinogens will usually drive the final design (i.e., environmental

* % October 1986 * %k %
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concentrations of potential carcinogens will generally have to be reduced to
lower levels than concentrations of noncarcinogens). For sites without
applicable or relevant and appropriate requirements, the next step, after
developing preliminary target concentrations, is to estimate corresponding
long-term concentrations of noncarcinogenic indicator ¢hemicals to ensure that
acceptable levels are attained. If necessary, the alternative should be
modified to provide adequate control of noncarcinogens. The final steps of
the tiered approach are to assess potential short-term health risks associated
with the remedial alternative and to evaluate the potential health effect

that could result from failure of the alternative. :

Exhibit 8-1 presents a simple flowchart of the process for formulating
performance goals. The remainder of this chapter describes specific
procedures for comparing health risks and developing performance goals for
management of migration remedial measures. The presentation of methods in
this chapter assumes an understanding of the previous sections of the manual.

8.1 REEVALUATE INDICATOR CHEMICALS

The first step in determining target concentrations for management of
migration remedial alternatives is a review of indicator chemicals. Indicator
chemicals have already been selected for assessing baseline site risks, but
the list of indicators may need to be modified because of differences among
chemicals in treatability, chemical class, and propensity to be released from
specific remedial alternatives. Some chemicals may be more difficult to treat
than those chosen as indicators for the baseline evaluation. These more
recalcitrant chemicals should be considered in the design of remedial
alternatives. It may be possible to use chemical class as a surrogate for
treatability because chemicals within a class have similar physical and
chemical properties. Consequently, chemical classes that were not important
in the baseline evaluation may become important. In addition, some remedial
alternatives will control or release different chemicals than others (e.g.,
volatiles will be of more concern for an air stripping alternative than a site
capping alternative). Review the list of selected indicator chemicals
(Worksheet 3-3) and the list of all chemicals present at the site (Worksheet
3-1) to determine whether additional chemicals should be included as
indicators, taking into account treatability, chemical class, and new release
sources associated with each specific alternative.

8.2 IDENTIFY POTENTIAL EXPOSURE PATHWAYS

The next step in determining target concentrations for management of
migration remedial alternatives is identifying potential exposure pathways.
Again, this task has been completed for the no-action alternative, but it
should be reviewed in light of the particular remedial alternatives under
consideration. Some exposure routes identified for the baseline analysis may
not exist for certain remedial alternatives, while some new exposure routes
may result. For example, long-term pumping and air-stripping treatment of
ground water may result in air exposures not occurring under the no-action
alternative. Therefore, for each management of migration remedial alternative

% % % (October 1986 *# * *
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remaining after initial screening (Chapter 2 of the Guidance for reasibility
Studies), determine the possible sources of chemical release, transport media,
human exposure points, and exposure routes.

>

8.2.1 Determine Possible Sources of Chemical Releasé- T

Based on available information from preliminary site assessments and the
remedial investigation, identify and evaluate the sources of chemical release
that could result from each remedial alternative being evaluated. Consider
the possibilities of chemical releases to air, surface water, ground water,
and soil from sources on the site itself and also from certain off-site
sources resulting from the remedial action (e.g., a ground-water aeration
tower away from the site). In all situations where contaminated materials are
removed from the site and treated, stored, or disposed at a RCRA-permitted
facility, it is not necessary to include the RCRA facility as a source for
purposes of this assessment. Potential releases during transport of wastes
from the site to the RCRA facility also need not be considered.??/

Exhibit 8-2 gives some examples of sources of release to each medium
resulting from typical remedial activities. Evaluate the sources given in
Exhibit 8-2 and any others relevant to the site to determine whether each is
important or unimportant, taking into consideration the potential quantity of
waste that may be released, the frequency of releases, and any other important
considerations. Be sure to consider the possibility of other release sources
not listed in Exhibit 8-2.

Obtain descriptions and details of the remedial alternatives as a basis
for identifying additional potential release sources. Use Worksheet 8-1 to
list and qualitatively evaluate potential release sources for each remedial
alternative. Worksheet 8-1 should be supplemented with a map that indicates
the locations of the release sources for each alternative.

8.2.2 Determine Human Exposure Points

Review Worksheets 4-2 and 4-5 to determine whether the same populations
included in the baseline evaluation will be affected by the specific remedial
alternative under consideration. If so, note the same information previously
collected. Any new significant or supplementary exposure points resulting
from implementation of a remedial action should be noted (see Section 4.1.2,
for definition and discussion of significant exposure points). Populations at
these points will be characterized in a later step.

To assist in vour evaluation of specific human exposure points, review
Section 4.1. Exhibit 4-3 in that section lists common exposure points for
chemical releases. Remember, the purpose of this task is to evaluate exposure

23J Releases from waste transport and management in RCRA permitted
facilities are regulated by applicable RCRA regulations (40 CFR 261 to 267)
and are therefore not appropriate considerations for evaluating remedial
alternatives under CERCLA.

ole ole ole Nl . TN o ale ol
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EXHIBIT 8-2 s

POSSIBLE CHEMICAL RELEASE SOURCE§
FOLLOWING REMEDIAL ACTIONS

Release Release
Medium Mechanism Release Source
Air Volatilization Aeration treatment processes

Surface water

Ground water

Soil

Stack emission

Ground-water seepage
Effluent discharge
Site runoff

Site leaching
Effluent discharge

Site leaching
Surface runoff

Residual contaminated soil or surface
water
Incineration

Residual contaminated ground water
Treatment plant
Residual contaminated surface soil

Residual contaminated soil
Treatment plant

Residual contaminated soil
Residual contaminated surface soil

e ot ol Orrahary 1Q0RA o oo o



-112-

WORKSHEET 8-1

OSWER Directive 9285.4-1

Name of Site:

Date:

Analvst:

QC: .

e (

RELEASE SOURCE ANALYSIS

Remedial Alternative:

Pumping and treatment of

ground water using air stripping

Potential Release
Release Source/ Time Release Probability/
Medium Mechanism Frame Amount
Air Aeration treatment C 100% probability for 10
plant emissions vears, then zero; amounts

may be high for some
volatile chemicals

Surface water Aeration treatment C 100% probability for 10

plant discharge

Ground water

Soil

years, then zero,; amounts
may be high for non-
volatile chemicals

INSTRUCTIONS

1. For each medium, list potential release sources.

2. Estimate release time frame:

chronic (C) or episodic (E).

3. Record any information, qualitative or quantitative, on release amounts

and probabilities.

4. Attach a site map with sources located.

ASSUMPTIONS

List all major assumptions made in developing data for this worksheet:

P
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pathways from a site after the implementation of remedial alternatives. 1In
subsequent sections, methods are presented for modeling environmental
transport processes from the point of exposure back to the source of
contamination to define allowable releases.

~

/

As mentioned above, the affected populations may be ide@fical to those
defined in the baseline evaluation. If a new population might be exposed by
the remedial alternative (e.g., a population that will be exposed to air
emissions from an air stripping tower located at a distance from the site),
this group must be identified and characterized.

8.2.3 Integrate Release Sources, Transport Media, Exposure Points,

and Exposure Routes into Exposure Pathways

Assemble the information developed in the previous tasks and determine the
complete exposure pathways that would exist for each remedial alternative.
Use Worksheet 8-2 to integrate the exposure pathway information. A complete
exposure pathway has four components =-- a source of chemical release, an
environmental transport medium, a point where human receptors could be
exposed, and a likely expcsure route. T[For example, if a release to ground
water is projected but ground water from the affected aquifer is not now used
or projected to be used, the exposure pathway is incomplete.

8.2.4 Identify All Exposure Pathways for Each Exposure Point

To determine the total exposure at each exposure point for a remedial
alternative, review the pathways developed in Worksheet 8-2. Develop
realistic total exposure scenarios (e.g., drinking contaminated ground water
or contacting contaminated surface water) that combine the different pathways
thrcugh which the population at an exposure point could conceivably be
exposed. Record these on Worksneet 8-3.

8.3 DETERMINE TARGET CONCENTRATIONS AT HUMAN EXPOSURE
POINTS

This task involves analysis of each indicator chemical relevant to each
significant exposure point (and supplementary exposure points, if necessary)
to determine a target concentration range for each indicator chemical at the
points of human exposure. Target concentrations will be calculated on the
basis of applicable or relevant and appropriate requirements or the target

. -4 -7 .
cancer risk range of 10 to 10 . 1If applicable or relevant and
appropriate requirements are not available for all indicator chemicals,
proceed to Section 8.3.2.

8.3.1 Target Concentrations for Chemicals With Applicable or Relevant .
and Appropriate Requirements

If all indicator chemicals have applicable or relevant and appropriate
ambient concentration requirements, those requirements will be used as the
basis for the target concentration range. Otherwise, target concentrations
will be based on the target carcinogenic risk range. Some chemicals may have
more than one applicable or relevant and appropriate requirement. In these

% % * NDcrober 1GRA de * *
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Name of Site:
Date:
Analvst:

QC: -

;

r\!"

WORKSHEET 8-2

MATRIX OF POTENTIAL EXPOSURE PATHWAYS FOR REMEDIAL ALTERNATIVES

Remedial Alternative: Limited excavation
Release Release ' Exposure
Medium Source Exposure Point Route
Air
Ground water Remaining con- Private well, 1/8 mile Ingestion
taminated soil awav (downgradient)¥

Surface water

Soil

#*Significant exposure point.
INSTRUCTIONS

1. List all potential release sources, by medium (see Worksheet 8-1).

"~

Describe the nature of the exposure point (i.e., point of highest
exposure) and its location with respect to release source (e.g., nearest
residence to volatilization release area, 100 meters NW). Denote
significant exposure points with an asterisk.

3. List Exposure Route: inhalation, oral, or dermal.

ASSUMPTIONS

List all major assumptions made in developing the data for this worksheet:

e wle  ole Mot mlimne 1007 e ole  ole
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Name of Site:
Date:
Analvst:

. QC:

>

r

WORKSHEET 8-3
IDENTIFY ALL PATHWAYS FOR EXPOSURE POINTS

Remedial Alternative: Limited excavation

Exposure Pathwavs

No. of Exposure Exposure
Exposure Point People Source Route Medium
. Nearest residence
on private wells 100 Site leachate Ingestion Drinking water
Site volatiles Inhalation Air

INSTRUCTIONS
List each exposure point.
Note the number of people potentially exposed at each exposure point.

Record all exposure pathways relevant to each listed exposure point so
that total exposure can be determined.

ASSUMPTIONS

List all major assumptiocns made in developing the data for this worksheet:
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cases, the requirement most appropriate for site exposure concitions should be
used. For drinking water exposures, for example, Safe Drinking Water Act MCLs
should generally be used if available.

List on Worksheet 8-4 the numerical value and sourcé of -applicable or
relevant and appropriate requirements for all of the indicatér chemicals. The
NCP requires consideration of remedies that attain, exceed, and fall below
applicable or relevant and appropriate requirements.?“! Therefore, on
Worksheet 8-4, list a target concentration that exceeds and one that falls
below the applicable or relevant and appropriate requirements.

Once target concentrations have been determined for each medium affected,
determine which of the concentrations can be achieved by each of the various

remedial alternatives under consideration. Engineering judgment must be used-.

to initially determine which remedies are likely to reduce chemicals to the
various target concentrations. Oné approach is to review Worksheet 8-4 and
consider which of the alternatives under consideration will reduce the most
difficult chemical to treat to the most restrictive target concentration, the
"exceeds requirements' category. Next, determine which alternative will
reduce the most difficult chemical to treat to the level of the requirement.
Then determine which remedy meets the "falls below requirement" category by
reducing the concentration of the most difficult chemical to treat to the
least restrictive level. Some of these options may actually be the same
conceptual remedy modified to meet different operating levels, such as a pump
and treat option with different levels of removal; conversely, they may be
completely different remedies. Be sure to verify and document, using chemical
release and transport modeling (see Section 4.2), that the target
concentrations will be met.

Regardless of the "attain, exceed, and fall below requirements" policy,
all remedies that eventually will be considered by the site decision-maker
must be evaluated on public health grounds. This may be done for the
remainder of the alternatives either by matching them with target
concentrations or by using a public health evaluation as described in Chapters

-

3 through 7.

An example for a hypothetical site is provided in Worksheet 8-4. 1In this
example, site contamination has polluted the ground water. Only two
contaminants are present, cadmium and arsenic, both of which have applicable
or relevant and appropriate requirements. Values for the standards and for
concentrations exceeding and falling below requirements are included. Assume
that four alternatives are being considered for the site: cap and slurry
wall; pump, treat, and reinject; pump, treat, and discharge effluent to
surface water; and provide an alternate water supply that meets the drinking
water standards. The most restrictive concentration level is a concentration
of 0.0001 mg/l for cadmium. Providing an alternate water supply would satisfy
the "exceeds requirement” policy by reducing cadmium below that level. The

24J Reauthorization necessitates revision of the NCP; consequently,

current policies regarding attainment of standards may be changed.
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Name of Site:

Date:

Analvst:

QC:

Al

WORKSHEET 8-4

TARGET CONCENTRATIONS FOR CHEMICALS WITH AMBIENT REQUIREMENTS

Target Applicable/ Target
Concentration Relevant Concentration
Requirement Used/ Exceeding Ambient Falling Below
Chemical Appropriate Medium Requirement Requirement Standard
1. Cadmium MCL/drinking water ..001 mg/!l 0.0l mg/1 0.1 mg/l
2.0 Arsenic MCL/drinking water .0035 mg/1 0.03 mg/l 0.5 mg'l
3.
4.
INSTRUCTIONS
1. List chemicals with applicable or relevant and appropriate ambient concentration
requirements (see Exhibit &4-3).
2. List the numerical value of the requirement, the source of the requirement, and
the appropriate exposure medium in the appropriate columns.
3. Determine a target concentration exceeding the standard.

‘\

Determine a concentration falling below the standard.

ASSUMPTIONS

List all major assumptions made in developing the data for this worksheet:
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pump/treat/reinject alternative can be designed to satisfy the arsenic and
cadmium standards; by modifyving the operating parameters, it can also satisfy
the "falls below requirement"” policy. Now the other two options under
consideration must be assessed, either by determining what risks are likely as
a result of their implementation (i.e., forward risk evalfiation) or by back-
calculating allowable release rates based on the target concentration range.

8.3.2 Target Concentration for Chemicals Without Applicable or Relevant
and Appropriate Requirements.

For situations where all indicator chemicals do not have applicable or
relevant and appropriate requirements, target concentrations for potential
carcinogens are calculated based on toxicity and chemical intake data.
Potential carcinogens are evaluated first because target concentrations. for
potential carcinogens generally will be lower than acceptable concentrations
for noncarcinogens; thus, potential carcinogens will usually drive the design
process. Remedial alternatives under consideration must span the target
carcinogenic risk range. Noncarcinogen exposures will subsequently be
assessed to ensure that they are below acceptable levels.

The remedial alternatives under consideration should have been assessed to
the extent that exposure points and routes have been determined for each
alternative. This section describes how to quantify the target concentrations
for each remedy at each exposure point. It is necessary to evaluate the risk
of each alternative and to ensure that the proposed alternatives cover a wide
range of risk. According to Agency policy, the target total individual
carcinogenic risk resulting from exposures at a Superfund site may range

anywhere between 1O-L to 10-7. Thus, remedial alternatives being
considered should be able to reduce total potential carcinogenic risks to
individuals to levels within this range. The Agency also encourages
development of alternatives that eliminate carcinogenic risk where such a

remedy is feasible. One. remedy being considered could correspond to a
/

carcinogenic risk of 10-7, one to 10-0, and one to 10 . These may be

the same conceptual alternative with different operating parameters or may be
different alternatives altogether. In addition, the remaining remedial
alternatives under consideration must also be evaluated either by calculating
risks for those alternatives (i.e., forward risk evaluation as described in
Chapters 3 through 7), or by back-calculating allowable release rates based on
the target concentration range. For any remedial alternative which was
developed by back-calculating release rates, a "forward" risk assessment of
the proposed alternative should be performed to verify that it meets the risk
level it was designed to achieve. This can be accomplished by following the
steps described in Chapter 3 through 7.

8.3.2.1 Apportion Total Potential Carcinogenic Risk Among Multiple
Carcinogens

There are a number of ways of translating total risk levels into target
concentrations for individual chemicals. Ultimately, the site assessor must
judge how the carcinogenic exposure should be apportioned among multiple
potential carcinogens and multiple routes of exposure. Two simple approaches
to this problem are presented below as illustrative examples. The project
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manager is not restricted to these methods, though they will p.ovide a
reasonable starting point. These approaches assume low-dose additivity of
carcinogenic risk, which is consistent with Agency risk assessment guidelines.

One method is to divide a target carcinogenic risk level by the number of
indicator chemicals that are potential carcinogens. For example, at a target

. -6 - . . I
risk level of 10 where 5 potential carcinogens are of interest, the
resulting target risk level for each individual potential carcinogen would be

-7 . , . .
2x10 . Once the target risk is determined, the target intake can be
determined using the following formula:

Potential Carcinogenic Risk = (Chronic Daily Intake) x (Potency ractor)

-9 -
Thus, if the potency factor for benzene is 5.2x10 ° (mg/kg/day) l, the

target benzene intake would be 3.8:‘110.€> mg/kg/day:

- . - - -
(2 x 107] + [5.2 x 1072 (mg/kg/day) }] = 3.8 x 10°° mg/kg/day

The same calculations would then be repeated for each potential carcinogen and
each level of the carcinogenic risk range. This approach is simple and
conservative, ensuring that the target risk will not be exceeded if the target
intakes are attained, but it may not result in the most efficient design.

Another approach is to let one or two chemicals drive the design process.
Cne indicator chemical may be so difficult to treat or so potent (e.g.,
dioxin) that exposure levels must be extremely low so that the total risk
falls within the target range. By designing remedies to recduce levels of such
"bad actors" to within the range, concentrations of other indicator chemicals
may become negligible by default, although it should still be demonstrated
that these remaining concentrations of other indicator chemicals would not
violate the risk range.

These approaches, however, mav not bé optimal with regard to engineering
design or cost-effectiveness considerations. Thus, the specific mezans by
whiich the target carcinogenic risk is apportioned must be determined on a
site-by-site basis. Worksheet 8-5 illustrates a method for risk apportionment.
This should be done for target risk levels between 10-4 and 10-7.

It is understood that this approcach assumes additivity, while in fact
there may be chemical interactions taking place. Until guidance is issued in
this area, report any information available on chemical interaction among the
substances of interest. In the unlikely event that guantitative data are
available on the degree to which interactions affect risk, they should be used
to adjust risk estimates.

Remember, the total individual risks from all routes of exposure must fall
within the target range. If exposure to a chemical for a given population
occurs by more than one route, the risk must be apportioned among routes in a
similar manner to the apportionment among multiple chemicals. To determine
where the most efficient reductions in risk can be made, one should first
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Name of Site:
Date:
Analvst:

QC: ’ -

AN

WORKSHEET 8-5

APPORTIONING TOTAL TARGET RISK
AMONG MULTIPLE POTENTIAL CARCINOGENS

Target Risk Level: 12-6“
Remedial Alternative: Limited excavation
Exposure Point: Nearest residence
Target Potency
Risk for Each Factor -1 Target CDI
Potential Carcinogen Chemical (mg/kg/day) {(mg/kg/day)
1. Benzene 5x1077 0.052 (oral) 1x107°
- -7 . -7
2. Chlordane 5x10 1.61 (oral) 3x10
3.
4,
-6

Total Target Risk = 10

*Risk level used for illustrative purposes only.

INSTRUCTIONS

1. Fill in target carcinogenic risk level under consideration.

o

List all potentially carcinogenic indicator chemicals.

3. Determine apportioned risk level for each chemical. Any method can be
used as long as the total equals the target risk level. One method is
equal apportionment, as follows:

Total Target Risk Target Risk
= for Each Chemical

Number of Potential Carcinogens
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WORKSHEET 8-5 INSTRUCTIONS (continued)

List the potency factor for the appropriate exposure route for each
chemical (obtained from Exhibit C-4 in Appendix C). Be sure to indicate
the exposure route.

Caiculate target intake (CDI) for each potential carcinogen:

Target Risk ¢ Potency Factor = Target Chronic Daily Intake

ASSUMPTIONS

List all mejor assumpticns in developing the data Zor this worksheet:
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determine the target concentrations associated with both air and water routes
of exposure independently. Then, the design engineers may refine the con-
ceptual design iteratively so that the combined exposures from various routes
fall within the stated range. These adjustments should be made based on the
most risky routes of exposure and the most cost-effective ‘&ay -to reduce total
carcinogenic risk from various exposure routes. The follawiﬂg sections present
methods for calculating target concentrations in air and drinking water.

8.3.2.2 Calculate Target Air Concentrations

Using the following formula, calculate the target long-term concentration
in air for each potential carcinogen:

o _Target Chronic Daily Intake
Long-term Air Concentration =

Human Intake Factor

Use Worksheet 8-6 to calculate target air concentrations for appropriate
chemicals. This should be done for each remedial alternative. The human
intake factor for air is given in the worksheet, and the target chronic daily
intake is the intake corresponding to the target risk (see worksheet 8-35).

8.3.2.3 Calculate Target Drinking Water Concentrations

A population-at-risk can be exposed to contaminated surface or ground
water (or both) by ingestion of drinking water. Calculate the target
long-term concentration of potential carcinogens in drinking water using the

following formula:

Target Chronic Daily Intake

Long-term Drinking Water Concentration =
Human Intake Factor

Use Worksheet 8-7 to calculate the target concentrations for potential
carcinogens in drinking water. The intake factor is given in the worksheet.
If intakes from water exposure besides drinking water and fish ingestion, such
as dermal exposure or intake of chemicals volatilizing from water, are
important and can be quantified, those intakes should be included and standard
intake assumptions should be adjusted.

The target chronic daily intake level represents total oral exposure.
Wren drinking water is the only route of oral exposure, then the above
calculation is appropriate. An added complication arises in cases where there
is exposure to the same population through both drinking water and fish
consumption. If the contaminated drinking water is from a different water
source than the fish (i.e., ground water or a different surface water body),
apportion the target oral intake between the two routes of ingestion. Use
Worksheet 8-8 for this apportionment and Worksheet 8-9 to calculate target
surface water concentrations based on intake via fish consumption. The
illustrative apportionment on Worksheet 8-8 assigns equal chronic daily intake
to drinking water and fish consumption. It is important to note that other
apportionments are possible, permitting some tradeoffs between target concen-
trations for a drinking water source and surface water where fish are caughrt.
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Name of Site:
Date:
Analvst:
QC:
WORKSHEET 8-6 S

RS

CALCULATION OF TARGET AIR CONCENTRATIONS

Remedial Alternative: Limited excavation
Exposure Point: Nearest residence
Target Human Target Long-Term
CDI Intake Factor Concentration
Chemical (mg/kg/day) (m?/kg/day) (mg/m?)
1. Benzene N/A 0.29 N/A
2. 0.29
3. 0.29
4. 0.29
INSTRUCTIONS
1. List all indicator potential carcinogens with air as an exposure mecium.
2. List the target chronic daily intake frcm Worksheet 8-3.
3. Determine the target long-term air concentration using the following

formula:

Human
Targat = Target Chronic * Intake
Concentration Daily Intake Factor

ASSUMPTIONS

List all major assumtions made in developing the data for this worksheet:
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Name of Site:

Date:

Analvst:

QC: -

WORKSHEET 8-7

=2
¢

re
kN

CALCULATION OF TARGET DRINKING WATER CONCENTRATIONS

Remedial Alternative: Limite

d excavation

Exposure Point: Nearest r

esidence

Target Human Tdrget Long-Term
CDI Intake Factor Concentration
Chemical (mg/kg/day) (1/kg/day) (mg/1)
-5 -4
1. Benzene 1x10 0.029 3.4x10
2. 0.029
3. 0.029
4. 0.029
INSTRUCTIONS
1. List all indicator potential carcinogens with drinking water as an
exposure route.
2. List the target chronic daily intake for each chemical from Worksheets 8-5
or 8-8.
3. Determine the target long-term drinking water concentration using the

following formula:

Human
Target = Target Chronic ¢+ Intake
Concentration Daily Intake Factor

ASSUMPTIONS

List all major assumptions made in developing

Derabear 10RA o

the data for this worksheet:

e o
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If exposure through drinking water and fish consumption originate from the
same surface water body, consider both intake routes simul:taneously in
calculating target surface water concentrations. No apportionment is required
because a single variable, the surface water concentration, contrels the total
intake. If there is simultaneous exposure to the popuiaqiqn:at-risk via fish
consumption and drinking water ingestion, calculate the ‘target surface water
concentration using the following equation:

Target ‘ Target Chronic Daily Intake
Surface Water = -
Concentration EBioconcentration X (Human Intake ]+ (Human Intake Factor

Factor) Factor for Fish) for Drinking Water)

Record the final target concentrations for each potential carcinogen on
Worksheet 8-10. A separate worksheet should be completed for each target risk

level being assessed between 107" and 107" Usually three risk levels
should be assessed: the primary target (10’6) and the extremes of the

. -G -/ . , .
allowable range (10 and 10 ). In Secrtion 8.4, methods are described to
convert the target environmental concentrations calculated here to allowable
release rates of chemicals from the source.

8.3.3 Summarize Data

Several data collection and calculation tasks have been completed thus far
and now this information should be integrated to assist in the analysis and
refinement of remedial alternatives. For each alternative, this involves
combining the data from Worksheets 8-3 through 8-10. Worksheet 8-11 provides
a format for this data collection.

8.4 ESTIMATE TARGET RELEASE RATES

Using environmental fate and transport models, target exposure point
concentrations from the previous section can be applied to calculate target
release rates at the identified sources of release for some remedial options.
For options such as capping, slurry walls, and excavation, using models to
calculate these releases is not a straightforward process. For other options
such as pumping and treating, air stripping, and other point source treatment
options with graded effectiveness, this step can be used to calculate
allowable release rates. The estimated target chemical releases can
eventually be incorporated into the remedial design. For example, the target
effluent discharge levels from a contaminated ground-water treatment plant can
be used to specify the treatment and removal efficiency of the facility.

Estimation of release rates requires the use of environmental fate and
transport medels. A great deal of uncertainty is inherent in the use of
models, and it should be understood that the values generated by the models
represent 'ball park' estimates rather than precise values.

8.4.1 Predict-Environmental Fate and Transport

Because the concentration of contaminants changes as substances move from
release sources to exposure points, environmental fate and transport must be
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Name cf Site:
Date:
Analvst:
QcC: .
WORKSHEET 8-8 S

APPORTIONMENT OF TARGET ORAL INTAKE VIA
DRINKING WATER AND FISH CONSUMPTION:

Remecdial Alternative: Limited excavation
Exposure Point: Nearest residence
Total Target Intake Via Intake Via Fish
Oral CDI Drinking Water Consumption
Chemical (mg/kg/day) (mg/kg/day) (mg/kg/day)
-5 - -6 - -6
1. Benzene 1x10 5x10 5x10

to

*Not required when contaminated fish and drinking water originate from the
same surface water source (see text for methods in this situation).

INSTRUCTIONS
1. List potential carcinogens which have both drinking water and fish
consumption as exposure routes and for which the fish originate from a
different water source than the drinking water.

2. List total target oral intake for each of these (Worksheet 8-5).

3. List apportioned intakes for both drinking water and fish consumption,
remembering that:

Intake via + Intake via = Total target
drinking water fish consumption oral intake

As a first approximation, intake may be apportioned equally between the

two (as in the example). Engineering and economic considerations may
alter the apportionment on subsequent iterations.

ASSUMPTIONS

List all major assumptions made in developing the data for this worksheet:

% % %  QOctober 1986 * * *
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Name of Site:
Date:
Analyst:

QC:

-

WORKSHEET 8-9 )
CALCULATION OF TARGET SURFACE WATER CONCENTRATIONS
BASED ON FISH CONSUMPTION

Remedial Alternative: Limited excavation
Exposure Point: Nearest residence
Human Intake Target
Target Factor Bio- Surface Water
CDI kg fish/ concentra- Concentration
Chemical (mg/kg/day) kg/day) tion Factor (mg,/1)
‘ e . -2
1. Benzene 5x10 .00009 5.2 1.1x10
2: .00009
3. .00009
I .00009
INSTRUCTIONS
1. List all indicator potential carcinogens with fish consumption as an

(3]

(O3]

=~

exposure patihway.

List the target chronic daily intake for each chemical (Worksheet 8&-5 or
8-8).

Record the bioconcentration factors (Appendix C) for each chemical.

Determine target long-term surface water concentration using the following
formula:

. Human Bioconcen-
Target = Target Chronic + JIntake x tration
Concentration Daily Intake Factor Factor

ASSUMPTIONS

List all major assumptions made in developing the data for this worksheet:

B Orralhar 10RA o oo b
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Name of Site:
Date:
Analvst:
QC: -
WORKSHEET 8-10 S

FINAL TARGET CONCENTRATIONS OF POTENTIAL CARCINOGENS

Target Risk Level: 10 °

Remedial Alternative: Limited excavation
Exposure Point: Nearest residence

Exposure Target Target
Route Chemical : Concentration Risk

Inhalation N/A N/A N/A
Lo - -4 -7

Drinking water Benzene 1.7x10 ~ mg/1 2 x 10
-2 -7

Surface water Benzene 1.1x10 mg/ ] 2 x 10

o

(fish consumption)

*Risk level used for illustrative purposes only.
INSTRUCTIONS

1. Fill in target risk level.

(S8

List chemicals that account for exposures by each route.

3. List target concentrations from air route (Worksheet 8-6), drinking water
route (Worksheet 8-7), and fish consumption route (Worksheet 8-9).

4. List target risk associated with each chemical concentration from
Worksheet 8-3.

ASSUMPTIONS

List all major assumptions made in developing data for this worksheert:

% oot October 1986 T k%
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assessed to project allowable releases. Each exposure pathway will have an
identified medium of interest through which the contaminant travels, such as
chemicals released to the subsurface that move through ground water to a well.

For each potential carcinogen moving through a specific transpéft medium,
the output of this step will be a target release from the sopfce, based on
public health considerations at each exposure point. Using the pathways
already identified for each chemical, systematically consider the extent of
chemical fate and transport in each environmental medium. By doing so, the
predominant mechanisms of chemical transport, transfer, and transformation can
be considered and less significant processes disregarded.

Refer to the Superfund Exposure Assessment Manual for details on modeling
environmental fate and transport for air, ground water, and surface water.
Remember, ~in developing design criteria, vou will be using "C", the

"~ concentration, to solve for "R", the release rate of a substance (mass/time).

Some of the packaged computer models cannot be used for this because the
software is designed only to determine concentration. Examine the chosen
model carefully to ensure that it will work in this case. Otherwise, you may
have to determine the release rate iteratively. That is, one could
arbitrarily select a release rate and solve for concentration, repeating this
step until the correct exposure point concentration is determined. The
release rates calculated in this process can be used as design goals for the
remedial alternatives of interest.

8.4.2 Summarize Data

Use Worksheet 8-12 to present the average allowable release rates for each
chemical and each source modeled for each remedial alternatives.

8.5 ASSESS CHRONIC RISK FOR NONCARCINOGENS

Now that remedial alternatives have been considered to reduce estimated
carcinogenic risk to acceptable target levels, each alternative must be
checked to ensure that it reduces noncarcinogenic risk to acceptable levels.
This is done similarly to the quantitative analysis for noncarcinogens for the
no-action alternative (Chapters 3 through 7). '

Release sources and exposure routes for each remedial alternative have
already been determined on Worksheets 8-1 and 8-2. Significant exposure
points for each alternative have alsc been determined on Worksheet 8-3.
Contaminant releases should be obtained or estimated from the remedial design
specifications. These are then converted to environmental concentrations

. using chemical fate and transport models as described in Section 4.2. Human

intakes for the environmental concentrations are calculated as described in

Chapter 3. Worksheet 8-13 should be used to summarize the release and
exposure data.

A Chronic Hazard Index should be calculated, as described in Section 7.1,
to determine risk from noncarcinogens. Assessment of short-term risks is
discussed in the next section. Remember, the equation for the Hazard Index
is, for this situation:

* % *  QOctober 1986 % * =
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Name of Site:
Date:
Analvst:
QC: .
WORKSHEET 8-12 -z

LONG-TERM TARGET RELEASES

Remedial Alternative: Limited excavation
Exposure Point: ~_Nearest residence
Long-Term ™™

Chemical Exposure Pathway - Target Release
1. Benzene Site volatilization to air 0.00027 kz/day
2.
3.
4.

INSTRUCTIONS
1. List indicator potential carcinogens.
2. Using Worksheet 8-2 indicate all the pathway/release sources icdentified
for each chemical.

3. List the long-term target release rates calculated for each combination of

chemical and pathwav/release source, using the target concentrations
listed in Worksheet 8-10. Release rates should be listed in units of mass
per time (e.g. kg/day or 1bs/hr).

ASSUMPTIONS

List all assumptions made in developing the data for this worksheet:
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HI = CDI 'AIC1 + CDIZ/AIC

1
where CDI.
i

2 + CDIi/Aici

. . . .th .
Chronic daily intake for the i toxicant

th

AICi Acceptable intake for chronic exposure for the i

toxicant (noncarcinogenic effects only).

Again, if the Hazard Index is less than one, no adverse effects are expected.
If the value is near or greater than unity, the toxicants should be considered
separately, according to the health endpoints they produce. If unityv is
exceeded for any health endpoint, consider revising the design to reduce the
risk from noncarcinogens to a lower level. Worksheet 8-14 should be used to
summarize the intake and toxicity information used to calculate the
noncarcinogenic risk. Worksheets from Chapters & and 5 may be useful to
organize this information. T

8.6 ASSESS POTENTIAL SHORT-TERM HEALTH EFFECTS OF REMEDIAL
ALTERNATIVES

After remedial alternatives have been analvzed for chemical risks, the
potential short-term public health effects of each alternative should be
considered. Short-term health risks should not be used as a selection
criterion for remedial alternatives, but should be used to determine
appropriate management practices during implementation of the remedial
action. In other words, if predicted short-term concentrations are likely to
exceed short-term toxicity thresholds in the process of constructing or
implementing a remedial alternative, certain management practices should be
emploved to reduce the potential risks. For example, a remedial option at a
site may involve excavating and removing contaminated soil. In the absence of
precautionary measures, fugitive dust generation by heavy equipment and
remedial activities may create a short-term health hazard. These and other
temporary sources of chemical release associated with construction and
implementation of a remedy are not grounds for rejecting the remedial
alternative. However., management practices, such as the temporary relocation
of potentially exposed populations, should be considered to mitigate the
health risks associated with temporary sources of release.

Data on acceptable short-term exposures are often difficult to obtain, and
a qualitative analysis of short-term health effects from remedial actions may
be all that is possible. Also remember that the remedial action itself, in
addition to the initial implementation of an action, may increase short-term
exposure at a site. TFor example, a pump and treat alternative for
ground-water contamination may increase the concentration of volatiles in the
air near a site until the clean-up at the site is completed, which could be
several years.

Public health evaluation of short-term effects is similar to the preceding
evaluation for chronic noncarcinogenic effects. However, because new
exposures are possible, the exposure assessment must be reviewed. Review
Section 4.2 to assist in identifying possible human exposure points and in
characterizing sensitive human populations. Exhibit 8-3 lists some common
types of release sources at sites during remedial action. Worksheet 8-15
should be completed to document potential short-term exposure pathways.

e ot ole Nrrrhas 1QR4A e el oo
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EXHIBIT 8-3

COMMON TEMPORARY CHEMICAL RELEASE SOURCES
DURING IMPLEMENTATION OF A REMEDIAL'AQTERNATIVE

Release Release
Medium Mechanism Source of Released Materials
Air Volatilization Contaminated deep soil (during

Surface water

Ground water

Soil

Fugitive dust
generation

Direct effluent
discharge

Site runoff
Land application
of effluents

Underground injec-
tion of effluents

Land application

excavation)
Water/wastewater treatment facilities

Contaminated surface soil

Contaminated deep soil (during
excavation)

Treatment of contaminated runoff

Treatment of contaminated ground water

Treatment of leachate e

Contaminated surface soil

Treatment of various waste streams

Treatment of various waste streams

Treatment of various waste streams
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Environmental concentrations of the indicator chemicals at the site for
the potential exposures must now be determined. Review Section 4.2 for the
details of this process. Releases of chemicals will probably have to be
estimated. Use any technical information available to generate a best
approximation. Environmental fate and transport should be modeled from the
release to obtain environmental concentrations. Intakes.are calculated from
the environmental concentration. Review Chapter 5 for the @étails of this
process.

Short-term chemical concentrations are compared to the AIS, the acceptable
intake of contaminants for subchronic exposures, to assess health risk. A
Hazard Index should be calculated, as described in Section 7.1. Use Worksheet
8-16 to assess the short-term noncarcinogenic risk. II noncarcinogenic risk
exceeds unity, management practices to mitigate or eliminate releases must be
devised. ' i

<e % 3 W% =

In this chapter, information from the baseline public health evaluation
"has been used as input to the analysis and refinement of remedial
alternatives. For source control measures, best engineering judgment and
applicable or relevant and appropriate requirements were used to refine
remedial alternatives. For management of migration alternatives, applicable
or relevant and appropriate requirements and health-based performance goals
for potential carcinogens were used as inputs to the design process.

Predicted exposure levels for noncarcinogens were checked to ensure that they
would not be above their thresholds of safety. Short-term effects of remedial
alternatives were also considered. All that remains to be done for the public
health evaluation is organizing this information for use by the site
decision-makers.

* %ok October 1986 * kK

o
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CHAPTER 8

SUMMARIZING THE PUBLIC HEALTH EVALUATION

“«
S

At this point in the public health evaluation process, the following
analyses have been completed:

. Assessment of the baseline health risks posed by a
site, and

. Assessment of the proposed remedial alternatives based
-on applicable or relevant and appropriate requirements
and, for management of migration alternatives and soil
excavation procedures, health-based performance goals.

The results of the public health evaluation should be reported to site
decision-makers for consideration in the remedy selection proess. For
fund-financed remedial investigations/feasibility studies, this reporting
requirement will typically be fulfilled by a public health evaluation chapter

in the feasibility study. A separate handbook has been distributed for
enforcement-lead sites; in general, the principles of public health evaluation
for those sites will be similar.

This chapter provides guidance for summarizing and reporting the results
of a Superfund public health evaluation. In general the report should provide
a rationale for the level of detail of the analvsis, a description of each of
the steps discussed in Chapters 3 through 7, and a summary of the analysis of
remedial alternatives. The worksheets listed in Exhibit 9-1 (or their
equivalent) should be a part of the public health evaluation report.?®-
Individual toxicity profiles are very useful and may be developed to describe
potential effects of the indicator chemicals or other chemicals of concern.
Relevant toxicity profiles also can be included as part of the public health
evaluation report.

It is important to note that the narrative component of all public health
evaluations plays a very important role. The narrative should be used to
clearly explain the data used in the evaluation and the results of the
evaluation. Recognizing that public health evaluation reports may be reviewed
by the public and especially by members of the exposed or potentially exposed
population, care must be taken to explain the major steps and the resulis of
the evaluation in terms that are easily understood by the general public.

In addition to the narrative report and worksheets, the two summary
exhibits described in this chapter (or their equivalent) should be included as
a8 key part of the quantitative analysis report: Exhibit 9-2 for the baseline
evaluation and Exhibit 9-3 for remedial alternatives. Both exhibits require
qualitative and quantitative information. The qualitative entries are as
important as the numbers and, in some cases, perhaps more important;
consequently, be sure to complete the columns accurately and completely.

25 Other worksheets from Chapters 3 through 8 may be included as an
appendix to the feasibility study.
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EXHIBIT 8-1

WORKSHEETS THAT SHOULD BE INCLUDED
IN A PUBLIC HEALTH EVALUATION SUMMARY

S

re
kS

Title Number

Scoring for Indicator Chemical Selection: Koc Values 3-1
and Concentrations in Various Environmental Media

Scoring for Indicator Chemical Selection: Evaluation of 3-5
Exposure Factors

Matrix of Potential Exposure Pathways 4-2°
Contaminant Concentrations at Exposure Points L-4
Comparison of Applicable or Relevant and Appropriate Require- 4-3

ments to Estimated Exposure Point Concentrations

Comparison of Other Federal and State Criteria to 4-6
Estimated Exposure Point Concentrations

Pathways Contributing to Total Exposure . 5-5

Total Subchronic Daily Intake (SDI) Calculation 5-6

Total Chronic Daily Intake (CDI) Calculation 5-7

Calculation of Subchronic Hazard Index . 7-1

Calculation eof Chronic Hazard Index 7-2

Calculation of Risk from Potential Carcinogens 7-3

Matrix of Potential Exposure Pathways for Remedial 8-2

Alternatives

Summary of Exposure Pathways, Exposure Points, and 8-11

Target Concentrations

Summary Table: Chronic Intakes and Risks from 8-14
Noncarcinogens
Summary Tables: Subchronic Intakes and Risks 8-16
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9.1 SUMMARIZE THE BASELINE PUBLIC HEALTH EVALUATION

Complete Exhibit 9-2 to provide a summary table for the baseline public
health evaluation. First, list the indicator chemicals-from Worksheet 3-5
which were used in the evaluation. Then describe the significant exposure
points associated with the site. Describe where they are in relation to the
site and how exposure might occur there. Next, discuss the exposure pathway
qualitatively. List the release source, the transport media (e.g., ground
water, surface water, air), and exposure routes (e.g., oral, inhalation,
dermal) for each significant exposure point. The exposure pathway summary
should be a combination of information from Worksheets &4-1 and 4-2. Also,
from Worksheet 4-2, record the number of people at each significant exposure
point and describe any other important populations that are nearby. For
example, a town which draws water from a well down gradient from the point of
maximum ground-water exposure or a school near the peak air exposure point
might be included. '

The next major topic of the exhibit is a summary of ambient concentration
requirements that are relevant and appropriate or applicable to the site. You
should list all requirements that were considered and compared to predicted
ambient concentrations. 1In the next column, list any requirements that were
violated. For this column you should include the type of requirement (e.g.,
Safe Drinking Water Act MCLs), the name of the chemicals which violated the
requirements (e.g., arsenic) and the numerical value of the requirements
(e.g., 0.05 mg/l). This information can be found on Worksheet &4-5.

Information about carcinogenic risk will be summarized next. First, enter
the total carcinogenic risk due to all potential carcinogens. This risk value
can be found on Worksheet 7-3. If possible include some measure of the
reliability of this information (e.g., 95% confidence level, standard
deviation). At many sites one, two, or three chemicals will be responsible
for most of the risk at the site because of high toxicity, large projected
releases, or high concentrations. List these especially important chemicals
here. The weight-of-evidence rating, a qualitative scale based on the amount,
relevance, and quality of the toxicity data, should be included. This value
can be found in Appendix C or on Worksheet 3-2.

Health risk due to noncarcinogens should be summarized in the next
section. From Worksheet 7-2, list the chronic hazard index calculated for all
noncarcinogens. If the index exceeds unity and was recalculated for each
health endpoint, that information should be included. For noncarcinogens, as
for carcinogens, one or two chemicals may dominate the risks. This (or these)
chemical(s) should be listed along with their severity rating, a qualitative
scale indicating the severity of their health endpoint (the severity rating
scale is given in Exhibit D-1). Also, list the subchronic hazard index
calculated for short-term exposures for all indicator noncarcinogens. This
index can be found on Worksheet 7-1. Subchronic hazards may require
qualitative description.

Sources of uncertainty, such as data gaps, incomplete toxicity
information, sample variation, and uncertainty contributed by modeling, that
were encountered in a particular assessment should be discussed briefly. If
ranges of uncertainty or confidence levels for particular circumstances are
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known, they should be included. Finally, any comments that are necessary to
explain assumptions, difficulties, results, or conclusions relating to the
assessment should be written in the final column.

Organoleptic (taste and odor) thresholds should be Enﬁluded if they are
known because they may affect consumption. Background cofhcentration may be
important for some sites. Timing of exposures should also be noted if it can
be determined.

9.2 SUMMARIZE ANALYSIS OF REMEDIAL ALTERNATIVES

- Exhibit 9-3 provides a format for a table to summarize remedial
alternatives. For each site, relevant information should be provided for all
remedial alternatives being considered and should include alternmatives

. . ) . -4 -7 .
spanning a carcinogenic risk range of 10 to 10 . Several remedies
under consideration for a site can be included on a single summary table as
long as they correspond to the same risk level.

Describe the remedial action under consideration in the first column of
Exhibit 9-3. This action might be excavation, removal, a pump-and-treat
remedy, or air stripping. Next, qualitatively summarize the significant
potential exposures pathways. The exposure pathways might be an air release
from air stripping towers or migration of contaminated ground water. Sources
of contaminants, the transport media and routes, possible exposure points,
timing and amount of releases should be included. The exposure pathway column
should be a synthesis of information appearing in Worksheets 8-1, 8-2, 8-3,
and 8-11.

The indicator chemicals used in the assessment of a particular remedy
should be listed in the next column. Any applicable or relevant and
appropriate reguirements should also be listed. Include both the identity of
the requirement and its numerical value in this column. Next to this, list
target concentrations for potentially carcinogenic indicator chemicals.
Values for each chemical and each transport medium of concern have been
summarized on Worksheet 8-10 and should be recorded here also. 1In the next
column, list the individual target risks due to each potential carcinogen.
These target risks were the bases for the calculated target concentrations in
the previous column. The target risk column should display how carcinogenic
risk has been apportioned among the chemicals at the site, as determined on
wWorksheet 8-10.

Noncarcinogenic risk should be summarized in the next column. Results of
the chronic hazard index calculation should be included and risks from each
remedial alternative should be described. 1If no risks are expected, that
should be noted also. Information on noncarcinogenic risks can be found on
Worksheets 8-13 and 8-14. Short-term risks should also be qualitatively
described. Identify each and briefly discuss how they can be managed at the
site. These risks were identified on Worksheet 8-16.

The possible effects and public health consequences of remedy failure,

discussed in Section 8.9, should be summarized in the next column. Any
information concerning the significant sources of uncertainty involved in the
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calculations, assumptions, or data inputs for the performance goals portion of
the risk assessment should be discussed next. Comments about assumptions,
difficulties, results, and conclusions should be written in the final column.

The process of public health evaluation is complete’hhen‘all remedies
under consideration, including the no-action alternative,;ﬁade been
summarized. Site decision-makers can use this information along with other
elements of the feasibility study (e.g. engineering reliability of
alternatives, life-cycle costs, and cost-effectiveness) in the selection of a
remedial alternative.

+
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LIST OF ACRONYM

OSWER Directive 9285.4-1
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A

Acronym Meaning

ACL Alternate Concentration Limit

ADI Acceptable Daily Intake

AIC Acceptable Intake for Chronic Exposures

AIS Acceptable Intake for Subchronic Exposures

ARAR Applicable or Relevant and Appropriate Requirement
ATSDR Agency for Toxic Substances and Disease Registry
CAG Carcinogen Assessment Group, U.S. EPA

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CD1I Chronic Daily Intake

ECAO Environmental Criteria and Assessment Office, U.S. EPA
EDlO Ten Percent Effective Dose

FRDS Federal Reporting Data System

FS Feasibility Study

HEA Health Effects Assessment

HRS Hazard Ranking System

IARC International Agency for Research on Cancer

IS Indicator Score

LD50 Median Lethal Dose

LTC Long-term Concentration

MCL Maximum Contaminant Level

MCLG Maximum Contaminant Level Goal

MED Minimum Effective Dose

MOU Memorandum of Understanding

NAAQS National Ambient Air Quality Standards
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EXHIBIT B-1
(Continued)

LIST OF ACRONYMS .

Acronym Meaning

NC Noncarcinogen

NCP National 0il and Hazardous Substances Pollution Contingency Plan
NO@4”~#,# National Oceanic_and,Atmospherié Admigistration
NOAEL No Observed Adverse Effect Level

NPL National Priorities List

OERR Office of Emergency and Remedial Response, U.S. EPA
OHEA Office of Health Effects Assessment, U.S. EPA

ORD Qffice of Research and Development, U.S. EPA

OSWER Office of Solid WAéte and Emergency Response, UTS' EPA
PC Potential Carcinogen

PHE Public Health Evaluation

PHRED Public Health Risk Evaluation Database

QA/QC Quality Assurance/Quality Control

RCRA Resource Conservation and Reéovery Act

RfD Reference Dose

RI - Remedial Investigation

RMCL Recommended Maximum Contaminant Level

SDI Subchronic Daily Intake

SDWA Safe Drinking Water Act

SEAM Superfund Exposure Assessment Manual

SPHEM Superfund Public Health Evaluation Manual

STC Short-term Concentration

wQcC Water Quality Criteria
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EXHIBIT B-2

DEFINITIONS OF TERMS DEVELOPED SPECIFICALLY
FOR THE SUPERFUND PUBLIC HEALTH EVALUATION PROCESS

e
i

Acronym : Definition

STC Short-term Concentration. The projected chemical
concentration in an exposure medium averaged over a short
time period (10 to 90 days). The peak STC (i.e., highest
one projected over the entire evaluation period, usually
70 years) is used for subchronic risk characterization.
Unless otherwise stated, the STC refers to a best
estimate concentration value, not an upper bound estimate.

LTC Long-term Concentration. The projected chemical
concentration at an exposure point averaged over a long
time period, up to 70 years (assumed to be a human
lifetime). The LTC for the 70-year period beginning with
the date of the RI/FS is used for carcinogenic risk
characterization. Unless otherwise stated, the LTC
refers to a best estimate concentration value, not an
upper bound estimate.

SDI Subchronic Daily Intake. The projected human intake of
a chemical averaged over a short time period, expressed
as mg/kg/day. The SDI is calculated by multiplying peak
STC by human intake and body weight factors and is used
for subchronic risk characterization.

CDI Chronic Daily Intake. The projected human intake of a
chemical averaged over a long time period, up to 70
years, and expressed as mg/kg/day. The CDI is calculated
by multiplying LTC by human intake and body weight
factors and is used for chronic risk characterization.

AIS Acceptable Intake for Subchronic Exposure. The highest
human intake of a chemical, expressed as mg/kg/day, that
does not cause adverse effects when exposure is
short-term (but not acute). The AIS is usually based on
subchronic animal studies.

AIC Acceptable Intake for Chronic Exposure. The highest
human intake of a chemical, expressed as mg/kg/day, that
does not cause adverse effects when exposure is long-term
(lifetime). The AIC is usually based on chronic animal
studies.
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EXHIBIT B-2
(Continued)

DEFINITIONS OF TERMS DEVELOPED SPECIFICALLY
FOR THE SUPERFUND PUBLIC HEALTH EVALUATION PROCESS

kS

Acronym Definition

IS Indicator Score. A unitless score that is the product
: of a media-specific concentration of a chemical and the
media-specific toxicity constant for that chemical. The
indicator score is one of the factors considered in the
selection of indicator chemicals.
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APPENDIX C

SUMMARY TABLES FOR CHEMICAL-SPECIFIC DATA

Appendix C contains the following six summary data tables:
d Exhibit C-
i Exhibit C-
i Exhibit C-

Physical, Chemical, and Fate Data

Half-Lives in Various Media

Toxicity Data for Potential Carcinogenic Effects

-- Selection of Indicator Chemicals Only

. Exhibit C-4: Toxicity Data for Potential Carcinogenic Effects
’ -- Risk Characterization '

. Exhibit C-5: Toxicity Data for Noncarcinogenic Effects --
. Selection of Indicator Chemicals Only

i Exhibit C-6: Toxicity Data for Noncarcinogenic Effects -- Risk

Characterization

(VSIS I

These tables summarize kev quantitative parameters for more than 300
chemicals or chemical groups that were evaluated as part of the Superfund
reportable guantity (RQ) adjustment process or the intra-agency reference dose
(RfD) review process. These specific chemicals are included because of the
amounts of readily available toxicity information. This list should not be
interpreted as a complete list of chemicals of concern at Superfund sites.
Other substances may be important at certain sites. However, this appendix
covers many toxic chemicals commonly detected at Superfund sites. '

Chemical-specific parameters listed in the tables are primarily those
referred to in this manual, although a limited amount of other useful
information (e.g., CAS number, molecular weight) is also provided. Values for
physical, chemical, and fate parameters given in Exhibits C-1 and C-2 are
provided for the convenience of the user and have not been fully peer reviewed
within EPA. Conversely, values given in Exhibits C-4 and C-6 for acceptable
intake level and/or carcinogenic potency have been reviewed within EPA and
should generally be used in the public health evaluation process at Superfund
sites. The sources of values and data transformation procedures, if any, are
described in the following sections.

In addition to the six data summary tables described above, a list of
chemicals for which EPA Health Effects Assessment documents are available is
provided in Exhibit C-7.

C.1 EXHIBIT C-1: PHYSICAL, CHEMICAL, AND FATE DATA

The physical, chemical, and fate data shown in Exhibit C-1 were either
recorded directly from standard secondary references or were derived based on
information contained in such references. A general hierarchy of sources was
established, and values were taken from sources in order of the hierarchy.
The hierarchy was ordered with documents developed specifically for the
Superfund program at the top, followed by other relevant EPA data
compilations, and then general reference texts at the bottom. In general,

* % %  (October 1986 ¥ * ¥*
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succeeding references were used only when a value could not be obtained from a
reference higher in the hierarchy. Priority was given to more recent sources,
and measured values were chosen over estimated values even if obtained from a
source lower on the hierarchy. The hierarchy of sources used to select values
for Exhibit C-1 is shown below and is lettered to correspond with the sources
referenced in the exhibit. More complete reference informat@bn for each of
these sources is in the reference list for Appendix C. A brief description of
the derivation of values for each parameter in Exhibit C-1 follows the
hierarchy listed below.

A) ECAO, EPA, Health Effects Assessments, 1985
B) Jaber et al., 1984

C) Mabey et al., 1982

D) Callahan et al., 1979

E) ORD, EPA, 1981

r) Dawson et al., 1980 : .
G) Lyman et al., 1982

H) OWRS, EPA, 1980

I) Weast et al., 1979

J) Verschueren, 1983

K) Windholz et al., 1976

L) Perry and Chilton, 1973

M) OSW, EPA, 1984b

N) OSw, EPA, 1984a

Water Solubilitv is the maximum concentration of a chemical that
dissolves in pure water at a specific temperature and pH. It is a critical
property affecting environmental fate and transport. Values for water
solubility, in mg/l, were recorded in Exhibit C-1 directly using the hierarchy
of sources and general decision rules outlined above. Values are given for a

neutral pH and a temperature range of 20 to 30°C. Chemicals listed in the
literature as being "infinitely soluble" were assigned a solubility value of
1,000,000 mg/1.

Vapor Pressure is a relative measure of the volatility of a chemical in
its pure state and is an important determinant of the rate of vaporization
from waste sites. Values for this parameter, in units mm Hg, were recorded
directly from the hierarchy of sources described above. Values are given for

a temperature range of 20 to 30° C.

Henry's Law Constant is another parameter important in evaluating air
exposure pathways. Values for Henry's Law Constant (H) were calculated using
the following equation and the values previously recorded for solubility,
vapor pressure, and molecular weight:

H(atm-m3/mole) = Vapor Pressure (atm) x Mole Weight (g/mole)

Water Solubility (g/ms)

Organic Carbon Partition Coefficient (Koc) is a measure of the tendency
for organics to be adsorbed by soil and sediment and is expressed as:

Koc = mg chemical adsorbed/kg organic carbon
mg chemical dissolved/liter of solution

ol ofe o Mo mhhase 1024 e o o
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The Koc is chemical specific and is largely independent of soil properties.
Most Koc values in Exhibit C-1 were recorded directly from the above hierarchy
of sources. However, some Koc values were estimated using methods specified
in Lyman (1982). Estimated values are clearly designapgd as such.-

Octanol-Water Partition Coefficient (Kow) is a measure of how a chemical
is distributed at equilibrium between octanol and water. Although Kow is not
directly referenced in the text of this manual, it is an important parameter
and is used often in the assessment of environmental fate and transport for
organic chemicals. Additionally, Kow is a key variable used in the estimation
of other properties. For the convenience of the user, values for log Kow have
been included in Exhibit C-1. These values were recorded directly from the
hierarchy of sources referenced above.

Bioconcentration Factor as used in this manual is a measure of the
tendency for a chemical contaminant in water to accumuldte in fish tissue.
The equilibrium concentration of a contaminant in fish can be estimated by
multiplying the concentration of the chemical in surface water by the fish
bioconcentration factor for that chemical. This parameter is therefore an
important determinant for human intakes via the aquatic food ingestion route.
Values for bioconcentration factors shown in Exhibit C-1 were recorded
directly from the above hierarchy of sources.

C.2 EXHIBIT C-2: HALF-LIVES IN VARIOUS MEDIA

Chemical Half-Lives are used in this manual as measures of persistence,
.or how long a chemical will remain, in various environmental media. Exhibit
C-2 presents values for overall half-lives, which are the result of all
removal processes (e.g., phase transfer, chemical transformation, and
biological transformation) acting together rather than a single removal
mechanism. All of the half-life values in Exhibit C-2 were recorded directly
from two sources, ECAO Health Effects Assessments (ECAO, 1985) and exposure
profiles for the RCRA Risk-Cost Analysis Model (OSW, 1984b). The same source
lettering convention was followed for Exhibit C-2 as for Exhibit C-1.

C.3 EXHIBIT C-3: TOXICITY DATA FOR POTENTIAL CARCINOGENIC
EFFECTS -- SELECTION OF INDICATOR CHEMICALS ONLY

For the risk assessment process outlined in this manual, data presented in
Exhibit C-3 are used only in the selection of indicator chemicals and not in
actual risk characterization. These data were obtained from information
contained in the Reportable Quantity (RQ) data base (OHEA, 1986). The
procedures used to convert source data to the values given in Exhibit C-3 are
described briefly below.

The 10% Effective Dose (EDlO) represents the dose at which a 10 percent

incremental carcinogenic response is observed. This parameter was calculated
for both oral and inhalation routes by taking the reciprocal of the Potency
Factor Estimate (PFE) given in the RQ data base (this source defines PFE =
l/EDlo; therefore, EDlO = 1/PFE). The EDlO is in units of mg/kg/day.

* k% October 1986 * ok &
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Toxicity Constants vary for different exposure media. As such, Exhibit
C-3 contains, toxicity constant values specific to water (wTc) and soil (sTe)
for the oral route, and a value for air (aTec) for the inhalation route. Each
of these constants for potential carcinogens is based on the EDlO,—standard

intake assumptions for the respective media, and a standaid’pédy weight. The
specific equations and assumptions used to calculate the various toxicity
constants are presented and discussed in further detail in Appendix D.

C.4 EXHIBIT C-4: TOXICITY DATA FOR POTENTIAL CARCINOGENIC
EFFECTS -- RISK CHARACTERIZATION

Data presented in Exhibit C-4 are for use in risk characterization, as
opposed to the selection of indicator chemicals. Values in this exhibit were.
derived in the following manner.

Carcinogenic Potencv Factors are upper 95 percent confidence limits on the
'slope of the dose-response curve. These values were recorded directly from
HEAs or CAG summary tables, with the actual source cited in the exhibit for
each value and then fully referenced at the end of the exhibit. Potency
factors are used to estimate potential carcinogenic risk. These factors,
specific to different exposure routes, are given in Exhibit C-4 in units of

(mg/kg/day)

Weight of Evidence ratings qualify the level of evidence thet supports
designating a chemical as a human carcinogen. Exhibit C-4 lists ratings based
on EPA categories for potential carcinogens, which are fully itemized in
Exhibit D-2. The ratings were recorded directly from the RQ data base.

(Note: Weight-of-evidence ratings are also used in the procedure for
selecting indicator chemicals.)

C.5 EXHIBIT C-5: TOXICITY DATA FOR NONCARCINOGENIC EFFECTS --
SELECTION OF INDICATOR CHEMICALS ONLY

The data in Exhibit C-5 were generated based on information contained in
the RQ data base for chronic effects (ECAO, 1984). Values for the parameters
in Exhibit C-5, which are used in the selection of indicator chemicals but not.
in risk characterization, were derived in the following manner. In additien,
chemicals marked in Exhibit C-5 with "@" also exhibit potential carcinogenic
effects. The reader is referred to Exhibits C-3 and C-4 for information
concerning these effects.

To determine the human Minimum Effective Dose (MED), the RQ data base was
reviewed to identify the studies with the highest composite score (a score
that combines MED and severity of effect) for oral and for inhalation exposure
routes. These MEDs were recorded under the appropriate exposure route in
Exhibit C-3. If composite score values were reported to be equal, the study
that yielded the lowest MED was used. For metals, one MED value was derived
from all studies for the various compounds of a given metal. Human MED values
are expressed in Exhibit C-5 in terms of mg/day. If an MED was available for
only one exposure route, it was recorded in Exhibit C-5 for the other exposure
routes without modification unless the toxic effect was at the site of entry.
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Severitv of Effect Ratings, or RVe's, were recorded from the RQ data base
for the same study used to determine MED values. These rating constants are
unitless integers ranging from 1 to 10, corresponding to various levels of
severity of effects. The severity scale is presented in Exhibit D-1.

TR

Toxicitv Constants for noncarcinogenic effects, like thdse for
carcinogens, are specific to water, soil, and air and are designated in
Exhibit C-5 as wTn, sTn, and aTn, respectively. Again, these toxicity
constants are used only in the indicator chemical selection step of the
process. Values in Exhibit C-5 are based on standard intake assumptions as
well as a chemical's RVe and MED values. Refer to Appendix D for the specific
toxicity constant equations and for a discussion on their application.

C.6 . EXHIBIT C-6: TOXICITY DATA FOR NONCARCINOGENIC
EFFECTS -- RISK CHARACTERIZATION

Exhibit C-6 gives values for parameters that are used in actual risk
characterization. The methods used to derive these values are described
below. Although the data in Exhibit C-6 are for noncarcinogenic effects,
several of the chemicals listed in the exhibit (those marked with an "@") also
exhibit potential carcinogenic effects. Exhibits C-3 and C-4 should be
referred to for information concerning carcinogenic effects.

Subchronic acceptable intake (AIS) values are short-term acceptable
intake levels and are recorded directly from the appropriate HEA. Likewise,
values for chronic acceptable intake (AIC), which is the long-term acceptable
intake level for noncarcinogenic effects, were recorded directly from the
appropriate HEA or from compilations of Agency-verified reference dose (RfD)
values. These verified reference doses were developed by an EPA work group
chaired by the Office of Research and Development in 1985 and 1986. The
actual source used for each value is cited in Exhibit C-6 and is referenced
fully at the end of the exhibit. AIS and AIC are used to characterize risks
of noncarcinogenic effects. Both AIS and AIC values are in units of mg/kg/day.
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REFERENCES FOR APPENDIX C
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Dawson, et al., 1980. Physical/Chemical Properties of Hazardous Waste
Constituents. Prepared By Southeast Environmnetal Research Laboratory for

U.S. EPA. [Source F*] - oo

ECAO, U.S. EPA, 1985. Health Effects Assessment for [Specific Chemical].
[Note: 58 individual documents available for specific chemicals or chemical
groups] [Source A¥]

ECAO, U.S. EPA, 1984. Summary Data Tables for Chronic Noncarcinogenic
Effects. [Note: Prepared during RQ adjustment process]

Jaber, et al., 1984. Data Acquisition for Environmental Transport and Fate
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Lyman, 1982. Adsorption Coefficient for Soils and Sediments. Chapter 4 in
Lyman et al., Handbook of Chemical Property Estimation Methods.
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Lyman, et al., 1982. Handbook of Chemical Property Estimation Methods.
McGraw-Hill, New York. ([Source G¥]
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Pollutants. Prepared by SRI International, EPA Contract Nos. 68-01-3867 and
68-03-2981, prepared for Monitoring and Data Support Division, Office of Water
Regulations and Standards, Washington, DC. ([Source C¥]

OHEA, U.S. EPA, 1986. Methodology for Evaluating Reportable Quantity
Adjustments Pursuant to CERCLA Section 102, External Review Draft. OHEA-C-073.
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OSW, U.S. EPA, 1984a. Characterization of Constituents from Selected Waste
Streams Listed in 40 CFR Section 261. Prepared by Environ Corporation.
[Source N*]

*Source letters correspond to Exhibits C-1 and C-2.
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[Source L*]

Verschueren, 1983. Handbook of Environmental Data for Organic Chemicals.
Van Nostrand Reinhold Co., New York, 2nd ed. [Source J¥]
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Chemical Name

Chloroform
ChioromeLhyt Methy!l Ether
h-Chloro-o-toluidine llydrochloride
Chromium §11 and Compounds
Chromium VI and Compounds
Chrysene
Copper and Compounds
Creosote *
Cresol
CroLonaldehyde . -,
Cyanides T

-- Barium Cyanide

-- Calcium Cyanide

-- Copper Cyanide

-=- Cyanogen

-- Cyanogen Chiloride

-- llydrogen Cyanide

-- Nickel Cyanide

-- Potassium Cyanide

-- pPotassium Silver Cyanide

-- Silver Cyanide

-- Sodium Cyanide

-- Zinc Cyanide
Cyclophosphamide
Datlapon
DOD
DDE
DDY
Decabromodipheny!l Ether
Diallate
2,h-Diaminotoluene
1,2,7,8-Dibenzopyrene
Dibenz(a,h)anthracene
1,2-Dibromo-3-chloropropane
DibutLylnitrosamine
DibuLy! Phthalatre
1,2-Dichlorobenzene
1,3-Dichlorobenzena
1, 4-Dichiorobenzene
3,3'-Dichlorobenzidine
Dichiorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane (EDC)
1,1-Dichlioroethylene
1,2-Dichloroethylene (trans)
1,2-Dichioroethyliene (cis)
Dichloromethane
2,h-Dichiorophenolt
2,h-Dichlorophenoxyacetic

Acid (2,4-D)
4-(2,4-Dichlorophenoxy)butyric

Acid (2,4-DB)
Dichiorophenyltarsine
1,2-Dichioropropane

W\

CAS

671-66-3
107-30-2
3165-93-3
THh0-47-3
440-47-3
218-01-9
1M1h0-50-8
80U1-58-9
1319-77-3
123-13-9
wNu_wuu
S5h2-62-1
502-01-8
SyK'-92-3
W60-19-9
506-11-4
74-90-8
551-19-7
191-%0-8
506-61-6
506-64-9
143-33-9
551-21-1
50-18-0
15-99-0
72-54-8
12-55-9
50-29-3
1163-19-5
2303-16-4
95-80-7
189-55-9
53-70-3
96-12-8
924-16-13
sh-714-2
95-50-1
SHu1-73-1
106-046-17
91-94-1
75-711-8
75-34-3
107-06-2
15-35-4
540-59-0
540-59+0
79-09-2
120-83-2

9Y-75-7
94-82-6

696-28-6
18-817-5

PHYSICAL,

Mole

Weight Solubility

(g/molc)
1Yy
81
1h2
H2
9
228
6h
NA
108
70
NA
189
92
90
H2
61
21
182
6
199

CXIIBIT G-
(Continucd)

Water
(mg/1)
8.20L+03

1.80E-03

3.10L+0h

2.506+05
2.50L103
1.00E+06

5.00E+0U5

8.20E£405
1.31L+09

1.00E-01-

4.00E-02
5.00E-03

V.HOE+O)
h.776+04
1,10€£-01
5.00E-0h
1.00E+03

1.30E+01
1.00£+02
1.23E+02
1.90L+01
4h.00E+00
2.80E+02
5.500+03
8.52E+03
2.25E+03
6.30E403
3.50E+03
2.00E+04
h.60E+03

6.20E+02

2.70E+03

S#

A

R ™= X

c =

OCPEP>>>0C0000 DO >O0

-

Vapor
Pressure
{mm 1y)

1.951L 02

0.00t +00
0.00L+00
6.30L-09
0.00L+00

2.40t -0

1.000 +03
6.200+02

1.89f-06
6.50(-06
5.50E-06

6.40L-03
3.80E-0%

1.00L-10
1.00E+00

1.00EL-09
1.000100
2.28L+00
1.181+00
1.000-05
4. 870403
1.82E+02
6.H40E+01
6.00L+02
J.2ue+02
2.081+02
3.62€+02
5.90(-~02

4. 0VE-01)

4.20t8+01

CIHEMICAL, AND FAIL DAIA

S*(atm-ml/wol)

A

L
£
A
G
J

>00

cCa>®>>2>>» oo0oo0ocH 90 ==

-

Henry's law

Constant

NA
NA
NA
NA
1.05E-06
NA
NA
1. 10E-06

NA

NA

1.96£-06
6.80E-05
5.13E-04

1.65E-04
1.28E-10

NA
7.33€-08
3.11E-04

NA
2.82t-017
1.93E-03
3.59E-03
2.89E-03
8.33E-07

4.31E-03
9.78[-04
3.40E-02
6.56E-03
7.58E-03
2.03E-03
2.75E-06

1.88E-04

NA
2.31L-03

Date Prepared:

Koc
(mi/g)

200000

500

0.042

770000
44H00000
243000

1000

12

1200
3300000
98

170000
1700
1700
1700
1553

58
30
1]
65
59
h9
8.8
380

20

51

Su

&

FORRE OO0

c oopoCcoOCcCoOoCOn

Log
Kow

V.91
0.00

H.061

1.97

0.00
-0.2%

-3.22

6.20
7.00
6.19

0.73
0.35
6.62
6.80
2.29

5.60
3.60
3.60
3.60
3.%0
2.16
1.719
1.48
1.84
0.48
0.70
1.30
2.90

2.81

2.00

S

-

- O0>»>>>0COch SO0 OO0 2

Fish

BCt
(1/kg)

3.75
16
16

200
0

51000
54000

Q

1
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formic
Furan

Glycid
Glycol

llepLac
lleptac
llexach
Hexach
llexach

alpha-llexachlorocyclohexane (1ICCH)

beta-il
gainma -
delta-
llexach
Hexach
llydraz
Hydrog
Indeno
lodome
lron a
I sobut
Isopre
Isosaf
Isopho

Chemical Name

Acid

aldehyde

Lihers
Dicthylene Glycol,
Honoethyl Liher
2-FEthoxyethanol
fFithylene Glycol,
Monobutyl Ether
2-HMethoxyethanol
Propylene Glycol,
Monoethy !l ‘Ether
Propylene Glycol,
Monomethy! Cther
hior
hlor Epoxide
loroboenzene
lorobutadiene
lorocyclopentadiene

cCHl

Heen (Lindane)
HCCHH
loroethane
lorophene

ine

en Sulfide
(1,2,3-cd)pyrene
thane

nd Compounds
anol

ne

role

rone

Isaopropalin

Kepone

lasiocarpine

tead and Compounds (Inorganic)

Linuron

Malath

ion

Manganese and Compounds

Melpha

Mercury and Compounds (Alkyl)
Mercury and Compounds {(Inorganic)

lan

Mercury fulminate
Methanol

Methyi
Methy!
Methy!
MeLhy!
Methy!
Methy|

Chiloride

Ethyl Ketone

Ethyl Ketone Peroxide
Isobutyl Ketone
Methacrylate
Parathion

CAS #
6h-18-6
110-00-9
165-34-4
NA

111-90-0
110-80-5

111-76-2
109-86-4

52125-53-8

107-98-2
16-44-8
1024-57-3
118r70-1
87-68-3
11-47-4
319+84-6
319785-7
58-89-9
319786-8
67-72-1
70~-30-4
302-01-1
71783-06-4
193-39-9
17-88-4
15438-31-0
18-83-1
18-79-5
120-58-1
78-59-1
33820-53-0
143-50-0
303-34-4
7439-92-1
330-55-2
121-75-17
7439-96-5
14h8-82-3
7439-97-6
7439-97-6
628-86-4
671-956-1
74-87-3
78-93-3
1338-23-4
108-10-1
80-62-6
298-00-0

2-Methyl-h-chlorophenoxyacetic Acid 94-74-6

2(2-Me
prop

thyl)-4-Chlorophenoxy-
ionic Acid

$3-65-2

PUYSICAL,

Hole

h

168
138
309
ho
Hyiz
207
2h9
330

55
305

201
285

32

50

72
176
100
100
263
201

215

ExXisit c-1
(Continued)

Water

Weight Solubilicy
(y/moie)

(mg/1)

1.00E+06

1. 70L+0U8

1.00E+06

1.00E+06
1.00L+06

1.80L-01
3.%0t-01
6.000-03
1.90L-0)
2. 10L+00
1.63E+00
2.h0€E-01
7.80L+00
J. e+
5.00C+01
h.00E-03
J.LI1E+08
4.13E403
5.30E-04
1.40E+0Y

1.09E+03

9.90L-03

1.60E+03 -

1.45E402

6.50f+03
2.68E+05

2.00E+01
6.00E+0D)

LOXEmCOCOO>>>00

CHEMICAL,

Sk

}}

X

oc

~”m -

AND FAIE DALA

Vapor
Pressure
(om lig)

4.00f t01

1.97t+01

J.0u-0n
3.0001-04
1.09€-09
2.00f +00
8.00L-02
2.50t-0%
2.80L-01
1.60L-04
1.70L-05
4.00E-01

1.40E+01
1.00€£-10
4.00E+02

4. 00L 02
1.60E£-08

0.00E+00

4.00E-0Y

2.00E-03

4.31E+03
7.756+01

3.70t+01
9.70E-06

S*(atm-m3/mol)

3
8

-
v

- © O0OoO0OP»>»>C

om

lenry's Law

Constant

1.10€-08
NA

8.19€-04
h.391-04
6.810~04
W.57L+00
1.37e-02
5.81E-06
. hWre-01
1.85L-006
2.01€E-07
2.49E-03

NA
1.73E-09

6.86E-08
5.34E-03
NA

NA
3.25E-12

NA
NA
NA

NA
NA
NA

4. 40E-02
2.74€-05

2.43E-01
5.59E-08

Date

Koc

(mi/q)

12000
220
3900
29000
1800
3800
jguu
1080
6600
20000
91000
0.1

1600000
23

93

55000
16

35
4.5

840
W60

Prepared:

i

e PROCOOCCOOOCO

Lo 4

L4

e

0.00

0.00

U 1]
S 10
.23
h4.18
.04
3.90
3.90
3.90
4.10
.60
7.54
-3.08

6.50
1.69

2.66

2.00
0.99

2.89

SMOOOOC>>>00

-

15700
14400
8690
2.8
h.3
130
130
130
130
87

8400
49

3750
5500

45

October 1, 1986

>
} ]
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Chemical Name
Tetracthy!) Lecad
Thaltlium and Compounds
-- lhalljum AcetalLe
-- thallium'Carbonate
-- Ihallium Chloride
-- ihallium Nitrate
-- Thailic Oxide
-~ Thailium Suifate
Thioacetamide C
Thiourea N
o-lolidine
Toluene ’
o-lToluidine Nydrochloride
Toxaphene
Tribromomethane (Bromoform)
1,2, 4-1richlorobenzene
1,1, 1=-Trichltoroethane
1,1,2-1Irichloroethane
Irichloroethylene
Trichlorfon
Trichloromonofluoromethane
2,4,5-Trichlorophenol
2,h,6-Trichlorophenol
2,h,5-1richlarophenoxyacetic Acid
1,2,3-Irichloropropane
1,1,2-Irichtoro-1,2,2,~
Lrifluoroethane
Iris(2,3-dibromopropyl )phosphate
Trinitrotoluene (1NT)
Trypan Blue
Uracil Mustard
Uranium and Compounds
Urethane
“ Vanadium and Compounds
Viny!l Chloride
Warfarin
o-Xylene
m-Xylene
p-Xylene
Xylene (mixed)
Zinc and Compounds
-- Zinc Phosphide
‘Zineb

“ v

AN

18-00-2
Thhi0-28-0
563-68-8
6%33-73-9
717191-12-0
10102-45-1
1314-32~-5
1hi6-18-6
62-5%-9
62-56-6
119-93-7
108-88-3
636-21-5
8001-35-2
15-29-2
120-82-1
11-%5-6
79-00-5
719-01-6
52-68-6
75-69-4
95-95-4
88-06-2
93-7/6-5
96-18-4

16-13-1
126172-17
118496-17
ﬂw-WN-_
66-15-1
1hhQ-61-1
51-19-6
ThhQ-62-2
15-Q01-4
81-81-2
95-47-6
106-38-3
106-42-3
1330-20-7
TWh0-66-6
1314-80-7
12122-617-17

W

[

Exininsiy -

* letters denote the source of the f:nm. as listed in Section 3.1.
# Solubility of 1,000,000 mg/l assigned because of reported “infinite solubility” in the literature.
{(Note: S in mg/l).

& Koc estimated by the following equation:

1o0g Koc = (-0.55%*10gS) + 3.64

(Contlinued)
PUYSICAL, CHLMICAL, AND FAIL DAIA
Mole Water Vapor lienry's Law
Weight Solubility ‘Pressure Constant
(g/mole)  (img/l) S*  (mm 1lg) S*(atm-m3/mol)
323 8.00E-01 1.%01-01 J 1.97e-02
204 0.00E+00 ¢
2063
W69
2h0 2.90£403 ¢t 0.00L100 [
266
h57
505 2.00E+02 E 0.00tv00 €
5 NA
16 1.726+06 8 NA
212 71.351+01 8B NA
92 5.350+02 A 2.81E+01 A 6.3711-03
1hh 1.50E+004 ) 1.00-0v U 9.391-07
Wiy 5.00E-01 C h.oot-01v C h.360-01
253 3.01E+03 C 5.0004+00 C 5.92C-04
181 3.o00f+0v C 2.9ut-01 C 2.31F-03
133 1.500+03 A 1.23L+402 A 1. WhE-02
133 h.500103 A 3.000+0) A 1.17L-03
131 1.10L403 A 5.79L+01 A 9.10L-03
297 1.500+05 € 7.800-06 E 1.71E-1)
137 1.10L+03 C 6.676+02 C
19/ 1.19€+03 A 1.000+00 A 2.18€-04
1917 8.00E+02 A 1.20L-02 A 3.90L-006
2959 :
Wi
187 1.00E+0Y T 2.70L+02
698 1.200+02 B NA
221
961 . NA
22 6.41E+02 - B NA
2318 NA
89 NA
51 NA
63 2.61E+03 A 2.66L+03 A 8.19E-02
308
106 1.75%6E+02 | 1.00e+01  E
106 1.300+02 F 1.00E+0Y F
106 1.98F+02 F 1.00E+01 F
106 1.98E+02 1.00E+0V 71.04E-03
65 0.00C+00 b NA
258
276

Date Prepared: October 1,

lL.og
Koc Kow
{ml/g) S*
4900 &

-0.h6
1.6 & -2.05
Hio & 2.88
3o C 2.13
22 & 1.29
96h C 3.3
116 ¢C 2.4
9200 C 4.3
152 C 2.5
5 C 2.h
126 C 2.38
6.1 & 2.29
199 C 2.53
89 & 3.712
2000 C 3.87
2.00

310 & .12

120 & -1.09

571 & 1.38

2.995
3.26
3.15
200 & 3.26

1986
fish
OCF
S* (i/kg) S*
J
B
8
A 10.7 N
J
C 13100
C
G 2800 G
C 5.6 1l
A 5 N
A 10.6 U
A
D
A 110 Ui
A 150 1
F
B8 2.7 G
8
A 1.17
F
—4
F
F
u7 W
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Chemical Name
Chlorodibromomethane
Chioroform .
Chiloromethyl Methyl tiher

h-Chloro-o-toluidine llydrochioride

Chromium )1} and Compounds
Chrowium VI and, Compounds

Chryscene WS
Copper and Compounds
Creosote oty
Cresol \
Crotonaldohyde”
Cyanides

-- Barium Cyanide

-- Calcium Cyanido

-- Copper Cyanide

-~ Cyanogcen

-- Cyanogen Chloride

-- llydrogen Cyanide

-~ Nickel Cyanide

-- Potassium Cyanide

-- Potassium Silver Cyanide

-- Silver Cyanide

-=- Sodium Cyanide

-- Zinc Cyanide
Cyclophosphamide
Datapon
DD
DDL
bDT
Decabromodiphenyl
Diallate
2,h-Diaminotoluene
1,2,7,8-bDibenzopyrene
Dibenz(a,h)anthracene
1,2-Dibromo-3-chiloropropane
Dibutylnitrosamine
DibuLyl Phthalate
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,h-Dichlorobenzene
3.3'-Dichlorobenzidine
Dichlorodifluoromethane
1,1-Dichioroethane
1,2-Dichloroethane (EDC)
1,1-Dichloroethylene
1,2-Dichioroethylene (trans)
1,2-Dichloroethylene (cis)
Dichloromethane
2,4-Dichtorophenoi
2,4-Dichlarophenoxyacetic

Acid (2,4-D)
f-(2,4-Dichlorophenoxy)butyric

Acid (2,u4-D8)

Ether

12y-48-1
67-66-3
107-30-2
3169-93-3
14h0-47-3
1hao-uw7-3
218-01-9
74h0-50-8
8001-58-9
1319-77-3
123-73-9
57-12-5
5hW2-62-)
%02-01-8
S4h-92-3
h60-19-5
506-77-4.
7h-90-8
557-19-7
151-50-8
506-61-6
506-64-9
1m3-33-9
557-21-1

i50-18-0

15-99-0
12-54-8
12-55-9
50-29-3

1163-19-5

2303-16-4
95-80-17
189-55-9
53-70-3
926-12-8
924-16-3
84-74-2
95-50-1
mw.uuu-.
106-46-17
ow-c:-.
195-711-8
79-34-3
107-06-2
75-35-4
5h10-59-0
540-59-0
75-09-2
120-83-2

94-75-7
94-82-6

Date Prepared: ctober 198

fl=))

EXNBIT ¢-2°
(Continued)
HALF-1 IVES IN VARIOUS MLDIA

Hair-tLife Range (Days)

Soil Air Surface WaiLer Ground Water

I ow iigh S# Low High Sw Low iigh Sw Low ttigh S
80.00 - A 0.30 30.00 A
.80 - " 3.00 - (4]
5. 50 - H 0.20 - (]
73000.00 - M 0.33 0.80 ]
1000.00 5500.00 A 56.00 110.00 A
95.%0 - M 0.0208 2.08 ]
26.00 - M 1.50 8.50 M
23.00 - M 1.50 8.50 M
0500 - A 1.00 5.00 A
36.00 127.00 A 0.17 - A
2.00 - A 1.00 6.00 A
2.10 - A 1.00 6.00 A
1.30 - A 1.00 6.00 A
53.20 - M 1.20 5.80 M
2.30 - M 6.00 - M
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Chemical Name
fluorides
fFluridone
formaldehyde
formic Acid
Turan
Glycidaldehyde
Glycol fLhers .

-- Diethylens'Glycol,
Honoethyl, Ether
2-Cthoxyethanol
fthytene Glycol,
Monobutyl Ether
2-Mothoxyethanaol
rropylene Glycol,

Monoethyl Liher
-- Propylene Glycol,
Monomethyl Ether

lleptachlor

lieptachlor Epoxide
Hexachlorobenzene
llexachlorobutadiene
llexachlorocyclopentadiene
alpha-llexachlorocyclohexane (IICCH)
beta-lccn

gamma-1iCCIt (Lindane)
delra-iliccil

llexachloroethane
lHlexachlorophene

llydrazine

llydrogen Sulfide
Indeno(1,2,3-cd)pyrene

lodome thane

tron and Compounds

Isobutanoi

Isoprene

Isosafrole

Isophorone

Isopropalin

Kepone

Lasiocarpine

l.ead and Compounds (Inorganic)
Linuron

Malathion

Manganese and Compounds
Melphalan

Mercury and Compounds (Alkyl)
Mercury and Compounds (Inorganic)
Mercury Fulminate

Methanol

Methy!l Chloride

Merhyl Ethy!l Ketone

Methy! Ethyl! Ketone Peroxide
Methyl Isobuty! Ketone

ranesily c-2
(Continued)

Date Prepared:

HALF-LIVES IN VARIOUS MLDIA

1182-h41-4

59756-60-4

$0-00-0

6h-18-6

110-00-9

165-3h-4
NA

111-90-0
110-80-5

1M1-76-2
109-86-4

52125-53-8

107-98-2
76-hh-8
1024-57-13
118-74-1
87-68-13
T7-07-4
319-84-6
319-85-17
58-89-9
319-86-8
67-72-1
70-30-4
302-01-1
717183-06-4
193-39-5
17-88-4
15438-31-0
786-83-1
18-79-5
120-58-1
18-59-1
33820-53-0
143-50-0
303-34-4
7439-92-1
330-55-2
123-75-7
7039-96-5
18-82-3
1439-97-6
7439-97-6
mmw-ca-:
67156-1
h+87-3
78193-3
1338-23-4
_OJu_o|~

ho. 00

80.00 -
0.20
0.4

1100.00 2200.00 A

/900

h.80

Hailr-1tifre Range (bays)

Waver
igh

Surface
Low

0.96 -

0.30 300.00
29.00 2300.00
0.007 -

1.10 9.50

0.0208 2.08

PERS -

PERS -

1.00 -
10.00 -

1

=>> =

4

"

>3

October 1, 1986

Ground Wawver

lLow

High

S
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Chemical Name
1,0,1,2-leLrachliorocthane
1,1,2,2-Tetrachlorocthane
TeLrachioroethylene
2,3,h,6-TeLrachlioropticnol

2,3,5,6-lerrachloroLerephithalate

Acid (DCPA)

letracthy !l Lead .
Thallium and Compblinds

-- 1hallium Acetale

== Ihallium GarbonatLe

-~ thaltium Chloride

-- Thatlium NitratLe

-~ Thallic Oxide

-- Ihalliuam Sulfate
IhioaceLamide
Thiourea
o-lolidine
Toluene
o-Toluidine lydrochloride
Toxaphcne
Tribromomerhane (Bromoforn)
1,2, 4=-1richlorobenzene
1,1, 1-Trichloroethane
1,1, 2-Irichloroethane
frichltoroethylene
Irichlorfon
Trichloromonofjuoromethane
2,4,5-Trichlorophenol
L,6-1richlorophenol
’ »
,3-Trichloropropane
,2-1richloro-1,2,2, -
trifluoroetLhane

2
2,4
1,2
1,1

Tris(2,3-dibromopropyl )phosphatre

Trinitrotoluene (INT)
Trypan Blue
Uracil Mustard
Uranium and Compounds
Urecthane
Vanadium and Compounds
Vinyl Chloride
Warfarin
o-Xylene
m-Xylene
p-Xylene
Xylene (mixed)
Zinc and Compounds

-- Zinc Phosphide
Zineb

* Letters denote the source of
indicates the chemical

** PERS

S-Trichlorophenoxyacetic Acid

030-20-6
19-34-5
12/-18-4
H8-90-2

1861-32-1
718-00-2
Thho-28-0
$63-68-8
6533-13-9
1791-12-0
10102-45-1
1314-32-5
ThWh6-18-6
62-59-%
62-56-6
119-93-7
108-88-3
636-21-5
8001-35-2
15-25-2
120-82-1
11-55-6
19-00-5
79-01-6
52-68-6
715-69-4
95-95-4
88-06-2
93-76-5
96-18-4

76-13-1
126-72-1
118-96-1
12-57-1
66-15-1
hh0-61-1
51-719-6
Tuh0-62-2
75-01-4
81-81-2
95-417-6
108-38-3
106-42-3
1330-20-7
Thho-66-6
1314-84-7
12122-67-1

Lthe data, as
is persisten

[EXHIBIT C-2
(Continued)

HALEF-LIVES

84,10
/.00

1.30
. oo
803.00

24 .00
3.170

712.00 - A

5.00 - A 1.00

1.20

0.%0
h.80

listed in Section C.1.
L for Lhat wedium.

IN VARIOUS MLDIA

DaLe

Prepared:

Hatlr-Life Range (Days)

1752.00

20.00

Surface MatLer

Sw Low

1.40
A 0. 04
A 1.00

A 0.7
M 2.00

1.20
0.14
1.90
1.00

>>>»

A 1.00

M 1.50
M PERS

30,00

14h.20

71.00
90.00

19.00

5.00

9.00

==

Ocrober 1, 1986

Ground Water
Low High

S



EXHIBIT C-3

“w -

OSWER Directive 9285.4-1

Date Prepared:

-

October

1. 1960

TOXICITY DATA FOR POTENTIAL CARCINOGENIC"E%FECTS

-- SELECTION OF

Chemical Name
2-Acetylaminofluorene
Acrylonitrile
Aflatoxin Bl
Aldrin.

Amitrole
Arsenic and Compounds
Asbestos
Auramine
Azaserine
Aziridine
Benzene
Benzidine
Benz(a)anthracene
Benz(c)acridine
Benzo(a)pvrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzotrichloride
Benzyl Chloride
Beryllium and Compounds
Bis(2-chloroethyl)ether
Bis(chloromethyl)ether
Bis(2-ethylhexyl)phthalate (DEHP)
Cacodylic Acid
Cadmium and Compounds
Carbon Tetrachloride
Chlordane
Chloroform
4-Chloro-o-toluidine Hydrochloride
Chromium VI and Compounds
Chrysene
- Cyclophosphamide

DDD
DDE
DDT
Diallate

INDICATOR CHEMICALS ONLY

Effective
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10%

Dose

(ED10)
mg/kg/day
.60E-02
.39E-01

NA

.52E-02
.89E-01
.03E-03

NA

.08E+00

NA

.60E-03
. 70E+00
.50E-04
.92E-02
.67E-05
.28E-03

NA
NA

.91E-03

NA
NA

.23E-02
.22E-04
.00E+01

NA
NA

.52E-02
.61E-02
.08E-01
.13E-01

NA
NA

.70E-02
.69E-01
.53E-01
.79E-01
.24E-01
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Water
(wTc)

1/mg

. 10E+400
.51E-02

NA

.88E+00
.51E-01
.07E+00

NA

.66E-02

NA

.93E+00
.71E-03
.34E+01
.81E-01
.29E+02
.55E+00

NA
NA

.21E+00

NA
NA

.47E-01
.96E+01
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NA
NA

.88E+00
.32E-01
.63E-02
.51E-02

NA
NA

.01E-01
.71E-02
.13E-01
.59E-01
.74E-02
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Inhalation Route

10%
fective
Dose
ED10)
/kg/da

Air
Toxicity
Constant

(aTce)
(m3/mg)
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NA
.08E+00

NA
.60E-03
. 70E+00
.50E-04
.92E-02
.67E-05
.28E-03

NA

NA
.91E-03

NA
.23E-02
.23E-02
.22E-04
.00E+01

NA
.73E-02
.52E-02
.61E-02
.08E-01
.13E-01
.57E-03

NA
.70E-02
.69E-01
.53E-01
.79E-01
.24E-01

1.10E+01
6.51E-01
NA
1.88E+01
1.51E+00
4.07E+01
NA
2.66E-01
NA
.93E+01
.71E-02
.34E+02
.81E+00
.29E+03
.55E+01
NA

NA
3.21E+01
NA
.28E+01
.47E+00
.96E+02
.71E-03
NA
.65E+01
.88E+01
.32E+00
.63E-01
.51E-01
.11E+02
NA
.01E+00
.71E-01
.13E+00
.59E+00
.74E-01
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EXHIBIT C-3
(Continued)

Date Prepared:

OSWER Directive 9285.4-1

October 1. 1986

~

TOXICITY DATA FOR POTENTIAL CARCINOGENIC JEI':FECTS
-- SELECTION OF INDICATOR CHEMICALS ONLY

Chemical Name
Diaminotoluene (mixed)
1,2,7,8-Dibenzopyvrene
Dibenz(a,h)anthracene
1,2-Dibromo-3-chloropropane
Dibutylnitrosamine
3,3"-Dichlorobenzidine
1,2-Dichloroethane (EDC)
1,1-Dichloroethylene
Dichloromethane
Dieldrin
Diepoxybutane
Diethanolnitrosamine
Diethyl Arsine
1,2-Diethylhydrazine
Diethylnitrosamine
Diethylstilbestrol (DES)
Dihydrosafrole
3,3'-Dimethoxvbenzidine
Dimethyl Sulfate
Dimethylaminoazobenzene
7,12-Dimethylbenz(a)anthracene
3,3'-Dimethylbenzidene
Dimethylcarbamoyl Chloride
1,1-Dimethylhydrazine
1,2-Dimethylhydrazine
Dimethylnitrosamine
-Dinitrotoluene (mixed)
2,4-Dinitrotoluene
2,6=Dinitrotoluene
1,4-Dioxane
1,2-Diphenylhydrazine
Dipropyvlnitrosamine
Epichlorohydrin
Ethyl-4,4'-dichlorobenzilate
Ethylene Dibromide (EDB)
Ethylene Oxide

10%

Effective
Dose
(ED10)
mg/kg/day
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.26E-01
.00E+01

NA
.52E-03
.23E-06
.70E-02
.98E-03
.44E-02
.87E-04
.91E-02
.62E-01
.62E-01

NA
.94E+01
.19E-01

NA
. 70E+00
.59E-01
.56E-03
.13E-01

MT

Oral Route

ater
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1/mg

NA
.01E+01
.76E+00
.25E+00
.39E-01
.86E-02
.23E-01

NA
.66E+00
.98E-01

NA

NA

NA
.77E+01
.35E+02
.09E-02
.43E-03

NA
.00E+00
.L6E+03
.71E-01
LGL4E+01
.84E-01
.53E+02
.30E-01
.09E-01
.09E-01

NA
.71E-04
.31E-01

NA
.06E-02
.11E-02
.11E+01
.91E-02
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Inhalation Route

10% Air
Effective Toxicity
Soil Dose Constant

(sTc) (ED10) (aTe)

kg/mg mg/kg/day m3/mg
20E-06 3.40E-01 8.40E-01
NA NA NA
04E-04 2.83E-03 1.01E+02
38E-04 6.00E-03 &4.76E+01
24E-05 2.29E-02 1.253E+01
18E-05 1.20E-01 2.39E+00
93E-06 4 .88E-01 5.86E-01
14E-06 2.33E-01 1.23E+00
NA NA NA
§3E-04 7.81E-03 3.66E+01
99E-05 58E-02 7.98E+00
NA NA NA
NA NA NA
NA NA NA
38E-03 1.03E-03 2.77E+02
77E-03 2.11E-04 1.353E+03
S4E-06 9.26E-01 3.09E-01
14E-08 2.00E+01 1.43E-02
NA NA NA
50E-04 9.52E-03 3.00E+01
73E-01 5.23E-06 5.46E+04
86E-05 3.70E-02 7.72E+00
22E-04 1.98E-03 1.44E+02
92E-05 7.44E-02 3.84E+00
65E-03 1.87E-04 1.53E+03
63E-05 3.91E-02 7.30E+00
4LOE-06 2.62E-01 1.09E+00
46E-06 2.62E-01 1.09E+00
NA NA NA
86E-08 2.94E+01 9.71E-03
S3E-06 2.19E-01 1.31E+00
NA NA NA
29E-07 2.70E+00 1.06E-01
56E-06 5.59E-01 5.11E-01
57E-04 2.56E-03 1.11E+02
4L6E-06 4.13E-01 6.91E-01



OSWER Directive 9285.4-1

Date Prepared: October 1, 198%

EXHIBIT C-3
(Continued) .
TOXICITY DATA FOR POTENTIAL CARCINOGENIt EIEFECTS
-- SELECTION OF INDICATOR CHEMICALS ONLY

Oral Route Inhalation Route

10% Toxicity Constant 10% Air
Effective =------c-c-cc----- Effective Toxicity
Dose Water - Soil Dose Constant

(ED10) (wTc) (sTc) (ED10) (aTce)

Chemical Name mg/kg/day 1/mg kg/mg mg/kg/day m3/mg
Ethylenethiourea 7.69E-01 3.71E-02 1.86E-06 7.69E-01 3.71E-01
Ethyl Methanesulfonate 5.58E-03 5.12E+00 2.56E-04 5.58E-03 5.12E+01
1-Ethyl-nitrosourea 1.14E-01 2.50E-01 1.25E-05 1.14E-01 2.50E+00
Formaldehyde 4.90E-02 5.83E-01 2.92E-053 4.90E-02 5.83E+00
Glycidaldehyde 3.43E-01 8.29E-02 &4.14E-06 3.453E-01 8.29E-01
Heptachlor 8.93E-03 3.20E+00 1.60E-04 8.93E-03 3.20E+401
Heptachlor Epoxide 3.45E-03 8.28E+00 4.14E-04 3.45E-03 8.28E+01
Hexachlorobenzene 8.51E-02 3.36E-01 1.68E-05 8.51E-02 3.36E+00
Hexachlorobutadiene 1.69E400 1.69E-02 8.43E-07 1.69E+00 1.69E-01
alpha-Hexachlorocyclohexane (HCCH) 1.83E-02 1.56E+400 7.79E-05 1.83E-02 1.56E+01
beta-HCCH 5.75E-01 4.97E-02 2.49E-06 5.75E-01 4.97E-01
gamma-HCCH (Lindane) 5.46E-01 5.23E-02 2.61E-06 5.46E-01 5.23E-01
Hexachloroethane 1.25E+01 2.29E-03 1.14E-07 1.25E+401 2.29E-02
Hydrazine 1.27E-02 2.253E+00 1.13E-04 1.27E-02 2.25E+01
Indeno(1,2,3-cd)pyrene ' NA NA NA NA NA
Iodomethane NA NA NA NA NA
Isosafrole 1.67E+400 1.71E-02 8.57E-07 1.67E+00 1.71E-01
Kepone 2.09E-02 1.37E+00 6.85E-05 2.09E-02 1.37E+01
Lasiocarpine 2.66E-02 1.08E+400 5.38E-05 2.66E-02 1.08E+01
Melphalan 9.09E-04 3.14E+01 1.57E-03 9.09E-04 3.14E+402
Methyl Chloride 1.05E+01 2.71E-03 1.36E-07 1.05E401 2.71E-02
3-Methylcholanthrene 4.64E-02 6.16E-01 3.08E-05 4.64E-02 6.16E+00
4,4'-Methylene-bis-2-chloroaniline 8.20E-01 3.49E-02 1.74E-06 8.20E-01 3.49E-01
Methylnitrosourea 9.48E-05 3.01E402 1.51E-02 9.48E-05 3.01E+03
Methylnitrosourethane NA NA NA NA NA
Methylthiouracil 3.50E-02 8.16E-01 4.0BE-05 3.50E-02 8.16E+00
Methylvinylnitrosamine NA NA NA NA NA
N-Methyl-N'-nitro-N-nitrosoguanadine 1.79E-02 1.59E+00 7.97E-05 1.79E-02 1.59E+01
Mitomycin C . NA NA NA NA NA
1-Napthylamine NA NA NA NA NA
2-Napthylamine 1.98E-01 1.44E-01 7.21E-06 1.98E-01 1.44E+00
Nickel and Compounds NA NA NA 1.00E-01 2.85E+00
N-Nitrosopiperidine 3.88E-02 7.37E-01 3.68E-05 3.88E-02 7.37E+00
N-Nitrosopyrrolidine 5.36E-03 5.33E+00 2.66E-04 5.36E-03 5.33E+01
5-Nitro-o-toluidine 7.14E+00 4.00E-03 2.00E-07 7.14E4+00 &4.00E-02
Pentachloronitrobenzene 7.04E-01 4.06E-02 2.03E-06 7.04E-01 &4.06E-01

* % %  October 1986 % * *
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C-23
Date Prepared: October 1. 198¢
EXHIBIT C-3
(Continued) - i

A S

TOXICITY DATA FOR POTENTIAL CARCINOGENIC EFFECTS
-- SELECTION OF INDICATOR CHEMICALS ONLY

Oral Route Inhalation Route

10% Toxicity Constant 10% Air
Effective =-=-------c--c----- Effective Toxicity
Dose Water Soil Dose Constant

(ED10) (wTe) (sTe) (ED10) (aTe)

Chemical Name mg/kg/day 1/mg kg/mg mg/kg/day m3/mg
Pentachlorophenol NA NA NA NA NA
Phenacetin 1.25E+01 2.29E-03 1.14E-07 1.25E+01 2.29E-02
Polychlorinated Biphenvls (PCBs) 5.00E-02 5.71E-01 2.86E-05 5.00E-02 5.71E+400
Polynuclear Aromatic Hydrocarbons NA NA NA NA NA
Propane Sultone 2.85E-02 1.00E+00 5.01E-05 2.85E-02 1.00E+01
1,2-Propyvlenimine 3.35E-02 &8.53E-01 4&4.27E-05 3.35E-02 8.353E+00
Saccharin 2.44E+02 1.17E-04 5.86E-09 2.44E4+02 1.17E-03
Safrole 5.00E+00 5.71E-03 2.86E-07 5.00E+00 5.71E-02
Streptozocin 9.17E-03 3.12E+00 1.356E-04 9.17E-03 3.12E+01
2,3,7,8-TCDD (Dioxin) 8.33E-06 3.43E+03 1.71E-01 8.33E-06 3.43E+04
1,1,1,2-Tetrachloroethane 1.20E+00 2.37E-02 1.19E-06 1.20E+00 2.37E-01
1,1,2,2-Tetrachloroethane 6.02E-01 4.74E-02 2.37E-06 6.02E-01 4.74E-01
Tetrachloroethylene 3.23E+00 8.86E-03 &.43E-07 3.23E+00 8:88E-02
Thiocacetamide 4&.04E-02 7.07E-01 3.54E-05 4.04E-02 7.07E+00
Thiourea 9.52E-01 3.00E-02 1.350E-06 9.32E-01 3.00E-01
o-Toluidine hydrochloride 6.37E-01 4.49E-02 2.24E-06 6.37E-01 4.49E-0C1
Toxaphene 1.02E-01 2.80E-01 1.40E-05 1.02E-01 2.80E+00
1,1,2-Trichloroethane 2.78E+00 1.03E-02 5.1&4E-07 2.78E+00 1.03E-01
Trichloroethylene 6.67E+00 4.29E-03 2.14E-07 6.67E+00 &.29E-02
2,4,6-Trichlorophenol . 1.25E+01 - 2.29E-03 1.14E-07 1.25E+01 2.29E-02
Tris(2,3-dibromopropyl)phosphate 1.02E-01 2.79E-01 1.39E-05 1.02E-01 2.79E+00
Trypan Blue 2.78E+00 1.03E-02 5.14E-07 2.78E400 1.03E-01
Uracil Mustard NA NA NA NA NA
Urethane 1.56E+00 1.83E-02 9.14E-07 1.56E+00 1.83E-01
Vinyl Chloride 6.67E+00 &.29E-03 2.14E-07 6.67E+00 &.29E-02

') The list of chemicals presented in this exhibit is based on EPA's Reportable
Quantities Analysis and should not be considered an all-inclusive list of suspected
carcinogens. Refer to Exhibit C-4 for toxicity data for risk characterization for the
chemicals listed here.
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EXHIBIT C-4

TOXICITY DATA FOR POTENTIAL CARCINOGENIC EFFECTS

Chemical Name
2-Acetvlaminofluorene
Acrylonitrile
Aflatoxin Bl
Aldrin
Amitrole
Arsenic and Compounds
Asbestos
Auramine
Azaserine
Aziridine
Benzene
Benzidine
Benz(a)anthracene
Benz(c)acridine
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzotrichloride
Benzyl Chloride
Bervllium and Cocmpounds
Bis(2-chloroethyljether
Bis(chloromezhyi)ether
Bis(2-ethvlhexyl)phthalate (DEHP)
Cacodylic Acid
Cadmium and Compounds
Carbon Tetrachloride
Chlordane
Chloroform
4-Chloro-o-toluidine Hydrochloride
Chromium VI and Compounds
Chrysene
Cyclophosphamide
DDD
DDE
DDT

*

Potency EPA Potency LPA
Factor Weight Factor Weight
(PT) of (PF) of
(mg/kg/c)-1 Source?- Evidence (mg kg 'd)-1 Source®- Evidenc

B2 B

Bl 2.40E-01 CAG El

2.90E+03 CAG B2 2

1.14E+01 CAG B2 B2

B2 2

1.50E+01 HEA A 5.00E+01 HEA A

A A

B2 B2

B2 E2

E2 B2

5.20E-C2 HEA A 2.60E-02 HEA 4

A 2.30E+02 CAG A

B2 B2

c C

1.15E+401 HEA B2 6.10E+00 HEA B2

B2 B2

D D

B2 B2

C c

N4 Bl <~ .B85E+00 CAG Bl

1.10E+00 CAG E2 E2

A 9.30E+03 CAG A

6.84E-04 CAG B2 B2

D D

NA 6.10E+00 HEA Bl

1.30E-01 HEA B2 B2

.1.61E+00 HEA B2 B2

8.10E-02 HEA B2 2

B2 B2

NA 4.10E+01 HEA A

B2 B2

Bl B1

B2 B2

B2 B2

3.40E-01 HEA B2 B2
* *  QOctober 1986 % * *

RISK CHARACTERIZATION *-

Rd

Inhalation Route
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c-23
Date Prepared: (Cctober 1., %3¢
EXHIBIT C-4
(Continued)
TOXICITY DATA FOR POTENTIAL CARCINOGENIC EFFECTS
-- RISK CHARACTERIZATION . -
Oral Route . Inhalation Rou:ze
Sotency tPA Potency £P4
ractor weight Factor weight
(PF) of (PF) c?

Chemical Name

Diallate

Diaminotoluene (mixed)
1,2,7,8-Dibenzopyrene
Dibenz(a.n)anthracene
1.2-Cibromo-3-chloropreopane .
Dibuzvinitrosamine
3,3"'-Dichlcrobenzidine
1,2-Dichloroethane (EDC)
i,1<Dichloroethylene
Dichlicrcmethane

Dieldrin

Diepoxybutane
Diethanoln::trosamine
Diethyl Arsine
1.2-Diethylhydrazine
Diethylnitrosamine
Diethylstilbestrol (DES)
Dihvcérosafrole

2,3 -Dimethoxybenzidine
Dimetzhyl Sulfate
Dimezhylaminoazobenzene
7,12-Dimethvlbenz(a)anthracene
3,3'-Dimeczhylbenzidene
Dimethvicarbamoyl Chloride
1,1-Dimethylhvdrazine
1,2-Dimezhylhydrazine
Dimethylnitrosamine
Dinitrotoluene (mixed)
2,4-Dinitrotoluene
,6-Dinitrotoluene
,4-Dioxane
,2-Diphenvlhvdrazine
ipropyvlnictrosamine
pichlorohydrin
thyl-4,4'-dichlorobenzilate
Ecthylene Dibromide (EDB)

D = 10t

%

img. kg/d)-1 Source?- Evidence (mg’kg/d)-1 Sourcze®- ZIvigenze
5

D v N

~ 1w

B)

*

cerccccace cecoee cecesccce= csceccnase cesccmcs  ecemececees

o EZ

32 £2

B2 zZ

52 32

82 B2

.-0E+00 CAG B2 22
.70E+00 CaG E2 =2
.10E-02 Hza 32 3.50E-02 AZA 32
.80E-01 HEA c 1. 15E-00 HZA c
.50E-03 HE 32 L.e3z-C2 2Z4 32
.00E+01 CAG 32 zZ
22

D D

B2 22

.»0E+01 CAG B2 B2
A A

B2 EZ

B2 22

52 =2

82 3z

22 BZ

B2 &2

B2 32

B2 EZ

B2 82

.60E+01 CAG B2 B2
B2 B2

.10E-01 CAG B2 22
C c

2 E2

.70E-01 CAG Bl 22
B2 z2

.90E-04 CAG B2 B2
B2 B2

.10E+01 CAG B2 22

¥* October 1986 LA



TCXICITY DATA FOR POTENTIAL CARC|NOGEhUp’£FFECTS

Chemical Name
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Date Prepared:

EXHIBIT C-4
(Continued)

-- RISK CHARACTERIZATION

Potency ZPA
Fac:or weight
(PF) of

(mg/kg'di-1 Source®- Evidence

Ethylene Oxide E1'B2
Ethylenethiourea B2
Ethyl Methanesulfonate B2
l1-Ethyl-nitrosourea 3.30E+01 CAG B2
Formaldehyde B2
Glycidaldehyde B2
Heptachlor 3.40E+00 CAG B2
Heptachlor Epoxide 2.60E+00 CAG B2
Hexachlorobenzene 1.69E+00 HEA B2
Hexachlorobutadiene T.75E-03 HEA C
glphe-Hexachlorocycichexane (HCCH) 1.10z+01 CAG B2
beta-HCCH 1.80Z+00 CAG c
gamma-HCCH (Lindane) 1.33E+00 HEA B2/C
Hexachloroethane 1.40E-02 CAG C
Hydrazine ‘ B2
Indeno(1,2,3-cd)pyrene C
Jodomethane C
Isosafrole B2
Kepone B2
Lasiocarpine B2
Melphalan Bl
Methyl Chloride C
3-Methylcholanthrene B2
4,4"-Methylene-bis-2-chloroaniline B2
Methylnitrosourea 3.00E+02 CAG B2
Methylnitrosourethane B2
Methylthiouracil B2
Methylvinylnitrosamine B2
N-Methyl-N'-nitro-N-nitrosoguanadine B2
Mitomycin C B2
1-Napthylamine C
2-Napthylamine A
Nickel and Compounds NA A
N-Nitrosopiperidine B2
N-Nitrosopyrrolidine 2.10E+00 CAG B2
5-Nitro-o-toluidine o

* % *  October 1986 * * *
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OSWER Directive 9285.4-1

Inhalation Route

Potency
Factor
(PF)

3.5C0:-01

1.19E+00

HEA

EPA
Weight
of

Y - 2 - .
(mg’kg dY-1 Source- Evidence

o W
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EXHIBIT C-4
(Continued)

OSWER Directive 9285.4-1

e Prepared:

TOXICITY DATA FOR POTENTIAL CARCINOGENIC EFFECTS

RISK CHARACTERIZATION -

Jral Route

ceceecececcccccccsayecccccann

Potency EPA

Factor Weignt

(P of
Chemicazl Name (mg ‘kgsdi-1 Source?- Evidence

Pentachlecronitrobenzene C
Pentachlorophnenol D
Phenacetin B2
Polychlorinatec Biphenvls :2C3s; -.3-2+0C HEA 2
Polvnuclear Aromatic Hydroczrbons L.l13E-01 HEA
Propane Sultone B2
1,2-Propyvienimine B2
Saccharin C
Safrole B2
Streptozocin B2
2,3,7,8-TC2D (2iexin 1.36E-C53 HZA B2
1.,1,1,2-Tetrachloroethane 52
1,1,2,2-Tezrachlcroechane 2 0QE-01 HZA C
Tezrachloroethylene 5.10E-902 HEA 32
Tniocacetamide B2
Thiourea B2
o-Toluidine hyvdrochloride B2
Toxaphene 1.10E+00 CAG B2
1.1,2-Trichloroethane 53.73£-02 HEA . c
Trizhloroethvlene 1.10E-22 HEA 2
Z,~,8-Trichloropherol 1.98E£-02 HEA E2
Tris(2,3-dibromorropyl)phosphate B2
Trypan Elue B2
Uracil Mustard B2
Urethane B2
Vinyl Chloride 2.30E+00 HEA A

' The list of chemicals presented in
Analysis and should not be considered an all-inclusive list ot

1550
O . o
~ Inhalation Route
Potency .
Fac:or Wweight
(Pe of
(mg. kg & -1 Source?- Ividenc
o
n
D
a9
o
6. 11200 HEZA
B2
5z
-
!
BN
E2
bl
~
1.70E-03 HEZA E2
E2
E2
-
La
- Rel
-
4.0CE-03 HZA =2
BZ
oA
B2
B2
2.50E-C2 HEA A

suspected carz

Refe

r

to Exhibiz C-3 for toxicity constants for indicator selection for thé chemicals listed here.
*J Sources for Ixhibit C-é:
HEA = Health Effects Assessment, prepared by the Environmental Criteria and

Assessment Office, U.S. EP4A, Cincinnati, Ohio, 1

Evaluation by Carcinogen Assessment Group, U.S.

* ¥ October 1986 * oA K

985 (updated in

EPA, Wwashington, D.C.,

May 198¢6).

1985.

[

this exhibit is based on EPA's Reportable Quantirties
inogens.
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Date Prepared: October 1, 198¢

EXHIBIT C-5

TOXICITY DATA FOR NONCARCINOGENIC EFFECTS
-- SELECTION OF INDICATOR CHEMICALS ONLY !- -

Oral Route ok inhalation Route

Minimum Toxicity Constant Minimum Air
Effective = =  ==-cecc-ceccocona- Effective Toxicity
Dose Water Soil Dose Constant
(MZD) {(«wTn) (sTn). (MED) (aTn)
Chemical Name mg/day RVe 1/mg kg/mg . mg,day RVe m3/kg

Acenaphthene @
Acenaphthyvlene €
Acetone
Acetonitrile 1.23E+402 8 1.31E+400
2-Acetylaminofluorene €
Acrylic Acid
Acrylonitrile @ 2.99E+01 9 6.02E-01 3.01E-053 4.34E+01 10 4.61E+00
Aflatoxin Bl @ ’
Aldicarb
Aldrin @
Allyl Alcohol 3.54E+00 * 6 3.39E+00 1.69E-04 3.54E+400 6 3.39E+01
Aluminum Phosphide
4-Aminobiphenyl @
Amitrole
Ammonia 8.80E-01 3 . 6.82E+00 3.41E-04 4.25E+01 5 2.35E+00
Anthracene @
Antimony and Compounds 4. 60E+00 10 4.35E+00 2.17E-04 7.00E-01 8 2.29E+02
Arsenic and Compounds @ 1.00E+00 g 1.80E+01 9.00E-04 1.00E+00 * 9 1.80E+02
Asbestos @ 2.70E-02 10 7.41E4+03
Auramine @
Azaserine @
Aziridine @
Barium and Compounds 4 .90E+00 10 4.08E+00 2.04E-04 4 .90E+00 * 10 4.08E+01
Benefin ’
Benzene @ 8.55E+01 ) 1.17E-01 5.85E-06 1.70E+00 10 1.18E+02
Benzidine @ 2.24E+01 8 7.14E-01 3.57E-05 1.19E401 7 1.18E+01

Benz(a)anthracene @

Benz(c)acridine @

Benzo(a)pyrene @ 6.00E~-01 8 2.67E+01 1.33E-03 6.28E+00 6 1.91E+01
Benzo(b)fluoranthene @

Benzo(ghi)perylene @

Benzo(k)fluoranthene @

Benzotrichloride @

Benzyl Chloride @

Beryllium and Compounds @ : 1.10E-02 8 1.45E+04
1,1-Biphenyl : '
Bis(2-chloroethyl)ether @

Bis(2-chloroisopropyl)ether 7 .43E+02 10 2.69E-02 1.35E-06 7.43E+02 * 10 2.69E-01
Bis(chloromethyl)ether @

Bis(2-ethylhexyl)phthalate (DEHP) @

Bromomethane

* % %  QOctober 1986 * * *
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C-29
Daze Prepared: Qctober 1. 193c
EXHIBIT C-5
(Continued)
TOXICITY DATA FOR NONCARCINOGENIC EFFECTS.
-- SELECTION OF INDICATOR CHEMICALS-ONLY
Oral Routze : inhzlstion Route
Minimum Toxic:ty Constant Yinimum Air
Effective = =  =-=c-ccecccceccc--o- Lffectave Toxicity
Dose water Soil Dose Constant
(MED) (wTn) (sTn) (MED) (aTn?
Chemical Name mg,/day RVe l/mg kg /mg mg/day RVe m3/kg
Bromoxynil Octanoate
1,3-Butadiene 2.39E+00 4 3.33E~00 1.67E-04 2.38Z+00 * 4 3.33E-01
n-Butanol
Butylphthalyl Butyiglycolate
Cacodylic Ac:id Z
cadmium and Compounds & 4. 49E-00 10 4.45E+00 2.23E-04 4.402-01 8 2, 59E~C2
Captan 9.85£~02 10 2.03E-02 1.02E-06 9.835z+02 * 10 2.03E-01
Carbaryl
Carbon Disuifide 3.302+01 * 7 4.24E-01 2.12E-03 3.30E+01 7 &L ISESO0
Carbon Te:zrachloride @ 6.30E+01 * 10 3.172-01 1.39E-03 5.30z+01 10 3.17E+D0
Chlordane %
ChlorobenZene 5.60E+01 < 1.43E-01 7.14E-06 T.18E+01 1 2.752-01
Chlorobenzilate & )
Chlerodibromomethane 6.60E+00 6 1.82E+00 9.09E-03 6.60E+00 * 6 1.82E401
Chloroform @
Chloromethyl Methyl Ether @ 5.90E+00 7 2.37E+0C1
4-Chloro-o-toluidine Hvdrochloride@
Chromium III and Compounds
Chromium VI and Ceompounds & 6.40E+00 8 2.30E-21
Chrysene
Ccoper and Compounds 1.<40E-+01 5 7.1%E-01 3.57E-05 1.w0E+01 s TL1LE-O0
Creosote @
Cresol 1.34E+00 = & 5.97E+00 2.99£-04 1.34E+00 &  5.97E<01
Crotonaldehyvde

Cranides (n.o.s.) %
-- Barium Cyanide

-- Calcium Cyanide
-- Cyvanogen

-- Cyanogen Chloride
-- Copper Cyvanide

-- Hydrogen Cyanide
-- Nickel Cyanide

-- Potassium Cyanide
-- Potassium Silver Cyanide
-= Silver Cyanide

-- Sodium Cyanide

-- Zinc Cyanide
Cyclophosphamide @
Dalapon

DDD @

* % *  October 1986 * * *
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EXHIBIT C-5
(Continued)

OSWER Directive 9285.4-1

Date Prepared:

TOXICITY DATA FOR NONCARCINOGENIC EFFECTS

-- SELECTION OF INDICATOR CHENHCA}%/ONLY

Chemical Name

DDE @
DDT @
Decabromodiphenyl Ether
Diallate @
2,4-Diaminotoluene @
1,2,7,8-Dibenzopyrene @
Dibenz(a,h)anthracene @
1,2-Dibromo-3-chloropropane @
Dibutylnitrosamine @
Dibutyl Phthalate
1,2-Dichlorobenzene
1,5-Dichlorobenzene
1,4-Dichlorobenzene
3,3'-Dichlorobenzidine @
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane (EDC) @
1,1-Dichloroethylene € ’
1,2-Dichloroethylene (cis)
1,2-Dichioroethyiene (trans)
Dichloromethane @
2,4-Dichlorophencl
2,4-Dichlorophenoxyacetic

Acid (2,4-D)
4-(2,4-Dichlorophenoxy)butyric

Acid (2,4-DB)
Dichloroplhenylarsine @
1,2-Dichloropropane
1,3-Dichloropropene
Dieldrin @
Diepoxybutane @
Diethanolnitrosamine @
Diethyl Arsine @
1,2-Diethylhydrazine @
Diethylnitrosamine @
Diethyl Phthalate
Diethylstilbestrol (DES) @
Dihydrosafrole @
Dimethoate
3,3"'-Dimethoxybenzidine @

oo
r

Minimum

Effective

Dose
(MED)
mg/day

4.20E+02
1.54E+02
1.54E+02
1.54E+02

.42E+02
.14E+03
.77E+401
.89E+02

.18E+04
.21E+02

— ) o s ) e W

—

.29E+02

.00E+02
.00E-01

Lo 00 S ]

2.99E+04

.88E+02 =

e
w

" o,

—
[V RN o RRN| SN S

o
vt o wm

oo

4

* * October 1986

V4

Oral Route

”

wvr W

o0 WO U U W = N

—

.81E-02
.19z-02
.19£-02
.19E-02

.58E-02
.76E-02
.71E-01
.29E-02
.29E-02
.202-04
.26E-02

.24E-01

.00E-01
.33E+00

.67E-04

D 1O 1V —

B 1010 — 00

(e )}

.90E-06
.60E-06
.60E-06
.60E-06

.29E-06
.80E-07
.86E-05
.65E-06
.65E-06
.60E-08
.13E-06

.20E-06

.00E-06
.67E-04

.34E-08

E

[ RSN SO IS TN o

S AR S V) )

—

October 1. 98¢
Inhalazion Reute
Minimum Air
ffective Toxicaty
Dose Constant
(MED) (aTn)
mg/day RVe  m3/kg
.20E+02 = 8 3.81E-0!
L77E+02 5 2.012-01
.77E+02 5 3.61E-01
.77E+02 3 3.61E-01
LL2E+02 7 2.58E-01
.45E+02 8 1.10E+00
L.77E+01 5 5.63E+00
.89E+02 5 5.29E-C1
.89E+02 5 5.29E-0C1
.18E+04 ¥ 10 9.20E-03
L21E402 5 8.26E-01
.29E+02 = 1.24E400
.00E+02 10 1.00E+00
.24E+00 5 3.09E+01
.99E+04 * 4 2.67E-03



OSWER Directive 9285.4-1

Date Freparec:

EXHIBIT C-5
(Continued)

October

%

i08¢

TOXICITY DATA FOR NONCARCINOGENIC EFFECTS

-- SELECTION OF INDICATOR CHEMICALS ONLY

Chemical Name
Dimethyvlamine
Dimethyl Sulfate @
Dimetzhyl Terepnthalate
D*met' viaminoazobenzene ?
D imethvibenz(a)anthra
-D‘me.ux‘benzld‘ne S
imethylcarbamoy! Chloride
~Dimethvlhvcdrazine
-Dimethylhyvdrazine
ethvinitrosamine @
-Dinizrcbenzene
-Dinitro-o-cresol
“~-Dinitrophenol
-Dinitrotoluene @
a-DLnl rotoluene
,5-Dinitrotoluene
,6=-Dinizrotoluene
4-Dinitrotoluene
Dinoseb
1,5-Dicxane 2
N,N-Diphenylamine &
-Di nhen\‘hxdrabl
Dipropylnitrosamine
Disulfoton
Endosulfan
Epichlorohydrin @
Ethanol
Ethvl Acetate
thyl Methanesulfonate @
Ethvlbenzene
Ethyl-¢,4
Ezhvlene Dibromide (EDB) 3
Ethyvlene Oxide €
Ezhylenethiourea €
l-Ethyl-nitrosourea @

Vo e e -
“d

\,)3 Ob)alor—ta b)

-

uMNNUNt\v-AU»—‘»—'Ub)\

© D ™

)

;,-.

ne

ene

'-dichlorobenzilate 2@

£thylphthalyl Ethyl Glycolate

Ferric Dextran @
Fluoranthene @
Fluorene @
Fluorides

-l
™

)

*

E

RSl B B S

IS )

19

[ 3N

Oral Route

Minimum
ffective
Dose

(M2D)

mg,/ day RVe
70E+01 * 6
.33E-00 6
.&32+00 8
.«0E+01 8
.05E+01 9
.99E+01 9
. 98E<+01 10
.40E+04 10

LE+02 * 4

8.01E+00 5

October 1986

. -~
N (‘
~

— 0O
v
(98]

v

]

o

o
wy Lk

o
o
(¥
tn
[]
o
ra
w

3.34E-01 1.67E-03

8.33E-04 4.

1.10E-02 5.5

1.25E+00 6.24E-05

-1 ks

(]

o

[ 2]

~4

Inhzlazion Routze

cTececcccscrsrsrreccanen

Minimum

Lifective

Dose
(MED)
mg/day

70E+01

.25£-00
.43E+00
.=0E+01

(

.O5E+01 +

.99E+01 *

.98E+01 *

.&OE+04

.24E+02

*

RVe

o W O

10

~

— Oy O

Air

Toxicity
Constant

(aTn>
m3-kg

.3%2-00

(93 )
()
(33}
]
(@]
(93]

.10E-01

-
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Date Prepared: Jctober

EXHIBIT C-5
(Continued)

L. 1898¢c

TOXICITY DATA FOR NONCARCINOGENIE EFFECTS ’

-- SELECTION OF INDICATOR CHENHCALS;O&ﬁY

Oral Route
Minimum
Effective
Dose
(MED)
mg/day

Chemical Name

Fluridone

Formaldehyde

Formic Acid

Furan

Glvcidaldehyvde €

Glycol Ethers (n.o.s.)

-- Diethylene Glycol, Monoethyl Ether
-- 2-Ethoxvethanol

-- Ethvlene Glycol, Monobutyl Ether
-- 2-Methoxyethanol

-- .Propylene Glycol, Monoethyl Ether
-- Propylene Glycol, Monomethyl Ether
Heptachlor &

Heptachlor Epoxide @
Hexachlorobenzene €
Hexachlorobutadiene @
Hexachlorocivclopentadiene
eglpha-Hexachlorocyclohexane (HCCH)@
beta-HCCH #

gamma-HCCH (Lindane) €

delta-HCCH ¢

Hexachloroethane % 1.81E+03 6 6.
Hexachlorophene 2.99E+01 S 6.
Hydrazine @

Hydrogen Sulfide
Indeno(1,2,3-cd)pyrene @

Iodomethane @

Iron and Compounds

Isobutanol

Isoprene 5.
Isosafrole @

Isophorone

Isopropalin

Kepone €

Lasiocarpine @

Lead and Compounds (Inorganic) 2.
Linuron

Malathion

Manganese and Compounds

Melphalan @

5.00E+01 10 4.00E-01 2.00E-05

62E-03 3.31E-07
02E-01 3.01E-05

w

SO0E+02 * 4 1.

24E+01 10 8.93E-01 4.46E-05

LR AR

October 1986 * % %k

Minimum
Effeczive
Dose
(MED)
mg/day

cescacceee

1.00E+00 7

5.00E+01 * 10

4.49E+02 10
2.99E+01 * 9

5.50E+02 4

2.24E401 * 10

4.00E+00

4.45E-01
6.02E+00

8.93E+00



OSWER Directive 9285.4-1

Date Preparec:

EXHIBIT C-5
(Continued)

Octeober

b
[
Nel
o
0

TOXICITY DATA FOR NONCARCINOGEN(CA’EF'FECTS

-- SELECTION OF INDICATOR CHEMICALS ONLY

° Jrzl Route
Minimum Toxicity Constan:
Effective = ~eecccccecccccccan-
Dose Water Soil
{(MED) \Wwin) (sTn)
Chemical Name ‘mg,day  RVe l/mg kg/mg

Mercury and Compounds (Alikyl)
Mercury and Compounds (Inorganic) 7.60E-01 7
Mercury Fulminate
Mezhanol
Methyl Chloride
Methyl Ezhyvl Ketone
Methy!l EZthy!l Ketone Peroxice
Methv]l Isobuzvl Ketone
Metny! Methacrylate 1.
Methyl Parathion 1.0
2-Methyi-4-Chliorcpnenoxvacetic Acid
2(2-Methyl-4-Chlorophenoxy)

propionic Acid
3-Methylcholanthrene &
<,%'-Methylene-bis-2-chloroaniline?
Methylnitrosourea €
Methylthiouracil 2
Methvivinvinitrosamine €
N-Methyl-N'-nitro-N-n:trosoguanadineg
Mitomyein C ¢
Mustard Gas &
i-Napthylamine @
2-Napthyvlamine @
Nickel and Compounds @ 4. 70E+0Q0 10 4.262+00
Nitric Oxide
Nitrobenzene
Nitrogen Dioxide
Nitrosomethylurethane @
N-Nitrosopiperidine @
N-Nitrosopyrrolidine @
5-Nitro-o-tcluidine @
Osmium Tetroxide
Pentachlorobenzene
Pentachloronitrobenzene @
Pentachlorophenol
Phenacetin @
Phenanthrene @
Phenobarbital @
Phenol 5.98E+01 3 1.00E-01
Phenylalanine Mustard @

-
o
IS
tr
[}
o
b
fYe)
[P)
[
tr
)
o
£

[ IS i1
ur 1)
o -
W

trf vy
[}
(o Ne

0 1t
(VA3 o8]

W

o

.13E-04

(o]

.62E+02 10
.20E-01 - 6

.32E-02 1.16E-06
.45E+01 2.73E-03

[Vl N )
—

nN

.02E-06

w

* v ok October 1986 * kK

)

Minimum

Effective

o

[ 38

N Oo

Dose
(MED)
mg/cay

L21IE+Q2
.58E+03

'\"".‘gc’)
. b -

.=Q0E-02

[N
~

E+00

.62E+02
.20E-01 =

.02E+01

nhalation Route

AT
Toxic:ity
Constant

raln)
RVe m3/kg

~1
—
]
V]
t
+
(o]
O

wr
£
oo
2]
i
Al
Al

10 1.57e+02

.32E-01

.e32+02

(¢}
(U2 )

10 2.49E+00
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C-3«

EXHIBIT C-5
(Continued)

TOXICITY DATA FOR NONCARCINOGENTC. EFFECTS

-- SELECTION OF INDICATOR CHEMICALS ONLY

Oral Route

Minimum Toxicity Constant
Effective = =  ====----ccc-ca-a-
Dose Water Soil
(MED) (wTn) (sTn)
Chemical Name mg/day  RVe 1/mg kg/mg

m-Phenvlenediamine

Phenyl Mercuric Acetate

Phosphine

Polychlorinated Biphenyls (PCBs) @

Propane Sultone G

Propylenimine @

Pvyrene @

Pyridine

Saccharin %

Safrole

Selenium and Compounds (n.o:.s.) 1.90E-01 10 1.03E+02 5.26E-03

-- Selenious Acid

-- Selenourea

-- Thallium Selenite

Silver and Compounds 1.00E-01 1 2.00E+01 1.00E-03

Sodium Diethyldithiocarbamate
Streptozocin @

Strychnine

Styrene

1,2,4,5-Tetrachlorobenzene 2.03E+01 1 9.76E-C2 4.88E-0¢
2,3,7,8-TCDD (Dioxin) @

1,1,1,2-Tetrachloroethane @

1,1,2,2-Tetrachloroethane @ 2.20E+01 * 5 4.55E-01 2.27E-05
Tetrachloroethvlene @ 1.46E+03 7 9.62E-03 4.81E-07
2,3,4,6-Tetrachlorophenol 1.07E+01 8 1.50E+00 7.48E-05
2,3,5,6-Tetrachloroterephthalate

Acid (DCPA)
Tetraethyl Lead @ 1.40E-03 5 7.14E+03 3.57E-01
Thallium and Compounds (n.o.s.)
-- Thallium Acetate
-- Thallium Carbonate
-=- Thallium Chloride
-- Thallium Nitrate
-- Thallic Oxide
-- Thallium Sulfate
Thioacetamide @
Thiourea @
o-Tolidine @
Toluene 2.69E+03 * 7 5.20E-03 2.60E-07
o-Toluidine Hydrochloride @

* * *  QOctober 1986 * * *

Inhalazion Rou:ze

Minimum

Effective

Dose
(MED)
mg/day

1.90E-01 =

1.00E-01 =

[RS]

2.20E+01
.27E+03

~

1.07E+01 =

2.50E+00

2.69E+03

.05E+01 =

Alr
Toxicity
Constant

(aTn)
RVe m3/kg

10 1.05E+403
1 2.00E+02

1 9.76E-01

5 4.355E+00
10 2.75E-02
8 1.50E+01

5 4 .00E+01

7 5.20E-02
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C-35
Date Prepared: {Qctober .. !98¢
EXHIBIT C-5
(Continued)
TOXICITY DATA FOR NONCARCINOGENIC EFFECTS -
-- SELECTION OF INDICATOR CHEMICALS @NLY
Cral Route Inhzlation Rouze
Minimum Toxicity Constant Minimum Air
Effective secescscccccna .- Effective Toxicizy
Dose Water Soil Dose constan:
(MED) (win) (sTn) (MZD) .&Tn)
Chemical Name mg:cay RVe i/mg kg/mg mg,day RVe m3 kg
Toxaphene 2
Tribromomethane {(Bromoform) 6.90z+00 6 1.822+00 9.09E-03 6.60z~00 * & 1. +C1!
1,2,4-Trichlorobenzene 3.73E+01 < 2.14E-01 1.07E-05 1.32E+01 1 1.52E+00
1,1,1-Trichloroethane 5.832+03 * 2 7.33E-04 3.87E-08 5.45E+C3 2 T.33E-C3
1.1,2-Trichlicroethane
Trichloroezhylene = 9.50c+00 3 1.032+00 5.26E-05 2.70E-+00 - 2.96E+01
Trichlorofon «.52E+01 10 4.428-C1 2.21E-03 4.32E-01 * 10 4.L2E+00
Trichlcremonofluoromethane
2,8 5-?-‘c";o*ooneno; 1.18z+02 6 1.022-01 5.10£-06 1.18E-02 * 6 1.022-00
2,4,8-Trichlorcphenol &
2,4,SjT:;:h.o—osdeqoaxace:ic Acid
1,2,3-Trid cnloropropane
1,1,2-Trichloro-i,2,2-trifluorocethane
Tris(2,3- d;bromoprop\l)phosphate e
Trinitrotoluene (TNT)
Trvpan Blue @
Cracil Mustard @
Lran um and Compounds 1.70E+00 6 7.06E£+00 3.532-04 1.70£2+00 * o 7.0062+01
Urezhane 2
‘anao.um and Compounds 1.50E+01 1 1.432-01 7.14E-0¢ 1.=-0E+01 = 3 1.w3T+00
Vinyl Chloride 2.28E+02 * 10 8.77£-02 4.392-06 2.28E-C2 10 TTE-C]
Warfarzin
o-Xviene
m-Xyiene
p-Xvlene
Xylenes (mixed)
Zinc and Compounds 1.50E+02 8 1.07E-01 5.33E-06 1.50E+02 * 8 1.07t+00
-= Zinc Phosphide
Zineb
€ Potential carcinogenic effects also. See Exhibits C-3 and C-4.
an asterisk are tased on values for the other exposure

* MED and RVe values marked with
route. ’

1. Refer to Exhibit C-6 for toxicity data for risk characterization for the chemicals

listed here.

2. N.0.S. = not otherwise specif

* ok %

ied.

* % %

October 1986
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Date Preparec: Ocicber 1. 198c

EXHIBIT C-6

TOXICITY DATA FOR NONCARCINOGENIC
EFFECTS -- RISK CHARACTERIZATION ‘-

Crei nRouze 7o Inhe.ézicn Rouzte
........................ S Y
e rg
tocencab r Acren-ak T
Acceptable T 3ke Acteptable Intake
Subzhron Chronic Subchron Chronic
AIS) (81C) (AIS) (AIT)
Chem:cal Name --mg kg ‘day-- Source?- --mg kg’day-- Source*-

Acenaphinene =

Acenaphinv.ene =

Acetone : 1.00Z-01 RfD 3.00E+01 3.002-+00 HZA
Acetonitrile

2-Acezyvlaminofluorene #

Acrylic Acid &.00E-02 RfD*

Acryvionitrile
Aflazoxin E!l
Aldicard
Alcrin &
Allv] Alcohol
Aleminum Phosphide
“-Aminobiphenyl &
Amitroie

Ammornia

Anthracene &

Antimony and Compounds
Arsenic and Compounds @
Asbestos &

Auramine 2
Azaserine %

Aciridine =

Earium anc Compounds
Benefin

Benzene &

Benzidine 2
Benz(a)anthracene €
Benz(c)acridine @
Benzo(a)pyrene @
Benzo(b)fluoranthene @
Benzo(ghi)perylene €
Benzo(k)fluoranthene @
Benzotrichloride

Benzyl Chloride @

Bervllium and Compounds @
1,1-Biphenyl
Bis(2-chlorocethyl)ether @
Bis(2-chloroisopropyl)ether
Bis(chloromethyl)ether @
Bis(2-ethylhexyl)phthalate (DEHP) @ 2.00E-02 RfD
Bromomethane 4.00E-04 RfD
Bromoxynil Octanoate 3.00E-02 RfD
1,3-Butadiene

()]

()]

.00E-02 RfD
.00E-C53 RfD
.002-G3 RED
.002-04 ED

I~ ur Ly

ftn

.00E-04 RED

£~

.10E-C2
.00E-01

v wm
s s o
h ot
o9

.00E-04 R£D
.00E-02 RED

urun
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Date Prepared: October 1, 193¢
EXHIBIT C-6
(Continued)
TOXICITY DATA FOR NONCARCINOGENIC -
EFFECTS -- RISK CHARACTERIZATION
Qral Route Inkalation Route
Acceptable Intake Acceptable Intake
Subchron Chronic Subchron Chronic
{AIS) (AIO) (AIS) (AIC)
Chemical Name --mg/kg/day-- Source --mg/kg/day-- Source
n-Butanol 1.00E-01 RE
Butylpthalyl Butyiglyvcolate 1.00E+00 RE
Cacodylic Acid @ 1.002-02 RED -
Cadmium and Compounds @ 2.90E-04 HEA
Captan
Carbaryl 1.00E-01 RED
Carbon Disulfide 1.00E-01 RfD
Carbon Tetrachloride @
Chlordane ¢ 5.00E-05 RED
Chlorobenzene 2.70E-01 2.70E-02 HEA 5.30E-02 5.70E-03 HEA
Chlorobenzilate &
Chlorodibromomethane
Chloroform 2 1.00E-02 RED
Chloromethyl Methyl Ether @
4-Chloro-o-toluidine Hvdrochloride(
Chromium III and Compounds 1.40E+01 1.00E+00 RfD 5.10E-03 HEA
Chromium VI and Compcunds @ 2.50E-02 5.00E-03 HEA
Chrysene @ .
Copper and Compounds 3.70E-02 3.70E-02 HEA 1.00E-02 HEA
Creosote
Cresol 5.00E-02 R£D 1.00E-01 HEA
Crotonaldehyde 1.00E-02 RED
Cvanides (n.o.s.) %/ 2.00E-02 R£D
-- Barium Cyanide 7.00E-02 RED
-- Calcium Cyanide 4.00E-02 R£D
-- Cyanogen 4.00E-02 RfD
-- Cyanogen Chloride 5.00E-02 R£D
-- Copper Cyvanide 7.00E-02 RfD
-- Hydrogen Cyanide 2.00E-02 RED
-- Nickel Cyanide 2.00E-02 RED
-- Potassium Cyanide 5.00E-02 RfD
-- Potassium Silver Cyanide 2.00E-01 R£D
-- Silver Cyanide 1.00E-01 RED
-= Sodium Cyanide 4.00E-02 RfD
-- 2Zinc Cyvanide 5.00E-02 RfD
Cyclophosphamide @
Dalapon 8.00E-02 R£D
DDD @
DDE @
DDT @ 5.00E-04 RfD
Decabromodiphenyl Ether 1.00E-02 RfD
Diallate @
* % *  QOctober 1986 * * *
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Date Prepared: Jctober i, 196c

EXHIBIT C-6
(Continued)

TOXICITY DATA FOR NONCARCINOGEQIQ-;.
EFFECTS -- RISK CHARACTERIZATION ™ <

Oral Route Inkalation Route
Acceptable Intake Acceptable Intake
Subchron Chronic Subchron Chronic
(AIS) (AI1C) (AIS) (AIC)
Chemical Name --mg/kg/day-- Source --mg/kg/day-- Source
2,4-Diaminotoluene @
1,2,7,6-Diberzopyrene
Dibenz(a,h)anthracene @
1,2-Dibromo-3-chloropropane @
Dibutylnitrosamine Z
Dibutyl Phthalate 1.00E-01 REfD
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Cichlorobenzene
3,3'-Dichliorobenzidine @
Dichlorodifluoromethane 2.00E-01 RfD
1,1-Dichloroethane 1.20E+400 1.20E-01 HEA 1.38E+00 1.38E-01 HEA
1,2-Dichlorocethane (EDC) @
1,1-Dichloroethylene @ 9.00E-03 RfD

1,2-Dichloroethylene (cis)
1,2-Dichloroethylene (trans)
Dichloromethane @ 6.00E-02 RfD
2,4-Dichlorophenol .00E-03 R£D
2,4-Dichlorophenoxvacetic

Acid (2,4-D)
4-(2,4-Dichlorophenoxy)butyric

Acid (2,4-DB) 8.00E-03 RfD
Dichlorophenylarsine @
1,2-Dichloropropane
1,3-Dichloropropene
Dieldrin @
Diepoxvbutane @
Diethanolnitrosamine @
Diethyl Arsine @
1,2-Diethylhvdrazine @
Diethylnitrosamine @
Diethyl Phthalate 1.30E+01 RfD
Diethylstilbestrol (DES) @
Dihydrosafrole @

W

Dimethoate 2.00E-02 RfD
3,3'-Dimethoxybenzidine @

Dimethylamine

Dimethyl Sulfate @

Dimethyl Terephthalate 1.00E-01 REfD

Dimethylaminoazobenzene @
7,12-Dimethylbenz(a)anthracene @
3,3'-Dimethylbenzidine @
A October 1986 * k%
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Date Prepared: October 1. 198¢

EXHIBIT C-6
(Continued)

TOXICITY DATA FOR NONCARCINOGENIC -
EFFECTS -- RISK CHARACTERIZATION ~ .. |

-

Oral Route Inhalazion Rouze
Acceptable Intake Accepzable Intake
Subchron Chronic Subchron Chronic
(&IS) (AIC) (AIS) (AIC)
Chemical Name --mg,/kg /daye-- Source --mg, kg /day=-- Source

srecscsssceces= cecescessee ceeceses ceErceces cceccenes SECeEeEE Sevessen

Dimethylcarbamoyl Chloride @
1,1-Dimechylhvdraczine ¢
i,2-Dimethylhvcérazine
Dimethylnitrosamine @
l.3-Dinizroberzene
<,6-Dinizrc-o-cresol
2,<+-Dinitrcohencl
2,3-Dinicrotoluene
2.4-Dinitrotoluene
2,5-Dinicrotoluene
2,%-Dinictrotoluene
3,4-Dinitrozoluene
Dinoseb 1.00E-03 RfD
1,4-Dioxane €

N,N-Diphenylamine &

1,2-Diphenvlhvdrazine @

Dipropylnitrosamine @

MK

[

.00E-03 RfD

(i D (D (@ ‘D

Disulfoton 4 .00E-03 RfD
Zndosulfan 1.30E-05 RfD
Epichlorohydrin & 2.00E-03 RiD
Zcthanel

cthyl Acetate . 9.00E-01 RfD
Ethyl Methanesulfonate @

Ethyvlbenzene 9.70E-01 1.00E-01 RfD

Ethyl-4,4 ' -dichlorobenzilate @

Ethylene Dibromide (EDB) @

Ethvlene Oxice @

Ecthylenethiourea @

l1-Ethyl-nitrosourea @

Ethvlphthalyl Ethyl Glycolate 3.00E+00 RfD
Ferric Dextran @

Fluoranthene @

fluorene @

Fluorides 6.00E-02 RfD
Fluridone 8.00E-02 RED
Formaldehvde

Formic Acid 2.00E+00 RED
Furan 1.00E-03 RED

Glycidaldehyde @
Glycol Ethers (n.o.s.)
- Diethylene Glycol, 5.00E+00 2.00E+00 HEA
Monoethyl Ether
* ok October 1986 * ok ok
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EXHIBIT C-6
(Continued)

TOXICITY DATA FOR NONCARCINOGENIC
EFFECTS -- RISK CHARACTERIZATION. [

Subchron Chronic Subchrorn Chrornic
(4lIs) (AIC) (ALS) (AIC)
Chemical Name --mg kg, day-- Source --mg /kg/day-- Source
-- 2-Ethoxvethanol 4.7E-1(T) 3.60E-01 HEA 6.9E-2(T) 5.00E-02  HEA
-- Ethyvlene Glycol, 1.60E-01 1.60E-02 HEA
Monobutyl Ether
-- 2-Methoxvethanol 5.9E-2(T) 2.40E-02 HEA
-- Propvlene Glycol, 6.80E+00 6.80E-01 HEA
Monoethvl Ether
-- Propvlene Glycol, 6.80E+00 6.80E-01 HEA 4 .90E+00 4.90E-01 HEA
Monomethyl Ether
Heptachlor &
Heptachlor Epoxide & 3.00E-05 RfD
Hexachlorobenzene
Hexachlorobutadiene € 2.00E-03 RED
Hexachlorocvclopentadiene 7.00E-02 7.00E-03 RfD 2.90E-03 6.60E-053 HEA
alpha-Hexachlorocyclohexane (HCCH)@
beta-HCCH @
gamma-HCCH (Lindane) @ 3.00E-04 RED
delta-HCCH @
Hexachloroethane 2
Hexachlorophene
Hydrazine 2
Hydrogen Sulfide 3.00E-03 fD
Indeno(1,2,3-cd)pyrene @
Iodomethane 2
Iron and Compounds 8.60E-03 HEA
Isobutanol 3.00E-01 RfD
Isoprene
Isosafrole @
Isophorone 2.00E-01 RfD
Isopropalin 3.00E-02 RfD
Kepone @
Lasiocarpine @
Lead and Compounds (Inorganic) 1.40E-03 HEA 4. 30E-04 HEA
Linuron
Malathion 2.00E-02 RfD
Manganese and Compounds 5.30E-01 2.20E-01 HEA 3.00E-04 3.00E-04 HEA
Melphalan @
Mercury and Compounds (Alkyl) 2.80E-04 3.00E-04 RfD 1.00E-04 1.00E-04 HEA
Mercury and Compounds (Inorganic) 2.00E-03 2.00E-03 RfD 5.10E-04 5.10E-05 HEA
Mercury Fulminate 3.00E-03 RfD
Methanol 5.00E-01 RfD
Methyl Chloride
Methyl Ethyl Ketore 5.00E-02 RfD 2.20E+00 2.20E-01 HEA
* K ok October 1986 * * *



Chemical Name
Methyl Ethyl Ketone Per
Methy!l Isobuzvl Ketone
Methyvl Methacryvlate
Methyl Parathion

OSWER Directive 9285.4-1

Date Prepared: October 1. 1980

EXHIBIT C-6
(Continued)

TOXICITY DATA FOR NONCARCINOGENIC
EFFECTS -- RISK CHARACTERIZATION: ;°

Oral Route Intalation Route
Acceptable Intake Acceptable Intake
Subchron Chronic Subchron Chronic
(AIS) (AIC) (AIS) (AIC)
--mg/kgsday-- Source --mg/kg/day-- Source
ioxide 8.00E-03 RED

2-Methyl-u-Chlorophenoxyvacetic Acid 1.00E-03 RED
2(2-Methyl-«-Chlorophenoxy)

propionic Acid
3-Methylcholanthrene €
4.4 -Methviene-bis-Z-ch
Methvlnitrosourea &

Methvlthiouracil 2

loroanilineé

Methvlvinvlinitrosamine @
N-Methyl-N'-nitro-N-nitrosoguanadine@

Mitomvecin C @

Mustard Gas &
1-Napthylamine @
2-Nepthylamine ¢
Nickel and Compounds &
Nitric Oxide
Nitrobenzene

Nitrogen Dioxide

19

.00E-C2 1.00E-02. HZA
.00E-01 RED
.00E-04 R£D

.00E+00 RID

-+ U e~

Nitrosomethylurethane @

N-Nitrosopiperidine @
N-Nitrosopvrrolidine 2
5-Nitrec-o-toluidine @
Osmium Tetroxide
Pentachlorobenzene
Pentachloronitrobenzene
Pentachlorophenol
Phenacetin @
Phenanthrene G
Phenobarbital &

Phenol

Phenylalanine Mustard @
m-Phenylenediamine
Phenyl Mercuric Acetate
Phosphine
Polvchlorinated Bipheny
Propane Sultone @
Propylenimine @

‘Pyrene @

Pyridine

1.00E-05 RED

8.00E-04 RfD

@ 8.00E-03 RfD
3.0E-2(T) 3.00E-02 RED

1.00E-01 1.00E-01 RfD 1.90£-01 2.00E-02 HEA

6.00E-03 RfD
.00E-05 RfD
3.00E-04 RfD

(e}

ls (PCBs) @

2.00E-03  RfD
# % *  October 1986 * * ¥
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EXHIBIT C-6
{Continued)

TOXICITY DATA FOR NONCARCINOGENIC -
EFFECTS -- RISK CHARACTERIZATION ~

e Rg

Oral Route Inhalation Route
Acceptable Intake Acceptable Intake
Subchron Chronic Subchron Chronic
(AIS) (AIC) (AIS) (AIC)
Chemical Name --mg,/kg/day-- Source --mg/kg/day-- Source
Saccharin ¢
Safrole @
Selenium and Compounds (n.o.s.) 3.20E-03 3.00E-03 HEA 1.00E-03 HEA
-- Selenious Acid 3.00E-03 RfD
-- Selenourea 5.00E-03 REfD
== Thallium Selenite 5.00E-04 RfD
Silver and Compounds 3.00E-03 RED
Sodium Diethvldithiocarbamate 3.00E-02 RfD
Streptozocin €
Strychnine 3.00E-04 RED
Styrene 2.00E-01 RED
1,2,4,5-Tetrachlorobenzene 3.00E-04 RfD
2,3,7,8-TCDD (Dioxin) €
1,1,1,2-Tetrachlorocethane @
1,1,2,2-Tetrachloroethane @ .
Tetrachloroethylene @ 2.00E-02 RfD
2,3,4,6-Tetrachlorophenol 1.00E-02 RfD
2,3,5,6-Tetrachloroterephthalate
Acid (DCPA) 5.00E-02 REfD
Tetraethyl Lead % 1.00E-07 RED
Thallium and Compounds (n.o.s.) 4.00E-04 RED
-- Thallium Acetate 5.00E-04 RfD
-- Thallium Carbonate 4.00E-04 RfD
-- Thallium Chloride 5.00E-04 RfD
-- Thallium Nitrate 5.00E-04 RfD
-- Thallic Oxide 4.00E-04 RfD
-=- Thallium Sulfate 5.00E-04 RfD

Thioacetamide @

Thiourea @

o-Tolidine @ :

Toluene 4.30E-01 3.00E-01 RfD 1.50E+00 1.50E+00 HEA
o-Toluidine Hydrochloride &

Toxaphene @

Tribromomethane (Bromoform)

1,2,4-Trichlorobenzene 2.00E-02 RfD

1,1,1-Trichloroethane 5.40E-01 HEA 1.10E+01 6.30E+400 HEA
1,1,2-Trichloroethane @

Trichloroethylene @

Trichlorofon
Trichloromonofluoromethane 3.00E-01 RfD
2,4,5-Trichlorophenol 1.00E+00 1.00E-01 REfD

2,4,6-Trichlorophenocl @
* ok ok October 1986 * k&
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EXHIBIT C-6
{Continued)

TOXICITY DATA FOR NONCARCINOGENIC
EFFECTS -- RISK CHARACTERIZATION .

.

;"
o~

Oral Route Inhalation Route
Acceptable Intake Acceptable Intake
Subchron Chnronic Subchron <Chronic
(AIS) (AIC) (AIS) (AI0)
Chemical Name --mg/kg/day-- Source --mg/kgsday-- Source
2,4,5-Tricnlorophenoxyacetic Acid 3.00E-02 REfD
1,2,3-Trichloropropane 1.00E-01 R£D
1,1,2-Trichloro-1,2,2-
T:lfluo’oe;hane 3.00E+01 RED
Tris(2,3-dibromoprcpy!l)phospnate &
Trinitrotoluene (TNT) 2.00E-04 RfD

Irypan Blue @

Cracil Mustard &
Uranium and Compounds
Crethane &

Vanadium andé Compounds
Vinvl Chloride @

12

.00E-02 RED

Warfarin 3.00E-04 RED

o-Xylene 1.00E-01 1.00E-02 HEA 9.6E-1(T) . 2.00E-01 - HEA
m-Xylene 1.00E-01 1.00E-02 HEA 1.00E+00 2.00E-01 HEA
p-Xylene ‘

Xvlenes (mixed) 1.00E-01 1.00E-02 HEA 6.9E-1(T) &4.00E-01 HEA
Zinc and Compounds 2.10E-01 2.10E-01 HEA 1.00E-01 1.00E-02 HEA
-- Zinc Phosphide 3.00E-04 RfD

Zineb 5.00E-02 RfD

Potential carcinogenic effects also. See Exhibits C-3 and C-4&.

-

- Refer to EIxhibit C-5 for toxicity data for indicator selection for the
chemicals listed here.

22 Sources for Exhibit C-6:

RfD = Agency-wide reference dose value, developed by an inter-office work group
chaired by the Office of Research and Development, U.S. EPA, Washington, D.C.,
1686.

HEA = Health Effects Assessment document, prepared by the Environmental Criteria
and Assessment Office, U.S. EPA, Cincinnati, Ohio, 1985 (updated in May 1986).
34 The RfD values listed here are EPA-verified numbers. All RZD values were
derived based on oral exposure; however, in the absence of other more specific data,
these values may also be useful in assessing risks of inhalation exposure.
“4 T indicates that teratogenic or fetotoxic effects are the basis for the AIS
value listed.

$J N.0.S. = not otherwise specified.
# % *  Qctober 1986 * ok ok
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EXHIBIT C-7

CHEMICALS AND CHEMICAL GROUPS HAVING EPA HEALTH
EFFECTS ASSESSMENT (HEA) DOCUMENTS *-

~
/

I/J

A

CHEMICAL NTIS*- PB NUMBER
Acetone 86 134277 /AS
Arsenic and Compounds~ 86 134319/AS
Asbestos 86 134608/AS
Barium and Compounds 86 134327 /AS
Benzene+ 86 134483/AS
Benzo(a)pvrene 86 134335/AS
Cadmium and Compounds 86 134491/AS
Carbon Tetrachloride 86 134509/AS
Chlordane 86 134343/AS
Chlorobenzene 86 134517/AS
ChloroformV 86 134210/AS
Chromium III and Compounds 86 134467 /AS
Chromium VI and Compounds 86 134301/AS
Coal Tars 86 134350/AS
Copper and Compounds 86 134368/AS
Cresol 86 134616/AS
Cyanides 86 134228/AS
DDT 86 134376/AS
1,1-Dichlorocethane 86 134384/AS
1,2-Dichloroethane (EDC) 86 134137/AS
1,1-Dichloroethyviene 8§€ 134624/AS
1.2-cis-Dichloroethyvlene 86 134269/A4S
1,2-trans-Dichloroethyvlene 86 134525/AS
Dichloromethane 86 134392/AS
Ethylbenzene 86 134194/AS
Glycol Ethers 86 134632/AS
Hexachlorobenzene 86 134285/AS
Hexachlorobutadiene 86 134640/AS
Hexachlorocyclopentadiene 86 134129/AS
gamma-Hexachlorocyclohexane (Lindane) 86 134673/AS
Iron and Compounds 86 134657/AS
Lead and Compounds (Inorganic) 86 134665/AS
Manganese and Compounds 86 134681/AS
Mercury 86 134533/AS
Methyl Ethyl Ketone 86 134145/AS
Naphthalene 86 134251/AS
Nickel and Compoundsy 86 134293/AS
Pentachlorophenol 86 134541/AS
Phenanthrene 86 134400/AS
PhenolV 86 134186/AS
Polychlorinated Biphenyls (PCBs) 86 134152/AS

e ale  ole
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EXHIBIT C-7
(Continued)

CHEMICALS AND CHEMICAL GROUPS HAVING EPA HEALTH
EFFECTS ASSESSMENT (HEA) DOCUMENTS M

-
/

ra

CHEMICAL NTIS?! PB NUMBER
Polynuclear Aromatic Hydrocarbons 86 134244/AS
Pyrene 86 134418/AS
Selenium and.Compounds 86 134699/AS
Sodium Cyanide 86 134236/AS
Sulfuric Acid : 86 134426/AS
2,3,7,8-TCDD (Dioxin) 86 134558/AS
1,1,2,2-Tetrachloroethane 86 134434/AS
Tetrachloroethylene 86 134202/AS
Toluene 86 134442/AS
1,1,1-Trichloroethane 86 134160/AS
1,1,2-Trichloroethane 86 134566/AS
Trichloroethylene : 86 13&4574/AS
2,4,5-Trichlorophenol 86 134439/AS
2,4,6-Trichlorophenol 86 134582/AS
Vinyl Chloride 86 134475/AS
Xylene 86 134178/AS
Zinc and Compounds ° 86 134590/AS
Complete Set of 58 HEAs 86 134111/AS

- As of the date of publication for this manual.

2. National Technical Information Service.
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APPENDIX D

DETAILED PROCEDURES FOR DETERMINING TOXICITY
CONSTANTS FOR INDICATOR CHEMICAL SELECTION .

Y

[
-

The method for selecting indicator chemicals for a site, described in
Chapter 3 of this manual, requires the determination of toxicity constants
(T). For many chemicals, these values are given in Appendix C. This appendix
(Appendix D) presents methods for calculating toxicity constants for chemicals
not listed in Appendix C. If, in the process of preparing a public health
evaluation for a site, such chemicals are found, you should request help from
EPA headqguarters before doing these calculations. As new information becomes
available or new chemicals are identified as problems, the list in Appendix C
will be updated and expanded.

Toxicity constants, T, are medium-specific. A toxicity constant for use
. s . ) w
with drinking water concentrations is referred to as T, whereas one for

. , . . ._ a . . Ca
concentrations in air is T, and and one for concentrations in soil is

s . . .
T. Toxicity constants for potential carcinogens are based on the

EDIOIJ; for noncarcinogens they are based on the minimum effective dose

(MED) and a severity of effects rating. All toxicity constants also have
standard intake assumptions built in. Units of toxicity constants are the
inverse of concentration units.

Values of aT, ST, and T for a variety of compounds are given in
Appendix C. In the event that values are not present in Appendix C, they can
be calculated as follows:

Potential Carcinogens

w 2 liters drinking water/day

Tc = [1]
70 kg * ED10

s 0.0001 kg soil/day

Tc = [2]
70 kg * ED

a 20 m® air/day

Te = [3]

70 kg * ED10

1 ED,, = dose in mg/kg/day at which 10% incidence above control is

observed for a tumor type showing a statistically significant incidence.

“* % % October 1986 ¥ * ¥



OSWER Directive 9285.4-1
D-2

where the EDlO is derived from carcinogenicity dose-response data and is

expressed in mg/kg/day.

Noncarcinogens R
w 2 liters drinking water/day °* RVe g’wf
Tn = [4]
MED (oral)
3 0.0001 kg soil/day * RVe
Tn = (5]
MED (oral)
a 20 m? air/day * RVe )
Tn = (6]

MED (inhalation)

where RVe is a rating value based on the severity of effect and scored as
indicated in Exhibit D-1, and MED is the human minimum effective dose in
mg/day for a given effect. If the MED is given in mg/kg/day, multiply it by
70 and then substitute it into the above equation.

. . s C .
The soil toxicity constant ("T) is incorporated as a way to estimate the
overall exposure that might be contributed by contaminated soil. Inclusion of

Sen s .. . . .
T in the indicator selection process is a way to use the soil concentration
data gathered in most site characterizations, in part so that compounds found
in soil and not in air and water could be considered in indicator compound

: s . : . . )
scoring. The °T equation is based on a child's consumption of contaminated
soil as detailed in a recent ORD risk assessment of contaminated soil (EPA,
1984). :

The ORD document estimates that children between the ages of two and six
consume at least 100 mg of soil per day, and that in situations of direct
ingestion of soil (i.e., pica) the rate could go as high as 5 g per day. The
lower value was selected for this procedure because it was more comparable to
the standard consumption values used in calculating the other T values. The 5
g per day value is representative of a pathologic state (pica), and using it

s . . .

to calculate T would correspond to assuming 8 liters or more as the daily
consumption of water (to reflect the diabetic who consumes 8 liters of water
per day). -

Although Equations 2 and 5 are based on ingestion by a child, the intake
is not normalized to an equivalent lifetime intake. The equations use an
intake rate during childhood rather than an lifetime average daily intake to
ensure that compounds are identified on the basis of their potential to harm a
child. Thus, the equations compare a child's daily intake rate to a lifetime
average daily intake (expressed as an MED or an EDIO)’ which, strictly

speaking, may be inappropriate. Unfortunately, the most appropriate data to
use, dose-response information for children, do not exist, and even data for
dose-response relationships in immature animals are rare. What little

* % % October 1986 * % %
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EXHIBIT D-1

RATING CONSTANTS (RVe) FOR NONCARCINOGENS®-

s

X -
n

Severity
Effect Rating (RVe)

EnZzyme induction or other biochemical change with no pathologic 1
changes and no change in organ weights.

Enzyme induction and subcellular proliferation or other changes 2
in organelles but no other apparent effects.

Hyperplasia, hypertrophy or atrophy, but no change in organ 3
weights.

Hyperplasia, hypertrophy or atrophy with changes in organ weights. 4

wm

Reversible cellular changes: <cloudy swelling, hydropic change,
or fatty changes.

Necrosis, or metaplasia with no apparent decrement of organ 6
function. Any neuropathy without apparent behavioral, sensory,

or physiologic changes.

Necrosis, atrophy, hypertrophy, or metaplasia with a detectable 7
decrement of organ functions. Any neuropathy with a measurable

change in behavioral, sensory, or physiologic activity.

Necrosis, atrophy, hypertrophy, or metaplasia with definitive 8
organ dysfunction. Any neuropathy with gross changes in behavior,
sensory, or motor performance. Any decrease in reproductive

capacity, any evidence of fetotoxicity.

Pronounced pathologic changes with severe organ dysfunction. Any 9
neuropathy with loss of behavioral or motor control or loss of

sensory ability. Reproductive dysfunction. Any teratogenic

effect with maternal toxicity.

Death or pronounced life-shortening. Any teratogenic effect with- 10
out signs of maternal toxicity.

1) Rating scale identical to that used hy EPA in the RQ adjustment
process, as described in EPA (1983).

* % %  QOctober 1986 ¥ * *
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information is available seems to indicate that the young are generally more
sensitive to the toxic effects of chemicals than adults. Although this
approach is not strictly accurate it errs on the more protective side, while
at the same time achieving the goal of being a simple way to lncorporate soil
concentration information into the indicator selectlon,process

Although not used directly in the calculation of 1nd1cator scores for
potential carcinogens, a qualitative weight-of-evidence rating is considered
in the final selection of indicators. The EPA weight-of-evidence criteria
(EPA, 1986) are given in Exhibit D-2 and should be used to categorize
potential carcinogens not listed in Appendix C. The EPA approach for
determining weight of evidence is similar to the International Agency for
Research on Cancer (IARC) approach, differing primarily by having an
additional category for 'no evidence of carcinogenicity in humans" and revised
criteria for defining evidence as "sufficient", "limited", or "inadequate."

REFERENCES FOR APPENDIX D

C.S. EPA, 1983. 1Methodology and Guidelines for Reportable Quantity
Determinations Based on Chronic Toxicity Data, External Review Draft.
Prepared by the Environmental Criteria and Assessment QOffice, Office of Health
and Environmental Assessment. ECAO-CIN-R245.

U.S. EPA, 1986. Guidelines for Carcinogen Risk Assessment. TFederal
Register 51:33992.

U.S. EPA, 1984. Risk Analysis of TCDD Contaminated Soil. Prepared by the
Exposure Assessment Group, Office of Health and Environmental Assessment. EPA
600/8-84-031.

* Kok October 1986 L ]
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EXHIBIT D-2 -

—
‘ s

EPA WEIGHT-OF-EVIDENCE S
CATEGORIES FOR POTENTIAL CARCINOGENS

EPA Description
Category of Group Description of Evidence
Group A Human Carcinogen Sufficient evidence from epidemiologic studies
to support a causal association between exposure
and cancer
Group Bl Probable Human Limited evidence of carcinogenicity in humans
Carcinogen from epidemiologic studies
Group B2 Probable Human Sufficient evidence of carcinogenicity in
Carcinogen animals, inadequate evidence of carcinogenicity
in humans
Group C Possible Human Limited evidence of carcinogenicity in animals
Carcinogen
Group D Not Classified Inadequate evidence of carcinogenicity in animals
Group E No Evidence of No evidence for carcinogenicity in at least two

Carcinogenicity
in Humans

adequate animal tests or in both epidemiologic
and animal studies

whe
(33

wte
[
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APPENDIX E

MEMORANDUM OF UNDERSTANDING
BETWEEN
THE AGENCY FOR TOXIC SUBSTANCES AND DISEASE REGISTRY
AND

THE UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

April 2, 1985

w Fow October 1986 ® %k %
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MEMOPANDUM OF UNDERSTANDING *
BETWEEN
THE AGENCY FOR TOXIC SUBSTANCES AND DISEASE REGISTRY
AND
THE UNITED STATES ENVIPRONMENTAL PROTECTION AGENCY

1. PURPOSE

The Agency for Toxic Substances and Disease Registry
(ATSDR) and the Environmental Protection Agency (EPA) agree
that guidance is required to cdefine and coordinate joint and
respective responsihilities under the Comprehensive Environ-
mental Response, Compensation, and Liability Act (Public Law
96-510, 94 Stat. 2796, 42 USC 9601 et seq; CERCLA), Executive
Order 12316 (Responses to Environmental Damage), and the
National 0il and Hazardous Substances Contingency Plan (NCP;
40 CFR Part 300). This Memorandum of Understanding (MOU)
establishes policies and procedures for conductihg response
and non-response health activities related to releases of
hazardous substances.

-2. AUTHORITY

CERCLA section 104 authorizes the President to respond
to releases or substantial threats of releases into the
environment of hazardous substances and certain releases of
pollutants or contaminants. CERCLA also establishes the
Hazardous Substance Response Trust Fund. CERCLA section 104(1i)
authorizes ATSDR (part of the Department of Health and Human
Services (HHS)) to effectuate and implement specific health-
related activities with the cooperation of EPA and other agencies.
Executive Order 12316 further delegates to the Secretary of
HHS certain investigatory authorities vested in the President
under CERCLA section 104 for conducting activities with the
cooperation of other agencies, relating to illness, disease or
complaints thereof. Executive Order 12316 delegates to EPA
the primary response authority under CERCLA section 104
relating to release or extent of release of hazardous sub-
stances, pollutants, or contaminants, and determination of
the presence of an imminent and substantial danger to the
public health or welfare or the environment. Exceptions to
this authority include responses to releases from Department
of Defense (DOD) facilities or vessels (delegated to DOD) and
releases involving the coastal zone, Great Lakes waters,
ports, and harbors (delegated to the U.S. Coast Guard).
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3. SCOPE OF RESPONSIBILITIES

This MOU covers the coordination of héaﬁ:b&related
activities by ATSDR and EPA as authorized bv CERCLA and
delegated Dy Executive Order 12316. ATSDR has statutory
responsibilities under CERCLA and Executive Order 12316 for
activities related to illness, disease, or complaints thereo®,
for disease recgistries and other responsibilities related to
response actions. EPA has statutory authority under CERCLA
and Executive Orcer 12316 for activities related to release
or threat of release of hazardous substances, pollutants or
contaminants, and for determination of the extent of danger
to public health, welfare or the environment, as well as,
other responsibilities related to response actions.

ATSDR and EPA will carry out their resovonsibilities
accor?ing to CERCLA, Executive Order 12316, the NCP, and
this MOU. ATSDR's majcr responsibility will be the
evaluation of populations with current or potential exposure
to waste sites, development of health advisories, and the
follow up on populations for the evaluation of future healt!
effects. EPA's major responsibility in the health area will
be risk assessment and risk management as defined herein.
Health advisories will be hbased on ATSDR's evaluations of
current health effects and will adapt EPA's risk assessments
at a site or sites. ATSDR will not perform risk assessments
as defined herein, using the funds made available from the
Hazardous Substances Response Trust Fund. If risk assessments
are not available ATSDR will consult EPA on a case~-by=-case
basis. ATSDR will conduct some of its activities through
interagency agreements with other participating agencies of
the Public Health Service through cooperative agreements with
State health departments, and through contractual arrangements
whenever appropriate. Such interagency agreements include.
those with the Centers for Disease Control to conduct health
studies and conduct research and nprovide assistance on worker
health and safety issues; with the Library of Medicine to
establish and maintain the needed data bases on health effects
of toxic substances; and with the National Toxicology Program
to conduct standard toxicological assays.

Definitions for the key terms used in this section follow:
° Health Consultation: Immediate or short=-term

consultation by ATSDR to provide health advice and/or
health effects information regarding a srecific site.

° Health Assessment: Initial multi-disciplinary reviews
by ATSDR of all readily available data to evaluate
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the nature and magnitude of any threat to human
health at a site. These evaluations will adapt

EPA's risk assessment for the charactetization of
potential health threats at a site or Sifes, and may
include literature searches, information summari-
zation and evaluation of existing environmental data,
pilot samples, testing for food chain contamination,
and similar activities. .

° public Health Advisorv: An advisory issued by ATSDR
hased on the results of its health assessment.

° Epidemiologic Studies: Long-term epidemiologic study
by ATSDR involving a comprehensive protocol designed
to add knowledge of the health effects of a specific
substance or substances at a site or sites.

° Health Registrv: A site-specific or adverse health
effects-specific registry established and maintained
to track specific cdiseases and illnesses and long-
term health effects to persons exposed to toxic
substances.

° Pilot Studv: A preliminary or short term medical,
laboratory, or epidemiologic study on a limited human
pooulation to decide if additional, large scale
studies are warranted. The stucdy populations can
include those living at, or near, a site and those
not residing at, or near, a site (control or reference
population).

° Risk Assessment: A gualitative/quantitative process
concducted by EPA to characterize the nature and
magnitude of potential risks to public health from
exposure to hazardous substances, pollutants or
contaminants released from specific sites. This
process consists of hazard identification, dose-
response assessment, exposure assessment, and risk
characterization and supports EPA's risk management
process.

° Risk Management: The process conducted by EPA to
determine the nature and extent of remedy for a site,
including alternative selection.

A. Removal Actions

Removal actions are Superfund response activities
involving the short-term cleanup or removal of released
hazardous substances that pose an immediate hazard. These
actions generally are limited by CERCLA to $1 million in cost
and six months in duration.
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ATSDR activities in support of specific removal
actions involve health consultations and health advisories.
In addition, ATSDR may monitor the health ofi-residents who
have been exposed to the hazardous substances or who live
near the release site. ATSDR may also provide technical
assistance to EPA on matters of worker health and safety
during the removal and may orovide community relations
assistance to EPA. ATSDR may become involved in removal
actions through a variety of mechanisms and at various stages
of a removal action. The On=-Scene Coordinator (O0SC) shall
recommend that ATSDR be called in at any time during the
removal action, at the time that the criteria under Section
B.3 are met, unless in the 0OSC's opinion there is no need for
further public health input into the removal action. Altern-
atively, the recommendation for ATSDR involvement may be
initiated by ATSDR itself, the State, or the EPA Regional
Administrator.

B. Remedial Response

Remecial actions are those response actions consistent
"with a permanent remecdy at a site. Remedial action is
preceded by detailed planning. This section discusses
coordination of ATSDR and EPA efforts during the remedial -
response process, which involves five major stages:

° Site discoverv, preliminary
assessment, and site inspection:
Site ranking and NPL listing:
Remedial investigation (RI):
Teasibility study (FS): and
Remedial design and construction.

o 0 o o

The roles of ATSDR and EPA during these stades are
discussed in the subsections below.

B.1 Site Discovery, Preliminary Assessment, ancd Site
Inspection

There are different methods for identifying sites for
notential. remedial response under the Superfund program.
CERCLA .section 103 requires certain parties to notify the
National Response Center when they have knowledge of a
release of a hazardous substance equal to or in excess of the
reportahle quantity for that substance. MNotification is
forwarded to EPA and the affected State. 1In addition to this
formal notification process, EPA may receive notification of
a potential or actual release from a local, State, or Federal
agency that discovers the release in the performance of its
responsibilities. Following notification of a potential or
actual release, EPA conducts a preliminary assessment of the
site to determine whether further investigation and Hazard
Ranking System (HRS) scoring is warranted.
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Site discovery, nreliminary assessment,”and site
inspection are primarily the responsibility of EPA. 1If
ATSDR discovers a potential or actual release during the
performance of its responsibilities, ATSDR will notify EPA
of this release. EPA may perform preliminary assessments and
site inspections of such releases, as warranted, and will
determine whether further investigation' is necessary.

B.2 Site Ranking and NPL Listing

CERCLA section 105(8) recuires the President to develop
criteria for determining nriorities among releases or ,
threatened releases of hazardous substances and, based upon
these criteria, nublish and amend the NPL. Executive Order
12316, section 1l(c) celegates to EPA "[t]he responsibility
for. . .all of the. . .functions vested in section 105" of
CERCLA.

Decisions regarding snecific site scoring and listing of
sites on the NPL are the responsibility of EPA. If ATSDR
discovers any information about potential candidates for the
NPL during the performance of its responsibilities, ATSDR
will submit that information to ®PA. To facilitate this, EPA
Beadguarters will notify ATSDR prior to each amendment of the
NPL to allow ATSDR to recommend sites to he considered for
the NPL, and EPA will consider such recommendations, based upon
the data used by ATSDR to make the recommendation, before
nublishing the amended NPL. EPA may decide to rank sites
identified by ATSDR, retain the site information on EPA files
for future reference, or seek further information about such
sites, and will notify ATSDR of its decision.

B.3 Remedial Investigation

CERCLA section 104(b) authorizes the President to under-
take "such investigations, monitoring, surveys, testing, and
other information gathering" necessary to "identify the
existence and extent of the release or threat thereof, the
source and nature of hazardous substances, pollutants or
contaminants involved, and the extent of danger to public
health or welfare or the environment." Section 2(a) of
Executive Order 12316 delegates to the Secretary of HHS in
cooperation with other agencies, those functions of Section
104(b) "relating to illness, disease, or complaints thereof."
HHS's responsibilities are performed by ATSDR. Section 2(e)
delegates to EPA most of the remaining authorities under
section 104, including those functions under section 104(b)
listed above as they relate to the occurrence or potential
occurrence of a release.

The EPA Regional Administrator, or his designee, will
determine as early as possible in the RI/FS process for a
site whether concurrent ATSDR involvement in the RI/FS is
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necessary. In deciding whether to recuest concurrent ATSDR
involvement, the Recional Administrator, or his designee,
will consider the following criteria: P B

((x,

° Whether the presence of toxic substances has been
confirmed at the site;

° Whether pathways of huma- exposure to toxic substances
have been demonstrated to exist at the site, esnecially
if such pathways involve direct contact with toxic
substances; and

e Whether a human population has been exposed to toxic
substances via the identified pathways, and whether
there exists a threat of current or future health
effects to the population being so exposed, after
considering EPA's risk assessments or health

effects information from other sources.

If these crit=sria are met, the EPA Regional Administrator, or
his designee, shall request concurrent ATSDR involvement,
unless in his opinion there is no need for further public
health input into the RI/FS. Alternatively, the recommendation
for ATSDR involvement may be initated by ATSDR itself, or the
State.

Elements of the remecdial investigation in which ATSDR
participates may include review of site sampling plans and
analysis protocols, site sampling, cata analysis and interpre-
tation, worker health and safety, community relations, and the
remedial investigation report. The division of responsibilities
and coordination between EPA and ATSDR in conducting these
activities is described in the following paragraphs. EPA and
ATSDR will agree to strict time schedules on a site-specific
basis for all activities to be performed by ATSDR, to ensure
that the response process is not delayed. Any changes in the
time schedule will be mutually agreed upon by EPA and ATSDR.

Site Sampling. Where EPA has recuested concurrent ATSDR
involvement, ATSDR will advise EPA during the preparation of
sampling and analysis protocols to ensure collection of data
useful to ATSDR for health assessments and epidemiological
studies. EPA will be responsible for the development and
conduct of any environmental and biological (other than
human) sampling, and developing the tests therefor. ATSDR
will consult with appropriate health agencies and will summarize
recommendations regarding the necessity for testing of human
subjects. If human subject testing is determined to be
necessary, ATSDR will be responsible for any such testing.

EPA shall review the protocols or sampling plans for such
testing to ensure collection of data useful to EPA in perform-
ing subsequent risk assessment and risk management.
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Sampling Protocol. Where EPA has recuested concurrent
ATSDR involvement, EPA and ATSDR will submit7a.draft of all
protocols to each other for review prior to indtitution cf
any site sampling or monitoring. Any changes in the sampling
srotocols will also be provided to ATSDR for review. With
regard to the review of non-site soecific protocols, (e.qg.,
protocols for standard Contract Laboratory Program analysis)
EPA will provide these to ATSDR for review as early as possible
to avoid the necessity of ATSDR review of these protocols on
a site specific bhasis.

Data Analvsis and Interpretation. At sites where EPA
has requested concurrent ATSDR involvement, EPA will.provide
its data from environmental, toxicological and other biolog-
ical sampling and testing to ATSDR. ATSDR will review all
available data for a site, including EPA's hazard identifi-
cation, dose-response assessment, exposure assessment, and
risk characterization information, drawing conclusions about
anv threats to public health associated with the site. Based
on its interpretation of the site data, ATSDR will characterize
the health threats based on its evaluation of current health
effects and in consultation with EPA concerning the magnitude
ané timing of potential future health effects. ATSDR will
communicate all health concerns to regional EPA staff and
will provide copies of health assessments and advisories to
EPA.

Worker Health and Safetv. EPA may request assistance
from ATSDR on worker health and safety issues during a
remedial investigation, inclucding consultation on the design
of worker health and safety plans and monitoring of plan
imnlementation. ATSDR will make arrangements for laboratory
and field testing related to work2r health and safety and
worker surveillance.

Cemmunitv Relations. ATSDR may provide, at EPA's request,
assistance in conducting community relations activities durinag
the remedial investigation. Such assistance may include:

° Preparation of technical and non-technical information
material for the public describing human health threats
posed by substances at a site;

° Reviewing and commenting on human health-related
documents prepared and submitted by citizens
(e.g., citizen-generated health survey protocols):

° Participation in public meetings, small group
meetings, and workshops; and

° Preparing responses to specific public inquiries
regardinag human health impacts of site problems.
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Remedial Investication Report. At the conclusion »f the
remecial Investigation at sites where ATSDR is involved, zpa
will send a copy of the remedial investigatipn;report to ATSDR.
ATSDR will review health-related cata and interpretations onf
such cata in the report and provide comments to EPA within a
mutually agreed upon time £frame.

If EPA and ATSDR agree that ATSDR involvement is not
required at a site, ATSDR will not participate in the remedial
planninc process at that site. ATSDR may undertake other
statutory activities, such as epidemiolocical studies or
disease reqgistries, at a site or sites. ATSDR will ¢toordinate
all such activities with EPA and will advise EPA of imminent
threats to human health at any site and at any time during
ZPA's remedial process. In addition, EPA may reguest ATSDR
assistance in disseminating health information to the public
and in responding tc health concerns of local citizens.

8.4 Feasibility Study

£PA has the final authority for determining the extent
of remedy at a site and selecting a specific remedy cduring
the feasibility study. 1In conducting feasibility studies,
EPA will develop, evaluate, and select remedial options using
the approach described in its feasibility study guidance. For
those sites where there has been concurrent ATSDR involvement,
EPA staff will consult ATSDR for its assessment of any
human. health data (e.g., clinical, epidemiologic) and EPA's
risk assessment resulting from the remedial investigation.
EPA will be responsible for performing gualitative/quantitative
risk assessments evaluating long-term risks to the public that
may result £rom exposure to hazardous substances from Superfund
sites.

It is the responsibility of EPA (Office of Solid Waste
and Emergency Response) to incornporate the results of the
risk assessment process and of health assessments by ATSDR
into risk management determinations of the extent of remedy
for a site. The goal of this process is to ensure that the
remedial action is adeqguate with reqard to eliminating or
mitigating the existing and future public health threats.

EPA may consider and incorporate applicable information
provided by ATSDR on the current status of public health at
the site into the selection of the preferred remedy. At the
discretion of the appropriate Regional Administrator, EPA
staff may also consult with ATSDR staff for any interore-
tation of human health data at sites where ATSDR is not
concurrently involved. 1In addition, EPA may request ATSDR
assistance at any site in disseminating health information to
the public and in responding to health concerns of local
citizens. In the course of performing its health activities,
should ATSDR discover any site which, in its opinion, poses
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an imminent threat to public health, ATSDR will immediately
notify the relevant £ZPA Regional Office and EPA Headguarters
cf this finding. oo

For each remedial response site where ATSDR involvement
is reguested , EPA will provide ATSDR with a copy of the
draft feasibility study, and where appropriate with rough
draft sections of the feasibility study relating to human
health and interpretation, prior to the public comment period
if possible. ATSDR will review the interpretation of the
human health data in the draft feasibility study and provide
comments to EPA during the public comment period. ATSDR will
also provide to EPA any health information it possesses on
the site during the public comment period

B.5 Remedial Design and Construction

The design and construction of the selected remedy at
Superfund sites is ZPA's responsibility. The Regional
Administrator mav, at his cdiscretion, request a health
assessment from ATSDR with regard to certain elements of the
remedial design. At the conclusion of the design stage,

EPA should provide advance copies of the Remedial Design and
Construction Plans to ATSDR whenever possible if they wish
review and comment by ATSDR. ATSDR will notify EPA if the
remedial design does not, in its opinion, eliminate or miti-
gate the public health threat.

C. Cost Recovery

Under CERCLA, EPA is authorized to recover from responsible
nparties all government costs incurred during a response
action. ATSDR agrees to conform with all procedures and
requirements for documenting costs that are to be recovered.

D. Funding

All costs incurred by ATSDR in performing its CERCLA
responsibilities are funded by ATSDR through funds provided
for this purpose. Funding for ATSDR activities performed
under CERCLA is from the Hazardous Substances Response Trust
Fund and is provided by EPA throuagh the budget task force
required by Section 7 of Executive Order 12316 or through
senarate interagency agreements for specific health studies.
ATSDR will comply with the financial and reporting requirements
outlined in the Interagency Agreements that transfer Fund
monies to ATSDR.

4. PERIOD OF AGREEMENT
This Memorandum of Understanding will continue in effect

until modified or amended by the assent of both parties or
terminated by either narty unon a thirty (30) day advance
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written notice of the other party. Nothing in the Memorandum
is intended to diminish or otherwise alter statutory authority
‘of the agencies involved. Fo -

s -
e Pd

5. AMENDMENTS h

This Memorandum may be amended at any time by the agree-
ment of both parties. Each amendment must be in writing and
signed by the appropriate ATSDR and EPA officials.
6. EFFECTIVE DATE

This Memorandum will become effective at noon on the date
of the last signature below.

QQ - _‘\
Date: MAY 2 ¢ 98% Dage: ‘/25‘- Y)
For the Agency £for Toxic Ffor the Liited States
Substances and Disease Environmen-al Protection

Registry , Agency





