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EXECUTIVE SUMMARY 

INTRODUCTION 

On July 14. 1986, the C.S. EPA issued regulations for tank systems 
managin~ hazardous ~astes (51 Federal Register 25422). The overall goal of 
the regulations is to ensure the protection of human health and the 
environment from the risks posed by releases from hazardous waste tank 
systems. The regulations iJddrcss, among other issues, c.he design and 
installation of tanks. leak testing and detection, corrosion protection, 
structural integrity, responses to leaks, closure and post:closure, and 
secondary containment. The secondary containment requirement is a major 
feature of the July 14, 1986 regulation. The requirement applies immediately 
to all new tank systems (and systems to be reinstalled) and is to be phased in 
for existing systems. Variances from secondary containment are the subjects 
of this document (Volumes I and II). 

The regulations provide two variances from the secondary containment 
requirement. The owner/operator of the tank system can petition the Regional 
Administrator (or, in some states, the appropriate State Official) for a 
variance from the secondiJry containment requirement in one of the following 
ways: 

• 

• 

Technology-Based Variance (Volume I). Alternative 
design or operating practices will detect leaks and 
prevent the migra"tion'of any hazardous waste beyond a 
zone of engineering cont~ol (i.e., an area under the 
control of the owner/operator that, upon detection of 
a release, can and will be readily cleaned up prior to 
the release of hazardous constituents to ground water 
or surface waters). 

Risk-Based Variance (Volume II). If a release does 
occur, there will be no substantial present or 
potential hazard to human health or the environment 
(not avai lab Ie for ne\'" underground tank systems or 
components due to Section 3004(0)(4) of RCRA) , 

The purpose of this volume (Volume II) of EPA's technical resource document 
for variances from secondary containment of hazardous waste tank systems is to 
provide guidance both to applicants seeking a risk-based variance and to 
permit writers revie~ing risk-based variance demonstrations. 

BACKGROUND 

On June 26, 1985, the EPA announced it had determined that a substantial 
number of hazardous waste tank systems are likely to be leaking hazardous' 
waste to the environment and that these releases could present significant 
risks to human health and the environment (50 Federal Register 26444). Three 
sources of information formed the basis for these determinations: 
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Several EPA-sponsored studies; 

e Information from the public, industry, and state and 
local gcvernments, including survey results and 
studies; and 

" Internal EPA information pertaining to damages, or 
threats of damage, caused by releases of hazardous 
~astcs from tank systems. 

TI1is information also allOwed the EPA to identify tue major causes of tank 
system releases. These causes include external corrosion, tank structural 
failure, piping and ancillary equipment failures, improper'tank system 
installation, and operator errors. Therefore, the EPA concluded that the best 
regulatory strategy for hazardous waste tank systems is one that focuses on 
sound primary containment and effective and rapid detection and response to 
leaks from the primary containment structure. The best means of ensuring 
these objectives for most tank sysiems is secondary containment with 
interstitial monitoring. Because technologies may exist which are as 
protective of human health and the environment as secondary containment, and 
because site-specific factors may exist which indicate that even a worst-case 
release of hazardous waste from a tank system would not pose a substantial 
present or potential hazard to human health or the environment, the two 
variances from secondary containment (i.e .• the technology-based and the 
risk-based) were developed. 

THE RISK-BASED VARIANCE 

In order to receive a risk-based variance from the secondary containment 
requirements of hazardous waste tank systems, a tank system owner/operator 
must demonstrate to the EPA Regional Administrator (or State Official) that a 
release from the tank system will not pose substantial present or potential 
hazard to human health or the environment. A risk-based variance 
demonstration requires the permit applicant to determine the following (40 eFR 
26':'.193(g)(2) (5'- :ederal Register 25475, July 14, 1986)): 

(i) The potential adverse effects on ground water, surface water, 
and land quality taking into account: 

(A) The physical and chemical characteristics of the waste in 
the tank system, including its potential for migration; 

(B) The hydrogeological characteristics of the facility and 
surrounding land; 

(C) The potential for health risks caused by human exposure 
to waste constituents; 

(D) The potential for damage to wildlife, crops, vegetation, 
and physical structures caused by exposure to ~aste 
constituents; and 
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CE) The persistence and permanence of the potential adverse 
effects.' 

(ii) The poten~ial adverse effects of a release on ground-~ater 
quality. taking into account: 

(A) The quantity and qu.:::lity of ground \.;ater and the 
direction of ground-~ater flo~; 

(B) Tlte proximity and "'ithdra,,al rates of gr.ound-",·ater users; 

(C) The current and future uses of ground ~ater in the area; 
und 

CD) The existing quality of ground water, including other 
sources of contamination and their cumulative impact on 
the ground-water quality. 

(iii) The potential adverse effects of a release on surface water 
quality, taking into account: 

(A) The quantity and quulity of ground water and the 
direction of ground-water flow; 

(B) The patterns of rainfall in the region; 

(C) The proximity of the tank system to surface waters; 

(D) The current and future uses of surface waters in the area 
and any water quality standards established for those 
s~rface waters; and 

(E) The existing quality of surface water, including other 
so~rces or contamination and the cumulative impact on 
surface ~ater quality. 

(iv) The potencial adverse effects ofa release on the land 
surrounding the tank system, taking into account: 

(A) The patterns of rainfall in the region; and 

(B) The current and future uses of the surrounding land. 

Because the appropriateness of a risk-based variance is determined by 
site-specific conditions, development of a risk-based variance demonstration 
requires extensive site-specific data. Therefore, this volume identifies the 
following: (1) the types of site-specific data that will generally be 
required for a risk-based variance demonstration; (2) potential sources of the 

. required information; and (3) how the data are to be used in the demonstration. 

A written notice of an owner/operator's intent to conduct and submit a 
demonstration for a risk-based variance from secondary containment of a 
hazardous waste tank system or component must be received by the U.S. EPA 
Regional Administrator (or State Official) within specific statutory deadlines 

I. 
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(40 eFR 264.193(h)(1) (51 Federal Register 25476)). FurthHmore, the 
risk-based variance demonstration must be completed and received by the U.S .. 
EPA Regional Administrator (or State Official) no more than 180 days after the -
~ritten notice of intent to apply. Failure to meet these deadlines may result 
in the tank system or component ~8coming ineligible [or the risk-based 
\'ariance. 

The risk-based \'ariClnce application as described in Volume II is composed 
of essentially t~o parts: 

" a health effects evaluation; and 

an environmental impact evaluation. 

Both initially require similar information (e.g., physical, chemical, and 
toxicological characteristics of the waste, hydrog~ological characteristics of 
the a~ea, predicted exposure point concentrations). The health effects 
evaluation uses this information to estimate human health risk, while the 
environmental impact evaluation uses the information to describe the potential 
for damage to wildlife, crops, vegetation, and physical structures. 

The steps described within this volume for completing the health effects 
evaluation are listed belo~. 

1) Obtain information on the waste constituents, and 
select indicator chemicals (either all of or a subset 
of the chemicals handled within the tank system(s)). 
This step involves specifying the physical and 
chemical characteristics of the constituents, 
determining ~hether the use of indicator chemicals is 
appropriate and, if so, selecting indicator chemicals, 
and determining the potential worst-case release 
volumes. 

2) Obtain information on the hydrogeology and surrounding 
environment. lOiS step includes determining the 
proximity of the tank system to surface water and 
ground-water, the direction and velocity of 
ground-water flow, the depth and composition of the 
unsaturated zone, the patterns of regional rainfall, 
the current and future uses of ground water, surface 
waters, and the surrounding land, and the existing 
quali~y of ground waeer and surface water. 

3) Iden~ify current and future potential exposure 
path~ays and estimate ehe exposure point 
concentrations of the indicator chemicals. If no 
current or future exposure pathways exist, then the 
demonstration of no substantial hazard is complete. 
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4) Compare the exposure point concentrations to 
established water and air quality standards. If 
acceptable established quality ~tandards exist fo~ all 
indicator chemicals. then the application is compl~te. 

5) Estimate human intakes at the exposure points. 

6) Assess the subchronic and chronic noncarcinogenic and 
potenti~l carcinogellic toxicities of the chemicals. 

7) Combine the intakes ~ith the toxicities to provide an 
indication of the health risk. 

The first three steps of the health· effects evaluation (i.e., selecting 
indicator chemicals, obtaining site-specific information, and estimating 
exposure point concentrations), are identical to the first three steps of the 
environmental impact evaluation. The remaining s~ep of the environmental 
impact evaluation involves a description of how the estimated exposure point 
concentrations will adversely affect the environment. 

The level of detail required in the application is site-specific; it is 
affected by the particular waste streams handled, the tank system, the local 
hydrogeology, and the potential for .human and environmental exposure. The 
applicant may deCide to use a screening method for assisting in the decision 
of whether or not to proceed with the potentially expensive risk-based 
variance application. The other options are to seek a technology-based 
variance (Volume I) or comply with the secondary containment requirements. 

The risk-based variance application is expected to parallel this volume of 
the technical resource document. That is, chapters or sections in the 
application should correspond to Chapters 2 through 8 of Volume II. 
Applicants will use their own discretion concerning which information is more 
appropr:ate as text and WhiCh is more appropriate· as appendices to the 
application. worksheets are also provided throughout the document. All are 
partially completed with illustrative examples, and blank worksheets are 
prOVided. lDese worksheets, or reasonable facsimiles, are to be filled out 
and submitted as part of the risk-based variance application. 

An approach is recommended for summarizing the results, assumptions, and 
uncertainties of the risk-based variance analysis, for drawing a conclusion, 
and for preparing the supporting documentation. A variety of appendices are 
also provided. One appendix provides applicants with a procedure for helping 
decide whether to apply for a risk-based variance. This screening procedure 
consists of a series of questions to help the applicant identify tank systems 
that are exempt from the secondary containment requirement, tank systems that 
are not eligible for a risk-based variance, the basis for the risk-based 
variance, and potential future data gathering efforts. Another appendix 
provides a list of federal and state agencies, regional EPA offices and 
private organizations. These sources will be helpful in providing information 
for assessing surrounding land use, water use, and water quality 
characteristics. Still other appendices consist of data tables that contain 
key quantitative parameters for more than 260 chemicals, a description of the 
procedure used for determining toxicity constants for the selection of 
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indicator chemicals, and blank copies of all worksheets presented in this 
volume of the ~echnical resource document. 

The EPA developed the risk-based \"ariilllCe for hazardous v;aste tanks in the 
context of other EPA rules. policies, and guidelines. These include the 
Ground-~ater Protection Strategy (G~PS), the Location Standards (hydrogeologie 
vulnerability criteria). the Alternative Concentration Limit (ACL) 
Demonstration Guidilnce, the Superfund Exposure Assessment ~Ianual, the 
Superfund Public Health Evalu3tio~ ~anl:al. and the EPA Risk Assessment 
Guidelines, among others. Each document has a unique and specific purpose; 
however, the risk-based varL:J.nce document incorporates :the appropriate 
methodologies from the above documents that are relevant to developing a 
risk-based variance demonstration. As a result, the risk-6ased variance 
document provides consistent EPA policy and procedural recommenda~ions for 
assessing risk ass6ciated ~ith the release of contaminants from hazardous 
~aste tanks. 
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CHAPTER 1 

INTRODUCTION 

The purpose of this volume (Volume II) of EPA's technical resource 
document for variances from secondary containment of hazardous waste tank 
systems is to p~ovide guidance both to applicants seeking a risk-based 
variance and to permit writers reviewing risk-based variance 
demonstrations. 1j According to 40 eFR 264.183(g)(2) (5l Federal Register 
25475, July 14, 1986),2Jin order to receive a risk-based variance from the 
secondary containment requirements of 40 CFR 264.193(a)-(f) (51 Federal 
Register 25474, July 14, 1986), a tank system owner or operator must 
demonstrate to the EPA Regional Administrator lj that a release from the tank 

. system will not pose substantial present or potential hazard to human health 
or the environment. 4J The risk-based variance only provides an exemption 
from the secondary containment requirements.. The tank system is still subj ect 
to all other requirements, such as corrosion protection, integrity 
assessments, inspections, and corrective action. A risk-based variance 
demonstration requires the permit applicant to determine the follOWing (40 eFR 
264. 19 3 (g) (2 ) ( 5 IF e d era 1 Register 25 4 7 5 , July 14, 19 8 6 ) ) : 

(i) The potential adverse effects on ground water, surface water, 
and land quality taking into account: 

(A) The physical and chemical characteristics of the waste in 
the tank system, including its potential for migration 
(Chapter 2);5 J 

lJ Many states have developed non-degradation policies that pronlDlt or 
severely restrict the release of pollutants into the ground water. In such 
states, a risk-based variance from the secondary containment regulations may 
not be allowed unless the applicant can demonstrate that a release will not 
reach the ground water. Before attempting to obtain a risk-based variance, 
the prospective applicant should first check with the appropriate state 
government agency responsible for ground-water protection to determine whether 
a risk-based variance would be permissible under applicable state laws. 

2J All references to regulations for owners and operators of permitted 
hazardous waste facilities (40 eFR 264) also apply to interim status standards 
for owners and operators of hazardous waste facilities (40 eFR 265). 

3J In states that have received authorization from EPA to implement the 
RCRA program, demonstratons should be made to the cognizant State officials. 
Hereinafter, the term Regional Administrator refers to either the EPA or the 
State official as appropriate. 

4J The risk-based variance provision does not apply to new underground 
tank systems or components. Consequently, owners and operators must install 
secondary containment for new underground tank systems or components (51 
Federal Register 25424, July 14, 1986). 

5J The chapters in parentheses refer to this volume of the technical 
resource document. 
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(B) The hydrogeological characteristics of the facility and 
surrounding land (Chapter 3); 

(C) The potential for health risks caused by human exposure to waste 
constituents (Chapters 5 and6)j 

(D) TIle potential for damage to wildlife, crops, vegetation, and 
physical structures caused by exposure to waste constituents 
(Chapter 7); and 

(E) The persistence and permanence of the 
(Chapter 2), 

ial adverse effects 

(ii) The potential adverse effects of a release on ground-water quality, 
taking into account: 

(iii ) 

(iv) 

(A) The quantity and quality of ground water and the direction of 
ground-water flow (Chapters 3 and 4); 

(B) The proximity and withdrawal rates of ground-water users 
(Chapter 4); 

(C) The current and future uses of ground water in the area, 
(Chapter 4); and 

(D) The existing quality of ground water, including other sources of 
contamination and their cumulative impact on the ground-water 
quality (Chapter 4), 

The potential adverse effects of a release on surface water quality, 
taking into account: 

(A) The quantity and quality of ground water and the direction of 
ground-water flow (Chapters 3 and 4); 

(8) Tne patterns of rainfall in the region (Chapter 3); 

(C) The proximity of the tank system to surface waters (Chapter 3); 

(D) The current and future uses of surface waters in the area and 
any water quality standards established for those surface waters 
(Chapter, 4); and 

(E) The existing quality of surface water, including other sources 
of contamination and the cumulative impact on surface water 
quality (Chapter 4). 

The potential adverse effects of a release on the land surrounding 
the tank system, taking into account: 

(A) The patterns of rainfall in the region (Chapter 3) ; and 

(B) The current and future uses of the surrounding land (Chapter 4) . 



OS~~R Directive 9483.00-2 
1-3 

Because the appropriateness of a risk-based variance is determined by 
site-specific conditions, development of a risk-based variance demonstration 
requires extensive site-specific data. Therefore, this volume identifies the 
fo1lo~ing: (1) the types of site-specific data that will generally be 
required for a risk-based variance demonstration; (2) potential sources of the 
required information; and (3) ho~ the data are to be used in the demonstration. 

In addition to requiring site-specific data, the risk assessment process 
requires the use of some site-specific procedures as well. For example, 
selection of appropriate soil and ground-~ater transport models depends on 
site-specific conditions. Thus, this volume does not specify how transport 
modeling is to be done, but instead provides general concepts, basic guidance, 
and sources of information on modeling. For other parts of the risk 
assessment process, such as determining chemical toxicity values, 
site-specific procedures are not required. In these instances, specific 
guidance" is provided on how the risk assessment should be conducted. Where 
step-by-step procedures are not provided, extensive backgro~nd discussion also 
is not provided. This is based on the assumption that an experienced 
professional would be needed to select the appropriate procedures. 
Suggestions of the type of professional needed for a particular situation are 
provided throughout this volume. 

Before continuing, some terminology used in this volume in relation to 
hazardous waste tanks must be defined so that the reader has a clear 
understanding of ~ha"t is being discussed. These terms and their definitions 
are listed below: 

• 

• 

• 

tank - a stationary device designed to contain an 
accumulation of hazardous waste that is constructed 
primarily of non-earthen materials (e.g., wood, 
con"crete, steel, plastic) that provide structural 
support (40 eFR 260.10" (51 Federal Register 25471, 
July 14,1986)). 

tank system - a hazardous ~aste storage or 
treatment tank and its associated ancillary equipment 
(defined below) and containment system (if any) (40 
eFR 260.10 (51 Federal Register 25471, July 14, 
1986)"), or a series of interconnected storage a11d/or 
treatment tanks that handle the same waste and their 
ancillary equipment and containment systems. 

ancillary equipment - any device that is used to 
distribute, meter, or control the flow of hazardous 
waste from its point of generation to a storage or 
treatment tank(s), between storage and/or treatment 
tanks, to a point of disposal on site, or to a point 
of shipment for disposal off site (40 eFR 260.10 (51 
Federal Register 25471, July 14, 1986)). Ancillary 
equipment includes piping, fittings, flanges, valves, 
and pumps. 
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tank system comDonent - the individual tank(s) or 
ancillary equipment associated with a tank system (40 
eFR 260.10 (51 Federal Register 25471, July 14, 
1986)) . 

o tank svstem cluster - a group of tank systems that 
are in close enough proximity such that the transport 
of relnases from the tank systems could be modeled 
realistically by aggregating the release volumes and 
chemical masses from the tank systems. 

Exhibit 1-1 illustrates the use of these terms at a hypothetical facility. In 
addi tion to the' above. terms, the reader should be aware of ' the pre.ci·se 
definitions of the four types of hazardous waste tanks referred to in this 
volume. These definitions are as follows (as defined in 40 eFR 260.10 (51 
Federal Register 25471, July 14, 1986)): 

aboveground tank - a tank that is situated such 
that the entire surface area of the tank is completely 
above the adjacent surrounding surface and the entire 
surface of the tank (including the bottom) can be 
visually inspected. 

onground tank - a tank that is situated such that 
the bottom of the tank is on the same level as the 
adjacent surrounding surface so that the external tank 
bottom cannot be visually inspected. 

inground tank - a tank that has some portion of the 
tank wall situated within the ground, thereby 
preventing visual inspection of the external surface 
area of the tank that is in the ground. 

underground tank - a tank that is totally below the 
surface of and covered by the ground. 

Some additional terms are identified as needed within the text. 

~lany facilities have more than one tank system or component that does not 
have secondary containment, yet the owner/operator may be applying for a 
risk-based variance for only some or one of them. These systems or components 
may not have secondary containment because of one of the fol~owing reasons: 
(1) the system or component is exempt from the secondary containment 
requirement (e.g., tank systems that are used to store waste absent of free 
liquids and are located within a building with an impermeable floor); (2) the 
system or component was previously granted a variance from the secondary 
containment requirement; or (3) the existing system or component has not yet 
reached 15 years of age. 

In ~pplying for a risk-based variance, the applicant must include in the 
demonstration of no substantial hazard the tank systems and components for 
which the variance is being sought as well as all tank systems or components 
previously granted a variance. This inclusion is required because the 
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risk-based variance is 'based on rather than no 
incremental substantial hazard. Consequently, for tank facilities that have 
several tank systems of different ages, the applicant may want to submit a 
variance application that includes all the tank systems for which a variance 
will eventually be sought. This procedure would avoid the necessity of future 
revisions to the risk-based variance application. In submitting revisions to 
an application, the additional tanks may result in substantial hazard. In 
this situ3tion, the tank components which were preViously granted a variance 
,Jould be allowed to continue to operate without secondary containment and the 
additional tanks would not be granted a variance. For example, if tank A has 
previously been granted a risk-based variance and tank B is presently being 
evaluated for a risk-based variance, then the demonstration for tank B must 
include t.ank A in t.he evaluation. The 'reason for this inclusion is tank A may 
still release its hazardous waste even though it has been granted a risk-based 
variance. To assess the cumulative effect of this risk and the incremental 
risk from tank B, both must be considered together. If tanks A and B pose a 
substantial hazard, t~en tank B must be fitted with secondary containment. 
Tank A would still ret.ain its variance. 

The remainder of this chapter is organized as follows. Section 1.1 
provides an overview of the variance demonstration process. Section 1.2 
describes the relationship of this demonstration process to other 
environmental protection rules, policies, and guidelines. Section 1.3 
discusses the procedures necessary to begin the variance application 
process.&j Finally, Sect.ion 1.4 describes the organization of the remainder 
of t.his volume. 

1.1 OVERVIEW OF THE RISK-BASED VARIANCE APPLICATION PROCESS 

The risk-based variance application is composed of essentially two parts: 

a health effects evaluation; and 

an envi.ronment.al impact: evaluat:ion. 

Both initially require similar information (e.g., physical, chemical, and 
toxicological characteristics of the waste, hydrogeological characteristics of 
the area, predicted exposure point concentrations). The health effects 
evaluation uses this information to estimate human health risk, while the 
environmental impact evaluation uses this information to describe the 
potential for damage to Wildlife, crops, vegetation, and physical structures. 
(It should be noted, however, that many environmental impacts also affect 
human health risk and should, therefore, be considered in the health effects 
evaluation as well as the environmental impact evaluation. For example, if 
crop contamination ~ere to result in ingestion of contaminated food by humans, 
then this type of exposure should be considered in the health effects 
evaluation.) 

OJ Prior to applying for the variance, the applicant must provide 
written notice of intent to apply, accompanied by a schedule of the process, 
~o the Regional Administrator (40 eFR 264.l93(h) (51 Federal Register 25476)). 
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The steps described within this volume for completing the health effects 
evaluation are listed below. 

1) Obtain information on the waste constituents, and 
select indicator chemicals (either all of or a subset 
of the chemicals handled within the tank system(s)) 
(Chapter 2). 

2) Obtain information on the hydrogeology and surrounding 
environment (Chapteis 3 and 4). 

3) Identify current and future potential exposure 
pathways and estimate the exposure point 
concentrations of the indicator chemicals (Chapter 
5). If no exposure pathways exist, then the 
demonstration of no substantial hazard is complete. 

4) Compare the exposure point concentrations to 
established quality standards (Chapter 6, Section 1). 
If acceptable established standards exist for all 
indicator chemicals, then the health effects 
evaluation is complete. 

5) Estimate human intakes at the exposure points (Chapter 
6, Section 2). 

6) Assess the subchronic and chronic noncarcinogenic and 
potential carcinogenic toxicities of the chemicals 
(Chapter 6, Section 3). 

7) Combine the intakes with the toxicities to provide an 
indication of the health risk (Chapter 6, Section 4). 

The first three steps of the health effects evaluation (i.e., selecting 
indicator chemicals, obtaining site-specific hydrogeologic information, and 
estimating exposure poine concentrations (Chapters 2 through 5)), are 
identical to the first three steps of the environmental impact evaluation and, 
therefore, will already be completed. The remaining step of the environmental 
impact evaluation will involve a description of how these concentrations will 
adversely affect the environment (Chapter 7). 

The level of detail required in the application is site-specific; it is 
affected by the particular waste streams handled, the tank system, the local 
hydrogeology, and the potential for human and environmental exposure. The 
applicant may decide to use a screening method (see Appendix A) for assisting 
in the decision of whether or not to proceed with the potentially expensive 
risk-based variance application. The other options are to' seek a 
technol~gy-based variance (Volume I) or comply with the secondary containment 
requirements. 

The risk-based variance application should parallel this volume of the 
technical resource document. That is, chapters or sections in the application 
should correspond to Chapters 2 through 8. The applicant shou~d use his or 
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her own discretion concerning which information is more appropriate as text 
and wich is more appropriate as to the application. Worksheets are 
provided throughout the document. All are partially completed with 
illustrative examples, and blank worksheets are provided in Appendix E. These
worksheets, or reasonable facsimiles, are to be filled out and submitted as 
part of the risk-based variance application. All worksheets should contain 
the facility identifier, name of the analyst who completed the worksheet, and 
name of the qUdlity control (QC) reviewer. 

1.2 RE lONSH I P OTHER RU POLICI , AND GUIDELIN 

The EPA developed the risk-based variance for hazardous waste tanks in the 
context of other EPA rules, policies, and guidelines. These include the 
Ground-Water Protection Strategy (GWPS), the Location Standards (hydrogeologic 
vulnerability criteria), the Alternative Concentration Limit (ACL) 
Demonstration Guidance, the Superfund Exposure Assessment Manual, the 
Superfund Public Health Evaluation Manual: and the EPA Risk Assessment 
Guidelines, among others. Each docume.nt has a unique and specific purpose; 
however, this technical resource document incorporates the appropriate 
methodologies from the above-mentioned documents that are relevant to 
developing a risk-based variance demonstration. As a result, this technical 
resource document provides consistent EPA policy and procedural 
recommendations for asseSSing risk associated with the release of contaminants 
from hazardous waste tanks. The follOWing discussion describes the purpose 
and relationship of the aforementioned documents. 

1.2.1 Ground-Water Protection Strategy (GWPS) 

In August 1984, the Environmental Protection Agency (EPA) issued a 
Ground-Water Protection Strategy (GWPS) to encourage consistent protection of 
ground-water resources across EPA programs (e.g., Superfund cleanups, 
hazardous waste tank variances, and underground storage tank requirements). 
Through the process of classification, ground-water resources are separated 
into hierarchical categories on the basis of their value to society, use, and 
vulnerability to contamination. Each class is to be accorded a different 
level of protection. The core of the strategy is a differential protection 
policy that recognizes that different ground-water resources require different 
levels of protection. A three-tiered classification system was established as 
the vehicle for implementing this policy. 

The Ground-Water Protection Strategy (GWPS) guidance 7j document for 
ground-water classification is a follow-up to the Ground-Water Protection 
Strategy that the Environmental Protection Agency (EPA) issued in August of 
1984. EPA provided the GWPS Guidelines for public comment via a Federal 
Register notice December 3, 1986. The GWPS Guidelines are a major step in 

1J EPA, Guidelines for Ground-Water Classification Under the EPA 
Ground-Water Protection Strategy, Final Draft, Office of Ground-Water 
Protection, December 1986. 
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EPA's efforts to provide policy direction for EPA programs relating to ground 
water. The purpose of the G~PS document is two-fold: (1) to further define 
the classes, concepts, and key terms related to the classification system 
outlined in the Ground-~ater Protection St~ategy; and (2) to describe the 
procedures and information needs for classifying ground ~ater. 

The G~?S classification system consists of three general classes of ground 
water represc::::'ng a hierarchy of g:-ollnd-\,'Gter reso'urce values to society. 
These clnsses are: 

• Class I -

• Class II -

• Class III -

Special ground water; 

Ground water that is a current 'or 
potential source of drinking water; and 

Ground ~ater that is not a current or 
potential source of drinking water. 

The classification system is, in general, based on drinking water as the 
highest beneficial use of the resource. The system is designed to be used in 
conjunction ~ith the site-by-site assessments typically conducted by the EPA 
program offices in issuing permits and variances, deciding on appropriate 
corrective action, etc. 

A site~by-site approach to classifying ground water necessitates 
delineating a segment of ground water to which the classification criteria 
apply. The EPA has' developed a CI~ssification Review Area system that is 
based initially on a two-mile radius from the boundaries 'of the "facility" or 
the "activity." Within the Classification Review Area, a preliminary 
inventory of public supply wells, populated areas not served by public supply, 
wetlands and surface waters, is performed. 

Class I g:-ound ~aters are resources of unusually high value. They are 
highly vulnerable to contamination and are: (1) ir:-eplaceable sources of 
drinking ~ater; ~nd/or (2) ecologically vital. Ground water that is highly 
\ulnerable to contamination is characterized by a relatively high potential 
for contaminants to enter and/or to be transported ~ithin the g:-ound-water 
flow system. Ground water may be considered "irreplaceable" if it serves a 
substantial population and if delivery of comparable quality and quantity of 
water from alternative sources in the area would be economically infeasible or 
precluded by institutional constraints. Ground water may be considered 
ecologically vital if it supplies a sensitive ecological system located in a 
ground-water discharge area that supports a unique habitat. 

Class II ground waters are current and potential sources of drinking water 
and water having other beneficial uses. All non-Class I ground water 
currently used, or potentially available, for drinking water and other 
beneficial use is included in this category, whether or not it is particularly 
vulnerable to contamination. This class is divided into current sources of 
drinking water (Subclass IIA), and potential sources of drinking water 
(Subclass lIB). 

Ground water is considered a current source of drinking water under two 
conditions. The first condition is the presence of one or more operating 
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drinking-water wells (or springs) within the Classification Review Area. The 
second condition requires the presence within the Classification Review Area 
of a water-supply reservoir watershed-Cor portion of a water-supply reservoir 
watershed) designated for water-quality protection, by either state or local 
government. The concept of a current source of drinking water is rather broad 
by intent. 

A potcnt:.id 1 source of drinking (,'uter 'is one (.,.hich is capable of yie lding a 
quantity of water to a well or spring sufficient for the needs of an average 
family. Drinking water is taken specifically as water with a total dissolved 
solids (TDS) concentration of less than 10,000 mg/l, which can be used without 
treatment, or which can be treated using methods reasonably employed in a 
public water-supply system. The sufficient yield criterion has been 
established at 150 gallons/day. 

Class III ground waters are resources that are not potential sources of 
drinking water. These ground waters are of limited beneficial use because 
they are either saline or otherwise contaminated beyond levels which would 
allow use for drinking or other beneficial purposes. This class includes 
ground waters that: (1) have a total dissolved solids (TDS) concentration 
over 10,000 mg/l; or (2) are so contaminated by naturally occuring conditions, 
or by t:.he effects of broad-scale human activity (i.e., unrelated to a specific 
activity), that they cannot be cleaned up using treatment methods reasonably 
employed in public water-supply systems. 

Class III is subdivided primarily on the basis of the degree of 
interconnection with surface waters or adjacent ground waters of a higher 
class. In addition, Class III encompasses those very rare settings where 
there is insufficient ground water within the Classification Review Area at 
any depth to meet the needs of an average size family. Such ground waters, 
therefore, are not potential sources of drinking water. 

The risk-based variance assessment process described in t:.his volume is 
conducted on a si:e-by-sit~ basis and includes a hydrogeologic 
characterization consist:.ent:. with G~PS Guidelines. While the purpose of the 
risk-based variance hydrogeologic characterization is not to classify the 
site's ground water into Class I, Class II, etc., the risk-based variance 
assessment does evaluate all of the same site-specific characteristics used by 
the GWPS Guidelines. In general, a risk-based variance is more likely to be 
appropriate for tank systems located in areas with Class III ground water. 
Tank systems located in areas with Class I ground water are unlikely to be 
eligible for a risk-based variance. 

1.2.2 Location Standards (Hydrogeologic Vulnerability Criteria) 

EPA's Location Standards manual lJ was prepared in response to the 
Hazardous and Solid' Waste Amendments of 1984 requirement that EPA publish 

IJ EPA, Criteria for Identifying Areas of Vulnerable Hydrogeology 
Under RCRA: Statutory Internretative Guidance ~anual for Hazardous Waste 
Land Treatment, Storage, and Disnosal Facilities, Interim final report 
submitted to Office of Solid Waste, July 1986. 
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guidance criteria identifying areas of vulnerable hydrogeology. The purpose 
of such location standards is to provide RCRA permit writers with a 
standa~dized technical method for evaluating hydrogeologic data submitted in 
hazardous waste land treatment, storage, and disposal facility permit 
applications to determine if the facilities are located in "areas of 
vulnerable hydrogeology." 

EPA considers. "areas of vulne~·:1ble hydrogeology" to be areas in which the 
predominant natural hydrogeological conditions are conducive to the subsurface 
migration of contaminants in a manner that may adversely. affect drinking water 
sources, sensitive ecological systems, or nearby residents. EPA intends to 
incorporate consideration of the hydrogeologic vulnerability of a facility's 
location into RCRA permitting decisions. Currently, EPA will only be able to 
do so to a limited extent due to the. constraints of existing regulations. 
However, 'once regulations specifying criteria for acceptable locations 
required under HSWA Section 3004(0)(7) have been promu~gated, EPA will have 
much greater fleXibility in considering the hydrogeologic vulnerability of a'. 
faCility's location in permitting decisions. 

OSW is developing an integrated ground-water strategy that will consider 
how such hydrogeologic vulnerability criteria may be applied to facility 
permitting aecisions (e.g., risk-based variances). In addition, it will 
evaluate the relationship of each of the major components of the RCRA program 
mandated by HS'WA. The integrated O·SW ground-water strategy is a response to 
the previously discussed 1984 Ground-Water Protection Strategy (~WPS), which 
called for prOgram offices to develop poliCies for ground-water protection 
aga~nst a broad framework of ground-water classification and ·protection. The 
OS'W strategy not only characterizes the quality and use of ground water, but 
also characterizes how vulnerable that ground water is to contamination as a 
result of the site's geology. 

A risk-based variance demonstration includes a site hydrogeologiC 
characterization that identifies how vulnerable the potentially affected 
ground water is to contamination from a tank site release. Such a site 
characterization must consider a~l the same factors that would be considered 
according to the location standards guidance. Thus, as the location standards 
become incorporated into the RCRA permitting process, they can also be used 
for evaluating risk-based variances. 

1.2.3 Alternate Concentration Limit (ACL) Guidance 

The Alternate Concentration Limit (ACL) Guidance'J provides guidance for 
hazardous waste facilities seeking variances from ground-water background 
contaminant concentration levels or RC~~ adopted maximum ground-water 
contaminant concentration limits (~ICLs). The principal elements of the 
ground-water protection standard are discussed in 40 CFR 264.90. All land 
treatment, storage, and disposal (TSD) units must install a ground-water 

'J EPA, Alternate Concentration Limit Guidance Based on Section 
264.94(b) Criteria, Part I: ACL Policy and Information Requirements, Draft 
report submitted to the Office of Solid 'Waste, December 1986 (currently 
unavailable). 
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monitoring program to ensure that ground-water standards are met. For each 
hazardous constituent entering the ground water from a regulated unit, 
background concentrations or NCLs establish the limit beyond which degradation 
of ground-water quality will not be allowed. 

Variances from these standards, in the form of an ACL, are available if 
the applicant can demonstrate that alternative constituent concentration 
levels ~ill not pose a substantial present or potential hazard to human hea;th 
or the environment. An ACL demonstration requires not only characteriZing the 
site hydrogeology, similar to that done for the Location Standards, but also 
characterizing the hazardous waste constituents from the- point of release to 
the point of exposure. 40 CFR 264.94 discusses the "AI t-ernate Concentration 
Limit" and lists 10 criteria to be applied in ACL demonstrations. 

An ACL demonstration is essentially a risk assessment and risk management 
process in which a determination of acceptable ground-water contamination is 
made. Site-specific information, such as local hydrogeologic char~cteristics, 
the facility's waste constituents, and local environmental factors, is needed 
to assess the potential impact on human health and the environment of each 
hazardous constituent present in the ground water. 

To establish ACLs, two points must be defined on a RCRA facility's 
property: (1) the point of compliance (POC); and (2) the point of exposure 
(POE). The pac is the point in the uppermost aquifer, on the immediate 
downgradient side of the RCRA regulated unit, where ground-water monitoring 
takes place and the ground-water protection standard is set. The ACL, if it 
is established, would be set at this point. The POE, on the other hand, is 
the point at which it is assumed a potential receptor can come in contact with 
the ground water. Therefore, the ground-water quality at the POE must be 
protective of that receptor. 

wnile both the ACL demonstration and risk-based variance process for 
hazardous waste tanks require Site-specific risk assessments, the ACL process 
depends on ground-water monitoring to ensure that the ACL will not be 
exceeded. Such ground-water monitoring is already required at all land iSD 
units according to 40 eFR 264.97. The risk-based variance demonstration for 
tanks, however, does not rely on ground-water monitoring to establish and 
monitor an acceptable level of contamination. Instead, the risk-based 
variance demonstration for tanks depends on an analysis of a potential 
worst-case release and the demonstration that, because of the tank system's 
combination of waste composition and the hydrogeology of the site, even a 
worst-case release will not pose a substantial present or potential risk to 
human health and the environment. 

1.2.4 Superfund Exposure Assessment and Public Health Evaluation 
Manuals 

The Superfund Exposure Assessment 10J and the Superfund Public Health 
Evaluation 11j manuals provide guidance for conducting portions of the 

lOj EPA, Superfund Exposure Assessment ~anual, Draft, Office of 
Emergency and Remedial Response, January 1986. 

llJ EPA, Superfund Public Health Evaluation Manual, Office of Emergency 
and Remedial Response, October 1986. 
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remedial investigations (RI) and feasibility studies (FS) for Superfund 
sites. The purpose of the remedial investigation is to acquire the field data 
needed to determine the extent of existing contamination at the site (in the 
absence of any cont~ol measures). In the feasibility study, these data are 
used to evaluate site-related exposure and present or potential risk to human 
health and the environment. The remedial investigation and the feasibility 
study are major components in the remedial response process for Superfund 
sites. 

The risk-based variance demonstration for hazardous ~aste tanks, as 
described in this volume, is based to a large extent on 'the risk assessment 

methodologies recommended in the Superfund Public Health Evaluation ~janual. 
~uch of the guidance on exposure assessment is based on the Superfund Exposure 
Assessment ~!anual. The methods recommended in these manuals are particularly 
appropriate because the hazardous waste tank risk-based variance requires the 
evaluation of risk posed by a presumed worst-case uncontrolled release. In 
addition, these manuals have already been successfully used for Superfund 
sites. 

Superfund Exposure Assessment Manual 

The Superfund Exposure Assessment ~!anual presents an integrated 
methodology for the analyses conducted during the RI/FS. This methodology 
includes the follo~ing three major components required to assess human 
population exposure to contaminants released from uncontrolled .hazardous waste 
sites: (1) analysis of toxic contaminants released from a subject site; (2) 
determination of the environmental fate of such contaminants; and (3) 
evaluation of the nature and magnitude of human population exposure to toxic 
contaminants. These major analytical components are conducted in sequence to 
qualitatively and quantitatively track the migration of contaminants through 
environmental media to points of contact with human populations. 

The general framework for conducting an integrated exposure'analysis 
involves identifying each on-site source of each target chemical release to 
specific environmental media. Emissions are characterized by types and amount 
of chemicals involved, and a determination is made of the level of release 
(mass loading) of each chemical to each affected medium. The results of the 
release analysis step provide the basis for evaluating the potential for 
contaminant transport or transformation and environmental fate. This analysis 
is also chemical- and medium-specific. 

Environmental fate analysis produces results that describe the extent and 
magnitUde of environmental contamination (i.e., contaminant concentrations in 
specific environmental media). These results are used to predict human 
population contact ~ith chemicals emanating from the site. Exposed population 
analYSis results in the identification, enumeration, and characterization of 
those population segments likely to be exposed. The assessment concludes with 
an integrated exposure analysis. In this step, individual chemical-specific 
exposure estimates for each exposure route (i.·e., inhalation, ingestion of 
drinking water and/or food, dermal contact) are developed. In cases where a 
population group experiences more than one exposure by a given route, 
exposures are summed to develop a cumulative exposure value for the route 
involved. 
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The Superfund Exposure Assessment manual is designed for three specific 
purposes. First, the overall analytical process outlined provides a framework 
for the comprehensive assessment of human exposure associated with 
uncontrolled hazardous waste sites. It ensures that all pertinent contaminant 
releases and exposure routes are considered, and that an appropriate level of 
analytical detail is applied to each component of the evaluation to support 
the public health evaluation process. Second, application of this framework 
supports the developm0nt of exposure assessments that are consistent from site 
to site. That is, application of the same analytical philosophy and overall 
procedure to each site will ensure that results obtained are comparable among 
sites, and will provide a means of document that eacn site receives 
adequate evaluation. Third, the procedures presented in t~is manual reflect 
state-of-the-art methods for conducting the various component analyses that 
make up an exposure assessment. 

Superfund Public Health Evaluati<?n Manual 

The Superfund Public Health Evaluation ~lanual details the information 
requirements and analytical procedures necessary to conduct a public health 
evaluation during a feasibility study. The public health evaluation component 
of the feasibility study defines the type and extent of hazards to public 
health presented by a Superfund site in the absence of remedial action. It is 
based in large part on the previously discussed exposure assessment that 
evaluates: (1) the type and extent of contamination released from a site to 
the environmental media; (2) the environmental transport and transformation of 
con,taminants following releases; and (3). the magnitude of contact with human 
populations. 

The results of the exposure assessment may aid the public health 
evaluation in one of two ways, Measured or estimated environmental 
contaminant concentrations can be compared with public health standards or 
criteria that identify acceptable concentrations of contaminants in specific 
environmental media, This comparison is used to directly assess the potential 
public heal:h impact, Altcr:1a:ively, in the absence of such 
standards/criteria, the public health evaluation process evaluates exposure 
estimates using relevant toxicological data to determine the magnitude of the 
h~alth hazard posed by the uncontrolled site, 

The Superfund Public Health Evaluation ~janual covers the two key elements 
of a public health evaluation that should be addressed in any feasibility 
study: (1) the baseline public health evaluation; and (2) the public health 
analYSis of remedial alternatives. A baseline public health evaluation is an 
analYSis of site conditions in the absence of remedial action, It provides 
the remedial project manager with an understanding of the nature of chemical 
releases from the site, the pathways of human exposure, and a measure of the 
threat to publiC health as a result of releases. The information developed in 
the baseline analysis provides input for developing and evaluating remedial 
alternatives. In addition, the baseline evaluation satisfies the National Oil 
and Hazardous Substances Pollution Contingency Plan (NCP) requirement to 
complete a detailed analysis of the no-action alternative, 'including an 
evaluation of public health impacts. 

Development of design goals for remedial alternatives is the second key 
phase of the public health evaluation. The manual describes specific 
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procedures for comparing health risks and developing design goals for remedial 
measures. The process builds on information collected and evaluated in the 
baseline evaluation and closely follows the guidelines in the NCP and EPA's 
policy on CERCLA compliance ~ith the requirements of other environmental 
statut.es. 

The public health evaluation guidance provides a framework that must be 
adapted to indi\·idual site characteristics. These site characteristics 
include the follo~ing: 

• 

• 

• 

• 

• 

number and identity of chemicals present; 

availability of appropriate standards and/or 
toxicity data; 

number and complexity of exposure pathways 
(including complexity of release sources and transport 
media); 

necessity for precision of the results, which in 
turn depends on site conditions such as the extent of 
contaminant migration, proximity, characteristics and 
size of potentially exposed populations, and 
enforcement considerations (additional quantification 
may be warranted for some enforcement ·sites); and 

quality and quaniity of available monitoring data. 

The Superfund Public Health Evaluation Manual provides the recommended 
procedures for comparing the different risk estimates obtained from the 
exposure assessments for alternative clean-up strategies. The results of both 
the exposure and the public health assessments provide critical information 
for those responsible for the selection and implementat.ion of remedial options 
at. Superfund sites. 

1.2.5 EPA Guidelines for Health Risk Assessments 12J 

In September 1986 (51 Federal Register 33992, September 24, 1986) EPA 
issued five gUidelines for assessing t.he health risks of environmental 
pollutants. These gUidelines are as follows: 

• Guidelines for Carcinogen Risk Assessment; 

• Guidelines for Estimating Exposures; 

• Guidelines for Mutagenicity Risk Assessment; 

12J Other useful risk assessment information can be found in the 
following document: EPA, Suoerfund Risk Assessment Information Directorv, 
Office of Information Resources Management and Office of Toxic Substances, 
November 1986. 
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Guidelines for the Health Risk Assessment of 
ed Developmental Toxicants; and 

® Guidelines for the Health Risk Assessment of 
Chemical ~ixtures. 

The risk-based variance for hazardous ~aste tanks is consistent ~ith the 
guidelines mentioned ~bove, and, in particular, uses the Guidelines for 
Estimating Exposures and the Gllidelines for the Health Risk Assessment of 
Chemical ~!ixtures as a basis for some of the procedures documented in this 
manual. 

The Guidelines for Estimating Exposures (51 Federal Register 34042, 
September 24, 1986) emphasize that risk assessments will be performed on a 
case-by-case basis, and provide a general framework for carrying out human or 
non-human exposure assessments. The document lays out a set of questions to 
be considered in carrying out an exposure assessment, and these questions have· 
been incorporated into the risk-based variance manual. The Guidelines 
emphasize that reliable measurements should be used wherever possible to 
complement modeling, and that the exposure assessment process should be 
coordinated ~ith the toxicity effects assessment. The exposure assessment is 
divided into a preliminary phase in which data are compiled and the most 
likely areas of exposure are identified. Results from the preliminary phase 
are then compiled with toxicity information to perform a preliminary risk 
analysis and to decide whether an in-deptn exposure assessment is necessary or 
there is no need for further exposure information. Because the assessment of 
a risk-based variance is based on potential exposure to chemicals, it is 
always necessary to perform the in-depth analysis based on modeling of a leak 
from the tank. 

The Guidelines for the Health Risk Assessment of Chemical Mixtures (51 
34 014, September 24 1986) are designed to promote a 

consistent Agency approach for evaluating data on chronic and subchronic 
effects of chemical mixtures. The document emphasizes the principles of 
various sciences that are necessary to assess health risk from exposure to 
chemical mixtures, and discusses procedures for the analysis and evaluation of 
the available data. Because of uncertainties inherent in predicting the 
magnitude and nature of toxicant interactions, the assessment of health risk 
from chemical mixtures must include a thorough discussion of all assumptions; 
the gUidelines recommend different approaches to risk assessment depending on 
the nature and quality of the data. The complexity of the issue, and the 
relative paucity of empirical data upon which to base generalizations, led the 
Agency to emphasize flexibility, judgment, and a clear articulation of the 
assumptions and limitations in risk assessments of chemical mixtures. 

For each risk assessment, the uncertainties should be discussed and the 
overall quality of the ri~k assessment should be documented. The guidelines 
discuss the uncertainties and limitations in some detail, and document 
mathematical models for the measurement of joint action of chemicals. The 
evaluation of risk for the risk-based variance demonstration uses the same 
mathematical models to calculate hazard indices and carcinogenic incremental 
risk as presented in EPA's Guidelines for Health Risk Assessment of Chemical 
~ixtures. 
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1.3 IN ITIATING THE VAR lANCE APPLICATION 

Before beginning the risk-based variance demonstration, some initial steps 
must be completed. The first is that a written notice of an owner's or 
operator's intent to conduct and submit a demonstration for a risk-based 
variance from secondary containment of a hazardous waste tank system or 
component must be received by the U.S. EPA Regional Administrator within 
specific statutory deadlines (40 eFR 264.193(h)(1) (51 Federal Register 
25476» (see Appendix A, Section A.2.1.4). Furthermore~ the risk-based 
variance demonstration must be completed and received by the U.S. EPA Regional 
Administrator no more than 180 days after the written notice of intent to 
apply. Failure to meet these deadlines may result in the 'tank system or 
component becoming ineligible for the risk-based variance. 

The written notice of intent to apply must include the following: 

(1) a map, with accompanying text, indicating facility location; 

(2) a map, with accompanying text, indicating the location and other 
identifying characteristics of each tank system or component 
that will be included in the variance demonstration; 

(3) the age of each tank system or component (if unknown, then 
facility age); 

(4) a description of the steps being followed to demonstrate no 
substantial hazard; 

(5) a timetable for completing each of the steps; and 

(6) a quality assurance plan. 

~orksheet 1-1 is provided ~or addressing items 4 and 5. ~hen completed, it 
can be submitted as part of the notice of intent to apply. The sheet contains 
a "milestone" chart :or indicating the anticipated completion date of each 
step. Place a check mark under the appropriate week and include the actual 
date. 

Another step that is part of the written notice or ~ntent to apply is the 
development of a quality assurance (QA) plan. It is the Office of Solid 
waste's policyllJ that all data will be scientifically valid, defensible, 
and of known and acceptable precision and accuracy. The data will be of 
sufficient known quality so as to withstand scientific and legal challenge 
relative to the use for which the data are obtained. To ensure that the data 
are of known and acceptable quality, adequate QA must be applied throughout 
the d,ata-generating process. To ac-hieve this goal, data quality obj ectives 
must be specified ~ to data collection activities. This aspect of the 

llJ EPA, Quality Assurance Program Plan for the Office of Solid waste, 
Office of Solid Waste, September 1986. 
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ETABLE FOH BEI\IONSTHATION OF HIS BASED VAHIANCE FHOIVI SECON N 1\1 

INSTHUCTIONS: 

I. Fill III Slarling Dale ontl Flnlshlllg lJalc. 

2. (,Iacc II v al cxpcclcd 1IIlIC or COlllpiell"'1 fo,' cadI aCllvlly. 

3. Ncxt 10 v. placc cxpccletl <Iutc III parcnthcsls (c.g., (10125/813» 

Starling Dale WEEK 

-~ 

Flldllly II>: -----------
!)olc: ____________________ __ 

;\nlllysl: ------------

Q !lalll y Co 1\ Irol: -------------

finishing Date 

I J 
ACTIViTY 1 2 3 4 5 6 7 8 9 10 JI /2 /3 14 15 16 17 18 19 '20 21 22 23 24 25 26 

Source Characterization 

a. identify Physical and Chemical 
Characteristics of Constituents 

b. Select Indicator Chemicals 

c. Determine Worst Case Release 
Volumes 

I. Iydrogeological Characteristics 

a. Characterize Climate 

b. Characterize Regional and Site 
Geology 

c. Characterize Unsaturated and 
Salurated Zones 

d_ Characterize Surface Water 

HI. Surrounding Land Use, WaleI' Use, 
and Water Quality Characteristics 

a. Characterize Ground-Water Use and 
Quality 

b. Characterize Surface Water Use and 
Quality 

c. Characterize Surrounding Land Use 
and Quality 
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Starting Date Finishing Date 

L_ 
ACTIVITY 

IV. Exposure Point Concentration 

a. Identify Exposure Pathways 

b. Estimate Exposure Point Concentrations 

V. Health Effects Evaluation 

a. Compare Exposure Point 
Concentrations to Established 
Ilealth Standards 

b. Estimate Chemical Intakes 

c. Determine Chemical Toxicities 

d. Characterize Risk 

VI. Environmental Impact Evaluation 

a. Compare Exposure Point 
Concentrations to Quality 
Standards 

b. Derive Site SpecifiC Criteria 

c. Evaluate Site Specific Exposure 
Points 

VII. Preparation of the" No-Substantial 
Hazard" Demonstration 

a. Summarize Results of the 
Risk - l3ased Assessment 

b. Prepare Supporting 
Documentation 

c. Submit to Regional Administrator 

WEEK L 
I 2 3 " 5 6 7 8 9 J() II J2 13 14 /5 16 17 /8 /9 20 21 22 23 2-1 25 26 

1---- I 
I . I 

I
I 
I 
I 

I 
I ~========:::= - I . , I 
[~ --_. 

r 
I 
I 
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initial phase of planning is the basis for the QA plan that is developed. The 
QA plan becomes the basis for monitor and evaluating data collection 
activities to ensure that the data quality objectives are met. Part of this 
plan has already been incorporated into the worksheets by a requirement that 
the quality control (QC) reviewer initial the·worksheet. 

Again. submission o~ the demonstration for a risk-based variance (see 
Chapter 8) must be no more than 180 days after providing written notice of 
intent to apply. Therefore, the timetable in Worksheet 1-1 extends across 180 
days, beginning with the submission of written notice of intent to apply and 
ending with the submission of the variance application. 

1.4 ORGANIZATION OF TECHNICAL RESOURCE DOCUMENT: VOLUME II 

The remainder of this volume of EPA's technical resource document for 
variances from secondary containment of hazardo~s waste tank systems is 
organized as follows: 

e Chapter 2 -- Source Characterization 

This chapter describes methods for characterizing the potential 
source of contamination. The source characterization includes: 
(1) specifying the physical and chemical characteristics of the 
constituents; (2) determining whether the use of indicator 
chemicals is appropriate and, if so, selecting indicator 
chemicals; and (3) determining the potential worst-case release 
volumes. 

Chapter 3 -- Hydrogeologic Characterization 

This chapter discusses the recommended approach for 
characterizing the hydrogeology surrounding the tank system and 
facilit':. Such characterizat:ions include: (1) determining the 
proximity of t:he t:ank system to surface water and ground-water; 
(2) direction and velocity of ground-water flow; (3) depth and 
composit:ion of the unsaturated zone; and (4) patterns of 
regional rainfall. 

o Chapter 4 -- Surrounding Land Use, Water Use, and Water Quality 
Characteristics 

The methodologies for determining surrounding wa~er use and water 
quali~y charac~eristics are described in this chapter. In this 
chapter the applicant examines: (1) the proximity and withdrawal 
rates of ground-wa~er uses; (2) the current and future uses of ground 
water, surface wa~ers, and the surrounding land; and (3) the existing 
quali~y of ground water and surface water. 

Chapter 5 -- Identifying Exposure Pathways and Estimating Exposure 
Point Concentrations 

This chapter discusses the estimation of potential exposure point 
concentrations. ~le~hodologies for iden~ifying exposure pathways and 
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estimating exposure point concentrations are provided. The estimated 
exposure point concentrations are then used in the health and 
environmental effects evaluations described in Chapters 6 and 7. 

• Chapter 6 -- Health Effects Evaluation 

This chapter explains the evaluation of potential health effects by: 
(1) comparing exposure point concentrations to established acceptable 
concentration levels; (2) estimating potential human intake of waste 
constituents; (3) determining the chemical toxicity values; and (4) 
estimating the potential carcinogenic and non-carcinogenic risks 
based on the chemical toxicity values ~nd intake rates. 

Chapter 7 -- Environmental Impact Evaluation 

This chapter describes the evaluation of potential environmental 
impacts. Such an ,evaluation includes: (1) comparing exposure point 
concentrations to established quality standards for ground water, 
surface water, and land; and (2) estimating the potential for damage 
to wildlife, crops, vegetation, and physical structures. 

o Chapter 8 -- Summarizing the Risk-Based Variance Application 

This chapter describes the recommended approach for summarizing the 
results of the risk-based variance analysis and preparing the 
supporting documentation. 

• References 

Toe list of references includes all journal articles, books, and 
documents that are cited in the text or footnotes of this volume. 
Other useful references are also listed. 

Appendix A -- Preliminary Screening for Risk-Based Variance 

This appendix provides applicants with a procedure for helping them 
decide whether to apply for a risk-based variance. The screening 
procedure consists of a series of questions to help the applicant 
identify tank systems that are exempt from the secondary containment 
requirement, tank systems that are not eligible for a risk-based 
variance, the basis for the risk-based variance and potential future 
data gathering efforts. 

o Appendix B -- Information Sources for Environmental and 
Hydrogeologic Information 

This appendix provides a list of federal and state agencies, regional 
EPA offices and private organizations. These sources will be helpful 
in providing information for assessing surrounding land use, water 
use and water quality characteristics. 

• Appendix C -- Summary Tables for Chemical-Specific Data 

This appendix consists of data tables that contain key quantitative 
parameters for more than 260 chemicals. Parameters relate to 
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physical, chemical, fate and toxicological properties of the 
chemicals. These specific chemicals are inclu4ed because of the 
amounts of readily available toxicity information rather than because 
of their likely presence ~ithin hazardous waste tank systems. 

Appendix D -- Detailed Procedures 
Constants for I ndicator Chemical 

Determining Toxicity 

This appendix describes the procedure used for determin toxicity 
constants that are used for the selection of indicator chemicals. 
The procedure can be used for specific chemicali not listed in 
AppendiX C. 

" Appendix E -- Blank Worksheets 

This appendix includes blank copies of all worksheets presented in 
this vol~me. These worksheets will be completed by the applicant and 
submitted as part of the risk-based variance application. 
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CHAPTER 2 

SOURCE CHARACTERIZATION 

This chapter describes the information that is required to characterize 
tank systems and components for a risk-based variance application. This 
characterization focuses on elements of tank systems that may adversely affect 
human health and the environment in the absence of secondary containment. 
Section 2.1 presents a methodology for characterizing th~ physical and 
chemical properties of the constituents handled ~ithin tank systems. Section 
2.2 describes a procedure for applicants with tank systems that contain many 
hazardous waste constituents to rank and select the waste constituents that 
are highly toxic, present in high concentrations, and/or are persistent 
(indicator chemicals). The final section, Section 2.3, presents a methodology 
for estima~ing potential worst-case release volumes and release masses of 
contaminants associated with tank systems. These release volumes and masses 
are necessary to estimate exposure point concentrations (see Chapter 5). 
Following completion of the procedures discussed in this chapter, the 
applicant should have identified information relevant to the particular tank 
systems or components for which a variance is sought. Exhibit 2-1 provides an 
overview of the source characterization process. 

2.1 PHYSICAL, CHEMICAL, AND TOXICOLOGICAL CHARACTERISTICS OF 
CON STI TUENTS 

The physical and chemical characteristics of the constituents handled 
within a tank system determine the transport and fate of the constituents 
within the environment. The toxicological characteristics of the constituents 
indicate the potential hazard to human health posed by the constituents. This 
section presents the characteristics of the constituents that the applicant 
(or a qualified professional, such as a toxicologist) should ident{fy and use 
in the indicator chemical selec~ion proceSs (Section 2.2), In aac!tion, many 
of the characteristics may be used for transport and fate modeling (see 
Chapter 5). 

2.1.1 Physical and Chemical Properties 

Physical and chemical properties that affect transport and fate of 
constituents include: 

• 
• 
• 
• 
• 
o 

• 
• 
• 

water solubility; 
vapor pressure; 
Henry's law constant; 
organic carbon partition coefficient; 
octanol-water partition coefficient; 
persistence (i.e., half-life); 
specific gravity; 
viscosity; and 
oxidation state. 
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OF SOURCE 

SECTION 2.1 

'f 
SECTION 2.2 

Select IndicatOr Chemicals: 

Yes 

• IdentIfy. representative chemical concentrations; 
@ Calculate indicator scores: and 
• Select indicatOr chemicals. 

~ 
SECTION 2.3 

Calculate potential worst-case release volumes 
and mdlcatOr cnemlcai release masses. 
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The applicant should first list all chemicals of concern on Worksheet 
2-1. Chemicals (i.e., constituents)" of concern include all RCRA-listed 
Appendix VIII hazardous constituents 1J currently or likely to be handled 
~ithin the tank systems for ~hich the applicant is seeking a risk-based 
variance or for ~hich a risk-based variance has previously been approved. A 
risk:based variance ~ill apply only to the tank systems and chemicals 
evaluated in the demonstration of no substantial hazard. Consequently, before 
additional chemicals are handled at a future date, the applicant must either 
revise and res~bmit the risk-based variance application, apply for a 
technology-based variance for the tank system(s) handli~g the ne~ chemicals, 
or provide secondary containment for the tank system(s) 'handling the new 
chemicals. 

Next, the applicant should record on Worksheet 2-1 the physical and 
chemical properties for each chemical of concern. The Chemical Abstract 
Service (CAS) number, water solubility, organic carbon partition coefficient, 
vapor pre~sure and "Henry's law constant can be found for many chemicals 'in 
Exhibit C-1. Half-lives of specific chemicals can be found in Exhibit C-2. 
Densities, viscosities, and oxidation states can be obtained from chemical 
handbooks. 2J lJ These physical and chemical properties may be used in the 
selection of indicator chemicals. They are also usually necessary parameters 
for transport models. 

For chemicals not listed in Appendix C, the applicant should determine 
values using sources listed in Appendix C or other standard references. Also, 
estimation techniques are available for many physical/chemical 
parameters."~ SJ The applicant is encouraged to use estimation cechniques 
in the absence of experimental data, as long as the procedures are documented. 

lJ 40 CFR Part 261, Appendix VIII. 

2J Robert C. weast, Ph.D., ed., CRG Handbook of Chemistry and PhYsics, 
64th ed. (Boca Raton: CRC Press, Inc., 1983). 

lJ Robert C. Reid, John ~1. Prausnitz, and Thomas K. Sherwood, The 
Prooertie"s of Gases and Liauids, 3rd ed. (New York: McGraw-Hill, 1977). 

4J W.J. Lyman, W.F. Reehl, and D.H. Rosenblatt, Handbook of Chemical 
Prooerty Estimation ~ethods (New York: McGraw-Hill, 1982). 

SJ W.R. Mabey, J.H. Smith, R.T. Podoll, H.L. Johnson, T. Mill, T.W. 
Chou, J. Gates, I.W. Patridge, H. Jaber, and D. Vandenberg, Aquatic Fate 
Process Data for Organic Priority Pollutants (Washington, D.C.: Monitoring 
and Data Support DiVision, Office of Water Regulations and Standards, 1982). 

, -
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1 NS THUCT IONS: 

List all chemicals "nd their Chemic"l Ahstract Service (CAS 1 number. 

2. !lefer to Exhihit C-1 and C-2 and reconl each cheln\,'a\'s ,.,llIldllty, vapor pressure, 

Henry's la.w constdl\t l Koc, log KOw, 311(1 half-llv(~"3 III wate" soIl, and air. 

Refer to chemical handbooks alld record each chemical's speci flc gravity, viscosity 

dnd ox ida t ion sta te .. 

Wa ter Vapor 

Solnbllity Oxlrl,1t lOll Spec\ fie V I scos it y !:.! Pressure 

Chem lca 1 CIIS I (mg/l) State Cravity (cent lpolse) (mm IIg) 

Arsenic 7440-38-2 I'll hi + 1 ').717 Nil 0 

Tetrachloroethylene 127-18-4 150 NA "I \. 62 27 1. 844 178 

Acrilollitrile 75-05-8 1.0E+6 NlI .7!!57 .)4') 74 

Toluene 100-)8-3 535 NlI .116(,9 .59 28.1 

al lit 200 C. 

lIenry's Law 
COllstdut 

(abn-rnJ/mol) 

Nil 

0.026 

4.0E-6 

0.0064 

r'lcil Hy 10: 

[hi te: 

I\nalyst: 

Qua 1 It Y COllt ro 1 : 

10'1 
Koc Ko,", i 1 Ir 

Nil Nil PERS cl PEnS PEltS 5 

364 2.6 Nil 1-10 NA el 47 

2.2 -0. H NlI 7 NA 390 

)00 2.1) NA .17 NA 63 

hi Soluhilitip." for metals are not ill Exhibit C-l hecause they are .very depellde)lt on site-specific condltlolls (l.e., the anions SllI-roulldlllg the metal ano 
the mp.t.al 's oxidation state). 

cl Chemical is persistellt alld cOllsequelltly does lIot ,\e'lrade (.111 metals are assumed to be illfllllt.dy persistent 1" soil and watec). 

01 Ox\(latloll states are important ollly for metals allf\ \lIorqillli,,,,. 

el Currellt y lIot available • 

.:..c::.:...::.:.:.::.:.:c.::...::.:.:~: 

LIst al Jor assumptions made III the c1evelo{lllp.llt of d.ll" for this works. 
\ \ 



OSWER Directive 9483.00-2 

2-5 

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. 6J 7J8J 9J 

Water solubility is the maximum concentration of a chemical t:hat 
dissolves in pure water at a specific temperature. The solubility of 
inorganic chemicals varies ~idely depending on the nature of the chemical and 
the environment it is found in. The pH (acidity/alkalinity) and Eh (redox 
potential) ~ill affect solubility by influencing the nature of the soluble 
species that are dissolved. Changes in redox potent:ial _can cause the release 
or removal of inorganics to the soil or sediments. The-type and concentration 
of complexing agent:s present in water will also influence solubility. Organic 
compounds will also have variable solubilities which can also be affected by 
temperature, pH, and the composition of the solution. Solubilities range from 
less than 1 ppb to greater than 100,000 ppm, with most of Appendix VIII 
organic compounds falling between 1 and 100,000 ppm. 10J 

Water solubility is a critical property affecting environmental fate. 11J 

Solubility is one of the factors that controls leachate strength and migration 
of chemicals from waste sites (along with sorption potential, soil type, and 
water infiltration). Highly soluble chemicals can be rapidly leached from 
wastes and contaminated soil and are generally mobile in ground water. 
Solubility affects "leachability" into both ground water and surface water, 
and highly soluble compounds are usually less strongly adsorbed (and are thus 
more mobile) in both ground and surface water. Solubility, along with several 
other factors, also affects volatilization from water -- .in general, high 

'c E.£. Kenaga. and C.A. I. Goring, "Relationship Between \.[ater 
Solubility, SOlI-Sorption, Oct:anol/~ater Partitioning, and 8ioconcentration of 
Chemicals in Biota," in J.G. Saton, P.R. Parrish, and A.C. Hendricks, Aaua-cic 
Toxicology (Philadelphia: American Society for Testing and ~aterials, 1978). 

7J W.J. Lyman, W.F. Reehl, and D.H. Rosenblatt, Handbook of Chemical 
Prooerty Sstimation ~ethods (New York: ~cGraw-Hil1, 1982). 

IJ D.W. Nelson, D.E. EIrich, K.K. Tangi, D.~t. Kral, and S.L. Hawkins, 
eds., Chemical Mobilitv and Reactivitv in Soil Systems (Proceedings) 
(Madison: American Society of Agronomy, Tne Soil Science Society of America, 
1983) . 

'J A.W. Maki, K.L. Dickson, and J. Cairns, eds., Biotransformation and 
Fate of Chemicals in Aquatic Environments (Washington, D.C.: American 
Society for Microbiology, 1980). 

lOJ W.J. Lyman, "S'olubility in Water," in Lyman, et a1., Handbook of 
Chemical Prooerty Estimation Methods (New York: McGraw-Hill, 1982). 

llj R.E. Menzer and J.O. Nelson, "Water and S~il Pollutants," in J. 
Doull, C.D. Klaassen, and ~t.D. Amdur, Toxicology (New York: ~!adlillan, 1980): 
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solubil is associated with low volatilization rates. 12J Chemicals with 
high solubilities also tend to be more readily biodegradable than those with 
lower solubilities. llJ Water solubility is especially important in the 
evaluation or aquatic exposure pathways. 

Some chemicals may be present at a site at concentrations higher than 
their water solubilities. This situation can arise in the case of non-aqueous 
phase liquids (e.g., organic liquids that are not dissolved in water and that 
are less dense than water, thereby forming a second liquid layer, which can 
float on top of an aqueous phase). Contaminants may be more soluble in these 
1 ids and be dissolved in the non-aqueous phase at co~entrations 
than their water solubilities. 

Vapor pressure and Henry's law constant are two constants useful for 
predicting the extent to which a chemical will be released into the air, and 
thus are important ~n evaluating air exposure pathways. Vapor pressure is a 
r:elative measure of the volatility of a chemical in its pure state. 14J 

Vapor pressures of liquids range from 0.001 to 760 torr (mm'Hg), with solids 

ranging do~~ to 10- 7 torr. 15J Vapor pressure is an important determinant 
of the rate of vaporization of a chemical, 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. The Henry's law constant, which combines vapor 
pressure with solubility and molecular weight, is more appropriate for 
estimating releases to air from contaminated witer (e.g., surface water) and 
should be used to evaluate chemicals for which this type of exposure pathway 
is expected. 

The organic carbon partition coefficient (K ) is a measure of 
oc 

relative sorption potential for organic chemicals and is a significant 
environmental fate determinant for all exposure pathways, especially aqueous 
pathways, Koc indicates the tendency of an organic chemical co be adsorbed 

to soil. 16 K is expressed as '.:he ratio of che amount of chemical 
oc 

12J R.E. Menzer and J.O. Nelson, "water and Soil Pollutants," in J. 
Doull, C.D. Klaassen, and M.D. Amdur, Toxicology (New York: Mac~illan, 1980). 

lJj w.J. Lyman, "Solubility in water," in Lyman, et a1., Handbook of 
Chemical Prooertv Estimation ~ethods (New York: McGraw-Hill, 1982). 

l~j H.M. Jaber, W.R. Mabey, A.T. Liu, T.w. Chow, H.C. Johnson, T. Mill, 
R.T. Padall, and J.S. Winterle, Data Acquisition for Environmental TranSDort 
and Fate Screening (washington, D.C.: Office of Health Assessment, U.S. 
Environmental Protection Agency, 1984). 

15j C.F. Grain, "Vapor Pressure," in Lyman, et a1., Handbook of Chemical 
Prooerty Estimation Methods (New York: McGraw-Hill, 1982). 

16J W.J. Lyman, "Adsorption Coefficient for Soils and Sediments;" in 
Lyman, et al., Handbook of Chemical Prooerty Estimation Methods (New York: 
McGraw-Hill, 1982). 
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adsorbed per unit weight of soil organic carbon content to the chemical 
concentration in solution at equilibrium. Therefore: 

K = mg adsorbed/kg organic carbon 
oc 

mg dissolved/liter solution 

The normal ~ange of K values is from 1 to 10 7
, ~ith higher values oc 

indicating g~eater sorption potential. 17J Many other partition coefficients 
exist (e. g., organic matter coe ff icient (K ), soil/water distribut ion 

om -
coefficient (K

d
)), but K was selected for use as an indicator of soil 

oc 
adsorption because it is chemical-specific and for organics- is directly 
related to soil and sediment sorption, both of which are significant chemical 
fate processes at many sites. For inorganics, some other parameter such as 
the distribution coefficient for a specific soil type (K

d
) or the maximum 

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

The significance and interpretation of K varies with different exposure 
oc 

pathways. For ground water, low K values indicate that sorption of the 
oc 

chemical to the soil organic matter is not a fate-controlling process and, 
therefore, faster leaching from the waste source into an aquifer and 
relatively rapid transport through the aquifer (i.e., limited retardation of 
the chemical) occurs. K is directly proportional to the retardation oc . 
factor, which is used, in many ground-water transport models. Therefore, high' 
mobilitv (low K ) chemicals generally would be of more concern than low 

- oc 
mobility (hlgh K ) chemicals. The effectiveness of using K to predict oc oc 
mobility is dependent on the fraction of organic carbon in the soil in contact 
with the chemical. 

For surface ~ater oathwavs, K also has several significant imp.lica-. - oc 
tions. A high K incicates tight bonding of a chemical to sediments high 

oc 
in organic carDon, ~hich means that less of the chemical will be dissolved in 
site runoff, but also implies that runoff of contaminated particles may occur 
over a longer time period. At some sites, direct recharge of surface ~ater by 
ground water is important; in these situations, because of ground-water 
mobility considerations, chemicals with high K values are of relatively 

oc 
lower concern. The K value also indicates the relative amount of sediment 

oc 
adsorption in surface waters. 

The octanol-water partition coefficient, K ,is often used to . ow 
estimate the extent to which a chemical will partition from water into 
lipid-containing parts of organisms (e.g., animal fat) and thereby 
bioaccumulate. Kow is often expressed in log units (i.e., log Kow )' 

17J W.J. Lyman, "Adsorption Coefficient for Soils and Sediments," in 
Lyman, et al., Handbook of Chemical Prooertv Estimation ~lethods (New York: 
!1cGraw-Hi 11, 1982 ) .. 
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Compounds with a low log K (e.g., less than 1) tend to have small ow 
sediment/soil partition coefficients, and relatively high water solubilities. 
A high log K indicates that the chemical will partition into the sediment 

ow 
or soil, and have a low water solubility. Once a chemical enters surface 
water, however, a high log K may be of great concern because it indicates ow . 
a tendency to bioaccumulate. If aquatic food chain pathways are possibly 
Significant, this implication of K should be considered. 

ow 

Persistence is a measure of how long a chemical wil~ exist in a given 
environmental 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 (e.g., hydrolysis, photolysis), 
and biological transformation (e.g., biodegradation). Available persistence 
data are given in Exhibit C-2 as ranges of overall half-lives (i.e., due to 
all removal processes) in ground water and surface water. If half-life values 
from other sources are used, the applicant must' determine whether they 
represent overall disappearance rates or whether they correspond to a specific 
removal mechanism. The rate at which removal processes occur will depend on 
the specific environmental conditions. The disappearance rate will act as a 
measure of how quickly a chemical is removed from the environmental medium. 
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 
original chemical. The literature may be a potential source of degradation 
product data; however, the applicability of these data to the va!iance 
demonstration will depend on the degradation process that can be expected for 
the site being analyzed. 

Specific gravity is the ratio of the density of a substance to the 
density of pure water. Consequently, if a substance is denser than water, its 
specific gravity is greater than one, and the substance will tend to sink in 
water. If the substance is less dense than water, it has a specific gravity 
less than one, and the substance will float on water. 7he specific graVity of 
a substance, therefore, is a measure of how the substance behaves when placed 
in water. This prinCiple can be applied to contaminants as they pass through 
the unsaturated zone and come into contact with the ground-water table. A 
contaminant with a specific gravity less than one will float on top of the 
water table and, if it has a low solubility, will mix very little with the 
ground water. If a contaminant has a specific gravity greater than one, it 
will sink toward the bottom of an aquifer. A liquid contaminant with a 
specific gravity of one will tend to mix with the ground water. Exhibit 2-2 
illustrates the effect of specific gravity on the movement of contaminants in 
ground water. 

In a uniform geologic setting, the greater the specific gravity of the 
contaminant is above one, the greater the downward migration of that 
contaminant will be and the slower the contaminant will travel in relation to 
the velocity of the ground-water flow. Generally, the majority of chemical 
contaminants travel in the direction of ground-water flow at a velocity 
somewhat less than that of the ground water. The prediction of contaminant 
migration requires accurate knowledge of the specific gravity and solubility 
of the cont~inant solution. 
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Exhibit 2-2 
TRANSPORT OF COi'c'TAl\lINANTS \VITH DIFFEREl'rr SPECIFIC GRAVITIES 

a. Travel of contaminant with same density 
as water in the aquifer (I.e .• a specific 
gravity of one). 

Source 

Water Table 
\l ----------

c. Travel of contaminant that is less 
dense than water In the aquifer. 

Source 

...... 
Ground-Water 
Flow Direction 

Water Tatile 
\l 

b. Travel of contaminant that is 
denser than water in the aquifer. 

Source 

Water Table 
\l 

d. Travel of contaminant that is denser 
than water and Sinks in the aquifer. 

Source 

\\. ;ller Tabie 
- \l 

I 

----------

Sour:c. R. :\lian Freeze and John A. Cherry. Groundwater. (~ew Jersey: Prentice-Hall. Inc. Ir9). p 396 
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Viscosity of a fluid is the property of resistance to relative motion 
and shear deformation dur flow. The more viscous the fluid, the 
the shear stress and, thus, the resistance to flow. Viscos is affected by 
temperature; the higher the temperature, the lower the viscosity and the 
easier it will be for a fluid to move through the pores in a medium. ~ater is 
the primary viscosity standard. Hydrocarbon liquids such as hexane are less 
viscous, v:hile hea\'y lubrication oil is highly viscous. The viscosity of a 
contaminant will partially control the rate of movement or migration. ~ore 

viscous contaminants will not move as eaSily through porous media. 
Consideration of contaminant Viscosity, if it differs significantly from water 
viscos ,in conjunction with other applicable chemica) properties may be 
necessary for prediction of contaminant migration. 

The oxidation state of some metals (as determined by the number of 
valence- or outershell-electrons) is affected by the oxidation-reduction 
(redox) potential of ground or surface water or soils. wnile metals such as 
sodium usually exhibit only one oxidation state (e.g., sodium +1), others, 
such as chromium, manganese, iron, and copper (transition metals), have 
multiple oxidation states. 

Changes in the oxidation state of a metal may affect its relative 
solubility or insolubility in water. A soluble metal species may become 
insoluble and precipitate out of ground water, thus altering its transport or 
migration with changes in the redox potential. A change in oxidation state 
can also affect the toxicity of a contaminant. For example, chromium is the 
most toxic and mobile in an oxidation state of +6. Under acidic or reducing 
conditions. chromium can change oxida.tion states from +6 to +3. The""3 
chromium is less toxic and generally immobile in ground water because it will 
readily combine with dissolved anionic species, such as hydroxide, and 
precipitate to form insoluble compounds. This phenomenon is co~~on to most 
inorganics and to all transition metals (as listed above). 

2.1.2 Toxicological Properties 

~oxicological properties that ~ndicate potential hazard to exposed 
individuals ~nclude: 

e 

e 

toxicity class (potential carcinogen or noncarcinogen); 
EPA qualitative weight-of-evidence category (potential 
carcinogens); 
EPA severity-of-effect rating value (noncarcinogens); and 
indicator chemical toxicity constant. 

These properties have already been identified for most chemicals (see Appendix 
C). On worksheet 2-2 the applicant should record the toxicity class, EPA 
rating value, and indicator chemical toxicity constant for each chemical 
identified in worksheet 2-1. These toxicological properties can be found in 
Appendix C. The indicator chemical toxicity constants, which can be found in 
Exhibits C-3 and C-5, should not be confused with the risk characterization 
toxicity constants, which can be found in Exhibits C-4 and C-6 and are to be 
used in Chapter 6 (Health Effects Evaluation). Each of these tOXicological 
properties is described below. 



\--IOHKSIII_ E T 2-2 

INIlICAIOIl CII[MICAL IOXICI1Y INfOHMAllON 

H:!~J!!!!S2.LLQN~ : 

1. Hecord compounds from \--Iorkslleet 2-1, tJlIHl rr!lr!r to [xllibit C-J and C-5 ilnd note 
'nIlreUrer tlley are classified as potential caf'!:ino<)cn (PC) or noncarcino<)efl (NC) or both. 

2. Hecord tire ralirlg value (lioncarcino<)l!IIS, lxlliilit C-5) or [PA category 
(potential carcinogens, Exhibit C-II) for' eacll compound in eilch class, 
If there are rOllte-specific differences (i.e., ol-al or 1lIllalatioll). record !JOUI values. 

3. Hefer to Exhibits C-3 and C-5 and record tile toxicity constant value associated 'nIith 'nIater. 

---------------

Chemical 

ArseLP~i~c~ __________________________ _ 

letrafltloroe~t~tr~y~le~n~e~ __________ _ 

Acetoni tri Ie 

Tolue~~e __________________________ ___ 

loxicolo<)ic Class 
( PC, lie) 

PC 
He 

PC 
!!(;, 

w: 

__ . .tic;, 

Hating Value/EPA Category ~/ 

---

B2 

=--=I=-L9f.Ii'Fl -== 
__ lfL U!!llil.1HIQJtl 

liA _________ _ 

___ 7 _ {QIilU __ _ 
__Ll l!tD!!.U! UQ!LL 

racilily Ill: 

DaLe: 

Allalyst: 

Qua I i ty Con t roo I : 

\--later loxicity Constant 
( 1/111'1) 

-----_.---------------

II _ () I 
~=:~-i ~'::':~=== 

______ , ()()/12 __ _ 

_____ ,,_()():!p. __ _ 

----~~.---

_ __ -' (1!!2? __ _ 

~/ Hating value is for severity-of-effect for lIoflcarcinogens, range is l( lo'nl) to IO(ld<)Il); EPA category is a qllill itative 
'nIeight-of-evidence designation for potential carcinogens; explanation of the categories is presented ill fxhibit 2-2. 
Information taken from Appendix C. 

AS§ill'!!~J! Ot'l.~: 

List all tile major assumptions made in developi,,() L1le data for tllis 'nIorl,slleet: 

\ \ 
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Toxicity class for a chemical indicates whether the chemical is a 
ial care and/or noncarc The designation of the class or 

classes is based on experimental evidence, structure activity relationships, 
and epidemiological evidence. 

Exhibits C-3 and C-S list potential carcinogens and noncarcinogens, 
respectively. Consequently, an applicant must review both lists to identify 
the toxicity class(es) for a particular chemical. 

Generally, compounds either not listed in Appendix C or with insufficient 
data for indicator scoring should be classified as unknown under toxicologic 
class in Worksheet 2-2. These substances should be listed in the application 
to provide an indication of the uncertainty associated with omitted chemicals 
and to assist regional and headquarter's personnel in identifying data gaps. 
If the applicant has reason to believe that these compounds may be significant 
at his/her site, he/she may contact the Environmental Criteria and Assessment 
Office (ECAO), U.S. EPA, 26 W. St. Clair Street, Cincinnati, Ohio 45268, for 
guidance in determining the toxicity class and estimating the necessary 
toxicity constants. 

EPA qualitative weight-of-evidence category indicates the quality and 
quantity of data underlying a chemical's designation as a potential human 
carcinogen. The categories of evidence for human carcinogenicity include 
sufficient, limited, and inade~uate. Exhibit D-2 (Appendix D) presents the 
EPA qualitative weight-of-evidence categories for potential carcinogens. 
Weights of evidence for specific chemicals are prOVided in Exhibit C-4 
(Appendix C). 

EPA rating value identifies the severity of effect for noncarcinogens. 
The value ranges from 1 to 10, where one represents minor biochemical changes 
~~d 10 represents death or pronounced life-shortening. The EPA rating values 
for specific chemicals are presented in Exhibit C-5 (Appendix C). The effects 
associated with each rating value are provided in Exhibit D-l (Appendix 0). 

Toxicity constants for indicator chemical selection (T values) a::::e 
de::::ived for :wo types of toxic effects (carcinogenicity and ocher chronic 
effeccs). Indicator chemical toxicity constancs for noncarcinogens (Tn) are 
derived from the minimum effective dose (~ED) for chronic effects, a severi=y
of-effect factor (i.e., EPA rating value), and standard factors for body 
weight and oral intake (e.g., 70 kg body weight, 2 liters/day of drinking 
water). Indicator chemical toxicity constants for potential carcinogens (Tc) 
are based on the dose (i.e., effective dose) at which a 10 percent incremental 
carcinogenic response is observed (ED

10
) and che same standard intake and 

body weight factors used for che t~D. Values for indicator chemical toxicity 
constants for a number of compounds are given in Exhibits C-3 and C-5. 
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 
rulernaking. 1 J 

lSJ EPA, ECAO. Summary Data Tables for Chronic Noncarcinogenic Effects, 
1984. [Noce: Prepared during Reportable Quantity adjustment process]; and 
EPA, OHEA. ~ethodology for Evaluating Reportable Quantity Adjustments 
Pursuant to CERCL4 Section 102, External Review Draft, OHEA-C-073, 1986. 
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2.2 SELECTION OF INDICATOR CHEMICALS 

The purpose of this section is to present a methodology to select 
indicator chemicals. This procedure ~as adapted from the Superfund Public 
Health Evaluation ~anual. 19J The indicator chemical selection procedure 
described here is designed to identify the "highest risk" chemicals at a site 
so that the risk assessment is focused on the chemicals of greatest concern. 
T"lo separate sets of indicator' chemicJ.ls ~ill be selected: one for the human 
health effects evaluation and another for the environmental impact 
evaluation. The indicator chemical selection process is designed for tank 
systems 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 within the 'tank system(s), all 
toxicity, chemical, and physical factors may be considered Simultaneously. In 
general, if less than 10 to 15 chemicals are handled within the tank 
system(s), this indicator chemical selection step is not necessary (i.e., all 
the chemicals should be considered indicator chemicals). In such cases, the 
applicant should proceed to Section 2.3 and evaluate the potential release 
volumes and chemical release masses for all of the chemicals handled within 
the tank system(s). 

For tank systems that contain a large number of chemical substances, 
conducting a risk assessment that includes all the identified chemicals may be 
unnecessary. In these cases, the risk-based variance can be based on selected 
indicator chemicals that pose the greatest potential risk to human health and 
the environment at or near a facility. Such indicator chemicals must be 
chosen carefully so that they represent the most toxic, highly concentrated, 
mobile, and persistent chemicals stored and/or treated in the tank systems at 
the site (i.e., the "highest risk" chemicals). 

Two important factors for ranking chemicals in the indicator chemical 
selection process are their measured concentrations within the tank systems 
and their toxicities. Additional factors to be considered include physical 
and chemical parameters related to environmental mobility and persistence. 
If, after completing the procedures described in this section, any chemicals 
considered to be potentially significant are not selected, professional 
judgment should be used to include them. It is not intended that the 
indicator chemical selection process exclude any chemical that may potentially 
cause significant human or environmental harm. Rather, the intent of the' 
process is to ensure that all chemicals that may potentially pose a 
significant risk to human health and the environment are addressed and to 
focus the risk assessment on the chemicals of primary concern; 

The procedure to select indicator chemicals consists of three steps. A 
flowchart of these steps is presented in Exhibit 2-3. The procedures for 
carrying out the three selection steps are described in the remainder of this 
section.' The initial list of chemicals presented in Worksheet 2-1 will be 
shortened using additional factors to develop a final indicator list. In the 

19J EPA, Superfund Public Health Evaluation ~anual, Office of Emergency 
and Remedial, Response, EPA 540/1-86/060, October 1986, pp. 19-34. 



Exhibit 2-3 

SELECTING INDICATOR CHEIVlICALS 

SECTfON 2.2.1 

Record volumes and concentrations 
from waste analysis data; determine 

minimum. maximum and representative 
values; and evaluate transport potential. 

1 
SECTION 2.2.2 

Calculate indicatOr scores (IS) 
for all chemicals. 

, 
SECTfON 2.2.3 

Select indicatOr chemicals based on 
indicator score and additional factOrs. 

OSWER Directive 9483.00-:: 
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examples on the worksheets accompanying this section, only four chemicals are 
used. An applicant with four chemicals would not need to select a set of 
indicator chemicals (all would be considered); however, for illustrative 
purposes, we only present four. 

2.2.1 Identification of Representative Chemical Concentrations 

A chemical may exist at different concentrations in one or more tank 
systems or components. For example, chloroform may be present in two 
different tank systems for ~hich the variance would apply. To facilitate the 
risk assessment process, it may be helpful to summarize -these concentrations 
with one concentration. Worksheet 2-3 illustrates a procedure for calculating 
the overall concentration of a chemical based on the conce~trations of the 
chemical in different tank systems. 

For each chemical, the applicant should list on Worksheet 2-3 the tank 
systems where the chemical is stored or treated, the annual throughput, and 
chemical concentrations within the tank system. The chemical concentrations 
should be based on a detailed chemical and physical analysis of the waste 
contained in the tank systems. 20J To determine the representative chemical 
concentration, it may be appropriate to use a geometric mean 21J of 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. The applicant should calculate the minimum, maximum, and 
representative annual mass of the chemical handled by the tank system by 
multiplying the annual tank throughput by each concentration. The applicant 
should then calculate the total annual throughput and minimum,. maximum, and 
representative annual mass of chemical by summing the annual throughputs and 
masses, respectively. The overall minimum, maximum, and representative 
chemical concentration within the tank systems is the ratio of the total 
chemical mass to the total annual throughput of the tank systems containing 
the chemical. 

Worksheet 2L~ should be used to list all hazardous constituents handled in 
the tank syste~s included in the variance application and handled in tank 
systems that were previously granted a variance. Worksheet 2-4 should also be 

20J ~ost owners or operators who treat, store, or dispose of any 
hazardous waste must obtain a detailed chemical and physical analysis of a 
representative sample of the waste (40 CFR 264.13). Owners and operators 
seeking a variance who are exempt from the waste analysis requirement must 
conduct this analysis for the variance. Applicants may refer to the following 
documents for guidance on analyzing the contents of their tanks: EPA, Test 
Methods for Evaluating Solid Waste, SW-846, Office of Water and Waste ---
Management, 1982; or EPA, Methods of Chemical Analysis of Water and Waste, 
EPA-600/4-79-020, March 1979. 

21J The geometric mean (antilog [In Xl + In X
2 

+ ... + In Xnl/n) 

is considered to be more rep~esentative than an arithmetic mean for evaluating 
environmental data.' See: Robert B. Dean, "Use of Log-Normal Statistics in 
Environmental ~lonitoring," in Chemistry in Water Use: Volume I, William J. 
Cooper, ed. (Ann Arbor: Ann Arbor Science Publishers, Inc., 1981), pp. 
245-258. 



WOI\KSIllET 2-3 

CALClJLAIION 01 OVLHALl CItEMICAL CONCLNTI\Al10NS IN lANK SYSTU1S 

!J!;>'Ill!J~LLQtl;>' : 

1. I dent i fy the chern j ca lsi n Llle lank sys telilS (liS!! olle 'Wo rksllee 1 1'0 r eacll diem i ca I ). 

2. 

3. 

Identify tank systems that cOlltain eactl Clll!rnicili. 

Identify ilfH1Uil! throughput of eacll tanh systl!1Il ill liters (to convcrt 
from gallons to liters multiply by J./fl'J11). 

II. Idc!nlify cllemical concentrations (minlllllllil. lIIilxirntim. repr'esefllative) 
in eilcll tank system. 

5. lor ea"ch tanl, system, calculaLc LlIl! amlllal rn;lss or chemical Itilfldled by tlte tilnh 
(tile annual mass equals the product of llll! allflllill througllput and concentration, 
divided uy 1,000,000 to converL to hi logf'ilms.) 

6. Calculate total annllal througllput of all tanl<s and lotal anllual milss or chemica! 
!landleej in all lanK systems. 

7. Calculate the overall ctHlmical cOlicenLl'alioll 'Wltllin tile lallk systems (divide total 
annual mass of chemical by lOlal allllual LlII"OII,)lq)llt and mullipl'Y by 1,000,000 to 
convert to milligrams). 

Cltem i Cil ___ lQllH!!JQ ______ _ 

Tank System 10 

A-1 

___ A-2 

___ t,-:3 __ _ 

To ta I: 

Allrlllill 
HlrOtl')hpllt (I i tel's) 

___ 72,1Qit ____ _ 

~1il, 2.Q2 __ _ 

__ 121,!!!Q ____ _ 

~lJ.., ()2~9 __ _ 

Overal I chemical concentration in tallk systems; 

-~-~ .-~~~ 

t,SS!lI:!nlQ!:l;>' : 

Chern i ca I COrleen t I'il t i 011 

__ . __ llLl ~Q~ §y g~!!L1!!l9 LU _____ _ 
Hinillllim riaxilllum Representiltive 

___ c2 _ 

J,Q_ 

_6~ _ 

_lfL~ 

..-lL!l_ 

_2.~_'_ 

II~ 

6;0 __ 

6.0, __ _ 

__2,_7 __ _ 

List all major assumptiolls lIIade in developill,) till) data for tills 'Workslieet: 

facility Ill: 

Ila tel: 

Allalyst: 

Qua Ii ty COlil ro I: 

AnnUill I'lass of Chemical 
___ I illill!.!.QsLifLJ n!lh3y~ 1 g!!L1 !s9J.l __ ~_ 
Minimllm 1·1 a illillm Hepresentative 

~(L __ ,!!.2'L .303 

-L'£22 __ _L1U>1. _ 1.703 

~l _ _L12()(L __-,-2Q8 

~~ --'1..c..222- 2.915 

I 

1\ 



WOHKSIIEU 2-1, 

SCOH Itll; Ion I NU I CA I OH CIIEM I CAL Sf.[ (C r ION: 
OVlHAll cotlCltllHAllONS, Koc, AND log Ko .... VALUES 

ltlS1HUCTION12: 

1. Write do .... n each chemical round .... iLllin tile tilnk system arJ(j its Koc allll 

2. 

log Ko .... values (rrom Workshect 2-1) (liSt: addltiofl.tl .... orksheets ir ncccssary). 

Ir more than 20 chcmicals arc lisll!d, illi!1I1ify tliose .... itll Uln tcn Iligllest 
I{oc valucs .... illl all II and thosc .... iLlI till) lell Imll!st Koc values· .... itll an I .. 
III addition, identiry tliosc .... ith Llle ll!1I IlIqlll!sl log Ko .... values .... ith an 11* and 
Lllose .... ith UlC lcn lo .... est log Ko .... valu()s .... iLlI .111 t H • 

3. Hecord an overall minimum, maximum, and "f(!pn!S(!lItotive" concentration rrom 
Worksheet 2-3 and cnter it; ill(licate ill (ootIlOll!S the basis or tile rcpresen
totive value (o.g., Waste Analysis HeporL). 

II. Hecord indicator chemical toxicity constant vallie rrom Worksheet 2-2. 

5. H(!cord the .rresll .... ater chronic \-later qual ity criteria rrom Exhibit 7-2. 
Ir not available state NA. 

Koc log Ko .... , .. , ... ' .. , _ (1X!!J:!! I I ctlem i C!!~2n!,Q!!lf!!U 2!L!mnL! 1 ___ _ 
Chemical Value Value l-linifllllll t-Iaximllm Representative!!/ Hererence Q/ 

Arsenic -.!!~- ,::,Q!!l .,~~(i ~12 It • .lU 

l!H.r a flLlQI..QQ t Ily len e -.lQ~ ~.,.tl,_ li12L.f/ 9..L_ ',LL 6....l1L.. 

6f~J,.Qf\ i t r i I e ~£ :JL.l:! S.fl!!2 _,-,122 .....,.QQQ 1l...J...U 

Toluene ~OO ~n _,L_ _2~L _ ':hL 6...lJL 

racility Ill: 

Oau): 

Alia I YSL: 

Qua Ii ty C()ntro I: 

Indicator Chemical 
.toxicity Constant 

"':"' __ UL!nilJ ___ ., __ _ 
NC' PC 

18 -!!"Ql-

Q.J1.Q2.L Q.:.iWflL 

__ NL_ 

Q..,JlQ5L 

g/ ~1eon or reported values used as representatiVl! concentration for all tonk systems used to store or 
treat the chemical; zero used ror all values reported as belo .... detection limit. 

Q/ A = 1986 Annual facility Heport, U Waste Analysis. Page numbers 1'0110 .... document designation. 
DoclIments included as appendix. 

f./ BDl. = bero .... detection limits. 

AS SU!1 tIl Q!.'!12 : 

List all the major assumptions made in developi1il) tile data for this .... orksheet; also indicate. any 
concerns about tile .... aste analysis <lata. 

\ \ 

fresh 
CII r'on i c 

Criteria 
(mg/ I) 

_1~ 

~~~ 

-1i_A __ 

NA 
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used to summarize the chemical concentration information developed in 
Worksheet 2-3. In addition, the applicant should record on this worksheet the 
K value, log K value, and toxicity constant for each chemical from 

oc ow 
~orksheet 2-2. The applicant should indicate ori Worksheet 2-4 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, they should be noted. For example, if a highly toxic 
chemical ~il1 be presenc in the tank in the future, it should be included. If 
a chemical is considered sufficiently important, it may be chosen as an 
indicator chemical regardless of its concentration. 

2.2.2 Calculation of Indicator Scores all Chemicals 

This section is divided into two subsections. The first describes the 
process for calculating the indicator scores that will be used in selecting 
the chemicals tp be considered for the human health effects evaluation 
(health-based indicator scores, or ISH). The second subsection presents the 
procedure for calculating indicator scores that will be used in choosing the 
chemicals to be considered in the environmental impact evaluation 
(environmental quality-based indicator scores, or ISE). 

Score. The following algorithm is used to 
~~~~~------~------~-------

determine the 
systems: 

indicator score for each chemical within the tank 

where 

ISH. = (C. • T.) 
111 

ISH. = health-based indicator score for chemical i 
1 

(dimensionless), 

C. = overall concentration of chemical i ~ithin the tank 
1 

systems at the facility based on ~aste analysis data 
(units must be mg/l in ~ater), and 

T. = an indicator chemical toxicity constant for chemical 
1 

i (units are the inverse of above concentration units). 

Concentration values used in this equation for a given chemical should be 
representative of all available data. Indicator chemical toxicity constant 
units are the inverse of their respective concentration units so that 
indicator scores (C T) will always be dimensionless. Essentially, the 
indicator score is a ratio between measured concentration and a toxicity-based 
concentration benchmark that is used to rank the chemicals. The use of these 
toxicity constants for selection of indicator chemicals within hazardous waste 
tank systems will be reconsidered if additional toxicological information 
becomes available for ranking the toxicity of a large number of chemicals. 

The next task is to compare the ISH values of the various chemicals. 
Because of probable differences in dose-response mechanisms (non-threshold vs. 
threshold), potential carcinogens (PCs) and noncarcinogens (NCs) are scored 
and compared independently. I ndicator scores for carcinogens and 
noncarcinogens are not on comparable scales and should never compared. 
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The applicant should list all potential carcinogens on \{orksheet 2-5 and all 
noncarcinogens on Worksheet 2-6. The applicant should then calculate C times 
T (i.e., CeT) for each chemical and the associated overall minimum, maximum, 
and representative concentrations. The chemicals on Worksheets 2-5 and 2-6 
should be ranked separately on the basis of the indicator scores. If a 
chemical is designated as both a PC and NC, the indicator scoring procedures 
should be completed for" it in both toxicity classes. 

Environmental Quality-Based Indicator Scores. A slightly different 
equation is required to calculate environmental quality-based indicator scores: 

I5E. = (C./Q.) 
111 

where 

ISE. = the environmental quality-based indicator score 
1 

for chemical i (dimensionless), 

C. = overall concentrations of chemical i within the 
1 

tank systems at the facility based on waste analysis 
data (units in mg/l), and 

O. = freshwater chronic water quality criterion for 
1 

chemical i (units in mg/l). 

The same overall concentrations that were used to calculate health-based 
'indicator scores should be used here. The freshwater chronic water quality 
criteria (0) for a number of chemicals are provided in Exhibit 7-2. On 
Worksheet 2-7, the applicant should list all chemicals contained in the tank 
systems. For each chemical the applicant should calculate the ratio of the 
overall minimum, maximum,anci representative concentrations to the freshwater 
ch=onic water aualitv criterion for the chemical. If no criterion is 
available for' ~he ch~mical, the a?plicants should state "data not available." 
Based on the indicator scores, the applicant should rank the chemicals from 
highest to lowest environmental quality-based indicator score. 

2.2.3 Selection of Final I ndicator Chemicals 

The applicant should use worksheet 2-8 to prepare an initial list of 
indicator chemicals to be considered for use in the human health effects 
evaluation and Worksheet 2-9 to prepare an initial list of indicator chemicals 
to potentially be used for the the environmental impact evaluation. The final 
lists of indicator chemicals (one for the health effects evaluation and one 
for the environmental impact evaluation) will be selected from these initial 
lists of indicator chemicals. In most cases the initial list (and, 
subsequently, the final selection) should be based on representative 
concentrations, although indicator scores based on minimum or maximum 
concentrations may be used to modify the selection. 

On worksheet 2-8 the applicant should record, in rank order according to 
the health-based indicator score values, the top-scoring 15 to 20 chemicals 
from both Worksheet 2-5 (potential carcinogenic effects) and Worksheet 2-6 
(noncarcinogenic effects). This initial list of indicator chemicals on 
worksheet 2-8 should then be compared to the chemicals identified with either 



WORKSIIEU 2-5 

SCOHINC ron INDICAlOH CII[MICAl SllfCTION: 
CAlCULAllON or INDICAIOH SCOHE VALUES AND lEtHAllVE HANK fOR CARCINOGENIC HHCTS 

I NSLI!!JCT I O~~: 

1. List ail of the chemicals to be considcrcd as potcntial carcinogcns. 

2. Calculate'overall concen raLion Limes toxicily (CI) values using tho information from 
Workshcets 2-1 and 2-2. Calculate a C1 hasct! on the overall minimum, maximum, and 
rcpresontative concentrations. 

3. Rank the compounds based Oil their mi II i 11111111, maxilllum, alld reprcscntative indicator 
score values. Also, enter thoir [I'A \.Ici!llll-of-cvidullce category in the filial 
column. 

facility ID: 

Oate: 

Allalyst: 

Qua Ii ty COllt 1"0 I: 

~_,--__ ~I n!.!-"!d--,i~ca to I" Sco ,-e Va IIH',-" _____ _ 
Hi n i mum Ma-XTinum----- --j\Cjl resenta t i ve Maximum 

!gD!a t i ve Ha Ilk 
Chemical Minimum Hepresenta t i ve 

weight 0 
[vidence 

---------

Arsenic 0.01107 

Tetrachloroethylene o 

ASSUI1PIIONS: 

_1~~1._ 

~236 

_llJ!)2L

_0.0284 2 

List all major assumptions made in developing tile data for this \.Iorksheet: 

__ 1 ____ _L.. 

2 2 .-!!L 

.. 

\ \ 



WORKSIIHT 2-6 

SCOHINC 1011 IN()ICAIOIl ClilMICAL S[I.£CTION: 
CALCULAIION Of INIlICAIOH SCOHl VALUeS AND I£NTAIIV£ IlANK fOil NON9AIlCINOG£NIC £FreCTS 

INS!IlU~TIOti§: 

1. List all of the chemicals to be considered for Iloncarcillogenic effects. 

2. Calculate overall concentration times toxicllY (CI) valuos using the information 
from Worksheets 2-1 and 2-2. Calculate CI valucs based on the overall minimum, 
maximum, and representative concentrations. 

3. Ilank the compountjs based on their minimum, maximum, and representative 
indicator score values. Also enter the scverity-of-effects rating value(s) 
in the final column. • 

r 

faci I ity 11>: 

Date: 

Analyst: 

Quality Control: 

Ila t i 119 
Ind ica tor Scon: Va lue Tentative Rank __ ~lue( 51 __ 

Minimum --/1axTmlini--'- _. - .. Riii>Nlsen ta t i vc Minimum Ilep re sen latTvc Chemical Maximum O,'a I Inhalation 

Arsenic 0.18 __ 8,.?!!. ____ _~J2-- -2 _ 

Tetrachloroeth~lene 0 _ ~'J'J~L_ 0.0308 3 2 2 _7_ ~ 

Acetonitrile NA NA --~ 

Toluene O.OOIIL ~Q2!l'J_ 0.02~ 2 3 3 ~L _7_ 

ASSUMPTIONS: 

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

\ I 
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SCOHIN<; iOH INDICAlOH CIILMICAL SU[CfION: 
CALCUlAllON OF INIlICAIOH SCOHl VALUES AND HNIATIV[ HANK fOR ENVIRONMENTAL [ HCT!:> 

INSIHUCII0!i~: 

1. list all of the chemicals to be considered for ellvironmental effects. 

2. Calculate indicator scores by dividing overall concentration by fresh .... atel· chronic .... ater 
qua ilY criteria !Ising tile information rrom Horl,slieets 2-1 and 2-2. Calculate 
.... ater quality indicator score values based 011 oV(!i'all minimum, maximum, and representative 
coneent ra t ions. 

3. Rank tile compounds based on their minimum, lIIaxinllun, and represelltative 
indicator score values. 

faei I i ty 10: 

I)a LC: 

Analyst: 

Qua Ii ty COlil ro I: 

Indicator Score Value 
H:-i;-n-;-i m-lI-m----~Hax i miiin ---- -_. -- Re~p-r-e-s-e-I-I-t a t i ve 

TcntA!.lve Riln~ ________ _ 
~H~i-lI~i;-m-u-m--~H~a-x-'lmum Representative Chemical 

Arserl~i~c ______ _ 1.0[-4 -'- OO~.'! ___ _ .000,-'.'1 __ 2 __ 2 ___ _ 

Tetrachloroethylene o ...JLJiI2L __ 0.0038 2 

Acetoni tri Ie 

Toluene 

ASSUHPT IONS: 

List all major assumptions made in developing tile data for this .... orksheet: 

I \ 



WORKSIIHT 2-8 

SCORING ron INDICAIOH ell/HICAL SELrCrlON fOR IIl1l1AN /lfAU/I [frEcrs EVALUATION: 
[VALUAIION 01 IXI'OSUIlE fAClOHS AND fiNAL CllfMICAL SELECTION 

INsrHucrIONS: 

1. list the top 15 to 20 PC and Ne chemicals ha:;l!d on health-based' indicator score (ISII) 
values, giving their ISrI values and their rallkill9 (use additional sheets). 

2. nefer to Worksheet 2-1 and record each chemical's solubility, vapor pressure, 
lIenry's law constant, Koc, and half-lives in ground water, surface water, soil, and air. 

3. Select the final indicator chemicals. Usc youl- judgment -- if a compound has 
a high water solubility and a long half-I ife, yet is ranked lower than a compound 
with minimal water solubility and a short half-life, you may wish to move it up ill 
the ranking (refer to Section 2.2.3 for additional guidance ort the final selection). 

4. Document any changes in ranking made because of exposure factors. 

5. In the last column indicate with a "-t" lIlOse clwmicals that have been selected as 
indicator chemicals (IC). 

!!/ Water Vapor lIenry's Law 
ISII Values _ Ril n!5..i [!!L Solubility Pressure Constant 

Chemical PC NC PC Ne (lOgl I ) (mm IIg) (atm-m3/mole) 

Arsenic Q...1Q2 Q..Jl2 -1 -1 __ !i~ _0_ NA 

Koc GW 

PEns 

Tet rach I oroethy I ene 0.028 Q.....mJ. -..£ -..£ 1~ l~ 0.026 ~~-

Acetonitrile ~ NA 1 .... °00.000 ~ .000011 ~ NA 

J.QJl!!U"'\C<--_____ _ ~ 0.030 NA -.1 532 28. 1 0.006 11 JillL NA 

-----

!J./ Based on overall representative concentrations. 

facility 10: 

Date: 

Analyst: 

Quality Control: 

lIalf~Life (OaY§l 
SW Soi I 

~~ ....r.L~ 

.l::J_0_ _lliI-__ 

7 -1!A __ 

.17 -1!A __ 

----

.. 
----
---

Ai r 

--.2 

.-!.!l 

12Q 

....21 

."" 

QI Because only four chemicals arc used in this exalllple, all four are chosen as indicator chemicals. If there had been 15 or 
more chemicals, the top 10 to 15 chemicals would have been selected as indicator chemicals. 

ASSUMPTlON.§: 

List all major assumptions made in the develoJllIl<lnt of data for this worksheet: 
\ I 

IC QI 

+ 

+ 

.. 

.. 
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an H (or H*) or an L (or L*) on Worksheet 2-1. H indicates one of 10 
chemicals with the highest K values (H* refers to K ), and L indicates oc ow 
one of 10 chemicals with the lowest K values (L~'" refers to K ). If an oc ow 
important exposure scenario at the site (see Chapter 5) involves consumption 
of contaminated fish and none of the 10 chemicals designated with an H* (i.e., 
a high K value) made it onto the initial indicator list on Worksheet 2-8, 

ow 
the applicant should consider placing one or 
exposure via ground-water contamination is a 
chemicals designated with an L (i.e., a low 

more of them onto that list. 
concern and none of the 10 

) made it onto the initial 
. 

If 

indicator list on worksheet 2-8, the applicant should cbnsider enl the 
initial indicator list to include one or more of these chemicals. Some 
chemicals may not have b~en possible to score due to lack of data. These 
chemicals should still be considered for the initial indicator chemical list. 
They may be selected for the fin~l list based on other properties. 

On Worksheet 2-9, the applicant should list the top scoring 15 to 20 
chemicals from Worksheet 2-7 based on decreasing environmental quality-based 
indicator score. Again, some chemicals may not have been possible to score 
due to lack of data. These chemicals should still be considered for the 
initial indicator chemical list. They may be selected for the final list 
based on other properties. 

Final selection of indicator chemicals is not based solely 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 (ISH 
and ISE) of the chemicals. The indicator scores, based in part on 
concentrations at the site, have already been used to rank chemicals for the 
two initial indicator chemical lists on worksheets 2-8 and 2-9. In general, 
higher ranking chemicals (based on representative ISH values) should be 
selected from the human health effects evaluation initial indicator chemical 
list over lower ranking cllemicals within the same toxicologic class (PC or 
SC). This rule can be modified, however, based on the additional selection 
factors discussed below. Because ISH values for PC and NC are not directly 
comparable, the ISH value is not relevant to a selection of the relative 
number of PC and NC chemicals. Therefore, the applicant should include 
several top-ranked (by ISH) PC and NC as indicator chemicals for the human 
health effects evaluation. 

There is no predetermined number of indicator chemicals appropriate for 
all sites; for each list (i.e., for the human health effects evaluation and 
the environmental impact evaluation), between 10 and 15 chemicals would be a 
manageable number and may be sufficient for most facilities. However, if a 
very large number of chemicals are present within the tank systems, it may be 
wise to select more as indicators. The number and identity of indicator 
chemicals selected is a site-specific decision that must be made and 
documented for the tank systems. 

Although the indicator score is the initial selection factor, several 
additional factors are also important. These factors include five chemical 
properties related to exposure potential: water solubility, vapor pres~ure, 
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SCORING rOR INOICAIOH CIIiHICAL S£lfCTION fOR fNVIRONI1fNrAL lIiPAcr EVALUATION: 
£VALUAI ION 01 IXI'OSlJR£ fACTORS ANI) fiNAL CllfHICAL S[l£-CrION 

INSTHUCTIONS: 

1. list the top 15 to 20 chemicals accordill9 to I!lIvironmental quality-based indicator 
score (IS£) values, giving their lSI: valtws <lnil their rankillg. Also I ist chemicals 
that could not be scored. 

2. Refer to Worksheet 2-1 alld record e<lch chemical's solubility, vapor l)reSsllre, 
lIellry's law constant,Koc, and haif-I ives ill ground water (CW), surface waler (SW), 
so ii, a nd air. 

3. Select the final indicator chemicals based 011 the guidelines presented in Section 2.2.3. 
Use your judgment -- if a compound has a hi!lh Willer solubility and a long half-IHe, 
yet is ranked lower than a compound with minilllal water SOlubility and a short half-
I ife, you may wish to move it up in the rallhill!l. 

4. Document any changes in ranking made bcc<luSU of exposure factors. 

5. In the last column indicate with a "+" those chemicals that have been selected as 
indicator chemicals (IC). 

f!/ 
Chemical IS£ Values Ranking 

Tetrachloroeth~lerie 0,0038 _1_ 

Arsenic 0.001, _2_ 

Acetonitrile NA -.Ii6.-

Toluene NA --.!:!!L.. 

f;!/ Oased on representative concentrations. 

Wa ter 
So lub iii ty 

(mg/ I) 

____ --lli 

_____ ti6.-

~._OOO,OOO 

535 

Vapor 
Pre s Sll re 

(mm IIg) 

.lI!L 

_0_ 

l.!L-

28.1 

lIenry's Law 
Constant 
(atm-m3/mole) 

0.026 

NA 

.000001, 

0.0061, 

Koc 

~ 

~ 

-1illL 

facility 11>: 

1M te: 

Ana Iyst: 

Quality Control: 

____ -Clla-'-r-LlI!~ __ (!l!l.L.~=-s "'--:) ,-;-
GW SW So i I A I r 

NA l.:lfl_ _!:lA __ ~ 

P£RS ~U!L Pl!l~_ ~ 

NA _7 __ __ M_ 390 

NA .n _tit\ __ ~ 

------ ---

---

----

IC ~/ 

+ 

+ 

+ 

+ 

~/ In this example, all chemicals are selected; however, an appl icant following this procedure would lIsually have more than 15 
chemicals to consider, and therefore the tOp 10 to 15 would be selected. 

ASStJM Pf IONS: 

list all major assumptions made in the developmellt of data for tllis wor!\sheet: 

\ ~ 
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Henry's law constant, organic carbon partition coefficient (K ),22 J and 
oc 

persistence in various media. E~tremes of any of these factors for a chemical 
found in a tank system may produce a high future exposure potential and may 
warrant inclusion of the chemical in the final list of indicator chemicals 
despite a low indicator score value. Values for these factors were specified 
in worksheet :-1. The applicant should record appropriate values for the 
initial indica:or chemicals on ~orksheet 2-7 for the human health effects 
evaluation list and on Worksheet 2-9 for the environmental impact evaluation 
list. 

Clearly, other chemical properties could affect exposures and risks at a 
specific site. .However, to limit the amount of data to b~ collected and 
conSidered, the characterization of the physical and chemical properties of 
the chemicals focuses on the five properties listed above. These properties 
are important, but not exclusive, determinants 'of environmental transport and 
fate (e.g" density and viscosi~y are additional important properties). Some 
of the properties have different implications f6r different'exposure 
pathways. As a result, consideration of the potential exposure pathways at a 
site is necessary when applying physical/chemical factors in the selection 
process. Refer to Section 2'.1 for a brief description of the relevance of 
each property to potential chemical release, transport, and fate. 

Using the information prOVided below and the discussion in Sections 2.1 
and 2.2 as guidance, the applicant should make the final selection of 10 to 15 
indicator chemicals for each list. Starting with the initial chemical lists 
compiled in Worksheets 2-8 and 2-9, the applicant should consider indicator 
score values and rel~vant additional factors ,in the final selection process. 
The applicant should indicate on Ivorksheets 2-8 and 2-9 final selections and 
the rationale for each. If toxic organics and inorganics are both present in 
the tank systems, at least one of each should be included on both of the final 
lists of indicator chemicals. Chemicals on the preliminary indicators list 
with sufficient evidence of human carCinogenicity (EPA Group A) or with 
limited human evidence and sufficient animal evidence (EPA Group B1) should 
generally be selected as :inal indicators for the human health ef:ects 
evaluation (~orksheet 2-8), unless there are convincing reasons to do 
otherwise, such as if a chemical has a relatively low concentration and 
indicator score compared to other chemicals. For chemicals with similar ISH 
values, those with a stronger weight-of-evidence should usually be selected. 
On Worksheet 2-9, chemicals with the highest log Kow values should be included 
in the final list, since bioaccumulation is a significant environmental impact. 

By following the procedures described in this chapter, the applicant 
should have selected a subset of the chemicals present in the tank systems to 

21j As discussed previously (see Section 2.1), a chemical's K is 
oc 

being used as an estimator of environmental mobility. K is considered to oc 
account for the possibility of substances 
introduced into surface and ground water. 
K values will tend to be leachable from oc 

leaching out of ~he soil and being 
In general,chemicals with low 

soil and mobile in ground water. 

Also, chemicals with high K values tend to have correspondingly high oc 
bioconcentration factors. 
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serve as indicator chemicals for the human health effects evaluation and the 
environmen~al impact evaluation. 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 :ina1 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 consiaered as a quantitative measure of a 
chemical's toxicity or exposure potential. 

2.3 POTENTIAL WORST-CASE RELEASE VOLUMES AND IN.DICATOR 
CHEMICAL RELEASE MASSES 

For each tank system component for ~hich a variance is being sought, the 
applicant must assume a release incident and corresponding release volume to 
be used in assessing the potential risks to human health and the environment. 
This section recommends specific ~orst-case release volumes for different tank 
system components and describes ho~ they should be used to calculate release 
masses for the indicator chemicals. The transport of these release masses can 
then be modeled and exposure point concentrations of the indicator chemicals 
'can be calculated (see Chapter 5). Subsection 2.3.1 discusses the methodology 
for determining ~orst-case potential release volumes and Subsection 2.3.2 
discusses the methodology for calculating chemical release masses. 

2.3.1 Determination of Worst-Case Potential Release Volumes 

When ap~lying for a variance, the applicant must use reasonable ~orst-case 
potential release volumes associated ~ith t,he tank systems or tank system 
components for ~hich a variance is being sought. Releases should be assumed 
to occur over a 20-year time horizon, ~hich is intended to simulate the 
remaining operating life of the tank system. Although 20 years may 
overestimate the remaining operating life of a tank system component in some 
instances, estimates must be conservative in order to demonstrate no potential 
hazard to human health and the environment. In situations where the applicant 
can demonstrate to the Regional Administrator that the tank is going to 
operate for less than 20 years, this shorter time horizon may be used. The 
annual series of releases is termed a release volume profile, and is 
illustrated in Exhibit 2-4 for tank system components in contact ~ith the soil 
(steady-state releases), and aboveground tanks (catastrophic releases). 

The ~orst-case potential release volumes for a particular tank system 
component (i.e., a tank or pipe) basically depend on whether the tank system 
component can be visually inspected on all surfaces for leaks. Because 
underground, inground, and onground tank systems have components that are in 
contact ~ith the soil, complete external visual inspection is not possible. 
Consequently, such tank system components can conceivably leak (e.g., due to a 
corrosion hole or seam failure) some percentage of their throughput for long 
periods of time ~ithout the leak being detected. For underground, inground, 
and on ground tank system components, the applicant should therefore assume 
that 25 percent of the annual throughput for a component could leak annually. 



Steady-State: 

Volume 
(m 3) 

Catastrophic: 

Volume 
(m 3) 

1 

1 

OSWER Directive 9483.00-: 

Exhibit 2-4 

20 

Tlme (year) 

20 

Time (year) 
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The 25 percent cut off is based on professional judgment and the assumption 
that a tank owner/operator does not suspect a tank leak unless the tank is 
less than 75 percent full at the time the tank is emptied. 

Aboveground tank system components. unlike underground, inground, and 
onground components, can be visually inspected on all surfaces (daily visual 
inspections are required by the regulations (40 CFR 264.195(b) (51 Federal 
Register 25476, July 14, 1986») and, therefore, are not likely to leak over 
a long period of time. Thus, the ~orst-case potential release volume for an 
aboveground tank system component is typically a releas~ that occurs between 
daily inspections. For an aboveground tank, the applicant should assume that 
the full tank volume is released due to a catastrophic failure in the first 
year of the modeled time horizon. The probability of a catastrophic release 
is sufficiently small that it would be unrealistic to assume more than one 
during the operating life of the tank. For aboveground ancillary equipment, 
such as piping and pumps, the applicant should assume that a volume equivalent 
to the maximum daily throughput is'released annually for the operating life of 
the tank system. The potential for leaks from aboveground ancillary equipment 
is sufficiently high to justify the need to consider releases on. an annual 
basis. 

The variance applicant should not use release volumes smaller than those 
presented here. The release volumes that should be used for individual 
components are summarized below: 

Component Location 

Underground, inground, 
on ground 

Aboveground 

Aboveground 

Component 

All components 

Tank 

Ancillary equipment 

Release Volume 

25 percent of the annual 
tank system throughput 
annually for 20 years 

Tank capacity released in 
model year one 

Maximum daily throughput 
annually for 20 years 

To obtain the total annual release volumes (i.e., release profile) for a tank 
system, the release volumes for the individual components of the system must, 
in most cases, be summed. An exception to this rule is for components in a 
tank system that are located underground, inground, or onground. The release 
volumes for all of these components in a tank system should not be added; 
i.e., the total release volume for all underground, inground, and onground 
components in a tank system should be assumed to be 25 percent of the annual 
throughput annually. By not adding release volumes for these components, 
multiple counting of release volumes is avoided. For example, consider a tank 
system that consists of an aboveground tank of 5,000 gallons, fed by a run of 
aboveground piping, and connected to an underground tank of 5,000 gallons by 
underground piping. The maximum daily throughput for the aboveground piping 
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is 100 gallons and the annual throughput for the tank system is 25,000 
lons. For the aboveground piping, the release volume is 100 gallons per 

year. For the aboveground tank, the release volume is 5,000 gallons in the 
first year. For the underground piping and the underg=ound tank the total 
release volume is 6,250 gallons (.25 x 25,000) annually. For the ~hole tank 
system 11,350 gallons are released in the first year (100 + 5,000 + 6,250), 
and 6,350 gallons (100 + 6,250) are released annually thereafter. 

The applicant should complete Worksheet 2-10 in developing the release 
volume profiles. On this worksheet, the applicant should list each tank 
system and the tank system components for which a vari~ce is being sought or 
for which a variance was previously granted. For each component, the tank 
volume, annual throughput, and maximum daily throughput should be provided 
when applicable (e.g .• tank volume does not apply to piping). For each 
component, the annual release volumes should then be determined according to 
the gUidelines stated at the beginning of this section. Finally, the 
applicant should sum the' release volumes' for the components and record the 
total release volumes for each tank system. Note that separate worksheets 
should be used for different tank system clusters, if it is necessary to 
cluster tank systems for modeling purposes. 1JJ 

2.3.2 Calculation of I ndicator Chemical Release Masses 

The identification of indicator chemicals and corresponding indicator 
chemical concentrations (i.e., minimum, maximum, and representative) for each 
tank system was discussed in Section 2.2 (the chemicals and concentrations 
shuuld be list,ed in Worksheet 2-3). This information must be combined w'ith 
the release volume profiles to obtain' a release mass profile for each 
indicator chemical. The applicant should use Worksheets 2-11, 2-12, and 2-13, 
for the minimum, maximum, and representative indicator chemical concentrations, 
respectively, to develop the indicator chemical release mass profiles. On 
these worksheets, the applicant should list the indicator chemical, the tank 
systems that contain the indicator chemical, the corresponding indicator 
chemical concentrations (see Worksheet 2-3), and the corresponding release 
volumes from chemicals Worksheet 2-10. The applicQnt should multiply the 
indicator chemical concentrations by the release volume profile to obtain the 
indicator ch~mical release mass profile for each tank system. The applicant 
should then add the indicator chemical release mass profiles for each tank 
system to obtain the total release mass profile for the indicator chemical. 
If tank systems were clustered when assessing release volume profiles, the 
same clusters should be maintained for determining release mass profiles. The 
applicant must exercise care when specifying indicator chemical concentrations 

llJ In some situations, tank systems may be physically separated by 
relatively large distances such that releases from them would have different 
exposure points, or it would not be realistic to model the transport of the 
summed tank releases to the same exposure point. In such a situation, tank 
systems should be clustered into groups in which the tanks are close enough 
together to allow for realistic modeling of the transport of releases to 
exposure points. A space is provided on the worksheet to identify the tank 
system cluster, if necessary. 
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R[LlASI VOIIII-\( I'HOflLES ASSOCIATED Willi EACII TANK SYSrEH 

JltH1WC r I o~ : 

1. list each tank system, its component.s for' \.Ihicl, a variallce is being sou!Jht or 
for \.IlIich a variance \.las previously !Irilllu:II, till! locations of the components 
(i .e., aboveground, onground, inground, lIIHler9roulld), the tallk vollJlne, allnual 
throughput (not necessary for above!jrollnd con,ponellts), and maximum dai Iy 
throughput (only necessary for abovoground allci Ilary equipmollt). 

2. fi II in the anllual release volumes for the compollents according to the rules 
specified in the text. 

3. for each tank system, slim the release voluilles or lhe componellts and record the result. 
Note, hO\.lever, that release volumos ro" IIIHlergrollllll, Inground, and ongroullIl components 
ill the same tank system should (lQt be adllt:d. Only the release volumes from one of 
these components should be counted in tht: total to avoid double coullting. 

Tank System 

A-l 

A-2 

A-3 

Tank System 
Component 

tank 

pipe 

tank 

--..1!l.",p..=e,--_ 

tank 

--..1!l p~e=--__ 

pump 

Component 
location 

undQ.[!)ro!!!!Q 

undQr..9 round 

ong!:Q!!!!d __ 

Q!!9.rQllil~ 

abovegrolilld 

l!bov£.!l..fOLJlld 

l!bo~Q..9.[ound 

I all" Vo I lime' 
(gallons) 

___ 2 • Il=OI~J __ 

--!!'!!-'---

~) .• .!illO __ 

__ 1.L1!._· __ _ 

_l!L..Q~ 

n·lL __ ----.-

--_!'!'&'--

Anllual lhroughput 
(gallons) 

20.000 

~!l...~ 

---..l.2..~ 

75.000 

40.000 

1,0,000 

110,000 

Ha x i mllm Da i I Y 
Throllghput 
(gallons) 

lI.a. 

n.a, 

Total 

n.1l '-

n,a, 

Total 

n. a. 

--.--l1L-

--.--l1L--

Tota I 

lotal 

facility 10: 

Cluster: 

Dale: 

Aua I YSt; 

Qua Ii ty COlIl,'O I: 

All nlli!_L t~l ~:_i! s(! __ YQ! ~!!llL.J..gWQnsl 
Yea r 1 Yea rs 2-20 (pe r yea r) 

----.---------------

·-2.....9!lQ ~~.fWQ 

--..-2~OO --..2 • ..!m!,! 

---.--

........2 .. 00(1 ~.!)nQ 

~.~2!! _JJtLI~.Q 

...JB,7',!) ...J!!.~2!l 

.....lJL.l2Q _UL...l2Q 

10,000 --_Q 

172 __ lU. 

___ 11..2 __ -L1.!! 

....iQ .... I~!l ___ 32Q 

\ I 



WORKSII[U 2-11 

R[L[AS[ MASS PROflUS ASSOCIAIlD WIW [ACII INDICATOH CIiEHICAl: MINIMUM CONCOHRAliON 

INSTHUCTIONS: 

1. fi I i Ollt a separate worksheet for each illdicator chemical. 

2. Identify the tank system{s) that conlain L1w in(Jicalor chemical. 

3. list tile minimulR concentration "'ithin tile I. a III< systems from Worksheet 2-3. 

4. US!. the corresponding annual release VOIUIlI!!5 from Worksheet. 2-8 for each 
t.anh syst.em. 

5. Ca'lelilate for the indicator chemical the maS5 1(!leased (in ki logramsl for 
each tank system (annual mass released 1!'Iu.11s the anllual rclease volwoe 
(in gallons) multipl ied by 3. 785~ to COIIVC!'l to liters, muilipl jed by the 

-6 
minimum concentration (in mg/liter). llIultiplied by 10 to convert to 
ki lograms). 

6. Calculale the total chemical mass releils(!d hy slIfllming the masses for tile 
individual tank systems. 

indicator Chemical: ~T~o~l~u~e~r~le~ __________ _ 

Minimum Annual Volume Released 
Tank System Concentration (mg/I iter) --Year 1 Years 2-20 (per year) 

A-I .7 _~.OOO 2.000 

A-2 .9 ____ HL 720 18,7')0 

A-3 _LU 10.350 350 

TorAl 

----------- ---_. 

racility 10: --------------------

Cluster: 

Oate: 

Analyst: 
--- ----- -------

Qualit.y Control: 

Annua I 1'~il~L!!Q!!H!§!l~l 
Yea r 1 Years 2-20 (per year) 

0,0132 __ Q.OI32 

0.0639 __ 0~63L-

0.0322 0.0013 

0.1163 ____ J! ! H.l 0.'1 __ _ 

....-~. -

\ I 



WORKSHEET 2-12 

RELEASE MASS PROfiLES ASSOCIATED WITH EACU INDICATOR CUEMICAL: MAXIMUM CONCENTRATION 

INSTRUCTIONS: 

1. fill out a separate worksheet for each indicator chemtcal. 

2. Identify the tank systei(s) that contain the indicator chemical. 

3. List the maximum concentration within the tank systems from Worksheet 2-3. 

4. List the corresponding annual release volumes from Worksheet 2-8 for each 
tank system. 

5. Calculate for the indicator chemical the mass released (in kilograms) for 
each tank system (annual mass released equals the annual release volume 
(in gallons) multiplied by 3.7854 to convert to liters. multiplied by the 

-6 
maximum concentration (in mg/liter). multiplied by 10 to convert to 
kilograms). 

6. Calculate the total chemical mass released by summing the masses for the 
individual tank systems. 

I nd i ca to r Chem i ca I : .!T-"o~l,-,u~e",n~e~ ______________ _ 

Tank System 

A-I 

A-2 

A-3 

Maximum 
Concentration (mg/I iter) 

6.0 

10.0 

11.0 

Annual Vol~me R~lea~~d (gallons) 
Yea r 1 Yea rs 2-20 (pe r yea r) 

5.000 5.000 

18.750 18.750 

10.350 350 

TOTAL 

facility ID: 

Cluster: 

Date: 

Analyst: 

Quality ContrOl: 

Annual Mass Released (kg) 
Year 1 Years 2-20 (per year) 

0.1136 0,1136 

0.7098 0.7098 

0.4310 0.0416 

, . 

1.2544 0.8650 

I I 





WORKSIIHT 2-13 

RELEASE MASS rnOFILES ASSOCIAIf.D WITII EACII INOICATOR CIIEMICAL: REPRESENTATIVE CONC[NTRATION 

INSTRUCTIONS: 

1. FI II Ollt a separate .... orksheet for each indicator chemical. 

2. Identify the tank system(s) that contain tho indicator chemical'. 

3. List lhe representative concentration .... ithin the tank systems from 
Worksheet 2-3. 

4. List the corresponding annual release volumes rrom Worksheet 2-8 for each 
tank system. 

5. Calculate ror the Indicator chemical the mass released (in kilograms) for 
each tank system (annual mass released equals tho annllal rolease volume 
(in gallons) multiplied by 3.7854 to convert to liters, multiplied by the 

-6 

Faci I ity 10: 

Cluster: 

Date: 

Ana Iyst: 

Quality Control: 

representative bound concentration (in mg/I iter), mliitiplied by 10 to convert to.kilograms). 

6. Ca.lculate the total chemical mass released by Slimming the masses for the individual tank systems. 

I nd i ca to r Chern I ca I : ..!T-"oc..!l,-,u~e~n!.!.e,,--_______ _ 

lank System 

A-I 

A-2 

A-3 

Representa t i ve 
Concentration (mg/I iter) 

4.0 

6.0 

6,0 

Annua I yo I ume Re I ea sed l!J!!.lliIll-L 
Year t Years 2-20 (per year) 

__ ..L..5 .. .QQO __ 

18..L2Q 

10.350 

5.000 

18.750 

350 

TOTAL 

Annua I M'l§~-.-Bg!Qased .-JfLJkl!:q~) __ _ 
Year 1 Years 2-20 (per year) 

0.0157 

0.'1259 

0.2351 

0.7367 

\ I 

0.0757 

__ 0~2L..59",--_ 

0.0079 

____ 0 ,.!ill 9 5 

c· 
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for treatmenb tank systems in which the chemical concentrations differ among 
tanks in a series. such cases, the applicant must use the indicator 
chemical concentration at the earliest point in the treatment system (i.e., 
inflo~ bO the first tank) for which a variance is being sought. 

A simple example may be helpful to illustrate the procedure. Consider a 
facility ~ith a 5,000 gallon aboveground tank and a 10,000 gallon underground 
tank, both of I.hich are filled and emptied four times a year (resulting in 
annual throughputs of 20,000 gallons and 40,000 gallons, respectively). The 
indicator chemical for the aboveground tank is benzene at a concentration of 3 
mg/l. The indicator chemical for. the unde tank ~s also benzene at a 
concentration of 7 mg/l. The release volume ile for the aboveground tank 
consists of 5000 gallons (18,927 liters) released in year one. The release 
volume profile for the underground tank is 10,000 gallons (37,854 liters) per 
year for 20 years. For benzene, the release mass profile for the aboveground 
tank is (5 mg/I)(18,927 liters)(l kg/lOG mg) = 0.0946 kg in year one, While 
for the underground tank it is (7 mg/l)(37,854 liters)(l kg/lOG mg) = 0.265 
kg annuany for 20 years .. The sum of the two release mass profiles for 
benzene is 0.0946 + 0.265 = 0.3614 kg of benzene released in the first year 
and 0.265 kg of benzene 're leased annually for 19 years thereafter. The 
release mass profile for the indicator chemical benzene is illustrated in 
Exhibit 2-5. 

The release mass profiles developed for each indicator chemical should be 
used in modeling the transport of the indicator chemicals and the calculation 
of concentrations at exposure points. These steps are discussed in Chapter 5 
of this technical resource document. 
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HYPOTHETICAL RELEASE MASS PROFILE FOR BENZENE 

Mass Released 
(kg) 

0.3614 -

0.265 

5 10 15 20 

Time (year) 





OS~~R Direc~ive 9483.00-2 

CHAPTER 3 

HYDROGEOLOG IC CHARACTER fZATtON 

As sta~ed in the revised hazardous ~aste tank regula~ions, ~he Regional 
Administrator ~ill consider the poten~ial adverse effects on ground wa~er, 
surface water, 3nd land quality, taking into account the hydrogeologic 
characteris~ics of the facility and surrounding land in deciding whether to 
grant a variance from the requiremen~s of secondary containmen~. lJ ~his 
chapter is intended to assis't o~ners/operators in identffying relevant 
geologic or hydrogeologic informa~ion for potential inclusion in a variance. 
This informa~ion ~ill have the following two uses: 

• 

• 

provide general geologic and hydrogeologic data 
associated with the site that is important or 
necessary in evalua~ing the potential migration of 
hazardous waste from the tank system to ground or 
surface water; and 

provide the hydrogeologic information (e.g., 
hydraulic conductivity, porosity) necessary for 
performing an environmental fate analysis as described 
in Chapter 5, Exposure Point Concentrations. 

In general, a description of the hydrogeologic framework of an area should 
inc.lude a discussion of the (ollo~ing factors: 

• 

• 

• 

• 

• 

impor~ant climatic aspects of site area (e.g., 
precipitation and infiltration); 

structural attitude and distribution of bedrock and 
overlying strata; 

chemical and physical properties of underlying 
strata (soil and rock), including lithology, 
mineralogy, and hydraulic properties; 

soil characteristics, including soil type and 
distribution, and attenuative properties; and 

ground-water regime, including water table dep~hs, 
aquifer types, flow paths and rates. 

This chapter identifies information that will be necessary to fully and 
adequately characterize the hydrogeology of a site (and include in an 
application). This complete characterization will be required for most 
variance applications. However, if the quality of ground water beneath the 
site is very poor (i.e., is not a current or potential future source of 

lJ Section 264.193(g)(2)(i)(B) (51 Federal Register 25475, July 14, 
1986) . 
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drinking water), or if an applicant can show that there are no pathways of 
exposure to ground water (as ed in' 5), invest ive or data 
gathering efforts can be reduced. These potential situations should be 
assessed before designing and conducting site-specific hydrogeologic studies. 
Examples of data reduction that may be possible if either of these situations 
exist are as follows: . 

@ cxt~n5ive subsurface and surficial investigations 
should not be needed; applicant may be able to present 
general geologic and hydrogeologic information 
avai le from lished sources; 

@ detailed aqUifer characterization, including-the 
measurement of hydrauliC conductivity and gradients, 
and the preparation of potentiometric surface maps, 
etc., should not be needed. It would be necessary to 
describe any underlying potable aquifer and to show 
its lack of interconnection with the upper aquifer; 
and 

• the enVironmental fate analysis (transport modeling) 
of Section 5.2 and the calculation of parameters for 
the analysis need not be done. 

It must be emphasized that the Regional Administrator may require additional 
information to supplement ~hat which is identified in this chapter for 
inclusion in a variance application. 

This chapter has been divided into six subsections. Section 3.1 
summarizes investigative techniques that data gathering efforts, detailed in 
subsequent subsections, often require. Sections 3.2 through 3.6 are organized 
around the types of information that are needed to characterize a 
site-specific hydrogeologic setting. Section 3.2 describes the types of 
climatic information applicants should identify for assessing :he impacts of 
rainfall pat:erns. Section 3.3 discusses regional and site-specific data that 
applicants should present to characterize surface and subsurface geology. 
Section 3.4 discusses unsaturated zone information, such as soil types, 
extents, and properties necessary for a hydrogeologic characterization. 
Section 3.5 describes aspects of the saturated zone that should be a~sessed in 
the application, including the aquifer system and hydrogeologic properties, 
and ground-water flow patterns. Finally, Section 3.6 describes surface water 
features that should be considered for inclusion in the application. These 
sections and the types of information they discuss are illustrated in Exhibit 
3-1. 

While this chapter is intended to give the variance applicant an idea of, 
and a guide to, the extent of necessary data-gathering efforts, it should not 
be viewed as a "checklist" for the completeness of an application's 
hydrogeologic characterization. The exact types and amounts of information 
that will need to be collected and presented will vary from site to site, 
e.g., sites with more heterogeneous subsurfaces require more information to 
characterize the hydrogeology. 



OSWER Directive 9483.00-2 

Exhibit 3-1 
OYERYIEW OF PROCESS TO CHARACTERIZE SITE HYDROGEOLOGY 

SECTION 3.4 

Cnsaturated Zone: 
• Soil t;,"pes 
• Soil stratigraphy 
• Chemical and physical 

properties 

SECTION 3.2 

Climate: 
• Precipitation 
• Temperature 
• Evaporation 
• Runoff 
• Infiltration 

SECTION 3.3 

Regional and Site Geology: 
• Regional geology 
• Topography 
• Site geology 
• Site stratigraphy 

SECTION 3.5 

Saturated Zone: 
• Aquifer system 
• Hydrogeologic properties 
• Recharge/discharge zone 
• Ground-water flow direction 
• Ground-water flow rate 

, 
SECTION 3.6 

Surface \Vater: 
• Proximity with respect to 

tank system 
• Physical properties 
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3.1 INVESTIGATIVE TECHNIQUES 

Thi~ section summarizes the investigative techniques used to collect 
hydrogeologic data. The purpose of this section is to provide the applicant 
v:ith an overview of t:hese invest:igat:ive t:echniques. It is to be stressed that 
much of the information identified for characterizing the hydrogeology 
associated ~ith a site will probably be obtained through extensive laboratory 
and field invest:igations. including hydrogeologic, geologic, soil, and wa~er 
budget surveys, conducted by qualified professionals thoroughly familiar with 
such methods. 

fessionals qualified to perform such invest ions span a range of 
disciplines and include hydrologists, geologists, chemists', geochemists, soil 
scientists, etc. Because these professionals are familiar with the data 
necessary to characterize a site' and the relevant investigative technqiues, 
detailed information about hydrogeologic parameters to be included in the 
variance application; how such parameters are ll1e'asured or' gathered, and their 
importance in assess ing po llution potential, is not provided in this chapter. 

Subsequent sections provide a general discussion of the types of data 
necessary for characterizing a site's hydrogeology and the types of 
investigative techniques that will likely be used to collect such data. 
Additional sources of information on investigative techniques can be found in 
the references of this document. 2J Applicants should realize that the 
amount of information and investiative efforts needed to characterize a site 
is extensive. However, su.ch assessments are critical to evaluating the 
potential migration of hazardous waste released from a tank system. 

A variety of investigative techniques are available to collect data for a 
hydrogeologic characterization. Exhibit 3-2 illustrates a number of 
techniques that an applicant may employ to perform various aspects of 
hydrogeologic investigations. Exhibit 3-3 lists some corresponding forma~s 
for presenting the resulting data. 

The site-specific investigative program should include direct methods 
(e.g., borings, piezometers, geochemical analysiS of soil samples) for 
determining the site hydrogeology. Indirect methods (e.g, aerial pho~ography, 
ground penetrating radar, resistivity), especially geophysical studies, also 
may provide valuable sources of additional informa~ion (such as porosity). 
Thus, an applicant should combine the use of direct and indirect techniques in 
the investigative program to produce an efficient and complete 
characterization of the facility site. 

In obtaining the information necessary to characterize a site's 
hydrogeology, the owner/operator should review ~he available literature of the 
site area and, when appropriate, use such information in conjunction with site 

2J Discussions on the characterization of hydrogeology, including 
geology, aquifers, and ground-water flow paths, can also be found in Chapter 1 
of the following document: EPA, RCRA Ground-water Monitoring Technical 
Enforcement Guidance Document, Office of Solid Waste and Emergency Response, 
September 1986. 
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EXHIBIT 3-2 

OSWER Directive 9483.00-2 

HYDROGEOLOG'IC INVESTIGATIVE TECHN IQUES 
FOR SUBSURFACE INVESTIGATIONS 

Definition of Subsurface ~aterials (Geology): 

• 

• 

• 

• 

• 

• 

• 

• 

Survey of existing geologic information 

Soil borings 

Rock co rings .. 

Material tests (grain size analyses, standard penetration. 
tes'ts, etc.) 

Geophysical well logs (point and lat~ral resistivity and/or 
electromagnetic conductance, gamma ray, gamma density, calipher, 
etc.) ~l 

Surface geophysical surveys (D.C. resistivity, E.M., 
seismic) ~/ 

Aerial photography (fracture trace analysis) 

Detailed lithologic/structural mapping of outcrops and trenches 

Identification of Ground-Water Flow Paths (Hydrology), Directions, and 
Hydraulic Conductivities: 

• 

• 

• 

• 

Installation of piezometers; ~ater level measurements at 
different depths and locations 

Slug test and/or pump tests 

Tracer studies 

Estimates based on sieve analyses 

~/ These techniques can be used to supplement information gathered from 
other sources and may be necessary to perform at some sites (e.g., very 
heterogenous areas). 
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EXHIBIT 3-3 

OF' FO R PR ENTING 
HYDROGEOLOGIC INFORMATION 

Narrative description of geology 

Geo cross sections 

Geologic or soil maps (plan-view) 

Geologic or soi} stratigraphic columns or maps 

Boring logs or coring logs 

Raw data and interpretive analysis of geophysical studies 

Raw data and interpretive analysis of material tests 

Narrative description of ground water with flow patterns 

Water table or potentiometric maps (plan view) with flow lines 

St=ucture contour maps of aquifer and confining layers (plan view) 

Raw data and interpretive analysis of slug tests, pump tests, and tracers 
studies 
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investigations. Such a review may provide a preliminary understanding of the 
distribution of sediments and rock, general surface water drainage, and ground 
wat'er. Availab"le materials could include published geologic and topographic 
maps"hydrogeologic reports, aerial photographs, well drilling logs, and soil 
surveys. Exhibit 3-4 summarizes the prinCipal sourc'es of such geotechnical 
data. 

A review of a\·Clil.l~,le information can also serve to 'guide the site-specific 
investigation (e.g., ~ell placement), and can reduce necessary data gathering 
efforts, i.e., an applicant may be able to present and use data already avail
able. However, the burden of proof is clearly on the applicant to demonstrate 
that a variance is appropriate. In many situations, the extensive site
specific data described in this chapter will be required to yield an adequate 
demonstration. Facility owners/operators with on-site tanks and on-site land 
treatment, storage, or disposal units may have filed a RCRA Part B permit 
application. If so, much of the data identified for inclusion in the variance 
application may already be available. 

The hydrogeologic data identified in this chapter for inclusion in a 
variance application should be presented using the methods suggested in this 
technical document (e.g., tables or maps). 'Additionally, the variance 
application should contain a section that compiles and discusses the data and 
the hydrogeologic setting of the site area as a whole. This section could 
consist of a hydrogeologic study report (with figures) prepared by 
geotechnical professionals. Much of the actual data such as well logs and 
laboratory analyses may lend itself to inclusion in appendices. 

3.2 CLIMATIC CHARACTERISTICS 

This section describes the types of climatic information that will likely 
.be necessary for identifying the impacts of surrounding rainfall patterns. 
These impacts will be evaluated with respect to the adverse effects caused by 
a release of contaminants to surface ~ater and the surrounding land. lJ 

Additionally, the amount of ~ater that reaches or recharges ground water in an 
aquifer is determined, in part, by climatic elements -- or more specifically 
by the amount of precipitation not lost by evaporation (affected by 
temperature, humidity, and wind) -- and runoff. Thus, these parameters have 
direct implications to the transport of contaminants and the effects of annual 
rainfall on contaminant transport through the unsaturated zone should also be 
assessed. 

Impacts of rainfall patterns can be divided into two cat~gories: (1) 
surface water dilution potential; and (2) runoff potential. Surface water 
dilution potential affects the ability of nearby surface water to assimilate 
contaminants and consequently reduce contaminant concentrations. Runoff 

lJ This evaluation is required for considering the potential adverse 
effects of a release on surface water quality (40 CFR 264.193(g)(2)(iii)(B) 
(51 Federal Register 25475)) and surrounding land (40 CFR 264.193(g)(2)(iv)(A) 
(51 Federal Register 25475)). ' 
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IBIT 3-4 

PRINCI L u OF G NI L 

Published Data: 

1. USGS~I surficial geology maps 
2. USGS bedrock geology maps 
3. USGS hydrological atlases 
4. USGS basic data reports 
S. State and County geologic and hydrologic maps and reports 
6. National and local technical journals, magazines and conference 

proceedings 

7. . USSCS:e1 soil maps 

Unoublished Data: 

1. Local test boring and well drilling firms 
2. Local and State highway departments 
3. Local water departments 
4. State well permit records 
S. State and Local transportation departments 
6. State and Federal Environmental Agencies 
7. State and Federal :1ining Agencies 
8. Army Corps of Engineers 
9. Local consulting, construction, and m~n~ng companies 
10. Geologists, hydrologists, and engineers at local universities 
11. Historical records 
12. Interviews 

~I USGS - United States Geological Survey 

:el USSCS - United States Soil Conservation Service 
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potential affects the transport of contaminants to surface waters and the 
surrounding land. Surface water dilution will be evaluated concurrently with 
surface water transport (discussed in Chapter 5, Exposure Point 
Concentrations). The effects of runoff will be evaluated in the environmental 
impact evaluation (discussed in Chapter 7, Environmental Impact Evaluation). 
Consequently, this section discusses the necessary climatic information rather 
than the assessment of the impacts. Some of the elements that define the 
climatic characteristic~ ~nd hydrology of a region include precipitation 
(i.e .• rainfall), temperature, evaporation, runoff, and infiltration. The 
type of information necessary to assess these phenomena ~re described below. 

Precipitation. ~onthly and annual rainfall and snowfall (expressed as 
its equivalent in rainfa~l) can be obtained from the National Oceanic and 
AtmospheriC Administration (NOAA), or the National Weather Service. 
Additionally, daily records are published in "Climatological Data" and "Hourly 
Precipitation" by the U.S. Environmental Data Service. 

Regional precipitation data may be presented and used it they were 
generated within a reasonably close distance to the tank site (approximately 
15 km) and are representative of rainfall conditions at the site. Regional 
data collected at greater distances from the site should be correlated with 
available on-site data. The monthly mean and range of these data, the 
specific time period from which the data came, and the location of the rain 
gauge(s) in relation to the facility should be provided. Precipitation data 
can be presented in cables showing monthly and yearly averages over a period 
of time. 

The applicant should submit data on specific storm frequency patterns. 
The predicted amount of precipitation produced over a 24-hour period by storms 
with return frequencies of 1, 10, 25, 50 and 100-years should be included. If 
the site is in a potential flood-plain zone, flood levels in relationship to 
the site should be identified for these storms. This information should be 
available from the Federal Insurance Administration (FIA) in the form of maps 
or other data. If the facility has any special flood prevention devices, 
(e.g., dikes, be:rms), these devices could also be shown on a site map. Any 
special site conditions that affect infiltration and runoff should also be 
discussed .. 

Temperature. Ambient air temperature (degree) data can be useful in 
the general assessment of the climatic setting of a site and may be useful in 
the assessment of potential volatilization of contaminants. This regional 
information should be available from similar sources used to obtain 
precipitation information. Temperature is generally reported as monthly and 
annual averages over the period of record and is important in assessing 
evaporation. 

Evaporation. Evaporation and. transpiration (evapotranspiration) rates 
(depth of water per unit time) reflect the amount of precipitation returned to 
the air. Evaporation rates are measured by NOAA, and evapotranspiration rates 
can be estimated from these data. Evapotranspiration rates can also be 
obtained through'site-studies (using lysimeters), or through published sources 
if the nearest data set (collected at a gauging station) is representative of 
the site conditions. 
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Runoff. Surface runoff is the runoff component of interest for 
assess the of contaminants over the land surface. Specifical 
overland flow (i.e., the part of surface runoff that flows over the land 
surface toward channels) is of interest. The applicant should identify the 
potential of overland flow to transport contaminants to land areas of 
particular interest (e.g., agricultural land) and surface water. This 

ial depends on the surrounding surface chaiacteristics (e.g., slope, 
soil typ~. veget~tion, paved areas). If the potential for the transport of 
contaminants is significant, then the applicant will like have to conduct a 
detailed analysis of overland flow (i.e., the identification of the quantity 
and qual of overland flow). Such an ana is would l-ik.e the use 
of a runoff simulation model such as the Storm Water Management Model 
(SW~lM) . "J 

Infiltration. The maximum rate at which water (precipitation) can 
enter the soil is the infiltration rate (depth of water per unit time). 
Infiltra~ion rates (average annual) are important in the determination of the 
velocity of ground water moving downwards through ~oil and, hence, in the 
modeling and determination of contaminant transport rates (see Chapter 5). 
Records of estimated infiltration rates for an area may be available from 
sources such as the U.S. Department of Agriculture (Soil Conservation 
Service). However, it will probably be necessary to estimat~ this value by 
taking the average percipitation rate (average annual) and subtracting 
evapotranspiration and runoff rates (average annual). 

3.3 REGIONAL AND SITE GEOLOGY 

Applicants will need to present a thorough characterization of surficial 
and sub~urface geology at a site. In order to detail the geology beneath and 
around the site and, therefore, be able to identify potential pathways of 
contamination, the applicant (using qualified professionals) must collect and 
submit extensive information on the geologic properties and features of 
individual strata beneath and surrounding a site. Subsections 3.3.1 and 3.3.2 
discuss the necessary information to characterize regional and site surficial 
geology and subsurface geology, respectively. 

3.3.1 Surficial Geology 

This subsection discusses the types of maps and other illustrative 
exhibits that can be used to characterize on-site and surrounding surficial 
geology. These maps and the type of illustrated information include: 

.. 

.. 

regional geologic map used to characterize regional 
geologie units and structural features; 

topographiC maps used to characterize site-specific 
surficial relief; 

!oj '~!etcalf and Eddy, Inc., University of Florida, Gainesville, Fla., 
water Resource Engineers, Inc., Storm water Management Model, EPA, Vol. 1, 
1971. 
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site geologic map used to characterize detailed 
site-specific surficial geology; and 

aerial photograph used to highlight surficial 
information (e.g., surrounding vegetation). 

These maps are desc=ibed below. 

Regional Geologic Map. The applicant should provide an overview of the 
regional geology of an area, including the identification of the geologic 
provinces or setting of the area (e.g., Basin and Range.' Province), if 
applicable, and any pertinent geologic history. A large scale plan-view 
geologic map, available from published sources such as the. U.S. Geological 
Survey, could be included with the application to show geological units and 
structural features of the region. 

Topographic Map. Surficial features may affect ground-water hydrology; 
therefore, applicants should include a topographic map of the site. The 
topographic map should be constructed under the supervision of a licensed 
surveyor, and extend to a distance and scale deemed appropriate by 
professional judgment (coverage of the area within 100 feet of the site at a 
scale of 1 inch equal to not more than 200 feet may be adequate. sJ ) 
Contours must be shown on the map. The contour interval should be sufficient 
to clearly show the pattern of surface water flow in the vicinity of, and 
from, the hazardous waste tank site. A suggested contour interval is two 
feet. The map should clearly show the map scale and date, surface water 
locations (including intermittant streams) (see Section 3.6)~ orientation of 
the map, boundaries of the site, and the location and components of ~he 
tank.'J A larger area, regional, topographic map, prepared from published 
sources, may also be of use in the assessment of the application and should be 
considered for inclusion. 

Site Geologic Map. Detailed surficial geologic information of the site 
area should be collected and presented on a plan-view geologic map. ln~s map 
should clearly delineate the tank(s) location and should show structural 
attitude, distribution, and lithology of surficial bedrock or strata. Faults 
located on or near the site should be located on the map and (along with 
geologic information) discussed in the geologic narrative of the application, 
keeping in mind the potential of such features to act as pathways for the 
migration of hazardous waste. While published sources will be of use, the 
level of detail needed for the inclusion of this information will probably 
need to be obtained via field and mapping surveys. Trenching may be needed to 

SJ As reqUired in a RCRA Part B application, §270.14. 

'J Commenserate with other sections of this manual, this map could show 
surrounding land uses (see Chapter 4), a wind rose (i.e., prevailing wind 
speed and direction), locations and illustrations of man-made features (e.g., 
buildings, on- and off-site wells), and any other potential sources of 
contamination (e.g., hazardous waste treatment, storage, or disposal units on 
site). 
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accurately document the location of faults. Professional judgement. should be 
used in the area of map coverage. 

Aerial Photography. An aerial photograph of -che site, if available, 
should also be considered by the applicant for inclusion in the application. 
A useful photograph would clearly delineate the site and adjacent off-site 
features, such as surface ~ater bodies, munic lities, and residences. 

3,3.2 Subsurface Geology 

This subsection discusses the of information should be included' 
in an application to adequa-cely characterize the subsurface geo at and 
surrounding a site. This information includes: 

e regional geologic cross sections used to identify 
geologic units and structure in the area; and 

e stratigraphic maps used to depict the subsurface 
site stratigraphy. 

Methods used to collect this informa-cion (e.g., stratigraphic investigations 
utilizing soil and rock borings) are also discussed. 

Regional Geologic Cross Sections. On a regional scale, available 
generalized geologic cross sections that show subsurface geologic units and 
s-cruc-cures in the area of the site could be included. These data are intended 
to sho~ unique regional characteristics and their relationships to the site, 
and would cover a larger area than the subsurface stratigraphic investigations 
and resulting maps discussed below. 

Stratigraph ic Investigations. To assess the geologic properties of 
s-crata benea-ch a site that are likely to influence the migration of 
contaminated ground ~ater, the variance applicant ~ill need to have 
geotechnical professionals conduct a thorough subsurface scratigraphic 
invescigation using techniques such as: 

" 

.. 

.. 

.. 

tesC borings; 
cesC piC excavacions; 
rock coring; 
geophysical surveys; and 
laboracory analysis. 7J 

In addition to -che types of informacion discussed here, chese investigations 
~ill also provide information on site features such as soil and aquifer 
characteristics (discussed in Sections 3.4 and 3.5). Thus, data collection 
efforts should coordinate with those discussed in Sections 3.4 and 3.5. 

Direct methods (e.g., lithologic analysis) should be employed to identify 
the li-ch010gy and structural characteristics of the subsurface. This 

7J A detailed description of these techniques and the types of data that 
'can be collected through their use can be found in sources listed in the 
References section of chis document. 
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identification will involve a soil/rock boring program. In some situations 
(e.g., shallow aquifer systems), test pits (shallow excavations) may be 
feasible to use and can reduce data gathering efforts somewhat. These 
investigations serve to establish the small-scale geology of the area beneath 
the facility and place it in the context of the geology of the region or 
locale. 

Prior to initi3ting an on-site investigation. available information (e.g., 
reports, maps, research papers) on local stratigraphy, depositional 
environment, and tectonic history should. be obtained. This information can 
serve to provide an estimate of the distribution and types of geologic 
materials likely to be encountered and, thus, assist in the appropriate 
placement of investigatory boreholes. Obviously, any prev~ous drilled 
boreholes on or near a site will provide useful data. 

Professional judgment must be used in establishing the density of 
boreholes (i.e., number per unit area) that is needed to characterize the 
geology beneath a site. Sites with simple underlying geology (i.e., 
horizontal, thick, ~fractured, homogeneous, geologic strata that are 
continuous across a site and are substantiated by regional geologic 
information) or ~here indirect methods (e.g., geophysical surveys) are used to 
correlate well log data, will normally require relatively few boreholes. 
Generally, sites with heterogenous stratigraphy (e.g., discontinuous units, or 
pinchout zones, across the site) may require an increase in the denSity of 
boreholes to adequately characterize subsurface units. 

The. distance between boreholes will depend on site-specific criteria, yet 
should be close enough so that cross sections constructed from coHected data 
will accurately por~ray stratigraphy with minimal reliance on inference. 
After examining initial well logs, it may become evident that additional 
boreholes will be necessary to completely characterize the subsurface 
stratigraphy. The need for additional boreholes is a common occurrence since 
the majority of hydrogeologic settings are complex. Data and observations 
derived from initia~ boreholes may be used to guide the placement of future 
ones. The depth of boreholes will also be site-specific and ~ill depend on 
the aquifer system present at the site (as discussed in Section 3.5) and the 
extent of significant hydrogeologic units ~ithin the system and below it. 

Borehole samples should be collected for each significant stratigraphic 
contact and formation, especially any confining layers. Continuous cores 
should be taken initially to. ascertain the presence and distribution of small
and large-scale permeable layers and to obtain stratigraphic control. Once 
stratigraphic control is established, samples can be taken at regular (e.g., 
five-foot) intervals substituting for continuous cores. After completion of 
the sampling program, boreholes should be sealed with material at least an 
order of magnitude less permeable than the surrounding soil/sediment/rock in 
order to reduce the number of potential contaminant pathways. 

Collected samples should be logged in the field by a qualified geologic 
professional. Drilling logs and field records should be prepared detailing 
the following information: 

• gross petrography (e.g., soil classification or rock 
type) of each geologic unit, including the confining 
unit (if present); 
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gross structural interpretation of each geologic 
unit and s features (e.g., fractures fault 
gouge, solution channels, buried streams or leys) , 
bio't:urbation zones, petrology, and discon't:inuities; 

development of soil zones and vertical extent and 
field description of soil types (prior to any 
necessary laboratory analysiS) (see Section 3.4 for 
additional discussions on soil information to include 
in an application); 

of water-bear unites) and vertical extent 
of each unit (see Sec't:ion 3.5 for additional. 
discussions on aquifer information); and 

o blow counts, colors, and grain-Size distribu't:ion(s). 

Copies of drilling and boring logs should be submitted with the variance 
application. 

In addition to field descriptions as described above, the applicant should 
provide, where necessary, a laboratory analysis of each significant soil zone 
(as discussed in greater detail in Section 3.4) and geologic unit. These 
analyses should contain the following information: 

o mineralogy and mineralogic variation of confining 
units/layers, especially clays (e.g., microscopic 
analysis and other methods such as X-ray diffraction 
as necessary); 

petrology and petrologic variation of each unit 
present under a site, concentrating on those above the 
confining unit/layer (e.g., petrographic analYSiS, 
other laboratory methods for unconsolidated materials 
as deemed necessary) to determine among other things: 

degree of crystallinity and cementation of matrix; 
degree of sorting, size fraction, and textural 
variation; 
existence of small-scale structures that may 
affect fluid flow; 

e moisture content and moisture variation (spatial and 
temporal) of each significant sail zone (see Section 
3.4) and geologic unit; and 

hydraulic conductiVity and variat~on of each 
significant soil zone and type and geologic unit (see 
Sections 3.4 and 3.5 for further discussion of these 
parameters) . 

Copies of laboratory analysis results should be included with the application. 
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Indirect methods of geologic investigation such as geophysical studies may 
be used to augment the evidence gathered by direct field methods, but should 
not be used as a substitute for them. Surface geophysical studies, such as 
resistivity, electromagnetic conductiVity, seismic reflection, seismic 
refraction, and borehole methods (e.g., electromagnetic conductivity, 
resistivity, and gamma ray) may yield valuable information on the depth to any 
confining unit, the types of unconsolidated material(s) present, the presence 
of fracture zones or structural discontinuities, and the depth to the 
potentiome~ric surface. Additionally, geophysical methods may have their 
greatest utility in correlating the continuity of formqtions or strata between 
boreholes. The result is the efficient compilation of .extensive site data 
without drilling an excessive number of boreholes. Geophysical methods, 
however, should have been used primarily to supplement information obtained 
from direct sources. 

Stratigraph ic Maps. The variance applicant should use the data 
collected from ~he subsurface (borehole) investigations to prepare and submit 
a set of stratigraphic cross sections or maps depicting the subsurface site 
stratigraphy. Several cross sections may be required to depict significant 
geologic or structural trends and reflect geologic/structural features in 
relation to local and regional ground-water flow. The areal and vertical 
extent of the geologic units can be presented in several ways. For complex 
settings, the most desirable presentation is a series of structural contour 
maps for the top or bottom of each unit. Vertical sections and isopach maps 
can also be used since they are generally more graphic and are useful as 
supplements to the structural contour maps. 

On each cross section, the applicant should identify the foliowing: the 
depth, thickness, and areal extent of each stratigraphic unit; all 
stratigraphic zones and lenses within the near-surface zone of saturation; 
petrography of significant formations/strata; significant structural features; 
stratigraphic contacts between significant formations/strata; zones of high 
permeability or fracture; the location of each borehole and depth of 
te~mination; depth to the zone of saturation (as further discussed in Section 
3.5); and depiction of any geophysical logs. A sc~le of no greater than one 
inch:200 feet is suggested for these maps. With an adequate number of cross 
section lines, a very useful and illustrative fence diagram (3-dimensional) 
can be constructed and submitted with the application. A table that 
summarizes the subsurface geologic information should also be submitted. 

3.4 UNSATURATED ZONE CHARACTERIZATION 

In describing the potential behavior of contaminants released to ground 
water from a hazardous waste tank, two major subsurface zones must be 
examined: the unsaturated soil zone (vadose zone), and the saturated zone or 
aquifer. The unsaturated zone extends from the soil surface down to the 
ground-water table, and collection of information on its physical and chemical 
properties are an important part of a subsurface investigation (and hence a 
variance demonstration). 

Though published maps and aerial photographs of an area may provide useful 
soil information, detailed on-site soil explorations or surveys may be 
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necessar)? to obtain detailed information. This information is typically 
through the use of the same invest ive measures discussed for 

obtaining geologic information, including soil borings, test pits, and 
geophysical investigative methods, followed by laboratory analyses of t:he 
samples collected. IJ These surveys would be especially important to ·conduct 
in heterogeneous areas that show variations in subsurface materials and 
5tr~t It is likely that at least some of the information discussed in 
this section for inclusion in the varian-ce application ,.;ill be acquired 
through the soil and rock borings conducted to invest the subsurface 
stratigraphy (Section 3.3). 

This section discusses the types of soil t:ics that should be 
investigated at a site. These characteristics include: 

" 

" 

soil types and extents illust:rated on soil maps; and 

chemical and physical properties of the soil strata, 
such as organic carbon content and moisture content. 

The variance applicant should submit collected data in both tabular and 
graphic form. As with the subsurface stratigraphic investigation, the 
applicant: should submit copies of any drilling and boring logs and laboratory 
analyses. 

Soil Maps. In characterizing the surficial soils at homogeneous sites, 
published or otherwise available maps may be helpful if soils are 
undisturbed. While less likely to be available in adequat:e detail, publishid 
sources may also pr6vide subsurface soil information. If a site has been 
disturbed so that published sources are inadequate, a soil survey will need to 
be conducted to determine the types and extents of soil at the site. The 
first step in a soil investigation or survey is identifying and classifying 
soil types at the site. The U.S. Department of Agriculture's soil 
classification scheme is suggested for use. This scheme is based on soil 
grain-size distribution. 

By conducting a soil survey, the area extent of soil types at the site can 
be identified. Results should be presented on a plan-View soil map (suggested 
scale no greater than one inch:200 feet). A cross sectional analysis of the 
soils underlying a site should also be conducted. Resu~ts should be presented 
via maps showing soil thicknesses, types, and extents (lateral). The 
information needed to prepare these cross sections should be available from 
soil borings or test pits. What constitutes an adequate number of soil cross 
sections will vary from site to site depending on conditions, and should be 
determined by profeSSional judgment. The location of each borehole or test 
pit should be identified on each cross sectional map. 

Soil Properties. Soil properties that are important to measure or 
determine for understanding the fate and transport of potential contaminants 
include: porosity (total and effective), hydraulic conductivity, moisture 

IJ See References for sources of information regarding soil 
investigative techniques. 
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content, organic carbon content, cation and anion exchange capacity, and 
grain-size distribution. These parameters should be determined for each 
significant soil zone (i.e., several soil types ha~ing similar 
characteris~ics) underlying a site and should be presented in the variance 
application as a table summarizing soil information. Likewise, sampling and 
laboratory procedures used to determine these properties should be presented 
and results tabulated. 

~any of the ~oil properties discussed here will be easier to determine and 
measure if the assumption is made that saturated conditions (no gaseous pore 
space) exist. For modeling efforts, this assumption would result in a worst 
case scenariO, i.e., a conservative approach, but often allows simpler 
determinations of soil parameters to be made. 

All.of the parameters discussed below,are important in contaminant 
transport modeling (as discussed in Chapter 5). The soil parameters of 
organic carbon content, cation and anion exchange capacity, and grain size 
distribution will be especially important to determine and present if an 
applicant includes soil (or other matrix) attenuation mechanisms'J in the 
calculation of exposure point concentrations (see Chapter 5). 

• 

• 

Total Porosity: The total porosity (the percentage of 
void space in the material) affects the ability of a soil 
to hold and possibly transmit any released contaminant. 
While this parameter can be estimated from the literature 
with knowledge of the soil type, more specific values 
(determined from field and/or laboratory measur~ments) may 
be reqUired. Effective porositv is the percentage of pore 
space that is capable of transmitting fluid. Values for 
this term will likely be needed for modeling efforts and 
can be determined through laboratory measurements. 

Hv~raulic conduc~ivitv: Hydraulic conductivi~y 
(dis~ance/time) in the unsaturated zone is a measure of the 
ability of the soil to transmit fluid. It is a function of 
the soil moisture content and this functional relationship 
can be approximated from soil type. These values will be 
needed for modleing contaminant flow in the unsaturated 
zone. Hydraulic conductivity in the unsaturated zone is 
difficult to measure. Alternatively, the saturated 
hydraulic conductivity of the unsaturated zone can be used 
in modeling efforts. This assumption is conservative 
because it would imply faster contaminant movement and 
allows the investigator to measure saturated hydraulic 
conductivity by field or laboratory tests (a much simpler 
measurement than the estimation of the functional 
relationship between conductivity and moisture content in 
the unsaturated zone). 

'J Attenuation mechanisms are processes that reduce the velocity or 
amount of a contaminant in the subsurface. Aquifer matrix or media 
characteristics that affect the stability of potential contaminants should 
also be described if they are used to support attentuation claims. 
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Moisture content: During the soil survey, moisture 
content (dimensionless) should be measured for each soil 
type present at the site. This information is mainly of 
use for interpretive purposes, 1. e .• understanding the 
hydrogeologic setting of the site, and is measured through 
laboratory procedures. For modeling use, if it is assumed 
that saturated conditions exist, moisture contents ~eed not 
be measured. 

@ Attentuation: To substantiate attenuation mechanisms, 
applicants should submit data describ the and 
mineral content, the cation and anion 
and the grain size of each soil type along the expected 
path of contaminant migration. These parameters are 
determined "hrou'gh laboratory analysis and are discussed 
below. 

The degree to which many "(organic) contaminants wili 
adsorb to soil material is directly proportional to 
the organic carbon content (percentage) of the soil. 
Organic carbon contents are also important in 
calculating contaminant retardation in transport 
modeling. In making this calculation, applicants will 
need to measure soil values for bulk density (the 
ratio of the mass of soil to the bulk volume of 
soil). Bulk density, obviously, is dependent on the 
amount of sand, clay, organic matte+,. hydroxides, etc. 
in the soil. 

The ion exchange capacity (example of units: 
milliequivalents!gram) is a measure of the tendency 
for soil constituents, particularly clays, to attract 
and hold ionic contaminants. This process can be very 
impor:ant if there is a subsurface clay layer at a 
site capable of trapping potential contaminants before 
they reach g::-ound ",ater. For inorganic contaminants, 
this property is also important in calculating 
retardation (through distribution coefficients) in 
transport modeling. 

Grain-size distributions should be derived from or 
measured (by sieving) during soil classification. It 
also may be useful to further examine (through 
laboratory measurements) distribution of finer 
materials present in the soil to determine information 
such as amounts and type of clay. Such information 
can be used to further assess attenuation mechanisms 
such as retardation~ 

3.5 SATURATED ZONE CHARACTERIZATION 

In addition to understanding site features such as the areal geology, it 
is necessary for an applicant to understand and present a thorough 
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characterization of the ground-wa~er system or saturated zone at a site. 
Unless available from prior site investigations, an extensive subsurface 
investigation ~ill probably be necessary to obtain much of the information 
discussed in this section. This investigation will involve the drilling and 
implacement of ground-water wells and piezome~ers, and subsequen~ aquifer 
testing, laboratory analyses, and ~ater table mapping. 

The variance applicant sllould research available sources (reports, etc.) 
of information on area hydrology since chis informatio~ can yield a first 
approximation of sice-specific ground-water characteristics. These sources 
can also aid in the placement of investiga~ive wells and the understanding of 
resulting well data. If complete enough, such sources may reduce 
data-gathering efforts, 

The number of investigative ground-water wells that should be drilled to 
adequa~ely charac~erize the hydrogeologic regime will vary from si~e to site. 
As small a number as three wells has been used in ground-wa~er investigations, 
but a larger number is often necessary to provide accurate areal data. 1DJ 

The type of well established will depend upon aquifer characteris~ics 
(especially aqUifer materials). Wells' (or piezometers 11J ) will need to be 
cased, sealed and screened as appropriate for the type of informa~ion being 
collected (e.g., horizontal and vertical hydraulic conductivity). Tests 
conducted at these wells will include sampling of geologic materials, 
measurements of water levels, performance of pumping tests, and analysis of 
water quality and quantity (or yield). Copies of all well logs and laboratory 
and field test results should be included with the variance application. 

The level oJ effort spent in field and laboratory programs should be 
adequate to fill any knowledge gaps concerning the site's hydrogeologic 
setting. Discussions of the various methods and testing techniques available 
for the accurate definition of the ground-water regime at a site can be found 
in numerous references, a few of which are included in this document. 

This section has been divided inco two subsections: 

• Subsection 3.5.1 dicusses how resulting data are 
used to establish aquifer characteristics including 
aquifer extents and composition, and hydrogeologic 
properties such as hydrauliC conductiVity and porosity. 

lDJ ~hen determining the placement of ground-water wells, the monitoring 
requiremen~s discussed in Chapter 4 for establishing existing ground-water 
quality should be considered. This considera~ion would ensure that wells 
established to characterize groun~-water flow and direction could also be used 
to assess ground-water quality, thus potentially reducing the necessary number 
of investigative wells. 

llJ Piezometers are wells or boreholes that are sealed throughout most 
of their depth in such a way that they measure the hydraulic head at a 
particular depth in an aquifer. 
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Subsection :3.5.2 discusses the use of collected data 
establishing flow tics 

such as rates and direction of ground-water flow. 

~lethods of presentation for collected data are described in the subsequent 
subsections. 

3.5. 1 Aquifer Characteristics 

Using well data, detailed information should be presented in the 
lication describ the fer system and the ies of 

the saturated zone underly the site, as discussed be1ow. ~ethods used to 
obtain this information should also be discussed in the application. 

Aquifer System. Fiel.d and descriptive efforts should characterize the 
uppermost aquifer as well as any lower aquifers that are hydraulically 
interconnected. wi th the aquifer of 'i:nter.est. Listed below are several aquifel' 
characteristics that should be identified for the aquifers of interest. 

e Aauifer Boundaries: The identification of a lower 

.. 

boundary (or confining layer) can help delineate the 
vertical extent of the uppermost aquifer. Some 
hydrogeologic settings (e.g., alluvial depositional 
environments) do not contain any clear lower aquifer 
boundaries. In such a case, it may be adequate to limit 
the aquifer characterization to the expected downward 
migration depth of a contaminant. Profess10nal judgment 
should .be used in assessing interconnection between upper 
and lower aquifers (and the resulting levels of efforts 
required to characterize lower aquifers). A lack of 
interconnection may be indicated if the lower boundary of 
the upper aquifer consists of a thick confining layer 
(aquitard). Evidence of a significant degree of 
interconnection between aquifers may be indicated if the 
confining layer pinches out within the site boundary, the 
aquitard is fractured or karst, numerous wells that are 
inadequately sealed penetrate the aquitard, or pumping (or 
injection) tests show a significant response in the aqUifer 
on the oth~r side of the aquitard. It is also important to 
identify the presence and position of any hydraulic 
boundaries (such as impermeable barriers or beds) that 
limit the aquifer system at a site. 

Type of Aquifer: Following che idencificacion of 
aquifer boundaries, the aquiferes) beneach che sice should 
be identified as being eicher an unconfined, or water-table 
aquifer (where the waCer table forms the upper boundary), 
or a confined aquifer (where the aquifer is confined 
between cwo layers of low permeability beds in a 
stratigraphic sequence) .. 

Saturated Zones: Saturaced zones above the uppermost 
aquifer (such as low permeability clay) can also act as 
pathways for contaminant migration and, if present, should 
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be identified and described. These perched water zones or 
perched aquifers present underneath a site should be 
identified. 

• Stratigraohic Names: Aquifers are often called by their 
stratigr~phic names (e.g., The Floridian aquifer in 
Florida). If ~n aquifer beneath a site is formationally 
named (as evidenced by common usage or published reports) 
such a n~me should be included in the application 
discussion. 

• Classification of Units: The applicant should classify 
the hydrogeologic units within and below the uppermost. 
aquifer on the basis of their lithology and hydrogeologic 
properties. The classification should generally extend 
from the surface to the aquitard underlying the uppermost 
aquifer. The lithology or composition of the aquiferes) 
materials can be determined during investigative well 
drilling (including stratigraphic borings). The 
classification of units should be graphically presented as 
a hydrogeologic column or cross section with an 
accompanying description. This presentation can be 
combined with the maps discussed below for delineating the 
extent of the hydrogeologic units. 

• Extent of Units: The applicant should.delineate the 
areal and vertical extent of significant hydrogeologic 
units (the determination of the vertical extent of the 
uppermost aquifer has been discussed above in Aquifer 
Boundaries). The extents of these units can be presented 
in several ways. For complex settings, the most desirable 
presentation is a series of structural contour maps for the 
top. or bottom of each unit. Vertical sections or columns 
and isopach ·maps are also frequently used. However, 
vertical sections and isopach maps may not contain all the 
information available. They are most useful as a 
supplement to the structural contour maps. Because the 
construction of any of these diagrams involves 
interpolation and extrapolation of limited d~ta, the 
diagrams should also show the location of control points. 
For simple geologic settings in which the hydrogeologic 
units are laterally extensive and flat lying, maps of 
sections may not be necessary. For example, a table 
listing the elevations of the top or bottom of each unit 
may be adequate. These exhibits can be presented 
separately with a narrative discussion of the site's 
aquifer or aquifer system, or they may be part of the, 
stratigraphic cross sect~ons discussed in Section 3.3. The 
location of any local faults should also be indicated. Any 
stratigraphic units that behave as a subsurface impermeable 
barrier or confining layer (aquitard/aquiclude) should be 
identified as such. 
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Hydrogeologic Properties. Each of the significant stratigraphic units 
in the zone of saturation should be by 

properties such as hydraulic conductivity (vertical and horizontal) and 
effective porosity. These parameters describe aquifer characteristics that 
control the movement of ground water and, hence, the ability of the aquifer to 
retain or pass potential contaminants. Both are needed for a generar 
understand of the hydrogeo sett at a site and for ground-w'ater 
transport models that use velOCity measurements (as discussed in Chapter S). 
Hydraulic conductivity and porosity of aquifier materials can be determined by 
using laboratory or field methods. Tests that are conducted to define the 

logic ies of stratigraphic units should be performed in the 
f~eld. Laboratory tests may be used to substantiate field test results, but 
should not be the sole basis for determining aquifer eristies. 

Because each of these parameters can vary from point to point even within 
the same aquifer, any areal variations must be identified. The amount of data 
needed to accurately determine hydrogeologic pa~~e~ers increases with 
increasing heterogeneity. For example, an aqUifer of extensive homogeneous 
beach sand will require less investigation than a glacial unit consisting of 
lenticular deposits of outwash sand and gravel interbedded with' clayey till. 
Listed below are several hydrogeologic parameters that should be identified 
for the aqUifer system. 12j 

in: 

" Hydraulic Conductivity: (distance/time) refers to the 
ability of aqUifer materials to transmit water, which in 
turn controls the rate at which ground' water will flow 
under a given hydraulic gradient (discussed in Section 
3.5.2). Hydraulic conductivity is controlled by the amount 
and interconnection of void spaces within the aquifer which 
may occur as a consequence of intergranular porosity, 
fracturing, bedding planes, etc. Ground water, and hence 
contaminants, have the potential to move more rapidly in an 
aquifer unit with a high hydraulic conductivity. Hydraulic 
conduc:ivicy should be det'ermined for each aquifer system 
unit. In addit:ion. hydrauliC conductivities should be 
determined on any semipermeable or confining beds present 
in t:he subsurface, through which water may leak to or from 
the aquifer. Methods of determining hydraulic conductivity 
and considerations relative to this determination are 
discussed below. 

lZJ More information on determining aquifer characteristics can be found 

R. Freeze and J. Cherry, Groundwater (Prentice-Hall: Englewood Cliffs, 
New Jersey, 1979). 

G.P. Kruseman and N:A. De Ridder, "Analysis and Evaluation of Pumping Test 
Data", International Institute for Land Reclamation and Improvement Bulletin 
11, Wageningen, The ~etherlands, 1979. 

w.e. Walton, Ground-Water Resource Evaluation (McGraw-Hill: New York, 
1970). 
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Hydraulic conductivity can be determined in the field 
using either single or multiple well tests. For units 
having low hydraulic conductivity, single well tests 
are generally used (i.e., a slug test). In' evaluating 
the accuracy or completeness of hydraulic conductivity 
data, the applicant should be aware-~hat: (1) 
hydraulic conductivity determinations based upon 
multiple ~cll tests are preferred; (2) mUltiple well 
tests provide mure complete information because they 
characterize a greater portion of the subsurface; and 
(3) the use of single well tests will require that 
more individual tests be conducted at different 
locations to adequately define hydraulic conductivity 
variation across the site. 

Single well tests, more commonly referred to as slug 
tests, are perf~rmed by suddenly adding or Temoving a 
slug (known volume) of water from a well and observing 
the recovery of the water surf~ce to its original 
level. Simjlar results can be achieved by 
pressurizing the well casing, depressing the water 
level, and suddenly releasing the pressure to simulate 
removal of water from the well. The vertical extent 
of well screening will control the part of the 
geologic formation that is being tested. The part of 
the column above or below the screened interval that 
has not b~en tested may also need to be tested for 
hydraulic cond~ctivity. Enough tests' should be run to 
provide representative measurement of hydraulic 
conductivity and to document lateral variations of 
hydraulic conductivity at various depths in the 
subsurface. llJ 

For hydraulic units having high hydraulic 
conductivity, multi-~ell pumping tests are preferred. 
~ultiple ~ell tests, more commonly referred to as 
pumping ·tests, are performed by pumping water from one 
~el~ and observing the resulting drawdown in nearby 
wells. Tests conducted with wells screened in the 
same water-bearing formation provide hydraulic 
conductivity data. Tests conducted with wells 
screened in different water-bearing zones furnish 
information concerning hydraulic communication. 
Multiple well tests for hydraulic conductiyity are 
advantageous because they characterize a greater 

llJ Hydraulic conductivity information generally provides average values 
for the ~ntire area across a well screen. For more depth discrete 
information, well screens would have to be shorter. If the average hydraulic 
conductivity for a formation is required (for transport modeling), entire 
formations may have to be screened, or data taken from overlapping well 
clusters. 
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proportion of the subsurface and, thus, provide a 
amount of I than single well tests. 

Laboratory methods can be used to estimate hydraulic 
conductivity; e.g., hydraulic conductivity may be 
determined on a core sample of the aquifer by using 
either a constant-head or a falling-head permeameter. 
Ho~evcr, fi~ld methods provide the best definition of 
the hydraulic conductivity in most cases. 

Hcterogene in fer materials will cause 
variations in hydraulic conduct tha~ should be 
evaluated and quantified. Additionally, hydraulic 
conductivity may show variations with the direction of 
measurement. This variation is termed anisotropy, 
and, if present, the degree of it should be evaluated. 

It·is important that measurements define hydraulic 
conductivity both vertically and horizontally across 
the site. In assessing the completeness of hydraulic 
conductivity measurements, the applicant should also 
consider results from the boring program used to 
characterize the site geology. Zones of high 
permeability or fractures identified from drilling 
logs should be considered in the determination of 
hydraulic conductivity. Additionally, information 
from boring logs can be used to refine .the data 
generated by single well or pumping tests. 

Permeability: In the saturated zone, the permeability 
(distance/time) of aquifer materials is directly related to 
the hydrauliC conductivity, and also describes the ability 
of a medium to transmit fluid. Whereas the conductivity is 
~ function of the media and the fluid moving through it, 
?ermeability is a function of the media alone (a function 
of pore size). Kno~ing one of these parameters can lead to 
the determination of the other. while the presentation and 
accurate measurement of hydraulic conductivity data has 
been suggested herein for inclusion in the variance 
application, it may be useful to present permeability 
values also. Permeability data may also playa role in the 
transport modeling efforts of Chapter S, and can be 
determined in the field or laboratory. 

o Effective Porosity: If there are dead-end pores within 
the ground-water system or ground water is for some reason 
immobile, then ~he entire pore space (the total porosity) 
is not effective in transmitting fluid and a correction to 
the porosity must be made. This adjusted value of porosity 
is called the effective porosity (dimensionless). 
Effective porosity, therefore, refers to the amount of 
interconnected pore space available for transmitting 
water. In the laboratory, effective porosity can be 
determined as the ratio of the volume of water yielded by 
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gravity flow t,o the volume of soil or rock material. It 
may be adequate to estimate this parameter by analogy with 
other field results. Effective porosities should be 
determined for each aquifer system unit. 

Depending on the ground-water transport model that is chosen for use in 
estimating ~xposure point concentrations (as discussed in Chapter 5), the 
follo~ing parnrneters may also need to be measured or estimated: 

• Soecific Yield/Storage: For unconfined aquifers, 
specific yield expresses the volume of water chat will 
drain freely from an aquifer per unit area. For confined 
aquifers, specific storage is the volume of water released 
from, or taken into, storage in the aquifer per unit area. 
Field pump test methods are usually performed to estimate 
these parameters. Storativity values or storage 
coefficients can be calculated from these par~meters. 

• Transmissivity: This parameter expresses the flow of 
ground water over time through a specified areal section of 
an aquifer. It can be estimated by multiplying the 
hydraulic conductivity by the aquifer depth, or by the 
analysis of field pump tests. 

• Attenuation Prooerties: If a ground-water transport 

• 

model is chosen that eval~ates and computes mobility (e.g., 
retardation) or persistence (e.g., degradation), 
attenuative properties of the aqUifer materials should be 
investigated. This investigation could include the 
measurement of factors discussed above with respect to soil 
attentuation, such as the organic carbon content of units 
of the saturated zone. Values obtained or estimated for 
such attenuation mechanisms should be presented in the 
application along ~ith a discussion of how they were 
obtained and used. 

Disoersivitv: The dispersivity or spreading of a 
flo~ing substance due to the nature of the porous medium of 
the aquifer materials may also need to be evaluated for 
some transport models. The greater the dispersion, the 
greater the dilution of a migrating contaminant. While 
many models make general estimates of this process, some 
may require more site-specific estimates of this 
parameter. Dispersion would usually be estimated by 
analogy, but can be determined from field tests. 

For each of the parameters discussed in this section and presented for 
inclusion in the variance application, the methods used to obtain the data 
should be thoroughly discussed. A summary of the hydrogeol~gic properties of 
each stratigraphic zone within the zone of saturation should be submitted by 
the applicant. This summary should include a table that provides the aquifer 
name, stratigraphic zone, and lithologic composition and values for hydraulic 
properties measured (this section has stressed the measurement of hydraulic 
conductivity and effective porosity). Additionally, these properties should 
be discussed in regards to the ground-water regime as a whole. 

\ 
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3.5.2 Ground-Water Flow Characteristics 

The revised hazardous waste tank regulations state that the Regional 
Administrator will consider in a variance application the potential adverse 
effects of a contaminant release on ground-~ater and surface water quality, 
taking into account the quantity and quality of ground water and the direction 
of ground-water flow. l~J The amount of water at a site and the 
direction in ~hich it flows are important factors to consider because they are 
essential components of an analysis of the fate and transport of potencial 
contaminants in the ground water. 

This section describes the determination and assessment of the site 
characteristics with respect to recharge and discharge zones, ground-water 
flow directions, ground-water flow rates, and other considerations associated 
with these factors. In addition to the inclusion of maps and tables of 
measurements as discussed in this section, the applicant should present a 
thorough narrative discussion of invest{gativ~ results identifying: (1) all 
dominant ground-water flow directions, including both horizontal and vertical 
components in upper and (significant) lower aquifers; (2) relationships of 
flow to discharge or recharge areas; and (3) any temporal variations in 
ground-water levels. As with other data identified in this chapter for 
collection and presentation, ground-water flow characteristics are important 
both in the understanding of a site I s .hydrogeologic setting and in the 
determination of exposure point concentrations (see Chapter 5). 

Recharge/Discharge Zones. To aid in the understanding of the ground
wa~er flow regime, and to aid in the identification of potential paths for 
contaminant migration, the location of any proximate recharge or discharge 
zones should be identified in the applica~ion. Tnis identification is 
determined in part by a site's loca~ion in the watershed. The applicant 
probably does not need to quantify this information; rather, a general 
indication of discharge or recharge characteristics could be presented. 

For unconfined aquifers. recharge areas are usually topographic highs, 
~hile discharge areas are topographic lows. Discharge/recharge areas also 
indicate relative ~ater table depth. In discharge areas, the water table is 
found close to or at the land surface, while at recharge areas, there is often 
a deep unsaturated zone between the water table and the land surface. A 
water-table contour map can be used to locate these areas. 

Recharge and discharge in confined aquifers is more complex. Discharge 
and recharge may occur where the aquifer outcrops. Some discharge may also 
occur in the form of upward leakage in areas of upward hydraulic gradient. 
Recharge can also occur by downward flow ~hrough the confining layer. 

Ground-Water Flow Directions. The hydrogeologic field investigations 
should include a program for precise monitoring of the ground-water levels, 
including areal and temporal variations. This program will involve the 
measurement of water levels in the observation wells installed for the purpose 

l~J Section 264.193(g)(2)(ii)(A) and (iii)(A) (51 Federal Register 
25475, July 14, 1986). 
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of investigating the saturated zone (as discussed in Section 3.5.1). Water 
level data also are used to establish the depth to ground water at a site, as 
well as in establishing hydraulic gradients and flow directions: 

Some considerations·in the establishment and measurement of observation 
~ells (piezometers) include: 

• If the aquifer beneath a site is confined (i.e .. 
upper boundary is of low permeability) and/or there 
are significant lo~er aquifers, the elevation of water 
levels (or potentiometeric surfaces) in w~lls screened 
to monitor such units should be measured. These 
measurements require a larger number of wells (of 
varying depths) than those necessary to examine a 
single, shallow, unconfined aquifer. 

• Water'levels in piezometers should be allowed to 
stabilize for a minimum of 24 hours after well 
construction and development prior to measurement. In 
low yield situations, a longer recovery interval may 
be required. 

• Generally, ~ater level measurements from boreholes, 
piezometers, or monitoring wells used to examine the 
same unit should have been collected within a 24-hour 
period. This practice is adequate if the magnitude of 
change is small over that period of time. There are 
other situations, however, such as tidally influenced 
aquifers or aquifers being actively recharged due to a 
precipitation event, which necessitate that all 
measurements be taken within a short time interval. 

Parameters necessary to measure or ascertain in the determination of 
ground-~ater flo~ directions include: 

• 

• 

Deo~h to Ground-~ater: ~ater level data should be 
submitted ~ith the application for each piezometer or 
well. Data can be presented in tabular form and should 
include well locations and identification, well depth, 
screened interval, ground-water elevation, and sampling 
date. Once established, the depth to the water table (for 
unconfined aquifers) or ground-water depth should be 
graphically shown for the site location. This 
demonstration can be done by indicating the water table or 
ground-water level on the stratigraphic maps used to 
illustrate the relationship of subsurface materials to 
ground water (as discussed in Section 3.3). ~!easurements 
can be represented as the average depth to ground water at 
a well point. If significant variations in levels occur 
due to temporal factors (such as seasonal variations), it 
will be important to present level measurements over time. 

Potentiometric Surface: Using water level (hydraulic 
head) distributions at the site, water level contour maps 
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should be prepared. These contour maps should indicate the 
tank(s) ion, e ions, and isopaths 
connecting elevations. Vectors indicating the ion of 
flo~ should be added to these maps (from high head to low 
head):15~ For sites ~ith unconfined aquifers and no 
underlying significant (interconnected) hydraulic units, 
just one map, the ~ater table contour map, needs to be 
prepared, For sites ~ith more than one aquifer unit, 
contour maps of potentiometric surfaces (as determined from 
piezometer measurements) for each lower unit of interest 
need to be The of in 

units will affect ~ater 
surfaces. 

iometric 

Hydraulic Gradients: Using the potentiometric surface 
contour maps discussed above, hydraulic gradients (the 
cHange in elevation of the water table over 'distance) can 
be established. This determination will represent the 
hydraulic gradient in the horizontal direction. Hydraulic 
gradients should also be determined for any significant 
lower units or confined aquifers. 

Vertical Components of Flow: In addition to considering 
the components of flow in the horizontal direction, the 
applicant must assess the vertical components of 
ground-water flow. This assessment may require the 
installation of piezometers in clusters. A piezometer 
cluster, or nest, is a closely spaced group of wells 
screened at different depths to measure vertical variations 
in hydraulic head. Placement of vertically nested 
piezometers in closely spaced separate boreholes is the 
preferred method, since information obtained from multiple 
piezometer placement in s:r.gle boreholes may generate 
erroneous data. l'~ Collected piezometric data should be 
submitted ~ith the application in tabular form for each 
well nest, including well locations and identification, 
well depth. screened interval. ground-water elevation. and 
sampling date. Determinations of vertical flow gradients 
should b~ made from the piezometric measurements, which can 
aid in determining discharge and recharge zones, and 
aquitard characteristics. The measurements of hydraulic 
heads from these nested piezometers can be used to 
construct flow nets (a vertical cross section of the site 

lSJ The applicant should be aware that the determination of horizontal 
flow directions may be inaccurate if water level countour maps are constructed 
using wells or piezometers at different depths. 

l§J Piezometer measurements should be determined along a minimum of two 
vertical profiles across the site. These profiles should be cross sections 
roughly parallel to the direction of ground-~ater flow indicated by the 
potentiometric surface maps. 



OSWER Directive 9483.00-2 

3-29 

illustrating a pattern (or flowlines) of hydraulic heads). 
The use of flow nets can aid in the determination of 
vertical flow gradients. All calculations and assumptions 
should be described in detail. 

Ground-water Flow Rates. The applicant must provide in the variance 
application an assessment of ground-water flot;.; rates or velocities beneath a 
site. Along I.ith flot..' direction, this assessment is one of the most important 
pieces of hydrogeologic information supplied in the variance demonstration. 
Methods for dete~mining flow rates are dis~ussed below. 

• Field Determination of Flow Rates: Field techniques for 
the measurement of the rate of ground-water flow, -such as 
tracer tests, are difficult to perform and will probably 
not be necessary to conduct. Rather, information obtained 
from analysis of the hydrogeological properties and flow 
directions (hydraulic gradients) will allow the calculation 
of ground-water flow velocity by a simple modification of 
Darcy's law as discussed'below. 

• Calculations of Flow Rates: Darcy's law is based on 
empirical evidence that the flux water through an aquifer 
is proportional to the hydraulic gradient. The constant of 
proportionality is the hydraulic conductivity. The flux of 
ground t;.;ater flowing through an aquifer can be calculated 
using the follOWing equation: 

t;.;here 

v 

K 

i 

v = -K • i 

= 

= 

= 

the flux (or quantity) of water flowing 
through a cross-sectional area (distance/ 
time) 

hydraulic conductivity (distance/time) 

hydraulic gradient (distance/distance) or 
loss of head per unit length of flow 

Ground-t;.;ater flux values can be used to determine 
quantities of ground-water discharge, and can also be used 
to obtain velocity values for the rate of ground water 
moving through the pore spaces of the aquifer: 

where 

v' 

v' = V 

= 

n 
e 

average linear pore water velocity of ground 
water (distance/time) 



n e = 
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effective porosity of the aquifer (dimensionless) 

All calculations and assumptions used in the determination 
of flo~ rates should be included in the application. 

Other Considerations for Assessing Ground-Water Flow Characteristics. 
such as hydro ic fluctuations (e.g., seasonal variations, well 

pumping, and tidal processes), lo~ or high gradients, and aquifer 
heterogeneity and anisotropy can result in variations in ground-water levels 
and flow patterns, and can make the accurate determination of ground-water 
flo~ difficult. Consideration of these factors is more- at sites 
~ith low hydraulic gradients. A program undertaken to investigate ground
~ater flow patterns at a site should identify and assess any processes that 
contribute to or affect ground-water patterns below the site. If these 
processes are not evaluated, the uncertainty introduced by neglecting them 
should be estimated. Several of these considerations are discussed below: 

.. 

• 

Seasonal Variations: Seasonal variations in ground-water use and 
recharge can cause significant changes in ground-water flow 
directions. In extreme situations, a flow reversal can occur. For 
sites where this phenomenon may be important, water table or 
piezometric surface maps should be submitted that represent yearly 
averages and the two seasonal extremes. In addition, the applicant 
should provide information describing the temporal changes in 
ground-water flow direction using records compiled over a period of 
no less than one year. Seasonal variations in flow direction are 
more likely to occur in unconfined systems. 

Pumping: Off-site or on-site well pumping may affect the 
direction of ground-water flow. MuniCipal, industrial, or 
agricultural ground-water use may significantly change ground-water 
flow patterns and levels over time. Pump age may be' seasonal or 
dependent upon ~ater use patterns. water level measurements in 
piezometers must have been frequent enough to detect such water use 
patterns. For sites where such variations occur, the rate of 
ground-~ater ~ithdrawal in the vicinity of the facility should be 
summarized in tabular form and include well location, depth, type of 
user, and withdrawal rates. The zone of impact created by any major 
well or well field withdrawal should be identified on a good site 
map. The map should include modeling of drawdown curves. 

Tidal Processes: Natural processes such as riverine, estuarine, 
or marine tidal movement may result in variations of well water 
levels. An applicant should document the effeces of such patterns. 

• Gradient Considerations: In areas of low or flat horizontal 
gradients, small errors in water level measurements or small 
transient changes in water levels can make determination of flow 
direction and rates unreliable. Determination of flow patterns is 
also difficult where high or steep vertical gradients exist Coften in 
surficial units). Often, a near-surface, shallow water table aqUifer 
may overlie an aquifer of higher permeability, resulting in vertical 
head gradients. 



• 
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Aquifer Heterogeneity: The degree of heterogeneity in aquifers 
may range from fairly moderate to extreme. Because the 
potentiometric surfaces, or water levels, in heterogeneous aquifers 
are not smooth, regular surfaces, determination of ground-water flow 
patterns is difficult. At the contact between two geologic 
materials, the hydraulic gradient will be discontinuous. For some 
aquifers, such as fractured rock and karst aquifers, the 
heterogeneity is much more complex. 

Anisotropy: Anisotropy is the dependence of a property on 
direction. Many aquifers display a horizontal=vertical anisotropy. 
AqUifers that may demonstrate anisotropy include aquifers in fluvial 
sandstone, fractured rocks, or steeply inclined s~rata. Ground-water 
flow direction and rates are difficult to determine from water level 
data in these types ,of anisotropic aquifers. The dependency of 
hydraulic conductivity on the degree of anisotropy has been discussed 

. previously. 

The hydrologic fluctuations and other factors discussed above that make the 
determination of flow patterns unreliable can often be overcome by an expanded 
effort in water level monitoring. For seasonal variations in water levels, a 
higher frequency monitoring schedule is necessary. For low horizontal . 
gradients, the effects of short-term changes in water levels can be analyzed 
by installation of continuous recorders in selected wells. In aquifers having 
significant vertical gradients, piezometers completed at various depths may be 
required in order to provide a three-dimensional description of the flow 
field. For heterogeneous and anisotropic aquifers, more water level 
monitoring wells and more field tests for hydraulic properties are required. 

3.6 SURFACE WATER CONSIDERATIONS 

An important part of assessing exposure to releases is the identification 
of surface ~ater bodies that have the potential to be contaminated by a 
release from the applicant's tank system(s). This identification is also an 
important feature of the revised hazardous waste tank regulations, in that the 
Regional Administrator ~ill consider the proximity and withdrawal rates of 
ground-~ater users (as discussed in Chapter ~) and the proximity of the tank 
system to surface ~aters (discussed here), in evaluating a secondary 
containment variance demonstration. l7j 

Proximity to Surface Water. At a minimum, all surface waters within 
approximately five kilometers downgradient or downstream of the facility 
should be considered when preparing a variance application. Professional 
judgmenc, however, should be exercised in determining if surface waters beyond 
this distance should be included. For example, if the ground-water velOCity 
is high in the vicinity of the facility, surface water well beyond five 
kilometers may need to be considered. Also, if a reservoir used for drinking 
water is beyond five kilometers away, but is fed by a stream or river that 
flows near the facility, it should be included in the variance application. 

11j Sec. 264.193(g)(2)(H)(B) and IIICc) (51 Federal Register 25475, 
July 14, 1986). 
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To summarize proximate surface water, the applicant should provide a map 
of the facility and the surrounding area. The map should be appropriately 
scaled and include contour lines to show the topography of the land. On this 
map the facility and all surface water bodies within five kilometers 
downstream or downgradient should be identified, including the following water 
bodies: 

.. 

.. 
streams; 
rivers; 
lakes; 

.. estuaries; 

.. marine waters; and 
e wetlands (e.g., marshes, swamps, bogs, etc.). 

All potential runoff or drainage pathways (e.g., ditches, sewers) from the 
facility to surface waters should also be marked and identified on the map. 
This information can often be obtained .from U. S. G. S. topographic maps. As 
discussed in Section 3.3.2, the topographic map prepared for inclusion in the 
variance application can also be used to ~epict this information. In addition 
to this map, the applicant should create a table that lists each surface water 
body, the corresponding shortest distance from the facility to the surface 
water body. and available information on the potential means of contamination 
(i.e., ground-water discharge and/or surface runoff fed by previously 
contaminated water). The surface water bodies should be listed in order from 
shortest to longest distance from the tank. 

6
6 

; 

Surface Water Characteristics. In. addition to identifying the phys ical 
proximity of surface water bodies to the facility and estimating the travel 
time of releases (discussed in Chapter 5, Exposure Point Concentrations), the 
physical characteristics of surface water bodies may need to be investigated 
if the applicant is to further consider dilution and transport within surface 
~aters (i.e., use surface water dilution to demonstrate no substantial hazard). 

This investigation ~ill be important for applicants whose cank syscem(s) 
could, in the case of a leak, provide direct releases to surface wacer, and 
can also be important for sices where Che ground water directly feeds surface 
water bodies. Once obtained, these parameters can be used t~ escimate 
hazardous conscituenc transport within surface waters and the dilution 
potential and mixing mechanisms of each type of surface water. This 
information will likely be used in the estimation of exposure point 
concentrations (as disccused in Chapter 5) and possibly in preparing an 
environmental impact evaluation (see Chapter 7). 

For all surface wa~ers tha~ potentially could be contaminated by a 
release, the applicant should provide a description of appropriate physical 
characteristics, such as: 

.. 

.. 

" 

" 

surface area; 
mean dep~h; 
volume or cross-sectional area; 
turbidity; 
reaera~ion rate; 
temperature patterns; and 
hydraulic residence time or flow rate. 
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In addition, for estuarine and marine waters, tidal periodicity and amplitude 
should be identified. For streams and rivers, flow rate information should 
include: (1) average flow; (2) lowest flow that would be expected to occur 
during a continuous 7-day period, once every 10 years; and (3) lowest recorded 
flow rate. These parameters are less difficult to obtain than many of the 
previously discussed hydrogeologic parameters and are not discussed in detail 
here. 18J 

llJ Numerous references are available on ~ethods characterizing surface 
waters including: . 

Ven Te Chow, Open-Channel Hydraulics (McGraw-Hill: New York, 1959). 
Ven Te Chow, ed., Handbook of Applied Hvdrology (McGraw-Hill: New York, 

1964). 
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CHAPTER 4 

SURROUNDING LAND USE, WATER USE, 
AND WATER QUALITY CHARACTERISTICS 

This chapter presents guidance on identifying and obtaining relevant 
infotmation on surrounding land use, ~ater use, and water quality 
characteristics. Specifically, this chapter presents guidance on obtaining 
and presenting the information necessary to comply with Sections 
264.193(g)(2)(ii),(iii), and (iv) of the RCRA hazardouS-waste tank regulations 
(51 Federal Register 25475, July 14, 1986). These sections require the 
applicant to consider the potential adverse effects of a r.elease on 
ground-water quality, surface water quality and surrounding land. The 
applicant must take into account the following factors: 

• 

• 

• 

• 

• 

• 

quantity and quality of ground water (Sec. 
264.193(g)(2)(ii)(A)and Sec. 264.193(g)(2)(iii)(E)); 

proximity and withdrawal rates of ground-water users 
(Sec. 264.193(g)(2)(ii)(B)); 

current and future uses of ground water in the area 
(Sec. 264.193(g)(2)(ii)(C)); 

current and future uses of surface waters in the 
area (Sec. i64.193(g)(2)(iii)(D)); 

current and future uses of the surrounding land 
(Sec. 264.193(g)(2)(iv)(B))j and 

existing quality of ground water (Sec. 
264.193(g)(2)(ii)(0)). 

These factors can be grouped into three general categories: g=ound-water 
use and quality characteristics, surface water use and quality characteristics, 
and surrounding land use characteristics. Accordingly, this chapter is 
organized into three basic sections. Section 4.1 discusses ground-water use 
and quality characteristics, Section 4.2 ~iscusses surface ~ater use and 
quality characteristics, and Section 4.3 discusses surrounding land use. 
Within each section, the type of information that the applicant will be 
required to obtain is presented first, followed by a brief discussion of 
potential information sources, suggestions for presenting the information, and 
how the information will be used in the risk assessment process. 

Exhibit 4-1 provides a general overview of the information gathering steps 
described in this -chapter. This chapter presents separate discussions of the . 
information needed to characterize ground-water and surface water use and 
quality and surrounding land use; however, use of ground water, surface water, 
and surrounding land are interrelated (e.g., use of ground water for 
irrigation is likely to occur in arid agricultural areas where surface water 
sources are not readily available). In addition, uses of surface water and 
ground water depend in part on water quality (e.g., ground water in the area 
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Exhibit 4-1 

SURROUNDING LAND USE, 'WATER USE, AND 'VATER QUALITY 

SECTION 4.1 

Ground 'Water Use and 
Characterisitics 

'I) Proximity and withdrawal rates 
of ground-water users (current 
uses of ground water) 

e Existing quantity and quality 
of ground water 

EI Future uses of ground water 

SECTION 4.2 

Surface Water Use and Quality 

EI Existing qU:llit y of surbce water 
e Current uses of surface water 

6> Future uses of surf:lce water 

SECTION 4.3 

Surrounding Land Use 

e Current uses of surrounding land 
e Future uses of surrounding land 



OSw~R Directive 9483.00-2 
4-3 

may not be of sufficient quality to be used for drinking purposes). 
Therefore, although this chapter provides a sequential discussion of 
ground-water quality and use, surface water quality ~nd use, and surrounding 
land use, in practice it ~ill probably be necessary for the applicant to 
obtain some information in all three of these areas before completing an 
evaluation of anyone particular area. 

~ot all of the ~ater quality, water use, and land use parameters discussed 
in this chapter will need to be characterized at all sites. The applicant 
should exercise professional judgment, given the gener~l gUidelines presented 
in this chapter, in determining precisely which ~ater nse and ~ater quality 
parameters are relevant for the facility, and in determining the level of 
detail necessary to adequately support the risk-based variance application. 
Those qualified to exercise professional judgment, as the term is used in this 
chapter, may include hydrologists, geohydrologists, environmental engineers, 
sanitary engineers, and civil engineers. 

4.1 GROUND-WATER USE AND QUALITY CHARACTERISTICS 

Existing quality of ground water and current and future uses of ground 
water must be considered by the applicant in evaluating the present and 
potential hazard to human health and the environment posed by a release of 
contaminants from a tank system. Characterizing existing quality of ground 
water is an important task for two reasons. First, existing ground-water. 
quality normally defines the baseline conditions for evaluating risks to human 
he-alth and'the environment. Second, existing ground-water quality in part 
determines current uses and affects future uses. In addition, determining 
ground-water uses is an important initial step in identifying potential 
exposure pathways. 

This section is organized into four subsections. Section 4.1.1 discusses 
the information needed to characterize the proximity and ~ithdrawal races of 
current users. Section 4.1.2 provides guidance for determining the existing 
quantity of ground ~ater in the area. Section 4.1.3 provides guidance for 
assessing the existing quality of ground water, and Section 4.1.4 provides 
guidance 'for identifying future uses of ground water. 

4.1.1 Proximity and Withdrawal Rates of Ground-Water Users 

The proximity and ~ithdrawal rates of ground-water users are important 
factors in determining the potential adverse effects of a release on human 
health and the environment. The proximity of ground-water users will affect 
both the time it takes a contaminant to reach the user and the concentration 
of contaminants in the user's ground water. The withdrawal rate (i.e., the 
daily or annual volume of water pumped from an aquifer) is used to assess the 
total amount of contaminants .the ,user is exposed to and, in some cases, any 
influence the rate has on the direction and magnitude 'of ground-water flow in 
an area. 

For each ground-water user identified in the surrounding area, the 
following information should be provided: 

I, 
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well ion and distance from potent release 
source (i.e., tank system); 

t.:ell depth; 

type of user: 

potable (municipal and reSidential), 
domestic non-potable (e.g., lawn watering), 
industrial, 
agricultural, 
artificial recharge 1j

; and 

<II t.:ithdrawal rates (peak, annual, and seasonal).1 j 

The above information can be presented using a map and an accompanying summary 
sheet. Worksheet 4-1 can be used as a summary sheet. 

Possible sources for information relating to proximity and withdrawal 
rates of ground-water users include local and regional water districts or 
companies, state agencies, federal agencies (EPA, U.S. Geological Survey, U.S. 
Department of Agriculture) and varIOUS state, federal, and private 
organization data bases. A detailed list of these information sources is 
contained in Appendix B of this document. 

4.1.2 Existing Quantity of Ground Water 

The existing quantity of ground water is an important factor in evaluating 
any potential risks to human health or the environment that could result from 
a tank release. The existing quantity of ground water may affect the degree 
of dilution of a release into ground water and subsequent migration of the 
contaminant plume. In addition, the quantity of ground water affects the 
potential yield of the aquifer and any potential future uses of the ground 
t.:ater in the area for domestiC, industrial, or agricultural purposes. 

It is difficult to determine precisely a single value for the quantity of 
ground t.:ater in the area. The quantity of t.:ater stored in an aquifer may vary 
from season to season and from year to year. Aquifers are generally moving 
reservoirs of t.:ater rather than static water resources and, therefore, the 
total quantity of ground water stored or traveling through the facility 

lJ Although artificial recharge wells (i.e., wells used to inject water 
into an aquifer) do not actually constitute a "use" of ground water, they do 
affect the geohydrological characteristics of an aquifer (i.e., magnitude and 
direction of flow) and could affect the environmental transport of 
contaminants. 

1j Seasonal withdrawal rates would apply to uses of ground water that 
vary significantly throughout the calendar year. For example, agricultural 
use would generally be confined to the growing season. In such cases, a range 
of withdrawal rates and the average withdrawal rate for in season and out of 
season use should be prOVided. 
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PROXII111Y ANI) WI111I>RAWAL RAI [S Of GROllNU-WAJ[R USERS 

.LNSI RJ!CT IONS: 

1. Indicate the location of ground-water wells ill Llw area. 

2. List the approximate distance of the well in ml!l/HS from the release 
source (i.e., tank system). 

3. Indicate the depth of the well in meters. 

'I. Indicate the type of user associated with each well (e.g., domestic, 
res ident ia I, agrictlltura I). 

5. Specify peak, annual, and seasonal (if applicable) withdrawal rates. 

6. Add allY additional comments, such as the nature of seasollal use. 

Well 
10 1/ 

?L 

1L-

1L-

Locat ion 

Smi til Res idencc 

Browns farm 

Browns farm 

Distance 
from 

Release 
Source (m) 

1 km 

2 km __ _ 

~m __ 

Well 
Uepth (m) 

10m 

12 ffi __ _ 

11, _""m'---__ 

lype of User 

!!Q!ne s tic 

LivQ~lock watering 

lill!I!H.,..:.i-=o-"n~_--,-_ 

faci I i ty IU: 

Uate: 

Ana Iyst: 

Quality ~ontro~: 

\:Hthdrawa I Hates LgL!!l!Y1 
Peak Annual Seasonal 

--.!!QQ 2","5.<.-'0~_ 

.l...!!.QQ 8",-,0=0<--_ 

250 

Comments 

--------------
f rom Ma:L!!!!UL!ill!l~ 

------------------~----------------------------------------------

.. 

1\ 
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vicini~y is time dependent. To assess ground-water quantity, the aquifer 
yield should be characterized and discussed. ~10st of the hydrogeological data 
necessary for charac~erizing aquifer yie ld w'lll already have been collected as 
part of the hydrological characterization performed as discussed in Chapter 3. 

Yield is an important factor for evaluating the development and utili
zation of ground-~3ter resources. Generally, the development and utilization 
of ground-~ater resources is controlled such that the annual volume of water 
withdra~n from an aquifer does not exceed annual replenishment to the aqUifer 
(othe~'ise the aqUifer's water supply would be depleted). The yield provides 
an indication of the quant of water than can be withdrawn annual and the 
total quantity of ~ater stored in the aquifer. To characterize the yield of 
the aquifer underlying the faCility, the fo llowing estimat'es of yield should 
be provided. 1J 

• Safe yield: the quantity of water that can be 
withdrawn annually without the ultimate depletion of 
the aquifer. 

Maximum sustained yield: maximum rat:e at which 
water can be wit:hdrawn on a continuing basis from a 
given source. 

" Permissive sustained yield: maximum rat:e at 
which withdrawals can be made legally and economically 
on a continuing basis for beneficial use without the 
development of undesirederesults.~J 

Maximum mining yield: total storage volume in a 
given source which can be withdrawn and used. 

" Permissive mining yield: maximum volume of water 
which can be withdrawn legally and economically, to be 
used for beneficial purposes, without causing an 
undesired result. 4J 

These estimates will be useful in assessing the productive capacity of the 
aquifer for future ground-water uses. The applicant should first contact 
state planning agencies for these estimates. Planning agencies will likely 
have these estimates for use in ground-water resource planning. If these 
estimates are not available they will need to be calculated from some of the 
hydrogeologic dat:a collected for Chapter 3. wnile some of these calculations 

lJ Source of definitions: John W. Clark, Warren Viessman, Jr. and ~ark 
J. Hammer, Water Suoolv and Pollution Control, 3rd ed. (New York: Harper & 
Row, Publishers, 1977), p. 75. 

4J Examples of undesired results include: increased energy costs by 
lowered wat:er levels; impairment of water quality; and infringement of right:s 
of other users. 
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are relatively straightforward,Sj a qualified professional will be needed to 
derive the more complex estimates. 

4.1.3 Existing Quality of Ground Water 

The existing quality of ground ~ater affects current and potential uses of 
ground water and also provides a baseline for evaluating the incremental 
potential human health and erlvironmental risks due to a release of 
contaminants from the tank system. The quality of ground water can be 
affected bv both naturally occurring sources, such as leaching of minerals 
from the aquifer medium, and human sources, such as leaking of petroleum or 
chemical products from underground storage tanks or the downward migration of 
pesticides and fertilizers from agricultural areas. The primary purpose of 
this subsection is to characterize the existing background quality of ground 
water in the area (i.e., the quality of the ground water prior to a release -of 
contaminants). 

In evaluating the background water quality in the area, the applicant must 
consider not only possible background concentrations of the selected indicator 
chemicals, but also the background concentrations of other RCRA Appendix 
VIII'~ hazardous constituents. Existing contamination associated with 
indicator chemicals or other RCRA Appendix VIII hazardous constituents may be 
due to natural conditions in the area, prior releases from the hazardous waste 
tank system, or prior releases from other sources in the surrounding area. 
AsseSSing background concentrations of RCRA Appendix VIII hazardous· 
constituents is necessary to establish an existing baseline of environmental 
contamination to which the incremental effects of a future hazardous waste 
tank release can be added. For example, existing levels of contamination in 
an area may be below a level at which significant risks to human health or the 
environment would be expected to occur. Adding the contamination expected to 
result from a tank release could, however, result in overall levels of 
contamination above the significant risk threshold or above applicable 
environmental s:andards, even if the tank release is not sufficient by itself 
to pose a significant risk. 

~!easuring :he ambient concentrations of every RCRA Appendix VIII hazardous 
constituent is not generally feasible. To adequately assess background 
ground-~ater quality, the applicant should attempt to identify other potential 
release sources in the area (e.g., CERCLA sites, RCRA facilities, municipal 
landfills, agricultural areas, or surface water dischargers) and identify 
which RCRA Appendix VIII constituents are most likely to have been released by 
each source. Some of the chemicals on the list of background chemicals may 
also be indicator chemicals, particularly if the facility has experienced a 
prior tank system release. When determining which chemicals to include on a 
list of background chemicals, the applicant need not include all the selected 
indicator chemicals; only those indicator chemicals that are likely to be 

s~ For example, for an unconfined aquifer the maximum mining yield is 
the product of the specific yield, the water table height, and the aquifer 
area. For a confined aquifer the maximum mining yield is the product of the 
specific storage, the hydraulic head, and the aquifer area. 

'J 40 CFR Part 261, Appendix VIII. 
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currently present in surrounding ground-water (i.e., if there is a suspected 
human or natural release source) should be included on the background chemical 
list. 

For each chemical on the list of background chemicals, the applicant 
should provide information on the concentration of the chemical in surrounding 
ground water. As part of a RCRA Subpart F ground-water monitoring program (40 
CFR 264.9i-26~. 100i, some facilities may already have obtained data on 
concentrations of hazardous constituents in surrounding ground water. These 
historical monitoring data, if available, may be sufficient for assessing 

ground-water qual ,provided that the data- are recent, are 
derived using EPA-approved analytical procedures, and are from sampling points 
relevant to a potential tank system release. It is impor~ant to note that. the 
term "background concentration," as used in this document, has a different 
meaning than when used in the RCRA detection and compliance monitoring 
regulatory context. For the purpose of the risk-based variance, background 
concentration ~eans existing ambient concentrations of chemicals in all 
directions surrounding the facility and does not refer primarily to upgradient 
concentrations of background chemicals. Consequently, historical monitoring 
data for all wells, .both upgradient and downgradient of the tank system, 
should be submitted. If available, data for at least the previous two years 
of monitoring should be submitted. 

In cases where sufficient appropriate historical monitoring data are 
unavailable, the applicant may need to install a ground-water monitoring 
system or add to .an existing system in order to adequately assess background 
ground-water quality. Sampling of neighboring residential wells may also 
provide useful data. Guidance on siting, constructing, and sampling 
monitoring wells is provided in the RCRA Ground-Water Monitoring Technical 
Enforcement Guidance Document (TEGD). 7j Under RCRA Subpart F regulations 
for solid waste managemen~ units (40 CFR 264.97), background concentrations 
are usually determined based upon a full year of quarterly sampling of 
moni~oring wells. Given the 180 day time limit for comple~ing the variance 
application, however, it will not be feasible for applicants lacking 
historical monitoring data to conduct a full year of sampling. Therefore, 
background water quality should be determined based upon at least two separate 
samplings of existing or newly installed monitoring wells and neighboring 
residential wells, if feasible given the variance application time constraints 
and the time required to analyze samples and interpret sampling results. 

For facilities that have experienced a prior tank system release, the 
applicant should also submit the results of any sampling or monitoring, or 
hydrogeological investigations conducted in connection with the release (i£ 
available) and should provide references to any reports submitted to the 
Regional Administrator in connection with the release and in accordance with 
the requirements of 40 eFR 264.196 (51 Federal Register 25477, July 14, 
1986). Information on prior releases is important for two reasons. First, 
prior releases contribute to the baseline level of environmental contamination 

7J EPA, RCRA Ground-water Monitoring Techriical Enforcement Document 
CTEGD), Office of Solid Waste and Emergency Response, September 1986. 
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to which the effects of fu~ure releases will be added. Second, data on ~he 
environmental fa~e and transport of hazardous constituents from prior releases 
could prove very useful in predicting the migration of hazardous constituents 
from future releases. In particular, historical da~a or hydrogeological 
investigations documenting the magnitude and rate of migration of ~he 
contaminant plume could be very useful in assessing the migration pa~~ern and 
risks of a future release. 

~orksheet 4-2 provides instructions and a format for presenting the 
necessary information on backgrQund ground-~ater quality: The applicant 
should provide information on the range and median of measured background 
concen~rations for each RCRA Appendix VIII constituent on the list of 
background chemicals, distinguishing between upgradient.data and downgradien~ 
data. In addition to completing worksheet 4-2, the applicant should also 
submit supporting documentation of results including sampling logs, laboratory 
analytical reports (including Quality Assurance/Quality Control documentation), 
and chain of custody procedures. 

4.1.4 Future Uses of Ground Water 

Although the ground ~ater in the vicinity of the facility may not 
currently be in use, the potential may exist for this ground water to be used 
in the future. Future uses of ground water will be considered in evaluating 
risks to human health and the environment (Chapter 5). For example, 
contamin~tion of an unused aquifer would generally not pose an imminent risk 
to human health. If a local water utility is ~lanning to utilize the aquifer 
as a drinking water source in the future, however, then contamination of the 
aquifer may pose a future risk to human health. In such a case, the nature 
and magnitude of that risk would need to be discussed by the applicant in the 
variance application. Several factors may influence the potential future use 
of an aquifer or a portion of an aquifer. These fac~ors include: 

• 
• 
• 
• 
• 
• 

quality of ground water; 
treatability of ground water (if appropriate); 
potencial yield of ground ~ater; 
zoning or land use restrictions; 
ground-water use restrictions; and 
demographic factors (e.g., population grow~h). 

Each of these factors is discussed briefly below. 

The quality of ground water is an important determinant of potential 
use. EPA has already developed some draft gUidelines for evaluating potential 
use of ground ~ater based on ground-water quality. In general, wa~er ~ith a 
total dissolved solids eTOS) concentra~ion greater than 10,000 mg/l is unsui~
able for drinking purposes. IJ Contamina~ion of ground water caused by 
either natural processes or human activity may preclude the use of the ground 

8J EPA, Guidelines for Ground-Water Classification under the EPA 
Ground-Water Protection Str~tegy, Final Draft, Office of Ground-water 
Protection, December 1986, p. 39. 
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MEASIIIlEII (~H()ItN!l-WATER CONCENTIlAT IO~ Of BACI<r.ROIINO CIlf.MICAI.'> 

~TRIJCrlON:, 

I.ist ail ,,'!lecte" bdckgrolilld chemicals chemlcals. 

2. for edch cheMical list"", identify the release source. 

1. 1.lst the range of ",elllsured upgradlent ambient concentrations and median 
concentration-for each chemical. 

I.ist the range of measured downqradlent ambient concentr.>t i,Hls and ",e.Hall 
concentration for each chemical. 

S. 1.lsl: the <jeneral or specific Of applicdhle) location of the s""'pllng 
point Is I used to <lelendne the ",axl"'\lI& measured conce"tr",t \0". 
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If availahle, ill some cases ollly a single data point !nay be availahle. 

bl BOL Below ,telee\: lOll 1 ImH'l. 

\ I 
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water for drinking water, agricultural, and industrial uses. If the ground 
water in the vicinity is not already being used for drinking water, the 
applicant has two options' for determining whether water quality is sufficient 
for drinking water use. One option would be for the applicant to assume that 
the ground water is suitable for drinking water and attempt to demonstrate 
that predicted levels of contamination would not pose a risk even if the water 
were used for drinking. If the applicant suspects that the ground water is 
unsuitable for drinking. then the second option would be for the applican: to 
compare existing levels of background contaminant concentrations to available 
drinking water standards and gUidelines to determine the suitability of the 
ground water for drinking water purposes. ~PA's Office:of Drinking Water has 
developed Primary and Secondary Drinking Water Standards and Health Advisories 
for permissible concentrations of specific inorganic and organic contaminants 
in drinking water. These standards are presented in Appendix C. EPA has also 
developed health~based water quality criteria for surface waters under the 
Clean Water Act. These criteria can be adjusted to apply to ground water by 
factoring out ingestion O,f contaminated aquatic organisms. These adjusted 
water quality criteria are also presented in Appendix C. 

Worksheet 4-3 provides instructions and a format for comparing 
ground-water quality to existing EPA standards relevant for determining the 
suitability of ground water for drinking. The suitability of ground water for 
agricultural and industrial uses will vary by industry and by type of 
agricultural use. Consequently, professional judgment should be exercised to 
determine the suitability of a ground-water resource for these uses .. In some 
cases, local agricultural extension service agents may be able to provide some' 
guidance ,on suitability of ground water for 'agricultural use. 

Treatability of ground water may, in some instances, be an important 
consideration in assessing the potential future uses of a ground-water 
resource. If the existing quality of ground water is sufficient for drinking 
water use, the applicant need not evaluate treatability. If the existing 
quality of ground water precludes the use of ground water for drinking water, 
agricu 1 tura 1, or indus tr ial use, however " the appl icant should evaluate 
whether available treatment technologies could make such uses possible. 
Available treatment technologies include carbon adsorption, ozonation, air 
stripping, desalination, and ion exchange. A brief overview of treatment 
technologies is included in Guidelines for Ground-Water Classification Under 
the EPA Ground-Water Protection Strategy.'J Again, the applicant will need 
to exercise professional judgment in evaluating the treatability of ground 
water. Worksheet 4-4 provides a format and instructions for evaluating the 
treatability of ground water. 

The maximum sustained yield of an aquifer will also help determine 
future potential uses of a ground-water resource. EPA's draft ground-water 
classification guidelines estimate that a yield of 150 gallons per day is the 

'J EPA, Guidelines for Ground-Water Classification under the EPA 
Ground-Water Protection Strategy, Final Draft, Office of Ground-Water 
Protection, December 1986. See Appendix E of this reference for a list of 
recent papers and analyses of treatment technologies. 
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COMPARISON Of 8ACKGHOUNO CII£MICAt CONel NIHAI iONS IN GnOUND WAlEH TO OIUNKING WAfCR STANOAHOS AND GUWUitlfS 

!NSTRUCUJ!.!t§: 

'. li st !tH backg round chem i ca Is. 

2. for each chemical, list the median alld maximum amhient concentrations. 

list any relevant CPA standards and the source of the standard 
(i.e., MCl, MClG, WQC).~I 

4. Under lhe comments section, illdicate ""helher Uti! h;H:l<ground cOllcelltrations 
exceed or fall below the standards or ""hether 110 slilildards are available. 

Med ian MaxinllHII 
Chemical Concen t ra t ion Concent ra t i 011 

Cadmium .004 mqLI .,J}Q2.!!!9L_1 ____ 

Toluene .~. mglL~ 1_1!!9LI 

a/ ~ICl = maximum contaminant level 
- MCLG = maximum contaminant level goal 

WQC = water quality criteria 

Relovant 
I.I'A Standard Source of the Standard 

--- "---,.-

,()J __ ~ILL...... MCL, ~ 

J!?m9/1 WQC 

hc! I ity W: 

Oa tI!: 

Analyst: 

Quality Control: 

COlllmlHlts 

lliU!L~a I ue§.JtlL~<t!Q·'L!,!!e sj;an!la rd 

both values fai I bolow llie standard 

1\ 
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1. list use undor consideration. 

-2. list all contaminants at lovels exceedillg till):;/! pl!rmissible to suOporl tho lise. 

3. for each contaminant, identlry the nccessilry contamination reduction and 
potential methods to achiove the reduction. 

!'otent ia I ruu!re Use: Qrinkin9_ WalQ_r ___________ _ 

COllcen t ra tl 011 

Contaminant Current Noel) ssa-ry-ro r -j'o lOlit i a i --Usc lreatment Options 
____________ -'-H=a x i mum ___________ _ 

105 12,000 m9Ll L£!HLJ!!9L! ____ _ Qe Si!!illi! t j 01_1 __ 

Toluene 28 mgL_I__ l!_t~_lL1!H!!LlL!!!!JL!, _ H'H_;' __ _ Ca rbon Ad 50.[£1. ion 

Ai r Su:l.QIU.!!9 __ 

---------------------- ----

facility Ill: 

Date: 

Analyst: 

Quality ContrOl: - ----------------

I evol or Contaminant 1 n:atmnnt 
Redi.lct ion---i>i.ira i im-'---- ---- i j-c;'lincllt Costs 

----------------------- ---------
~l __ 
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22L. 
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As ne~H!!!.!! __ 

M_ neeQ_!H!_ 
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m~n~mum yield necessary to meet the water needs of a typical household. 1oJ 

~1uch higher yields would ly be required to support 
indus~rial, or municipal uses of ground wa~er. In evaluating ~he quan~ity of 
ground water in the area in Section 4.1.2, the applican~ should have already 
estimated the maximum sustainable yield of the aquifer. The applicant should 
exercise professional judgment in determining what potential uses of ground 
water can be supported by the potential yields of the aquifer. 

In addition to hydrogeologic, physical and chemical ground-water 
characteristics such as ground-water qual ,potential Yield, and 
treatabili ,the applicant should also consider land us~ and -water 
use restrictions demograph ic factors in evaluating future uses of ground 
water. State or community water laws may, for example, lillrit total withdrawal' 
from an aqUifer or may place restric~ions on the use of land overlying a 
vulnerable aquifer. Regional and local zoning laws may also restrict or 
control the use of land overlying an aquifer. Demographic factors, such as 
population growth and housing patterns may also influence ground-water. usa. -
For example, if undeveloped land overlying an aquifer is zoned for residential 
use, but the population in an area is projec~ed to remain at existing levels, 
future use of the ground water for residential drinking water may be 
unlikely. Conversely, in areas undergoing rapid development, zoning patterns 
may also change rapidly. Existing farmland may be developed for residential 
or commercial use, with a possible subsequent change in ground-water use from 
agricultural to domestic use .. 

It is' difficult to determine future use of·ground water with any great 
certainty. Stats or regional ~ater authorities, private and public water 
supply system officials, and regional and local land use planning agencies may 
be able to provide useful information. A narrative summary of future uses of 
ground water should be submitted as part of the variance application. The 
summary should demonstrate that the applicant has carefully evaluated the 
future domestiC, agricultural. or industrial use of the ground water and 
should include a rationale and supporting evidence for rejecting or selecting 
each future use. 

4.2 SURFACE WATER USE AND QUALITY CHARACTERISTICS 

Existing quality of surface water and current and future uses of surface 
water must be considered by the applicant in evaluating the potential risks to 
human health and the environment posed by a tank system release. 
Characterizing existing quality and current and future uses of surface water 
is required to: (1) establish the baseline background conditions for 
evaluating risks to human health and the environment; and (2) determine water 
uses for identifying potential exposure pathways in surface water. For 
example, if a nearby lake is used extensively for SWimming, the applicant 
would need to consider the possibility of dermal contact exposures in 
identifying exposure pathways in Chapter 5. 

lCJ EPA, Guidelines for Ground-Water Classification under the EPA 
Ground-Water Protection Strateg~, Final Draft, Office of Ground-Water 
Protection, December 1986, p. 45. 



OSWER Directive 9483.00-2 
4-i5 

In assessing surface water use and quality characteristics, the applicant 
should evaluate those surface waters that might possibly be contaminated by a 
release based on the hydrogeologic characterization discussed in Chapter 3. 
For example, it is unlikely that surface waters upgradient and distant from 
the facility ~ould be corttaminated by a release. The applicant should 
consider the possibility of surface ~ater contamination via both ground-~ater 
flow and surface runoff. 

As pare of the Clean \{ater Act regulatory program, state environmental 
agencies in many states may have already evaluated the existing quality of 
surface waters in the area and evaluated current and future uses. Many state 
environmental agencies have assigned "designated uses" to surface water bodies 
in their state ,as part of the process of developing water quality standards 
under Section 303 of the Clean Water Act. "Designated uses" of,surface water 
bodies include protection and propogation of fish, shellfish, and Wildlife; 
recreational uses; agricultural and industrial use; use as a, public water 
suppl~f and navigational uses. A water body may have multiple designated 
uses. ' In assigning designated uses to a surface water body, regulatory 
agencies generally consider the highest attainable use to which a surface 
~ater body could be put, taking into account existing water quality and the 
potential for improving water quality. Therefore, deSignated uses may include 
both current and potential future uses. The biological, physical, and 
chemical data upon which designated uses are based are often contained in 
specific documents referred to as "water body surveys and assessments." These 

. documents can be useful sources of surface water quality and use information. 
An important first step in evaluating quality and uses of surface Maters is to 
coctacttheappropriate state environmental agency or Regional EPA o~fice 
responsible for water programs to identify and obtain any available 
information on surface waters in the surrounding area. 

The follOWing. subsections explain what types of information relating to 
surface waters may be required and how this information may be used in 
evaluating the quality of surface ~aters, identifying current uses, and 
predicting future uses. 

4.2.1 Existing Quality of Surface Water 

Surface ~ater quality parameters include both physical and chemical 
parameters. Physical parameters of surface water quality, such as _ 
temperature, turbidity, and reaeration rates will already have been measured 
in evaluating the hydrogeologic characteristics of surrounding surface ~ater. 
Consequently, this subsection discusses the chemical parameters rather than 
the physical parameters necessary to evaluate surface water quality. 

, If available, the applicant should provide data for conventional surface 
water quality parameters, such as suspended solids, nutrients (e.g., nitrogen 
and phosphoro~s), sediment oxygen demand, salinity, hardness, alkalinity, pH, 
fecal coliform, and dissolved solids. Data on these parameters may be helpful 
in evaluating potential surface water uses. For example, highly saline water 
may be unsuitable for drinking. In many cases, state or local environmental 
agencies may already have obtained current data for these parameters for 
specific surface water bodies. If such data are unavailable, water quality 
testing will be required. The results of water quality testing should be 
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submi~~ed in a clear, concise format along wi~h necessary supporting 
documen~a~ion. 

For potentially toxic contaminants, the applicant should follow the same 
basic procedure used for evaluating background ground-water quality. For each 
surface water body -that could potentially be contaminated by a release, 
concentrations of suspected RCRA Appendix VIII hazardous constituents should 
be determined. Consideration should be given to both point sources and 
non-point sources of contamination. The purpose of evaluating the 
contamination from these sources is to establish a baseline for evaluating a 
tank system release. For example, if exist . of contaminants in~o 
a surface water body greatly exceed the projected discharge resulting from a 
tank .system release, then the incremental risk posed by the tank release may 
be negligible compared to existing conditions. Conversely, the same projected 
tank release discharged into a pristine trout stream may be unacceptable. Any 
point sources of pollutant loading to surface waters should be identified on 
an appropriately scaled map. The point sources should include: 

" 

discharges from industrial facilities; 
discharges from publicly owned treatment works (POTW); and 
past waste discharges. 

The applicant should submit a table, Worksheet 4-5, that includes the name 
of each point source and the water body into which the point source 
discharges. The National Pollutant Discharge Elimination System (NPDES) 
permit number of each point source should also be included in this table. If 
available, data on discharge rates, load allocations, permit discharge 
conditions, and mixing zones should be provided and discussed in a separate 
summary. Reports containing NPDES permit compliance and permit application 
monitoring data should be referenced if these reports contain information on 
the selected indicator or background chemicals. 

Any non-point sources of pollution to surface waters- that may affect the 
'.;ariance dec is ion should also be discussed. The permit applicant should 
suomi: information on: 

" urban storm runoff; 
agricultural runoff; 
ground-water infiltration; and 
other RCRA facilities. 

Actual monitoring data may be submitted along with any contaminant load 
calculations based on modeling results, if they are applicable. Worksheet 4-6 
provides instructions and.a format of presenting the results of the background 
surface water quality characterization . 

.4.2.2 Current Uses of Surface Water 

Surface waters have many potential uses and a particular surface water 
body may have multiple uses. Important uses of surface waters include: 

.. recreation (swimming, boating, and fishing); 
protection and propagation of fish and other aquatic 
life (including areas of special ecological concern); 
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SURIACI WAI£R CONTAMINATION SOURCES 

INSTRUCTIONS: 

1. list all potential contamination sources. 
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• agricultural and industrial water supply; and 
• public water supply. 

Identifying uses of surface water is an important initial step in 
identifying potential exposure pathways and identifying potentially sensitive 
ecological areas, such as fish spawning grounds or endangered species' 
critical habitats. The information gathered on surrounding water use will be 
helpful in making sure that the applicant does not overlook any po~ential 
exposure pathways or sensitive aquatic environments. 

To determine current uses of water, state and local government agencies, 
such as water authorities, and natural resource management agencies should be 
contacted. In remote areas; nearby residents may also be able to supply 
useful information. If a surface water body has been assigned a "designated 
use" the applicant should note the deSignated use or uses and determine which 
of the designated uses are considered to be current uses. A list of potential 
~ources for information on current uses ot surface water is provided in 
Appendix B. A summary of current uses should be prOVided on Worksheet 4-7. 

4.2.3 Future Uses of Surface Water 

Future uses of surface water depend not only on the hydrogeologic, 
biological, and chemical characteristics of the surface water but also upon 
legal and demographic factors. As in the analysis of future ground-water 
uses, it can generally be assumed that current uses of surface waters will 
continue in the future. For example, if a surface water body currently 
supports recreational uses such as sport fishing and swimming, it is likely 
that these uses will continue. . 

Physical, hydrologic, biological, and chemical characteristics all affect 
the potential uses of a surface water body. For example, some species of 
gamefish, such as trout, require fast moving relatively clear, cool water with 
high concentrations of dissolved oxygen. Recreational uses of a surface water 
body such as swimming and boating depend greatly on physical characteristics 
such as uep:h, size, :emperature, and water quality. EPA and many state 
environmental agencies have already developed guidance on evaluating potential 
uses of surface water bodies based on physical, chemical, and biological 
characteristics. These guidance materials have been developed to support 
state efforts to establish "designated uses" for surface water bodies under 
the Clean ~ater Act. One useful document is the Technical Suooort ~!anual for 
Conducting Use Attainabiltv Analvses. llJ 

~hile phYSical, chemical, and hydrologic characteristics of a surface 
water body may determine what future uses are possible, demographic trends, 
land use controls, government regulatory efforts and water use controls must 
also be considered in identifying potential future uses. For example, 
although existing water quality and physical characteristics ~f a surface 

llJ EPA, Technical Supoort Manual for Conducting Use Attainabilit~ 
Analyses, Office of Water. 
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water body may support recreational use, if the water body is inaccessible and 
removed from a population area, such use may be unlikely. Ivater usage laws 
and restrictions may also place limits on the future use of a surface water 
body for agricultural, recreational, or industrial purposes. Finally, 
although existing water quality may not be sufficient for certain uses, 
pollution reduction efforts or physical alterations to a water body, such as 
dredging, may be planned or under~ay that could significantly affect future 
uses. 

An applicant should submit a narrative summary of cqrrent and potential 
future uses of surface waters. For each surface water body identified in 
Chapter 3, the applicant should provide a rationale and appropriate evidence 
to support the use or uses identified for the particular water body. If a 
surface water body in the surrounding area has been assigned a designated use 
by the state or EPA, the applicant should indicate the deSignated use or uses 
on Worksheet 4-7. If a surface water body does not have an assigned 
designated use, the applicant should use the information prOVided in this 
document and in available designated use classification guidance documents to 
determine future uses. A summary table of current and future uses, as shown 
in Worksheet 4-7, should be provided. 

4.3 CURRENT AND FUTURE USES OF SURROUNDING LAND 

To some extent, current and future uses of surrounding land will have 
a~ready been determined in identifying current and future uses of ground water 
and surface water. The purpose of obtaining information on the current and 
future uses of surrpunding land in this section is to characterize surrounding 
agricultural, commercial, and residential land use and to identify any 
ecologically sensitive areas that could be adversely affected by a release of 
hazardous contaminants. Such ecologically sensitive areas may include: 

• 
• 
• 
• 

state, federal, ~nd local parks; 
wildlife 'refuges; 
wilderness areas; and 
critical habitats for endangered and threatened species. 

Agricultural, commercial, and industrial land uses can usually be 
identified by contacting local land use regulatory authorities, such as zoning 
boards, and reviewing appropriate land use plans and maps. Identifying 
ecologically sensitive areas may be more difficult. While some of these 
ecologically sensitive areas may be marked on U.S. Geological Survey 
topographiC maps or other maps, many may not be marked. In particular, the 
location and boundaries of some critical habitats are not published or made 
readily available to the public. 

To verify the existence of ecologically sens~t~ve areas and to identify 
areas under consideration for protection, relevant state and federal 
government agencies, such as state and federal park agencies, fish and 
wildlife agencies, and private conserva~ion groups, such as The Nature 
Conservancy, should be contacted. A list of potential agencies and 
organizations that may be able to provide information on surrounding land use 
is included in AppendiX B of this technical resource document. 

, . 
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The licant should submit a narrative description of current and future 
us of surrounding land. Information on land use collected to determine 
future uses of ground water and surface water ·should be included. The use of 
all land in the immediate surrounding area should be carefully described. For 
each discrete parcel of land in the area, the applicant should describe 
current use and potential future uses. The applicant should devote special 
attention to describing any ecologically sensitive habitats in the surrounding 
area. Two maps of the surrounding area, one identifying current land use and 
another ident ing future land uses, should also be prOVided. 
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CHAPTER 5 

IDENTIFYING EXPOSURE PATHWAYS AND 
ESTIMATING EXPOSURE POINT 

CONCENTRA TIONS 

The applicant for the risk-based variance could demonstrate no substantial 
hazard in one of Cwo ways: (1) if current or future exposure pathways do not 
exist; or (2) if current or future exposure point concentrations do not pose a 
substantial hazard to human health or the environment. This chapter describes 
methods for identifying current and future potential exposure pathways and 
estimating potential environmental concentrations of indica~or chemicals if 
any exposure pathways exist. Because the applicant must assess the risk 
associated with potential worst case releases, it is necessary to identify if~ 
how, and when exposure would take place. Environmental fate and transport 
models 1J are generally used for these determinations. Modeling may be 
necessary to demonstrate that no exposure pathways exist (e.g., by showing 
that attenuation mechanisms result in a situation such that contaminants never 
reach points of human uptake (i.e., potable wells)). In some situations, 
however, modeling will not be necessary. For example, a detailed hydrogeolgic 
investigation and qualitative assessment of site conditions and exposure 
pathways may be sufficient to demonstrate that no exposure pathways exist 
(e.g., due to an impermeable subsurface formation preventing transport of 
contaminants to ground water, and the location of the facility in an isolated, 
naturally contained area (thereby preventing surface water contamination)). 

Many models, ranging widely in sophistication, data input requirements, 
cost, and reliability, are available. Consideration should be given to the 
complexity of the site and the environment, the precision needed, and the time 
available for analysis. ~uch literature exists which describes the various 
available models and provides guidance in selecting modeling techniques that 
are appropriate for site-specific conditions. 2J It should be recognized 
early, however, that the uncertainty associated with modeling results can be 
significant. Thus, considerable expertise is frequently necessary to 
interpret hydrogeologic and exposure assessment information. 

At some sites, background chemical contamination is significant and must 
be accounted for in the hazard evaluation. Background is defined here as 
chemical contamination due to a source other than a release from the hazardous 
waste tank system. Background can be either "natural," as in the case of 
certain inorganics (e.g., arsenic), or from various anthropogenic sources 
(e.g., industrial point sources, other uncontrolled waste sites, agricultural 

lJ For the purpose of this discussion, the term "model" refers to any 
estimation technique; these techniques include simple equations as well as 
complex computer programs. 

2J A current review of existing models can be found in the following 
document: EPA, Superfund Exposure Assessment Manual, Draft, Office of 
Emergency and Remedial Response, January 1986. 
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pesticide applications). In either case, background concentrations, 
determined in Chapter 4, must be added to the estimated exposure point 
concentrations that would result from a tank release. As discussed in 
4, it is important that background concentrations of chemicals that have not 
been included as indicator chemicals, and that may not even be present in'the 
~aste, be considered in the overall hazard evaluation. This inclusion is 
necessary because the existing quality of the particular environmental media 
being evalliated may be approaching or may have already exceeded the threshold 
that determines ~hether the environmental media is posing a substantial 
present or potential hazard to human health or the environment. Therefore, if 
chemicals ~ith high concentrations were not included as indicator 
chemicals, they must be included in the analYSis at' Al 
sampling of soil, water, and air is essential in determining background 
concentrations, information resources such as the U.S. Geological Survey, the 
Soil Conservation Service, the Army Corps of Engineers, and state 
environmental or land use agencies may also be helpful in providing data and 
information on sources of background concamination. 

The methods for estimating exposure point concentrations should be applied 
to the ,selected indicator chemicals. Exhibit 5-1 diagrams the activities 
involved in estimating exposure point concentrations. The first task is a 
detailed exposure pathway analysis (Section 5.1). The second is estimation of 
the highest short- and highest long-term concentrations for each indicator 
chemical at each exposure point (Section 5.2). The concentrations derived 
will then be the inputs to Chapters 6 and 7 (estimation of human hazard and 
environmental hazard, respectively). 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 quanti~ative analyses required. Rather, they serve ~o direct and 
focus the analysis so that the results can be used directly in later steps of 
~he hazard evaluation. An procedures, assumptions, and calculations used ~o 
develop concentration estimates must be clearly documen~ed in a format that 
will facilitate review, 

5.1 I DENTl FY EXPOSU RE PA THWA YS 

This section describes an approach for iden~ifying current and future 
potential exposure pathways at a hazardous waste tank site. JJ An exposure 
pathway consists of five necessary elements: ' 

(1) source (hazardous waste tank systems in this case); 

(2) mechanism of chemical transport to the environment 
(usually leaching and runoff, but often also 
volatilization) ; 

(3) environmental transport medium (e.g., ground water, 
surface water); 

lJ Also, see the following: EPA, Permit Applicants' Guidance Manual 
for Exposure Information Requirements Under RCRA Section 3019, Office of 
Solid Waste, July 3, 1985. 



,,-

OSWER Directive 9483.00-2 

Exhibit 5-1 
OVERVIE'YV OF EXPOSURE POINT CONCENTRATION ESTIlVIATION 

SECTION 5.1.1 

Identify source (e.g., underground tank), mechanism of potential 
transport (e. g.. leaching). and environmental transport medium 

(e.g .• ground water). .-

SECTION 5.1.2 

Identify current and future potential exposure pointS (e.g .. future 
tlrinking water well at facility boundary. nearby wildlife habitat) and route' 

. of uptake (e.g .. ingestion. dermal absorption). 

1 
SECTION 5.1.3 

Integrate release sources. transport mechanisms and media. 
and exposure pointS and routes. into exposure pathways. 

Remove incomplete 
pathways from 

further 
consideration. 

1 

Demonstration of ' 
no substantial 

hazard is complete. 

Yes 

SECTION 5.2 

Use environmental fate 
modeling to determine 

exposure point 
concentrations of indicator 
and background chemicals. 
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(4) point of ial human or environmental contact with 
the conbaminabed medium (i.e., bhe exposure point); and 

(5) human or environmenbal exposure route (e.g., drinking 
~ater ingestion) at the exposure point. 

Exhibit 5-2 illust=ates the elements of an exposure Each pabhway, 
therefore, describes a unique mechanism by ~hich a population, an individual, 
a ~ildlife habitat, etc., is potenbially exposed to contaminants originating 
from a facility. The overall risks posed by a faCility are a composite of the 
set of pathway risks. Risks for individual , however, may 
not always be additive' because they may represent risks to different 
populations (e.g., ground water may be used by one population while surface· 
water is used by another). 

The risk assessment process is based on concern for both current and 
future risk to individuals, populations, and the environment. Therefore, two 
exposure points that must be determined and--evaluated are the geographic 
points of highest current and highest future indiVidual exposure for each 
combination of release source, transport mechanism, and transport medium. 
These exposure points will be the geographic locations where human or 
environmental receptors are potentially exposed to the highest predicted 
chemical concentrations. For the highest future exposure, the farthest point 
from the tank system or cluster that can be considered is the particular 
facility boundary that would result in the highest potentiaf future exposure, 
unless it can.be shown that future exposure would be higher outside the 
facility boundary. To obtain a complete understanding of the potential risks 
associated with a potential release, current and future exposure points with 
lower exposure concentrations must also be evaluated. In summary, there are 
essentially three types of exposure points: 

(1) current locations of highest potential exposure (e.g., 
existing private wells near the site); 

(2) future locations of highest potential exposure (e.g., 
hypothetical well on the facility boundary); and 

(3) all other current and future potential exposure points 
(e.g., exi~ting distant wells used for a local 
water-supply system). 

To identify possible exposure pathways, current and future activity 
pacterns on and near the sice should be defined and combined with chemical 
release source and transport media information. This cask is accomplished 
using a qualitative, yet systematic, procedure that requires the judgment and 
experience of professionals in fields such as public health and wildlife 
biology .. Because chemical transport is more rigorously analyzed for the 
estimation of exposure point concentration phase of the exposure assessment 
(Section 5.2), 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 
exposure point concentration phase is completed. 
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The analysis described here is a first-cut organization of ~he relevant 
site information so that major exposure pathways can be defined. It is not 
intended as a time-consuming task in the overall hazard evaluation process. 
~Iodeling v:ill help confirm the important exposure pathv:ays (i.e., the exposure
points v:ith high exposure concentrations). The first three elements of the 
exposure pathv:ay analysis listed previously (i.e., source, transport 
mechanism, and transport media) are discussed below in Section 5.1.1. The 
last tv:o elp.ments of the exposure pathv:ay analysis (i.e., exposure point and 
exposure route) follow in Section 5.1.~. These five elements are then 
integrated into exposure pathways in Section 5.1.3. Finally, Section 5.1.4 
provides on the presence of sensitive populations and 
sensitive environmental receptors. 

5.1.1 Determine Possible Chemical Release Sources, Transport 
Mechanisms, and Transport Media 

Possible release sour~es for a site are ruptures or leaks from the systems 
or components' being considered for the risk-based variance from secondary 
containment; the transport mechanisms are usually runoff, leaching, and 
volatilization; and the four transport media are soil, surface water, ground 
v:ater, and air. Much of the information for release sources, transport 
mechanisms, and transport media has already been gathered, as described in 
Chapters 2, 3, and 4, and it may only need to be compiled here. In addition, 
Exhibit 5-3 provides guidance on determining common release sources, transport 
mechanisms, and transport media. 

Use the first three columns of Worksheets 5-1 and 5-2 to summarize the 
results of the initial release analyses. At this point, combinations of 
release source, transport mechanism, and transport medium for a site (i.e., 
the first three componencs of an exposure pachway) have been identified. The 
exposure poincs for each muse now be deeermined. 

5.1.2 Identify and Characterize Exposure Points and Routes 

Again using ~orksheets 5-1 and 5-2, identify the current location of 
highest potential exposure to humans and the environment. These exposure 
points may be either inside (e.g., ~orkers) or outside (e.g., residential 
area) the facility boundary. Next, identify the future location of highest 
potential exposure. These locations will usually be at the facility, tank 
system, or tank system component boundary. The farthest point, however, that 
can be considered for future exposure is the particular facility boundary that 
results in the highest potential individual future exposure, unless it can be 
shown that future exposure would be higher outside the facility boundary. 
This point will usually be che nearest dov:ngradient boundary. Finally, 
identify for each combination of release source, transport mechanism, and 
transport medium all other current and future potential exposure points. 

Consideration of all potential exposures in this way (i.e., highest 
current, highest future, and all others) ensures that significant risks are 
not ignored. For example, assume a facility does not have any current on-site 
ground-water exposure points. If the facility boundary is not expected to be 
a significant future ground-watei exposure point (e.g., due to a thick layer 
of rock overlying the aquifer), then off-site locations may provide the only 
potential exposures. These off-site exposures may result in significant risk. 
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EXHIBIT 5-3. 

COMMON RELEASE SOURCES, TRANSPORT MECHAN ISMS, 
AND TRANSPORT MEDIA 
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The highest short- and highest long-term exposures must be considered for 
each exposure point. (Short- and long-term are ed in detail in 
Section 5.2.) In addition, include any locations with the potential for 
exposure of populations (e.g., publi~ drinking water supplies, shopping ~ 
centers, industrial parks, wildlife refuges) or sensitive populations that may 
be at special risk (e.g., schools, hospitals, endangered habitats). 
(Sp.nsitive populations are considered in greater detail in Section 5.1.4.) 
Deter~ine the number of p~ople as well as the number and type of environmental 
receptors (e.g., wildlife, habitats) potentially affected at each exposure 
point and record the basis for the estimate.~J Finally, determine the' 

le routes of exposure at each exposure point (e. ., dr water 
ingestion, fish tion). 

The distinctions between human exposure points and environmental receptor 
exposure points are of critical importance. In particular, human exposure 
points ~efer to locations of human activity, whereas environmental receptor 
exposure points refer to wildlife and their habitats, agricultural products, 
ecologically vital areas, historical sites, other human-made structures, 
protected parklands, and renewable resources. Environmental receptors may 
also include underground cables, septic fields, foundations or structures of 
archeological or esthetic value which may come in contact with contaminated 
water or vapors released from a contaminant plume. For the p'urpose of 
identifying the potentially affected environmental receptor, a complete list 
of species (plant and animal), population estimates for each species 
(including migrants and threatened or endangered species), identification of 
sensitive species (most sensitive to toxic action of chemicals), commercial· or 
recreational valu~ of affected area over the total duration of exposure, and a 
list of physical structures contacted should be included in Worksheet 5~t. 
The species of ~ildlife present, and their numbers and interactions, will be 
examined in more detail in Section 7.3. 

Guidance for identifying exposure points and routes is given below for 
each of the four transport medium. Typical exposure points and routes for 
these media are summarized in Exhibit 5-4. This exhibit can be used as 
guidance for determining exposure points and routes, but note that this 
determination requires a site-by-site analysis and the possibility of other 
exposure points and routes must be considered for each site. 

Surface Water EXDosure. The significant current and future potential 
exposure points for surface water pathways depend on current and future 
downstream uses of the water. Potential withdrawal points and areas of 
in-stream use must be considered. Withdrawal points to be considered include 

~j Although indiVidual risk is of primary concern, the number of people 
or environmental receptors is important for providing additional information 
in "borderline" demonstrations. For example, if estimated individual 
potential expos~re through a public water supply is low but highly uncertain 
due to complex exposure pathways, then the existence of a large potentially 
exposed population may indicate the need for greater caution when deciding 
~hether to allow a variance. In the event exposure is underestimated, it 
would be more difficult to provide an alternative water supply for a large 
population than for a small population. 
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EXHIBIT 5-4 

TYPICAL PRESENT AND POTENTIAL EXPOSURE PATHWAYS 
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domestic water supply (e.g., water used for drinking, cooking, and bathing), 
agricultural use (e.g., livestock watering, irrigation), wildlife use, and 
industrial use. Relevant in-stream uses include swimming and other water 
contact sports, private and commercial fishing (resulting in ingestion of 
contaminated fish), and wildlife use. Sources for identifying withdrawal 
points and uses include the following: 

site vicinity surv~ys; 
state water agency records (including Clean Water 
Act "designated use" documentation for each surface 
water body); 
local water utility records; 
withdrawal permits; and 
EPA Office of Drinking Water data bases (e.g., 
Federal Reporting Data System). 

Locate on a map the exact poi~ts of potential withdrawal and in-stream use in 
relation to the source from topographic maps. 

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 can concentrate some contaminants from the water in their 
tissue. Due to the solubility of some contaminants in fats (e.g., PCBs), 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 may, therefore, be a significant potential human or wildlife 
exposure route. 

Gro~nd-~ater EXDosure. Determining points of current and future 
potential exposure to ground-water contaminants may reqUire subsurface flow 
modeling. In general, nearby wells will have higher concentrations than 
distant wells, and downgradient wells will have higher concentrations than 
upgradient wells. Consideration must also include hydraulic connections 
between ground water and the identified surface water exposure points. 
Locations and depthS of public ~ater supply wells, domestic wells, 
agricultural wells, and industrial wells must be determined. In addition, any 
other relevant ground-water uses must be identified. Potential sources of 
well information include the following: 

.. 

.. 

.. 

.. 

site vicinity surveys; 
state or local agency well logs; 
EPA Office of Drinking Water; and 
U.S. Geological Survey (USGS) . 

If comprehensive ground-water modeling is planned, do not determine the 
significant exposure points until the modeling is completed. The modeling 
results can then be used to determine the significant exposure points (i.e., 
exposure points with high concentrations). 

Soil EXDosure. Areas of highest current and future direct exposure to 
contaminated surface soil will generally be on or directly adjacent to the 
site. If access to the site is not restricted, the site itself must be 
assumed to be the point of highest exposure to surface soil. If site access 
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is limited (e.g., fencing and deed restrictions), the significant exposure 
point for soil oft.en will be the nearest fa.cility boundary, although wildlife, 
especially birds and flying insects, may still be exposed to high 
concentrations within the facility boundary. 

Direct human exposure is from soil that is transferred to the mouth by the 
hands and wind. ~ildlife also ingest and inhale soil particles. Dermal 
exposure may also be significant. A possible indirect route of exposure from 
soil contamination is chemical uptake by plants, ~ith subsequent ingestion by 
humans or wildlife. As for the other exposure pathways" future potential 
exposure points (e.g., on site) and current potential ~xposure points (e.g. , 
nearest residence) must be considered. 

Air Exposure. For current and future potential air exposures, only 
systems conta1n1ng highly-volatile waste will generally be of concern. For 
aboveground or onground systems, secondary containment reduces direct air 
exposure risks by reducing the surface area of-volatile waste exposed to air. 
For inground or underground systems, secondary containment reduces indirect 
air exposure risks by reducing contaminated ground water flowing or being 
pumped to the surface, infiltrating into basements, or being used for 
showering, bathing, etc. 5J 

The individual or population potentially exposed to the highest direct 
air concentrations will generally be located downwind of and nearest to the 
source; however; this is not always the case. For example, the point of 
highest ambient grourid-level concentration may be some distance from the 
source if the source is elevated. In these more complex.situations, the 
appropriate exposure point must be determined in conjunction with air modeling 
efforts (as described in Section 5.2). The individual or population 
potentially exposed to the highest indirect air concentra~ions must be 
determined on a site-specific basis. 

Once the future populations are determined, it is relatively 
stra~ghtforward to locate the closest existing population exposed to air 
releases. These populations can be located in residential, industrial, 
commercial, or undeveloped areas, or at other points of human activity. 
Potential sources of this information include the follOWing: 

• 
• 
• 
• 
• 

site vicirtity surveys; 
topographic maps; 
aerial photographs of the site; 
county or city land-use maps; and 
census data. 

SJ Recent studies indicate that exposure of volatile chemicals due to 
showering in contaminated water may be greater than exposure from drinking the 
contaminated water. For a reference list and recent reView, see the 
following: Foster, S.A. and Chrostowski, P.C., Integrated Household Exposure 
~!odel for Use of Tao water Contaminated with Volatile Organic Chemicals, 
ICF-Cl'ement Associates, Inc., washington, DC, June 1986. 
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On a map, indicate precisely for each air release source the direction and 
distance to the s exposure point. Again, one must determine future 
potentia:! exposure points as well' as current potential exposure points. 

The point of highest direct short-term individual exposure by air may 
~ell be different from the point of highest long-term exposure. The highest 
direct short-term exposure point ~ill generally be the closest potential 
population in any direction from the site, ~hereas the highest direct 
long-term exposure point t.,·ill, in most cases, be do,mwind. Therefore, se lect 
the exposure point for determining long-term concentration within the down~ind 
90° arc from the emission source (45~ on each side of the average downwind 
centerline as determined from historical ~ind data for ions near the 
site), unless it can be demonstrated that long-term concentrations will be 
higher elsewhere. These determinations often require site-specific data. In 
many cases, historical wind data for airports and other locations may be 
used. One source of this information is the National Oceanic and Atmospheric 
Administration (NOAA). 

5.1.3 Integrate Release Sources, Transport Mechanisms and Media, and 
Exposure Points and Routes into Exposure Pathways 

Examine the information developed in the previous two steps and determine 
the complete exposure pathways that exist for the site. Use Worksheet 5-1 to 
identify complete exposure pathways. A complete pathway is one that has all 
the necessary components: a source of chemical release, a transport 
mechanism, an environmental transport medium, a potential human or 
em'ironmental receptor exposure point, and a likely route of exposure. For 
example, if there is no current ground-water use, then the current exposure 
pathway is incomplete. But, if the ground water is potable, then the future 
exposure pathway is complete. The exposure points for the complete exposure 
pathways define the spatial locations at which chemical concentrations must be 
prOjected. The health and environmental hazard evaluations developed in 
Chapters 6 and 7 are based on exposures at these locations. 

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

5.1.4 Determine Presence of Sensitive Populations and Environmental 
Receptors 

Review the information on the site area and identify any human 
populations or environmental receptors with high sensitivity to chemical 
exposure. Sensitive subpopulations that may be at higher risk include infants 
and children, elderly people, people with chronic illnesses, sensitive 
~ildlife habitats, and endangered species. Generally, it must be assumed that 
these subpopulations are present, but any readily identifiable sensitive 
subpopulations should be noted. 
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To 'identify sensltlve subpopulations on or near the facility, determine 
locations of schools, day care centers, hospitals, nurSing homes, retirement 
communities, sensitive wildlife habitats, and endangered species that are 
potentially affected. Use local census data and information from local public 
health and ~ildlife officials for this determination. Record this information 
on ~orksheets 5-1 and 5-2. 

5.2 ESTIMATE EXPOSURE POINT CONCENTRATIONS 

This section provides guidance on estimating exposure point 
concentrations of indicator chemicals. 6J . At this point in the variance 
app lic.at ion , there are three possibilities concerning exposure pathways: (1) 
no current or future exposure pathways exist; (2) a current or future pathway 
exists; and (3) it has not' been concluded whether a current or future exposure 
pathway exists. If current or future exposure pathways do not exist, then the 
demonstration of no substantial hazard to human health or the environment is 
essentially complete. If current or future exposure pathways do eXist, then 
the concentration estimates obtained from the environmental fate and transport 
modeling described in this section will be used for characterizing risk 
(Chapters 6 and i). If it has not been concluded whether a current or future 
exposure pathway exists, then the environmental fate and transport modeling 
desc~ibed by this section will assist in that determination. 

Estimating ambient concentrations at an exposure point is essentially a 
two-step process. The first step, quantifying the amounts of chemicals that. 
will be released to the enVironment, was completed as described in Chapter 2. 
Given these release quantities, the second step is to predict the 
environmental transport and fate of each indicator chemical in the identified 
medium of the exposure pathway. An example is the movement of a contaminant 
released to ground water from contaminated soil and then transported to a 
drinking water well. For situations where prior releases have occurred, 
available ground-~ater monitoring data can be used to support estimates on the 
extent and duration of exposure. Concentrations associated with these prior 
released chemicals ~ould be considered background concentrations. 

Concentrations for each indicator and background chemical must be 
estimated at each of the complete exposure point locations identified in 
~orksheets 5-1 and 5-2. Concentrations of substances need to be estimated as 
a function of time (i.e., short-term and long-term) in each environmental 
medium (i.e., surface water, ground water, soil, or air) through which 
potential exposures could occur. For example, if in completing worksheet 5-1, 
it is determined that potential exposure routes for a nearby residential area 
are ingestion of contaminated ground water and inhalation of contaminated air, 
chemical concentrations over time must be predicted for both ground water and 
air at this location. 

Numerous analytical techniques are available to perform the calculations 
required in these two steps. The techniques are described in detail elsewhere 
(see footnote 2). The techniques vary in sophistication from simple, desk-top 

'J Note that the list of indicator chemicals includes the background 
chemicals evaluated in Chapter 4. 
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methods that -of-magnitude projections, to more rigorous 
approaches involving computer modeling that may more accurate results, 
but require more time and resources to undertake. All techniques require 
certain chemical- and siteospecific data, although the data r~quirements vary 
with the degree of sophistication of the method used. The appropriate level 
of sophistication will be influenced by data availability, and by the demands 
and bounds of the evaluation for a specific site. Modeling, especially of 
long-term sub~urfdce trrtnsport, has significant uncertainty associated with it 
that must be considered. Ground-water models have not been validated over the 

time periods of concern, and many subsurface environments (e.g., 
anisotropic, heterogeneous) are not suited to available :models. icated 
computer models are expensive to use, often require extensive data inputs, and 
still may have limited accuracy because of gaps in the input data. Thus, 
simple environmental fate models using conservative (i. e. I reasonable worst 
case) assumptions are usually most appropriate for use in risk-based variance 
applications. I f more complex models are used, reasonable worst case 
assumpticms are usually still needed due to the uncertainties involved. In 
any case, the applicant must thoroughly document the models used and include 
validation references and documentation of previous applications. 

Ideally, the concentrations derived from modeling will be in the form of 
exposure profiles similar to the release profiles discussed in Chapter 2. Due 
to dispersion, degradation, and other factors, the exposure profile at any 
given exposure point will be attenuated compared to the release profile. That 
is, the peak concentration will not be as high as the concentration associated 
with the release volumes, and the length of time that the chemical ~jll be 
present at ~he exposure poin~ will be longer than the release dura~ion. 
Exhibit 5-5 depicts an idealized curve of concentration versus time and, as 
shown, the concentration will generally increase over time ~o some maximum 
level and then dec~ease (assuming the release ends) to a background level. 
This background level may actually remain higher than the previous background 
level due to chemical- and media-specific properties (e.g., adsorption). 

Short-term concentrations (STC) are averaged over a relatively shor~ time 
period (10 to 90 days) and are used to evaluate potential subchronic effects 
of exposure for the human health effects evaluation and acute effects for the 
environmental impact evaluation. Long-term concentrations (LTC) are averaged 
over longer time periods, up to an average human lifetime (70 years) for the 
health effects evaluation and less for the environmen~al impact evaluation. 
LTCs are used to assess both the carcinogenic and chronic noncarCinogenic 
effects of exposure. For human exposure and environmental receptor exposure, 
the LTC will always be less than or equal to the STC. 

Exhibit 5-5 illustrates the difference between STC and LTC. The STC may 
be viewed as the highest average concentration occurring during any group of 
consecutive days (generally 10 to 90). In Exhibit 5-5, the STC is essentially 
the peak concentration (since 10 to 90 days is a short time compared to the 
time frame of this particular curve). The LTC is somewhat more difficult to 
derive than the STC. In addition, different LTCs are often used ~o assess 
carcinogenic and chronic noncarcinogenic health risks. One method for 
assessment of carcinogenic human health risk is to estimate the area under the 
curve of exposure point concentration versus time, either graphically or 
mathematically, and divide by 70 years. This procedure is illustrated by the 
large shaded box in Exhibit 5-5. For assessment of chronic noncarcinogenic 
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health risks, the LTC should sometimes be an average over a shorter time 
period than 70 years (thereby avoiding the artificial reduction of the LTC 
value resulting from averaging over a full lifetime). The averaging time for 
assessing long-term noncarcinogenic human health risk should correspond to 
that used in the toxicologic study from ~hich the toxicity values (i.e., 
reference doses) ~ere derived. L:nless other~ise known, 10 years should be 
used for human exposure (correspond to the 90-daysubchronic studies from 
which many of the chronic toxicity values are derived). Therefore, the LTC to 
use for assessing chronic noncarcinogenic human health risk would be the 
highest lO-year average concentration. If significant noncarCinogenic human 
health risk is ected us this , it may be -necessary to refer to 
the specific toxicologic studies on which the toxicity values are based to 
determine the most appropriate averaging period. 

The following example illustrates the above points. The concentration 
from a catastrophic release might be high for a few months and then decrease 
substantially. The human STC would be obtained by' averaging concentrations 
over the 10- to 90-day period of greatest exposure, the LTC for asseSSing 
human cancer risk would be the average over the 70-year period that results in 
the highest concentration, and the LTC for asse.ssing human noncancer risk 
would be the average over the 10 year period that results in the highest 
concentration. 

There are three recommended approaches for addreSSing the unavoidable 
estimation uncertainties likely to be encountered in the exposure assessment. 
One i~ to use a conservative (i.e., reasonable worst-case) approach in making 
the assumptions necessary for a particular estimation method. The consequence 
of making conservative assumptions is that risks may be substantially 
overstated but are unlikely to be understated in the final analysis. All 
assumptions and the basis for each should be recorded. This simple 
conservative approach is probably sufficient. for t.he environmental impact: 
evaluat.ion, but is usually insufficient for the healt.h effect:s evaluation 
because of the need to characterize uncertaint:y using a range of est:imat:es. 

A second and generally better approach is to calculate lower, 
representative, and upper estimates for all exposure point chemical 
concentrations. Ranges of constituent concentrations in the tank systems and 
ranges of hydrogeologic parameters are values that may be used to c·alculate 
lOwer, representative and upper exposure point concentrations. If t~is 
approach is- followed and all three sets of concentration estimat.es are carried 
t.hrough the entire hazard evaluation (ultimately resulting in three sets of 
risk estimates), the results will provide not. only an est.imate of t.he 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 t:o account for analytical and data uncert:aint:ies. 
This approach, which yields a lower, represent:ative, and upper estimate of 
each risk projection, emphasizes the uncert.ainty involved by displaying it 
quantit.atively. A large disparit:y bet:ween the estimat.es would indicate 
relat.ively high uncert:ainty, and vice-versa. This approach requires that 
three sets of worksheets be completed, one for the lower estimate, one for the 
representative estimate, and one for the upper estimate. The worksheets in 
this document are based on this approach. 

A third possible approach, preferred, but generally beyond the scope of 
the risk-based variance process, is to model the important variables 
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determining chemical concentrat'ion and risk stochastically. This approach is 
similar to the second in that a range of estimates is obtained. This 
stochastic approach differs from the first two deterministic approaches by 
allowing estimation of a risk distribution from which median and 90th (or 
other) percentile values can be determined, But this stochastic approach is 
more complex and time-consuming than a deterministic approach, and it still 
only accounts 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 (i.e., model 
uncertainty) . 

To account for the b.ehavior of all released chemicals, it is necessary t:o 
consider syst:ematica1ly the ext:ent of 'chemical fate and transport: in each 

. environmental medium. In this way, one can consider the predominant 
mechanisms of chemical transport: and transformation, and disregard less 
significant mechanisms. In the following sections, brief descriptions of the 
mechanisms for each of t:he major environmental release media are presented. 
Worksheets 5-3 and 5-4 are provided as formats for recording the estimated 
chemical concentrations for ea~h exposure point. 

5.2. 1 Surface Water Transport Modeling 

The environmental fat:e of hazardous materials entering surface water 
bodies is highly dependent on the type of water body and t:he specific 
chemicals involved. Relat:ively simple, st:raightforward approaches are 
available for estimating environment:al concent:rations in rivers and streams. 
!'iora complex methods, however, may be necessary· for predicting concentrat:ions 
resulting from releases to lakes, reservoirs, and estuaries. Applicable 
methods are described elsewhere (see footnote 2). In addition, states 
oftenhave approved models for use in issuing the National Pollutant Discharge 
Eliminat:ion System (NPDES) Permits as required by the Clean Water Act. 

At some Sites, relati~ely precise estimates of chemical fat:e and transport 
in surface water may be required. Sophisticated computer models are available 
for ?redicting the behavior of chemicals released to water. The models have 
varying capabilities, data requirements, computer resource requirements, and 
sophistication of output. The reasons for selecting a part:icular model should 
be well documented. Generally, for risk assessments in the risk-based 
variance application, the simplest model that reasonably represent:s the system 
should be used. 

5.2.2 Ground-Water Transport Modeling 

In describing the behavior of contaminants released to ground water from a 
hazardous waste tank system, two major subsurface zones must be considered: 
the unsaturated soil zone above the ground water (vadose zone), and the 
saturated zone, commonly called the aquifer. In general, after a substance is 
released, it first moves vert:ically 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 main processes that affect the fate and 
transport of contaminants in these two zones are advection (including 
infiltration and leaching from t:he surface), dispersion, sorption (including 

I. 



WOHKSIIHT 5-3 

CONIAMINMII CONCOHRATIONS AT IJUHAN EXPOSURE POINTS 

!H~JRUCIION~: 

1. tist all human indicator chemicals (use additional 
worksheets if necessary). 

2. List all release media for each chemical: ~nlllllli water, 
surface water, soil, and air. 

1. list all exposure points for each release IIwIlilim. 

4. list projected short-term and long-term cOllcentrations 
(lower, upper, and representative) for each e><poslJre point. 
Oe sure to include background concentrations from Worksheet 
'1-2. Note that water concentrations arc III 1119/1, air con
centrations are in mg/m], and fish concentrations are in mg/kg. 
Attach to this worksheet all calculations documenting the 
concentration estimates to this worksheet. 

rae iI i ty 10: 

Cluster/lank System: 

Date: 

Analyst: 

Quality Control: 

Release Exposure Concent ra t ion Silo I' '" - i e £!!L~Q!l£.!illl rHiQ!L t!l.IJ!l=l!t!J!LJ:m!!:!Jnt ra t i ol!.-
Chemical Medium !'oint Un! ts lower Upper Repres. lower Upper Repres. 

"- -- ". __ ._-- _._---

Nearest 
Benzene Ai r .J!esi~Q!!£~ --.!!!9LmL,.. 0.01 ..J!..2Q 0, 022 Q.JJJ1L _o.03 0.001.0 

Ground Nea rest 
wateL- .Jl!t~iQQn£!L --.!!!9/1 0,02 ..JUL 0.20 0.001 _Q .. ,._HL. 0.0085 

Ground Nea rest 
lead water .-lie sl!!QnclL --.!!!9/1 0,02 ...£.JL O,O~5 !L.n!lL .-!L.03 0.0050 

I I 



WORKSIIH T 5- 1, 

CONIAMINANI CONCINIHAT'ONS AT [NVIRONM[NTAl R[C[PTOR [XPOSURE POINrS 

!NSlJlJ.lCT IO~~: 

1. List all environmental indicator chelllicals (lise additional 
worksheets ir necessary). 

2. list nil release media ror each chcmical. 

l. List nil environmental receptor exposure points ror each release medium. 

4. list projected short-term and long-tc,'m c,,"centratlons ror each 
exposure point. Be sure to include t)i,ck~llIulld concentrations 
rrom Worksheet 1,-2. NOle that waler COllc!!IItrations are in IIIg/1 
and air concelltratons arc in m9/m3. Atlach all calculations 
documenting the concentration estimales to this worksheet. 

Chemical 

1. Benzene 

2. lead 

3. Zinc 

4. 

,----,------- ,---

Helease 
"'edium 

__ Gro!!nd WiU!!'!:"'_ 

__ G rou'!!L.J!a te_r __ 

Ground Water 

[xposure 
Point 

_____ SIU:l!!g 

51>r i ng 

Sl>r i nq 

---------------------------

Concellt ra t ion 
Units 

-mg~ 

mg/I 

mg/I 

facil ity 11): 

Cluster/lank Systelll: 

Oate: 

Analyst: 

Quality Control: 

Short- renll 
Concent ra t ion 

0.01 

__ o.oo~ 

0.001 

.. 

1\ 

IOllg-Term 
Concan t ra t ion 

__ o.o~ 

0.001 

0.0005 

,. 
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reversible adsorp~ion, ion exchange, complexa~ion, and precipitation), and 
ion. As a released flows away from the source area, these 

processes generally act to reduce its concentration. 

Time plays a key role in the movement of contaminants in the subsurface 
environment. Cnlike the air (see below) and surface water media where 
releases of chemicals generally result in downwind or downstream ambient 
concentrations within relatively short times after release (i.e., minutes, 
hours, or days), ground water moves slowly and takes much longer (years) to 
transport contaminants. Consequently, the estimation of ground-water 
concentrations at a given exposure point must be bounded a time 
frame for which the hazard evaluation will be conducted: Therefore, for 
purposes of evalua~ing long-term individual human health risks, groundowater 
concentrations estimated for the long-term time period with the highest 
average concentration should be used. To represent short-term concentrations, 
use the peak concentration value. 

Numerous mathematical models are available that describe pollutant fate 
and transport in the subsurface environment. These models are described 
elsewhere (see footnote 2), 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 
the fo 11 ow ing: 

" 

" 

" 

boundary conditions (hydraulic head distributions, 
recharge and discharge point's, locations and types of 
boundaries) ; 

material properties (hydraulic conductivity, porosity, 
transmissivity, extent of hydrogeologie 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, vertical, and multi-phase); 
and 

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 system, 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 predic'ting hazardous subs'tance fate throughout both zones. !'lost 
of these models are designed to be used with a computer. 
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~1odels 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. Important sources of uncertainty should be 
noted and their impact on model results should be anticipated and recorded. 

5.2.3 Air Transport Modeling 

The predominant mechanisms that affect the atmospheiic fate and transport 
of substances released to the air are advection, dispersion and, in some 
cases; natural decay. Ambient concentrations of a chemical at a specified 
downwind distance from the site or in the ambient indoor air can be determined 
as a direct function of chemical release rate when these key processes are 
considered. See footnote 2 for guidance on appropriate modeling techniques 

Sophisticated computer models are also available for the analysiS of 
environmental fate of hazardous substances in air. As with the models for 
other media, these. models vary in complexity, input data requirements, 
computer resource requirements, and model capabilities. Again, simple models 
are generally preferable. If a computer modeling approach is desired for a 
particular situation, select the modeling procedure most appropriate to the 
circumstances under study. Again, document the rationale for selecting a 
particular model. 

, . 





OSWER Directive 9483.00-2 

CHAPTER 6 

HEALTH EFFECTS EVALUATION 

The health effects evaluation is a major part of the demonstration for a 
risk-based variance from the secondary containment requirements of the 
hazardous ~aste ~ank system regulations. This chapter presents a method for 
compiling the information described in Chapters 2 through 5 for the purpose of 
evaluating the present and potential hazard to human health in the event of a 
release of hazardous waste from specific tank systems or'components. The 
evaluation has two main components: (1) a comparison of estimated human 
exposure point concentrations (from Chapter 5) to health-r~lated quality 
standards; and (2) a quantitative e~timate of potential noncarcinogenic and 
carcinogenic risk. The first component of the health effects evaluation, 
comparison of exposure point concentrations to quality standards, is addressed 
in Section 6.1. In certain situations this comparison to standards will " 
suffice for the health effects evaluation. The second component, quantitative 
estimates of risk, is addressed in Sections 6.2, 6.3, and 6.4. Section 6.2 
provides a format for estimating chemical intake by humans at the exposure 
points, Section 6.3 guides the applicant in obtaining toxicity values of the 
chemicals, and Section 6.4 demonstrates the procedures for combining intakes 
with toxicity values to obtain estimates of human health risk. See Exhibit 
6-1 for a flowchart of this process. 

6.1 COMPARE EXPOSURE POINT CONCENTRATIONS TO" ES.TABLISHED 
QUALITY STANDARDS 

At this point in the process, the projected concentrations of indicator 
chemicals at exposure points 1J are compared to established quality 
standards. 1j If the ratio of a projected concentration to an established 
quality standard for a particular chemical at an exposure point is greater 
than one, then adverse health effects may be anticipated. To consider 
possible cumulative effects, the ratios of projected concentration to 
established quality standard for each chemical are summed for each exposure 
media (i.e., water or air) at each exposure point, If this sum is greater 
than one, and if the standard is entirely health-based and chemicals involved 
produce the same adverse effect by similar modes of action, then adverse 
effects may be anticipated. Further guidance on the interpretation and 
calculation of the summation of ratios may be obtained from the Guidelines for 
the Health Risk Assessment of Chemical ~ixtures (51 Federal Register 34014, 
September 24, 1986). 

There are basically two types of quality standards: (1) those that are 
strictly health-based; and (2) those that, in addition to being health-based, 
also consider risk-benefit balancing or technological feasibility. If any 
standards exist for an indicator chemical, then the standards(s) must be 

lJ Note that the list of indicator chemicals includes the background 
chemicals evaluated in Chapter 4. 

2J For the purpose of this discussion, "standard" refers to any 
health-based standard, criterion, goal, or advisory. 
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Exhibit 
OVERVIE'V OF HEALTH EFFECTS EVALUATION 

SECTION 6.1 

Compare estimated exposure point concentrations (from Chapter 5) 
to established quality standards (from Appendix C). 

-- Health effects 
evaluation complete. 

SECTION 6.2 

Yes 

Calculate intakes from air. Water. 
food. and dermal absorption. 

Characterize risk: 

Do 
acceptable 

standards exist 
for all indicator 

chemicals? 

No 

t 
SECTION 6.4 

SECTION 6.3 

Identify Toxicity Values (from Appendix C); 
e Acceptable Intake-Subchronlc (A1S); 
e Acceptable Intake-Chronic (AlC); and 
e Carcinogen Potency Factor (CPF). 

• For non-carcinogens. compare estimated intakes (from Section 6.2) 
with AlSs and AlCs (from Section 6.3). 

• For carcinogens. combine estimated intakes (from Section 6.2) 
and CPF (from Section 6.3). 

1 
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compared to the estimated exposure point concentrations. The standards that 
are most pertinent to site exposure conditions will be judged for accept
ability. That is, the organism (tested or studied), the temporal aspect, any 
economic and/or technological conSiderations, and the environmental media and 
its use must all be reasonably identical to those of the exposure point. For 
example, standards that were established under statutory authority requiring 
risk-benefit balancing or technology-based considerations may not always be 
acceptable. 12 

This section describes the procedure for comparing exposure point 
concentrations to standards. Although the applicant should be aware that EPA 
continues to update toxicological information and, based on these updated 
data, may issue revised standards, the focus is on numerical criteria that are 
in the form of ambient enVironmental concentration levels. Standards 
expressed in intake or dose units are considered in the sections concerning 
quantitative estimates of risk (Sections 6.2, 6.3, and 6.4). 

The comparison of exposure point concentrations to acceptable established 
standards for all indicator chemicals will usually suffice for a human health 
effects evaluation. Consequently, if all indicator chemicals in a tank system 
have acceptable standards, then the remainder of the risk assessment described 
in this chapter is not necessary. At sites where some indicator chemicals do 
not have acceptable standards, make the comparison for those chemicals that do 
have standards and then proceed with the complete risk characterization 
process for all indicator chemicals. Therefore, in cases where acceptable 
standards are not available for all indicator chemicals, the health effects 
evaluation will include both ~ comparison to ~tandards and the risk assessment 
process described in the remainder of this chapter. 

At the present time, EPA considers the established standards to be Safe 
Drinking Water Act maximum contaminant levels (MCLs), MCL goals (MCLGs), 
federally-approved state water quality standards~j developed under the Clean 
~ater Act, other state standards, federal ambient water quality criteria 

. (~QC), and national ambient air quality standards (~AAQSs). -Federal drinking 
water health adVisories (D~HAs) are nonregulatory (i.e., nonenforceable) 
standards, although they are useful for comparison purposes in lieu of other 
standards. Appendix C lists all of the above standards and criteria for 
ambient environmental concentrations of contaminants. 

lj 51 Federal Register 25453, July 14, 1986. 

~j States known to have specific numerical ambient water quality 
standards for toxic chemicals include Alabama, Alaska, Arizona, Arkansas, 
Delaware, Florida, Illinois, Indiana, Iowa, Kentucky, LOUisiana, Minnesota, 
Mississippi, ~ontana, Nebraska, New Jersey, New Mexico, North Dakota, Ohio, 
Oregon, Pennsylvania, South Dakota, Tennessee, Texas, Utah, Vermont, Virginia, 
West Virginia, and Wisconsin. Appropriate state agencies for these and other 
states should be consulted to determine if such standards are in effect at the 
time of the site evaluation. 
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determination of exactly which standards are Ie to a 
icular site should be made on a site-specific basis. Not all standards 

will be acceptable for every site; For potential ground-water and surface 
water exposure via public drinking water, the most acceptable comparison 
values may be ~!CLs. For o1:her surface wa1:er, when aquatic organism inges1:ion 
is an exposure pathway, unadjus1:ed ambient wa1:er quali1:y criteria may be most 
acceptable. For other potential ground-water exposures, acceptable comparison 
values may be adjusted (for drinking water only) ambient water quality 
criteria. For air exposure, J NAAQSs are ac·ceptable. Other standards may 
be used for comparison as well, prOVided they correspond to the environmental 
medium for which were designed and are 'to site conditions. 
Criteria inappropriate for a health effects evaluation of long-term chemical 
exposures include 10. 0 values (the dose of a chemical that· results in 50 

;:, . 

percent fatality in a population) and unadjusted occupational threshold limit 
values (TLVs; average concentrations of chemicals in air that should not be 
exceeded during an eight hour per dpy, 40 hour work week). Standards should 
correspond to the medium (i.e., water or air) for which they were developed 
and must be relevant to site conditions. If standards are available for all 
indicator chemicals, but ~re not acceptable given the site exposure 
conditions, a full risk characterization must be completed. 

Some ambient concentration standards will be pertinent to specific site 
conditions, while others can be adjusted to make them useful. For example, if 
a standard applies to a different environmental medium or exposure route than 
one of concern at a site, it would usually not be appropriate to use the 
standard without adjustmen~. As an illustra~ion of· this situation, water 
quality criteria, wnich were developed for surface water, will need to be 
adjusted for application to ground water by deletion of the fish ingestion 
exposure component (as in Exhibit C-IO). Concentration requirements and 
criteria may also be based on a different level, frequency, or duration of 
exposure than those found at a specific site. 

For some chemicals, several different standards .may be acceptable as 
comparison values. In this case, note the most appropriate comparison value. 
Appropriateness is determined in part by how per~inent the criterion is 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 standards have been developed recently 
and may reflect new information compared to older values. Some standards 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 appropriate comparison value is the most 
current, credible, and pertinent value available. 

Use Worksheet 6-1 to compare established quality standards to 
environmental concentrations projected for human exposure points (from 
Worksheets 5-1 and 5-3). Calculate ratios between predicted concentrations 

§j Secondary containment may appreciably decrease air exposure risk from 
tank systems containing highly volatile compounds. 



WORKSII[[ T 6-1 

COMI'AHISON Of IIlJMAN IXI'OSIIH( POINT CONC(NIHAT IONS TO (STAOllSlI(O STANOAROS 

INSTRUCTIONS: 

1. Indicate e)(posure point and list all indic'ltor chemicals (use additional 
worksheets if necessary,. 

2. Record each chemical's concentration range alHl n!j)resentative value 
(frOm Worksheet 5-3,. 

3. Hefe,' to ()(hibits C-8 to .C-12 and allY existill!l state water quality standa,'ds 
to obtain the established standards. Record till! value of the standard (include 

fac iii ty 10: 

Cluster/Tank System: 

Date: 

Analyst: 

Qua Ii ty COllt ro I : 

the risk, if known, In parentheses). its SlIllrce (i.e., Ma)(imum Contaminant Level (MCI." Clean Water Act Stall! Standa,rd 
(CWASSL Other State Standard (OSS). Natiollal Amhient Air Qual ity Standard (NAAQS). MCl Goal (MClG), Wilwr (lual ity Criteria 
(WQC). or Drinking Water lIealth Advisory (IlIJIIA). alld any other pertinent information (e.g •• whether a DHIIA value refers to a 

4. 

5. 

olle-day or ten-day e)(posure'. Indicate the most appropriate standard with an asterisk. 

Calculate the ratios of concentrations to l>t'llidards. 

Sum the ratios within a standard (e.g., adtl all the MeL ratios). alld slim the most appropriate ratios (nu mCl,'e than one for 
each chemical,. Summed ratios greater thall onll should not be Intrepreted too strongly unless further analysis has segregated 
the chemicals and their standards lJy critical effect. 

-----------------------------------

()(posure Po I nt: fac i I I ty bounda ry .. wes"t-O-' __ _ Concelltration (cirCle one,: ~hort-terl/l Long-term 

Chemical 

1. Cadmi urn 

2. (thyl benzene 

3. 

"Host appropriate standard. 

Projected exposure 
_ Po I IILfQ!Jfe llli!!..U Q!!.l !!!9ill 
Lower Upper Rupres. 

0,001 Q..J. Q...Q8-

~ 2.0 L!l ___ _ 

Established 
-:-:---,-..::tQl!!u~a !it y S tan dar d s 

Hatio of [xj)osuro Point 
Concentration to Standar::d __ _ 

Value (mg/I) Source lower Upper Repres. 

Q,OI MCL" 0,1 

0,01 ~gc 0,1 

0,018 OWUA ~06 

Me!,. 

2,11 ~qCM 0,21 

3.4 QWIA 0.15 

Totals: tt.£L ____ _ 0.1 

WilC 0:-,-,.:!-3.!.-1 __ 

!l~IIA 0:-,-, =.2.!.-1 __ 

Most appropriate: ".0-,--, ¥-3-=--1 __ 

10' 

10 

2,..6 

-------

O'.Jl_3 ___ 

!Li2 __ 

JQ ______ _ 

lQ.!!L __ 

__ {hJ9 ___ _ 

IO.J!J __ 

1\ 

I! 

I!---

!!.~--

-----

Q~!?--

Q~2... __ 

._._--

!!-------
!L_~'? __ _ 

!1,l!9. __ _ 

'!!~!L.--

._--- ---- -------.-------. 
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and standards, and designate whether concentrations exceed or fall below the 
standards. Indicate the most appropriate standard based on the criteria 
discus~ed previously in this section. When risk levels associated with these 
standards are known, they should also be recorded.. Although individual ratios 
may be less than one (indicating adverse health effects due to that chemical 
are unlikely), summing the ratios may result in a value greater than ·one 
(indicating possible health effects). Therefore, sum the ratios for each 
chemical ~ithin a standard (e.g" add all the MGL ratios) to obtain an 
indication of cumulative effects. Also, sum the most appropriate ratios (one 
for each chemical) from the worksheet. The assumption of additivity reflected 
in the ratio summation is applied most proper to chemicals that 
produce the same effect by the same mechanism. Therefore, summed ratios 
greater than one should not be interpreted too strongly. un-less further 
analysis has segregated the chemicals and their standards by critical effect. 

Factors used in the development of the required standards listed in 
Appendix C are discussed briefly in the follOWing subsections. 

6.1.1 National Primary Drinking Water Standards/Maximum 
Contaminant Levels (MCLs) 

Drinking water standards developed under the Safe Drinking Water Act are 
promulgated as maximum contaminant levels (~1CLs). MCLs are currently 
available for 16 specific chemicals (10 inorganics and 6 organic pesticides), 
total trihalomethanes (covers four chemicals), certain radionuclides, and 
microorganisms. An MCL for a toxic chemical represents .1:he allowable ·lifetime. 
~xposure to the contaminant for an adult weighing 70 kilograms who is assumed 
to ingest two liters of water per day. Total environmental exposure of a 
particular contaminant from various sources was considered by EPA in 
calculating specific ~CLs. The amount of the substance to which the average 
person is likely to be exposed from all sources (e.g., air, food, water) was 
estimated, and then the fraction of the total intake resulting from drinking 
~ater ingestion was determined. Lifetime exposure limits were set at the 
lowest practical level to minimize the amount of contamination ingested ==om 
~ater) especially when exposure from other sources is large. The ~!CL 

calculation is adjusted by an exposure factor to reflect bodily absorption 
associated ~ith 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 
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 health effects associated 
with each . 

. Note that EPA recently proposed MCLs, which will be established standards 
when promulgated, for eight volatile organic chemicals (50 Federal Register 
46902-46933, November 13, 1985). They are currently in the form of MCL goals 
(HCLGs) (See Section 6.1. 2)-. Under the Safe Drinking Water Act Amendments of 
1986 (P.L. 99-339), EPA is required to promulgate MCLs for 83 contaminants 



OSw~R Directive 9483.00-2 
6-7 

within three years. wnen promulgated, these MCLs will also become established 
standards. Exhibit C-8 lists the MCLs promulgated as of publication of this 
document. 

6.1.2 MCL Goals (MCLGs) 

EPA is now in the process of developing maximum contaminant level goals 
(~ICLGs). GJ t.hich are entirely health-based, to serve as guidance for 
establishing drinking t.·Cltar :lCLs. EPA recently promulgated ;lCLGs for eight 
volatile organic chemicals (40 CFR 141.50 (50 Federal Register 46880-46901, 
~ovember 13, 1985)) and proposed ~lCLGs for a larger grou~ of synthetic organic 
chemicals, inorganic chemicals, and microorganisms (50 Federal Register 
46936-4iOZ2, November 13, 1985). When these proposed HCLGs are promulgated, 
they will automatically become established standards. Exhibit C-9 lists the 
MCLGs promulgated as of\publication of this document. 

6.1.3 Federally-Approved State Water Quality Standards 

Fed.erally-approved state water quality standards developed under the Clean 
Water Act are established standards in that state. At a minimum, states 
listed in footnote 4 have promulgated at least some federally-approved water 
quality standards for specific toxic chemicals. The tank owner/operator is 
responsible for determining the availability of appropriate state water 
quality standards for the water resources surrounding a facility. 

State water quality standards under the Clean ~ater Act serve the dual 
purposes of establishing the water quality goals for a specific water b9dy and 
the regulatory basis for water quality-based controls beyond the 
technology-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 
neceSSa.ry, promulgated by EPA) to protect public health and 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), 
based on the water body's use and value for public water supplies, propagation 
of fish, shellfish, Wildlife, recreation, navigation, agriculture, industry, 
and other purposes; dnd (2) "criteria," t.·hich 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 
6.1.4) 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 headquarters for assistance. 7J 

'J ~lCLGs were previous ly known as recommended MCLs (R..~CLs). 

1J Guidelines for deriving human health-based water quality criteria are 
published in 45 Federal Register 79318-79379, November 28, 1980. 
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6.1.4 Qual ) 

Federal ambient ~ater quality criteria (WQC) 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 
criterion is an estimate of the ambient- surface ~ater concentration that ~ill 
not result in adverse health effects in humans. In the case of suspect or 
proven carcinogens, concentrations associated with an increm~ntal cancer risk 

-6 of 10 are provided to supplement a criterion of zero. The federal 
criteria are non-en le lines, which many sta~es have used in the 
development of enforceable ambient water quality standards (see Section 6.1.3). 

For most chemicals, federal WQC to protect human health have been 
published for two different exposure pathways. One criterion is based on 
lifetime ingestion of both drinking water and aquatic organisms, and the other 
is based on lifetime ingestion of aquatic orga!1isms alone. The calcula.J_ions 
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-year lifetime. Because 
the criteria based on lifetime ingestion of aquatic organisms alone are not 
relevant to most exposure situations, calculations have been made to derive an 
adjusted criterion for drinking water ingestion only, based on the two 
published criteria and the same intake assumptions. Exhibit C-I0, therefore, 
presents the following: 1) the criteria based on lifetime ingestion of both 
drinking water and aquatiC organisms; and 2) the adjusted criteria for 
drinking water only. The adjusted criteria are more appropriate than the 
non-adjusted for sites with potential contamination of 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). WQC 
have been derived for both noncarcinogens and carcinogens. The following 
paragraphs briefly describe the methods used by EPA to derive WQC. 

Derivation of Criteria for ~oncarcinogens_ On the basis of a survey of 
the toxicology literature, EPA established a "no observed adverse ef:ect 
level" (~OAEL) for each chemical. The ~OAELs are usually based on animal 
studies, al~hough human data are 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) is determined. 
Criteria (i_e., water concentrations) are then derived from the ADIs and the 
standard intake assumptions given above. 

Derivation of Criteria for Carcinogens. The same exposure and int-ake 
assumptions used for noncarcinogens are used for potential carcinogens. A 
literature search for human and animal carcinogenic effects form the basis for 
EPA's estimate of the risk posed by potential numan 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 represent the best available tool for 
describing the potential threat of a substance, given certain assumptions. In 
its published criteria, EPA provides water concen~rations corresponding to 

10 -7 -6 -5 incremental lifetime cancer risks of , 10 ,and 10 . 
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6.1.5 National Ambient Air Quality Standards (NAAQSs) 

NAAQSs are available for six chemicals or chemical groups and for airborne 
particulates; of chese, the SAAQSs for lead, hydrocarbons, and airborne 
particulates appear to be the most useful for the health effects evaluation. 
In the development of NAAQSs, sources of the contaminant that contribute to 
air pollution and all sources of exposure to the contaminant (e.g, food, 
~ater, air) are considered in determining the health risk. ~AAQSs are based 
exclusively on air quality criteria (e.g., health effects, visibility) for 
each air pollutant and not the costs (economics) of achieving the standards or 
the technological feaSibility of implementing the standaids. Standards can be 
promulgated as annual maximums, annual geometric means, annual arithmetic 
means, or other time periods ~hich vary from one hour to orte year depending on 
the pollutant. 

The 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 d'eveloping NAAQSs, EPA must specify the nature and severity 
of the health effects of each contaminant, characterize the sensitive 
population involved, 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. NAAQSs are based primarily on the direct health 
effects of chemicals to sens~t~ve groups based on scientific data. Exhibit 
C -12 lis ts the ex is t ing NAAQSs. 

6.1.6 Drinking Water Health Advisories CDWHAs) 

In addition to ~CLs and MCLGs, EPA also provides drinking water suppliers 
with guidance on chemicals that may be encountered in a water system, but for 
which no federal standard exists. The Office of Drinking Water's nonregu
latory (i.e., nonenforceable) DWHAs are concentrations of contaminants in 
drinking ~ater a~ ~hich adverse effeces would not be anticipated to occur. 
Therefore, they are useful as an indication of potential hazard. A margin of 
safety is included eo protect senSitive members of the population. The DWHA 
numbers are developed from data describing noncarcinogenic end-points of 
toxicity (e.g" neurological effects, kidney damage). They do not incorporate 
quantitatively any potential carcinogenic risk from such exposure. The Office 
of Drinking Water has recently developed DWHAs for S4 chemicals or chemicals 
groups, and these values are summarized in Exhibit C-11. 

Under certain circumstances and when the appropriate toxicological data 
are available, DWHAs 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 DWHAs are calculated for a 10 kg child (a one-year old 
infant) assumed to drink one liter of water per day. Lifetime Dw~s are 
calculated for a 70 kg adult, assumed to drink two liters of water per day. 
Longer-term DWHAs 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 DWHAs may be derived, with attendant caveats. D~~s for lifetime 
exposures are not recommended for this group of substances. For these 



OSw~R Directive 9483.00-2 

car~inogens, drinking water concentrations associated with a 

projected excess fetime cancer risk of 10-6 are prOVided. Comparison of 
these values to measured or predicted drinking water concentrations provide an 
indication of the magnitude of potential ca~cinogenic risk. 

6.2 ESTIMA CHEMI L INTA 

If acceptable, established quality standards exist for all indicator 
chemicals, then the health effects evaluation is comple~e and therefore, 
there is no need to with Sections 6.2 6.3, and'6.4. If Ie 
standards do not exist for all indicator chemicals then proceed with Sections 
6.2, 6.3 and 6.4. In this section (Section 6.2), methods 'are presented for 
estimating human exposures using the environmental concentrations of 
substances that were estimated by the methods described in Chapter 3. 

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. 8J Intakes 
are calculated separately for exposures to chemical contaminants in each 
environmental medium (air, ground water, surface water, and soil). Then, for 
each potntially exposed population, 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. 

Because short-term (subchronic) exposures to relatively high concentra
tions 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: (1) the subchronic daily intake 
(SOl); (2) and the chronic daily intake (COl). These calculated intakes are 
based on short-term and long-term concentrations derived for each indicator 
chemical and any identified chemicals from other sources (i.e., background) 
using the procedures in the preceding chapter. All intakes are expressed in 
mg/kg/day. 

The following subsections 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 6-2. If more accurate site-specific information is available, it 
can be used to give a better representation of risk at the site. See Exhibit 
6-2 for an example of how to use the standard assumptions and how to make 

IJ The t.erm "intake" (i.e., the amount of substance taken into the 
body) is used instead of dose (i.e., the amount of substance absorbed by the 
body) 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. ~~en 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. 
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EXHIBIT 6-2 

STANDARD VALUES USED IN DAILY INTAKE CALCULATIONS ~/ 

Parameter 

Average body weight, adult 

Average body weight, child 

Amount of water ingested 
daily, adult 

Amount of water ingested 
daily, child 

Amount of air breathed 
daily, adult 

Amount of air breathed 
daily, child 

Amount of freshwater fish 
consumed daily, adult 

Standard Value 

70 kg 

10 kg 

2 liters 

1 liter 

20 m1 

5 m1 

6.5 g 

~/ Examole 1: Applying the standard assumptions. 

Reference 

EPA, 1980 

ICRP, 1975 

NAS, 1977 

NAS, 1977 

EPA, 1980 

FDA, 1970 

EPA, 1980 

Human Intake Factor = 2. liters/day water consumption 
= 0.029 liters/kg/day. 

70 kg body weight 

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

Human Intake Factor x 3 mg/liter = 0.086 mg/kg/day intake. 

Examole 2: Applying 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: 

Human Intake Factor = 1.2. liters/day T 60 kg = 0.02 liters/kg/day. 

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

Human Intake Factor x 3 mg/liter = 0.06 mg/kg/day intake. 



OS\<;ER Directive 9483 :00-2 
6-12 

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

6.2.1 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. The measured or predicted 
concentrations (short-term and long-term) of each contaminant in ground water 
at each exposure point are given in \.Jorksheet 5 -3. Insert these values into 
appropriate columns of Worksheets 6-2 and 6-3. Note that separate worksheets 
must be prepared for each ground-water exposure point. Using Exhibit 6-2 
and/or other available information, calculate a standard human intake 
coefficient for use in determining drinking water exposures. The intake 
coefficient is calculated by' dividing the average drinking water intake by the 
average body weight to give a value in l/kg/day. This coefficient is then 
inserted into Worksheets 6-2 and 6-3.' 

Using Worksheets 6-2 and 6-3, estimate subchronic and chronic drinking 
water intakes for each indicator chemical at all relevant ground-water 
exposure points. Include the duration of exposure. 

6.2.2 Calculate Surface Water Intakes 

For potencial 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 5-3. Insert 
these values into the appropriate columns of Worksheet 6-4 and 6-5. The 
standard human intake coefficient for drinking water is the same as that used 
for calculating ground-water intakes (l/kg/day). Using Worksheets 6-4 and 
6-5, estimate subchronic and chronic drinking water intakes for each indicator 
chemical at all relevant surface water exposure points. Include the duration 
of exposure. 



WORI<SIIHT 6-2 

SUBCIIHONIC GHOUNO-WA([R INTAI<fS 

I tiS lI!..Il~I I ON~: 

1. Indicate exposure point and estimated duratillil (If Il>,posure. Duration should 
correspond to whether intako is subchronic or chnlllic (e.g .• 3 months for 
subchronic and 70 years for chronic). 

2. Using Exhibit 6-2 and/or other avai laille illfnrlllillion. calculale a human 
illtako factor by dividing grolilld- .... ator illtake I'llI' day by body .... eight (e.·g .• 
2 l/day/70 kg = 0.029 I/kg/day). 

3. list all indicator chemicals (uso additional .... orkslwets if lIecessary) alld their 
short-term concentrations in gr'ound .... ater (frolll W')I'ksheet 5-3), 

.It. Determine Subchronic Gai Iy Intake (SDI) using till! follo .... ing formula: 
SOl = 1I1Iman Intake factor x Short-IeI'm Concenll'iltion. 

Exposure Point: Nearest res!!!!H!£.QLerivH!l __ ~!~!!~ ____________ ---:-_ 

faci I i ty IU: 

Cluster/lank System: 

Oil U!: 

Alia I ys t: 

Qua Ii ty COllt ro I: 

Popu I a t ion: __ HLQ __ , _______ . __________ _ 

Duration of Exposure: 30 d~y~s _____ _ Ullman 'Intake factor (I/kg/day): U1.!!i!YLl~ "':: . .J!. 022...l1 k!;J<JLLI,>!.d>:.ay"--__ 

Chemical 

1 • Be!lze!.!-'le~ _______ _ 

2. Lead. ________ _ 

3. 

It. 

5. 

[>.pOSllrt! Point 
Sho rt - Te rill COfl(:en t ra t ion 

_ , __ . .l!!!!.!! 1 .... ' __ --;:: __ '--
Lo .... or Uppcr Repres. 

.-Jl.OO!_ 

___ .0 

_JLiU_ 

o 

~2 

___ 0_ 

Oa i Iy Illtake 
_________ -J(2m~gLhg~ 

Lo .... er Upper 

,0002~ 

o 

~OO~ 

o 

------------------------------------------------

'\ 

Rep-reS:--

._.OQ~_8 _ 

o 
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CUIION I C GROUND-WAf [Il liB AI([ S 

I"smuc! IONS: 

1. Indicate exposure point ami estimated dllratioll or exposure. Duration shOUld 
correspond to whether intake is subchronic or chronic le.g., 3 months for 
subchronic and 10 years for chronic). 

2. Using Exhibit 6-2 and/or olher available information, calculate a human 
intake factor by dividing ground-water inlahe pllr day by body weight (c.g., 2 I/day 
/70 kg = 0.029 I/kg/dayl. 

3. lis\. ail indicator chemicals (lise additiollal worksheets if necessary) and thcir 
long-term concentrat ions in ground water (froUl Workshect 5-3). 

4. OIHermine Chronic Oai By Intake (COl) usiny the following formula: 
CDI = Uuman Intake factor x long-Term ConcclIlI-alioll. 

iii ty 10: 

Cluster/lank System: 

Ilau!: 

Ana iyst: 

Quality Control: 

Exposure Point: Nearest residences' J!rivi!!~wcJJs Population: 100 

Duration of Exposure: 50 years 

Chemical 

1. Be!..!n.£z.!:e:.!-n~e,--______ _ 

2. lead 

3. 

II. 

5. 

Dluman Illuke factor «I/kg/day): 

Exposure Poillt 
long-Term COllcentration 

_1m!.!/1 I 
lowe I" U P peLr..L.L-----;R~e-p-r-e-s-. 

_~OO!lL 

o 

Q.OOl 

----~ 

0.002 

o 

lower 

.000022 

0 

2 I/dayl10 k~ 029 I/kg/day 

Daily ilHake 
.lm.!lLhg L!!ru 

Upper Rep res. 

,QOOll- ,00058 

0 0 

\ \ 
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ClIlIOtnC SURfACE WAHR INTAKES 

INSTHU~.lION~: 

1. Indicate exposure point and estimated duratioll (If exposure. Duration should 
correspond to whether intake is subcltronic or chrollic (e.g., 3 months for 
subchronic and 70 years for chronic). 

2. Using Exhibit 6-2 and/or other available inflllllliJli'l:m. calculate a human 
intake factor by dividing slIrface water intake ~r day by body weight 
(e.g., 2 l/day/70 kg = 0.029 I/kg/day). 

3. list all indicator chemicals (lise additiollal wo,'kslwets if necessary) and their 
long-term concentrations in sllrface water (frolll WOI'ksheet 5-3). 

4. Determine Chronic Daily Intake (COl) usillg the fOllowing formula: 
COl = lIuman Intake factor x long-Term COllcentratiuli. 

facility 10: 

Cluster/lallk SystelR: 

Oa te: 

Analyst: 

Quality Control: 

-. _._-------------------------------------------
Exposure Point: City residences ________ __ Popu I a t ion: 100 

Duration of Exposure: 

Chemical 

1 . Ben.=.z-"-e....,n."e _________ _ 

2. lead 

3. 

4. 

5. 

50 years lIuman Intake factor (I/kg/day~: 
r 

2 II d a v/7 0 kCJ-=-!!,.,..Q£!L!L_h.9L.I-=.d a:.yL--__ 

[xposlln.l Point 
Long-lenn Concentration 

.,.--_______ { 1!!9L.I..:..I .... 1 ___ --::--___ _ 
lower Upper Repres. 

~illL 

___ .0 

. _-.!! , !m..L 

.--.-~ 

0.002 

o 

Oa i Iy Intake 
_ ____ --L(..!l'1R!!j9L!<.!lL da :r..V..L1 ____ ----

lower Upper Repres • 

.0000022-

o 
,OOOO{!L. 

o 

1\ 

----LQQOO2.!L 

__ 0 __ 

,. 
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SUBCIIHONIC SUIHAC[ WAHIl IIHAKES 

!!iS1HUCTI0~; 

Indicate exposlll'C point and estimated duratioll of Ilxposure. Duration should 
correspond to whether intake is subchronic or clll'onie (e.g., 3 months for 
subehronie and 70 years for chronic). 

2. Using [xhibit 6-2 and/or otlior available illfolmalioll, calculat.e a human 
intake factor by dividing surface water intake per day by body weight 
(e.g., 2 i/day/70 kg = 0.029 I/kg/day). 

1. List II I indicator chemicals (use additiollal wo,.kshcets if necessary) and t.heir 
short.-term concentrations in surface water (from Worksheet 5-3). 

II. Determine Subchronic Dai Iy ntake (501) usi/l!j tile following formula: 
S[)I = lillman Intake factor x Short-Term Concentratioll. 

Exposure roint: ~y residenc~e~s~ ________ _ 

raei i i ty iI): 

Cluster/lank System: 

Dille; 

Analyst: 

Qua I i ty COli t S"O I : 

Population: I 

Duration of Exposure: ---.l0 days tillman Intake factor (I/kg/day): 2 1/ d ayL.l!L.h!J O. 02L!LhgL!!.~aYL-__ 

Chemical 

1 • Oen_z""e",-n,-,-e~ ______ _ 

2. Lead 

3 . 

Ii. 

5. 

[xpOSllfe "oint 
Short-Terlll Concentration 

_______ (!11flLI->-1 -'.1 __ --=-__ . 
Lower Upper Repres. 

0.001_ 

o 

___ Q....Q_l _ 

o 

0.02 

o 

Oaily intake 
_~_:-c-_---,-(.!!'m,-"gLhg !day 1 ______ _ 

Lower Upper lIepres. 

.000029 

o 
.00081 

o 

\ I 

_J..flJHl21L-. 

o 
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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 estimated concencration of the contaminant in surface water by 
the fish bioconcentr~tion factor for that chemical. Obtain surface water 
concentrations for each chemical at each exposure point from Worksheet 5-3. 
Insert the appropriate values into the appropriate columns of Worksheets 6-6 
and 6-7. Standard human intake coefficients are calculated by dividing 
standard freshwater fish intake per day by the average adult body weight. 
Obtain the fish bioconcentration factor for each chemical from Appendix C or 
other sources. Using Worksheets 6-6 and 6-7, estimate subchronic and chronic 
daily intakes (kg fish/kg body weight/day) from contaminated fish for each 
indicator chemical at all relevant surface water exposure points. Include the 
duration of exposure (i.e., the averaging time used for the short- and 
long-term exposure point concentrations). 

6.2.3 Calculate Air Intakes 

As discussed in Chapter 5, significant air risks are only expected when' 
the hazardous waste constituents are highly volatile. Therefore, 'the 
reduction in direct air risk that secondary containment provides will 
generally be relatively small compared to the reduction in ground water and 
surface water risks. Consequently, extensive assessment of direct air intakes 
is unlikely to be required at most sites.. Some situations will exist, 
however, where direct air risk (e.,., from volatile chemicals on soils) and 
indirect air risk (e.g., from showering in water contaminated with volatile 
chemicals) may be substantial and, therefore, must be considered. 

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 che case of particulates, particle size. The 
measured or predicted air concentrations (short-term and long-term) of each 
contaminant at specific exposure points are given in Worksheet 5-3. Insert 
these values into the appropriate columns of Worksheets 6-8 and 6-9. Note 
that a separate worksheet must be prepared for each inhalation exposure 
point. Using Exhibit 6-2 and/or other available information, calculate a 
standard human intake coefficient for use in determining air exposures. 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 average daily air intake by the 
average body weight to give a value in m1/kg/day. Insert the calculated 
coefficient into Worksheets 6-8 and 6-9. 

Using Worksheets 6-8 and 6-9, estimate subchronic and chronic air intakes 
for each indicator chemical at all relevant exposure points. Include the 
duration of exposure. Note that absorption of chemicals into the body is not 
accounted for by the intake estimates (or by the critical toxicity values 
described in the latter part of this chapter). Therefore, 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. 
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SUI\CIIRONIC flSIl INTAK[S 

INSTRUCTIO!i1!: 

L indicate exposure point and estimated dllration flf exposure. Duration should 
correspond LO whether Intake is subchronic or chronic (e.g., 3 months for 
suhchrollic and 10 years for chronic). 

2. Record the bloconcentfation factor (HCf) for each chemical (from Appendix C). 

1. using Exhibit 6-2 and/or other available illforlllalioll, calculate a human 
inlake faclor by dividing fish intake per day by body woigllt (o.g., 6.5 gm/day/ 
70 kg x IE-3 kg/gm = 9.3E-5 kg/kg/day). . 

II. list ail indicator chemicals (lise additional worksheets if necessary) and t.heir 
short-term concent.rations in surface water (frolll Worksheet 5-3). 

5. Determine Subchronic Daily Intake (SOl) uS;lIg tllo followillg formula: 
SUI = illIman Intake factor x liCf x Short-Tel-m Concentratioll. 

-------------------------------------------------
Exposure Point: Cene fa I pOill!!J!!j"'o-"n'--_____ _ 

fac iii ty 10: 

Cluster/lank System: 

OatH: 

Ana Iyst: 

Quality Control: 

ropu I a t ion: 60 

Ouration 0 Exposure: 30 days Ullman Intake factor I kg/kg/day): 6.5£-] kg/day/1U kg 2.3[-5 kg/kg/day 

Chemical 

Benzene 

2. tea~d ________ _ 

3. 

4. 

5. 

ncr 
( I/kg) 

___ .2....._2 ___ 

'19 

txpoSllre Point 
Short-lerm Concentration 

__ .......,..imgill 
lower Upper Repres. 

.......JLill __ 

---_Q:_--

0.3 

_ ___ 0 ___ 

0.2 

o 

--------------------------... --

Oa Ily Intake 
__ ~ ____ --~(~m~g/.hg/dayl . 

lower Upper Repres. 

,0000046 

o 

,00015 

o 

. '-

1\ . 

.....:JillQ!)2.l......... 

o 
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CIIiIONIC flSIt INIAI<ES 

INSIRucr l0!i~: 

1. Indicate exposure point and estimated duration of cxposure. Duration should 
cUI-respond to whether intake is subchrunic or chronic (e.g., 3 months for 
subchronlc and 70 years for chronic). 

2. Record the bioconcentratlon factor (OCf) for each clwmical (from Appendix C). 

3. Using [xhiblt 6-2 and/or other available iliforlilill.ioli. calculate a human 
intake factor by dividing fisl. intake per day by body weight (e.g., 6.5 gm/day 
/70 kg x 1[-3 kg/gm = 9.[-5 kg/kg/day). 

4. list all indicator chemicals (use additional wod<sheets if necessary) and their 
long-term concentrations in surface water (from Worksheet 5-3). 

5. Determine Subchronic Daily Intake (501) usillg the followillg formula: 
SOl = IIlIman Intake factor x nCf x lOllg-lerlll Concelltration. 

[xposure Point: Gene ra I pQQ!!1 a t i on'--___ _ 

facility 10: 

Cluster/lank System: 

Oatc: 

Analyst: 

Qua I i ty Cont ro I: 

Popul a t ion: 20 

Duration of [xposure: ~ars _____ __ Ullman Intake factor (kg/kg/day): 6,5[-3 kgLQ~~hg~3[=~ kg/kg/day 

Chemical 

1. Oe.!Jn"'z"'e"'n"'e'---_______ _ 

2. ~l~e~a~d ___________ _ 

3. 

4. 

5. 

OCf 
( I /kg) 

5.2 

'19 

fxposure Point 
Short-Ienn Concentration 

L!!ill / I ) 
Lowe -r ----u;-;;ppeLr~----;RO""e-p-r-:-e-s-. 

~OOl_ 0.03 0.02 

---.-~ o o 

Oa I Iy Intake 
__ ~ _____ ~I~Il~.g~/kgL~d~a~Y4) ____ -= 

lower Upper Repres. 

,000000'18 

o 

,000015 

o .. 

\ I 

_ ... .QOOQ21-

__ ~L __ 

( .. 



WORI<SIIH r 6-8 

SllBCIiHONIC AIR INIAI{[S 

INSTlWCUON~: 

Indicate exposure point and est.imat.ed duratioll of cxposure. Duration should 
correspond to whether intake is subchronic or chronic (e.g., 3 mont.hs for 
slIbchronic and 70 years for chronic). 

2. Using [xhibit. 6-2 and/or other available illfollll.1tion, calculate a human 
intake factor by dividing air intake per day hy hotly weight (e.g., 20 ml/day 
110 kg = 0.29 ml/kg/daYI. 

1. list all indicator chemicals (use additiollal worksheets If necessary) and their 
shon-term concentrations in air (from Worksheet '.i-3). 

Determine Subchronic Dally Intake (SOl) using tile following formula: 
SIH = Ullman Intake Factor x Short-IeI'm COIICClIlral.ioll. 

Exposure Point: Nearest residences -------------------------------

fac i I ily 10: 

Cluster/Tank Sysa.mll: 

Date: 

Ana Bys!.: 

Qua I i ty Con I. ro i : 

Population: 100 

Duration of Exposure: ~~y;s ______________ __ lIuman Intake Factor (m3/kg/dayl: 20 ml/d~O k~~?2-in3/kq/day 

Chemical 

Benzene 

2. lead 

'I. 

5. 

[x,,()slln~ Poillt 
Sho n. -1 c nil COlleen t ra t ion 

( I~!I/ !f!."'1 ..... 1 ____ --= ____ _ 
lower Upper Repres. 

~~

o 

_!L_3_ . 

.---_Q-

0.2 

o 

~ 

Daily Air Intake 
__________ ~(~m~gj~gLda~YLLI ______ ~ 

lower Upper Hepres. 

.0029 

o 

~1 __ 

o 

\ I 

-.J!28 

o 

,. 



INSTRUCTIONS: 

WOIlKSIIHT 6-9 

CIIIlONIC AIR INTAI<£S 

1. Indicate exposure point and estimated duratio" of flXposu.'e, Duration should 
correspond to whether intake is sllhchrOllic or chrollic (e.g., 1 months for 
subchronic and 70 years for chronic). 

2. Using Exhibit 6-2 and/or other avai lable i"foll1l3tillll, calculate a human 
intake factor by dividing air intake per day by body weight (e.g., 20 m1/day 
/70 kg = 0.29 m1/kg/day). 

1. list all indicator chemicals (lise additional wo.'ksheets if necessary) and their 
long-term concentrations in air (from WlIrkslwflt 5-3). 

IJ. Determine Chronic Daily Intake (COl) uSin9 the fOllowing formula: 
COl = lIuman Intake factor x long-Term Concentration. 

Exposure Point: Nearest residep,~c~.e~s ______ _ 

facility 10: 

Cluster/lank System; 

Date: 

Ana Iyst: 

Quality Control; 

POptl I a t i on: ____ 100 ____________ _ 

Duration of Exposure: 50 years ______ __ IIllman Intake factor (ml/kg/day): 20 mlLda.Yil!L.h!L= o"g.2, 1I!1/kq/day 

Chemical 

1 • Oen~.~z:o.::e::..:nc.:.;e==-______ _ 

2. ~Le>:.a,,-,d'!.-_______ _ 

3. 

4. 

5. 

[xposu.'e I'oint 
long-Term Concentration 

______ ( !!!!Ji!!! ",3 .... 1 __ --:::--. 
Lower Upper Repres. 

0.0001 

o 

__ fL.9Q.L 

---_Q-

0.002 

o 

Dai Iy Intake 
__ ~ ___ ~(~m~9L~~a~y~I __ _ 

lower Upper 

.000029 

o 

.00087 

o 

. . 

\ I 

Rcpre-s-.-

__...QQ!l21L-

---(-)--
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6.2.4 kes From Other re 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 through such pathways may be extremely 
important to certain populations at risk. For example, exposure may be by 
dermal absorption or direct ingestion of soil that has been contaminated 
surface runoff. 9J 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 areas. 
Contaminated surface waters, in addition to providing drinking water, may be 
used for recreation and, therefore, humans may be exposed by swimming in such 
waters. This use may result in dermal, oral, and inhalation exposures. 
During bathing or showering, dermal or inhalation exposure may occur. lOJ 

Volatilization while washing dishes or cooking with contaminated water may 
result in oral and inhalation exposure. If these additional intakes were not 
addressed--in previous sections. they should be addressed here. 

Formulas 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 and for certain 
populations at risk, these less common routes of exposure may be significant. 
Therefore, Worksheets 6-10 and 6-11 have been provided to allow calculation of 
these other intakes (e.g., inhalation while showering, exposure to soil, 
dermal exposure or surface water ingestion while swimming). If one of these 
exposure pathways has been identified as significant, then, for gUidance on a 
method for calculating chemical intakes, contact the Exposure Assessment 
Group, Office of Research and Development, U.S. EPA, 401 M Street, S.W., 
Washington, D.C. 20460. 

6.2.5 Combine Pathway-Specific Intakes to Yield Total Oral and 
Total I nhalation Intakes 

In this step, total exposure scenarios are developed for each exposure 
point, and the relevant route-specific intakes are combined for the affected 

'J This route of exposure is especially important for children playing 
outdoors. If young children will have access to an area with contaminated 
surface soil, exposure for this subpopulation via soil ingestion can be 
estimated based on the following assumptions: (1) ingestion is primarily of 
concern for children between age two and six; (2) ingestion rate varies from 
0.1 to 5 grams per day, with higher values representative of pica behavior; 
and (3) body weight of children in this age group averages 17 kg, and ranges 
from 10 to 25 kg. These assumptions are based on U.S. EPA (1984), Kimbrough, 
et al. (1984), and Anderson, et a1. (1984). 

lQJ Recent studies indicate that intake of volatile chemicals due to 
showering in contaminated water may be greater than intake from drinking the 
contaminated water. For a reference list and recent review, see the 
follOWing: Foster, S.A. and Chrostowski, P.C., Integrated Household Exposure 
Model for Cse of Tap ~ater Contaminated with Volatile OrganiC Chemicals, 
rCF-Clement Associates, Inc., Washington, D.C., June 1986. 



INSTRUGlJON~: 

WORKSII£[ T 6-tO 

OllllR SUBCIIRONIC INTAKES 

1. Indicate exposure PQint, type of Intake, alld estimated duration of 
exposure. Duration should correspond to whlltlwr intake is subchronic 
or chronic (e.g., 3 months for subchronic alill 10 years for chronic). 

2. Using Exhibit 6-2 and/or other available information, calculate a human 
intake factor. 

3. List all indicator chemicals (use additional worl\sheets if necessary) and their 
short-term concentrat ions (from Workshe(H ?-j I. 

II. Determine Subchronic Dai Iy Intake (SOl) using the following formula: 
SDI = lIuman Intake factor x Short-Term Conc!!lItration. 

Exposure Point: Nea rest reS!!!!H!CC§. _____ .. _ Popu I a t Ion: 

facility Ill: 

Cluster/lank System: 

Dat!!: 

Ana Iyst: 

Qual ity Control: 

tOO Intake: . §!!iLjn!~.L!!!~ 

Duration of Exposure: 30 days 1I1Imall Intake factor: 20 m3/d!!~/IO kg O,.£~Un3fkg/da~ 

Chemical 

1. Ben~z~e~n~e:........ ______ _ 

2. lead 

3. 

4. 

5. 

It Air concentrations, in mg/m3. 

._------_.--- -------

[xjlOSllrn !'oint 
_2!!Qll-IQ.!J!!. ~Q!!~ent ra t i onlt 
Lower Upper Repres. 

0.001 ~Q_3_ 0.02 

___ 0_ ___ 0_ ° 

Oa i Iy Intake 
:--____ ~I.!!!!ILk<!/da~ ) 
lower Upper 

.00029 

° 
----.QQ~ 

o 

. , 

1\ 

Berres. 

.00')8 

o 



INSTRUCTIONS: 

WORKSIIU I 6-11 

OIIl[R CIIRONIC INJAKES 

1. Indicate exposure point, type of intake, alill (~stimal.ed duration of 
exposure. Duration sholiid correspond lo w"cUter illLake is subchronic 
or chronic (e.g .• 1 months for subcilronic alltl 70 years for chronic). 

2. Using Exhibit 6.,.2 and/or other available inrollnation, calculate a human 
intake factor. 

3. list ali indicator chemicals (use additional worksheets if necessary) and their 
long-term concentrlltions (from Worksheet ';-3). 

4. Determine Chronic Daily Intake (COl) using tile following formula: 
COl = Iluman Intake factor x long-Term Concentration. 

Exposure Point: Nearest reside~n~c;e~s~ ________ _ Population: 

file i I ity iO: 

Clustor/lank System: 

Oatil: 

Ana Iyst: 

Quail Control: 

100 I nUke: .§.Q.tLJ (Ilia i at Ion 

Duration of Exposure: 50 years Uuman In ta ke f ac \.0 r: 20 ml/day/I0 kg = 0.29_mlL~gtQ~aLY ______ __ 

Chemical 

1. Oenzene 

2. lead 

3. 

4. 

5. 

* Air concentrations, in mg/m3. 

- --------------

lxposlJre Point 
__ l!Wg-l efJ!L~~U£!Wtra t ion 
lower Upper Repres. 

~QOOL 

o 

_~LQQL 

___ L 

0'.002 

o 

Da i I Y ! n ta ke 
~~ ______ ~I~mgLhg~~ 

lower Upper 

.000029 

o 

.00081 

o 

. . 

\ I 

Repres. 

-----.&Q~ 

o 
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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 S, chemical concentrations at the significant exposure points 
~ere estimated for each identified exposure pathway (see Worksheets 5-1 and 
5-3). Recall that the significant exposure point for a path~ay is the point 
of highest individual exposure, although locations ~ith large exposed 
populations and lower exposure levels should also be included in' the analysis 
as supplementary exposure points. ~ow the task is to determine, for each 
significant exposure point identified in Chapter S, whicn of the other 
exposure pathways could contribute to total exposure at that p·oint. Use 
Worksheet 6-12 to record this information. Be sure to lis~ any potentially 
important non-quantified exposure pathways on Worksheet 6-12. 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 exposu'r-e is exciusively 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 
~ater), 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 6-12, insert the appropriate intakes to be 
combined (from worksheets 6-2 through 6-11) into Worksheet 6-13 (SOls) and 
Worksheet 6-14 (COIs). Note that some ~ntake values from Worksheets 6-2 
through 6-11 may need to be adjusted when'applied to exposure points other 
than those specified. In situations where the significant exposure points of 
two pathways are relatively far apart, one must judge whether the additional 
calculation effort is ~arranted 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-~ater path~ay differ, one may choose 
eicher eo adjust the intakes from Worksheets 6-2, 6-3, 6-8, and 6-9 before 
using them for a tocal exposure estimate or combine the unadjusted intakes for 
a conservative total exposure estimate. 

The next seep in the summation procedure is to add the intakes from 
drinking water, fish, and_other oral ingestion for each chemical to give the 
total oral SOI (Worksheet 6-13) and COl (Worksheet 6-14) for the population 
at risk at each significant exposure point. The existence of any 
non-quantified exposure path~ays should be noted on these summary intake 
worksheets. In addition, be sure to note the number of people exposed at each 
significant exposure point. 

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 for the same release. Remember, the time period defined as short-term 
is anywhere from a 10 to a 90 day period. If the SOI 'for one pathway is . 
estimated to occur immediately and the SOI for another pathway affecting the 
same exposure point from the same release is predicted to occur in S years, it 
would be improper to sum these (they would affect the same population, but at 
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WORKSH 12 

CON IBUTING L 

I;';STRl'CTIO~S: 

Facility ID: 
1. List the exposure points for all 

exposure being evaluated ClusteriTank System: 
(from Worksheet 5-1) (use additional 
~orksheets if necessary). Date: 

2. Determine the exposure pathways con
~ributing to total exposure for each 
listed exposure point. 

Analyst: 

Quality Control: 

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

Exposure Point 

1. Nearest downgradient 

2. Residences 1 mile S~ on 

vulnerable Dublic wells 

3. Hosoital at 2 miles on 

public well (sensitive) 

Exposure Pathways 
Contributing to 
Total Exposure 

Ground-water ingestion 

Soil contact 

Air inhalation 

Ground-water ingestion 

Air inhalation 

Ground-water ingestion 

Comments 

Non-quantified 

Low extlosure 

\ 



HOHKSII[lI 6-13 

IOIAI SUBCIIHONIC OAILY INTAKE (501) 

illTHUCT ION.§: 

1. Indicate exposure point, ntllnber of people, illill whcl.her illtake 
estimates arc lower, representative, or upper values 
(complete a separate worksheet for each type of estimate). 

2. List all indicator chemicals (use additiollal wUlks/wets if necessary). 

3. Hefer to Worksheet 6-12 and determine which exposure pathways are 
relevant for the exposure poinl. 

4. 

5. 

Hecord SOls (ill mg/kg/day) for the exposure point from Worksheets 6-2, 
6-4, 6-6, 6-8, and 6-10 in the appropriate COIUIilIIS. 

Determine total 501 by addillg the compollellt Sills for each chemi'cal. 
for example, ground-water, surface water, alld fish intakes would 
sum together for tota lora I 501. 

Exposure Point: Nearest residences on private~~L!:'! __________ _ 

Intake Estimates (circle one): Lower 

1. 

2. 

3. 

4. 

5. 

Chemical 

Benzene 

Le a,,,d'---__ _ 

Ground 
Water 

501 

0.00211 

0,0013 

Upper 

Surface 
Water 

SOl 

Hepresentative 

fish 
/ngcst ion 

'50 I 

~OOOOI11 

~!!!HHHn!! 

Other 
Ora I, 
501 

lotal 
Oral 
501 

Q.0028 

0.0013 

faci lity 10: 

Cluster/Tank Systom: 

Oilte: 

Ana Iyst: 

Qua Ii ty Contro I: 

Popul a t ion: __ !",O~O,-_____________ _ 

Air 
501 

Other 
Inhalation 

SOl 

" 

\ \ 

lota I 
Inhalation 

SOl 

o 

o 

" 



WORKSIIH I 6-14 

10lAI CIIRONIC DAilY INTAKE (CUI' 

Jlf S JlWC !!QIi~ : 

L Indicate exposure poinl, numller of people, alHl whether intake 
estimates are lowcr, represcntative, or IIpp(!r valllt!s 
(complete a separate worksheet for each lype or estimate). 

2. list all indicator chemicals (use additiollal worksheets if necessary). 

J. Rorer to Worksheet 6-12 and det.ermine which exposure pathways are 
relevant for the exposure point. 

q. Record CDls (in m!J/kg/day) for the exposllr!! poilll from Worksheets 6-3, 
6-5, 6-7, 6-9. and 6-11 in the appropriate columns. 

5. Determine lotal COl by adding the compollent.. Cllls for each chemical. 
ror example, ground-water, surface waler, and fish intakes would 
sum together for tota lora I COl. 

Exposure Point: Nearest residences on Q£lva!~_~g!J~' 

intake Estimates (Circle one): 

2. 

J. 

5. 

Chemical 

Ben~ 

lead 

Ground 
Water 

COl 

0,0008 

0.0009 

ower upper 

Surface 
Water 

COl 

Hopresentative 

risll 
III!Je st ion 

CUI 

.:.il.!lW!!.!QU 

.0000nQl~ 

Other 
Ora' 
COl 

Total 
Ora I 
COl 

!LJ)008 

0.0009 

racililY 10: 

Cluster/lank System: 

Popula~ion: 

Air 
COl 

----

Oal..o: 

Alia i ys t: 

Quality Control: 

100 

Other 
lolla I a t i 011 

COl 

\ I 

lOla I 
I nlla I a t i 011 

COl 

o 

o 



different times). 
higher of the two 
short-term risks. 
different systems 
at the same time, 
individual SDls. 
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In this situation, assessing short-term risks based on the 
values usually will provide a reasonable assessment of 
Alternatively, if releases can occur from the same or 

and result in SDls from two different (or'the same) pathways 
then the total exposure would be the summation of these 

6.3 DETERMINE CHEMICAL TOXICITIES 

The determination of ~hether or not a chemical poses a hazard to humans is 
crucial to the evaluation of the chemical's possible health effects. 
Information on toxicity must be used in conj~nction with data on estimated 
intakes to characterize risk. Critical toxicity values for many common toxic 
substances, as documented in the Superfund Public Health Evaluation Hanua1, 
are presented in Appendix C of this guidance. Toxicity information for 
specific chemicals not listed in Appendix C is available through the 
Environmental Criteria and Assessment Office (ECAO), U.S. EPA, 26 W. St. Clair 
Street, Cincinnati, Ohio 45268. 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 toxicity posed by a chemical are 
required in the evaluation of possible health effects: 

• the acceptable intake for subchronic exposure (AIS)llJ; 
• the acceptab Ie intake for chronic exposure (AIC) llJ ; 

and 
• 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. In some cases, separate critical toxicity values 
~ill be available for ingestion and inhal~tion routes of exposure. These 
values are provided in Appendix C for many chemicals. 

AIS and AICvalues are required for all chemicals being evaluated. These 
values are derived from quantitative information available from studies of 
animals (or observations made in human epidemiologic studies) that examine the 
relationship between intake and non-carcinogenic toxic effects. They are 
designed to be protective of sensitive populations. For example, for 
teratogenic chemicals, AIS values are generally derived for the teratogenic 
effects. 

If a chemical has a verified reference dose (RfD), that value ,should be 
used as the AIC. l%J Verified RfDs are for noncarcinogenic effects and are 

llJ The terms "AIC" and "AIS" are defined here only for the purposes of 
this evaluation. 

l%J For chemicals without EPA-verified RfD values, AIC values may be 
developed from other sources, such as EPA's Health Effects Assessment 
documents. 
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similar in concept to acceptable daily intakes (ADIs). In general, RiDs are 
based on the most sensitive effect result from chronic exposure. are 
being verified by an EPA Work Group chaired by the Office of Research and 
Development, in a process begun in 1985; they currently are available for 
approximately 100 chemicals. 

AIS values are determined by a process similar to that used to develop 
RfDs, except that subchronic studies are the basis of the values instead cf 
chronic studies. Most AIS values are based on subchronic animal studies (10 
to 90 days), although some are derived from human exposure data. For 
chemicals ~ithout appropriate human data, the t subchronic exposure 
level not causing adverse effects, or the "adverse effect level" 
(NOAEL), is determined from all of. the animal studies available in the 
literature. The NOAEL is then divided by appropriate uncertainty factors to 
derive the ArS. Uncertainty factors usually include a factor of ten to 
account for extrapolation from animal experiments to human effects and a 
factor of ten 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). 

AIC values are usually based on long-term animal studies. Adequate human 
data are available for a few chemicals, and these data are used whenever 
possible. Literature values from all appropriate studies are used to 
determine the highest chronic exposure level that does not cause an adverse 
effect (NOAEL). As for the AIS determination, the NOAEL is divided by ten to 
extrapolate from animal effects to human effects, and is divided by ten to 
account for intraspecies variability. If sufficient data cannot be obtained 
on chronic effects, subchronic NOAELs are used and divided by an additional 
factor of ten to account for uncertainties caused by extrapolation from 
subchronic to chronic effects. 

The carcinogenic potency factor is an estimated upper 95 percent 
confidence limit of the carcinogenic potency of the chemical. It is expressed 
as the lifetime cancer risk corresponding to one milligram of chemical intake 
per day per kilogram of body ~eight (mg/kg body ~eight/day) and it can be used 
at low doses to estimate an upper bound of cancer risk for a chemical. 

Generally only a limited amount of new work will be necessary to determine 
chemical toxicities, as the assessment has already been done for many toxic 
chemicals. Thus, for most cases, it is only necessary to summarize toxicity 
data already available. If EPA has completed verification of an RfD for a 
specific chemical, it should be used as the AlC. If toxicity values are not 
available in Appendix C, contact ECAO for guidance. Use Worksheet 6-15 to 
summarize available data. 

Three kinds of toxicity information should now have been gathered on each 
chemical of concern. These are s~bchronic and chronic accep-cable intakes for 
noncarcinogenic effects, and carcinogenic potency factors for potential 
carcinogenic effects. The information that has been gathered on toxicity can 
be combined with data on estimated intakes to characterize long-term and 
short-term health risks. The procedure for doing this characterization is 
described in the next section. 
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WORKSHEET 6-15 

CRITICAL TOXICITY VALUES 

I!'iSTRUCTTO~S: 

1. Lis~ all components of the ~aste or Facility TD: 
indicator ch~~icals (use additional 
worksheets if necessary). Cluster/Ta~k System: 

2. List subchronic acceptable intake (AIS), Date: 
chronic acceptable intake (AIC), and car-
cinogenic potency factor values (includ- Analyst: 
ing carcinogenicity weight-of-evidence 
ratings). Quality Control: 

3. Fdr teratogenic chemicals (indicated in 
Appendix C), list a separate AIS for that 
effect only. 

Carcinogenic 
AIS AlC Potency Factor 

Chemical (mg/kg/day) (mg/kg/day) (kg-day/mg) 

Inhalation Route: 

l. Benzene 0.026(A) 9:./ 

2. Lead 0.00043 NA 

3. ~lethv 1 e th\-l k.etone 2.2 0.22 NA 

Ingestion Route: 

l. Benzene 0.052(A) 9:./ 

2. Lead 0.0014 NA 

3. !1ethvl ethyl ketone 0.050 NA 

9:./ EPA weight-of-evidence rating in parentheses for potential carcinogens 
(provided in Appendix C). 

NA = not applicable. 
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6.4 RISK 

This step involves a comparison for noncarcinogens between the projected 
intakes determined in Section 6.2 and the acceptable intakes calculated in 
Section 6.3. For carcinogens, projected intakes from Section 6.2 are 
converted to carcinogenic risks and compared ~ith a target risk for total 
exposure to carcinogen~. The methodology for making each of these comparisons 
is different, so these t~o cl~sses of toxic are discussed separately in the 
remainder of tllis section. Exposure point concentrations have already been 
compared to established quality standards in Section 6.~ for those chemicals 
that have such standards; these comparisons will be combined with the risk 
characterization results in the overall health effects evaluation. 

6.4.1 Noncarcinogenic effects 

The overall process for evaluating noncarcinogenic effects is illustrated 
in Exhibit 6-3. If the hazardous waste tank for which the application is 
being submitted contains only one constituent of concern, the comparison 
between projected intake and acceptable intake is straightforward. If the. 
projected intake is lower than the acceptable intake, no adverse health 
effects will be expected. If the projected intake exceeds the acceptable 
intake, adverse health effects may be anticipated. 

In most cases, hazardous waste tanks will contain a number of constituents 
of concern. If this number is large, the applicant may have selected 
indicator chemicals to represent the wastes as described in Section 2.2 and 
these indicator chemicals should be evaluated here. If the intake of any 
constituent is greater than its acceptable intake for subchronic exposure 
(A IS) or acceptable intake for ch ronic exposure (A Ie) f then an adverse health 
effect is likely. If this is not the case, then the ratios of daily intake 
to acceptable intake Cone for each chemical) summed for each pathway of 
exposure (e.g., oral, inhalation) at each exposure point. This procedure 
should be followed for both chronic and subchronic exposures. 

As a first approach to risk characterization for several noncarcinogenic 
chemicals and effects, the assumption should be made that subthreshold 
exposures to the chemicals are additive and in total may cause an adverse 
effect. This approach reflects the Hazard Index approach presented in the 
Guidelines for the Health Risk Assessment of Chemical ~ixtures (51 Federal 
Register 34014-34025, September 24, 1986). Hazard Indices are evaluated for 
each exposure point and are calculated as follows: 

Subchronic Hazard Index 1lJ + + ..... + SDl. 

t.:here 

--l. 

AIS. 
l. 

SDI. = subchronic daily intake calculated for the ith 
l. 

toxicant at an exposure. point, and 

AIS. = acceptable intake for subchronic exposure to the 
l. 

ith toxicant at an exposure point; and 

llJ Ratios should be summed only for chemicals and exposure pathways for 
which the short-term concentration time period is the same. 



Exhibit 6-3 
DECISION TREE FOR THE EVALUATION OF 
POTENTIAL NONCARCINOGENIC EFFECTS 

How many constituents of concern 
does the tank contain? 

OSWER Directive 9483.00-2 

Does projected intake 
exceed the 

acceptable intake? 

Does projected intake Yes 
exceed acceptable intake 

for any individual chemical? 

Yes No No 

No Does either the subchroruc 

Adverse health effects 
are unlikely. 

Adverse health effects 
are possible. 

or chronic hazard index 
exceed one? 

Yes 

Separate chemicals by 
critical effect and calculate 
separate hazard indices for 
each effect. Do any of the 
hazard indices exceed one? 

No Yes 



Chronic 

I.·here 

Index :::: + + ..... + 
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AIC. 
1 

COL. :::: chronic daily intake calculated for the ith ~oxicant 
1 

at an exposure point, and 

~IC. :::: acceptable intake for chronic exposure to the ith 
1 

toxicant at an exposure point. 

If either hazard index does not exceed one, then adverse health effects will 
likely not be experienced, but if either index exceeds one, then further 
analysis is necessary. 

If the projected intake for any individual chemical of concern is greater 
than it:s acceptable· intake, adverse health effects may be anticipated. The 
assumpt:ion of additivity reflected in t:he hazard index equation is applied 
most properly to chemicals t:hat produce the same effect by the same 
mechanism. Therefore, if the equat:ion is applied t:o a mixture of chemicals 
that produce different adverse effect:s, it is likely to overest:imate the 
pot:ent:ial for an adverse effect. Consequently, if the sum of the rat:ios of 
daily intake to accept:able intake is greater than one, the chemicals should be 
segregated by critical effect, and separate hazard indices should be derived 
for each effect. Critical effects can be found in Health Effect:s Assessment 
Documents available from ECAO, U.S. EPA, Cincinnati, Ohio. A list of
chemicals for which these document:s are available as of October 1986 can be 
found in Appendix C, Exhibit: C-7. Use worksheets 6-16 and 6-17 to calculate 
hazard indices for subchronic and chronic exposures, respectively. 

Intakes and risks from oral and inhalation exposure pathways should be 
estimated separately so that route-specific toxicity data in Appendix C can be 
used. Ho~ever, the possible effects of multimedia exposure should be 
evaluated by summing the hazard indices for inhalation and oral exposures at 
each exposure point. This procedure will ensure that acceptable levels are 
not being exceeded by combined intakes when mUltiple exposure path~ays exist. 

It is emphasized that :he 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. Result:s for mUltiple chemicals should 
not be interpreted too strongly. A hazard index greater than one for multiple 
chemicals and effects indicates a potential for concern rather than a definite 
problem. Although a hazard index greater than one for multiple chemicals with 
the same effect is more indicative of a problem, uncertainty still exists 
because of the additiVity assumption. 

If some of the chemicals do not have adequate toxicity information, thus 
preventing their inclusion in the hazard index, the hazard index may not be 
reflective of potential hazard from the tank. Consideration of chemicals that 
do not have toxicity values could Significantly increase the hazard index to 
levels of concern. Professional judgment (e.g., from a toxicologist) is 
required to determine how to interpret the hazard index for a particular tank. 
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WORKSHEET 6-16 

CALCULATION OF SUBCHRON IC HAZARD INDEX 
FOR EACH EXPOSURE POINT 

I!'lSTRUCTIONS: 

1. Identify exposure point and sub
chronic constituents of concern (use 
additional worksheets if necessary). 

2. List the total oral subchronic daily 
intake (SOl) and total inhalation SOl 
in the appropriate columns for each 
chemical (in mg/kg/day). 

Fad.lity ID: 

Cluster/Tank System: 

Date: 

Analyst: 

Quality Control: 

3. List route-specific subchronic acceptable intake (AIS) values and calculate 
route-specific SOI:AIS ratios for each chemical. 

4. Sum and record route-specific SOI:AIS ratios. 

S. Sum and record total Coral plus inhalation) SDl:AIS ratios only if the 
SOls for the two routes 'refer to the same time period. If the sum is 
greater than 1, it may be possible to separate the ratios according to 
health endpoint and complete a separate worksheet for each endpoint. 

Exposure Point: Facilitv boundary Population: Future shoDDing area 

Intake Estimates (circle one): Lot.:er Upper Representative 

Sum of Oral SOI:AIS Ratios = .082 

Sum of Inhalation SOI:AIS Ratios = .006 

Sum Total of All Ratios = .088 
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RKSH 

LCULATION OF CHRONIC HAZARD INDEX 
FOR EACH EXPOSURE POINT 

INSTRUCTIONS: 

1. Identi exposure point and chronic, 
non-carcinogenic constituents of 
concern (use additional worksheets 
if necessary). 

2. List the total inhalation chronic 
daily intake (COl) and total oral 
cor in the appropriate columns for 
each for each chemical (in mg/kg/day). 

facil ID: 

Cluster/Tank System: 

Date: 

Analyst: 

Quality Control: 

3. List route-specific chronic acceptable intake (ArC) values and 
calculate route-specific CDI:AIC ratios for each chemical. 

4. Sum and record route-specific CDI:AIC ratios. 

5. Sum and record total (oral plus inhalation) CDI:AIC ratios. If the sum is 
greater than 1, it may be possible to separate the ratios according to 
health endpoint and complete a separate worksheet for each endpoint. 

Exposure Point: ~earest residences Population: 

Intake Estimates (circle one): Lower Cpper Representative 

Oral Inhalation 
Chemical CDr AlC CDl:AlC CDl AlC CDl:AlC 

1. Xylene 0.004 0.01 0.04 0.002 0.4 0.005 --

2. 0.001 0.22 0.005 0 0.003 0 

3. 

4. 

Sum of Oral CDI:AIC Ratios = 0.045 

Sum of Inhaltion CDI:AlC Ratios = 0.005 

Sum Total of All Ratios = 0.050 
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6.4.2 Carcinogenic Effects 

Risks for potential carcinogens 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), is used 
to convert estimated intakes to incremental risk. These carcinogenic potency 
factors can be found in Appendix C, Exhibit C-4. Because the exposure 
assessment is conservative, the resultant risk predict~d is an upper-bound 
estimate and may overestimate the actual risk from a release of contaminants 
from a tank system. This method is used, however, because it is important not 
to underestimate carcinogenic risk. 

, 
For the calculation of incremental risk from relatively low intakes, it 

can be assumed t~at the dose-response relationship will be in the linear 
portion of the dose-response curve. This procedure implies that the slope of 
the dose-response curve is equivalent to the carcinogenic potency factor 
CCPF). The relationship between risk and intake is given by the following 
equation: 

Risk = CDI x CPF 

This equation is valid only at low risk levels. But because the risk
based variance will likely not be granted when chemical intake and estimated 

. -4· 
carcinogenic risk are large (e.g., above 10 ), it would not be necessary to 
calculate pote~tial risk accurately. If the tank contains multiple chemicals, 
assuming individual intakes are small, the risk equation is generalized to the 
following: 

Risk = t CCDI. x CPF.) 
l 1. 

This equation is based on the assumption that there are no synergistic or 
antagonistic chemical interactions and that all chemicals have the same type 
of carcinogenic effect. I~ there is expected to be more than one route of 
exposure, the total carcinogenic risk is assumed to be additive, that is: 

Total carcinogenic risk for a chemical = 

CDICinhalation) x CPFCinhalation) + CDICoral) x CPF(oral) 

The total potential risk from a hazardous waste tank will be the sum of all 
the total carcinogenic risks for each chemical contained in the tank at a 

given point of exposure. Current Agency policy identifies a risk of 10.6 as 
-8 -4 the point of departure within a risk range of 10 to 10 for known or 

suspected carcinogens. A target risk higher than 10-6 should be accompanied 
by an appropriate justification. Worksheet 6-18 is provided for calculating 
total potential carcinogenic risk. 

6.4.3 Other Considerations 

The calculations described above are based on a number of assumptions, and 
there are many uncertainties inherent in the risk assessment process. Results 
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RKSH 6-18 

CALCULATION OF POTENTIAL RCINOGENIC RISKS 
FOR EACH EXPOSURE POINT 

1. Identi exposure point and 
potentially carcinogenic consti
tuents of concern (use additional 
worksheets if necessary). 

2. Lise all exposure routes for each 
chemical. 

Facility ID: 

Cluster/Tank Sys~em: 

Date: 

~nalyst: 

Quality Control: 

3. Record chronic daily intake (CDls) and carcinogenic potency factors 
(including carcinogenicity weight-of-evidence; e.g., A, B1, B2, etc.) for 
each chemical and each exposure route. 

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

5. Sum all of. the chemical-specific risks to give an estimate of total 
incremental risk due to potential carCinogens. 

Exposure Point: 

Intake Estimates (circle one): Lower 

Chemical 

1. Benzene 

2. 

Exposure 
Route 

Oral 

Inhalation 

CDI 
(mg/kg/day) 

2.SE-4 

1. 2E-3 

Population: 

Upper Representative 

CarCinogenic 
Potency Factor 

(kg/day mg) 

S.2E-2(A) 

2.6E-2(A) 

Route
specific 

Risk 

3.1E-S 

T01:al 
Chemical
specific 

Risk 

4.4E-5 

TOTAL UPPER BOUND RISK = 4 
.....;,.....;;;;.....;;;.-
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that show intakes or risks below the target intakes or risk levels do not 
necessarily mean that a risk-based variance should be granted. Other 
available information must first be considered and professional judgment 
applied to each variance petition. 

If indicator chemicals have been used in the risk assessment, it is 
important to reevaluate the choice of these chemicals and determine whether 
any information has been uncovered that suggests the need to include other 
chemicals in the assessment. Care should be taken to include any chemicals 
that are kno~n to have a synergistic effect. A literature search should be 
performed to determine if there is any evidence for synergism of the chemicals 
being evaluated. ~hen specific data are available that suppoit a synergistic 
effect between two or more chemicals contained in the hazardous ~aste tank, 
these data should be considered carefully and the risk assessment modified 
accordingly. However, the compounds in a mixture may also interfere with the 
synergism of chemicals. If data on chemical interactions are available but 
are not adequate to support a quantitative assessment, they should be 
considered after completion of the risk assessment as factors that may affect 
the risk. 
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CHAPTER 7 

ENVIRONMENTAL IMPACT EVALUATION 

This chapter is· designed to be used to evaluate risks to the environment 
in the event of releases of was'te constituents from hazardous waste tanks 
without secondary con'tainmen't. To evaluate environmental risks for this final 
phase of the risk-based variance procedure, a comparison is made between 
projected environmental exposure levels of indicator che~icalslJ and the 
harmful levels of these chemicals for animals, plants, and physical 
s'truc'tures. The exact nature of this comparison depends upon needs and 
conditions a't individual sites. If water quality criteria'are available for 
all indicator chemicals, this evaluation is based on a comparison of 
environmental receptor exposure point concentrations, as determined using 
Worksheet 5-4, to the relevant water quality criteria as described in Section 
7·.1. 

If general water qualit.y criteria are based on irrelevant species or may 
be affec'ted by site-specific aqua'tic chemical conditions, then more 
appropriate site-specific criteria can be derived based on guidance in Section 
7.2 for ei'ther aquatic or terrestrial exposures. I't is not likely that 
derivation of site-specific criteria will be necessary for most sites. If a 
criteria is not available for a particular chemical, then the applicant will 
be expected 'to include any available relevant environmental information that 
may exist, Regardless of whether general water quality criteria or site- . 

. specific cri'teria are used, the ratios of environmental receptor exposure 
point concentrations and criteria for all chemicals at each exposure point are 
added together based on the assumption that multiple sub-threshold exposures 
may 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-th~eshold exposures 
to criteria. Finally, Section 7.3 provides limited guidance on field 
evaluations that can be used to characterize environmental threats if the 
criteria comparisons indicate the possibility of environmental harm. 

The assessment of environmental risk is generally more complex than a 
human health evaluation. This additional complexity occurs because the 
"environment" consists of an assembly of species of plants, animals and 
microbes as opposed to the single species considered in a human health 
evaluation. In addition, all of these species have some degree of interaction 
with many others in the community and with the physical/chemical 
characteristics of the abiotic environment. At the same time.,' the endpoin't of 
concern in an environmental evalua'tion is population maintenance, not 
individual health as in an evalua'tion of human health effects. 

Species interactions and differences in the endpoints of concern tene to 
limit the amount of available information which is useful for estimation of 

lJ The list of indicator chemicals include the background chemicals 
evaluated in Chapter 4. 
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environmental impact. As a result, toxicity data for "environmental" species 
are generally less abundant than for humans. For example, it is not possible 
to derive toxicity constants for individual chemicals as was done for the 
human health evaluation. This lack of data requires many simplifying 
assumptions to complete the evaluation. Extensive extrapolations from 
chemical analogs or laboratory bioassay data do not accurately reflect 
chemical impacts at the ecosystem level. However, th~se data are often the 
only information ~vailable, and, consequently, a large degree of uncertainty 
result.s. Thus, many parameters must be ignored or estimated using 
conservative assumptions, especially when endangered species or unique 
hab are considered. 

This environmental impact evaluation compares exposure'point 
concentrations in surface water and ground water estimated in Chapter 5 to 
quality criteria for water%j. However, no comparable set of quality 
criteria for environmental exposure to soil- or sediment-bound chemicals are 
available. Thus, if these routes of exposure are thought to be important, 
either a site-specific conVersion factor or experimental data may be required 
to complete the evaluation. Likewise, the degree of projected damage to 
physical structures will have to be estimated based upon existing corrosion 
resistence data for the affected structure. 

Carcinogenic effects are not considered in the environmental impact 
evaluation. In the absence of data to the contrary, carcinogens potent enough 
to result in population perturbations in the ecosystem are assumed to be 
adequately addressed at lower levels in the human health evaluation. 
Distinctions between toxicological effects of different chemicals are 
generally not possible. Therefore, any observed effect which may reduce the 
lifespan or reproductive potential of an organism or population is considered 
a hazardous effect. 

The basic process of the environmental impact evaluation is illustrated in 
Exhibit i-I. In general, pocential hazards to the environment are assessed by 
comparing exposure point concencrations to established standards or guide
lines. A field evaluation may be useful ~o provide informa~ion concerning ehe 
species present at exposure points, ~he population sizes, the presence of 
endangered or threatened species, and the proximity to parkland or human-made 
structures. This information can be used to determine the scope necessary for 
the environmental evaluation. 

The next step is to list the important chemicals and calculate exposure 
point concentrations associated with each chemical (see Chapter 5). Note that 
this list may be a more extensive list of chemicals than that used in the 
health evaluation described in Chapter 6. The calculations of exposure point 
concentrations for any chemicals not included in the list of indicator 
chemicals evaluated in Chapter 6 are based on methods presented' in Chapter 5. 

These calculated values of exposure point concentrations are then compared 
with quality criteria previously established by EPA. If site-specific 
conditions warrant, alternative methods of deriving appropriate criteria values 

%j EPA, Quality Criteria for Water, Office of Water Regulations and 
Standards, 440/5~86-001, 1986. 
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Exhibit 7-1 
OVERVIEW OF ENVIRON1\1ENTAL IMPACfEVALUATIQN 

SECTJON 7.1 

Calculate exposure 
point concentration: 

quality criteria ratios. 

Sum ratios for 
indicator chemicals for 
each exposure point. 

Identify exposure point concentrations 
(from Chapter 5). 

Yes 

SECTJON 7.3 

Conduct environmental 
site evaluation. 

No 

No 

SECTJON 7.2 

Derive site-specific 
quality values. 

Environmental impact 
evaluation complete. 

I. 
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are used as presen~ed in Section 7.2. Site-specific adjustment.of criteria 
may be needed because a species at a site is more or less sensitive than those 
used to de~ermine the national criteria value. Physical and chemical 
characberisbics of the site may ameliora~e or enhance the biological 
availability and/or boxicity of chemicals and could ~arrant the development of 
site-specific criteria. In some situations, ~ater quality criteria ~ill not 
be available for all indicator chemicals and the development of site-specific 
criteria ~ill be necessary to perform the evaluation. In the event that the 
evaluation indicates potential environmental harm, Section 7.3 presents 
guidance on the types of information ~hich ~ill be needed for a risk-based 
variance. 

7.' COMPARE EXPOSURE POINT CONCENTRATIONS AND QUALITY STANDARDS 

The first step in the evaluation of environmental risk, the determination 
of environmental receptor. exposure point concentrations, has been performed in 
Chapter S. After the exposure point concentrations have been determined, 
projected concentra~ions are compared to EPA's ~a~er quali~y criteria. 3J 

Consideration of the assumptions made to derive the ~ater quality criteria 
should be made in order to determine if they are relevant to use for 
comparison. water quality criteria ~ere developed to be relevant and useful 
for most situations. Ho~ever, unusual differences in species sensitivity or 
site chemistry may ~arrant development of site-specific criteria for some 
sites. ~larine criteria are for applications in ~hich exposure occurs in salt 
~ater. 

For each environmental exposure point, list the chemicals and projected 
concentrations on Worksheet 7-1. Exposure point concentrations can be 
obtained from Worksheet 5-4. Refer to Exhibit 7-2 and record each chemical's 
chronic quality criteria. Water quality criteria are available for only a 
limited number of chemicals. Ho~ever, lo~est observed effect levels (LOELs) 
are available for a substantially larger number of chemicals. These 
concentra:ions are also listed on Exhibit 7-2 and marked by an asterisk. If a 
criterion is not listed, use either the chronic LOEL divided by 10 or the 
acute LOEL divided by 100, ~hichever is lo~est. These divisors are derived 
from currently available data on the toxicity and ecological effects of 
chemicals released in the environment, and they take into account the 
uncertainties due to such variables as test species sensitivity, laboratory 
test conditions and age-group susceptibility. A support document conta~n~ng a 
detailed discussions of the derivation of the values is available from EPA's 
Office of Toxic Substances.~J 

lJ EPA, Quality Criteria for Water, Office of the Water Regulations and 
Standards, 440/5-86-001, 1986. 

~J EPA, Estimating "Concern Levels" for Concentrations of Chemical 
Substances in the Environment (unpublished), available from Office of Toxic 
Substances, Health and Environmental Revie~ Division, Environmental Effects 
Branch, 1984. 



WORKSII£[ f 7-1 

COHPAn I SON or I NV II!OtlNf to AL R[C[I' I on [XPOSUHf po I N f COtlC[NTRA liON 
WIlli WAHH QUALITY CRIHRIA 

INSfnIJCTI0!i§: 

1. List all chemicals for the exposure point. facility 10: 

2. List p,"ojected total exposure point cOllcentratioll Cluster/lank System: 
from Worksheet 5-4. Indicate whether short-lerm or 10llg-term concentratioll. 

3 •. List type (e.g .• criteria. LO[L) and value of relevant water 
quality criteria for each chemical. 

Date: 

Ana IYSl: 

4. Divide projected exposure concentration by criteria cOllcentration. Qua I i ty COllt ro I : 

5. Sum the ratios for all chemicals at the exposure pOillt. 

Exposure Point: Spring 

Exposure 1'0 i nt 
Chemical Concen t ra t ion lype of Cri teria 

(mg/I) 

1. Arsenic'trll O.OO2..J!lgLL £n!~!.L~!lron i c 

2. Cadmium 0.005 m9LL fn~~!L Cilron~ 

3. Lead 0.001 rn9LL fre~!!..~hro~ 

tl. I ron O. 25{.l rn9LL LOtLI!~O ___ _ 

Concentration (Circle one): Short-term 

Qual ity Criteria 

Long term 

Value 
(ffig/I) 

O. 190.-!!!9LL

O. 00 U-ID.!lLL 

O.OOJLm.!l.L! 

0.1 mg/I 

Tota I: 

o • 

\ \ 

ria t io 

~?:_6 __ 

!L..!"!.!1 ~ __ _ 

0.3,.-,1..".3 __ 

2.500 

U8 1• 



Acenapthene 
Acrolein 
Ac ry I on i Hi Ie 
Aldrin 
AI ka I inl ty 
Ammon i a «To tal» 
Ammonia (Un-ionized) 
Antimony 
Arsenic(pent) 
Arsenic( tri) 
Benzene 
Benzidine 
Bery II ium 
BIiC 
Cadium 
Carbon Tetrachloride 
Chlorakyl athers 
Chlordane 
Chlorinated Benzenes 
Chlorinated Napththalenes 
Chlorinated Phenols 
Chlorine 
Cilloro II Methyl-J-Phenol 
Chloroform 
Chlorophenol 
Chlorophenol 2 
Chlorophenol II 
Chromium(lIex) 
Chromium! Iri) 
Copper 
Cyanide 
ODE 
DOT 
Oemeton 
Dichloroethane 
Dichlorobenzenes 
Dichloroethylenes 
()ichlorophenol 2,lI 
Oicilloropropane 

EXIIIUIT 1-2 

'21 
ACU1[ ANI) ClIIWNIC WAHIl QUALITY CRI HillA fOil PIWHCTlON 

or I HI SIIHA Hil ANI) .. iAR I NE ORGAN I SHS AND 
LOfl (LOW[ST OBSERVED E[[ECT L[V[LI VALUES bl 

concent ra t ions in ug/I 
-rri)siIAciiie fresh Chronic Marille Acute 
Criteria; IO[L bl Criteria; LOn QI Criteria; LOEL bl 

1,700" 520" 910" 
68" 21" 55 1t 

7,550" 2,600 1t 
:3.0 1.3 

20,000 
15.1 3.9 

0.092 0.002 
9,OO()" 1,600" 

8')1)" 118" 2,319" 
3 ill) 190 69 

5.:300" 5,100* 
2,500" 

130" 5.3* 
lOll" 0.3~1t 

3.9 1.1 43 
35,200" 50,000" 

238,000* 
2.11 0.00'-13 0.09 

250" 501t 160" 
1,600" 1.5* 

500,000* 910 lIliO 
19 11 13 
30" 

28,900" l,2110 1t 
'140" 

11,380* 2,0001t 
29,100" 

16 11 1,100 
1, lOll 210 10,300* 

18 12 2.9 
22 5.2 1 

1,05()" 14" 
1.1 0.001 0.13 

0.1* 
'1 ,800 M 20,000* 113,000* 

1,120" 163* 1,910* 
11,600" 224,000* 
2,020* 365* 

23,000 11 5.,100* 10,300 

Ha r i ne til rOII-rc-
era teriil; lOLL !!I 

"110" 

n* 
36 

700* 

9.3 

.0011 
129* 

1.5 

. , 
50 

2.9 

O.OlH 
0.1* 

3,0110* 

\ I 



EXIlIUIT 7-2 

al 
ACUl[ ANI) CIIIWNIC WAHR QUALllY CRIHRIA- rOR PROTECTION 

01 1"1~IWAI[R ANI) MARINE ORGANISMS AND 
.10[1 (IOWISr OUS[HV[O EffECT LEVEL) VAI.UES!!1 

------ _._-- ---

Dichloropropene 
Oieldrin 
Dimethyl Phenol 2,4 
Oinitrotolucnc 
Dioxill(2,3,7,8-TCOO) 
Oiphcnylhdrazine 
Dissolved Oxygen 
[ndosulfan 
[ndri n 
Ethylbcnzene 
r Illoranthene 
Guthioll 
lIalocthcrs 
lIalomcthanes 
IIcptachlor 
lIexachlorobutadicne 
IIcxachlorocyclohexanc (Lindano) 
I~xachlorocyclopentadiene 
IIcxachloroethane 
I ron 
Isophorone 
tead 
Malathion 
Mercury 
Methoxychlor 
Mi rex 
Naphthalene 
Nickel 
Nitrobenzene 
Nitrophenols 
Nit rosam i lies 
Parathion 
PCO's 
Pentachlorinated Ethanes 
Pentachlorophenol 
pll 
Phenol 
Phosphorus Elemental 
Phthalate Esters 

_ . __ . _. __ . _______ ~Q!!£9.nt[n!lQ!lLl[L!!!)Lt _____________ .. _. __ ... __ 
I resh AClltfl fresh Chronic Marille Acute Marirlll Chrollie 

Criteria; 1.0El!!1 Criteria; lO[l.!!1 Criteria; lO[l hI Criteria; lOll bl 

6,IIC)0" 
2.5 

2, 120" 
330" 

0.01" 
2111" 

(,,500 
lI.n 
0.18 

32,OIlO" 
3,9BOII 

3611" 
11,O()('" 

0.52 
')0" 
2.0 
/11 

980" 

111,000 11 

82 

2." 

2,300" 
1 , 800 

21,OOlI" 
230 11 

5,650" 

2.0 
1,21111" 

5?tt 

10,200 " 

9 ,,0" 

2Ij', .. 
. 0.0019 

230" 
0.0056" 

4,000 
0.056 
0.0023 

0.01" 
122" 

0.0038 
9.3 11 

0.08 
5.2" 

5'10" 
1,000" 

3.2 
.01 

0.012 
0.03 
0.001 

620" 
96 

150" 

0.0" 
0.011, 

1,100" 
3.2" 
6.5-9 

2,560" 

3" 

790" 
0.71 

590" 

0.03" 
0.037 

,.30" 
,,0" 

12,000" 
0.053 

32" 
0.16 
7" 

. 9 ,,0" 

12,900" 
1·,0 

2.1 

2,350" 
1,,0 

6,680" 
",850· 

3,300,000" 

10 
390" 
53" 

5,800" 

2,9"4" 

.. 

I I 

0.OU19 

370" 
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For each chemical, divide the projected exposure point concentration by 
the quality criterion to obtain a ratio of projected to protective 
concentrations. If quality criteria are not available for one or more of the 
chemicals, site-speCific values must be derived as outlined in Section 7.2 
before this worksheet can be completed. When all the criteria values have 
been finalized, sum the ratios for all chemicals at each exposure point. 

If the sum of the ratios is less than or equal to 1.0, there is a low 
probability of environmental harm. A value between 1.0 and 10 is indicative 
of possible harmful effects. A value greater than ·or equal to 10 is an 
indication of probable environmental harm. This method -is similar to the 
Office of Pesticide Programs' risk assessment method. sJ The main difference 
between the two methods, however, is that in the Office of ·Pesticide Programs' 
method, the effect level is related to a toxic concentration limit, while in 
the enVironmental impact evaluation method of the risk-based variance, a lower 
effect level (i.e., a less severe endpoint) is used for comparison (namely 
quality criteria for protection of aquatic life). 

At this point, an evaluation of the underlying assumptions may be 
warranted. For example, if the most mobile indicator chemical is used to 
represent all the indicator chemicals, a question to ask is whether the 
transport rate of the most mobile chemical is radically different from the 
other chemicals. If this is the case, the sum of the ratios may· be 
ar~ificially high. Conversely, this analytical method does not take into 
account the possible impact of synergistic enhancement or antagonistic 
reduction of toxicity by a mixture of chemicals. The approach assumes that 
~ultiple subthreshold e~posures result in adverse iffects at a magnitude 
proportional to the sum of the ratios of expected exposures versus acceptable 
exposures. 

A complete summary of levels of uncertainty, assumptions and 
extrapolations should be included. Also, this summary should include a 
discussion of the health of the ecosystem at the points of exposure. The 
health of an ecosystem can be discussed in terms of stressed communities, 
population diverSity, important functional parameters of the community, 
productivity, and stability. This information may be generated from site 
surveys or from private, state, or federal information sources. 

Human-made structures may also be affected from contamination with 
hazardous waste. Potential contamination of physical structures is evaluated 
by comparing estimated exposure point concentrations at the structure to the 
corrosion resistance of the structural materials'J 7J to individual 

'J EPA, Hazard Evaluation Division Standard Evaluation Procedure 0 

Ecological Risk Assessment, Office of Pesticide Programs, 540/9-85-001, 1986. 

'J National Association of Corrosion Engineers, Corrosion Data Survey -
Nonmetals Section, (Houston: National Association of Corrosion Engineers, 
1975). 

7J National Association of Corrosion Engineers, Corrosion Data Survev -
~etals Section, (Houston: National Association of Corrosion Engineers, 1985). 
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contaminants. If concentrations of hazardous waste constituents exceed the 
level that would ensure corrosion resistance of the structural material to a 
specific chemical, deterioration of the structure may be of concern. 

7.2 DERIVATION OF SITE-SP IFIC CRI RIA 

The purpose of this section is to provide guidance to applicants who need 
to use alternate criteria for calculating concentration ratios because 
available criteria either do not address or are not relevant for chemicals or 
conditions at the site. The values derived in this section may be used where 
local conditions warrant an adjustment (up or down) in existing criteria. 
When a criterion does not exist for a chemical, provide the concentrations 
estimated in Chapter 5 and any available toxic.ity information. 

The EPA derives criteria for water quality by the complex manipulation of 
a toxicity data base for aquatic organisms which is referred to as ~he 
national acute toxicity data set. The data set contains verified toxicity 
concentrations for the organisms listed in Exhibit 7-3. For both fresh and 
saltwater environments, acute toxicity data for eight families of organisms, 
acute-chronic ratios for three families, acute toxicity to an algal species or 
vascular plant species and a measurement of bioconcentration are required to 
calculate the water quality criteria. 

Site-specific criteria development may be justified because species at a 
given site may be more or less sensitive than those represented in the 
national criteria document. 8J For example, the national criteria data set 
contains data for trout, salmon, penaeid shrimp, and other aquatic species 
that have been shown to be especially sensitive to some chemicals. Because 
these or other sensitive species may not occur at a particular site, they may' 
not be representative of those species that do occur there. Conversely, a 
site may have untested sensitive species that are ecologically important and 
need to be protected. 

In addition, differences in physical and chemical characteristics of the 
site have been demonstrated to ameliorate or enhance the biological 
availability and/or toxicity of chemicals. For example, alkalinity, hardness, 
pH, suspended solids and salinity influen~e the concentration(s) of the toxic 
formes) of some heavy metals, ammonia, and other chemicals. 

7.2.1 Derivation of Aquatic Criteria 

EPA recognizes three methods for calculating site-specific water quality 
criteria'J depending on why the site=specific criteria are needed for the 
site. These methods are as follows: 1) recalculation procedure, which is 
used if the species used to determine the toxicity data on which the water 
quality critera are based are not relevant to the site; 2) indicator species 

SJ EPA, Quality Criteria for Water 1986, Office of Water Regulations 
and Standards, 440/5-86-001, 1986. 

'J EPA, Waste Qualty Standards Handbook, Office of Water Regulations 
and Standards, 1983. 
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EXHIBIT 7-3 

CHEMICAL SPECIFIC TOXICI·TY INFORMATION IN THE 
NATIONAL ACUTE TOXICITY DATA SET 

I. Fresh Ivater 

Acute toxicity 
concentrations for - a Salmonid (trout or salm9n) 

- a warmwater commercial o~ recreational fish 
(bluegill, catfish) 

- a third fish species or amphibian 
- a planktonic crustacean (cladoceran, copepod) 
- a benthic crustacean (ostracod, isopod, 

crayfish) 
- an insect 
- a species which is not an arthropod or 

vertebrate (molluscs, rotifers, annelids) 
- a family in any order of insect or phylum not 

already represented 

Acute-chronic ratios for - at least one fish species 

Acute toxicity 
concentrations for 

Bioconcentration factor 

II. Salt Water 

Acute toxicity 
concentrations for 

- at least an invertebrate species 
- at least one acutely sensitive species 

a freshwater algal species or vascular plant 
(if plants are among the aquatic organisms 
that are most sensitive to the material, 
results of a test with a plant in another 
division is also required) 

for at least one appropriate species 

two vertebrate families 
- any crustacean in the ~ysid or Penaeid family 
- three other non-vertebrate families 
- a species which is not a vertebrate or anthropod 
- any family not already used 

Acute-chronic ratios for - a fish species 
- an invertebrate species 
- an acutely sensitive saltwater species 
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IBI ( n ) 

CHEMICAL SPECIFIC TOXICITY iN RMATION IN THE 
NATIONAL ACUTE TOXICITY DATA SET 

Acute toxicity 
concentrations for 

Bioconcentration factor 

III. Other Information 

a salt~ater algal species or vascular plant 
(if plants are among the aquatic organisms that 
are most sensitive to the material, results of 
a test with a plant in aqother division is also 
required) 

for at least one appropriate species 

Information on dependence of toxicity of the chemical on environmental 
factors (e.g., water hardness and metals) 
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procedure, which is used to adjust for differences in water quality that may 
affect the toxicity and biological availability of hazardous waste at the 
site; and 3) resident species procedure, which is used to concurrently adjust 
for species sensi~ivi~y and aquatic chemis~ry effects that may simul~aneously 
occur necessi~a~ing criteria adjustment. Details of the three procedures are 
given in the above reference. These procedures range from relatively simple 
and straightfor~ard to quite complex laboratory analyses. Professionals 
trained in aqu,'1tic toxicology may be required to p~rform some of these tes~s 
and interpret the results. A brief discussion of the conditions under which 
these procedures may be used are outlined below to give _~he applicant an 
overview of the subject. 

Recalculation Proc,edure 

The recalculation procedure allows modifications in the national acute 
toxicity data set by eliminating data 'for species that are not resident at the 
site.', This procedure is designed to compensate 'for any reat' difference 
between the sensitivity range of species represented in the national data set 
and species found at a site. Sufficient toxicity data may be available for 
other, more relevant species, allo~ing simple recalculation with the relevant 
toxicity data. However, elimination of data for this recalculation procedure 
may result in insufficient data to meet the na~ional minimum data set 
requirements, in which case additional resident species acute testing in 
laboratory water is required before this procedur~ can be used. 

Certain families or organisms have been specified ~o be represented in the 
National Guidelines 10J ~cute toxicity minimum data, set (e,g., Salmoidae in 
freshwater and Penaeidae or Mysidae in saltwater). All specified families may 
not exist at any given site. If this or any other requirement cannot be met 
because the family or other group (e.g., insect or benthic crustacean in 
freshwater) is not represented by resident species, select a substitute(s) 
from a sensitive family represented by one or more resident species to mee~ 
the eight family minimum data set requirement. I f all the families a~ the 
site have been tested 'and the minimum data set requiremen~s have been met, use 
~he most sensitive resident family mean acute value as the site-specific Final 
Acute Value (FAV) , which is defined as an estimate of the chemical 
concentration that is not acutely toxic to 95 percent of the species present 
at ~he site. No chronic testing is required by this procedure since the 
acute/chronic ratio will be used with the site-specific FAV ~o obtain the 
site-specific Final Chronic Value (FCV). The acute/chronic ratio is the 
quotient of the mean acute toxicity concentration divided by the mean chronic 
toxicity concen~ration for the chemical. Therefore, the site-specific FCV is 
the ratio of the site-specific FAV to the acu~e/chronic ra~io. 

In addition to toxicity values, Final Residual Values (FRV) may also be 
calculated for areas where the occurrence of elevated contaminants in the 
flesh of commercially or environmentally important species is possible. For 
lipid soluble chemicals whose FRVs are based on Food and Drug Administration 
(FDA) action levels, adjustments in these values based on ~he percent lipid 

lOJ EPA, Quality Criteria for Water 1986, Office of Water Regula~ions 
and Standards, 440/5-86-001, 1986. 
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content of resident aquatic species is appropriate for the derivation of 
site FRVs. For lipid soluble chemicals, the national FRV is based on 
an average 11 percent lipid content for edible portions for the freshwater 
chinook salmon and lake trout and an average of 10 percent lipids for the 
edible portion for saltwater Atlantic herring. An adjustment for these 
differences may be necessary, because resident species of concern at any given 
site may have higher (e.g., Lake Superior siscowet, a race of lake trout) or 
10~~r (e.g., many sport fish) percent lipid content than those species used 
for the national FRV. 

For some 1 id soluble chemicals such as polychloriaated biphenyls (PCB) 
and DDT, the national FRV is based on wildlife consumers of fish and aquatic 
invertebrate species rather than an FDA action level because the former 
provides a ~ore stringent residue leve111J. Since the data base on the 
effects of ingested aquatic organisms on wildlife species is extremely 
limited, it would be inappropriate to base a site-specific FRV on resident 
Wildlife species. Consequently, site·specific modif~3tions for these 
chemicals are based on percent lipid content of resident species consumed by 
humans. 

For the lipid soluble chemicals whose .nationa1 FRVs are based on wildlife 
effects, the limiting wildlife species (mink for PCB and brown pelican for 
DDT) are considered acceptable surrogates for resident avian and mammalian 
species (e.g., herons, gulls, terns, ot~er) and a less r.estrictive 
modification of the national FRV is not appropriate. The site-specific FRV 
would be th.e same as the na.tional value. 

I ndicator Species Procedure 

This procedure is based on the assumption that physical and/or chemical 
characteristics of water at an exposure site influences biological 
availability and/or toxicity of a chemical. This procedure is designed to 
compensate for site ~ater quality characteristics which may affect the 
biological availability and/or toxicity of a chemical. Major factors 
affecting aquatic toxicity values of many chemicals, especially heavy metals, 
have been identified. For example, the carbonate system of natural ~aters 
(pH, hardness, alkalinity, and carbon dioxide relationships) has been the most 
studied and quantified ~ith respect to effects on heavy metal biological 
availability and/or toxicity to aquatic life. 

Acute toxicity in site water and laboratory water is determined using 
representative species resident at the site, or acceptable non-resident 
species as indicators or surrogates for species found at the site. The 
difference between toxicity values determined for the site water and for the 
laboratory water on ~hich the national criteria were based, expressed as a 
water effect ratio, is used to convert the national maximum concentration for 
a chemical to a site-speCific maximum concentration from which a Site-specific 
Final Acute Value (FAV) is derived. 

llj EPA, Quality Criteria for Water 1986, Office of Water Regulations 
and Standards, 440/5-86-001, 1986. 
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This procedure also provides three methods for obtaining a site-specific 
Final Chronic Value (FCV). One method consists of calculating the FCV (no 
testing required) if a Final Acute/Chronic Ratio for a given chemical is 
available in the national criteria document. 12J This ratio is simply 
divided into the site-specific FAV to obtain the site-specific FCV. The 
second consists of obtaining the FCV by performing at least two acute and 
chronic toxicity tests on both fish and invertebrate species (resident or 
non-resident) in site ~ater. Acute/chronic ratios are calculated for each 
species, and the geometric mean of these ratios are then divided into the 
site-specific FAV to obtain the site-specific FCV. The .third method cons ists 
of obtaining an FCV by performing chronic toxicity test~ with at least one 
fish and one invertebrate (resident or Qon-resident) in both laboratory water 
and site water and calculating a geometric mean chronic water effect ratio 
which is used to modify the national FCV. 

Resident Species Procedure 

This procedure is designed to compensate concurrently for any real 
differences between the sensitivity range of species represented in the 
national data set and for site water conditions that may markedly affect the 
biological availability and/or toxicity of the material of interest. The 
purpose is to develop the complete acute toxicity minimum data set using site 
water and resident species. Derivation of the site-specific maximum and 
chronic concentration would be accomplished after conducting tests with a 
sufficient number of resident species in site water. Sufficient species must 
be teste'd to satisfy acute toxicity minimum d'ata set requirements. Chronic 
tests may also be necessary to derive site-specific acute-chronic ratios. 

7.2.2 Derivation of Terrestrial Criteria 

The evaluation of effects of released chemicals on terrestrial biota is 
considerably more complex than for aquatic biota. Data on the routes of 
exposure and chemical transfer between organisms via the food web are very 
limited, ~Iammals, birds, and crop plants are given more emphasis in this 
regard than the other terrestrial species because there are established 
protocols for testing these species and they have a greater direct economic 
value than other types of organisms. This emphasis does not necessarily 
indicate, however, that they are the most important or the best indicators of 
environmental quality.' As with site-specific wate~ quality criteria, 
terrestrial values may be derived from scientific literature values or 
laboratory or field data. For mammalian values, data from mammalian (rat) 
toxicity studies for use in human health evaluations may be used in addition 
to wild mammal toxicity studies or field studies. Protocols for toxicity 
testing are specified by EPA in 40 CFR Parts 796, 797, and 798. For the 
purpose of animal environmental evaluations, only oral or dermal routes of 
exposure are usually considered relevant. 

12J EPA, Quality Criteria for Wdter 1986, Office of Water Regulations 
and Standards, 1986. 

-. 



OSWER Oirec~ive 9483.00-2 
7-16 

to hazardous substances may come partly from surface water, 
from contaminated plants, and ly from tontamina~ed prey (in the 

case of predators). Methodologies for establishing dose levels for 
terres~rial animals have been detailed by the Office of Pesticide 
Programs. 1lj The methods require a series of data inputs and conversions to 
derive a concentration level. LO SO (lethal dose to SO percent of test 

organisms) data are converted to LO.Os relative to animal body weight. The 
::l • 

quantity of toxicant available to the organism is generated using exposure 
route information from Chapter 3, and estimates in intake/exposure are 
developed based on site-specific information -relevant species and 
exposure scenarios. The mass of toxicant actually ingested must be estimated 
either from extrapolations of laboratory data on indicator 'species, on 
resident species, or from actual field studies. These values will vary 
tremendously with the species tested. For terre~trial plants, dose is 
relatively straightforward. The.environmental receptor exposure point 
concentration in the ground water or soil is quantified in Chapter 5 and this 
level is compared to toxic levels (similar to the methods for aquatic 
organisms). P.owever, few data are available on the toxicity of RCRA hazardous 
substances to terrestrial vegetation. Thus, measurements will be required or 
the uncertainties associated with a qualitative assessment must be acceptable. 

For environmental impact evaluations, a range of organisms (mammal, bird, 
vascular plant) and a range of sensitivity must be included. The objective of 
the study is to obtain "no observed effect levels It (NOELs), or an exposure 
concentration at which no effect on the organism is observ~d. The NOEL is 
distinct from the the ".no observed adverse effect level" (NOAEL). In the 
latter case, effects are observed due to exposure, but they are not considered 
adverse for the test species. 

A safety factor of either 100 or 10 is applied to the lowest NOEL. If 
available da~a are for acute toxicity tes~s, divide the NOEL by 100. If the 
available data are for chronic toxicity, divide the NOEL by 10. If an 
endangered species hds been identified as utilizing the potentially 
contaminated environment, apply an addi~ional safety factor of 10 to the 
data. Use the resultant values to calculate the ratio between exposure point 
concentration and criteria levels for each exposure point and chemical. 

7.3 SITE-SPECIFIC EXPOSURE POINT EVALUATION 

In the event that chemical concentrations are projected tQ be above the 
water quality criteria as determined in Section 7.1 or site-specific criteria 
as determined in Section 7.2, a variance permit may still be sought. However, 
field evaluation of each exposure point where chemical concentrations indicate 
the possibility of environmen~al harm will be necessary. The field evaluation 
will include, but may no~ be limited to, compilation of species lists (plant 
and animal), popula~ion es~imates and diversity indices, popula~ion trends for 
dominant species, projected impacts of the chemicals on population trends, 

llj EPA, Hazard Evaluation Division Standard Evaluation Procedures -
Ecological Risk Assessment, Office of Pesticide Programs, 540/9-85-001, 1986. 
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presence of endangered or threatened species, proximity to protected habitats 
or parkland, recreational use of the area, agricultural or other commercial 
use of the area, and proximity to buildings, historical sites, utility 
conveyances or other man-made structures. The species considered must include 
both permanent residents and migrating species which may utilize the habitat 
for only part of the year. Some of this information will already have been 
generated in Chapters 4 and 5 and Section 7.1. 

Surveys for compiling species lists are straightforward and standard 
methods exist. The level-of-detail of the environmenta~ survey will depend on 
site-specific needs. Local educational institutions or'a state agency may 
already. have the necessary information. The local office of the Fish and 
Wildlife Service, U.S. Department of Interior, will be able to provide lists 
of endangered or threatened species, habitats and parklands. Local Chamber of 
Commerce offices or the appropriate state agency may provide information on 
agricultural production and value and information on utilities and 
archeological or historical sites and their nature. 

The most difficult aspect of the evaluation will be projecting the impacts 
on population trends for the operating life of the tank system or beyond, 
depending upon environmental transport rates. Note that the impacts must be 
projected based upon present environmental conditions. This evaluation will 
likely be qualitative because adequate quantitative data are not likely to be 
available. If the exposure site is already chemically degraded or otherwise 
stressed, the impact of additional chemical insult must be determined . 

. Factors to take into consideration may include community stability and 
productivity, impacts of released chemicals on ~unctional parameters (e'. g. , 
nutrient cycling, community respiration, reproductive capacity, and carrying 
capacity), bioaccumulation and food web transfers, and predator-prey 
relations. Investigation of all of these factors will require the input 
and/or active participation of knowledgeable professionals in the field (e.g., 
an ecologist). Field studies of actual community response to chemical 
exposures may be necessary at some sites. The overriding prinCiple in any 
field survey, microcosom or field exposure study is to target the most 
sensitive parameter in the impacted ecosystem. 

Environmental impact evaluations can be complex assessments given the 
variation in number and types of species possible at a site. These 
calculations should address the limits of uncertainty in any of the 
measurements and criteria being used and should include an assessment of the 
assumptions, extrapolations, and data gaps which are inherent in any such 
study. Exposure point concentrations, chemical intakes, and toxicity and 
criteria data are all potential sources of uncertainty. On the other hand, 
most environmental evaluations will not require elaborate scientific 
procedures or development of specific criteria. Professional judgment is, 
nevertheless, required in interpreting results of this evaluation to ensure 
that relevant species are covered and proper criteria have been used. The 
conclusions of the reports must satisfy the Regional Administrator that the 
studies are valid, address the proper parameters, and clearly demonstrate a 
lack of substantial environmental risk posed by the release scenario. 
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CHAPTER 8 

SUMMARIZING THE RISK-BASED VARIANCE APPLICATION 

At this point in the risk-based variance application process, the 
following analyses have been completed: 

• a health effects evaluation; and 

• an environmental impact evaluation . 

This chapter provides guidance for summarizing the results· of these 
evaluations. In general, the summary must provide the following: (1) a 
rationale for the level of detail of the analysis; (2) a description of each 
of the steps discussed in Chapters 2 through 7 that were used in the analysis; 
(3) the worksheets (or their equivalent) listed in Exhibit 8-1; (~) a 
discussion of all the major sources of uncertainty in the data and estimates 
(e.g., assumptions, data gaps, model uncertainties, sample variations, 
detection limits); and (5) a conclusion. 

As with the narrative component of the main text of the application, the 
narrative component of the summary also plays a very important role. It 
should briefly, but clearly, explain the methods used to generate the data in 
the application. Recognizing that some reports or portions of reports may be 
reviewed by the public, and especially by members of the potentially exposed 
population, care must be taken to summarize the majo.r steps' and results of the 
application in terms that are easily understood. 

The following sections briefly describe the major topics that need to be 
addressed in the summary of the application. Section 8.1 provides guidance on 
summarizing the source, surrounding area, and exposure characteristics 
addressed by Chapters 2, 3, 4, and 5.' Section 8.2 pertains to Chapter 6 
(Health Effects Evaluation), and Section 8.3 addresses Chapter 7 
(Environmental Impact Evaluation). The applicant must refer to the individual 
chapters of this manual to obtain a more thorough discussion of the topics 
that must be addressed. 

8.1 SUMMARIZE THE SOURCE, SURROUNDING AREA, AND EXPOSURE 
CHARACTERISTICS 

This section provides guidance on summar~z~ng Chapters 2, 3, 4 and 5. 
First, provide a brief site description and include a map indicating the 
location of the systems or components in the application. Discuss the notice 
of intent to apply for a variance, and how the estimated timetable (Worksheet 
1-1) corresponded with the actual application. 

Using worksheets and text generated by Chapter 2, discuss the physical, 
chemical, and toxicological properties of the waste constituents in the tank 
systems or components. Note any highly mobile, persistent, or toxic 
chemicals. Provide the rationale for the indicator chemicals selected. 
Discuss each chemical not selected and the reasons for not selecting it. 
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EXHIBI 8-1 

WORKSHEETS FOR SUMMARIZING 
E RISK-BASED VARIANCE APPLI ION 

worksheet 
Title Number 

Timetable for Demonstration of Risk-Based Variance from 1-1 
Secondary Containment 

Scoring for Indicator Chemical Selection: Overall Concentration, 
Koc, and log Kow Values 

Scoring for Indicator Chemical Selection for Human Health Effects 
Evaluation: Evaluation of Exposure Factors and Final Chemical 
Selection 

Scoring for Indicator Chemical Selection f®r Environmental Impact 
Evaluation: Evaluation of Exposure Factors and Final Chemical 
Selection 

Release Volume Profiles Associated with Each Tank System 

~easured Ground-water Concentrations of Background Chemicals 

~easured Surface water Concentrations of Background Chemicals 

Potential Human Exposure Pathways 

Potential Environmental Receptor Exposure Pathways 

Contaminant Concentrations at Human Exposure Points 

Contaminant Concentrations at Environmental Receptor Exposure Points 

Comparison of Human Exposure Point Concentrations to 
Established Standards 

Pathways Contributing to Total Exposure 

2-4 

2-8 

2-9 

2-10 

':'-2 

4.-6 

5-1 

5-2 

5-3 

5-4 

6-1 

6-12 
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EXHIBIT 8-' (continued) 

WORKSHEETS FOR. SUMMARIZING 
THE RISK-BASED VARIANCE APPLICATION 

Title 

Total Subchronic Daily Intake (SDI) 

Total Chronic Daily Intake (CDI) 

Critical Toxicity Values 

Calculation of Subchronic Hazard Index for Each Exposure Point 

Calculation of Chronic Hazard Index for Each Exposure Point 

Calculation of Potential Carcinogenic Risks for Each Exposure Point 

Comparison of Environmental Receptor Exposure Point Concentration 
with Water Quality Criter{a 

\yorksheet 
Number 

6-13 

6-14 

6-15 

6-16 

6-17 

6-18 

7-1 
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Include a brief discussion of the score rankings and other 
used to determine the indicator chemical list. Referring to ~orksheet 2-10, 
discuss the worst-case release ,volumes and release masses. Identify each tank ." 
system component, and briefly describe the release volumes of each. Include 
the rationale for the chosen release rates. Discuss each tank system's 
minimum, maximum, and representative release mass profile. 

Summarize information gathered from the hydrogeologic characterization of 
the facility (Chapter 3), including climatic features, geology at dnd 
surrounding the Site, litho and hydrologiC features of the unsaturated 
and saturated zones, -water flow directions and ~ates, and surface water 
features. 

Discuss the surrounding land use, water use, and water quality of both 
surface waters and ground water in the vicinity of the facility (Chapter 4). 
Existing background levels of contamination for both surface waters and, ground 
waters shollJd be discussed. (Worksheets 4-2 and 4-6). If the facility has 
experienced a prior release, special attention should be devoted to discussing 
the effects of the release or releases on ground-water and surface water 
quality. The applicant should also briefly describe other suspected release 
sources in the area such as naturally occurring background chemicals, CERCLA 
sites, other RCRA facilities, and wastewater dischargers; highlight any 
significant adverse effects on water quality in the area that might be 
attributable to these sources. Any ongoing remediation efforts in connection 
with other release sources should also be discussed. 

Dra~ing npon the appropriate worksheets and text generated by Chapter 5, 
discuss the current and future potential human and environmental exposures 
associated with the site. If it was determined that neither current nor 
future potential exposures exist, and, therefore, that no substantial present 
or potential hazards exist, then clearly summarize the determination of no 
exposures. If current or future potential exposures do exist, then discuss 
the highest current and/or future potential exposure. Also, note all other 
potential exposures. Describe where the exposure points are in relation to 
the site and how exposure might occur there. Discuss the release sources, 
transport mechanisms, transport media, exposure routes, and exposed 
populations. ~ote any sensitive subpopulations. Describe the fate and 
transport models that were used to estimate the exposure point 
concentrations. Provide the rationale for the models chosen and include a 
brief discussion of the supporting documentation. Timing of exposures (i.e., 
short-term and long-term) must also be discussed. 

8.2 SUMMARIZE THE HEALTH EFFECTS EVALUATION 

The first major topic of the health effects evaluation (Chapter 6) is the 
established quality standards relevant to the site (Worksheet 6-1). Note any 
acceptable standards that are violated by the estimated chemical concentra
tions; identify the chemicals involved, the standard and its numerical value, 
and the numerical values of the lower, representative, and upper concentration 
estimates. Discuss the standards determined to be most appropriate. Address 
cumulative (i.e., additive) effects as depicted by the summed ratios of 
estimated concentrations to acceptable standards and most appropriate 
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standards. Note any summed ratios that exceed one. If an acceptable standard 
exists for each indicator chemical, indicate this and omit the fol~owing' 
summary discussion on intake estimation and noncarcinogenic and carcinogenic 
risk characterization; proceed instead to the discussion on unquantified 
health considerations. 

Discuss the chemical intake estimates used in the risk characterization 
(\\orkshcets 6-12,6-13, and 6-14). Address the exposure routes, durations, 
and amounts of intake. Present the total exposure scenarios for each exposure 
point; include a summary of the relevant route-specific_estimated intakes that 
were combined to give total daily oral intake and total, daily inhalation 
intake. 

Chemical tox~c~ty values used to characterize risk must be discussed 
(Worksheet 6-15). If it was necessary to derive a value based on available 
toxicological or epidemiological data, provide a brief description of the data 
and the process used to develop the toxicity value. If a toxicity value was 
needed but not derived, indicate the reasons for not doing so. 

Summarize health risk due to noncarcinogens (Worksheet 6-16 and 6-17). 
Discuss the lower, representative, and upper estimates of the subchronic and 
chronic hazard indices calculated for all noncarcinogens for each total 
exposure point; include each chemical's severity rating 'a qualitativ~ scale 
indicating the severity of the health endpOint; the severity rating scale is 
given in Exhibit D-1). If an index exceeds one and was recalculate.d for each 
health endpOint, summarize this information. Discuss the chemicals that 
dominate the risks. 

Information about carcinogenic risk must be summarized (Worksheet 6-18). 
First, address the range of total carcinogenic risk at each total exposure 
point. The weight-of-evidence rating, a qualitative scale based on the 
amount, relevance, and quality of the toxicity data, must be included. This 
value can be found in Appendix C. If pOSSible, include some measure of the 
reliability of the risk information (e.g., 95 percent confidence level, 
standard deViation). At many sites, some chemicals will be responsible for 
most of the risk at the site because of high toxicity, large projected 
releases, or high concentrations. Discuss these especially important 
chemicals here. 

Describe the unquantified health considerations at this point. Address 
any of the exposure pathways from Worksheet 5-1 that were not considered in 
the comparisons to standards or the calculations of noncarcinogenic indices or 
carcinogenic risks. Explain why it was not necessary to consider these 
exposure pathways. 

Sources of uncertainty, such as data gaps, incomplete toxicity informa
tion, sample variation, and uncertainty contributed by modeling, and all 
assumptions, must be discussed. If ranges of uncertainty or confidence levels 
for particular circumstances are known, they must be included. Finally, any 
comments that are necessary to explain assumptions, difficulties, results, or 
conclusions relating to the assessment should be made at this point. 
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8.3 SUMMARI THE ENVIRONMENTAL IMPACT ASSESSMENT 

To facilitate presentation and review of the environmental impact 
assessment, the applicant must first summarize and explain the basis for the 
quality criteria used in the environmental assessment. When criteria 
established by EPA (e.g., Exhibit 7-2) have been used, only the selection of 
fresh water or salt wnter and chronic or acute values needs to be summarized. 
When criteria have bncn derived from other published data or site-specific 
measurements, a brief presentation of analytical methods and calculations is 
necessary. 

Summarize the ratios of exposure point concentration to ambient quality 
criteria (Worksheet 7-1). In the event that the· overall sum of the 
concentration/criteria ratios for an exposure point exceeds one, the variance 
demonstration should include a presentation and discussion of any 
concentration/criteria ratios calculated for each of the separate toxicity 
mechanisms of concern. 

8.4 CONCLUDE AND SUBMIT THE RISK-BASED VARIANCE APPLICATION 

The demonstration of no substantial present or potential hazard to human 
health and the environment should provide a conclusion by the applicant that 
addresses the question of substantial present or potential hazard. It should 
clearly state the rationale for the conclusions that are drawn. If any 
concentration/standard ratio summations or noncarcinogenic hazard indices 

exceed one, 'or if carcinogenic risk exceeds 10.
6 , or if hazardous substances 

for which criteria could not be derived are included in the variance 
demonstration, the applicant must provide further explanation to demon~trate 
that a risk-based variance is appropriate. The nature of the evidence required 
for the risk-based demonstration in this case is primarily a function of 
site-specific conditions, so detailed guidance on the material to be included 
in the application is not presented here. 

The applicant should be aware that even if concentration/s~andard racio 
summations and noncarcinogenic hazard indices are less chan one, if 

carcinogenic risk is less than 10-
6 , and if all indica~or chemicals have 

toxicity values or standards, an application may still be inadequate in 
demonstrating no substantial hazard. A demonstration may be inadequate for a 
variety of reasons. For example, the applicant may have failed to choose 
appropriate indicacor chemicals, exposure pathways, or environm.ental fate and 
transport models; or the uncertainty involved with modeling a~ a particular 
site may be too high. 

Finally, the narratives, worksheets, maps, and appendices generated as 
described in this volume of the technical resource document, and any other 
information deemed useful by the applicant, must be bound and delivered to the 
appropriate U.S. EPA Regional Administrator no later than the statu~ory 
deadline stated in the original notice of intent to apply. Failure to submit 
a complete application by the deadline may result in denial of the 
application, which Will in turn result in a requirement that the applicant 
install secondary containment for the hazardous waste tank systems or 
components in question. 
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APPENDIX A 

PRELIMINARY SCREENING FOR RISK-BASED VARIANCE 

A~ 1 INTRODUCTION 

A final rule ~as enacted July 14, 1986, for new and existing interim 
status, permitted, and 90-day accumulation tank systems that substantially 
amends pertinent sections of 40 eFR Parts 260, 261, 262, 264, 265, 270, and 
271 (51 Federal Register 23422). One major feature of the rule is the 
requirement for secondary containment with leak detection (hereafter simply 
referred to as secondary containment) for most hazardous waste tank systems 
(40 eFR 264.193 (5I Federal Register.25474)).lj 

The requirement for secondary containment may be waived in one of two 
ways: (1) a technology-based variance involving the demonstration that 
alternative design or operating practices will detect leaks and prevent the 
migration of any hazardous waste beyond a zone of engineering control; or (2) 
a risk-based variance involving the demonstration that if a release of 
hazardous waste does occur, there will be rio substantial present or potential 
hazard to human health or the environment. The applicant for the risk-based 
variance could demonstrate no hazard in one of two ways: (1) that no exposure 
pathways exist; or (2) that potential exposure point concentrations do not 
pose a hazard to human health and the environment. The second demonstration 
involves using appropriate environmental fate and transport models, toxicity 
c.haracteristics of the waste, estimated exposures, and estab1ished 
environmental quality standards. . 

The purpose of this appendix is to present a methodology that will help 
the potential applicant decide whether to apply for a risk-based variance. 
Potential applicants include owners/operators of interim status, permitted, 
and 90-day accumulation hazardous waste tank systems who are required to 
install secondary containment and are considering applying for a risk-based 
variance. This appendix provides guidance on the use of a relatively simple 
screening process using readily available information to assist the potential 
applicant in deciding whether to apply for a variance or install secondary 
containment. In addition to providing gUidance, this screening procedure also 
assists potential applicants in determining the level of detail that is likely 
to be needed for the risk-based variance application. For example, 
ground-water modeling may not be needed if it can be demonstrated that present 
or potential exposure pathways do not exist. 

The Eurpose of the screening procedure is to provide the applicant with a 
quick and straightforward procedure for assessing whether to go forward with 
the variance process. The screening process should take no more than eight 
hours, although in situations where data must be collected from outside 
sources it may take longer. It addresses some of the major issues affecting 

lj All references to regulations for owners and operators of permitted 
hazardous waste facilities (40 eFR 264) also apply to interim status standards 
for owners and operators of hazardous waste facilities (40 eFR 265). 
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a risk-based variance. The purpose of the.screening process is to inform the 
applicant of situations for which a variance from the containment 
requirement is not allowed, and of the types of issues and detailed data 
gathering efforts that will need to be addressed in the actual variance 
application. The preliminary screening also provides guidance to the 
applicant on ~hether to continue ~ith the screening process and variance 
app lieat ion. 

It should that professional judgment is needed for usi and 
reting this screening procedure. Although every effort has been made 

in this s procedure to recommend the e course of action for 
the potential applicant (i.e., ~hen to apply for a variance and when to 
install secondary containment), due to highly variable site-specific 
conditions and constraints in the readily available information used in this 
screening procedure, not all possible outcomes of a variance application are 
foreseeable. Therefore, this screening procedure must be used with 
caution. There will be some situations that at first appear to be less than 
substantial hazards, only to become substantial after further analysis; the 
reverse, of course, is also true. For example, as identified in the screening 
questions of Section A.2, hazardous waste tanks located in areas where the' 
depth to ground water is greater than 50 feet are considered to pose a lower 
hazard than those situated at shallower depths. The recent case of pesticide 
contamination of the ground water in Hawaii at a depth of 800 feet 2J 

demonstrates, however, that contamination of deep aquifers can occur in some 
situations. Thus, although lack of shallow ground water at a site may 
increase the likelihood that a variance is appropriate, it by no means ensures 
that a variance 'application will be granted. 

A.2 MAJOR ISSUES AFFECTING A RISK-BASED VARIANCE 

The preliminary screening uses a question and answer format to assist the 
potential applicant in deciding ~hether to apply for a risk-based variance 
from the requirements for secondary containment of hazardous waste tank 
systems. worksheets are prOVided to assist the potential applicant in 
summarizing all relevant information. This screening procedure ~ill assist 
the applicant in identifying: 

.. 

.. 

Situations for which secondary containment is not reauired . 
Consequently, an application for a variance is not needed. 

Situations for which a variance is not allowed. Consequently, 
the applicant should not proceed with the variance application. 

Potential necessary future data gathering efforts. If 
available information is limited, the applicant should 
reconsider whether to pursue the variance process because 

2j L.S. Lau and K.R. Green, Subsurface Water Quantity: Organic 
Chemical Contamination of Oahu Groundwater. Special Report 7.0:85 prepared 
by Water Research Center, University of Hawaii, for Hawaii State Legislature 
and the Office of Environmental Quality Control, 1985. 
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extensive data gathering efforts may be necessary to suppart a 
demonstration of nO' substantial hazard. 

• Whether expasure path~avs exist. If no exposure pathways 
exist, then this appreach will likely be used far the variance 
demonstration. Otherwise, the demanstration will likely be 
based an a demanstratian af nO' hazard to human health and the 
enviranment due to' the chemical concentrations at expasure 
paints. 

Sectian A.2.I identifies tank systems and generators that are exempt from 
the secandary containment requirement and tank, systems that are ineligible for 
a variance fram the secondary containment requirement. Sectian A.2.2 prevides 
guidance an comparing chemical concentrations to established environmental 
standards. Section A.2.3 identifies situations that are likely to pese mare 
of a hazard to human health and the environment than other situations. This 
identification is based on surrounding hydrogeological, water use, and water 
quality characteristics. The purposes of Sectiens A.2.2 and A.2.3 are to' 
previde the applicant with additional guidance en the types of infermatien 
that are likely to be required for the application. Section A.2.4 describes a 
simple procedure to identify expesure pathways. Section A.2.S provides 
guidance en ~hether er net the applicant sheuld continue with the screening 
precedure and variance applicatien precess. 

A. 2. 1 Regulatory Constraints 

It is prudent to first determine wh~ther s~c6ndary containment is even 
required for the tank system or cemponent ef concern. Hazardous waste tank 
systems usad by generators ef small quantities of waste, hazardous waste tank 
systems that contain nO' free liquids and are situated inside a building with 
an impermeable floer, and hazardeus waste tank systems that serve as part of a 
secondary containment system are currently exempt from the secondary contain
ment requirement and, therefore, de net need a variance. Seme guidance en 
determining status is provided in Section A.2.l. 1 belaw; ether situatiens 
exist, he~ever, that allo~ regulatory exemptiens frem the secondary centain
ment requirement. These applicants unsure ef their status cencerning 
secendary containment requirements are urged to' examine the ap'prepriate 
sectiens ef the regulatiens, er call the EPA RCRA/CERCLA Hetline at 
(800) 434-9246 er, in Washington, D.C., at (202) 382-3000. 

This sectien addresses conditionally exempt hazardous waste gene raters and 
hazardeus waste tanks (Sectien A.2.1.1) and situatiens that weuld definitely 
result in nO' waiver from the secondary centainment requirements due to 
regulatory constraints. These situations invelve new undergreund tank systems 
or cempenents (Sectien A.2.1.2), and time censtraints resulting in a late 
advance netice ef intent to' apply far a variance (Sectien A.2.1.4). Questiens 
for determining eligibility fer exemptions and denial ef applicatiens can be 
feund in Worksheets A-I, A-2, and A-3. Fellewing cempletien of the werksheets 
the applicant will knew whether further effarts teward abtaininga variance 
are apprapriate. All pertinent issues relating to regulatery censtraints are 
presented in the werksheets. Censequently, the applicant can identify whether 
a variance is feasible witheut reading Sections A.2.I.I threugh A.2.1.4. 
These sectiens are previded fer applicants whO' want additienal details on the 
particular issues. 



WORI<SIIEET A-I 

lEST rOR AI'PI.ICAIlIU1Y or TII[ SECONDARY CONTAINHfNT REQUIREMENT TO HIE rACI1I1Y 

It!~!m~JiON.§: 

L Starting with the left-most column, determine wltich genorator class 
I.ho faci Iity is in. 

2. Determine which combination of accullllliatioll tillH! and amount stored 
011 site al. one time matches lhe facilily cOllljilions .. 

3. Place a check in llie riglH.-hand columll of llie row lilal matches tile 
facility conditions. The coillmn secolld frulI! t.he right Stales whether 
tile fac!1 ity is exempt from lhe secondary containment requirement. 

NEX. SlH.§: 

If tllfl facility is not exempt, continlle with the screening process 
(Worksheet A-2). 

Quant i ty of Hazardous Waste 
Generated in a Calendar Month 

< 100 kg 

100-1000 kg 

> 1000 kg 

Accumulation 
Time 

Il.a. 
< 1UO <lilYS 
> 1UO days 

n.a. 

< 180 days 
> 180 (Jays 

n.a. 

n.a. 

Amount Stored On Site 
At AllY One Time 

< lODO kg 
1000-6000 kg 
> 1000 kg 
> 6000 kg 

< 6000 kg 
Il.a. 

> 600q \\g 

n.a. 

rae it i ty 11): 

Oatc: 

Allalyst: 

Qua lilY COllI.. ro I : 

Exempt/Not Exemp 

exempt 
exempt 
not exempt 
not exempt 

exempt 
not exempt 
not exempt 

not exempt 

Chock Applicable Category 

--------------------------------._--------------------------~-.-----

Note: I f the fae iii ty is found to be exempt f rum tile seconda ry conta i nment requ i rement acco rd i Il~ to the tab I e above, but 
generates acute hazardOUS waste (as defined in LID erR 261.31, 261.32, and 261.33(18» in excess of 1 kg in a calendar 
month, or generates less than 1 kg of acute hazardous waSle in a calendar month and more than I kg is stored on site at 
one time for more than 180 days, tlw tanks storing acute !lazardous waste are not exempt from the secqndary containment 
requirement. Generators who have '1l1f!SlioIlS as to the applicability of lhe secondary cOlltainment Hlquiremelll.. to their umk 
systems should cali lhe CPA HCHA/C[HCIA lloUille at (800) 4311-9246, or, in Washington, D.C., at (202) 382-3000. 

\ \ 



WORKSIIHf A-2 

l[Sl rOR APPLICABIIIIY 01 1111: S[CONUAHY CONIAINM(NI Il(QUIREM£Nr AND EliGlUILl1Y 
lott A VARIANCE fOR INOIVIDUAL 1ANI<S 

11!H!!!!C T I O!!§: 

1. for each hazardous waste tallk system or compolICHlt for which a variance 
Is being sought, respond yes or no to the questiolls below. 

2. Begin with question 1 and contine to the IIcxt recommended question. 

NEXI SHPS: 

1. If the tank system or component is deterlllilled to he eligible to apply for a 
variance (i.e., a variance is not forbiddc" alld the tank system or compollent is not 
exempt from secondary containment), contilllw 1.0 Worksheet A-3 t.o determille the date 
by which a notice of application for a variallce must be submitted for the tank 
system or component. 

Quest ion 
HesI'O"SC 
(yes/llo) Next Step If Ilesponse Yes 

facility 10: 

fallk System: 

Uate: 

Alia Iyst: 

Qua Ii ty COllt 1'0 I: 

Next Step If Response No 

----------~------------~--------------------.--------------~------------------------------------------------------------

1. Does the t~nk system serve ollly as 
part of a secondary contaillmunt 
system used to collect or contain 
releases of hazardous waste? 

2. Is the hazardous waste stored in 
the tank absent of free liquids, as 
demonstrated by EPA Method 9095? 

3. Is the tank system located inside 
a building with an impermeable floor? 

q. Unes tank system ancillary equipment 
include aboveground piping (exclusive 
of flanges, joints, valves, alld other 
conncctions), welded flanges, welded 
joints and welded connections that are 
visually inspected daily, scalless or 
magnetic coupl ing pumps that are 
visually inspected dai Iy, or pressur
ized aboveground piping systems wilh 
automatic shut-off devices that arc 
visually inspected daily? 

Exempt. Continue to next question. 

Continue to next question. Go to ques t i on II. 

Exempt. Continue to next question. 

Ancillary equipment components' .Continue to next question. 
identified are exempt from sec-
ondary containment. Continue to 
next question. 

\ \ 
,. 



WOIH{SIIHI A-2 (Continued) 

1£5 lOR APPlICAUH IIV 01 Hit_ 5[CONOAHV COHIAINMfNl IUQUIRE:M£t.n AND [UGIIHUIY 
101t A VAR I ANCE: fOR I NO I V IOUAl TANKS ' 

Question 

5. I s the tank system or compollent. new 
i.e., did construct.ion bcgin after 

6. 

Iy 111. 1986) or has tho tank system 
becn repaired aftcr July 14. 1986 after 
having leaked or been detenllillcd to be 
IJnf it for IJse? 

Is the tank system or component 
unde 1"9 !'ouno? 

Hesl'0IlS(! 
(yes/no) 

------------------------------- -._-.---------

Next SLep If Response Yes 

Continue to next' question. 

Variance not allowed. 

Next Step If Response No 

lank sysl(~1JI or component is 
eligible for a variance. 

lank 
el igi 

, , 

\ \ 

t(!rn Dr component Is 
o ,1'01" a variance. 



WOltKSIIHT A-3 

DfADlINf.S fOIt I'IWVJl)ING NOTICE or INflNT 10 APPLY rOR A VAIUANCE fil 

!!is H!!JC r I ON§: 

1. lhe fOllowing deadl ines havo boen set for tank owners to provide to the 
Hogional Administrator written notice of intent to apply for a variance. 
If these deadlines cannot be met, the variance application will be denied. 

2. Check only one category that doscrihes the hazardous waste tank in question. 
Some categories may also require a date to be written in that is determined 
by the tank age. 

NEXT STEPS: 

faci I i ty 11>: 

lank System: 

Date: 

Analyst: 

Quality Control: 

1. If the deadl ine can be met for providing lIotictl of intent to apply for a variance. continue with tho sCf"(wnin~J tool. 

Check Applicable 
Category Tank Description 

---. --

Oeadl ine 

---------------------------------------------------------------------------------------
Tank used to store or treat a 
waste that became hazardous aftor 
January 12, 1981. 

New tank (construction began after 
July II., 1986) 

Existing tank (rogardless of whether 
the age of the tank system is knowII) 
used to store or treat hazardous waste 
identified by the followillg fl'A hazanlous 
waste numbers: f020. f021. 1022. 1026. 
or r027. 

for an existing tank system of known and doculllerlte<!~: 

Tank system 13 or more years old as 
of January 12, 198"1. 

Tank system less than 13 years old as 
of January 12, 1981. 

Replace January 12, 1987 in the below cutoff datlls and a!le 
categories with the date the waste was madn hazardous. then 
determine which category the tank·falls under <HId write the deadline 
date below. 

Date: 

30 days prior to entering a contract for installation. 

January 12, 1987 

January 12, 1987 

Before the tank reaches 13 years In age. 
0, 

Date: 

For all existing tank system for:. __ \-{!!!£!L!.!!!L!!Y!L . .!!!!!!m!1.be documented: 

faci I ity less than 7 years old as 
of January 12, 1987. 

facility between 7 alld 13 years old 
as of January 12, 1987. 

faci I ity greater thall 13 years old 
as of January 12, 198'1. 

al These deadlinos are effective ill ullallthol'izcll staulS. 
they are also applicable in authorized states. 

January 12, 1993 (6 years after January 12, 1961) 

Before the faci I ity reaches' (3 years in age. 

Date: 

January 12, 1987 

. 
To tho extent these doadllnos are appllcahld tllldor IISWA llllthorities. 
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A.2. 1. 1 Conditionally Exempt Hazardous Waste Generators and Hazardous 

As discussed in the introduction, not all hazardous waste tank 
owners/operators are required to install secondary containment. This section 
will identify some situations where conditional exemptions exist. worksheet 
A-I addresses the types of exemptions that may app to a whole faCility. 
Questions 1 through ~ in ~orksheet A-2 are designed to test if individual tank 
systems or components are exempt from the secondary containment requirement. 

One ion is for those hazardous waste tank owneIs/operators who, 
after determining their status based on all of the inent regulations, 
conclude that they are generators of between 100 and 1000 ~g per month of 
hazardous waste and that they accumulate this waste in tanks for less than 180 
days (or 270 days {f the generator must ship the waste greater than 200 miles) 
and do not accumulate over 6,000 kg on-site at any time (40 CFR 265.201 (51 
Federal Register 25485)). These generators are presently exempt from the 
secondary containment requirement and, therefore, need not apply for a 
variance. lJ Generators of less than 100 kilograms of hazardous waste in a 
calendar month are also exempt from the secondary containment requirement (as 
well as all other reqUirements), as long as they do not accumulate more than 
1000 kilograms of hazardous waste on site at anyone time (40 eFR 261.5). 

Generators of acute hazardous waste, as listed in 40 eFR 261.31, 261.32, 
and 261.33(e), are subject to different limits on their waste generation rates 
and on-site accumulation in determining whether they are exempt from secondary 
containment requirements. As long as no m04e than one kilogram of acute 
hazardous waste'is generated in a month and no more than one kilogram is 
accumulated on site at anyone time, the waste is not subject to secondary 
containment requirements (or any other requirements) if it is s~ored in ~anks 
(40 erR 261.5). Therefore, genera~ors of acute hazardous was~e who utilize 
tank storage and meet these limitations do not need to apply for a variance 
from the secondary containment requirement. 

Another exemption from ::Ie secondary containment requirement is for :anks 
that are used to store or treat hazardous ~aste that does not contain free 
liquids and are situated inside a building with an impermeable floor (40 eFR 
264.190 (51 Federal Register 25472)). To demonstrate the absence or presence 
of free liquids in the stored/treated waste, EPA ~ethod 9095 (Paint Filter 
Liquids Test), as described in "Test Methods for Evaluating Solid Wastes, 
Physical/Chemical Methods" (EPA Publication No. SW-846), must be used. 

Tanks and sumps, as defined in 40 CFR 260.10 (51 Federal 'Register 25471), 
that serve only as part of a secondary containment system to collect or 
contain releases of hazardous wastes are also exempt from the secondary 
containment requirement. 

lj These generators should be aware, however, that EPA has proposed to 
subject generators of 100 to 1000 kg/mo to the secondary containment 
requirements (51 Federal Register 36342, October 9, 1986). 
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A.2.1.2 New Underground Tank System or Component 

A new tank system is defined as a tank system that will be used for the 
storage or treatment of hazardous waste and for which construction commences 
after July 14, 1986, A risk-based variance from secondary containment is not 
allowed for new underground tank systems (40 eFR 264,193(g) (51 Federal 
Register 25~75, July 14, 1986)), Questions 5 and 6 in Worksheet A-2 address 
these types of tank systems, 

A.2.1.3 Existing, Underground, Unfit-For-Use Tan,-k System or Component 

The definition of an unfit-for~use tank system or component is one from 
which there has been a leak or spill (40 eFR 264,196 (51 F'ederal Register 
2547i)) or that has been determined through an integrity assessment or other 
inspection to b~ no longer capable of storing or treating hazardous waste 
without posing a threat of release of hazardous waste to the environment (40 
eFR 260',10 and 264.196 '(51 Federal Register 25471 and 25477)). Such a system 
or component must be immediately removed from service (pursuant to 40 eFR 
264.196 (51 Federal Register 25477)). In addition, tank systems with leaks 
from portions that are not readily accessible for visual inspection must be 
provided with secondary containment (40 eFR 264,196(e)(4) (51 Federal 
Register 25477)), If the repaired or replaced tank system or component is 
underground, a variance is not allowed because it is treated as if it were a 
new tank system and, therefore, must have leak detection as required by 
Section 3004(0) of ReRA. Questions 7 through 9 in .Worksheet A-2 address this 
type of tank system, 

A.2.1.4 Time Constraints 

Because the requirement for installation of secondary containment, in most 
cases, depends on the age of the tank system, the age of the tank system is 
important for determining variance eligibility requirements. Also, because 
time is needed to apply for the risk-based variance and for the Regional 
Administrator to review the application, the'regulations require tank 
owners/operators to provide advance notice of intent to apply for a variance. 
The variance may be denied if the notice of intent to submit a variance is not 
submitted on or before the required date. Worksheet A-3 addresses these time 
constraints. 

For existing tank systems (i.e., where construction began before July 14, 
1986), the owner/operator must provide written notice of intent to conduct and 
submit a demonstration for a variance from secondary containment to the 
Regional Administrator 24 months prior to the date that secondary containment 
must be prOVided (40 eFR 264.193(h)(1)(i) (51 Federal Register 25476)). For 
new eligible or non-underground tank systems (i.e., where construction began 
after July 14, 1986), this notice must be provided at least 30 days prior to 
entering into a contract for installation (40 eFR 264.193(h)(1)(ii) (51 
Federal Register 26576)). 

If an existing tank system is used to store or treat EPA Hazardous Wastes 
F020, F021, F022, F023, F026, or F027, then written notice mllst be provided 
before January 12, 1987 (40 eFR 264.193(a)(2) (51 Federal Register 25477)). 
If the age of the existing tank system is known and documented, and the system 
is 13 or more years old as of January 12, 1987, then written notice must be 
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before January 12, 1987; if the tank system is less than 13 years 
old, then written notice must be provided before the system becomes 13 years 
old (40 eFR 264.193(a)(3) (51.Federal Register 25474)). 

If the age of the tank system is not documented, and the facility is less 
than seven years old as of January 12, 1987, then written notice must be 
provided before January 12. 1993; if the facil is seven years old or 
greater but less than 13 years old as of January 12, 1987, then written notice 
must be provided before the facility is 13 years old; if the facil is 13 
years old or older, then written notice must be provided before January 12, 
1987 (40 eFR 264.193(a)(4) (51 25474)).: 

For tank systems that store or treat materials that become hazardous 
wastes subsequent to January 12, 1987, the date that the material becomes a 
hazardous waste must be used in place of January 12, 1987 in the above section 
of the regulation. In place of January 12, 1993, written notice must be 
provided six years after the date that the material becomes a hazardous waste-
(40 eFR 264.193(a)(5) (51 Federal Register 25474)). For example, if the 
waste becomes hazardous on October 21, 1990, this date should be used wherever 
January 12, 1987 is found and October 21, 1996 should be used in place of 
January 12, 1993 to determine when written notice must be prOVided. 

A. 2.2 Comparison of Chemical Concentrations to Standards 

The p~rpose of this section is to present a format for comparing the waste 
constituent conc~ntrations in the tank system to established environmental 
quality standards. For constituents that have established standards, this 
comparison will provide an indication of the amount by which they exceed the 
s~andard. The grea~er this difference, the less likely a risk-based variance 
application will be approved. This is because of the greater likelihood that 
the exposure point concentration of the chemical will also exceed the 
established limit. For example, a tank with a waste constituent concentration 
1,000 times greater than a standard for that constituent will more likely 
exceed the standard at the exposure' point of concern than a tank with the same 
waste constituent but with a concentration only 10 times the standard. Of 
course, chemical- and site-specific proper~ies affecting mobility and 
persistence of the constituents will greatly affect the present and potential 
exposure point concentrations. 

Comparison to standards involves exam~n~ng the ratio of the concentration 
of each waste stream constituent to its corresponding environmental quality 
standard (if one exists). The s~andards used for this comparison are the 
maximum cOn1~aminant levels (~leLs), maximum contaminant level goals (~eLGs), 

federally-approved state water quality standards developed under the Clean 
Water Act,4 J federal ambient water quality criteria and adjusted criteria 

4J States with specific numerical ambient water quality standards for 
toxic chemicals include Alabama, Alaska, Arizona, Arkansas, Delaware, Florida, 
IllinOis, Indiana, Iowa, Kentucky, Louisiana, Minnesota, Mississippi, Montana, 
Nebraska, New Jersey, New Mexico, North Dakota, Tennessee, Texas, Utah, 
Vermont, Virginia, West Virginia, and Wisconsin. Appropriate agencies in 
other states should be consulted to determine if such standards are currently 
in effect. 
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(adjusted for drinking water ingestion only), federal drinking water health 
advisories, and other state criteria. Each of these standards is briefly 
described at the end of this subsection. 

Using worksheet A-4, record the lower (minimum), upper (maximum), and 
"representative" chemical concentration for each constituent in the tank
system. Determination of the representative concentration should be based on 
an analysis of all monitoring or inventory data, with the goal being to 
represent long range trends. It may be appropriate to use a geometric or 
arithmetic mean of some or all of the samples as the mos~ representative 
concentration, or it may be more appropriate to choose ~ concentration that 
reflects a time trend occurring in the tank. The next step in comparing 
chemical concentrations to standards is to list all the standards that may 
exist for each chemical. 

For some chemicals, several standards may be available as comparison 
values. In this case, highlight the most appropriate value for comparison 
(e.g., with an asterisk on Worksheet A-4). Appro~riateness is determined in 
part by relevance 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. 

The final steps are to calculate the ra~ios of the tank constituent 
concentrations to ~he standards, sum the ratios for each chemical within a 
standard (e.g., add all the ~CL ratios), and then sum the ratios for each 
chemical within the most appropriate standards (i.e.~ add all the most 
appropriate standard ratios). Although this comparison of chemical 
concentrations with environmental standards may not provide the applicant with 
a clear decision on whether to apply for a variance, much of the information 
will be needed for a risk-based variance demonstration. 

Maximum Co-ntaminant Levels (MCLs) are drinking water standards 
promulgated under the Safe Drinking water Act. ~CLs are listed in Exhibit C-8 
and are currently available for 16 specific chemicals (10 inorganics and 6 
organic pesticides), total trihalomethanes (covers four chemicals), certain 
radionuclides, and microorganisms. An ~CL is health-based, but it also 
reflects the technological and economic feasibility of removing the 
contaminant from the water supply. An MCL for a toxic chemical represents the 
allowable lifetime exposure to the contaminant for a 70 kg adult who is 
assumed to ingest two liters of water per day. 

Maximum Contaminant Level Goals (MCLGs) are also available and are 
listed in Exhibit C-9. 5J MCLGs are entirely health-based and, like MCLs, 

SJ MCLGs, which were formally known as recommended MCLs (R~CLs), serve 
as guidance for establishing drinking water MCLs. EPA recently proposed MCLGs 
for a group of synthetic organic chemicals, inorganic chemicals, and 
microorganisms (50 Federal Register 46936-47022, November 13, 1985). EPA 
~lso proposed MCLs for the same eight volatile organic chemicals for which 
final MCLGs were promulgated (50 Federal Register 46902-46933, November 13, 
1985) . 

.. 



WOHKSIIU T A-I. 

WASTL CONSIIIUINI CONCENlHAJIONS AND COMPARISON 10 SrANOAROS 

I NSTRUCTlQ!i§: 

1. list all waste constituents (usc additiollal w(H'ksllCHts if necessary). 

2. Record each chemical concentration range allli representative value. 

1. Refer to Exhibits C-8 throllgh C-12, arul/or, 1'01' federally-approved slate'W,ller 
qllal ity standards, the appropriate stale aYHllcy, to Obtain establ ished water 
standards. Record the value of lhe slandanl, its source (i.e., t-Iaximurll Cont.aminilnt 
level (HCl). MCl Coal (MetC), federally-appruv(:11 SlaLe sLandara (fASS), WaLer 
Quality Crit.eria (WQC), or Drinking WaleI' lIeallh Advisories (OWIiAIL and any olher 
pert-inellt informaLion (e.g., whelher WQC value n:fers to a one-day or ten-day exposure). 
Illdicate the most appropriate standards for each chemical with an asterisk., 

4. Calculate the ratios of concentrations to staluJ.1nls. 

5. Sum the ratios within a standard (e.g., alld .111 I-ICI ratios). alld sum the ratios 
of the most appropriate standards (no more llian Olle for each chemical). 

NDn ST(I'S: 

Faci I i ty 10: 

Date: 

Ana Iyst: 

Qua I i ty Con I.. ro I : 

1. If several representative concenLraLiolls exceed sLandards by several orders of magnitude, then usar may want to reconsider 
applying for a varianco. 

Chemical COllcelltration 
Chemical ___ --:-;{j1J!lLU _____ _ 

lowe r Uppe r lli!jl re s. 

1. 

2. 

3. 

[stabl ished Water 
_. _ilil!! lit Y S t a nil a-;;r.>:d..:::s,--=-_ 

Value (mg/I) Source 

Total: 

Host appropriate: 

RaLio or Chemical 
Concentralion to S\.ilildard 

low-e-r---Uppj}-r---Repres.-

. . 

I _ 
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represent the allowable lifetime exposure to the contaminant for a 70 kg adult 
who is assumed to ingest two liters of water per day. 

Federally-Approved State Water Quality Standards developed under the 
Clean Water Act are enforceable standards in that state. At a minimum, states 
listed in footnote 4 have promulgated at least some federally-approved·water 
quality standards for specific toxic chemicals. The applicant is responsible 
for determining the availability of applicable state water quality standards 
for a site. 

Federal Ambient Water Quality 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 
criterion is an estimate of the ambient surface water concentration that will 
not result in 3dverse health effects in humans. In the case of suspect or 
proven carcinogens, concentrations associated with a range of incremental· 
cancer risks are provided to supplement a criterictn cif zero. The federal 
criteria are non-enforceable guidelines, which many states have used in the 
development of enforceable ambient water quality standards. Exhibit C-10 
lists federal ambient water quality criteria for specific chemicals. 

For most chemicals, federal water quality criteria to protect human health 
have been published for two different exposure pathways. One published 
criterion is based on lifetime ingestion of both drinking water and aquatic 
organisms, and the othe~ 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 an average of 6.5 grams of aquatic organisms 
daily for a 70-year lifetime. 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. Exhibit C-10 presents the published 
criterion based on lifetime ingestion of both drinking water and aquatic 
organisms and the adjusted criterion for drinking water only. The adjusted 
cri~erion is more appropriate than the non-adjusted criteria for sites with 
potential contamination of 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). 

Drinking Water Health Advisories are provided by EPA, in addition to 
MCLs, to drinking water suppllers as guidance on chemicals that may be 
encountered in a water system, but for which no federal standard exists. The 
Office of Drinking Water's nonregulatory health advisories are concentrations 
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 ~oncarcinogenic endpOints of toxicity. They do not 
quantitatively incorporate any potential carcinogenic risk from such 
exposure. The Office of Drinking Water has recently developed health 
advisories for 54 chemicals or chemical groups, and these values are 
summarized in Exhibit C-ll. 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. 
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. A.2..3 Site Characteristics 

This section identifies situations, types of information, and factors that 
are related to the potential threat to human health and the environment posed 
by leakage from a hazardous waste tank. This identification is based on 
hydrogeologic considerations (Section A.2.3.l) and surrounding water use, 
water qualiey, and land use considerations (Section A.2.3.2). 

As with earlier sections, a question and answer format is used with the 
worksheets. The questions are intended to be simple, relatively easy to 
answer, and be directly applicable to assess ial environmental 
threat .. These questions help identify situations that pose more of a risk 
than others. Consequently, there is no stepl? as witn earlier sec1:ions. 
Comments are provided to assist with the interpretation of answers. It must 
be kept in mind that the potential risk indicated by the answer to a 
particular question may be influenced by other factors, as indi~ated by the 

.answers to other questions and the evaluation of additional factors. 

It is recommended at this stage that the preliminary screening questions 
of this section be answered using the best available (i.e., off-the-shelf) 
information. Potential data sources for use in obtaining information to 
answer questions are prOVided for applicants who want to obtain more accurate 
information. These sections are intended to indicate to the applicant the 
type of information that is required for the risk-based variance. Limited 
availability of these data will require the applicant to gather additional 
data. Consequently, if many data elements are not available, the applicant 
may want to reconsider applying for a variance. 

A. 2..3. 1 Hydrogeologic Considerations 

Ground water is a valuable resource and often a major source of drinking 
water. Therefore, the potential for contamination of this resource by leakage 
from a hazardous waste tank must be, carefully evaluated both in the process of 
determining whether to apply for a risk-based variance from secondary 
containment and in the review of such an application. Screening questions in 
this section are designed to evaluate the potential for ground-water 
contamination by possible leakage from a hazardous waste tank depending on 
characteristics of the hazardous waste tank location. This evaluation can be 
addressed through questions about significant hydrogeological characteristics 
of a site which are important in pollution potential assessment. 
Hydrogeological considerations comprise the major geologiC and hydrologiC 
factors which affect and control ground-water movement into, through, and out 
of an area, and include geographical and climatic considerations. 
Generalizations about ground water availability and potential for 
contamination can be derived from the assessment of these factors. 

The screening questions of this section are presented in Worksheet A-S. 
Whether the answer to a question puts a hazardous waste tank site at a higher 
or lower risk for potential contamination is identified in the worksheets. 
QUestions are presented in approximate order of decreasing importance in 
screening considerations. Again, the potential risk indicated by the answer 
to a particular question may be influenced by other factors, as indicated by 
the answers to other questions. 



INSTRU~UONS: 

1. Provide a response to each Question. 

WOHKSIIHT A-5 

IIYIlHOGlOl.OG I C CONS I OfJ\AT IONS 

2. If the applicant wa"ts to providt! 010 III accuratc respuiises 
to thc Questions, the applicant may i"VCsLl9ate thc listcd 
data sources. 

fjlXT STfE§: 

1. If thc applicant has no k"owledge 01' ill'urUlalioll felalillY lO 
the prcsclltcd QucstiollS, or most rtlSIHIII!.I!:; illilicate a high 
risk situatioll, applicant may want to rccollsidcr applyiny for 
a variance. 

, ._._,--------------

Quest ion UCSpOIlSC 
(yes/luI) 

Oa ta :'ou rcc Potcntial Hisk 

Is thc hazardous waste 
tallk located below the 
water table level? 

What is thc depth to water 
at thc hazardous waste 
tank site? JlI 

What is the unsaturated 
zone at a hazardous 
unsat-
waste tank site composed 
of? !!I 

-, -l.owe ;:----iligtle-r-
.. -- --" - -- - ,---,---------------, 

Si tc 0pllrat iOlla I 
Heet) I'ds 

U.S.G.S. 
U . S . D. A. (So i I 

COllse rva t ion Se rv ice) 
local Water SUI)ply 

A9Cllcics alld 
COlllpanies 

U.S.C,S. 
U. S. Il . A . (So i I 

COllse rva t ion 
Service) 

local Water Supply 
A9cllc1es and 
Companies 

WI! I I I 1l'J S 0 r hyd rogeo-
109icall'epons. 

U.S.Il.A. (Soil 
Consorvation 

Service): 
Soil Maps 

Soi I Survey Heports 

>50 ft. 

Shale 
Si It/Clay 

Glacial Ti II 

Karst l.ime
stone £1 

Yos 

<~o ft. 9/ 

Thill or 
ALsent 

Salld or 
Gravel 

racility IU: 

lallk System: 

Ilate: 

Alia I ys t: 

Qua I i ty CUlit ro I : 

Commcnts 

Any 10 .. 1-."90 results ill immediate 
cOlltamillation of gnllllll. watnr. Risk 
associatlld with a "Nu" allswnr is 
dependent on many other factors. 

Oetcrmillcs the depth of material 
through which a cUlitarnillalit must 
travel to rcach <lIIIHluife,·. The 
extent of attenuatioll oj· removal of 
contaminallt gClltH'a Ily illcreases wi th 
increasillg depth. 

. . 
Morc ,)(lI'OUS matcria I s SliGh as sand 
or gravel or the aLscnctl of an 

lira ted ZOIW Letwcnn the tank and the 
ground \latcr ind icalt!s faster trans
port or potelltial contaminants to 
ground water. 

\ \ 



Question 

I s the no t reclla rge ra te 
high or low 10-2"/yr) 
grolilld-
at the site? fJ./ 

Generally, 

is the aqui fer under a 
hazardous waste lank sitH 
confined Dr unconfined? a/ 

What is Lhe composition of 
aquifer media at hazardous 
conta-
waste tank site? £1 

Is the hazardous waste tank 
located on or ncar to a 
faultls) Dr fault zone? 

Ih!spollse 
yes/nol 

WOHKSlIl[J A-') (cont.inued) 

BlYIlHOGlOLOGIC CONSII)UIAIIONS 

----------------------- -------- ----

ilata Source 

U. S.I;. S. 
Slall! (jupan.mellt of 

Halcr Resources 
local Walcr Supply 

A!II!/lcics 0" Companies 
U. S.II. A. (So i I COllser

vatioll Service) 
NOAA (Nil L i olla I Wea lIle r 

Se.-v I ce I 

U. S.I;. S: Waler Rcsources 
Ilivisioll 

Slale lleparUllcllt of Water 
He SOIlI"CC s 

local Water Supply 
AIJcllcies or Companies 

U.S.G.S. 
Slate Ilepartmellt of 

Water Hesources 
I Ot;<l I Wale r SlipI'I Y 

A~ullcius or Companies 

U.S.C.S. GeOlogical Maps, 
UulluLillS, or Reports 

Potcut-ial Hisk --(ower -----iii 9ho-,.--

low 

Confincd 

Massive 
Shale 

fractured 
Bedrock 

No 

IIlyh 

Unconfincd 

Karst lime
Slone 

Sand and 
Grave I 

Yes 

COIIIIIIIHII.S 

Gellli"ally, till! 1j1""lI!r tile recharge, 
tho greaUlr till! I'I)lClllial for 

wa UlK' CII/llain i Bill. i Oil illle to 9 rea te r 
transport lo waHll' 1.<11110. 

arCilS wi til UlicIllifilled aqui fers' and 
high rlH:hilrgc arl! OIL !j(CaUH' risk 
than a roa S wi til COli fined llqa..si fe rs. 

Gellc ra I I y. lIIlCllllf i IIClIJ ,IIIU i fe rs a rlf! 
cOllsiilofl:U to illl at higher risk than 
cOlifinc!1 aquiftHS dlU~ 1.1) the ease of 
cOlllalllirwllt movemllilt into them. 

Atjuif(,r media exerts tho 
troi over lile rOlll.c alld pa 

I' COI1-
S 

minanl. must follow. If aquifer i 
vel'Y dCIl[l, this I:ollsitleration is 
much less importanl.. 

These fi;al.lIrus call prllvide major 
pathways 0 nligratioll for contami
nant transport to grolllld water. 

\ I 



Question Hesponse 
(yes/no) 

WORKSliff r A-5 (cont i nued) 

IIYDIIOGlOlOGIC CONSIO(HAIIONS 

Datil Source ___ PQ Un! ti~j~h ___ _ 
lower lIiglier 

COlIlIlIUllt s 

------------------------ ----------------------- -- ---.---

Is the hazardous waste tank 
located in a flood-prone 
area? 

NOAA (N.I t i olla I Wea the I' 
St:rvict:) ; 

Iiol/diny levels (ele
va t i IIIIS 

U. S.G. S: 
IOpIHjraphic maps 
( sill: e I eva t i OilS) 

I I: I \(nilI Insurance Admin
i s t rat i (III : 

f loot! insurallce rate 
lIlilp 
'Iood hazard 1J0ulidary 
filii I' 

No Yes r I od-p rOllc a n:a s i lit: lillIe: 
Coastal an: .. !>: (coastal barrier 

islands, (:rclll i 1111 f.lwrel ines) 
Chanrwl CIIC fUill:hllll:llt iI,'ea s 
Wnllillills (fll!lIIlt!lIlIy flooded) 
1 OO-y{:a r fI 0011" I a ill. . 
I n the eVl:llt of iI nll ea SC. flood i IIg 
wi II IIrfect tlw f;lll: and transport 
of waste const i tllelllS. 

------------------------------. ----

j!/ Depth to water being the depth to the wall:r surface or water table (i.e., pore spaces filled with water) in an ullconflned 
aquifer, or to top of aquirer if C1l1lfllW11. 

~/ Unsaturated ZOlle includes soil and rock lIIi1terial down to the water table or aquifer. 

£/ Karst topography is charllcterized lJy closed depreSSions or sinkholes, caves, and ullderground draiflilye. 

!J./ Recharge being the amoullt of wate,' that "Illletrates the ground surface and reaches the water table. Oeponds 011 preCipitation, 
evaporation (evapotranspiration). aliI! ulisaturated zone media. 

fJ./ A confined aquirer being olle separated froUl upper materials by a layer of impermeable or low permeability material. 

I/ Refers to the consol idated or uflcolisol i{latell medium which serves as the aquifer (an aquifer defined as being a medium which 
will yield suffiCient quantities of wilter fur use). 

g/ A majority of beneficial use yrouml waler in the U.S. !)eing found at less than 50 f~et . ./ 

\ I 
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, sources for obtaining data to answer the screening questions of 
this section are ident on the worksheets. This information is not 
intended to. be inclusive of all or even most of the sources for such 
information. \;,hile not identified on t-he worksheets of Section A.2.3, when 
the U.S. Geological Survey is listed as a data source, the representative 
State Geological Survey may also serve as a data source, and may in fact offer 
a more accessible and extensive (for local information) source of needed data. 

A.2.3.2 Surrou i 
siderations 

Use, Use 

This section presents screening questions that are designed to assess the 
impact or poteni:ial adverse effects to ground-water and sur-face water quality 
from failure of and subsequent release from a hazardous waste tank system. 
Consideration is given to the proximity of drinking water users, proximity of 
surface water, current and potential usages of ground water, and potential 
damage. to wildlife, crops, and vegetation. 

Ground-water questions presented herein are intended to provide a general 
indication of ground-water use and quality at a hazardous waste tank site. 
For a more rigorous discussion on characterizing ground waters, readers are 
directed to Chapter 4 of this document. 

Owners or operators of hazardous waste tanks who can determine that ground 
water surrounding or underlying their site is not a potential source of 
drinking water and is of limited beneficial use would be more likely to apply. 
for a risk-based variance, since this would indicate no exposure pathway for 
contamination. It should be not-ed, however, that a number of staues have 
their own ground-water prot-ection poliCies, which may differ from the 
characterization process present-ed here and thereby affect conclusions reached 
regarding the appropriateness of a variance based on this characterization. 

The screening questions of this section are presented in Worksheet A-6. 
\;,hen answering questions, a t~o-mile radius from the site or site boundaries 
should be reviewed.'· \;'hether a quest:ion's answer puts a facility at a 
potentially higher or lower risk is identified in the worksheet. 
Considerations of other fact:ors such as waste (Section A.2.2) and 
hydrogeologic characteristics (Section A.2.3.1) are especially important for 
owners or operators who find they are located near ground or surface water of 
special or beneficial use. 

A.2.4 Human Exposure 

This section provides guidance, in addition to that provided in Section 
A.2.3, on examining present or potential exposure pathways that may affect the 
appropriateness of a variance from hazardous waste tank secondary containment 
requirements. Identifying exposure pathways is important for two reasons. If 
there are no present or potential exposure pathways, the applicant will not 

'J EPA, Guidelines for Ground-Water Classification Under the EPA 
Ground-Water Protection Strategv, Final Draft, Office of Ground-Water 
Protection, December 1986. 



WORI<SII[[T A-6 

SUHROUNO I NG WA I[ H USt, WA n:n QUAl! IY, AND LANO USE CONS I OERAI IONS 

HiS I nucLI O!'!§: 

1. Provide a response to each question. 

2. If the applicant wants to provide more accurate responses 
to the questions, the applicant may investigate Uw listed 
data sources. 

NEXI HEPS: 

1. If the applicant has no knowledge or information rtllating to 
the presented questions. or most responses illllicate a high 
risk Situation then the applicant may want to reconsider applying 

. for a variance. . 

Quest ion 

Is the ground water at or 
nea r the hazardous waste 
tank site saline (or have 
a total dissolved solids 
(IDS, concentration over 
10,000 mg/I) to an extent 
which would not allow 
drinking or other benefi
cial uses? 

Is ground water at a site 
considered to be ecologi
cally vital (i.e .• does 
ground water supply a unique 
terrestrial or aquatic 
habitat associated witll 
surface water bodies that 
if polluted would destroy 
a unique habitat,? 

Sensitive ecological systems 
include: 

a) Iloe s 9 rQund wa te rat a 
site supply a habitat 
for an endangered or 
thr'eatened species of 
animals and/or plants? 

Response 
(yes/no, 

Oa ta SOli rce 

Nation Water Well Asso
ciatioll Library (Ohio, 

U. S.G. S.; 
Oasin Investigations 
NAWDrX ~/ 

Army Corps or Engineers 
Local SOllrCI!S: 

1'1 a nil i II!) Ooa,-d s 
Government Councils 
State [nvirollillental 

Protection Orfices 
Slate Ulliversities 

U.S. fish and 
Wildlife Service 

State fntlall!ler'ed Species 
Coo rtl ilia to r 

National "ark Service 
U.S. rorest Service 
U.S. Bureau or Land 

l1afHl!IHlIIllnl 
Army Corps or Engineers 

Potential IUsk --Lowc-,:----Tt i 9·=---II-e-r--

Yes No 

No Yes 

No Yes 

raei I ity 10: 

Date: 

Ana Iyst: 

Quality Control: 

Comments 

If yes, and is hydrogeologically 
isolated alld is of limited benefi
cial usc. may be appropriate to 
continue screening and variance 
process. 

If ground water is ecologically 
vital a successful variance 
demonstratton is unlikely. 

I'ursuant to the Endan~Jered Species 
Act of 1973. 

\ I 



WOHKSIIH 1 A- 6 «con t i nued) 

SUnROUNDING WAlln USL, WAILn QUALllY, AND LAND USE CONSIDERATIONS 

Quest ion 

b) Is hazardous ",aste tank 
located in ",etlands? 

cl Is hazardous ",aste lank 
located in a coastal 
a rea? 

dl Is hazardous ",aste tank 
located in any other 
senSitive environmental 
a rca -- sllch as ",ater
sheds selected by state 
and local governments 
for protection? 

Is ground ",ater at or near 
a hazardous ",aste tank site 
"irreplaceable"? 

lhis can be assessed by the 
following quostons: 

a) Does ground ",ater serve 

Hespollse 
(yes/llo) 

a substantial population? 

ol is ground ",at.er of sur
rounding hazardous ",aste 
tank site locat.ed in 
a rea s "'he rc the re is no 
alternative source of 
drinking water or an 
insufficient altornative 
source for a substantial 
population? 

Data SOUfCIl 

local Water Supply 
AgenCies and Companies 

__ ~()tentl!! L!!J ~~ ___ _ 
Lo",er lIigher 

No Yes 

No Yes 

No Yes 

No Yes 

No Yes 

No Yes 

COmllIC!!lts 

--- ----------

Wetlands are ocologically sensitive 
as they support vogOI.lH ion adapted 
for I ife ill sal.unll.ml soil condi
tions. May be rotocted under state 
stat-liles, tilo eall Water Act, or 
ExeclItive Order 11990. 

May be regulated unlier the Coastal 
lone i1allagemcnl. Act, or State Coasta I 
lone Management Programs. 

If ground ",ater is irreptaceable and 
highly vulnerahle to contamination, 
S sllccessful variance demonstration 
i s un I i 1\8 I Y • 

A substantial population bel 
approximat.ely 2500 people within or 
near the 2-mile revie", radius. bl 

Includes islalHls, peninsulas, and 
isolated ground ",ater over bedrock. 

1\ 



WOHKSIIf[T A-6 (continued) 

SURHOUNDING WAIlI! USI, ~/Alln QUAlIlY, AND LAN I) USf CONSIDfRATIONS 

Question Response 
(yes/no) 

I s ground water at or near 
hazardous waste tank site 
located in an aquifer desig
nated as a Sole 'Source Aquifer 
under the Safe Drinking Water 
Act? 

Is grollnd water at or near 
the site a ctlrrent or 
potential sotlrce of 
dri nk i ng wa tor? 

Can 
a) 

b) , 

be assessod by: 
Are there operating 
drinking water wells 
(or springs) in the area 
(within the 2-mile 
rev i e,:, rad i us)? 

Wotlld a well or spring 
in the area be capable 
of yielding a qtlantity 
of drinking water suf
ficient for the needs 
of an average family 
(150 gal/day)? 

Is the hazardous waste tank 
located near a scenic river 
or recreational area stich 
that leakage of hazardous 
waste would adversely affect 
the area? 

Are there agricultural 
lands located in the area 
of the hazardous waste 
tank? 

If so, can potentially 
adverse effects be iden
tified if leakage occurs 
from a hazardous waste 
tank? 

Data Source ____ " fotQnli~~~~ __ __ 
lo ..... er lIigher 

COlilments 

----------------------------------------

Local Water Sllpply 
Agencies and Companies 

Local Water Supply 
Agene ios ami Companies 

National Park Service 
County Recreation 

Department 

U. S. Depa r"l.Il1ont of 
Agricultllr"n (Soi I 
Conservation Service) 

No 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

If yes, potential risk is greater. 

If yes, potential risk Is greater. 

Stich aroas'~ay be protected tinder 
State statutory and/or regulatory 
authori ty. 

Protection policies an! identified 
in the USDA farmlalld I"'otectlon 
Policy and tlw [PA's "Policy to 
Protect [flvi ronlllHnta Ily Slgnl flcant 
Agrlcul lura I t<lnds." 

\ I 



WOlll<SIIEf T A-6 «cont i nlled) 

SURROUNDING WAllR USC, WAIER QUALifY, AND LAND USE CONSIDERAT)ONS 

Question 

s hazardous waste tank 
located such that roleases 
could migrate directly to 
-drinking water or a drink-
ing water supply? 

Ooos grollnd waLor at or near 
a hazardous waste site dis
ella rge to surface wa te I' 
bodies that serve as a 

rinking water supply 

Response 
(yes/no) 

!! National Water Data Exchange 

Oala SOllrcc Potential Hisk 
--. -LOwe;:----Tt i go-II-o-r--

Local Water Supply 
Agoncics "lid Companies 

U.S.G.5. 
Oasill Illvestigations 
NAWlli X ill 

local WaleI' SlIpply AgenCies 
and Companies 

No Yos 

No Yes 

COflllllcnl.s 

If yos, can pose a tiln!at to human 
health. 

If yos, surface-water quality may be 
degraded. 

~! Source: EPA, Guidel ioes for Ground-Wate,- Clalli ncat/on Under tile EPA Ground-Wat.er Protection Strategy, Office of 
Ground-wator Protection, Decembor 1986. 

, , 

\ I 
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A-23 

need ~o demons~ra~e ~hat containment concen~ration levels do not pose a 
subs~antial hazard ~o human health and the environment. If, on ~he other 
hand, exposure pathways are iden~ified, then this infor~ation will be useful 
for ~he risk-based variance demonstration. 

An exposure path~ay consists of four necessary elemen~s: (1) a source and 
mechanism of chemical release to the environment; (2) an environmental 
transport medium (e.g., ground water. surface 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 e~posure route (e.g., 
drinking ~ater ingestion) at the exposure point. Exhibit A-l illustrates the 
elements of an exposure pathway. Each pathway therefore ~escribes a unique 
mechanism by which a popula~ion or an individual is exposed to contaminants 
origina~ing 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 analysis described here is a first-cut organization of the relevan~ 
site information so ~hat major exposure pa~hways can be defined. It is not 
intended as a time-consuming task in the overall screening process. 
Iterations of this procedure for the variance application will confirm the 
important exposure pathways. 

Although all four elements are necessary to iden~ify an exposure pa~hway, 
for this preliminary screening process, the applicant can assu~e the chemical 
relea~e is due to either a catastrophic event or a slow leak due to a seam 
c=ack or ·corrosion hole. The necessary steps for the remaining three elements 
are described below. 

• 

• 

• 

Identifv Environmental Transport Medium. Using professional 
judgmen~ and knowledge of the surrounding environmen~, the 
applicant should determine whether or not ground ~ater or 
surface water is nearby. 

Identifv Potential Sxposure Points. The applicant needs to 
identify the point of future use of ground water and/or surface 
water that would result in the highest individual exposure 
(usually the facility boundary) as well as the point of current 
use of ground water and/or surface water that would result in 
the highest individual exposure. 

Identify populations that could potentially be exposed. The 
applican~ needs to identify the population that may be exposed. 
The exac~ number of people is not necessary a~ this point, but 
the applicant should identify whether ~he source is or will be 
used to serve a large municipality or private wells. In 
addition, the applicant should identify if a sensi~ive 
popula~ion, such as elderly people or children, is a large 
portion of the potentially exposed population. 

Worksheet A-7 provides a matrix to screen potential exposure pathways 
associated with ground water and surface ~ater. Firs~, identify if ground or 
surface water is nearby. Then identify if potential exposure points (e.g., 



EXPOIUfil 
Point 

Itlon "nd 
Inhalation 

Exposure Routes 

WaleI' Table 

Exhibit A-1 

IllUSTRATION Of TYPIC EXPOSURE PATHWAYS· 

... 

• • • • • • • ~........ . 

'" 

'" f «u ah. purpoI.I 08 IIUI .cu.enlng procell. lecondlluy coni.lnmen6 II nol .lIpected to .ppr.cl.bly decre.le rlllk hom 
dlrlllct .Ir ellpOIIUhlll: UlerehHe, 18 III only Included here lor lIIulltu.U"e I)UlPOI'IIII. 

1\ 

!)SWfll II"nllvc 'Nil \ 1111 2 

Inge 
and 
Exposure 
Route 

tion 

Water) 

, . 



WOHKSIIH T A-7 

selll I N I NG Of POHNT I AL [XPOSUH[ PA IIIWAYS 

I NS "we r IONS: 

1. List all release sources and mechanisms hy release medillm. 

2. Describe the nature of the ex'poslIl'C point illld its location 
.... ith respect to releasc source (c.g., rwan!st potable .... ell 
to re lease site. 300 feot NW,. Del\otu s j~11I if icant exposure 
points .... ith an asterisk. 

3. List exposure route (e.g .• ingestioll,. 

'I. Heport the number of people potentially IOxposed at the exposure point. 

5. Oetermine number. location. and nature of sensitive population. 

6. Mark .... here exposure path .... ays are compllHe (i.e ...... here reloase source. 
transport medium. exposure pOint. a 1111 UXpuslll'e route all exist). 

Rolease/ 
Transport Medium !/ 

Ground .... ater 

Surface .... ater 

Helease Source/ 
Mechanism 

[xposure 
!'oint 

[xposure 
Houte 

facility 11>: 

Date: 

Analyst: 

Quality Control: 

f 
iNumber of 
, Peoplo 

Sensitivll 
Popul a t ion 

.. 

Path .... ay 
Complete 

!/ Oirect air exposure need not be cOllsiill!,'!!11 because secOIH.lary containlllent generally .... ould not significantly reduce 
risk due to direct air exposure. ror aIHwl!!p'Oltnd tank systlltnS containing highly volatile constituHnts. ho .... ever. 
secondary containment, by ,'estricting thu slI,'raee aroa ove,' .... hich a releaso could spread, .... ould reduce the 
volalilizati,on rate of the constituent and, hence, the risk from direct air exposure. 

1\ " 
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facility boundary, private wells, irrigation wells) exist and the number of 
potentially exposed individuals. A comp pathway is one that has 
all necessary components: a mechanism of chemical release (e.g., catastrophic 
release), environmental transport medium (e.g., ground water or surface 
water), a potential exposure pOint, and an ~xposure route (e.g., ingestion of 
contaminated drinking water by the exposed population). 

Upon completion of ~orksheet A-7 the applicant should carefully review the 
information. In particulal', the applicant should consider t:he reliability of 
the information presented in the worksheet. For example, the applicant may 
know of some private wells and a developme~t complex farther from 
the tank facility. The applicant should not consider the conclusions reached 
from the worksheet to be reliable if the worksheet does not reflect knowledge 
of the.drinking water source for the development complex. 

The purpose of the worksheet is to provide 'the applicant with a 
preliminary indication of the likelihood that a variance will be granted and 
to help the applicant identify which approach should be taken to apply for a 
risk-based variance. For example, if the applicant is unable to identify an 
exposure pathway, then the applicant will likely focus the variance on the 
demonstration of no exposure pathways. Alternatively, if an exposure pathway 
is identified and the potentially exposed population is large, the applicant 
may decide to forego the variance process. 

A. 2. 5 Summary of Screening Process 

The issues affecting a risk-based variance, most of which are addressed in 
the above sections, are inherently related and, in many ways, overlapping. 
This summary compiles these issues so that the potential applicant for a 
risk-based variance from secondary containment may more easily determine the 
next course of action; i.e., whether to not apply for a variance (due to being 
exempt from secondary containment), install secondary containment, or apply 
for a variance. 

Secondary Containment Not Required. Certain exemptions, discussed in 
Section A.2.1.I, result in secondary containment not being required. 
Consequently, an application for a variance is not needed. These situations 
are summarized below: 

.. Generators of between 100 and 1000 kg per month of 
hazardous waste who accumulate the waste for less than 
180 days (or 270 days if the generator must transport 
the waste greater than 200 miles); 

Generators of less than 100 kg per month of hazardous 
waste who accumulate less than 1,000 kilograms of waste; 

Generators of acute hazardous waste that generate less 
than one kilogram of acute hazardous waste in a month 
and accumulate no more than one kilogram on site at a 
time; 
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• Tanks that do not contain free liquids and are located 
in buildings with impermeable floors; and 

• Tanks and sumps that serve only as part of a secondary 
con~ainment system. 

Variance Not Allowed. Certain tank systems mus~ comply with the 
secondary containment requirements. Consequently, for these tank systems a 
variance is not allowed. These tank systems were addressed in Sections 
A.2.1.2 and A.2.1.3 and are summarized below: 

• New underground, hazardous waste tank systems or 
components; 

• Existing, underground, unfit-for-use tank systems or 
components; and 

Potential Necessary Future Data Gathering Efforts. The type of 
information that is likely to be required for a demonstration of no 
substantial hazard and/or no exposure pathway was presented in Sections A.2.2 
and A.2.3. It should be noted that these sections only highlight the areas 
for which more detailed information is likely to be reqUired. If the 
applicant has limited detailed information relating to these areas, then the 
applicant may want to reconsider applying for a variance. Several options for 
obtaining more detailed information are as follows: 

• 

• 

• 

• 

Chemical concentra~ions at 'exposure points 7J 

surface water or ground-water release modeling; 

Hazardous and unstable terrain characteristics 
surveying, topographic map, geologic map; 

Hydrogeologic characteris~ics -- hydrogeologic 
study, including :he installation of observation wells 
and stratigraphic poreholes such that field tests can 
be conducted; and'J 

Surrounding water use and water quality -- conduct 
procedure as outlined in Chapter 4 of this document, 

7J Section A.2.2 was based on a comparison of chemical concentrations in 
the tank to environmental quality standards. The purpose was to provide the 
applicant with an indication of the degree to which tank hazardous constituent 
concentrations are above or below the standards. If the concentrations in the 
tank are below the standards, then the applicant will probably not need to 
determine chemical concentrations at exposure points. 

IJ The amount of data necessary to characterize the stratigraphic units 
within the unsaturated and saturated zones will increase with the increasing 
heterogenicity of the zones. 

, . 
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Variance lication. The applicant can demonstrate no 
present or future potential hazard in one of two ways: 1) 

demonstrating that no present or potential exposure pathways exist; or 2) 
using appropriate environmental fate and transport models, toxicity 
characteristics of the waste and estimated exposures to assess risks and 
demonstrate that the concentration levels do not pose a hazard to human health 
and the environment. Section A.2.4 presented a simplified procedure to 
identify exposure path~ays. If the applicant has confidence in the results of 
the procedure then the applicant can identify the likely focus of the variance 
application. If the applicant is unsure of the results but believes that no 
exposure exist, the applicant may want to lly pursue this 
approach for the variance application as described in Chapter 5 of the 
guidance manual. 

The Agency is developing a screening tool program for use on an IBM 
compatible personal computer. The purpose of this screening tool will be to 
provide a preliminary indication of whether a tank system poses substantial 
risk to human health and the environment. The screening tool will use 
straightforward conservative, ground-water transport and exposure models. 
These models will require information that J.s more extensive and less 
accessible than that required for Appendix A. The Agency intends to make this 
program available to Regional Administrators and variance applicants in the 
near future. If the Agency is able to provide this program to the public, EPA 
will publish a Notice of Availability in the Federal Register. 
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INFORMATION SOURCES FOR ENVIRONMENTAL AND
HYDROGEOLOGIC INFORMATION 

Federal Agencies 

U.S. Environmental Protection Agency, Headquarters (U.S: EPA) 
--Office of Water Enforcement and Permits 
--Office of Water Regulations and Standards 
--Office of water Programs Operations 
--Office of Drinking Water 
--Office of Ground-Water Protection 
401 M Street, S.W. 
Washington, DC 20460 
(202) 755-9112 

U.S. Geological Survey (U.S.G.S) 
Water Resources Scientific Information Center 
425 ~ational Center 
Reston, VA 22902 
(702) 860-7455 

U.S. Department of Agriculture CU.S.D.A) 
--Agricu~tural Extension Service 
--Soil Conservation Service 
Washington, DC 20250 
(202) 447-2791 

Regional EPA Offices 

Region I 
Water ~anagement Division 
John F. Kennedy Federal Building 
Boston, ~A 02203 
(617)223-7210 

Region II 
Water Management Division 
26 Federal Plaza 
New York, NY 10278 
(212) 264-2525 

Region III 
Water Management Division 
841 Chestnut Street 
Philadelphia, PA 19107 
(215) 597-9800 

Region IV 
Water Management Division 
345 Courtland Street, NE 
Atlanta, GA 30365 
(404) 881-4727 

Region V 
water Division 
230 South Dearborn Street 
Chicago, IL 60604 
(312) 353-2000 

Region VI 
Water Management Division 
1201 Elm Steet 
Dallas, TX 
(214) 767-2600 
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Region VII 
Water Management Division 
726 Minneso~a Avenue 
Kansas City, KS 66101 
(913) 236-2800 

Region VIII 
Water Division 
One Denver Place 
919 18th Street Suite 300 
Denver, CO 80202-2413 
(303) 293-1603 
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Region IX 
Water Management Division 
215 Fremont Street 
San Francisco, CA 94105 
(415) 974-8071 

Region X 
Water Division 
1200 Six'th 
Seattle, WA 98101 
(206) 442-5810' 

State Agency Contacts LJ and Federal Agency State Offices 

Alabama 

Department of Public Health 
Environmental Health Administration 
Public Water Supply Division 
Montgomery, AL 3~130 

Water Improvement Commission 
749 State Office Building 
Montgomery, AL 36130 

U.S. Geological Survey 
Water Resources Division 
University of Alabama 
Oil & Gas Bldg - Room 202 
P.O. Box V 
Tucaloosa, AL 35486 
(205) 752-8104 

Geological Survey of Alabama 
P.O. Drawer 0 
University, AL 35486 
(205) 349-2852 

1J Source for State Agency Contacts: Wendy Gordon, A Citizens Handbook 
on Groundwater Protection, (New York: Natural Resources Defense C~uncil, 
1984), pp. 162-170. 
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State Agency Contacts and Federal Agency State Offices (cent I d) 

U.S. Soil Conservation Service 
State Conservation Office 
\or'right Building 
138 South Gay Street 
P.O. Box 311 
Auburn, AL 36830 
(202) 821-8070 

Alaska 

Water Quality and Environmental Sanitation Division 
Alaska Department of Environmental Conservation 
Pouch 0 
Juneau, AK 99811 

Division of Forest, Land and Water Management 
Alaska Department of Natural Resources 
323 East Fourth 
Anchorage, AX 99501 

Alaska Division of Geology and Geophysical Surveys 
3001 Porcupine Drive 
Anchorage, AK 99501 
(907) '279-1433 

U.S. Soil Conservation Service 
State Conservation Office 
Suite 129, Professional Building 
2221 E. Northern Lights Boulevard 
Anchorage, AK 99504 
(907) 276-4246 

U.S, Geological Survey 
~a~er Resources Division 
218 E. Street 
Anchorage, AK 99501 
(907) 271-4138 

Arizona 

Planning Division 
Arizona Department of Water Resources 
222 North Central, Suite 850 
Phoenix, AZ 85004 
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Larry D. Fellows 
Arizona Bureau of Geology and ~1ineral Technology 
Geological Survey Branch 
845 N. Park Avenue 
Tucson, AZ 85719 
(602) 626-2733 

U.S. Soil Conserva~ion Service 
S~ate Conservation Office 
230 N. 1st Avenue 
3008 Federal Building 
Phoenix, AZ 85025 
(602) 261-6711 

U.S. Geological Survey 
Water Resources Division 
Federal Building 
301 W. Congress Street 
Tucson, AZ 85701 
(602) 792-6671 

Arkansas 

Soil and Water Conservation Commission 
Arkansas Department of Commerce 
818 West Capital Avenue, Building A 
Little Rock, AR 72202 

Arkansas Geological Commission 
Vardelle Parham Geological Center 
3815 W. Roosevelt Road 
Little Rock, AR 72204 
(510) 371-1':'88 

U.S. Soil Conservation Service 
State Conservation Office 
Federal Building, Room 5029 
700 West Capitol Street 
P.O. Box 2323 
Little Rock, AR 72203 
(501) 378-5445 

U.S. Geolgoical Survey 
Water Resources Division 
Federal Office Bldg - Room 2301 
700 West Capitol Avenue 
Little Rock, AR 72201 
(501) 278-6391 

OSWER Directive 9483.00-2 

Offices (cont' d) 



OSWER Directive 9483.00°2 
B-5 

State Agency Contacts and Federal Agency State Offices (cont' d) 

California 

California Department of Water Resources 
P.O. Box 388 
Sacramento, CA 95802 

California Division of Mines and Geology 
California Department of Conservation 
1416 9th St., Room 1341 
Sacramento, CA 95814 
(916) 445 -1923 

U.S. Soil Conservation Service 
State Conservation Office 
2828 Chiles Road 
Davis, CA 95616 
(916) 758-2200 ext. 210 

U.S. Geological Survey 
Water Resources Division 
855 Oak Grove Avenue 
~enlo Park, CA 94025 
(415) 323-8111 

Colorado 

Colorado Water Resources Division 
Department of Natural Resources 
1313 Sherman Street 
Room 818 
Denver, CO 80203 

Colorado Water Quality Division 
Department of Helath 
4210 East 11th Avenue 
Denver, CO 80220 

Colorado Geological Survey 
1313 Sherman St., Room 715 
Denver, CO 80203 
(303) 839-2611 

U.S. Soil Conservation Service 
State Conservation Office 
2490 W. 26th Avenue 
P.O. Box 17107 
Denver, CO 80217 
(303) 837-4275 



U.S. Geological Survey 
Wat.er Resources Division 
Building 53 
Denver Federal Center 
Lakewood, CO SOZ25 
(303) 2.34 c SOn 
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Connecticut Natural Resources Center 
Department of Environmental Protection 
State Office BUilding, Room 553 
Hartford, CT 06115 

Connecticut Geological & Natural History Survey 
State Office Building, Room 553 
165 Capitol Avenue 
Hartford, CT 06115 
(203) 566-3540 

U.S. Soil Conservation Service 
State Conservation Office 
Mansfield Professional Park 
Route 44A 
Storrs, CT 06268 
(203) 429-9361/9362 

U.S. Geological Survey 
Water Resources Division 
135 High Street - Room 235 
Hartford, CT 06103 
(203) 244-2528 

Delaware 

Delaware Department of Natural Resources 
and Environmental Control 

Water Supply Branch 
Edward Tacnall Building 
P.O. Box 1401 
Dover, DE 19901 

Delaware Geological Survey 
University of Delaware 
Newark, DE 19711 
(302) 738-2833 

OSWER Directive 9483.00-2 
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State Agency Contacts and Federal Agency State Offices (cont I d) 

U.S. Soil Conservation Service 
State Conservation Office 
Treadway Towers, Suite 2-4 
9 East Loockerman Street 
Dover, DE 19901 
(302) 678-0750 

U.S. Geological Survey 
Water Resources Division 
Subdistrict-Dist. Office/~!D 

Federal Building - Room 1201 
Dover, DE 19901 
(302) 734-2506 

Florida 

Flordia Department of Environmental Regulation 
Division of Environmental Programs 
Groundwater Section 
2600 Blair Stone Road 
Tallahassee, FL 32301 

Florida B~reau of teology 
903 W. Tennessee St. 
Tallahassee, FL 32304 
(904) 488-4191 

U.S. Soil Conservation Service 
State Conservation Office 
Federal Building 
P.O. Box 1208 
Gainesville, FL 32602 
(904) 377-8732 

U.S. Geological Survey 
Water Resources Division 
324 John Knox Rd. Suite F-240 
Tallahassee, FL 32303 
(904) 386-1118 

Georgia 

Georgia Department of Natural Resourc~s 
Water ProtectionJBranch 
270 Washington Street, S.W. 
Atlanta, GA 30334 



Georgia Department of Natural Resources 
Environmental Protection Division 
Geological Survey and Water Resources Section 
270 Washington Street, S.W. 
Atlanta, GA 30334 

Georgia Department of Natural Resources 
Geo & Water Resources Division 
19 Dr. Hartin Luther Jr. Drive, S.W. 
Atlanta, GA 
(404) 656-3214 

Soil Conservation Service 
State Conservation Office 
Federal Building 
355 E. Hancock Avenue 
P.O. Box 832" 
Athens, GA 30603 
(404) 546-2274 

U.S. Geological Survey 
Water Resources Division 
Suite B . 
6481 Peach Tree, Indust. Blvd 
Doraville, GA 30360 
(404) 221-4858 

Hawaii 

Hawaii Division of Water and Land Development 
Department of Land and ~atural Resources 
P.O. Box 373 
Honolulu, HI 96809 
(808) 548-7533 

U.S. Soil Conservation Service 
State Conservation Office 
300 Ala Hoana Blvd. 
Room 4316 
P.O. Box 5004 
Honolulu, HI 96850 
(808) 546-:3165 

U.S. Geological Survey 
Water Resources Division 
P.O. Box 50166 
300 Ala Moana Blvd.-RIll 6110 
Honolulu, HI 96850 
(808) 546-8331 

" OSWER Directive 9483.00-2 
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State Agency Contacts and· Federal Agency State Offices (cont I d) 

Idaho 

Idaho Deparcmenc of WaCer Resources 
Scate House 
Boise, ID 83 i20 

Id~ho Bureau of Mines & Geology 
Moscow, ID 83843 
(208) 885-6i85 

U.S. Soil Conservation Service 
State Conservacion Office 
304 North 8th Street, Room 345 
Boise, ID 83702 
(208) 384-1601 ext. 1601 

U.S. Geological Survey 
Water Resources Division 
P.O. Box 2230 
Idaho Falls, ID 83401 
(208) 526-2438 

Illinois 

Illinois Environmental Protection Agency 
Public water Supply Division 
2200 Churchill Road 
Springfield, It 62706 

Illinois State Water Survey 
605 E. Springfield Avenue 
P.O. Box 5050, Stacion A 
Champaign, It 61820 

Illinois State Geological Survey 
121 Natural Resources Building 
Urbana, It 61801 
(217) 333-5111 

U.S. Soil Conservation Service 
State Conservation Office 
Federal Building 
200 W. Church Screet 
P.O. Box 6i8 
Champaign, It 61820 
(217) 356-3785 
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State Agency Contacts Federal Agency State Offices (cont' d) 

U.S. Geological Survey 
Water Resources Division 
P.O. Box 1026 
605 N. Nek Street 
Champaign, IL 61820 
(21i) 398-5353 

lana 

Indiana Department of Natural Resources 
Division of Water 
608 State Office Building 
Indianapolis, IN 46204 

Environmental Health 
Indiana State Board of Health 
1330 W. Michigan Street 
Indianapolis, IN 46206 

Department of Natural Resources 
Indiana Geological Survey 
611 North Walnut Grove 
Bloomington, IN 47401 
(812) 337-2862 

U.S. Soil Conservation Service 
State Conservation Office 
Atkinson Square-West Suite 2200 
5610 Crawfordsville Road 
Indianapolis, IN 46224 
(317) 2.69-3785 

U.S. Geological Survey 
water Resources Division 
1819 North Meridan Street 
Indianapolis, IN 46202 
(317) 269-7101 

Iowa 

Iowa Natural Resources Council 
Wallace State Office Building 
East 9th and Grand 
Des Moines, IA 50219 

Iowa Department of Environmental Quality 
Division of Water Supply 
Wallance State Office Building 
East 9th and Gran 
Des Moines, IA 50319 
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State Agency Contacts and Federal Agency State Offices (cont' d) 

Iowa Geological Survey 
123 N Capi~al 
Iowa Ci~y, IA 52142 
(319) 338-1173 

u.S. Soil Conservacion Service 
State Conservation Office 
693 Federal Building 
210 Walnuc Street 
Des ~oines, IA 50309 
(515) 862-4260 

u.S. Geological Survey 
Water Resources Division 
Federal Building - RID 269 
P.O. Box 1230 
Iowa Cicy, IA 52244 
(319) 337-4191 

Kansas 

Kansas Oil Field and Environmental Geology 
Deparcmenc of Healch and Environment 
Topeka, KS 66620 

State Geological Survey of Kansas 
Raymond C. ~loore Hall, Universicy of Kansas 
1930 Ave. A, Campus West 
Lawrence, KS 66044 
(913) 864-3965 

C.S. Soil Conservation Service 
Scace Conservation Office 
760 Souch Broadway 
P.O. Box 600 
Salina, KS 67401 
(913) 825-9535 

u.S. Geological Survey 
wacer Resources Division 
Universicy of Kansas 
1950 Avenue A, Campus West 
Lawrence, KS 66045 
(913) 864-4321 



a Federal 

Kentucky 

Kentucky Division of Water Resources 
Department for Natural Resources and 

Environmental Protection 
Capital Plaza Tower, Fifth Floor 
Frankfort, KY 40601 

Kentucky Geological 
University of Kentucky 
311 Breckinridge Hall 
Lexington, KY 40506 
(606) 622-3720 

U.S. Soil Conservation Service 
State Conservation Office 
333 Waller Avenue 
Lexington, KY 40504 
(606) 233-2749 ext. 2749 

U.S. Geological Survey 
Water Resources Division 
Federal Building - Room 572 
600 Federal Place 
Louisville, KY 40202 
(502) 582-5241 

Louisiana 

Office of Public Works 
Louisiana Department of Transportation 

and Development 
1201 Capital Access Road 
Baton Rouge, LA 70804 

Louisiana Geological 'Survey 
Box G. University Station 
Baton Rouge, LA 70893 
(504) 342-6754 

U.S. Soil Conservation Service 
State Conservation Office 
3737 Government Street 
P.O. Box 1630 
Alexandria, LA 71301 
(318) 448-3421 

U.S. Geological Survey 
Water Resources Division 
6554 Florida Boulevard 
Baton Rouge, LA 70896 
(504) 389-0281 

OSWER Directive 9483.00-2 
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State Agency Contacts and Federal Agency State Offices (cont I d) 

Maine 

~aine Office of Legislative Assistants 
State Capital 
Augusta, ~E 04333 

Maine Geological Survey 
State Office Bldg., Room 211 
Augusta, ME 04330 
(207) 289-2801 

U.S. Soil Conservation Service 
State Conservation Office 
USDA Building 
University of Maine 
Orono, ME 04473 
(207) 866-2132/2133 

U.S. Geological Survey 
Water Resources Division 
(Dis~rict Office in Mass.) 
26 Ganneston Drive 
Augusta, ME 04330 
(207) 623-4797 

Maryland 

Division of Water Supply 
Maryland Department of Health and Mental Hygiene 
201 W. Preston Street 
O'Connor Building 
Baltimore, ~D 21201 

water Resources Administration 
~aryland Department of Natural Resources 
Tawes State Office Building 
380 Taylor Avenue 
Annapolis, ~1D 21401 

Maryland Geological Survey 
Merryman Hall 
Johns Hopkins University 
Baltimore, HD 21218 
(301) 233-0771 

U.S. Soil Conservation Service 
State Conservation Office 
Room 522, Hartwick Building 
4321 Hartwick Road 
College Park, ~ID 20740 
(301) 344-4180 



u.s. Geological Survey 
Water Resources Division 
208 Carroll Building 
8600 Lasalle Road 
Towson, ~D 21204 
(301) 823-1535 

usetts 

B-14 

Massachuset.ts Department of Environmental 
Management 

Water Resources Division 
100 Cambridge Street 
Boston, MA 02202 

Massachuset.ts Department of Environmental 
Management 

Water Resources Commission 
100 Cambridge Street 
Boston, ~A 02202 

~!assachusetts Department of Environmental 
Quality Engineering 

Division of Waterways - Room 532 
100 Nashua Street 
Boston, MA 02114 
(617) 727-4793 

U.s. Soil Conservation Service 
State Conservation Office 
29 Cottage St=eet 
Amherst, ~A 01002 
(413) 5':'9-0650 

U.S. Geological survey 
Water Resources Division 
150 Causeway St .• Suite 1001 
Boston, MA 02114 
(617) 223-2822 

Michigan 

Water Quality Division 
Michigan Department of Natural Resources 
P.O. Box 30028 
Lansing, HI 48909 

OSWER Directi"ve 9483.00-2 
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State Agency Contacts and Federal Agency State Offices (cont I d) 

Michigan Department of Natural Resources 
Geological Survey Division 
P.O. Box 30028 
Lansing, ~I ~8909 

(5 1 i) 373 - 1256 

~ichigan Department of Public Helath 
Water Supply Division 
3500 N. Logan 
P.O. box 30035 
Lansing, MI 48909 

U.S. Soil Conservation Service 
State Conservation Office 
1406 South Harrison Road 
Room 101 
East Lansing, MI 48823 
(517) 372-1910 ext. 242 

U.S. Geological Survey 
Water Resources Division 
6520 Mercantile Way - Suite 5 
Lansing, HI 48910 
(517) 372·-1910 

Minnesota 

Minnesota Department of Natural Resources 
water Division 
300 Centennial Building 
St. Paul, ~N 55155 

~innesota Pollution Control Agency 
1935 west Country Road, B-2 
Roseville, MN 55113 

~innesota Health Department 
717 Delaware Street, N.E. 
:1inneapolis,~!N 55440 

Minnesota Geological Survey 
1633 Eusti$ Street 
St. Paul, ~~ 55108 
(612) 373-3372 



U.S. Soil Conservation Service 
State Conservation Office 
ZOO Federal Bldg. & U.S. Courthouse 
316 ~orth Robert Street 
St. Paul, ~!:-: 55101 
(612) 725-7675 

U.S. Geological Survey 
Water Resources Division 
702 Post Office Building 
St. Paul, ~1N 55101 
(612) 725-7841 

Mississippi 

B-16 

Bureau of Land and Water Resources 
Mississippi Department of Natural Resorces 

. P.O. Box 10631 
Jackson. ~S 39209 

Mississippi Board of Health 
Mississippi Bureau of Environmental Health 
Water Supply Division 
Jackson, ~S 39209 

MisSissippi Geological, Economic, 
and Topological Survey 

P.O. Box 4915 
Jackson, MS 39216 
(601) 354-6228 

C.S. Soil Conservation Service 
State Conservation Office 
~ilner Building, Room 590 
210 South Lamar Street 
P.O. Box 610 
Jackson, MS 39205 
(601) 969-4330 

U.S. Geological Survey 
Water Resources Division 
Federal BUilding, Suite 710 
100 West Capitol Street 
Jackson, MS 39201 
(601) 969-4600 

OSWER Directive 9433.00-2 .~ 
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State Agency Contacts and Federal Agency State Offices (cont:' d) 

Missouri 

~issouri Deparemene of Natural Resources 
Division of Environmental Quality 
Waeer Supply Program 
P.O. box 1368 
Jefferson City, ~O 65102 

Missouri State Geological Survey 
P.O. Box 250 . 
Rolla, ~10 65401 
(314) 364-1752 

Missouri Depart:ment of Natural Re~ources 
Division of Environmental Quality 
Public Drinking Water Program 
P.O. Box 1368 
Jefferson City, ~O 65102 

U.S. Soil Conservation Service 
State Conservation Office 
555 Vandiver Drive 
Columbia, ~10 65201 
(314) 442-2271 ext: 3155 

U.S. Geological Survey 
Water Resources Division 
Mail Stop 200 
1400 Independence Road 
Ro lla, ~IO 65401 
(314) 341-0824 

Montana 

~ontana water Rights Bureau 
32 Soueh E",ing 
Helena, NT 59620 

waeer Qualiey Bureau 
~ontana Department of Health and 

Environmental Science 
Helena, ~1T 59601 

Montana Bureau of ~ines & Geology. 
Montana College ~f Nineral Science 

and Techno logy 
Buete, ~1T 59701 
(406) 792-8321 



U.S. Soil Conservation Service 
S~ate Conservation Office 
Federal Building 
P.O. Box 970 
Bozeman, ~!T 59715 
(406) 587-5271 ext. 4312 

U.S. Geological Survey 
water Resources Division 
Federal Building - Drawer 10076 
He 1 ena, ~rr 5960 1 
(406) 559-5263 

Nebraska 

B-18 

Nebraska Department of Environmental 
Control 

301 Centennial Mall South 
P.O. Box 94877 
Lincoln, NE 68509 

Nebraska Depar~men~ of water Resources 
301 Centennial Mall South 
P.O. Box 94676 
Lincoln, NE 68509 

Conservation & Survey Division 
University of Nebraska 
Lincoln, ~~ 68508 
(402) 472-3471 

C.S. Soil Conservation Service 
State Conservation Center 
Federal Building 
U.S. Courthouse, Room 345 
Lincoln, NE 68508 
(402) 471-5301 

U.S. Geological Survey 
Water Resources Division 
Federal Building/Courthouse - Room 406 
100 Centennial Hall North 
Lincoln, NE 68508 
(402) 471-5082 

OSWER Direc~ive 9483.00-2 
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State Agency Contacts and Federal Agency State Offices (cont I'd) 

Nevada 

State Engineer 
Sevada Department of Conservation and 

Natural Resources 
:01 South Fall Street 
Carson City, NV 89710 

Nevada Bureau of Mines & Geology 
University of Nevada 
Reno,!'t-V 89557 
(702) 784-6691 

U.S. Soil Conservation Service 
State Conservation Office 
U.S. Post Office Bldg., Rm 308 
P . O. Box 4.850 
Reno, NV 89505 
(702) 784.-5304. 

U.S. Geological Survey 
Water Resources Division 
Federal Building - Room 227 
70S North Plaza Street 
Carson City, NV 89701 
(702) 882-1388 

New Hampshire 

New Hampshire Office of State Planning 
Division of ~ater Supply 
2 1/2 Beacon Street 
Concord, SH 03301 

Office of State Geologist 
James Hall 
University of New Hampshire 
Durham, NH 03824. 
(602) 862-1216 

U.S. Soil Conservation Service 
State Conservation Office 
Federal Building 
Durham, NH 03824. 
(603) 868-7581 
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U.S. Geological Survey 
Water Resources Division 
Subdistrict-Dist. Off./~ass 
Federal Bldg. - 210 
55 Pleasant Street 
Concord, SH 03301 
(603) 224-72.73 

New Jersey Department of Environmental 
Protection 

Division of Water Resources 
P.O. Box CN-029 
Trenton, NJ 08625 

New Jersey Bureau of Geology 
& Topography 

P.O. box 1390 
Trenton, NJ 08625 
(609) 292-2576 

U.S. Soil Conservation Service 
State Conservation Office 
1370 Hamilton Street 
P.O. Box 219 
Somerset, NJ 08873 
(201) 246-1205 ext. 20 

U.S. Geological Survey 
~ater Resources Di~ision 
Federal Bldg. Room 436 
402 E. State St. 
P.O. Box 1238 
Trenton, SJ 08607 
(609) 989-2162 

New Mexico 

Water Resources Division 
New ~exico Natural Resources Department 
Bataan Memorial Building 
Santa Fe, NN 87503 

Water Pollution Control Bureau 
New ~exico Environmental Improvement 

Division 
P.O. Box 968 
Santa Fe, NM 87503 
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State Agency 'Contacts and Federal Agency State Offices (con~' d) 

New Mexico In~ers~a~e Stream commision 
Ba~aan Memorial Building 
Santa Fe, NM 87503 

New Mexico Bureau of Mines 
& Mineril Resources 

Ne\o.· ~!exico Tech 
Socorro, S~ 87801 
(505) 835-5420 

U.S. Soil Conservacion Service 
State Conservation Office 
517 Gold Avenue, SW 
P.O. box 2007 
Albuquerque, .Nt! 87103 
(505) 766-2173 

U.S. Geological Survey 
wacer Resources Division 
wes~ern Bank Building 
505 ~!arqueC'te, N'W 
Albuquerque, N~ 87125 
(505) 766-2430 

New York 

New York Deparcmenc of Environmencal 
Conserva~ion 

Division of Pure wacers 
50 i\olf Road 
Albany, ~Y 12233 

~ew York Stace Geological Survey 
Stace Educacion Building 
Albany, NY 12234 
(518) 474-5816 

U.S. Soil Conservacion SerVice 
Sca~e Conservacion Office 
U.S. Courchouse & Federal Bldg. 
100 S. Clincon Screec, Room 771 
Syracuse, NY 13260 
(315) 423-5493 

U.S. Geological Survey 
Wacer Resources Division 
236 U.S. Pos~ Office/Cour~house 

P.O. Box 1350 
Albany, NY 12201 
(518) 472-3107 

1< 
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North Carolina 

Sorth Carolina Department of Natural 
Resources and Community Development 

Division of Environmental 
P.O. Box 27687 
Raleigh, SC 27611 
(919) 733-3833 

U.S. Soil Conservation Service 
State Conservation Office 
J10 New Bern Avenue, 
Federal Bldg., Room 544 
P.O. Box 27307 
Raleigh, NC 27611 
(919) 755-4165 

U.S. Geological Survey 
water Resources Division 
Century Station - Room 436 
Post Office Building 
P.O. Box 2857 
Raleigh, NC 27602 
(919) 755-4510 

North Dakota 

North Dakota State water ~ommission 
900 East Boulevard 
Bismarck, SD 58506 

Division of ~ater Supply and 
Pollution Control 

Sorth Dakota Department of Health 
1200 ~issouri Avenue 
Bismarck, ~ 58505 

North Dakota Geological Survey 
University Station 
Grand Forks, NO 58202 
(701) i/7-2231 
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U.S. Soil Conservation Service 
State Conservation Office 
Federal Building - Roser Ave. & 3rd 
P.O. Box 1458 
Bismarck, ~D 58501 
(701) 255-4011 ext. 421 

U.S. Geological Survey 
water Resources Division 
821 E. Interstate Avenue 
Bismarck, ND 58501 
(701) 255-4011 

Ohio 

Ohio Department of Natural Resources 
Division of water 
Ground~ater Section 
Fountain Square, Building D 
Columbus, OH 43224 

Ohio Division of Geological Survey 
Fountain Square, Bldg. B 
Colwnbu·s, OH 43224 
(614) 466-5344 

U.S. Soil Conservation Service 
State Conservation Office 
200 No. High St., Room 522 
Columbus, OH 43215 
(614) 469-6785 

~.s. Geological Survey 
water Resources Division 
975 West Third Avenue 
Columbus, OH 43212 
(614) 469-5553 

Oklahoma 

Chief,Planning and Development Division 
Oklahoma Water Resources Board 
P.O. Box 53585 
N.E. 10th and Stonewall Street 
Oklahoma City, OK 78152 

Oklahoma Geological Survey 
830 Van Vleet Oval, Rm. 163 
Norman, OK 73019 
(405) 325-3031 
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U.S. Soil Conservation Service. 
State Conservation Office 
Agriculture Building 
Farm Road & Brumley Street 
Still~ater, OK 74074 
(405) 624-4360 

U.S. Geological Survey 
Water Resources Division 
215 N.W. 3rd - Room 621 
Oklahoma City, OK 73102 
(405) 231-4256 

Oregon 

Groundwater Section 
Oregon water Resources Department 
555 13th Street, N.E. 
Salem, OR 97310 

Oregon water Quality Division 
P.O. Box 1760 
Portland, OR 97207 

. State Department of Geology and 
~1ineral Industries 

1069 State Office Bldg. 
1400 S.W. Fifth Avenue 
Portland; OR 97201 
(503) 229-3580 

G.S. Soil Conservation Service 
State Conservation Office 
Federal Office Building 
1220 S.W. 3rd Avenue 
Portland, OR 97209 
(503) 221-2751 

U.S. Geological Survey 
Water Resources Division 
P.O. Box 3202 
830 N.E. Holladay St. 
Portland, OR 97208 
(503) 231-5242 



· OSWER Directive 9483.00-2 
B-25 

State Agency Contacts and Federal Agency State Offices (cont I d) 

Pennsylvania 

Pennsylvania Department of Natural 
Resources 

Bureau of Water Quality ~anagemen~ 
Box 1':'67 
Harrisburg, PA 17120 

Pennsylvania Bureau of Topography 
and Geological Survey 

Dept. of Environmental Resources 
P.O. Box 2357 
Harrisburg, PA 17120 
(717) 787-2169 

U.S. Soil Conservation Service 
State Conservation Office 
Federal Bldg. & Courthouse 
Box 985 Federal Square Station 
Harrisburg, PA 17108 
(717) 732-4403 

U.S. Geologial Survey 
Water Resources Division 
Federal Bldg., - 4th Floor 
Harrisburg, PA 17108 
(717) 782-4514 

Puerto Rico 

Direct.or 
Servicio Geologico de P.R. 
Dept. of Recursos Naturales 
Apartado 5887, Puerto de Tierra 
San Juan, PR 00906 
(809) 722-3142 

U.S. Soil Conservation Service 
State Conservation Office 
Federal Office Bldg. Room 633 
~ail: GPO Box 4868 
Puerto Rico, San Juan 00936 
Hato Rey, PR 00918 
(809) 753-4206 

U.S. Geological Survey 
Water Resources Division 
Building 652, Ft. Buchanan 
G.P.O Box 4424 
S'an Juan, PR 00936 
(809) 783-4660 



A 

Rhode Isla 

Rhode Island 
water Resources Board 
P.O. Box 2772 
Providence, RI 0290i 

Rhode Island 

a 

Assoc. State Geologist for 
~1arine Affairs 

Graduate School of Oceanography 
Kingston, RI 02881 

U.S. Soil Conservation Service 
State Cons-'~rvation Office 
46 Quaker Lane 
West Warwick, RI 02893 
(401) 828-1300 

U.S. Geological Survey 
Water Resources Division 
(District Office in Mass.) 
Federal Bldg. & U.S. Post Office 
Room 224 
Providence, RI 02903 
(401) 528-4655 

South Carolina 

B-26 

South Carolina ~ater Resources Commission 
Division of Hydrology 
3830 Forest Drive 
P.O. Box 4515 
Columbia, ~C 29240 

South Carolina Geological Survey 
State Development Board 
Harbison Forest Road 
Columbia, SC 29210 
(803) 758-6431 

U.S. Soil Conservation Service 
State Conservation Office 
240 Stoneridge Drive 
Columbia, SC 29210 
(803) 765-5681 

OSWER Directive 9483.00~2 
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State Agency Contacts and Federal Agency State Offices (cont' d) 

U.S. Geological Survey 
water Resources Division 
Strom Thurmond Federal Bldg. 
1835 Assembly St., Suite 658 
Col~mbia. SC 29201 
(803) 765-5966 

South Dakota 

South Dakota Water and Natural 
Resources 

Joe Foss Building 
Pierre, SO 57501 

South Dakota State Geological Survey 
Science Center 
University of South Dakota 
Vermillion, SD 57069 

U.S. Soil Conservation Service 
State Conservation Office 
Federal Building, 200 4th St., S.W. 
P.O. Box 1357 
Huron, SO 57350 
(605) 352-8651 

Tennessee 

Tennessee Department of Public Health 
Bureau of E:1vironmental lIeal:h 
Division of Water Quality Con:rol 
Nashville, T~ 37220 

Tennessee Department of Conservation 
Division of Water Resources 
4721 Trousdale Avenue 
Nashville, TN 37220 

Tennessee Department of Conservation 
Division of Geology 
G-5 State Office Building 
Nashville, TN 37219 
(615) 741-2726 

U.S. Soil Conservation Service 
State Conservation Office 
675 U.S. Courthouse 
NashVille, TN 37203 
(615) 749-5471 



U.S. Geological Survey 
water Resources Division 
U.S. Federal Building-A-413 
~ashville, TN 37203 
(615) 251-5':'24 

Texas Department of Water Resources 
Box 13087, Capital Station 
Austin, TX 78711 

Texas Bureau of Economic Geology 
University Station, Box X 
Austin, TX 78712 
(512) 471-1534 

U.S. Soil Conservation Service 
State Conservation Office 
w.R. Poage Federal Building 
Temple, TX 76501 
(817) 773-1711 ext. 331 

U.S. Geological Survey 
Water Resources Division 
Federal Building - 649 
300 East 8th Street 
Austin, TX 78701 
(512) 397-5766 

Utah 

State Engineer 

B-28 

Utah Department of ~atural Resources 
231 East 400 South 
Salt Lake City, UT 84111 

Utah Geological & ~ineral Survey 
606 Black Hawk Way 
Salt Lake City, UT 84108 
(801) 581-6831 

U.S. Soil Conservation Service 
State Conservation Office 
4012 Federal Bldg. 
125 S. State St. 
Salt Lake City, wi 84138 
(801) 524-5051 

OS\tiER Directive 9483.00-2 
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State Agency Contacts and Federal Agency State Offices (cont I d) 

U.S. Geological Survey 
Water Resources Division 
Administration Bldg. - 1016 
1i45 ~est 1iOO South 
Salt Lake City, Ll 8~104 

(801) 52~-5663 

Vermont 

Vermont Agency of Environmental Conservation 
State Office Building 
5 Court Street 
~lontpe1ier, VT 05602 
(802) 828-3357 

U.S. Soil Conservation Service 
State Conservation Office 
1 Burlington Square, Suite 205 
Burlington, vi 05401 
(802) 862-6501 ext. 6261 

U.S. Geological Survey 
Water Resources Division 
(District Office in Mass.) 
U.S. Post Office/Courthouse 
Rooms 330B and 330C 
Montpelier, VT 05602 
(802) 229-4500 

Virginia 

Virignia State ~ater Control Soard 
P.O. Box 11143 
2111 Hamilton Street 
Richmond, VA 23230 

Bureau of Water Supply Engineering 
State Health Department 
109 Governor's Street 
Richmond, VA 23219 

Virginia Division of Mineral Resources 
P.O. Box 3667 
Charlottesville, VA 22903 
(804) 293-5121 



U.S. Soil Conservation Service 
State Conservation Office 
Federal Bldg, Room 9201 
400 N. 8th Street 
P.O. Box 10026 
Richmond, VA 23240 
(804) 782-2457 

U.S. Geo 
Water Resources Division 
200 West Grace St. - Room 304 
Richmond, VA 23220 
(804) 771-2427 

Washington 

washington Department of Ecology 
Office of water Programs 
Water Resources ~anagement 
Olympia, WA 98504 

B-30 

Washington Dept. of Natural Resources 
Geological & Earth Resources Division 
Olympi~, WA 98504 
(206) 753-6183 

U.S. Soil Conservation Service 
State Conservation Office 
360 U.S. Courthouse 
W.9Z0 Riverside Avenue 
Spokane, WA 99201 
(509) 456-3ill 

U.S. Geological Survey 
Water Resources Division 
1201 Pacific Ave - Suite 600 
Tacoma, WA 98402 
(206) 593-6510 

West Virginia 

West Virginia Department of Natural 
Resources 

Division of Water Resoures 
1201 Greenbrier 
Charleston, WV 25311 

OSWER Directive 9483.00 0 2 " 
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State Agency Contacts and Federal Agency State Offices (cont I d) 

West Virginia Geological & 
Economic Survey 

P.O. Box 879 
Morgan~o~n, WV 26505 
(304) 292-6331 

U.S. Soil Conserva~ion Service 
Sta~e Conservation Office 
75 High S~=eet, P.O. Box 865 
Morgantown, WV 26505 
(304) 599-7151 . 

U.S. Geological Survey 
water Resources Division 

. Federal Building/U.S. Courthouse 
500 Quarrier St. Eas~-Room 3017 
Charles~on, WV 25301 
(304) 343-6181 

Wisconsin 

Bureau of Water Managemen~ 
Wisconsin Depa~~ment of Natural Resources 
P . 0 . Box 7921 
Madison, WI 53707 

Wisconsin Geological & Natural 
History Survey 

1815 University Ave. 
Madison, WI 53706 
(608) 262-1705 . 

U.S. Soil Conservation Service 
State Conservation Office 
4601 Hammersley Road 
Madison, WI 53711 
(608) 252-5351 

U.S. Geological Survey 
water Resources Division 
1815 University Building 
Madison, WI 53706 
(608) 262-2488 



A a 

Wyoming 

Depar~ment of Environmental Quality 
~ater Quality Division 
401 West 19th Street 
Cheyenne, ~y 82002 

State ineer 
Barrett Building 
Cheyenne, WY 82002 

Wyoming Geological Survey 
Box 3008, University Station 
Laramie, Wy 82071 
(307) 742-2054 

U.S. Soil Conservation Service 
State Conservation Office 
Federal Office Bldg. 
P.O. Box 2440 
Casper, WY 82601 
(307) 265-5550 ext. 3217 

U.S. Geological Survey 
Water Resources Division 
P.O. box 1125 
J C. O'Mahoney Federal Center 
2120 Capitol Avenue _ Room 5017 
Cheyen~e, WY 82001 
(307) i/8-2220 

Private Organizations 

The Sature Conservancy 
~ational Office Heritage Task Force 
1800 North Kent Street 
Arlington, VA 
(703) 841-5300 

National Water Well Association 
500 West Wilson Bridge Road 
Worthington, OH 43085 
(614) 846-9355 

OSWER Directive 9483.00-2 
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APPENDIX C 

TABLES OF CHEMICAL-SPECIFIC DATA 

Appendix C1J contains the following six summary data tables: 

• 
• 
• 

• 

• 

• 

Exhibit C-1: 
Exhibit C-2: 
Exhibit C-3: 

Exhibi.t C-4: 

Physical, Chemical, and Fate Data 
Half-Lives in Various Media .. 
Toxicity Data for Potential Carcinogenic Effects 

-- Selection of Indicator Chemicals Only 
Toxicity Data for Potential Car~inogenic Effects 

-- Risk Characterization 
Exhibit C-5: Toxicity Data for NoncarCinogenic Effects 

Selection of Indicator Chemicals Only 
Exhibit C-.6~Toxicity Data for NoncarCinogenic Effects 

Characterization 
Risk 

These tables summarize key quantitative parameters for more than 300 
chemicals or chemical groups that were evaluated as part of the Superfund 
reportable quantity (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 for hazardous waste 
tank systems. Other substances may be important at certain facilities. . 
However, this appendix covers many toxic chemicals commonly stored and treated 
in hazardous waste tank systems. 

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 health effects evaluation -of the risk-based 
variance to secondary containment of hazardous waste tanks. The sources of 
v~Iues and data transformation procedures, if any, are described in the 
following sections. 

In addition to the six data summary tables described aboye, a lis"t of 
chemicals for which EPA Health Effects Assessmen"t documents are available is 
provided in Exhibit C-7. 

lJ Appendix C is a copy of Appendix C in: EPA, Superfund Public Health 
Evaluation Manual, Office of Emergency and Remedial Response, October 1986. 
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C,l IBI C-l: L, CHEMI D 

The physical, chemical, and fate data shown in Exhibit C-1 were either 
recorded directly from standara secondary references or were derived based on 
informacion contained in such references. A general hierarchy of sources was 
established, and values were taken from sources in order of the hierarchy. In 
general. succeeding references were used only when a value 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-l is shown below and is to 
with the sources referenced in the exhibit. More complete reference 
information for each of these sources is in the reference list for Appendix 
C. A brief description of the derivation of values for ~ach parameter in 
Exhibit C-1 follows the hierarchy listed b~low. 

A) ECAO, EPA, Health Effects Assessments, 1985 
B) Jaber ~ al .• 1984 
C) Mabey ~ al., 1982 
D) Callahan ~ al., 1979 
E) ORD, EPA, 1981 
F) Dawson ~ al., 1980 
G) Lyman ~ al., 1982 
H) OW~S, EPA, 1980 
I) Weast ~ al., 1979 
J) Verschueren, 1983 
K) Windholz ~ al., 1976 
L) Perry and Chilton, 1973 
M) OSW, EPA, 1984b 
N) OSW, EPA, 1984a 

Water Solubility is the maximum concentration of a chemical that 
dissolves in pure water at a specific temperature and pH. I~ is a critical 
property affecting environmental fate and transport. Values for water 
solubility, in mgll, 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 30oC. Chemicals listed in the 
literature as being "infinitely soluble" were assigned a solubilicy value of 
1,000,000 mgl1. 

Vapor Pressure is a relative measure of the volatility of a chemical in 
its pure state and is an important determinant of its rate of vaporization. 
Values for this parameter, in units mID Hg, were recorded directly from the 
hierarchy of sources listed ahove. Values are given for a temperature range 

of 20 to 300 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: 

:3 H(atm-m Imole) = Vapor Pressure (atm) x Mole Weight (g/mole) 

Water Solubility (g/m 3
) 
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Organic Carbon Partition Coefficient (Koc) is a measure of the tendency 
for organics to be adsorbed by soil and sediment and is expressed as: 

Ko'c = mg chemical adsorbed/kg organic carbon 
mg chemical dissolved/liter of solution 

The Koc is chemical specific and is largely independent of soil properties. 
Most Koc v3lues in Exhibit C-l 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 designated as such. 

Octanol-Water Partition Coefficient (Kow) is a measure of how a chemical 
is distributed at equilibrium between octanol and water, 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 accumulate 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 abov~ hierarchy of ~ources. 

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 (ED 10 ) represents the dose at which a 10 percent 

incremental carCinogenic response is observed. This parameter was calculated 
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for bObh and inhalabion rOUbes by taking the of the 
Factor Estimate (PFE) given in the RQ data base (this source defines PFE = 
1/E010 ; therefore, E0 10 = l/PFE). The E0 10 is in units of mg/kg/day. 

Toxicitv Constants vary for different exposure media. As such, Exhibit 
C-3 contains toxicity constant values specific to water CwTc) and soil (sTc) 
for the oral route, and a value for air (aTc) for the inhalation route. Each 
of these constants for potential carcinogens is based on the E0 10 , standard 

intake assumptions for the respective media, and a standard body weight. The 
fic equations and assumptions used to calculate the various 

constants are presented and discussed in further detail in Appendix D. 

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

Oata 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 Potency Factors are upper 9S 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) -1. 

Weight of Evidence ratings qualify the level of evidence that 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 0-2. The ratings were recorded directly from the RQ data base. 
(\ote: ~eight-of-evicience ratings are also used in the procedure for 
selec:ing indicacor chemicals.) 

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

The data in Exhibic C-S were generated based on information concained in 
the RQ data base for chronic effects (ECAO, 1984). Values for che paramecers 
in Exhibit C-S, which are used in the selection of indicator chemicals but not 

'in risk characterization, were derived in the following manner. In addition, 
chemicals marked in Exhibit C-S with I~II also exhibit potential carcinogenic 
effects. The reader is referred to Exhibits C-3 and C-4 for informati~n 
concerning these effects. 

To determine the human Minimum Effective Dose (MEO) , the RQ data base was 
reviewed to identify the studies with the highest composite score (a score 
t.hat combines MED and severity of effect) for oral and for inhalation exposure 
routes. These ~lEDs were recorded under the appropriate exposure rout.e in 
Exhibit C-S. If composite score values were reported to be equal, the study 
that Yielded the lowest MEO' was used. For metals, one ~ffiD value was derived 
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from all studies for the various compounds of a given metal. Human ~ffiD values 
are expressed in Exhibit C-5 in terms of mgjday.. If an ~ffiD 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. 

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 0-1. 

Toxicitv Constants for noncarcinogenic effects, like those 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 
weI,! as a chemical's RVe and MED values. Ref.er 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 
exh.i.bit potential carcinogenic effects ... Exhibits C-3 cind C-4 should be 
referred to for information concerning carcinogeniC effects. 

Subchronic acceptable intake CAIS) values are short-term acceptable 
intake levels and are recorded directly from the appropriate HEA. Likewise, 
values for chronic acceotable 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 aose (R=D) 
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 mgjkg/day. 
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C R APP 01 C 

CAG, U.S. EPA, 1985. Relative Carcinogenic Potencies Among 54 Chemicals 
Evaluated by the Carcinogen Assessment Group As Suspect Human Carcinogens. 

Callahan al., 1979. \~ater-Related Environmental Fate of 12.9 Prior 
Pollutants, Volumes I and II, Office of 'Water Planning and Standards, Office 
of 'Water and Waste , U.S. EPA, EPA Contract S~s. 68-01-3852 and 
68-01-3867. [Source D'':] 

Dawson, !f al., 1980. Physical/Chemical Properties of Hazardous Waste 
Constituents. Prepared By Southeast Environmnetal Research Laboratory for 
U.S. EPA. [Source F*] 

ECAO, U.S. EPA, 1985. Health Effects Assessment for [Specific Chemical]. 
[Note: 58 individual documents available for specific chemicals or chemical 
groups 1 [Source A'':] 

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

Jaber, !f al., 1984. Data Acquisition for Environmental Transport and Fate 
Screening.--Office of Health and Environmental Assessment, U.S. EPA, 
Washington, DC, EPA 600/6-84-009 [Source B*1 

Lyman, 1982. Adsorption Coefficient for Soils and Sediments. Chapter 4 in 
Lyman !f al., Handbook of Chemical Property Estimation Methods. 
McGraw-Hill, New York. 

Lyman, et al., 1982. Handbook of Chemical Property Estimation Methods. 
~1cGra~'-Hill, Sew York. [Source G': 1 

~labey, et al., 1982. Aquatic Fate Process Data for OrganiC Priorii:Y 
Pollutants. Prepared by SRI Internai:ional, EPA Contraci: Nos. 68-01-3867 and 
68-03-2981, prepared for ~lonitoring and Data Support DiVision, Office of wai:er 
Regulations and Standards, Washington, DC. (Source C*] 

aREA, U.S. EPA, 1986. Methodology for Evaluating Reportable Quantity 
Adjustments Pursuant to CERCLA Section 102, External Review Draft. OHEA-C-073. 

ORD, U.S. EPA, 1981. Treatability !'lanual, Volume I, EPA 600/2 82-001a. 
[Source E*l 

OSW, U.S. EPA, 1984a. Characterization of Constituents from Selected Waste 
Streams Listed in 40 eFR Section 261. Prepared by Environ Corporation. 
(Source N*l 

*Source letters correspond to Exhibits e-1 and C-2. 
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OSW, U.S. EPA, 1984b. Exposure Profiles for RCRA Risk-Cost Analysis Model. 
Prepared by Envirop Corporation .. [Source M*] 

O~~S, U.S. EPA, 1980. Ambient Water Quality Criteria Documents for [Specific 
Chemical]. [Source H":] 

Perry and Chilton, 1973. Chemical Engineers' Handbook, McGraw-Hill, 5th Ed. 
[Source 1':] 

Verschueren, 1983. Handbook of Environmental Data for Organic Chemicals. 
Van Nostrand Reinhold Co., t'ew York, 2nd ed. [Source J":l 

weast ~ al., 1979. CRC Handbook of Chemistry and Phvsics." [Source I*J 

Windholz, ~ al., 1976. The ~1erck Index. [Source K*J 

*Source letters correspond to Exhibits C-l and C-2. 



Oa HI I'r'cpa rulJ: Ill.: \'P!1~ LL-12.!l!l 
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I'II'I(S I CAL, ClIltli CAL, ANO r AI [ OA r A 

Hole Water Vapor lIelll'Y' 5 I.aw I h(1 I ish 
Wilighl Soh,bi I ity Prnssuro CUllstant. lin.; 1101.,1 ncr 

Cholllicai Nalile CAS I (g/Alole I «1Il9/1) Set «aull 119 ~ S",allll-lltl/lllol» (1Il1hll s .. !)" II SOl 

------------- -------- -------- --------
Acenaphthene 6]-]2-9 \5 1a 1.'12l tOO C 1.55(-03 C 9.2()[-ns ia(.IIO C il. ull (; 2112 II 
Acenaphthylene 21111- ')(.-11 152 1.9)(tOO C 2.90£-02 C i .',8[ -01 2~01) C I. /II (; 

Acetone h {-(,II I 58 1.001 *06 I 2.7111 *02 J 2.06[-05 2.2 -u. ~P" J 
Acot.ollild 10 "l'ru')- 6 'II 1.00[ t06 I 7.IJOitOl f 'LOOr-UIl :'>.2 I< -II. III I 
2-Acotylatninnfluoroll0 53-')(.- ] 221 6.50[tUIl B NA 1(,110 I< I . ;, 1$ II 
Ac I"y I i c Ac i d '1'J- III-I 72 1.01l[i06 II IJ . IlIlI tUO f II. I I I 0 r 
Ac ry I on I t ri 10 111/-11-1 5] 1.90£ tOI. C 1.OOft02 C 8.81,[-115 0.85 c 11.;>5 (; lUI G 
Aflatoxin III I 1(,;> -(",-/1 112 NA 
Aldlcllr!> 11('-0(,- .I 190 
Aldrin 3119-00-2 ]65 1.80(-01 C 6.IIUI.-06 C 1.6Ul-u5 96IUUl c ~. HI e 28 iI 
Allyl AlcollOl 10/-111-6 ~8 5.1O[t05 0 2.'16["01 0 3.69£-06 1.2 i< -11 .... ;.- II 
Alum i 1111111 I'ho sph i de 211fl~<)- 11-8 ~8 
11- Am i lIob i plumy I 9?-61-1 It:' 9 8. ',;~r t02 (} 6.0Ul-05 B I . 5'J[ -118 HH ;>. III 1\ 
Amitrolo 61-11;'-') 8 1, 2.801 t05 Il NA 11.11 lit -?UII U 
#\,mmonia 7(,(,1,-1, J-I 11 5.10( HI5 r 1.60(tI)1 f 3.21[-01, .LI 1& 11.110 r 0 r 
Anthracone 1;'0-12-1 1/6 ".5U(-02 A t. 95( -U t, A 1.02£-111 IIIIWO C II.II~ A 

Alit i mOllY a lid eOIll!'OIIllU s 111
'
,11- 36-u 122 I . (Ill I.t 00 H tlA I II 

Arsenic and CORlpOUllds "II,lI- 111-2 15 O.OU[+()O [ NA IIII 1\ 
Ashestos I H2-?1- 11 NA till. NA NA HA 11/\ 0 0 
Allramlno 21.65-2/-2 261 2. IUltOu 8 UA 2'J11il & II. 1(, II 
Azaserine 11~-O2-6 173 1.36[·05 B UA 6. " - .nn 1\ 
Aliridlne 1') 1-56-" ,,1 2.66[t06 0 2.55[t02 8 5.·,ll-06 I. Ik -I. Ul 
lIal"ium lind Compounds 1II'III-1'}- 3 III tlA 
BCllc rill 11161-

'
,0-1 315 

Ilcllzcne 11- 1,3-2 16 1.75[+01 A 9.52'''01 A S.59[-03 81 G i!. i? A 5.2 " Benzidino 92-6/-') 181J ".OO[t()2 C 5.00l-01, C :). 03[-01 HI.5 C .W c 81.5 &I 
Ilcllz(alanl.hl"acono 56-5',-3 228 5.70[-0] C 2.20[-08 C 1.16[-06 13811111111 G ',. (,II C 
Bcnz(c'acridine 22')-51- 11 229 1.',O[tOI 8 tlA 1111111 I< " • 'J(, Il 
IIOllzo(alpyrnne 50-32-/1 252 L 20£ -01 I>. 5.6()[-09 A 1.55[-06 5500111111 C (, . 1/(, c 
nCllzol b I r i 110 ran U 1110 0 20')-99-2 252 1.11()[-02 C 5.00[-01 C 1.19[-05 'j~OUIIIl C (, . 11(. A 
lIollzo(gllilperylellc 1'.1 1-(,1,-2 216 7.00l-0" A 1.0][-10 A 5.3·.[-08 161HlOIlil C (" '>1 A 
lIenzol k I rluorallthene ;>()/-00-9 252 1J.10E-Ol C 5. IIIl-07 C 1.91J[-05· 550000 C 6.06 C 
Benzot I" i ch I or ide 96-0/-1 195 
IIcIIZY! Chloride 1110- 1, 11-1 121 1.30[+03 r I . Oue tUt) [ 5.06[-05 50 It 2.ld 
Beryllium and COlllpolinds 1

'
•
'
111-

'
11-1 9 O.OO[tOU [ tlA 19 II 

1,l-Oipheilyi 92-,);>-1, 1511 
Ois(2-chloroelhyllolilor I I 1- 11

'
,- 1, 1111 1.02[tO" C 7.10[-01 C 1.31[-05 "1:9 C I . ')0 c 6.9 II 

o i st 2-ch I oro i SOp ropy I )othol" 1011-(.11- I III L 70P01 C 6.50[-01 C I. H[-Ol, 61 C " . III C 0 I) 

B i sl ell I oroillethylictiao r. 5
'
12-1111-1 115 2.20[tO'1 c 1.00[tOI C 2.06E-01! 1.2 C II. 311 C 0.63 .. 

Bis(2-othylhexyl)phthalille 10£111', 11/-01-1 191 
Oromomlltliann I'I-U\-9 95 
Bfomoxyni I OctanoaUl I (,II,) - '.II) - 2 ,,03 
I, 3-lllltad lello W(,-'I')-Il 5 /1 7.35[t02 f 1.6II[t03 f 1.18[-01 120 l. 99 r 
II-Butallol /1-1(,-3 71, 
Butylphthalyi OUl.ylylycolate 8'>-/0-1 316 
Cacodylic Acid 1')-(.0-') 138 8.30(+05 f HI>. 2.1, Ii< H.OU 
Clldmium alld COlilpounds 1/'111- 1.1-9 112 O.UO£*u(J [ HI>. 10 
Captao I H-()('-2 luI 5.001 -0 I [ 6.00l-05 [ 'I. 75[-05 61,OU It ? :,~ f 
Carbaryl (d-2~,-2 201 1i.0UltOl [ 5.00[-03 [ ;'. 1(, I 
Carbon Oisulfide /5-1~-U 16 2.9'.I;tO] [ 3.60[tU2 [ "23[-02 ')'1 lie ;'.1111 r 0 f 
Cllrbon Tet.rachlorlde 5(.-2J-'j 151, 7.51Ct02 A 9. ou[tl) I A 2.·,1[-02 I III ;, . (,'I I>. 19 II 
Chlordane 5/-/,,-9 ',lI) 5.6Ur-01 A 1.Ollf-1l5 A 9.6)[-06 1'1011011 c i. :\;, I>. 1I1t100 II 
CII I 0 robtlnzena 1(111- ')11- , III ... 66l t02 A L I7HIlI A 3.72[-03 ]]11 C ,'.1111 I>. 10 II 
ell I 0 1"0iJOIIZ I I a La 51fl-l~-6 325 2.19HOI B 1.2I1l-u6 Il 2.31'[-08 6011 I< '1.',1 II 
Chiorodibl"omomel.halle I ;>11- 'III-I 208 1.50lt-01 I) NA ;, • 11'1 II 

\ \ 
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1'lIYSICAl, CIlfHICAI., Atm IAI[ OAf A 

Holo Watcr Val,or lI(lnry's taw Ihll Ii 511 
Wlli~ht Solubility Prussllre COllstallt I<oc I<uw lIC:1 

Chemicai Hallie CAS II (~/M,nle) ( AI9/1) S· (film I\g) S"(atlR-ml/mol) (\AI/g) S· s· ( I /kg) SIt 
------------- -------- -------- --------

Chloroforlll 6/-60-) II') 6.20rtOl A 1.5 IE t02 A 2.61[-1)] 1I Ie I. ,)/ A 3.15 II 
Chloromctltyl Hothyl f!.ltor 111/-111-2 81 NA- Il. 'HI r 
Ij -Ch loro-o- to III id i IIU lIydroch I ori lIu 1I('~-9l-] 1112 HA 
ChromluRI III and Compollnds {11111I-11{-1 ~2 O.IIII[tOO [ NA 16 II 
Chrolllillm VI lind Compounds 1'1'111-'1/-] ~2 O.Otl,tUII ( NA 16 II 
Chrysene ?1I1-1) 1-9 228 1. 801 -0] A 6.11l[-U9 A 1.05[-06 2UOI)llU C ~.( .. A 
Copper anll Compounds 111'111-',11-8 611 O. UIIl tOO G NA 201) I) 

Creosote 1I111l 1 - ')1\- 9 NA NA 
Cresol 1}19-/l-] 1118 1.10It,," [ 2./10[-01 J I. \O[-U6 5110 G I. ') 1 f U r 
Crotonaldehydo 12.\-11-') 10 
Cyanides 5/-1;>-', NA NA 

Oarllllll C:yanidu ,>1,7-(,;>- I III') 
Calcium Cyanidu ')11;'-111-8 ')2 

Cupper Cyanidu ',1111- ');> - 1 ')11 
Cyan09uII ,,60- I'J-~) ')2 2.511ltU5 I< 
Cyano91H\ Chlorillu 511(,- 1/-11 61 2.51J1 tul r 1.lIlIl+U] J 11.1111 
lIydrogeli Cyanidti 111-')0-8 21 1. Oul Hl6 II 6.2Ul+U2 [ -1I.;o~ 0 
Nickel Cyanldc ')5/-19-/ 182 
PotassiulII Cyanide 1~1-51l-0 65 5.00lt05 I< 
Potassium Silvor Cyanillc 5116-(,1-6 199 
Si Iver Cyanide ~)1l6-611-9 IlII 
SodiulR Cyanldc 1I1]-li-,) 119 6.2U[t05 II 
linc Cyanido 5~1-?I-1 III 

Cyclophosphamilic ~O-Ill-ll 261 1.3I[t09 ·0 NA II. OIl? &: -3.n II 
Ilalapoll 75-99-11 1111 
0110 1;>-511-8 120 1.0U[-Ol C I. 6n -06 C 1.96[-06 11(11)IlU c (, • ;'11 J; 

IHl[ 1"-~5-9 118 II. OO[ -02 C 6.511[-06 C 6.61)[-05 I,'IIIUIIOII C ·'.IHI C 51OuO G 
1I0T ~o-29-3 15~ 5.0()[-01 A 5.50l-06 A 5.13[-()1j 2',lU(l0 G 6. I,) .J 51,000 II 
11Ilcab rl)Aloli i plu!IIY I [lIlc r 1 J(.}- 1')- 5 959 
Oiallalc 23111-/6-'1 2/4 I.4OftOI (} 6.11(1[-0] It 1.6'>[ -011 101111 &: II. I.l II 
2",-0 i am i 1I0to IIIUIIO 'J~)-IlIl-1 122 II. lHt011 8 1.8Ul-05 8 1.26[-11) 12 Be II. V) II 
1,2, 1,6-0 i b(JIlIOllY rCllc 169- ~')-9 305 I.lOf-Ol 0 ItA 1"1111 &: (i. 6;' II 
Oibenl(a,h)anthracelle ~j-III-1 218 5. OO[ -01, C 1.011£-10 C 1.1][-08 llOOllllU C (.. 1111 C 
1,2-11 i broQlo-l-ch lorop ropallc ')6-12-8 236 1.UU[tO] 0 I. 01)[ tOO 0 1. I I [-011 98 Be 2.;'1) 0 
OibulylnitrosallIino 9?1,-I(,-} 152 HA 

I Wllilli Oibulyl Phthalato 8 11- 1'1-2 210 I . lU[ H)-1 C 1.01)[-05 C 2.02£-01 C ~. (,II e 
1,2 - 0 i ch I ol'ohcnzcllo 9',-'':'11-1 11,1 I. UIH tu2 C 1 . oo[ tOO C 1.93[-0] 1/111) C 1. (,II I: 56 II 
I,3-0ichlorubclIlclIU 5 '11- n-I 11,/ 1.211+02 C 2.2t1ltOIl C 3.59[-0] . 111111 C :\ • /,11 e 56 II 
1",-0 i ch I orubenlCIlO \11(,-11(,-1 1111 1. 90f UU C I.lt1ltUn C 2.69£-03 1/1111 L ., • /,11 C; 56 II 
3, 3' - 0 i I:h I 0 robcllz ill i no I) I -,)11- 1 ?51 I,. OOl HIO C I. UOI. -()~ C 8.ll[-01 15~1 C I. ',II e 312 II 
o i cit I 0 roll i .. 1110 romc thallll I') - II -/I 121 2.611£tu2 C 11.8/[tO] ~U C ~I. Il~ II 
I,I-Oichlorollthaflc 7':>-1'1-1 99 5.5UL t Ol A I.82rt02 A '1.31[-03 ]1) C I . I') A 
I, 2-() i elt I 0 roe thMIIl (filL) "" -11(, -" 99 6.52[+01 A 6. '111/ to 1 A 9.711[-01, 1'1 C 1.'111 A 1.2 II 
I,I-llichloructltylllllO /', - .\ ~,-II 91 2.25lt03 A 6.UIILt02 A 3. 111)[ -02 (,', C I . /III A ~.6 II 
I.2-lIichlor()(llltylcllu (Lralls) ,:>1111-')')-11 91 6.10rt03 A 3. ?"I. +112 A 6.56[-03 59 C " . 'II/ A 1.6 II 
1.2-llicltloruethylcllc (cis) ~llltl- ')9-11 91 1. 511f tU.l A 2,UUl t U2 A 7.50[-(l] ,,9 Be U. III A 1.6 II 
o I !!III 0 rOIHC llta IIC 1~-1I9-? 85 2. ullr tll'l C 3.62ttU2 C 2.03£-03 II. II C I. 111 C 5 II 
2 ,II-Il i eh I 0 .-u"hullo I 1;>11-11.1-2 161 11.60lt03 C 5.90£-02 C 2.15[-06 JtllI c 2,911 e ',I II 
2, 4-() i ell lorophenoxyacct i I: 

At:! d (2,1,-0) ')II-/~,-/ . 221 6.20[+02 f II. UU!: -0 I f 1.80[-0', ;'11 (; ;~ • 1\ 1 
"- (2 ,II-/) Icll' 0 rophenoxy )bllty,· i c 

Ac i d (?, "- UII ) ,)II-U;' - t. 
o i I:h 10 roplwllY I iiI'S i /10 (,'Jl,-;'II-(' ?;, 1 NA 
1,?-llicllloroproplJllc 111-111- ') III 2. IlIl tUl C 11.2u[tOl C 2.l1L-03 ~1 I: ; •• IJI) I: 

I I 
,. 
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j'UVS I CAL, CULM I CAL, ANO r A I£. OA I A 

Hole \/i1lu r VallO r lIonry's law ! '''I i i sit 
Wiligha. Solubility I'rllssllre COllstant 1(01: 1<""" uq 

CheRI i ell I Name CAS II 19/mn lo l I mgll) 5· 101114 II!I) SA« a ll4l-1II1/IHIlI » (I" hll s~ "u .. « I/I'!J I 5" 
------------- -------- -------- --- --------

I,l-Diehloropropeoe ',11;>- /',-[, III 2.60HO) C 2.~1I1..01 C l.lOr-O} Oa3 C ; •• 1111 (; 1.9 II 
Dieldrin (,11-'''-1 161 1.95L-OI C 1.11:11.-01 C 11.56[-111 I /1111 l: j . '}Ii «; 1\ Hill 01 
o i epo)(ybllt<illo 11,(,1,-',1-1 6£. .1;\ 

Oielliaoolllia.roslIlllinc i \ If, -',1,- 1 1316 tlA 
Oiclhyl Arsine 6,);>-1,;'-;> 131, II. III t02 0 1.')()[*01 U I .IIB[ -1l2 I(,n II: ;' . 'II 1\ 
I, 2-0i C lhy I hydnH inc 1(, \', -1111- I 66 ?.66P01 Il tlA II. ] - I . (,f! 1\ 
I) i IHhy In it fllsalll i ne 'j')- IU-'> 1112 1.1I01+(l0 f NA \I .1111 I 
Ilielhyl "h!."alate 6/1-6[,-2 2;>;? IL961 t02 I: ] .11lt -03 C L 11I[-()6 II, ;> C ;t. -,u \: 117 G 
o i Ila.lly I sa. i I bcsuo I «Ol SI ~{,-'13-1 ;>611 9.601 -(11 1\ IIA ;>11 4;.'11, II 
Uihydrosafrole <)/1-')6-6 H,I. , . 511l ull U NA /11 II: ;J. tJ (, II 
Ilimuthoalo (on-'J 1-', 2;><) 2. 511l tUI, J 2.111[-'U2 .1 ;>. II .J 
3, 3 • -I> i IAU thoxylJeliz i d Iliu 1")-911-', 71,1, NA 
Oimolhylalllilio 1;",-1111- 1 I,~ 1.0111 ill6 r I . ~21 tin r 9 .1l2f -05 ;> • ~, &: -II. III I () 

Ilimolhyl 5111 fa 1.0 11-/11- I IU. 3.2'11 HI') II 6.601-111 U 3.'IM-0"' II. I II: - I . ;!'. 1\ 
OimHLhyl lercphthalaL(l 1;>11-(01-(0 1')11 
llilllclhylamilioalohl!oLCIiU (,11- I I - I 22') 1.161 HII U 3.30[-01 B 1.19[-h9 Willi r' . , 1\ 
1,12-llimothylbcllz(alallLhraeoIl0 '.J1-9!-{' 2'16 II.'IIH -UJ U I-IA 'I 16111111 G I, . ')1, II 
1.l'-llimcUiylbcllzldillo I I') - ') 1- I 212 
OilllllLhylcarlJamuyl 4:hlorillo 19 -1,1,- I 1011 1.",,1 to I II I. <)'.J[ Hili 1\ 1.92(-06 U.~ II: - I. _I;' II 
I, 1-llilllctltylhydr-az illil '.J I - 11.- 1, {,II 1.21'ttU6 U 1.'.J/H()2 II l. OU[.,OI II. ;> -; .. "" 1\ 
1,2-0illlllthylhydrazilll! 1 '111-/1-11 611 NA 
Uimuthyillitrosalllillc (,;>-1'.-') 71, 1.IIU[tIl6 II 6. lOltOO C 1.90[-0/ II. I C -0. I,ll C (l 0 
l,l-UinilrolJellLullu ')')-{,'}-II 168 11.lllf HI2 J NA I~II 1.1,;> I 
'I, 6-U i.1i l..I'o-o-crllso I ~]"-'j?- I 190 2.9()f t IJ2 C 5.lllll-1l2 C 11.'19[-05 2'111 C 2.10 C I) [ 

2. '1- U i II i I. nilll\ollo I ~ 1-;>8-') 1811 5. (,OPUl C L ",)[ -05 C 6. 115[-10 16.{. C • '}(I c: u I) 

2.3-0illitrololuollo (,U;'-o, -/ 162 1. WHII] U tlA '>] II: ? ?'; II 3.0 II 
2,'1-0 i II i U'OlO luello 1;> 1 - 111- 2 162 2.',()UH2 C 5.111[-01 C 5.09£-06 Ilr, C : •• 1111 C 3.6 18 
2, 5-ililli lrololuollil C. I') - I~.-II 162 1.3?(tU) n NA III. II: ;~. ;.tU II 1.6 II 
2, 6-1)jlli U·ololulllIU 1.i1l6-;'1I- 2 11i2 1.12ltOl U 1.6U[-02 C 3.21[-06 ')? C ;, • Oil C 1.1l II 
3,',-ilil1i trololuOlle (, 111- .1')-9 1112 I. hll[tU) 1\ tlA ')1, /I< ;>.;>') II 1.1l II 
OinoscD flli-U'j-I 2',0 5.001tOI J 
1,11-1) i o)(allO 1~'l-')l-i 00 '!.Jlltn5 B 3.991+01 1.1 1.1)1£-05 1. '. &: II. ill II 
N,N-Uil'licilylalllillo 1;>;>- \')-1, 169 5.161 till U 3.1I01-U5 I! 1.',ll-07 II/II :1. (,0 II JU G 
I, ?-U i phullY I hydrll z i lie 1;>;'-(.(,-1 161, 1.111,1' till C 2.out-05 C 1.,.2(-09 '1111 C ,b. 'Hi C 25 II 
Il i II rllily III it rosam j I1C (,? 1-(,/,-1 130 9.9IJt t U) C 11.00[-U1 C 6.92£-06 " ,15 C I . ~II C 
OiSlIlfolOIl ;")11-01,-1. 2/'1 
flldoSHI fan I I', - ;") - I ,,01 
l p i ell' 0 rohy/l rill 1t16-1I')-0 93 6. (lilt to'l .J 1.5/(tOI U 1.19[-()~ ill Ilc U. l~) II 
flhallol (,11- I I-'j 116 1.0()[t06 II 1.1I0[t02 G 11.116£-05 2.2 II:: -u. ,I? .J 
[thyl Acetatu \111-//1-6 66 
[thy' Huthaoosulfollate {'?-'JIJ-(J 12'1 3.69£tU5 0 2.06[-01 I} 9.12[-06 1.6 II: ' •. ;-'1 1\ 
[tllylhollzclte lilli-Ill-I, 106 1.52£ t02 A 7.uOrtOO A 6.IIU-03 I 11111 C J. I'> II 11.5 II 
lthyl-II,'I'-diehlorohulIli laLo 'j 111- 1'1-6 l~2 
Hllylollc UilJromide (fllIIl 1116 - ')1-1, 168 II. lot' to] J I. HttOI It 6.13£-UII 1,1. G I, U, iI 
[lhyiuilo Oxillc I', -;, I -/I I,ll I .Illl! t06 0 1.11lt03 U 1.56£-05 l.2 k -II. ;.;> II 
[lhylOllethiourua ')6- il'j-1 1U2 2.001t03 f Nfl i,l &: -II. /,(, .I () 

l-[lhyl-llil.rosollroa l~j')-n-9 117 3.31£.t06 11 NA 0.1 II: 
ll..lIylphthalyl Hllyl Glycolate 11 '1- /;'-0 71111 
forric lluxtrall ,)111",-(.10- 1, I~OO Nfl 
I"" 1 110 ra II tllo 1111 :'11(. -11

"
- I) 2112 ?OM-Ol A ~. OUr -(J(, A 6. ,.6[-U6 ]IWIIII C I, . '!II fI 11511 Ii 

IIUOH!IIU 1\(,- I \- I 11(, 1. (,91 tOO C I. HH-O'I C 6 .'12l -115 IlIH) (; 'I. ;.011 C I lOll G 
I luo,' i lie S 1111;' -I, I -I, tlA Nfl 
IluriduliH ',1) ,4)t,-4,0-'. 3;>') 
I.') rmalail:hyllo ',II-lllI- II :10 11.11111 tlJ~ j( 1.IlUI*UI 9.SH-11l :1. fI " 11.11(1 II r 

I I 



UalO Preparu"; y~ !-ul!y r..J. _.!2!i6 
[XIIIOn C-l 
(ColIl I nued) 

l'IIYSICAl.. CIilHICAI. ANU rAI[ UAIA 

Mule Water Vapor lIenry', law I 1111 lish 
Wuigllt SOllibillty Prussure Constallt "/Ie: I<ow IICI 

ChelAlcal Hallie CAS /I (g/lIlolel (1119/11 S· (.,Al lIyl S·C atlll-ml/mol) (ml/yl S· 5" ( I/ky) S" 
------------- -------- -------- --------

formic Acid 6"- 111-(. ,,6 1. Onlt06 'I. UOliO I [ -II. ~II 0 f 
furan I 111-011-,) 66 
Glycldaldehyde 16~ - 3"-" n 1.70Lt06 0 1.9/ltOI 0 l. 10[-06 O. 1 Ie -I. ~~ .. 
Glycol rthors riA NA HA 

Diethylene Glycol, 
Honouthyl [ther 111-')1)-11 11 .. 
2-[tlloxyethaflol I \I)-61l-~ 90 1.00(t06 11.1111 .. 
Ethylene Glycol, 
HOlloblilyl [ther 111- /(.-? 116 1.01)£ tIJ6 f II. elll 
2-Hc tllllxye thano I lIl9-66-" 16 I. Oo[ tll6 I< 
Propylene Glycol, 
Honoethyl (thor 5212~-'>l-6 Ill" 
Propylene Glycol, 
HU/lumethyl lthor 10/-')11-2 911· 

IlIlI' tach III r /C.-'I'I-II 31', I . 1\lll-1) I C 1. (1111 -01, C 6.1,)[-{)1, 12111111 C '1 . '111 l: I~; WO II 
Ih!ptachlor [pox Ide 1117.'1- ~o/ - 3 169 1.~or-01 C 3. till I -0'1 C 'I. 19£ -1)/1 ??ll C ;~. III C; 1'/·,00 (j 

IIcxachlorohenzene I 111- 1'1- I 265 6.0Ill-0) A 1.1I9l-()·j A 6.6 It: -11'1 ] 'Jill 1 G " . ~. , A 0(.90 II 
lIuxach I orolHltad i uno 6/-(.6-] 261 1.50/-01 A 2. IlOl tllO A II. 5 /[ iOO 29111111 (; ". III A 2.6 II 
lIexachlorocyclopolltiidionu 11-,,/-" 211 2. \OrtllO A 6.11111.-112 A l. lI[ -02 ,,61111 C " .11" A 11.1 II 
a I pha -llexach I orocyc lohoxanc (llcelll 119-6 •• -6 291 l. (.)UOO C 2.501-()5 C 5.67£-06 lU1I1I C .). 'JI) C 130 II 
lw ta -IICC 1\ ]1<)-1\'.;-1 291 2.'10[-01 C 2.IUll-07 C II. I,l[ -0·' 11\1111 C :1. ')11 c 110 II 
gamma-IICCII (llndanel ~6-1I,)-,) 2<)1 7.60(+00 C I. ('01-0" C 7.85[-06 \1)80 G 3. ']1) C 130 II 
dolta-IICCII 11<)-1I1o-8 291 3. \11[tOI C I. ·10[-05 C 2.01£-07 6(,1111 C '1. III C 130 II 
lIex8chiorocthane (0/-1;'-1 231 5.001tOI C ".011[-01 C 2.'19[-01 ;!(IIIUII C " . (.II C; 87 II 
lIexachlorophene 11)-)11-" .. 01 ".OU[-O) r NA 910110 Ie I. ' .. '1 f 
lIyd ra z I lie ]0;>-111-1 32 1." \[t06 " I.I,O[ iO I 0 1.13[-09 0.1 & -3.1111 II 
lIytlrogen Sui ride lIU3-u(o-" 3" ".13li03 I< 
Indcno(I.2.1-cd)pyrone 191- j9-~ . 276 5.30[-0" C 1.011[-10 C 6.66[-06 16()()()UI) C (, . ') I) C 
I odu.ne thane U-OII-'I l'i2 1."O[t.O" J ".00[+02 J 5.3·,[-03 23 Ie l. 69 J 
Iron alld Compoul\d' 1~"18-31-0 56 HA 
Isoblltanol ll1-I}]-1 71, 
Isoprelill /6-19-5 66 ".1I0(t02 [ HA 
Isosarrole 12U-58-1 166 1.09[i03 8 1.60[-06 8 3.25[-12 93 Ie c. M' II 
Isophorolle 111-'.)<)- I 138 
I sopropa lin 33112(1-')1-0 309 

5511lin' I<epollo lI'l-~O-() .,,) 1 9.90f-03 0 HA ,.. ;'. Ull 1\ 6
'
11,0 (j 

Ius i 0(: a rp i lie 101- 1'1-" ·,12 1. 60li03 8 HA 16 Ie II. -}') 1\ 
.. cad and Compoullds (1III)I·9illl i c I I.j 11)-'};>- 1 2(,1 O.OO[tOI) l NA '19 II 
I imll·on • }JII-·.·.-2 21,9 
M,,·I a III lOll I;> 1 - 15 - 1 llO 1.',5[t02 [ 11.00[-05 [ 2.1\') J 0 [ 

Manganese and Compollntls 1',3-)-')I.-~ ~~ HA 
'ill I pha I all 11111-11;>-1 3u5 
Mor-cury and Com"ollllds (Alkyll I" 1'} - 'J { - (, HA 3150 II 
Mu n:1I r-y alld COIIIIHUU'" s (1110 r g8 II i (; I 1111')-')/-6 201 2.00[-01 f HA 5~,()O II 
~If! n:ury fu 1m i IIU Le 6;~11-1I(,-'1 cU5 
Hnlhullol 6{-',/o-1 32 
Mil thy I eh I or I tie 1'1-111-3 511 6.50l.Htj C '1.3lftOl U I, . I,I)[ -02 3') &: U. ')1, 1\ 
Muthyl [lhyl I<etollo 111-') .1- I 12 2.68[i05 A 7.75[t01 A 2./1,[-05 'I. ~ &: U. ;~(. A 0 
Mo thy I [thy I I<e tOIlO 1'(lI·ux ide 1.\11\-;>1-" 1/6 
iii} thy I Isobutyl l<otllllO 101\- 10- I IOU 
HULhyl Hethacrylate 1\11-(.:'-(, IOU 2. nOI tI, I f 3. lOtto I I: ?',][-Ol 11'111 Ie U. I'} 
11utllyl Parathion ;>'}I\-III1-11 ;>63 6.00[tOI [ 9.10[-06 t: 5.~9[-08 'U'II &: I. 'J! ,,5 
2-Mlllhy I-'I-ell I 0 r·ol.hclIlI"yal:l!t i I: AI: i tI ')'1- /11- (, 201 
2( 2-M!Hhy 11-I,-Cltio/·ol'hulUl)lY-

II rOlli 011 i c Ae i d 'J i-i,',-? 215 \ I 



I>a i.o r ropa rod: ~ ~~~~L L_1261i 
eXHIBIT C-T 
(Continued) 

I'IIYS I CAL, Cltf H I CAt, AIW f A I [ I)A I A 

Hole Water Vilpor lI<mry' sill", I u'o I i siB 
UHiyht Solubility '" IlSSIIHl «:01l5talll. 1(1)1; 1(41", IIcr 

Chemical Hallie CAS 1/ (II/mole I (1II!l/I' S· (illin IIg) S· (iHm-ml/lllo II 11111/91 s .. s .. I I/k!!1 s" 
------------- -------- --- -------- --------

1-Hethylcll0lanthrene ',(,-,,'1-\ ;~b8 NA 
11,1,' -Hclhy I el\c-b i s-2-cll I o rOil II iii ne 10 1- III-I. 21>1 NA 
Hethylnitrosourea (,81,-,) I-~; 103 6.69£tU6 II NA O. I II< -1.111 II 
HOlhyllhiollracil ',('-1)11- ;' IIIZ NA 
He lhy I v i ny I BI it ros,lIlIi lie '1',11,)-1111-11 116 -I • 6111 i 05. II I.Z31t(H n I. 8l[ -116 2.5 I: -I). ;. \ II 
N-Hu thy I-N' -n i l ro-N-II i t rosogllallatl j n/ll- ;>', - I I1I1 Nil. 
Ii i I.OIIIYC i II C ~C1-n/-l nil Nil. 
Husurd Gas ')o'>-6f)-~) ,',,) IL (JUI tllZ 1\ I. 1111 -UI U II."~£ -05 W " I. II 1\ 
1-lIalllhylalllillo 1.1'1- j;'- I Bill Z.l~I·Ol II 6.')111-05 1\ 5.Zll-09 61 I: " • III 1\ 
Z-Nilpthylalllillc 91-',<)-11 IIIJ ').861·02 U 2 .... 61-114 11 8.2][-118 1111 I: ; •. ill II 
Nickol lind Compounds 7,,110-0;'-0 ~9 O.OO[tOO 0 NA III II 
Nitric Oxido 1Il1ll;'-IIl-<) .W 
Nitrohelllcilu 9/1-'1',- 1 I;>] 1.91H t Ol C I. ~CIl-llI I} 36 C 1.1.I~ II 
NitrogclI Ilioxidu IOIU;'-'I"-U 1,(, 
NilroslllRCl.hylurcLoall£l () 1 ',_I., i _;11 1i2 NA 
N-Nilrosol'ipnridillu 1011-1',-1, I III 1.9()[t()6 U 1 . '1111 -0 I 1\ I. I H -118 I.~ I\: -II. 'i') n 
N-N it rosopyrro I ill i IIU ') JU-'J',-2 1011 I. 00rto6 I} I. \Or -01 II 2.01£-09 iI.1I &: -\ . u(, n 
~-Nilro-II-toluidille ,)')- ',~-II 1~2 NA 
Osmium leLroxido 1111116-12-11 2~"1 
"(!Ill acl! I 0 rnbunlCllo I>lItl-'Jj-~ 2<,0 I.J,)I.-1l1 r NA 110m) /II: ',. I') I 212') 10 
I'tllllach 10 rOil it robOllzellU {);,-611-8 295 1. 1I[-IlZ 0 I. 13[-0'1 11 6.18[-01, 1<)111111 & ~ .ll~ II 
l'llil Lach I 0 rOl'hello I 81-II{,-', 2(,6 1.'IO[tO\ C 1.101-01. C' 2.15£-06 ~_lOIlII c " (; 10 G 
rhUIIIICO lin 6;'-/111-2 119 rIA 
i'lIellMllh rCllo 1I',-lll-8 118 I. OO[ tUO A 6.80[-04 A 1.59£ -(III 11,01111 e " . ',(, A 2Uu G 
\'hellolla rb i til I ~u-06-(, 212 1.00[+03 B NA 911 & -11.1<) II 
I'hcllo I 1I111-'Jj-Z 91, 9.30[i04 A 3. 111[-01 A 4.5',£-1l1 IiI. 2 C 1.'86 A 1.11 &I 
1'llOny Iii I an i no Mus La rd 111/1-1\2-3 105 NA 
m-Phenyiellcdiilllline 108-11~-2 1011 
Phenyl Mcrcuric AceUte 6;>- 311- 1, H1 L6/ltOl I< 
,'ho5phine ifllll-jl-2 ]11 

1'0' ycll I or! na Lcd 8 i phcllY Is (peUs I 1316- ](,-1 1211 1. IO[-OZ C 1. 11)£ -0') C I.OlE-1I1 510UIJIl C I, . 0', C 10UOII0 G 
Propallo Sultona 11211-/1-4 122 NA 
Propylenimino 1')-',~-8 ~I 9.411£.·05 0 1.IIIP02 I} 1.12£-05 <-'. J & -11. 1111 II 
I'yrune 1 ,"I -Oll-IJ 2112 1.3;>[ -1)1 A 2.')lll-06 A 5.011£-06 llHHlO C I, . 1111 A 
"yr i d i nil 110-81>- I 1') 1.01I1.·u6 f 2.00[-1-01 f u. (,6 I 
Saccharin 81-0/-(' 183 rIA 
Sarrolc 'JII-~,l)-I 162 1.50nO) s '). IOl-O'1 S t. 29£-111 II< ;~ • '.J .\ II 
Selcnium and Compollnds 1111;'-'1')-2 -'9 O.OO£iOO £ 1-11\ 16 1\ 

-- Seiulliolls Acid 11111-/111-8 129 
-- Sulc8lourcli 6311- 111-" 1?3 
-- lhal! illm Seloni La 1;>01<)-');>-1& II/III 

Silver lind Cumpounds "I'IO-??-'I 106 O.UO[tOO () NA 31llW I) 

Sod 111111 I) i e lhy I d i til i oea r'bama til 1118 - 111-', 111 
SI. rnl'l.ol()(; ill 1/I1I1I1-(.(i-', /151 "A 
SU'ychnino ~ /-;"1-') H', 1. ')61 t02 I. 
Styrlllla 1110- 1,;,-') I "'I 
1,2, II, ')- I a I. rach I 0 rUllllllZI!IIC ')')-')11-\ ZI6 6.(l0[tU() f HA (.UII I, . I, I I 11<'5 II 
2, 3, 1,8-1 COO III i IlX i" I 1/11('-01-6 322 2.0ll£.-Olj A I. 111[ -06 A 3.60£-111 110llUIIII C €,. I? A 5000 II 
l,l,I,2-IIH.rachloro IHhallll (.111-;'0-(, 1(,8 z.9UliUl J ') .11111 tllO J 1.81[-0'1 511 

1,1,2.2-icu·achOoI"lHHIIiIIIC 1'J-l'l-j Itj6 ?9uHn] A 5.IIUi .00 A ].OIl-llIl 118 I: ;> . :1') A 112 16 
loa. nll:h I 0 roe lily IIlIiU I:' /- 11\-11 ali£. i.50LH12 A 1.1111illl A 2.59£-(12 1(,11 (; ;'.1. A 11 II 
2.1,11.6-Jfltl'aeial orol'hHllu l jll-<)IJ-:' 232 I. OOlt1l3 r HA <)8 & 'I. I I 2 'Ill II 
2.1,'),6-lutrlll:hlorlltufUl'hlha'iltll 

A(;id 10e1'A) 1111,1-1;'-1 H? 

\ I 



Oato PrcjlaftJlJ: 9q!~!!!!L!._.!~!! 

ChoAlical Hame 

leu'aolhyl lead 
lila II i 11111 a,ld Compound s 

1hallilllll Acetale 
I"allillm Carho/lalu 
I ha I I i 11111 ell 10 r I dc 
lhallilim Hitrale 
lhallie Oxide 
I hal I i 11111 Su I fa lC 

lhioacctamjde 
Ihjoul'ca 
0-101 jdine 
10 "tCIIC 
0- I 0 III i d i IIfl lIyd ,'och lor i de 
loxaphclle 
IribrOIllOlJlclllallo IUrolfillrurm) 
I, ;> ,II-I rich I 0 robCIII111I1I 
I, I, I-I rleilloruelhalll! 
I,I,;>-Irichlorocthallc 
I richloroclhylene 
1 rlchlorfon 
1 r i ell I 0 ,'OUlU/lU f luu rON.C lila 110 

;>, 'I, 5- r rich loro"holill I 
;> , 'I , 6 - 1 r i 1:" I 0 rOllllc 1101 
;> ,11,5-1 richiorophellllxyaeel ic AI: id 
1,2,1-1 rl eh lo,'opropane 
I, 1,2-1 rlchloro-',2, 2,-

lrifilloroelhane 
I r I s(;>, 3-d I brolUoprollY I)phospha lC 
1 rinl troloiliunc (IH") 
Irypan lillie 
U rac I I Hus lard 
Urall I urn and COIllpOllllds 
Urelhallll 
Valladium and Compolillds 
Vinyl Chloride 
Warfarin 
o-Xylene 
m-Xylcnc 
,,-Xylone 
Xylcnc (mixed) 
Z i nl: a lid CompoulltJ s 

Zinc I'hospl. i dc 
Zllicb 

CAS II 

1/1-110-;> 
11111II-2/1-1J 
~6]-611-8 
('~dl-/I-9 
/1')1-1;'-11 
1iI11I?-II~-1 
IIIII-i/-~ 

/11'16-18-6 
6?-1)~)-') 

(.?-',(,-(, 
11')-91-1 
11111-1111- 1 
6Iti-,'I-'> 
tlillll-]'J-2 
I ~)- ;?Iy -;) 
1:'0-1\;>-1 
11- ','j -i) 
/,)-1111-", 
19-1I1-li 
')2-(,11-6 
1"..-(,,)-" 
9') - ')') -II 
88-01,-2 
') 1-/6-") 
')(,- 16-11 

/(,-11-1 
12/)-1;>-1 

'11I1-')t.-1 
/;>-'''-1 
6(.-/'>-1 
'1 1111l)-(,I- I 
,>1-1')-6 
/11 1111-(,;>-2 
1'>-IlI-11 
/11-111-:' 
9')-11/-1, 
1ll/l-11l-] 
106- 11;'-,1 
11'\11-;'11-1 
/ 111111-1.£.-6 
11 III - 1111 - 1 
I;> 1;>;>-(,/-1 

[XIIIBIl C-' 
(Cuntlnued, 

I'HYSICAl, CIlfHICAl, ANO (A'( OAIA 

liole Wator 
Wlliuhl Solubility 

Iltlllry' slaw 
COliS Lalit 1(1)(: 

19/1U1l10, (1119/1' S· 

Val'O r 
Prossure 
I AIm 119) S"(alm-ml/mol, (ml/~) 

321 
2011 
?C,] 
'al,') 
('110 
266 
'l~iI 
505 

I'> 
16 

212 
92 

11111 
'I III 
?51 
161 
III 
IH 
III 
;>"j 1 
III 
191 
191 
;>55 
1117 

161 
696 
221 
%1 
252 
236 

69 
51 
61 

j06 
106 
10(, 
Hil, 
\06 
(.~ 

258 
276 

6.0(J[-01 J 

2.91l[t01 [ 

2,oolH.2 ( 

l.l<'ltIl6 II 
1.1'>1 till , U 
5.3'>' til? A 
, . ~lIl tOll J 
,>.Olll-Ill C 
1.011 to) C 
1 . (JIll till C 
1.')111 til} A 
II. SOL tIll A 
I. WI t03 A 
1.5111 t05 [ 
1.lllltll3 C 
I. 19l t03 A 
6.00lt02 A 

1.IlIl[tUI r 
1.20lt02 U 

6.'I,[t(l2 0 

2.61ltU3 A 

I. '/5[tll? f 
1.30[t02 r 
1.96[t02 r 
1.96£t02 r 

I . 5ur -Ill J 
O.OO[tOO [ 

o.om toO [ 

O.OUltIlO l 

2.1111 tOI A 
1.1I1I1-1l1 J 
'I . lUll - II I 'c 
5.(101 tllO C 
2.9111-01 C 
I. 2l1' tll2 A 
3.01l1'tOI A 
5.1,),tOI A 
'1.1101'-06 [ 
6,6/lt02 (; 
I.HultUu A 
1.20[-02 A 

2.lOlt02 r 

2.66lt03 A 

1.00[t01 [ 
'.OO[tOI f 
I. OOf to I f 
I.uol till f 
O.oottoo 0 

,
1
91£-02 

HA 

"A "A 
6.31(-111 
9.191-01 
'I. 36l-U I 
').52£ -11'1 
2.3l1-0} 
I . 'l'II-U2 
1.11[-O} 
9. Hll-Ol 
1.11[-11 

2. '61,-011 
3.90l-06 

NA 

NA 
HA 

"A 
NA 

"A 
6.19[-02 

1.011[-03 
HA 

'I')IIU 

1.6 
'1111 
lllil 
;t:~ 

<){,'I 
116 

9;>1111 
I',;> 

")(, 
12(, 
(,. I 
I~I) 

89 
2(10ll 

3\11 

I i!() 

'5'1 

2 11U 

.. Illttors dOllote lhl! so"n;t! 0' L1IH «Ial,a, as I iSllld ill St1eliull 1.1. 

$" 

&: 

& 
&: 
(; 

&: 
C 
C 
(; 

C 
C 
C 
&: 
c: 
& 
C 

&: 

&: 

&: 

&: 

" SlIluhi I ily of 1,11011,(1(111 ""1/1 as!;;""",1 hoeauSIl Ilf ,'ul'O'llld "illfilliltl soluhi I ilY" III tho I ilcral.llfll. 
&: Koc estimatcd hy tho follu,,",i,,!.! 1",llali .. ,,; luy koe = (-,O.SS"luyS) t 3.6'1 (tlotu: S ill Hl9/1,. 

\ I 

11111 
I\uw 

-II. 11(, 
-;'. U') 

;>.1111 
;'. II 
I . ;'1) 
\,1 
;~ . " 
II. I 

" " ;, ."t I 
;'. III 
; •. ~.'J 
;, • ~I 1 
:\. I;' 
3. 61 

?IIII 
'1.12 

- I . II') 

I . :\11 

:-.'J'J 
:\. ;'(, 
I. I', 
j. ;>(, 

~. 

.J 
II 
\I 
A 
.1 
C 
C 
C 
C 
A 
A 
A 
II 
A 
A 

, 
1\ 

II 

A 

I 
I 
I 
I 

Ii sh 
ncr 

I I/I<!!) 

10.7 

13 WI) 

20llU 
5.6 

5 
10.6 

110 
150 

;>.1 

1.11 

III 

S" 

II 

II 

G 
II 
II 
II 

II 
II 

G 

II 

II 



ChoMical Nalilo 

AcenaphthlHlO 
Aconapht.hylene 
Acelono 
Ace lOll I t. ri Ie 
2-Acetylaminof&uorolw 
Ac ry I i c Ac i d 
Acryloni tri Ie 
Aflatoxin 01 
Aidicarb 
Aldrin 
Allyl Alcohol 
Alliin i oliln I'ho sri! ide 
11- Am i IIOU i phony I 
AmiLrole 
Ammonia 
Anthracone 
1111 t i mOllY a ud COIuround s 
Arsenic and Compounds 
Asuestos 
Auramino 
Azaserine 
Aliridillo 
Oarium and Compollnds 
Bllliof i /I 
lIonlenll 
Blllllidine 
OOlll(a)anthracolIll 
Illlllz(clacf'idino 
IInllzo(a)llyrlllle 
lIullzol II) f hili nlll lhollo 
Ilullzo ( gil i ) I,e ry I elle 
Ilelllolkifluoralltilollo 
IICIlIOLrichlorido 
11I1111yl Chloridu 
Onryllillm and Compollnds 
I. 1-1l i 1)/loIlY I 
Oi sI2-chloroethyl!eUUlr 
Hi 5(2-cllloroi sopropyl)olher 
II i 5( ell I orumu thy lIe tho I" 
llis{2-olilylhoxyl)phthalato (Il£lll') 
II rUfllUIRIltilallo 
Ilrumuxynil OctanoaLB 
1.3-llutadiono 
n-Ou\.anol 
UUlyl"hlhalyl 8utyl!llycolato 
ClicodyllC Acid 
CadmiulR and Cumpounds 
CapLan 
Caruaryl 
Ca riloll 0 i 5111 f i "" 
Ca "hOIl 10 l rach I or i do 
Chlordallo 
ell I () rUUClIl'llIW 
CII I 0 O'IIUIHll i i all! 

CAS /I 

11.1-];'-') 
;>011-')6-6 
6/-(",-1 
/')-0',-0 
~]-')6-1 

1')- \II-I 
IIJ/-Il-I 
11";>-1)') -1:1 
116-06-1 
]1Ji)-1l0-;> 
Wl-16-l> 
;>00')9- f)-II 
9;>-6/-1 
(>I -1l2-') 
I£.{.,,-" I-I 
I ;'11- I;' - I 
1"'111- ]/.-0 
1II',II-]/}-;> 
lll?-? I-II 
;>',(,')-;'1-2 
1I''>-U;>-6 
1'11-')6- 1, 

1,,',0- l')-} 
1Il61-'IU- I 
/I-Ijj-;! 
9;>-11/-', 
~l;-~'J-l 
~;H.J_C) 1-" 
'111-12-8 
20') - ')'1- 2 
191-;'11-2 
2111-011-<) 
98-0/-/ 
1110- 1",- i 
1
"
'10-,,1-1 

9;>-'1;>-1, 
11 1-/",-1, 
100 - 60- I 
~I'2-1I11- I 
11/-111-1 
",-111-<) 
1611') - ,)') - 2 
10(,-')<)-0 
1I-.H,-j 
11'1-/0-1 
(',-(,II-') 
1 flltl-liJ-C) 
I j l-IJi.-;> 
6J-;H,_;, 
"j- 1';-0 
~()-;~:,-.) 

'j /- ",- <) 
1011- 'JIl- I 
~illl-I"-(. 

Oata I'rollarutJ; Qt;\.t]l\!.!.LJ .... ,-.. 12!Hi 
LXIIIIH 1 C-2 

IIAU-lIV[S IN VARIOUS H[OIA 

lIalr-life Range IlIaysl 

Soil 
low II i gil S" 

1120.00 1160 .. 00 A 

Air 
to.., lIigh 

5.'>0 

390.00 

1.YO 

11.611 
'1.00 
/'.60 

il.60 

6.00 

5.50 

I.OU 6.00 
5.50 

o. til 2.00 

11.60 

611]tJ.OI) 
"0. Oil 

1.50 

s .. 

H 

H 

H 

H 
H/ 
H 

H 

A 

H 

A 
H 

H 

H 

A 
H 
A 

Surfaco Watllr 
tllW lIigh 

0.125 

, .1111 

2. lib 1.00 

5.1111 

1'1 liS" .. 
I'IHS 
I'lllS 

rUt!; 

I .1111 6.1111 

o. HI 5.011 

(!. '111 
I.IHI 2.00 

1 . 511 .. 

0.0001 

I'UIS 

II. 111 :Wn.WB 
1121b.11I1 51111. UI) 

U.11I 

\ I 

s· 

1'1 

11 

H 

1·1 

Ii 
11 
11 

1-1 

A 

1-1 

A 
Ii 

Ii 

1'1 

1'1 

II 
A 
II 

Cnlllllci Wa 1.0 I' 
I ow Iii gil SM 

,. 



Chlllllica I Nallle 

Chlorodlbromomothano 
Chloroform 
Chlorometltyl He.thyl [thllr 
II-Ch loro-o- to I u I d 1110 lIydroch I or i ,Ie 
Ch rom I 11111 I I I and Comllo",ul s 
ChromlulA VI and Compounds 
Chryseno 
Copper and Compounds 
Creosoto 
Creso I 
Cr'ot.ona Idehyde 
Cyanides 

08 r I IliA Cyall i ,Ie 
CalciuRl Cyallide 
Copper (:yanlde 
Cyallogen 
CyanO!I(1II Chloride 
lIydrllgell Cyanide 
Nickul Cyanide 
PotassiullI Cyallidn 
Potassium Silver Cyanide 
Silver Cyanide 
Sodium Cyanide 
linc Cyanide 

Cyclophosphamide 
Oalapon 
OUU 
Ol)[ 

Ill)) 
Oucabromodiphenyl [lher 
Ilia Iiale 
2 • 11- 0 i a 1ft i no III lucile 
1 .2.7.8 -0 i bClizopy "OliO 
Oibenz(a.hlalllhraconc 
1. 2-U i b rOlllo-1-ell I oroI' ropane 
OililllylnilroslIlQilio 
Uibillyl "ht.ha lalo 
1. 2-1)j ch I orllbcnzollc 
1.3-llichlol'llbolllCIi0 
l.'I-Ui ch lorolHlIl)'eilC 
3.3' -0 i 1:11 I II rotU:Ilz i d i IIIl 

U i eh I o rOil if IIIOC'lIlRe lhalle 
I.I-Iliehiorolllhlllle 
1.2-1)1 eh I o I'!IIllhallo (' ()(; I 
1.1-lliehloI'lIlHhylfl'w 
1.2-0iehlllrnelhyllllle (lralls I 
1.2-lllehloI'OHlhylelle (eisl 
Oichlorllmnlhallu 
2. 11-0 i cit III rUl'lHlllu I 
2 .II-I)j (:h III nlJlIIOnoxYill:lll i c 

AI: i II (? .II-Ill 
11- (? .II-() i 1:1,1 o "UI'hCIlIIXY Ihlll,yr i I: 

Ac ill (2. 11- 011) 

CAS /I 

12'1-'111- I 
6/-66-j 
111/-111-2 
lll,')-')I-} 
/11'11)-11/- 1 
1IIIw-II/-} 
2111-1I1-'} 
,11 1111-',11-11 
IIIIIlI-~II-,) 
II 1')- 1 /- 3 
I;'\-Il-I) 
~ /- I? -', 
')/.:'-(.;"- , 
')0;'-111-11 
',Il,.-,)~)-l 

'11;1)-1')- ~ 
~O(,-/I-'I 
111-')11-/1 
';)')/- 1')-/ 
1'''-50-11 
511(,-61-6 
5U6-6'1-I) 
1113-33-9 
5~1-?I-1 
511- III-I) 
1'')-')')-0 
T;'-5'1-6 
1~) - '.J'.J - ') 
50-;>1)-} 
11(>1-1')-5 
21111- 16-'1 
1)')-1111-/ 
1I19-')~-') 

51-/1I-} 
')(.- 1;'-/1 
9;'11- 1(,-] 
6 11- /'1-;'> 
9~)-<)O-l 

~III-/j-I 
10(,-11(,-/ 
9 1-,)11- \ 

'5-/1-11 
,',- .111- J 
10/-0(,-;'> 

/~.-I"-'I 
')'Ill-~)')-IJ 
~llll-"')-1I 
l~)-o~}-~) 

1;>11-11\-;> 

')'1-/'1- / 

'1'1-1\;'-(' 

[XlIlIlIl (;-2 
(Cont.Illuodl 

llAU -lIVl S IN VAHIOUS H[UIA 

Oatt! Propa flld: !.II: ~II!!!! f_!,. __ !2.!H·;) 

IIal f-I I (e nall!Jo (liays) 

Soi I 
Iuw IIigll S· 

------- --------

11100.00 5500.00 A 

Air 
low lIigh 

------- --------
60.00 

11.1111 
5.50 

11111111.1111 

5.50 

26.00 

21.00 

11').1111 
1(,.0() 
2.00 
2.10 
I. 30 

I) 1.1.11 
2.30 

121.00 

S· 

A 

H 
H 

H 

H 

H 

H 

A 
A 
A 
A 
A 

'" H 

SlIrfa(:o Halu,' I;, ulIIlIl W:t lor 
111101 lIi!)1I ~. " 111101 II i!JII 

------- -------- ------- -------

O.lu 11l.1J1J A 

1.1111 1-\ 
11.211 ... 

0.11 0.81J '" 

~6.01l I I(). 01) A 

0.0208 '. 2. till /,1 

1. ~O 11.')11 M 

I • ~II 8.5U N 

I.on ~ .1111 II 
O. 1/ A 
I .1111 6.1111 A 
I .1111 (, .IHI II 
I . 1111 6.1111 A 
I . ;'0 I).Otl /'\ 
6.1111 /'1 

\ I 

SIt 



ChCllliclli Halllo 

lli eli I 0 roplwllY la rs i no 
l,2-0ichloropropllllc 
I,l-I)ichloropropeno 
Ilichtrin 
I) i cpo><ybutllne 
Ilielhalloinitrosllllline 
Oicthyl Arsillo 
1.2-llioLhylhydrazinc 
Oicthyloitrllsalllillo 
Oiot.hyl Phthalate 
IH c lhy I SI. i I bo SI. 1'0 I (Ur 5 I 
II i lIyd 1'0 sa r 1'0 10 
fi)imolhoatc 
3, l' -II i 1110 lilo)(ybenz id i IW 

Olmothylamillc 
Oimotllyl Silifalu 
llimllLhyl rerc"lIl_halalo 
Il i lilt! lhy I am i Itoa ZObOIlZEHII! 
l. 12 -IJ i MIO lhy I bOllz i a lanlhracollo 
3,l'-llimothylbllllzidillll 
OimHlhylcarba,uoyl Chlorido 
I,l-Oillloa.hylhydralillo 
1.7-0 i Rlolhy I hyd ral 1110 
Oinlothy I 0 it rosami ne 
I, J -0 i nil rlllllllllunc 
'I, 6-IHlli tro-o-crcsol 
2, ',- 0 i II i l rOl'ilollo I 
2,1-llillilroLoIIl01l0 
?, '1-0 i 1\ i l.I-ulO 11111/10 
2, ')-Oinl trotoiliulio 
2,6-Uillit.roLolllclle 
1,'I-l>lnl trololuollc 
Oilloseb 
1,'1-1) i oxalill 
ti, It-U i "hOllY I anli 110 
1 ,2-0i"ilollylhytlraz inc 
Oillropyillitrllsalllinc 
ilisilifololl 
llllJostll fan 
I'ichlorohydrin 
a. lia 110 I 

[tllyl Acotato 
(lhy! MIlU,anosul fOliate 
I lhy I bonzllllo 
Itllyl-la,II'-tlichlorohcilli lale 
[lhylclIlI Uibmlllido «lUll) 
I lI,y 10lle Ox i do 
[lhy IIHllllh i (lurca 
l-Ilhyl-nitrosollrea 
l-thylllhthalyB [thyl (;Iycolalu 
i IlIT i c Ilox trail 
I i till raII t.llIlIIa 
I III0flHlil 

CAS II 

(,')h-;>1I-6 
18-11/-', 
')',;>-1')-(, 
60-'1/-1 
111(,1,-',1-'.> 
I \ 1(, - ',11- I 
G9:)-";·-~) 

\{. 1 ',-1\0- I 
')',- 11\-') 
11',- (,(,- 2 
%-'>1-1 
,),,-',11-(. 
('11-0,1-', 
I I 'J - 0)11-', 
\;>1,-111'- j 

1/-/11-1 
I;'O-(.I-t. 
(.u-I \-1 
'.>1-')/-(, 
11')-')1-1 
I 'J -',"- I 
'> 1- 11,-1, 
')'111-/1-11 
1,;>- 1')-') 
,),)-(,',-0 

~d'I-'.>;>- I 
'> I - 211-', 
t.o;>-Ol-/ 
I;> 1 - \ " - 7 
(, 1 ') - I ') - /I 
{.o(.- ~ .. u -? 
(,10- 1'1-,) 
1111-00,-1 
I ;'1-') I - I 
I;~?- j')-', 
I;>?-('(,-/ 
(,;' 1-1,',- I 
?')1I-1I"-" 
I I'> - ;>'1- I 
111(, -II') - II 
("'- 1/-', 
11,1-/11-6 
()?-~U-O 

1111'-',1-', 
') Ill-I',-(. 
10/.-'11-" 
I., - ;'1 -1\ 
'Jl,-II~) - I 
l~.')- n-') 
11'1-/;'-0 
9011',-(,/,-,. 
;'0(,-',',-0 
111.- I 1- I 

lXlIllllI 1:-2 
(Continued) 

IIAU-lIVIS lit VAHIOUS MAlliA 

lJate j'n,,,aru<!: Ot:lll!I~H~ __ !_ .. .J2~2 

lIalr-1 ira Hallgu Iliaysl 

5011 Air 
1.0'01 Bligh SOl low lIigh SOl 

60.00 H 

iH.OO H 

2.10 H 

1,116 A 

'.>.~tJ 11 

Su, face Wal.l' j-
10.., lIigh 

1.1111 • W 
1.011 

96.011 

I) . 110 HI. 1111 

, , 

1.511 111.1111 

I • 511 f • ~)!I 

I • 1111 l, IJII 

I I 

!>" 

I-I 
1-1 

I~ 

M 

A 

1-1 

G I (llIlId Wal.(~ I' 

10.., II i 911 SOl 

,-



Chcmical Namu 

r luoridos 
flurldone 
I 0 noa I dohyde 
lormic Acid 
luran 
Glycldaldllhyde 
Glycol Ethcrs 

Olethylullo Glycol, 
Honootllyl [thor 
2-[thuxycthallul 
[thylOlIO Glycol, 
HOlloblltyl Ithor 
2-Hu t hOxyu tlHlliu I 
I"rupy I uno (j I YI:III , 
HUllulHhyl [ther 
Propylcllo GlyCOl, 
HUllomc thy I E tho r 

lIel'tal:hlor 
Ihlpladllo,' r"uxide 
1I0xacilI orobolllollO 
lIoxlldllu robulad i Ollll 
lIuxllch I 0 rucyc I OP1l1lli1l1 i CliO 
III pha -lioxal:h I 0 rocyc lollllXillle (liceill 
bota-IICCII 
gamma-IICCII (lindalle) 
delta-IICCII 
lIoxnchloroolhallo 
IIllxllchlorophunc 
lIydrllzille 
lIyclrogeli Sulridc 
Indullo( I,?,l-cd)flyrollo 
lodomothalle 
Iron and Compollnds 
Isoblltanol 
Isoprollc 
Isosarrole 
Isuphoro/lo 
I sUllrupa I ill 
\<'C"UIIU 
I liS i ul:a fl' i IIIl 
I Ulld alld Cuml'uUllds (1IIUf!,a/li.: I 
I i 11111 1111 
Ma li!lllion 
Hangllllcsil alld COlllflUIIIIIls 
Hlll"ha Ian 
linn:lI,.y and COlIIllIIIlIlIls (A I ky I) 
HOfCII"y alliJ CUIRPIIUllIls (111O'glllliel 
Hu 1'1:11 ry r III AI i na to 
Hulhano'l 
thHhy 1 eh I Ilr I dc 
Hlllhy I [lhy I 1(0 tllilC 
thllhy I t: lhy I Kotullo I'lnux i 1111 

Huthyl ISIIl.JlIlyl KULOW: 

CAS N 

1111;> - 'I I -'I 
~,') 1')('-(.11-', 
'~II-OII-II 

(."- 1/1- {. 
I 111-011- ') 
f(.5 -3"-" 

IIA 

111-')('-11 
110-/111-5 

I I 1- It.-;-
111"-1110-" 

5;> 17',-',]-6 

111/-911-;> 
1(.-'1'1-11 
111;-',- '''-3 
I 111-/ 11- I 
8/-68-i 
11-1,7- 1, 

11')-1111-1> 
11')-8',-1 
~,II-I\,) - ') 
j 1')-lIl.-8 
6/-1?-1 
11I-}1I-11 
307-111-1 
/1111-1110- 1, 
193-3')-5 
11-1111-1, 
I C"I3I1-}I-O 
111-111- I 
111- ") -', 
1;>0- '.11- I . 
111- 'J') - I 
3 .1II;>11-·~ 3-11 
1111-',11-11 
\1,1- I'I-II 
1111')-');' - I 
1 \II_.j •. ..-? 
I;' I - I', - I 
1111')-<)IJ-5 
11111-11;'- .1 
I"I'}-'JI-(, 
1I13'1-'){-6 
(.;'11-11(.-11 
(.I -'JI.- I 
11,-11/- I 
111-'13- I 
11111-;> I-II 
11111-111-1 

eXIIIOI' 1:-2 
(ClIlIllnlloiJ) 

IIAir-lIVES IN VAIlIOUS H[OIA 

Oa Le P ropa I od: o!, lull!, r _ ! ._ !.2!Hi 

lIalr-l ire Rallgo (Ilays) 

Soi I 
111\.1 II i glt S· 

11U0.00 2200.00 A 

Air 
low II i !III 

0.60 

'1l1.0U 

8U.OII 
0.20 
0.14 

190t) 

5.50 

1'.80 

11.80 

0.~8 

S· 

H 

H 

H 
11 
H 

H 

H 

H 

H 

A 

51 .. face \lalllr 
luw lIi!J1t 

0.911 

U.9{, 

0. 111 
2'J .1111 
0.00/ 

I . \I) 

0.0208 

PUIS 

1'(1t5 

I .1111 
111.1111 

3. ',I) 

1II11.1II) 
210U.IIU 

9.50 

2.011 

... 

I I 

~} .. 

'" 

M 

A 
A 
1·1 

/1 

H 

~I 

tl 

/·1 
A 

(;, UlIIliI Wa III r 
111101 IIlg11 S" 



ChclI!liCai Hamu CAS II 
-------------

Hethyl Methacrylate 611-(,;>-(. 

Hntliyl Parathion ;>'111-011-0 
2-Me Lily I-ii-eli I II ropllclllixYilcc til: Ac i ,I ')"- 1'1- (, 
212-Malhy I)-II-CII lorophcnuxy-

Ilropionic Acid ')}-(,')-;' 

l-Mcthy I cho I allthn}fle '1('-'1'1-1 
I., I,' -Mcthy I cllc-II i s-2-ch lor0311 i I IIltl 101- "1-" 
Muthy I nil. rOSOlirlHI 66

'
1-<) j-', 

Huthylthiouracil ~,(, -11'1-;' 
HIHhy I v i IIY III i l rosa.R i nil ,,""')-'111-0 
N-Hcthyl-N'-ni tro-N-ni lrosllylla ..... lill/I1-;",-1 
Hi lomyc in C 'J1I-1I/-1 
Mil fi I a rtl (ia s ')u',-()u-~) 

1-llaplhylamillc I jl.- V-I 
2-Il .. pLhyi al"llia <)I-',')-tl 
Nid<ul a IItI ComlioUilth /1"111-11;>-11 
Nitric Oxillo 111111;>-'11-<) 
Nilfobnnzullo 911-')'J-} 
IIi Lrogull Oioxide 10 II);>-"',-u 
llil.roSOmelhylurothalio 6 )I)_~)J-;) 
Il-Ilia.rosopiporidillo 100-1'1-', 
1l-lliLrosopyrrolidina <) 30- ')')-;> 

~-Nilro-o-loltljdil\e <)1)-')'1-1\ 

Osmium lelfoxido 201116-12-11 
!'(llilach 10 rnoenlcllo (,01\-') \-'J 
I'ull Lach I 0 rOil it robenlullu IV-(,O-II 
1'1:IILal:lI I oropllono I 1l/-1I(,-') 
1'lInllaelll. ill (,?-""- ;' 
!'hu na" L II,-u IIIl 0',-01-/1 
I'hclluha rll ita I ')0-0(.-6 
l'hullO I 1011-,)',-2 
"hullylalanillu Mustard 11111-112- 3 
m-l'hcllyllllludiamill8 10/1-'.', -2 
!'hullyl Hnrcuric Acctatu (,;' - 3/1- 1, 

!'hosphillc 11I1I}-',1-2 
I'll 1 yelllnr i na loti LI i plulIIY' s (I'Clls I 111(,-\{,-l 
I'copallu Su i LOllI! 11;'11-/1-', 
i'lopylcnimillc ".1 - ')~,_I\ 
I'y rUlic I;>')-IIII-() 
Py c itl i 110 1 II'-/lt. - I 
5a eel iii r i 1\ II 1 -III - ;, 
5afnlln 1)/.- ',')- I 
So I UI\ i 11m a 1111 C,IHII!lOlllitlS /111;'-11') -;~ 

Soioniulls Acid 1111.1-00-11 
- - Su I 1l1l01l1-Ua (, \11- III-I, 

-- IhallilllR Scanlli!.!! I:'o}<)-',;>-I) 

S i I va rand Cuulpollnd s /"'111-;>;'-', 
Sud i um Il i C lhy I Ii i til i Ilca I-llama til 1'111- III - ') 
5trnplllzul:ill 11111111-(.(,-11 
Sl.rychllillll " /_?Ij_t) 

Sly nlile 1110- /,;'-', 

I, " • 'I. 'j- Illl i'adllll nlhllllll"ll: 'J', - 'II! - I 
:>,3,I,8-ICIlIi (Uillxilll 1/'1(.-111-(' 

I XII Ill! I (;-2 
(Continuctli 

IIAU-lIVIS IN VAHIOUS IUtHI\ 

Oate l'IrO!larwl: !)I: luhi} L.L __ .J2!H! 

lIalf-1 ifu lIara!lo (llaYfi' 

Soi I Air Surfa(;c Wale'" ,; filum! Walll r 
low III !III S· low lIiyh 5" Illw II i Ilia S" IIIW II i !III 

------- -------- ------- -------- ------- -------- ------- -------
i5.1111 11 

12.~1) Ii 

21.00 H ') • ()(I ,-I 

0.38 2.UO 1\ 

0.(,2 9.00 A 0.62 9.011 II 

'>11.00 H 2.Ull 12.90 H 

1).00 2.110 A 
2. Ull i·1 

Il,·,t). (1) 'I ] 1111 • Oil A l()~ .1111 \ 1 :W.1l1i 1\ 

I 

S .. 

,. 



Ilate Preparcd; ~,Hall!!!!Ll.j2!!§ 
(XIII HI 1 C-2 
c.,Collt I nued) 

IIAlf-UV[S IN VAIlIOUS M[OIA 

110 If-I. i fo alallgo ( IMy!» 

ChclA I co I Ha/lle 

I, I, I,2-Je1rachloroethane 
I,I,2,2-101rachloroethano 
letrachloroothylelle 
2,3,4,6-1c1racliloro"hcllol 
2,3, 5,6-letracliloroterollhtha lato 

Acid (OCI'A) 
lutraothyl load 
1 ha I I i U/II a lid Compountl s 

111al I 111/11 Acotate 
1 ha I I 111m Co ,'bolla to 
Iliall 111/11 ChlorltlH 
1 ha I I itlln Hit ra to 
Ilia I I I c Ox I do 
IhalllU/1I Sulfato 

Ihioacetamidu 
Ihlourea 
0-1111 idine 
10luollo 
o-Ioluldlne lIydrochloritlo 
loxaphuno 
1 r I bromolAe 1hano ,Uronlo fonu) 
1,2, ',-I rich lorobonlullc 
1,I,l-lrichloroe1llalle 
I, 1,2-1 r iehlorocthallo 
lrichloroe1hylene 
lrlchlorfon 
Irichloroml)/loflllOrURIothallo 
2",,5- T rich lonll,honlll 
2",,6-1 deh I oro"hclIlIl 
2,4,5-lriehlorophclloxyacetle Acid 
1,2,3-1 richloropropallo 
1,I,2-1riehloro-I,2,2,-

11' i r I lIoroelhane 
1 r I s( 2. 3-d i bromopropy I )phos"ha to 
I rini tro1oluelle (INI) 
Irypan Hille 
IIrocll Mus1ard 
UraniuRi and Compoullds 
IIrllthano 
Vanadium alld Compounds 
Vinyl Chloride 
Wa/'rarln 
O-XyIIlIlC 
/II-XyI OIlC 
p-xylellc 
Xylenc (mlxcd) 
line and Compounds 

Zinc Phosphldo 
llneb 

CA5 /I 

6111-;'0-6 
'I') - 111- '. 
I?/- 16-/, 
~1I-')lI-2 

Illhl-.I;>-1 
111-1111-" 
111

'
111-;>1l-0 

~hl-/,I\-II 

6'" 1-11-<) 
1191-1;>-11 
10 11I;'-I,'~- 1 
11II,-);>-~ 

1I1/lli- 1/1-6 
6?-'>'~-~ 
(,;,> - ')(. -(, 
II')-')j-I 
100-86-] 
636-;> 1-5 
81)01-]',-2 
"')-2')-;' 
I?U-f\;'>-I 
II -',~, - (, 
/9-1I(J-~ 

1')-U 1-6 
');,>-(,6-(, 
1')-69-

" 9,)-,)',-11 
60-116-2 
<)l-I/,-~) 

9(,-18- 1, 

16-il- 1 
I;>(,-I;~-I 

11/1- 9',- 1 
I;>-~, /-1 
(i/,-I'.J-I 
1"'10-(,1-1 
~I-I')-(' 
/111111-(,;>-2 
1', -II I -I, 
111-111-;> 
9,)-11/-1> 
1011-.111-] 
111(,-'1;>- 3 
1.1111-;'O-{ 
flllllI-(,(,-t. 
I j 11,-11

'
,-'/ 

I;> 1(>;>-(./-/ 

Soil 
low II i gil 

12.0/1 
5.0U 

A 
A 

S· 
Air 

low lIigh 

5611. Oil 
4/.00 

1. 30 

40.00 

603.00 
2'1. 00 

3. 70 

l. 00 

1.20 

1I.5U 
".60 

11~2.00 

20.00 
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Da~e Prepared: Oc~ober 1, 1986 

EXHIBIT C-3 

TOXICITY DATA FOR POTENTIAL CARCINOGENIC EFFECTS 
SELeCTION OF INDICATOR CHEMICALS ONLY'· 

Chemical ~ame 

2-Ace~ylaminofluorene 
Acrylonitrile 
Aflatoxin B1 
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)fluoran~hene 

Benzotrich1oride 
Benzyl Chloride 
Beryllium and Compounds 
Bis(2-chloroetnyl)ether 
Bis(chlorometnyl)ether 
Bis(2-ethy1hexyl)ph~halate (DEHP) 
Cacodylic Acid 
Cadmium and Compou~ds 
Carbon Tetrachloride 
Chlordane 
Chloroform 
4-Chloro-o-toluidine Hydrochloride 
Chromium VI and Compounds 
Chrysene 
Cyclophosphamide 
DOD 
DOE 
DDT 
o ia 11 a 1:6 

10~ 

Effective 
Dose 

(EDI0) 
mg/kg/day 

2.60£-02 
4.39£-01 
_." -NA 

1. 52£-02 
1.89E-01 
7.03£-03 

NA 
1. 08E+00 

SA 
3.60£-03 
3.70£+00 
4.50E-04 
4.92£-02, 
6.67£-05 
6.28£-03 

NA 
NA 

8.91E-03 
NA 
NA 

8.23E-02 

5.00£+01 
SA 
SA 

1.52E-02 
6.61E-02 
5.08£-01 
8.13E-01 

NA 
NA 

5.70£·02 
7.69E-Ol 
2.53E-01 
1. 79E-Ol 
4.24E-01 

0;:a1 Rout.e 

Toxicity Const.ant 

wa:ter 
(I.;Tc.) 
1/mg 

1.10E+00 
6.51£-02 

NA 
1.88E+00 
1.5U>01 
4.07E+00' 

NA 
2.66£-02 

NA 
7.93£+00 
7.71E:-03 
6.34£+01 
5.81E-Ol' 
4.2.9£+02 
4.'55£+00 

NA 
NA 

3.21E+00 
NA 
NA 

3.47£-01 
3.96::"'01 
5. 71E-0':' 

~A 

NA 
1.88£+00 
':".32£-01 
5.63£-02 
3.5 IE -OZ 

SA 
NA 

5.01E-01 
3.71E-02 
1. 13E-Ol 
1.59E-Ol 
6.74E-02 

So11 
CsTc) 
kg/mg 

5.50E-05 
3.26E-06 

NA 
9.40£-05 
7.56£-06 
2.03£-04 

NA 
1.33£-06 

NA 
3.97E-04 
3.86E-07 
3.17E-03 
2.91£-05 
2.14£-02 
2.28E-04 

NA 
NA 

1.60E-04 
NA 
NA 

1.74£-05 
1.98£-03 
2.86£-08 

SA 
~A 

9.41£-05 
::'.16£-05 
2.81£-06 
1. 76E-06 

NA 
~A 

2.50E-05 
1. 86E-06 
5.64£-06 
7.97E-06 
3.37E-06 

Inhala::'",n Rouce 

10~ 
Effec:: ive 

Dose 
(ED10) 

mg/kg/day 

2.60E-02 
4.39£-01 

NA 
1. 52£-02 
1. 89E-Ol 
7.03£-03 

NA 
1.08E+OO 

:-lA 
3.60E-03 
3.70£+00 
4.50E-04 
':'.92.£-02 
6.67£-05 
6.28E-03 

NA 
NA 

8.91E-03 
NA 

1. 25£-02 
8.::'3£-02 
7.:~E·OL.. 

3.00E.,.01 
\A 

1.73E-02 
1. 52£-02 
6.61E-02 
5.08E-01 
8.13E-01 
1.57£-03 

NA 
5.70E-02 
7.69E-Ol 
2.53E-Ol 
1.79£-01 
4.24E-Ol 

Air 
Toxic 
Const.a.f1.t. -

(aTc.) 
(m3/mg) 

1.10E+Ol 
6.5H-Ol 

SA 
1.88E+Ol 
1.51£+00 
4.07E';'01 

SA 
2.66E-Ol 

SA 
7.93£+01 
7.7l£-OZ 
6.34£+02 
5.81£+00 
4.29£+03 
':'.55£+01 

NA 
SA 

3.21£+01 
SA 

2..28::"'01 
3.47E .... 00 
3.96::"'02 . -.~ ('~ 
) .. i.':" - ",.J 

1 . 65£ ... 01 
1. SSE-O 1 
4.32£+00 
5.63E-01 
3.51E-01 
1.11£.;.02 

SA 
5.01£+00 
3.71E-Ol 
1.13£+00 
1. 59£+00 
6.74£-01 
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EXHIBIT C-3 
( Continued) 

,OSw~R Direc~ive 9483.00-2' 

Da~e Prepared: Oc~ober 1. 1986 

TOXICITY DATA FOR POTENTIAL CARCINOGENIC EFFECTS 
-- SELECTION OF INDICATOR CHEMICALS ONLY 

Chemical Name 

Diamino~oluene (mixed) 
1,2,7,8-Dibenzopyrene 
Dibenz(a,h)anchracene 
1,2-Dibromo-3-chloropropane 
Dibucylnitrosamine 
3,3'-Dichlorobenzidine 
1,2-Dichloroethane eEDC) 
1,1-Dichloroechylene 
Dichloromechane 
Dieldrin 
Diepoxybucane 
Die~hanolnitrosamine 

Die~hyl Arsine 
l,2-Die~hylhydrazine 

Die~hylnitrosamine 
Diethylscilbestrol CDES) 
Dihydrosafrole 
3,3'-Dimechoxybenzidine 
Dimethyl Sul£ace 
Dimechylaminoazobenzene 
7, 12-Dimechylbenzea)anthracene 

,3,3'-Dimethylbenzidene 
Dimethylcarbamoyl Chloride 
1,1-Dimethylhycirazine 
1,2-Dimechylhydrazine 
Dimethylnicrosamine 
Dinicrocoluene (mixed) 
2,4-Dini~ro~oluene 

2,6-Dinitrocoluene 
1,4-Dioxane 
1,2-Diphenylhydrazine 
Dipropylni~rosamine 

Epichlorohydrin 
Ethyl-4,4'-dichlorobenzilate 
Ethylene Dibromide (EDB) 
Echylene Oxide 

10~ 
Effec:ive 

Dose 
(ED10) 

mg/kg/day 

3.40E-01 
NA 

2.83E-03 
6.00E-03 
2.29E-02 
1.20E-01 
4.88E-01 
2.33E-01 

, NA 
7.81E-03 
3.58E-02 

NA 
NA 
NA 

1.03E-03 
2. 11E-04 
9.26E-01 
2.00E+01 

NA 
9.52E-03 
5.23E-06 
3.70E-02 
1. 98E-03 
7.4':'E-02 
1.87E-04 
3.91£ -02 
2.62£-01 
2.62E-01 

NA 
2.94£+01 
2.19£-01 

NA 
2.70E+00 
5.59E-01 
2.56E-03 
4.13E-01 

Oral Rouce 

Toxicicy Conscan~ 

Water 
(wTc) 
l/mg 

8.40E-02 
NA 

1.01E+Ol 
4.76E+00 
1. 25E+00 
2.39E-01 
5.86E-02 
1. 23E-Ol 

NA 
3.66E+00 
7.98E-01 

NA 
NA 
NA 

2.77E+01 
1.35E+02 
3.09£-02 
1.43£-03 

NA 
3.00E+00 
5.46E+03 
7.71E-01 
1. ':'':'E+01 
3.84E-01 
1. 53E+02 
7.30E-01 
1.09E-01 
1. 09E-01 

NA 
9. itE-04 
1.31E-01 

NA 
1.06E-02 
5.11E-02 
1. 11£+01 
6.91E-02 

Soil 
(sTc) 
kg/mg 

4.20E-06 
NA 

5.04E-04 
2.38E-04 
6.24E-05 
1. 19E-05 
2.93£-06 
6.14E-06 

NA 
1. 83E-04 
3.99E-05 

NA 
NA 
NA 

1.38£-03 
6. nE-03 
1.54E-06 
7.14E-08 

!'lA 
1. 50E-04 
2.i3E-01 
3.86£-05 
7.22E-04 
1. 92£-05 
7.65E-03 
3.65£-05 
5.46E-06 
5.46E-06 

NA 
4. 86E-08 . 
6.53£-06 

NA 
5.29£-07 
2.56£-06 
5.51£-04 
3.46E-06 

Inhalation Route 

10~ 
Effective 

Dose 
(EDI0) 

mg/kg/day 

3.40E-01 
NA 

2.83E-03 
6.0CE-03 
2.29E-02 
1. 20E-01 
4.88E-01 
2.33E-01 

NA 
7.81E-03 
3.58E-02 

NA 
NA 
NA 

1. 03E-03 
2.11E-04 
9.26E-01 
2.00E+01 

NA 
9. 52E -03 
5.23E-06 
3.70E-02 
1.96E-03 
7.':'4E-02 
1.87E-04 
3.91E-02 
2.62£-01 
2.62E-01 

NA 
2.9':'E+01 
2.19£-01 

NA 
2.70E+00 
5.59E-01 
2.56E-03 
4.UE-01 

Air 
Toxicity 
Cons;::ant 

CaTc) 
m3/mg 

8.40E-01 
NA 

1.01E+02 
4. 76E+01 
1. 25E+Ol , 
2.39E+00 
5.86E-01 
1.23E+00 

!'lA 
3.66E+01 
7.98E+QO 

NA 
NA 
NA 

2. i7E+02 
1.35E+03 
3.09E-01 
1.43E-02 

NA 
3.00:: ... 01 
5 . .:.6:: .... 0.:. 
7.72;: .... 00 
1. ':'':'C:+02 
3.8':'£+00 
1. 5 3£+03 
7.30E+00 
1.09£ .... 00 
1.09£+00 

NA 
9.71E-03 
1.31E+00 

NA 
1.06E-01 
5.11E-01 
1. 11E+02 
6.9U:-01 
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Date Prepared: October 1, 1986 

EXHIBIT C-3 
( Continued) 

TOXICITY DATA FOR POTENTIAL CARCINOGENIC EFFECTS 
-- SELECTION OF INDICATOR CHEMICALS ONLY 

Oral Rouce Inha1a!:ion Route 

10";. 

Chemical Name 

Effective 
Dose 

(ED 10) 
mg/kg/day 

E~hylenethiourea 
Ethyl Me~hanesulfonate 
1-Ethyl-ni~rosourea 

Formaldehyde 
Glycidaldehyde 
Heptachlor 
Hep~achlor Epoxide 
Hexachlorobenzene 
Hexachlorobutadiene 
alpha-Hexachlorocyclohexane (HCCH) 
bet:a-HCCH 
gamma-HCCH (Lindane) 
Hexachloroethane 
Hydrazine 
Indeno(1,2,3-cd)pyrene 
Iodome~hane 

Isosafrole 
Kepone 
Lasiocarpine 
~elphalan 
:1ethyl Chloride 
3-~echylcholan~hrene 

~,~'-~ethylene-bis-2-chloroanillne 
~ethylni:rosourea 

~!ethy Ini crosourethane 
~ethylt.hiouracil 

Mechylvinylnit.rosamine 
N-Met.hyl-N'-nit.ro-N-nit.rosoguanadine 
!1it.omycin C 
I-Napt.hylamine 
2-Na.pchylamine 
Nickel and Compounds 
N-Nitrosopiperidine 
N-Nitrosopyrrolidine 
5-Nitro-o-~oluidine 

Pen~a.chloronitrobenzene 

7.69E-01 
S.S8E-03 
1.14E-Ol 
4.90E-02 
3.4SE-01 
8.93E-03 
3.45E-03 
8.51E-02 
1.69£+00 
1. 83E-02 
5.7SE-01 
5.46E-01 
1.2SE+01 
1. Z7E-oi 

NA 
NA 

1.67E+00 
2.09E-02 
2.66E-02 
9.09E-04 
1.03E+01 
':'.6':'E-02 
8.20E-01 
9.48E-05 

SA 
3.50E-02 

NA 
1.79E-02 

NA 
NA 

1. 98E-Ol 
NA 

3.88£-02 
5.36E-03 
i.14E+OO 
7.04E-Ol 

Toxicity Constant 

wat:er 
(wTc) 
1/mg 

3.71E,:,02 
5.1ZE+OO 
2.S0E-01 
5.83E-0l 
8.29E-02 
3.20E+00 
8.28E+00 
3.36E-01 
1. 69E-02 
1.S6E+00 
4.9iE-02 
5.23E-02 
2.29E-03 
2.25E+00 

NA 
NA 

l.i1E-02 
1.37E+00 
1.08E"'00 
3.1.:.;::+01 
2.71E-03 
6.16E:-01 
3.':'9£-02 
3.0 U: ... 02 

SA 
8.l6E-Ol 

SA 
1. 59E+00 

NA 
NA 

1.':"':'£-01 
NA 

7.37E-Ol 
5. 33E+00 
4.00E-03 
4.06E-02 

Soil" 
CsTc) 
kg/mg 

1. 86£-06 
2.56E-0':' 
1.2SE-OS 
2.92E-05 
4.14E-06 
1.ME-04 
4.1':'E-04 
1.68E-OS 
8.43E-07 
7.79E-05 
2.49E-06 
2.61E-06 
1. 1':".E-07 
1. 13E-04 

NA 
NA 

"8.S7E-07 
6.8SE-OS 
5.38£-05 
1.57£-03 
1. 36£-07 
3.0S£-05 
1.i'4E-06 
1.51£-02 

SA 
~.OS£-05 

SA 
7.97£-05 

NA 
SA 

7.21£-06 
NA 

3.68E-05 
2.66E-04 
2.00E-07 
2.03E-06 

10~~ 

Effective 
Dose 

(ED10) 
mg/kg/day 

7.69E-01 
5.S8E-03 
1:14£-01 
4.90£-02 
3.45E-01 
8.93E-03 
3.4SE-03 
8.51E-02 
1.69£+00 
1. 83E-02 
5.75E-Ol 
5.46E-01 
1.2SE+01 
1.2iE.-02 

NA 
NA 

1.6iE+00 
2.09E-02 
2.66E-02 
9.09E-04 

·1.0S£+01 

S.20£-01 
9.':'S£-05 

~A 

3.50£-02 
SA 

1.79E-02 
SA 
SA 

1.98E-01 
1.00E-01 
3.88E-02 
5.36£-03 
i.1t.£+00 
7.04E-01 

Air 

Gonst:ant. 
(aTc) 
m3/mg 

3.71E=01 
5.12E+01 
2. SOE+OO 
S.83E+00 
8.29E-01 
3.20E+Ol 
8.2SE+01 
3.36£+00 
1. 69E-O 1 
l.S6£+01 
4.9iE-01 
5.23E-Ol 
2.29E-02 
1.25E+Ol 

SA 
SA 

1. ilE-Ol 
1. 37£+01 
1.08£+01 
3.14£ ... 02 
:.ilE-az 
6.1.6£+00 
3.':'9E-C!. 
3.0~E.,.03 

SA 
S.16£ ... 00 

SA 
1. 59E+01 

SA 
SA 

1.44E+00 
2.8SE+00 
7.37E+OO 
5.33£+01 
4.00£-02 
4.06E-01 
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EXHIBIT C-3 
(Continued) 

OSw~R Directive 9~83.00-l 

Date Prepared: October 1. 1986 

TOXICITY DATA FOR POTENTIAL CARCINOGEN IC EFFECTS 
-- SELECTION OF INDICATOR CHEMICALS ONLY 

Chemical Name 

Pentachlorophenol 
Phenacetin 
Polychlorinated Biphenyls (PCBs) 
Polynuclear Aromatic Hydrocarbons 
Propane Sultone 
1,Z-Propylenimine. 
Saccharin 
Safrole 
Screpcozocin 
2,3,7,8-TCDD (Dioxin) 
1,1,1,2-Tetrachloroethane 
1.1.2.2-Tecrachloroechane 
Tetrachloroethylene 
Thioacecamide 
Thiourea 
o-Toluidine hydrochloride 
Toxaphene 
l,l.2-Trichloroechane 
Trichloroethylene 
2,~,6-T=ichlorophenol 

T=is(2,3-dibromopro?y~)?hosphace 

T=ypan Bl'.le 
Cracil :1ustard 
Crechane 
Vinyl Chloride 

10':;. 
Effective 

Dose 
(£010) 

mg/kg/day 

NA 
1. 25E+Ol 
5.00£-02 

NA 
2.85£-02 
3.35£-02 
2.44£+02 
5.00£+00 
9.17£-03 
8.33£-06 
1.20£+00 
6.02£-01 
3.23E+OO 
4.04E-02 
9.52£-01 
6.37E-01 
1. 02£-01 
2.78E+00 
6.6iE+00 
1.25£+01 
1.02.E-01 
2.78E+OO 

SA 
1.56E+00 
6.67E+00 

Oral Route 

Toxicicy Const~t 

--~--------------
water 
(wTc) 

l/mg 

NA 
2.2.9E-03 
5.71E-01 

NA 
1.00£+00 
8.53E-01 
1. 17E-04 
5.71E':03 
3.12E+00 
3.43E+03 
2.37E-02 
4.74E-02 
8.86E-03 
7.07E-01 
3.00£-02 
4.49E-02 
2.80E-01 
1. 03E-02 
4.29E-03 
2.2.9E-03 
2.79E-Ol 
1.03£-02 

SA 
1.83£-02 
4.29E-03 

Soil 
(sTc) 
kg/mg 

NA 
1. 14E-07 
2.86E-05 

NA 
5.01£-05 
4.27E-05 
5.86E-09 
2.86E-07 
1.56E-04 
1. 71E-01 
1.19E-06 
2.37E-06 
4.43E-07 
3.34E-05 
1. 50E-06 
2.24E-06 
1.40£-05 
5.14E-07 
2.14E-07 
1.14£-07 
1.39£-05 
5.1:'C:-07 

SA 
9.14£-07 
2.1':'C:-07 

Inhalacion Route 

10~. 

Effective 
Dose 

(ED10) 
mg/kg/day 

NA 
1.25£+01 
5.00E-02 

NA 
2.85E-02 
3.35E-02 
2.44E+02 
5.00E+00 
9.17E-03 
8.33E-06 
1.20E+00 
6.02E-01 
3.23E+00 
4.04E-02 
9.52E-01 
6.37E-01 
1.02E-01 
2.78E+00 
6.67E+00 
1.25E+Ol 
1.02£-01 
2..78£-00 

SA 
1.36E+OO 
6.6iE~OO 

Air 
Toxicity
Cons cane 

(aTc) 
m3/mg 

NA 
2.29£-02 
5.71£ ... 00 

NA 
1.008.J.01 
8.53E+00 
1. 17E-03 
5.71£-02 
3. 12E"'01 
3.43E"'04 
2.37E-01 
4.7':'E-Q1 
8.86E-02 
7.07E"'00 
3.00E-01 
4.49E-01 
2.80E"'00 
1.03E-01 
4.29E-02 
2.29E:-0: 
2.792-00 
1.03E-Gl 

SA 
1. 8 3E -0 1 

l~ 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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C-24 

Da:ce Prepared: 

EXHIBIT C-4 

TOXICITY DATA FOR POTENTIAL CARCINOGENIC EFFECTS 
=- RISK CHARACTERIZATION L~ 

Oral Rout:e 

Pot:ency 
Fact:or 

(PF) 
Chemical Same (mg/kg/d)-l Source l~ 
... _- .. -.... ""' ............ 0 .......... 0""' ......... 

__ 0_ ... _ 

2-Acetylawinofluorene 
Acrylonitrile 
Aflatoxin B 1 2.90E+03 CAG 
Aldrin 1. 14£+01 CAG 
Amitrole 
Arsenic and Compounds 1. 50£+01 HEA 
Asbestos 
Auramine 
Az.aserine 
Aziridine 
Benzene 5.Z0E-02 HEA 
Benzidine 
8enz(a)anthracene 
Benz(c)acridine 
8enzo(a)pyrene 1. 15£+01 HEA 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benz.otrichloride 
Benzyl Chloride 
Beryllium and Compounds NA 
Bis(2-chloroethyl)ether 1.10E+00 CAG 
B i's (chlorome::hy 1) ether 
Bis(Z-ethylhexyl)phthalate (DEH?) 6.84£-04- CAG 
Cacodylic Acid 
Cadmium and Compounds SA 
Carbon Tetrachloride 1. 30E-01 HEA 
Chlordane 1.61E+00 HEA 
Chloroform 8.10E-02 HEA 
4-Chloro-o-coluidine Hydrochloride 
Chromium VI and Compounds NA 
Chrysene 
Cyclophosphamide 
DOD 
DOE 
DDT 3.40E-01 HEA 

EPA 
It:e 

of 
Evidence 
... __ ... _ .... 0 .... 

B2 
B1 
82 
82 
82 

A 
A 

82 
B2 
B2 

A 
A 

82 
C 

B2 
B2 

D 
82 

C 
81 
B2 

A 
B2 

D 

82 
B2 
82 
82 

B2 
B1 
B2 
B2 
B2 

Inhalation Route 

Pot:ency 
Fact:or 

CPr) 
(~g/kg/d)-l Source zJ 

2.40E-01 CAG 

5.00E+01 HEA 

2.60E-02 HEA 
2.30E+02 CAG 

6.10E+00 HEA 

4.86£+00 CAG 

9.30£+03 CAG 

0.10£+00 HEA 

4.10£+01 HEA 

EPA 
t,;'e 

0 

Evidence 
.... .... .,1000_0$ 

52 
131 
52 
132 
B2 

A 
A 

B2 
B2 
B2 

p. 
A 

82 

b_ 
BZ 
D 

131 
C 

31 
52 

A 
s: 

D 
~ * 

S2 
~.., 

!:l_ 
~.., 

0_ 

S2 
A 

B2 
B1 
B2 
52 
B2 



C-25 

EXHIBIT C-4 
(Continued) 

OSWER Direc~ive 9~S3.00-2 

Date PreparQd: Oc~ober 1, 1986 

TOXICITY DATA FOR POTENTIAL CARCINOGENIC EFFECTS 
-- RISK CHARACTERIZATION 

Chemical Name 

Diallate 
Diamino~oluene (mixed) 
1,2,i,a-Dibenzopyrene 
Dibenz(a,h)anthracene 
1,2-Dibromo-3-chloropropane 
Dibutvlnitrosamine 
3,3'-Dichlorobenzidine 
l,2-Dichloroethane (EDe) 
1,1-Dichloroethylene 
Dichloromethane 
Dieldrin 
Diepoxybutane 
Diethanolnitrosamine 
Diethyl Arsine 
1,2-Diethylhydrazine 
Diethylnitrosamine 
Diethylstilbestrol (DES) 
Dihydrosafrole 
3,3'-Dimetnoxybenzidine 
Dimethyl Sulfate 
Dimetnylaminoazobenzene 
7,:2-Dimethylbenz(a)anthracene 
3,3'-Dime:hylbenziciene 
Dimethylcarbamoyl Chloride 
1,1-Dimethylhydrazine 
l,2-Dimethylhydrazine . 
Dimethylnitrosamine 
Dinitrotoluene (mixed) 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
l,4-Dioxane 
1,2-Diphenylhydrazine 
Dipropylnitrosamine 
Epichlorohydrin 
Ethyl-4,4'-dichlorobenzilate 
Ethylene Dibromide (EDB) 

Oral Route 

Potency 
Factor 

(PF) 
(mg/kg/d)-l 

EPA 
weight 

of 
Source%" Evidence 

S.40E+OO CAG 
1. iOE+OO CAG 
9.l0E-02 HEA 
S.80E-Ol HEA 
i.SOE-03 HEA 
3.00E+Ol GAG 

4.40E+Ol GAG 

2.60E+Ol CAG 

3.l0E-Ol CAG 

i.iOE-Ol CAG 

9.90E-04 GAG 

4.10E+Ol GAG 

C 
B2 
B2 
B2 
B2 
B2 
82 
B2 

C 
82 
B2 
82 
B2 
D 

B2 
B2 

A 
B2 
B2 
82 
82 
B2 
32 
82 
BZ 
B2 
82 
82 
82 

C 
B2 
B1 
B2 
B2 
B2 
82 

Inhalation Rou:e 

Potency 
Factor 

. (PF) 
(mg/kg/d)-l Sourcel~ 

3.S0E-02 HEA 
1. 16E+OO HEA 
1. 43E -02 HEA 

EPr 
'Vt'eigh~ 

of 
Evidence 

BZ 
32. 
32 
B2 
B2 
B2 
32 
B2 

G 
32 
32 

D 
52 
32 

A 

3: 

c 
az 
32 
52 
32 
32 



OS~ER Direccive 9~a3.00e% 

D~ce Prepared: Oc~ober 1, 1986 

EXHIBIT C-4 
(Continued) 

TOXICITY DATA FOR POTENTIAL CARCINOGENIC EFFECTS 
s_ RISK CHARACTERIZATION 

Oral Route 

EPA 
Factor ~e 

CPr) of 
Chemical Same (mg/kg/d)-l Source 11 Evidence 

Ethylene Oxide 
£thylenethiourea 
Ethyl Methanesulfonate 
1-Ethyl-nitrosourea 
Formaldehyde 
Glycidaldehyde 
Heptachlor 
Heptachlor £poxide 
Hexachlorobenzene 
Hexachlorobutadiene 
alpha-Hexachlorocyclohexane CHCCH) 
bet.a-HCCH 
gamma-HCCH (Lindane) 
Hexachloroethane 
Hydrazine 
Indeno(l,2,3-cd)pyrene 
Iodomethane 
Isosafrole 
Kepone 
Las ioc.arp ine 
:1elphalan 
~Iethyl Chloride 
3-~ethylcholanthrene 

~.~'-Methylene-bis-2-chloroaniline 

3.30£+01 

3.40£+00 
2.60£+00 
1.69£+00 
7.i5£-03 
1.10E+01 
1.80£+00 
1.33E+00 
1.40£-02 

~ethylnitrosourea 3.00£+02 
~Iethy Ini trosourethane 
~le thy I·thiour ac il 
~Iethy 1 vinyini trosamine 
S-Methyl-N'-nitro-N-nitrosoguanadine 
Mitomycin C 
1-Napthylamine 
2-Napthylamine 
Nickel and Compounds NA 
N-Nitrosopiperidine 
N-Nitrosopyrrolidine 2.10E+00 
5-Nitro-o-toluidine 

CAG 

CAG 
CAG 
HEA 
HEA 
CAG 
CAG 
HEA 
CAG 

CAG 

CAG 

81/82 
82 
82 
82 
82 
82 
B2 
82 
B2 

C 
82 

C 
52/C 

C 
B2 

C 
C 

B2 
52 
B2 
B1 

C 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 

C 
A 
A 

82 
B2 

C 

Inhalat:ion Rout:e 

Potency EPA 
Fact.or 

CPr) of 
(mg/kg/d)-l Source 1

• Evidenc.e 

3.50£-01 CAG 

1. 19£+00 HEA 

Bl/B2 
82 
82 
52 
32 
82 
52 
82 
82 

C 
82 

C 
52!" 

B2 
C 
C 
C 

82. 
32 
31 ,.. 

v 

3: 

S2 
3:' 
B2 
52 
c 
A 
A 

82 
B2 

C 



C-2i 

EXHIBIT C-4 
( Continued) 

OSWER Direccive 9483.00-t 

Dace Prepared: Occober 1. 1986 

TOXICITY DATA FOR POTENTIAL CARCINOGENIC EFFECTS 
-- RISK CHARACTERIZATION 

Chemical Name 

Pencachloronicrobenzene 
Pencachlorophenol 
Phenacecin 
Polychlorinaeed Biphenyls (PCBs) 
Polynuclear Aromacic Hydrocarbons 
Propane Suleone 
1,Z-Propylenimine 
Saccharin 
Safrole 
Screpeozocin 
2,3,i,8-TCDD (Dioxin) 
1, 1, 1,2-Tecrachloroechane 
1,1,2,2-Teerachl~roeehane 

TecrachloroeehYlene 
Thioaceeamide 
Thiourea 
o-Toluidina' hydrochloride 
Toxaphene 
l,l,2-Trichloroethane 
Trichloroeehylene 
2,4,6-Trichlorophenol 
Tris(Z,3-dibromopropyi)phosphate 
T::-ypan Blue 
C::-acil ~useard 
Crechane 
Vinyl Chloride 

Pocency 
Factor 

(PF) 

Oral Rouee 

(mg/kg/d)-l Source%~ 

4.3~E+OO HEA 
1. 13t+O 1 HEA 

1. 56E+OS HEA 

2.00E-01 HEA 
5.10E-02 HEA 

1. 10E+00 CAG 
5.73E-02 HEA 
1. 10E-02 HEA 
1. 98E-02 HEA 

2.30E+00- HEA 

EPA 
Weighe : 

of 
Evidence 
--------

C 
D 

B2 
B2 

B2 
B2 
C 

B2 
B2 
B2 
B2 
C 

B2 
B2 
B2 
B2 
B2 

C 
B2 
B2 
B2 
32 
B2 
82 

A 

Poeency EPA 
Faccor Weig-M 

(PF) or 
(mg/kg/d)-l Source %. Evidence 
--------- .----- ____ 0 ___ 

C 
D 

B2 
B2 

6.11E+00 HEA 
82 
B2 

C 
~? 0_ 

B2 
B2 
C 
C 

1.70E-03 HEA B.2 
32 
B2 
B2 
B2 

C 
4.60E-03 HEA 32 

0') w_ 
~., 

'-'-

32 
~" ~ 

5: 
:.50E-02 HEA A 

lj The lise of chemicals preseneed in this exhibit is based on EPA's Repo table Quaneities 
Analysis and should not be conside::-ed an all-inclusive list· of suspected carc nogens. Refer 
to Exhibit C-3 for eoxicity constants for indicaeor selection for the chemica s liseed here. 

%J Sources for Exhibic C-4: 

HEA = Health Effeccs Assessment, prepared by the Environmental Criteria and 
Assessment Office, U.S. EPA, Cincinnati, Ohio, 1985 (updaced in May 1986). 

CAG = Evaluacion by CarCinogen Assessment Group, U.S. EPA, Washingeon, D.C., 1985. 



OSw~R Directive 9~83.00~2 

Date Prepared: October 1. 1986 

EXHIBIT C~S 

TOXICITY DATA FOR NONCARCINOGENIC EFFECTS 
.- SELECTION OF INDICATOR CHEMICALS ONLY I 

i]ra 1 Route l!"' .. :-.al:ltion :\o~:e 

Chemical I\ame 

Acenaphthene @ 
Acenaphthylene @ 
Acetone 

~linimum . 
Effective 

Dose 
(!'lED) 
mg/day RVe 

Acetonitrile 
2-Acetylaminofluorene @ 
Acrylic Acid 
Acrylonitrile @ 
Aflatoxin B 1 @ 

2..99E+Ol 9 

Aldicarb 
Aldrin @ 
Allyl Alcohol 3.5':'£+00 * 6 
Aluminum Phosphide 
~-Aminobiphenyl @ 
Amitrole @ 
Ammonia 
Ant:hracene @ 

8.80E-Ol 

Antimony and Compounds 
Arsenic and Compounds @ 
AsbesT:.os @ 

4.60E+00 
1.00E+OO 

Auramine @ 
Azaserine @ 
Azi=idine @ 
Barium and Compounds 4.90E""'00 
Benefin 
5enzene @ 8.55E';"01 
BenZidine I~ :.2':'£+01 
Benz(a)anthracene @ 
Benz(c)acridine @ 
Benzo(a)pyrene @ 6.00E-01 
Benzo(b)fluoranthene @ 
BenzoCghi)perylene @ 
BenzoCk)fluoranthene @ 
Benzotrichloride @ 
Benzyl Chloride @ 
Beryllium and Compounds @ 
1,l-Biphenyl 
Bis(2-chloroethyl)ether @ 
Bis(2-chloroisopropyl)ether 1.~3E+02 
Bis(chloromethyl)ether @ 
Bis(2-ethylhexyl)phthalate (DERP) @ 
Bromomethane 

3 

10 
9 

10 

5 
8 

8 

10 

Toxicity Constant 

water 
(~Tn) 

l/mg 

Soil 
:(sTn) 
kg/mg 

3.39E+00 1.69E-04 

6.82E+00 3.41£-04 

4.35E+00 2.11£-04 
1.80E+Ol 9.00E-04 

~.08E+00 2.0':'E-0~ 

1.17E-015.85£-06 
7.1':'£-01 3.5i£-05 

2.67E+01 1.33E-03 

2.69£-02 1.35£-06 

~linimum 

E:fec.tive 
Dose 

) 
mg/day 

1. 23£+02 

~.34E+Ol 

3.5~E+00 

4.25£+01 

RVe 

·8 

10 

6 

5 

7.00E-Ol 8 
I.OOE+OO'" 9 
2.70E-02 10 

':'.90£ ... 00 ... 10 

1.70£ ... 00 
1.19E+01 

6.:5£+00 

1.10E~02 

to 

6 

8 

7.43£+02 * 10 

Air 
Toxic. 
Const:an' 

(-aTn) 
m3/kg 

1. 31E+0 

3. 39£ .... C 

2. : 

2.29::-': 
1.30£"'( 

~ ... -
1. " "' .:.-

2.69£-



I. 

C-29 

EXHIBIT C-S 
(Continued) 

OSw~R Direc~ive 9483.00-! 

Da~e Prepared: Oc~ober 1. '1986 

TOXICITY DATA FOR NONCARCINOGENIC EFFECTS 
SELECTION OF INDICATOR CHEMICALS ONLY 

Chemical Name 

Bromoxynil Oc~anoa~e 
1,3-Bu~adiene 

n-Bu~anol 
Bu~ylph~halyl Butylglycola~e 

Cacodylic Acid @ 
Cadmium and Compounds @ 
Captan 
Ca:-ba:-yl 
Carbon Disulfide 
Carbon Te~rachloride @ 
Chlordane @ 
Chlorobenzene 
Chlorobenzila~e @ 
Chlorodibromomethane 
Chloroform @ 
Chloromethyl ~ethyl Ether @ 
~-Chloro-o-toluidine Hydrochloride@ 
Chromium III and Compounds 
Chromium VI and Compounds 'E 
Chrysene @ 
Copper and Compounds 
Creosote ~ 
Cresol 
Crotonaldehyde 
Cyanides (n.o.s.) 1" 

Barium Cyanide 
Calcium Cyanide 
Cyanogen 
Cyanogen Chloride 
Copper Cyanide 
Hydrogen Cyanide 
Nickel Cyanide 
Potassium Cyanide 
Po~assium Silver Cyanide 
Silver Cyanide 
Sodium Cyanide 
Zinc Cyanide 

Cyclophosphamide @ 
Dalapon 
DOD @ 

O:-al Route 

~!inimum 

Effective 
Dose 
(~1ED ) 
mg/day RVe 

2.39E+00 4 

4.~9£+00 10 
9.85£+02 10 

3.30E,+01 "* 7 
6.30£+01 * 10 

5.60E,+01 4 

6.60£+00 6 

1.40£+01 5 

~.3':'£+00 * 4 

Toxicity Constant 

water 
(IOTn) 

l/mg 

Soil 
(sTn) 
kg/mg 

3.35£+00 1.67E-04 

4.45£+00 2.23£-04 
2.03E,-02 1. 02E -06 

4.24£-01 2.12E-Os 
3.17E,-01 1. 59E-05 

1.43£-01 7.14£-06 

1.82E+00 9.09E-05 

7.1':"£-01 3.57E-05 

5.97E .... 00 2.99::-0':" 

Inhalation Route 

~tinimum 

Effective 
Dose 
(:-!ED) 
mg/day 

Air 
Toxi.c..:.t:t 
ConSfan-c 

(aTn) 
RVe m3/kg 

2.39£+00 * 4 3.35£+01 

4.46£-01 8 3.59£+02 
9.85E+02 * 10 2.03E,-01 

3.30E,+01 7 4.24E+OO 
6.30£+01 10 3.17£+00 

7.18£+01 1 2.79E-01 

6.60E+(}0 ... 6 1. 82£+01 

5.90E,+00 7 2.37£+01 

6.':'OE+00 8 2.50£ .... 01 

1.!.OE+01 ':-:' 5 j.l~C:-OC 

1.3':"£""'00 .. 5.97E~O~ 



C-30 

IBIT C-S 
(Continued) 

OSw~R Directive 9~53.00-! 

Date Prepared: October 1. 1986 

TOXICITY DATA FOR NONCARC1NOGEN IC EFFECTS 
-- SELECTION OF INDICATOR CHEMICALS ONLY 

DOE @ 
DDT @ 

Chemical Name 

Decabromodiphenyl Ether 
D iallau @ 
2,4-Diaminotoluene @ 
1,2,7,8-Dibenzopyrene @ 
Dibenz(a,h)anthracene @ 
1,2-Dibromo-3-chloropropane 
Dibutylni-crosamine @ 
Dibutyl Phthalate 
1,Z-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
3,3'-Oichlorobenzidine @ 
Dichlorodifluoromethane 
1,1-Dichlcroethane 
1,Z-Dichloroethane CEDC) t:I 

.;: 

l,l-Dichloroethylene @ 
1,2-Dichloroethylene (cis) 
1,2-Dichloroethylene (:::an5) 
Dichloromethane @ 
2,':'-Dichlorophenol 
:,~-Dicnloro?henoxyacecic 

Acid (2,':'-D) 

@ 

':'-(2,':'-Dichlorophenoxy)bucyric 
Acid (2,4-DB) 

Dichlorophenylarsine @ 
1,2-Dichloropropane 
1,3-Dichloropropene 
Dieldrin @ 
Diepoxybucane @ 
Diechanolnitrosamine @ 
Diethyl Arsine @ 
1,2-Diethylhydrazine @ 
Dieehylnitrosamine @ 
Diethyl Phthalate 
Diethylstilbescrol (DES) @ 
Dihydrosafrole @ 
Dimethoat.e 
3,3'-Dimet.hoxybenzidine @ 

Oral Route 

~1inimum 

Effective 
Dose 
l~IED ) 
mg/day 

4.20E+02 
1.54E+02 
1. 54£+02 
1.54£+02 

5.42£+02 
1. 14£+03 
3.77£+01 
1.89E+02 
1.89E+02 
2.18E+04 
1.21£ ... 02 

1.29£+01 

'" 

* 
~ 

RVe 

8 
4 
4 
4 

7 
10 

7 
5 
5 

10 
5 

8 

2. 00£+02 ,~ 10 
6.00£-01 1 

:.99£+04 4 

Toxicity Constant 

~a:cer 

(t.;Tn) 
l/mg 

3.81E-02 
5.19E-02 
5.19E-02 
5.19E-02 

2.58£-02 
1.76£-02 
3.71E-01 
5.29£-02 
5.29E-02 
9.20£-0':' 
8.:6£-02 

1.2':'£-01 

Soil 
(sTn) 
kgjoog 

1.90E-06 
2.60E-06 
2.60E-06 
2.60E-06 

1. 29E-06 
8.80E-07 
1.86E-05 
2.65£-06 
2.65£-06 
4.60£-08 
':'.13E-06 

6.20£-06 

1,00£-01 5.00£-06 
3.33£+00 1.6i£-04 

2.67E-·04 1. 34£-08 

Il1ha.lat~on Rou'.:e 

~1inimum 

Effective 
Dose 
(~1ED ) 
mg/day 

4.20E+02 
2.77E+02 
2.77E+02 
2.77E+02 

5.42£+02 
1. 45£+02 
1. 77E+Ol 
1. 89E+02 
1. 89£+02 
2.13£+04 
1. 21£+02 

1.29£+02 

* ... 

... 

.~ 

" 

RVe 

8 
5 
5 
5 

i 

8 
5 
5 
5 

10 
5 

8 

Air 
Toxici-cy 
C;:) ns::E an : 

(aTn) 
m3/kg 

3. 81E -0 1 
3.61£-01 
3.61E-01 
3.61t' "1 

2.58!-0: 
1. lOE:''''O( 
5.65E;"-O( 
5 .19E~·:j 
5.:::9::,': 
9.20:: .':. 
3.26£ -':: 

'l ... ' =-_.4, .... _-- -' 

2.00£+02 10 1.CC£-C 
3.24£+00 5 3.09£-C 

2.99E+04 '" 4 2.67£-0 



C-31 

EXHIBIT C-5 
(Continued) 

CS~~R Directive 9483.00-i 

Date Prepared: October 1. 1986 

TOXICITY DATA FOR NONCARCINOGENIC EFFECTS 
-- SELECTION OF INDICATOR CHEMICALS ONLY 

Chemical Name 

Dimethylamine 
Dimethyl Sulfate @ 
Dimethyl Terephthalate 
Dimethylaminoazobenzene @ 
7,12-Dimethylbenz(a)anthracene @ 
3,3'-Dimethylbenzidine @ 
Dimethylcarbamoyl Chloride @ 
1,1-Dimethylhydrazine @ 
1,Z-Dimethylhydrazine @ 
Dimethylnitrosamine @ 
1,3-Dinitrobenzene 
4,6-Dinitro-o-cresol 
2,~-Dinitrophenol 

2,3-Dinitrotoluene @ 
2,4-Dinitrotoluene @ 
2,S-Dinitrotoluene @ 
2,6-Dinitrotoluene @ 
3,4-Dinitrotoluene @ 
Dinoseb 
1,4-Dioxane @ 
~,S-Diphenylamine @ 
1,2-DiFhenylhydrazine _ 
Dipropylnitrosami~e ~ 

Disulfoton 
Endosulfan 
Epichlorohydrin @ 
Ethano 1 
Ethyl Acetate 
Ethyl Methanesulfonate @ 
Ethylbenzene 
Ethyl-4,,:.'-dichlorobenzilate @ 
Ethylene Dibromide (EDB) @ 
Ethylene Oxide @ 
Ethylenethiourea @ 
l-Ethyl-nitrosourea @ 
Ethylphthalyl Ethyl Glycolate 
Ferric Dextran @ 
Fluoranthene @ 
Fluorene @ 
Fluorides 

Oral !\ol:te 

~linimum 

Effective 
Dose 
(~!£D ) 
mg/day RVe 

3.70E+01'* 6 

1. 35E+00 6 
2.45E+00 8 
1. ~OE+01 8 

2.05£+01 9 

2.99E+Ol 9 

5.98£+01 10 

2.':"OE+04 10 

8.01E+00 5 

Toxicity Constant 

Io.'ater 
(;.;Tn) 

l/mg 

S'oil 
(sTn) 
kg/mg 

3.24E-01 1.62E-05 

8.89£+00 4.44E-04 
6.53E+003.27E-04 
1. 14E+00 5.71E-05 

8.78E-014.39E-05 

6.02E-01 3.01E-05 

3.34E-01 1.6iE-05 

8.33E-044.17£-08 

1.10E-025.52£-07 

1.25E+00 6.24E-05 

~linimum 

Effective 
:Jose 
(~1ED ) 
mg/day 

Air 
Toxie-i,:y 
Conscant 

eaTn) 
RVe m3/kg 

3.70E+01 6 

1.35E+00 '* 6 
2.45E+00"'"' 8 
1.40E+01"'"' 8 

2.05E+01"'"' 9 

2.99E+01 * 9 

5.98£+01 ... 10 

2. ':"0£+04 ." 10 

7.24E+02 4. 

3.24E+~0 

8.89E-Ol 
6.5 3E+0 1 
1.1':"C:+Ol 

8.78E+00 

6.02E-00 

1.10E-·J: 



OSv;ER Direct: iva 9483.00-£ 

Daie Prepared: Oct:ober 1, 1986 

EXHIBIT C-S 
(Continued) 

TOXICITY DATA FOR NONCARCINOGENIC EFFECTS 
-- SELECTION OF INDICATOR CHEMICALS ONLY 

0::.:1.1. ROL:te 

Chemical Name 

Fluridone 
Formaldehyde 
Formic Acid. 
Furan 
Glycidaldehyde @ 
Glycol Ethers (n.o.s.) 

~!inimum 

Effective 
Dose 
(~1.ED ) 
mg/day 

Diethylene Glycol, ~onoethyl Ether 
Z-£t:hoxyethanol 
Ethylene Glycol, ~onobutyl Ether 
Z-Met:hoxyethanol 
Propylene Glycol, Monoethyl Ether 
Propylene Glycol, Monomethyl Ether 

Hepuchlor @ 
Hepcachlor Epoxide @ 
Hexachlorobenzene @ 
Hexachlor~butadiene @ 
Hexachlorocyclopentadiene 
alpha-Hexachlorocyclohexane (HCCH)@ 
beta-HCCH @ 
gamma-HCCH (Lindane) @ 
delta-HCCH @ 
Hexachloroethane @ 
Hexachlorophene 
Hydrazine ~ 
Hydrogen SuI fide 
Indeno(1,2,3-cd)pyrene ~ 
Iodomethane @ 
Iron and Compounds 
Isobutanol 

5.00£+01 

1.81£-4-03 
2.99£.;.01 

RVe 

10 

6 
9 

Isoprene 
Isosafrole @ 
Isophorone 
Isopropalin 
Kepone @ 
Lasiocarpine @ 

5.30£+02" 4 

Lead and Compounds (Inorganic) 
Linuron 
Malathion 
Manganese and Compounds 
Melphalan @ 

2.24£+01 10 

Toxicity Constant 

Wat:er 
( ... Tn) 

l/mg 

50il 
(sTn) 
kg/mg 

6.62£-03 3.31£-07 
6.02£-01 3.01£-05 

1.45£-02 7.27£-07 

8.93£-01 4.46£-05 

~inimum 

Effect:ive 
Dose 
(:1£D) 
mg/day 

1.00£+00 

RVe 

i 

5.00£+01 +: 10 

.:.. ':'9£"'"02 10 
2.99£+01 ~ 9 

5.30E+02 4 

2.24£+01 '* 10 

Air 
Tox~ity 
Con-5-tant: 

eaTn) 
m3/kg 

1. 40£+02 

t...OOE';'QC 

6,0:'£ ... 0 

8.931::+( 



OSw~R Directive 9403.00-a 

C-3:3 

Date Prepared: October 1. 1986 

EXHIBIT C-5 
(Continued) 

TOXICITY DATA FOR NONCARCINOGEN IC EFFECTS 
-- SELECTION OF INDICATOR CHEMICALS ONLY 

Chemical Name 

~ercury and Compounds (Alkyl) 

~1inimum 

Effective 
Dose 
l~I£D) 
mg/day 

Mercury and Compounds (Inorganic) 7.60£-01 
~ercury Fulminate--
~ethanol 

~ethyl Chloride 
~ethyl Ethyl Ketone 
~ethyl Ethyl Ketone Peroxide 
Methyl Isobutyl Ketone . 
:1ethyl :1ethacryl'ate 
~ethyl Parathion 
2-Methyl-4-Chlorophenoxyacetic 
2(2-Hethyl-4-Chlorophenoxy) 

propionic Acid 

2.21E+02 '* 
2. 55£+03 ~: 

1.76£+03 
1.07£+01 

Acid 

3-Methylcholanthrene @ 
4,4'-~ethylene-bis-2-chloroaniline@ 
~ethylnitrosourea @ 
:1ethylthiouracil @ 
~ethylvinylnitrosamine @ 
S-Methyl-N'-nitro-N-nitrosoguanadine@ 
:1itomycin C @ 
:1ustard Gas @ 
l-Sapthy lamine @ 
:-Sapthylamine @ 
Sickel and Compounds @ 
Sitric Oxide 
Sitrobenzene 
Sitrogen Dioxide 
Sitrosomethylurethane @ 
N-Nitrosopiperidine @ 
S-Nitrosopyrrolidine @ 
5-Nitro-o-toluidine @ 
Osmium Tetroxide 
Pentachlorobenzene 
Pentachloronitrobenzene @ 
Pentachlorophenol 
Phenacetin @ 
Phenanthrene @ 
Phenobarbital @ 
Phenol 
Phenylalanine ~ustard @ 

4.70£+00 

8.62£+02 
2.20£-01 

5.98£+01 

era 1 Route 

RVe 

7 

10 
10 

4 
10 

10 

10 
6 

3 

Toxicity Constant 

water 
(Io.'Tn) 

l/mg 

1. 84E+01 

9.05E-02 
7.75£-03 

4.55£-03 
1.87E+00 

Soil 
(sTn) 
kg/mg 

9.21£-04 

4.52£-06 
3.8i£-07 

2.28£-07 
9.35£-05 

':'.26£+00 2.13£-0':' 

2.32E-021.16£-06 
5.4SE+012.73E-03 

1.00£-01 5.02E-06 

I:lhalation :\o",':e 

:1inimum 
Effective 

Dose 
(~1ED ) 
mg/day 

8.60E-01 

2.21E+02 
2.S8£+03 

1.21E+02 
2.40£-02 

1.: 7£+00 

RVe 

8 

10 
10 

.. 
I 

5 

8.62£+02 '* 10 
2.20£-01 '* 6 

Air 
Toxicit~· 

Conmn; 
(aTn) 
m3/kg 

1.86£+02 

9.0SE-01 
7.7SE-02 

1.15E+00 
':'.17£+03 

, ... -- ... " ....... _. 
-. • oJ· _ .. _ 

:.32E-01 
5.':'5::+02 

8.02E+01 10 . 2. ':'9£+OC 



C-34 

IBIT C-S 
(Continued) 

OSw~R Direc~ive 9483.00-2 

Da~e Prepared: Oc~ober 1. 1986 

TOXICITY DATA FOR NONCARCINOGENIC EFFECTS 
e_ SELECTION OF INDICATOR CHEMICALS ONLY 

Chemical Name 

m-Phenylenediamine 
Phenyl ~ercuric Acetate 
Phosphine 
Polychlorinated Biphenyls (PCBs) @ 
Propane Sultone @ 
Propylenimine @ 
Pyrene @ 
Pyridine 
Saccharin @ 
Safrole @ 

~Iinimum 

Effective 
Dose 
(~1ED ) 
mg/day 

Selenium and Compounds (n.o.s.) 1.90£-01 
Selenious Acid 

-- Selenourea 
-- Thallium Selenice 
Silver and Compounds 1. 00£-01 
Sodium Diethyldithiocarbamate 
Strept.ozocin @ 
St.rychnine 
Styrene 
1,2,4,5-Tetrachlorobenzene 2.05E+01 
2,3,i,8-TC::m (Dioxin) i;> 

-:: 
1,1,1,2-Tet.rachloroetnane i:> 

.:: 
l,1,2,Z-Tetrachloroethane ," 2.20£ .... 01 <.: 

Tetrachloroethylene i:> 1.46£+03 -:: 
2,3,4,6-Tetrachlorophenol 1. 07£+01 
2,3,5,6-Tet.rachloroterephthalate 

Acid (DCPA) 
Tet.raethyl Lead @ 1. 40£-03 
Thallium and Compounds (n.o.s.) 

Thallium Acetate 
Thallium Carbonate 
Thallium Chloride 
Thallium Ni'tra'te 
Thallic Oxide 
Thallium Sulfa'te 

Thioace'tamide @ 
Thiourea @ 
o-Tolidine @ 
Toluene 2.69E+03 
o-Toluidine Hydrochloride @ 

O::al Route 

RVe 

10 

1 

1 

... 5 
7 
8 

5 

'* 7 

Toxici:y Constant 

I.:ater 
(I."Tn) 

l/mg 
(sTn) 
kg/[!'!g 

1.05£+02 5.26£-03 

2.00E+01 1.00E-03 

9. i6E-02 4.88£-06 

4.55£-01 2.27£-05 
9.62£-03 4.81£-07 
1.50£+00 7.48£-05 

7.1':'£+03 3.57E-01 

5.20E-03 2.60E-07 

Illhalation Ro\,;.:e 

:1inimum 
Effective 

Dose 
(~IED ) 
mg/day RVe 

1.90E-Ol -:. 10 

1. OOE-Ol "* 1 

2.05£+01 -;':' 1 

:.20£+01 5 
7.27=:+03 10 
1.07£+01 ... 8 

2.50E+00 5 

2.69£+03 7 

Air 
Toxici':y 

(aTn) 
m3/kg 

2.00E-v2 

9.76£-0: 

' - -- ........ """,'; J :'-'';'J ., -5:: .. ::: 
~ . 5 CE-C : 

':".00£-01 

5.20E:aO: 



OS~ER Directive 9~83.00-2L 

C-33 

Date Prepared: October 1. 1986 

EXHIBIT C-5 
( Continued) 

TOXICITY DATA FOR NONCARCINOGENIC EFFECTS 
-- SELECTION OF INDICATOR CHEMICALS ONLY 

Oral Route I:-th.llat.ion C\cu-:e 

-------------------------------~-

Chemical Same 

Toxaphene @ 
Tribromomethane (Bromoform) 
1,2,4-Trichlorobenzene 
1,l,1-Trichloroethane 
1,1,2-Trichloroethane @ 
7richloroethylene @ 
Trich1orofon 
Trichloromonofluoromethane 

~Iinimum 

Effective 
Dose 
(~IED) 
mg/day RVe 

6.60E+00 6 
3. i3E+01 ·4 
3. ':'5£+03 ,. 2 

9.50E+00 5 
':'.32£+01 10 

2.4,5-Trichlorophenol 1.18E+02 6 
2,4,6-Trichlorophenol @ 
2,4,3-Trichlorophenoxyacetic Acid 
1,2,3-Trichloropropane 
1,1,2 -Tr ichloro-1, 2, 2.-trifluoroe thane 
Tris(2,3-dibromopropyl)phosphate @ 
Trinitrotoluene (TST) 
7rypan Blue @ 
Uracil ~ustard @ 
Uranium and Compounds 1.iOE+00 6 
Urethane @ 
Vanadium and Compounds 1.40E+01 1 
V!nyl Chloride @ 2.25£+02'* 10 
w'arfarin 
o-Xylene 
m-Xylene 
p-Xylene 
Xylenes (mixed) 
Zinc and Compounds 
-- Zinc Phosphide 
Zineb 

1.50E ... 02 8 

Toxicity Constant 

I.'ater 
( lOrn) 

l/mg 

1. 82E+00 
2.14£-01 
7.33E-0"4 

1.05£+00 
4.42E-01 

1.02£-01 

Soil 
(sTn) 
kg/mg-

9.09E-05 
1. OiE-OS 
3.6iE-08 

5.26£-05 
2.21£-05 

5.10E-06 

7.06E+00 3.53£-04 

1.43E-01 i. 14E-06 
8.i7£-024.39E-06 

1.0iE-01 5.33E-06 

@ Pocential carcinogenic effects also. See Exhibits C-3 and C-4. 

~Iinimum 

Effective 
Dose 
(~IED ) 
mg(day 

--------
6.60E+00 
1. 32E+Ol 
5.45£+03 

2.70£+00 
4.52E+01 

1. lSE+02 

RVe 

* 6 
1 
2 

4 
~ 10 

* 6 

1. 70E+00'~ 6 

1 . 4.0E+0 1 * 1 
2.28£""J2 10 

1.50£+02'· S 

Air 
Toxic i..;.}
Cons cant 

(aTc) 
m3/kg 

1. 82E+01 
1.52£+00 
i.33£-03 

2.96£+01 
4.::.2E+00 

1. 02£+00 

7.06£+01 

1. :'3£+-:)0 
8 . ;-;-E _.: ~ 

* ~D and RVe values marked ~ich an asterisk are based on values for the ocher exposure 
route. 

lJ Refer co Exhibit C-6 for toxicicy data for risk characcerizacion for the chemicals 
lis ted here. 

lJ N.O.S. = not otherwise specified. 



OSw~R Directive 9~83.00=~ 

Date Prepared: October 1, 1986 

EXHIBIT CoG 

TOXICITY DATA FOR NONCARCINOGENIC 
EFFECTS GG RISK CHARACTERIZATION l 

::hemical Same 

Ac:enaphthene @ 
Acenaphthylene @ 
Acetone 
Acet.onitrile 
2-Acet.ylaminofluorene @ 
Acrylic Acid 
Acrylonitrile :; 
Aflatoxin B 1 @ 
Aldicarb 
Aldrin @ 
Allyl Alcoho 1 
Aluminum Phosphide 
~-Aminobiphenyl @ 
Ami t.ro 18 @ 
Ammonia 
Anthracene @ 
Antimony and Compounds 
Arsenic and Compounds @ 
Asbest.os @ 
Auramine @ 
Azaserine @ 
Aziridine 'S 
Barium and Compounds 
Benefin 
Senzene @ 
Benzidine @ 
Benz(a)anthracene ~ 
Benz(c)acridine E 
Benzo(a)pyrene @ 
Benzo(b)fluoranthene @ 
Benzo(ghi)perylene @ 
BenzoCk)fluoranthene @ 
Benzotrichloride @ 
Benzyl Chloride @ 
Beryllium and Compounds @ 
1, I-Biphenyl 
Bis(2-chloroethyl)ether @ 
Bis(2-chloroisopropyl)et.her 
Bis(chloromethyl)ether @ 
Bis(2-ethylhexyl)phthalate CDEHP) @ 
Bromomethane 
Bromoxynil Octanoate 
1,3-Butadiene 

Oral Route Inhaia'.:ion Kou':e 

le Intake 

Subchron Chronic Subchron Chronic 
(AIS) (AIC) . (AIS) ) 
--mg/kg/day-- Source%J --mg/kg/day-- Sourcez~ 

-------- -------- -------- --~----- -------- --------

1. OOE-O 1 

8.00£-02 

1.00£-02 
3.00E-05 
5.00E-03 
4.00E-04 

5.10E-02 
3.00E-01 

5.00E-04. 
5.00E-02 

. 2. OOE-02 
4..00E-04 
:3. OOE-02 

RfD 3.00E+01 3.00E+00 

RfD'J 

RfD 
RfD 
RfD 
RfD 

RfD 

HEA 1..:.:'E-3(T)u. 1.':'OE~04 

RfD 

RfD 
RfD 

RfD 
RfD 
RfD 

HEA 



C-37 

EXHIBIT C-G 
(Continued) 

OSw1:R Directive 9483. OO"'2~ 

Date Prepared: October 1. 1986 

TOXICITY DATA FOR NONCARCINOGEN IC 
EFFECTS RISK CHARACTERIZATION 

O:-al Route Inhalatic~ ~ou.te 

Acceptable Intake Acceptable Intake 

Subchron Chronic ~ubchron Chronic 
(AIS) (AIC) CAIS) (AlC) 

Chemical Name --mg/kg/day-- Source -~mg/kg/day--. Source 

a-Butanol 
Butylpthalyl Butylglycolate 
Cacodylic Acid @ 
Cadmium and Compounds @ 
Captan 
Carbaryl 
Carbon Disulfide 
Carbon Tetrachloride @ 
Chlordane @ 
Chlorobenzene 
Chlorobenzilate @ 
Chlorodibromomethane 
Chloroform.@ 
Chloromethyl ~ethyl Ether @ 
~-Chloro-o-toluidine Hydrochlor~de@ 

LOOE-Ol 
l.OOE+OO 
1. OOE-02 
2.90E-04 

l.OOE-Ol 
1. OOE-Ol 

S.OOE-OS 
2.70E-Ol2.70E-02 

1. OOE-02 

Chromium III and Compounds l.40E+Ol l.OOE+OO 
Chromium VI and Compounds @ 2.50E-02 
Chrysene @ 
Copper and Compounds 
C:-eosote @ 
Cresol 
C:-otonaldehyde 
C:,,"anicies (n.a.s.) S..; 

Barium Cyanide 
Calcium Cyanide 
Cyanogen 
Cyanogen Chloride 
Copper Cyanide 
Hydrogen Cyanide 
~Hckel Cyanide 
Potassium Cyanide 
Potassium Silver Cyanide 
Silver Cyanide 
Sodium Cyanide 
Zinc Cyanide 

Cyclophosphamide @ 
Dalapon 
ODD @ 
DOE @ 
DDT @ 
Decabromodiphenyl Ether 
Diallate @ 

3.iOE-02 

S.OOE-03 

3.70E-02 

5.00E-02 
l.OOE-02 
2.00E-02 
i.OOE-02 
4.00E-02 
4.00E-02 
S.OOE-02 
7.00E-02 
2.00E-02 
2.00E-02 
5.00E-02 
2.00E-Ol 
l.OOE-Ol 
4.00E-02 
S.OOE-02 

8.00E-02 

S.O{)E-04 
1. OOE-02 

RfD 
RfD 
RfD 
HEA 

RfD 
RfD 

RfD 
HEA S.30E-025.iOE-03 

RfD 

RfD S.lOE-03 
HEA 

HEA 1. OOE-02 

RfD 1. OOE-O 1 
RfD 
RiD 
RiD 
RfD 
RfD 
RiD 
RfD 
RfD 
RfD 
RfD 
RfD 
RfD 
RfD 
RfD 

RfD 

RfD 
RfD 

HEA 

HEA 

HEA 

HEA 



C-38 

EXHIBIT C-G 
( Continued) 

OSw~R Direc~ive 94a3.00-~· 

Date Prepared: October 1. 1986 

TOXICITY DATA FOR NONCARCiNOGENIC 
EFFECTS RISK CHARACTERIZATION 

Chemical Name 

2,4-Diaminotoluene @ 
l,2,7,8-Dibenzopyrene @ 
Dibenz(a,h)an~hracene @ 
1,2-Dibrorno-3-chloropropane @ 
Dibu~ylnitrosamine @ 
Dibu~yl Phthalate 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
3,3'-Dichlorobenzidine @ 
Dichlorodifluoromethane 
1,1-Dichloroethane 

.1,2-Dichloroethane (EDC) @ 
1,1-Dichloroethylene @ 
1,2-Dichloroethylene (cis) 
1,2-Dichlo:oethylene (trans) 
Dichlorornethane @ 
Z,4-Dichlorophenol 
2. 4 -Dichlorophenoxyacetic 

Acid (2,4-D) 
4-(2,4-Dichlorophen~xy)butyric 

Acid (2,4-DB) 
Ji:hloropnecylarsine @ 
l.:-Dichloropropane 
1.3-Dichlorcpropene 
Dield:in @ 
Diepoxybutane @ 
Diethanolnitrosamine @ 
Diethyl Arsine @ 
1,2-Diethylhydrazine @ 
Diethylnitrosamine @ 
Diethyl Phthalate 
Diethylstilbestrol (DES) @ 
Dihydrosafrole @ 
Dimethoat.e 
3,3'-Dirnethoxybenzidine @ 
Dimet.hylamine 
Dimethyl Sulfate @ 
Dimethyl Terephthalate 
Dimethylaminoazobenzene @ 
7,12-Dimethylbenz(a)anthracene @ 
3,~'-Dirnethylbenzidine @ 

Oral Rou':e Inh.:;.lJt:l:ln Route 

Ie Intake Ie Int:ake 

Subchron Chronic ~ubchron Chronic 
(AIS) (ArC) (AIS) (AIC) 
a-rng/kg/day-- Source - -.rng/ kg; day -- Source 

RfD 

2.00E-01 RfD 
1.20£+00 1.20E~01 HEA 1.38£+00 1.38E-01 HEA 

9.00£-03 RfD 

6.00E>02 RfD 
3.00£-03 RfD 

RfD 

1.30£ .... 01 RfD 

2.00£-02 RiD 

1. OOE-Ol RfD 



C-39 

EXHIBIT C-G 
(Continued) 

OSw~R Directive 9~83.00·2 

Da~e Prepared: October 1. 1986 

TOXICITY DATA FOR NONCARCINOGENIC 
EFFECTS RISK CHARACTERIZAT~ON 

Chemical Same 

Dimethylcarbamoyl Chloride @ 
l,l-Dimethylhydrazine @ 
l,2-Dimethylhydrazine @ 
Dimethylnitrosamine @ 
l,3-Dinitrobenzene 
4,6-Dinitro-o-cresol 
Z,4-Dinitrophenol 
1,3-Dinitrotoluene @ 
2,4-Dinitrotoluene @ 
2,5-Dinitrotoluene @ 
1,6-Dinitrotoluene @ 
3,4-Dinitrotoluene @ 
Dinoseb 
l,4-Dioxane @ 
~,N-Diphenylamine @ 
1,2-Diphenylhydrazine @ 
Dipropylnitrosamine @ 
Disulfoton 
Endosulfan 
Epichlorohydrin @ 
Ethanol 
E~;"yl Acetate 
Ethyl ~ethanesulfona~e ~ 

E th'.- lbenzene 
Ethyl-4,4'-dichlorobenzilate 
Ethylene Dibrornide (ED3) @ 
Ethylene O·xide @ 
Ethylenethiourea @ 
l-Ethyl-nitrosourea @ 
Ethylphthalyl Ethyl Glycolate 
Ferric Dextran @ 
Fluoranthene @ 
Fluorene @ 
Fluorides 
Fluridone 
Formaldehyde 
Formic Acid 
Furan 
Glycidaldehyde @ 
Glycol Ethers··(n.o.s.) 

Diethylene Glycol, 
~onoethyl Ether 

~ 
-.:: 

Oral Route 

Acceptable Intake 

Subchron Chronic 
(AIS) (AIC) 
--mgjkgjday--

9.70E-01 

2.00E-03 

1. dOE -03 

4.00E-03 
1.50E-05 
2.00E-03 

9.00E-01 

1. OOE -0 1 

3.00E+00 

6.00E-02 
8.00E-02 

2.00E+00 
1. 00E-03 

5.00E+00 2.00E+00 

Inhalar:.ion Rou~e 

Acceptable Intake 

- Subchron Chronic 
CArs) (AIC) 

Source ·-mgjkg/day-- Source 

RfD 

RfD 

RfD 
RfD 
RfD 

RfD 

RfD 

RfD 

RfD 
RfD 

RfD 
RfD 

REA 



C-4Q 

EXHIBIT Col) 
(Continued) 

OSw~R Direcbive 9483.00o~ 

Daxe Prepared: 

TOXICITY DATA FOR NONCARCINOGENIC 
EFFECTS RISK CHARACTERIZATION 

Chemical :-;ame 

2-Ethoxye1:hanol 
E1:hylene Glycol, 
!1onobutyl E1:her 
2 -Methoxye1:hano 1 
Propylene Glycol, 
~Ionoethyl Ether 
Propylene Glycol, 
Monornethyl Ether 

Hep1:achlor @ 
Hep1:achlor Epoxide @ 
Hexachlorobenzene.@ 
Hexachlorobu1:adiene @ 
Hexachlorocyclopen1:adiene 
alpha-Hexachlorocyclohexane 
be-ca-HCCH @ 
gamma-HCCH (Lindane) @ 
del'i:a-HCCH @ 
Hexachloroe1:hane @ 
Hexachlorophene 
Hydrazine @ 
Hycirogen SulEide 
Indeno(l,2,3-cd)pyrene ~ 
!odomethane @ 
Iron and Compounds 
Isobutanol 
Isoprene 
Isosafrole @ 
Isophorone 
Isopropalin 
Kepone @ 
Lasiocarpine @ 

(HCCH)@ 

Lead and Compounds (Inorganic) 
Linuron 
Mala:chion 
Manganese and Compounds 
Melphalan @ 
Mercury and Compounds (Alkyl) 
Mercury and Compounds (Inorganic) 
Mercury Fulminate 
Me1:hanol 
Met-hyl Chloride 
Me1:hyl E1:hyl Ketone 

Oral Rout:e Ir..hal.3.1:.ion Rou1:e 

Accept:able Intake Acceptable Intake 

Subchron Chronic ~ubchron Chronic 
CATS) CAlC) CAIS) (ArC) 
--mg/kg/day-- Source :-mg/kg/day-- Source 

4.iE-l(T) 3.60£-01 

6.80£+00 6.80E-01 

6.80£+00 6.80£-01 

3.00£-05 

2.00E-03 
7.00£-02 7.00£-03 

3.00£004 

3.00E-03 

3.00E-01 

2.00£-01 
3.00E-02 

1.40£-03 

2.00£-02 
5.30E-01 2.20£-01 

2.80£-04 3.00E-04 
2.00E-03 2.00E-03 

3.00E-03 
5.00E-Ol 

5.00E-02 

HEA 6.9E-2CT) 5.00E-02 HEA 
1.60£-01 1.60E-02 HEA 

HEA 

HEA 

RfD 

RfD 
RfD 

RfD 

RfD 

RfD 

RfD 
RfD 

HEA , 

RfD 
HEA 

RfD 
RfD 
RfD 
RfD 

RfD 

5.9E-2eT) 2.40E-02 HEA 

4.90E+00 4.90£-01 

2.90£-03 6.60£-05 

8.60E-03 

3.00£-04 3.00E-04 

1.00E-04 1.00E-04 
S.10E-045.10E-05 

HEA 

HEA 

HEA 

HEA 

HEA 
HEA 

HEA 



C-41 

EXHIBIT C-G 
(Continued) 

OSWER Direc:ive 9483.00-2" 

Da~e Prepared: Oc~ober 1, 1986 

TOXICITY DATA FOR NONCARCINOGENIC· 
EFFECTS RISK CHARACTER IZA TION 

01.'3.1 Route 

Acceptable rn~ake 

Subchron Chronic 
CArS) CALC) 

Chemical Name --mg/kg/day-- Source 

~e~hy1 E~hyl Ke~one Perioxide 
~e~hyl Isobutyl Ke~one 
~e~hyl ~ethacrylate 

~ethyl Parathion 
2-~e~hyl-4-Chlorophenoxyacetic Acid 
2(2-Hethyl-4-Chlorophenoxy) 

propionic Acid 
3-He~hy1cho1anthrene @ 
~,4'-Hethylene-bis-2-chloroaniline@ 
Hethylnitrosourea @ 
~e~hylthiouracil @ 
~ethy1vinylnitrosamine @ 
N-Me~hyl-N'-nitro-N-nitrosoguanadine@ 
~itomycin C @ 
Hus~ard Gas @ 
1-Napthy1amine @ 

8.00E-03 
5.00E-02 

1.00E-03 

3.00E-03 

2-Napthylamine @ 
~ickel and Compounds @ 
!'li~ric Oxide 

2.00E-02 1.00E-02 
1.00E-01 

\'itrobenzene 
~itrogen Dioxide 
Sitrosomethyl~rethane S 
S-Nitrosopiperidine ~ 

S-Nitrosopyrrolidine @ 
5-Nitro-o-toluiciine @ 
Osmium Tetroxide 
Pen~achlorobenzene 

Pen~achloronitrobenzene 

Pen~achlorophenol 

Phenacetin @ 
Phenanthrene @ 
Phenobarbi~al @ 
Phenol 
Phenylalanine Mus~ard @ 
m-Phenylenediamine 
Phenyl Mercuric Ace~a~e 
Phosphine 

'S 

Polychlorina~ed Biphenyls 
Propane Sultone @ 
Propylenimine @ 
Pyrene @ 
Pyridine 

3.0E-2(T) 

1.00E-01 

(PCBs) @ 

5.00E-04 
1.00E+OO 

1.00E-05 
8.00£-04 
8.00E-03 
3.00E-02 

1. OOE-Ol 

6.00£-03 
8.00E-05 
3.00E-04 

2.00E-03 

RfD 
RfD 

RfD 

RfD 

HEA 
RfD 
RfD 
RfD 

RfD 
RfD 
RfD 
RfD 

RfD 

RfD 
RfD 
RfD 

RfD 

bhala:ion R:::uce 

Acceptable rn~ake 

SUbchron Chronic 
CAIS) (ArC) 
--mg/kg/day-- Source 

1.90E-01 2.00E-02 REA 
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19 IT C-S 
(Continued) 

OSw~R Direc~ive 9483.00-2 

Da~e Prepared: Oc~ober 1, 1986 

TOXICITY DATA FOR NONCARC::INOGENIC 
EFFECTS R 15K CHARACTER I ZA TION 

Chemical Name 

Saccharin @ 
Safrole @ 
Selenium and Compounds en.o.s.) 

Selenious Acid 
Selenourea 
Thallium Seleni~e 

Silver and Compounds 
Sodium Diechyldithiocarbamate 
S~rep~ozocin @ 
Scrychnine 
Styrene 
1,2,4,5-Te~rachlorobenzene 

2,3,7,8-TCDD (Dioxin) @ 
1,1,1,2-Tetrachloroechane @ 
1,1,2,2-Tecrachloroechane @ 
Tetrachloroethylene @ 
2,3,4,6-Tecrachlorophenol 
Z,3,5,6-Tetrachloroterephthalate 

Acid (DCPA) 
Tetraethyl Lead @ 
Thall:um and Compounds (n.o.s.) 

Tnallium Acetate 
~,allium Carbonate 
Thallium Chloride 
Thallium ~itra~e 
Thall ic Oxide 
Thallium Sulfate 

Thioace~amide @ 
Thiourea @ 
o-Tolidine @ 
Toluene 
o-Toluidine Hydrochloride @ 
Toxaphene @ 
Tribromome~hane (Bromoform) 
1,2,4-Trichlorobenzene 
l,l,l-Trichloroe~hane 
1,1,2-Trichloroe~hane @ 
Trichloroethylene @ 
Trichlorofon 
Trichloromonofluoromethane 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol @ 

Oral Route 

Acceptable Intake 

Subchron Chronic 
CA1S) (AlC) 
--mg/kg/day-- Source 

3.20E-03 3.00E-03 
3.00£-03 
5.00£-03 
5.00E-04 
3.00E-03 
3.00£-02 

3.00E-04 
2.00E-Ol 
3.00E-04 

2.00£-02 
1.00£-02 

5.00E-02 
1.00E-07 
:".00E-04 
5.00E-04 
:".00E-04 
5.00E-04 
5.00E-0:" 
:".00E-04 
5.00E-04 

4.30E-01 3.00E-01 

2.00E-02 
5.40E-Ol 

3.00£-01 
1.00E+00 1.00E-Ol 

HEA 
RfD 
RiD 
RfD 
RiD 
RfD 

RfD 
RfD 
RfD 

RfD 
RfD 

RiD 
RfD 
RfD 
RfD 
RfD 
RfD 
R£D 
RfD 
RfD 

RiD 

RfD 
HEA 

RfD 
RfD 

Inhala:ion Route 

Acceptable Intake 

Subchron Chronic 
(A1S) (ArC) 
·'-mg/kg/day·· Source 

1. 00E-03 HEA 

1.30E+00 1.50E+00 

1.10E+01 6.30E+OO HEA 
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Da~e Prepared: Dc~ober 1, 1986 
EXHIBIT C-S 

(Continued) 

TOXICITY. DATA FOR NONCARCINOGENIC 
EFFECTS ._- RISK CHARACTER IZA TION 

Oral Route Inh.lla:ion Route 

Acceptable Intake Acceptable Intake 

Subchron Chronic Subchron Chronic 
(AIS) (AIC) . (ArS) (ArC) 

Chemical Same --mg/kg/day-- Source --mg!kg/day-- Source 

2.4,5-Trichlorophenoxyace~ic Acid 
1,2,3-Trichloropropane 
1,1,2-Trichloro-1,2,2-
Trifluoroe~hane 

Tris(2,3-dibromopropyl)phospha~e @ 
Trini~ro~oluene (TNT) 
Trypan Blue @ 
Uracil !'lus~ard @ 
Uranium and Compounds 
tire chane @ 
Vanadium and Compounds 
Vinyl Chloride @ 
warfarin 
o-Xylene 
m-Xylene 
p-Xylene 
Xylenes (mixed) 
Zinc and Compounds 
-- Zinc Phosphide 
Zineb 

1.00E-01 
1. 00E-01 

1. OOE-O 1 
2.10E-01 

3.00E-02 
1.00E-01 

3.00E+01 

2.00E-04 

2.00E-02 

3.00E-04 
1.00E-02 
1. 00E-02 

1. 00E-02 
2.10E-01 
3.00E-04 
5.00E-02 

RfD 
RfD 

RfD 

RfD 

RfD 

RfD 
HEA 
HEA 

HEA 
HEA 
RfD 
RfD 

9.6E-1(T) 
1.00E+00 

6.9E-1(T) 
1.00E-01 

@ Potential carcinogenic effects also. See Exhiblts C-3 and C-4. 

2.00E-01 
2.00E-01 

4.00E-01 
1.00E-02 

'- Refer to £xnibi: C-S for toxicity data for indicator selection for the 
chemicals listed here. 

l_ Sources for Exhibit C-6: 

HEA 
HEA 

HEA 
HEA 

RfD = Agency-wide reference dose \ialue, developed by an inter-office work group 
chaired by the Office of Research and Development, C.S. EPA, washington, D.C., 
1986. 

HEA = Health Effec~s Assessment document, prepared by the Environmental Criteria 
and Assessmen~ Office, U.S. EPA, CinCinnati, Ohio, 1985 (updated in !'lay 1986). 

lJ The RfD values lis~ed here are EPA-verified numbers. All RfD 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. 

-J T indicates tha~ teratogenic or fetotoxic effects are the basis for the AIS 
value lis~ed. 

SJ N.O.S. = no~ ocherwise specified. 
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CHEMI LS AND CHEMI L G UPS ViNG H 
EFFECTS ASSESSMENT (H ) DOCUMENTS lj 

CHE~lICAL l'rrrs 2j PE NmfBER 

Acetone 
Arsenic and Compounds 
Asbest:os 
Barium and Compounds 
Benzene . 
Benzo(a)pyrene 
Cadmium and Compounds 
Carbon Tet:rachloride 
Chlordane 
Chlorobenzene 
Chloroform 
Chromium III and Compounds 
Chromium VI and Compounds 
Coal Tars 
Copper and Compounds 
Cresol 
Cyanides 
DDT 
1,1-Dichloroethane 
1,2-Dichloroethane (EDC) 
1,1-Dichloroethylene 
1,2-cis-Dichloroethylene 
1,2-crans-Dichloroethylene 
Dichloromethane 
Ethylbenzene 
Glycol Ethers 
Hexachlorobenzene 
Hexachlorobut:adiene 
Hexachlorocyclopent:adiene 
gamma-Hexachlorocyclohexane (Lindane) 
Iron and Compounds 
Lead and Compounds (Inorganic) 
Nanganese and Compounds 
Mercury 
Met:hyl Ethyl Kecone 
Naphthalene 
Nickel and Compounds 
Pentachlorophenol 
Phenanthrene 
Phenol 
Polychlorinated Biphenyls (PCBs) 

86 1342 i7 / AS 
86 134319/AS 
86 134608/AS 
86 134327/AS 
86 134483/AS 
86 134335/AS 
86 134491/AS 
86 134509/AS 
86 134343/AS 
86 134517/AS 
86 134210/AS 
86 134467/ AS 
86 134301/AS 
86 134350/ AS 
86 134368iAS 
86 134616/AS 
86 1342.28/AS 
86 134376/AS 
86 134384/AS 
86 134137/AS 
86 134624/ AS 
86 134269/AS 
86 134525/AS 
86 134392/AS 
86 134194/AS 
86 134632/AS 
86 1342S5/AS 
86 134640/AS 
86 134129/AS 
86 134673/ AS 
86 134657/ AS 
86 134665/AS 
86 134681/AS 
86 134533/AS 
86 134145/AS 
86 134251/ AS 
86 134293/AS 
86 134541/AS 
86 134400/AS 
86 134186/AS 
86 134152/ AS 
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EXHIBIT C-7 
( Continued) 

OSWER Directive 9483.00-2 

CHEMICALS AND CHEMICAL GROUPS HAVING EPA HEALTH 
EFFECTS ASSESSMENT (HEA) DOCUMENTS lJ 

CHEmCAL 

Polynuclear Aromatic Hydrocarbons 
Pyrene 
Selenium and Compounds 
Sodium Cyanide 
Sulfuric Acid 
2,3,7,8-TCDQ (Dioxin) 
1,1,2,2-Tetrachloroethane 
Tetrachloroethylene 
Toluene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethylene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
Vinyl Chloride 
Xylene 
Zinc and Compounds 
Complete Set of 58 HEAs 

NTIS-ZJ PB ~ruHBER 

86 134244/ AS 
86 134418/AS 
86 134699/AS 
86 134236/AS 
86 134426/AS 
86 134558/AS 
86 134434/AS 
86 134202/AS 
86 134442/AS 
86 134160/AS 
86 134566/AS 
86 134574/AS 
86 134459/AS 
86 134582/AS 
86 134475/AS 
86 134178/AS 
86 134590/AS 
86 134111/ AS 

l~ As of the date of publication for this manual. 

2~ ~ational Technical Information Service. 
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EXHIBIT C 

DRINKING A 
MAXIMUM CONTAMINANT LEVELS (MCLs) ~/ 

CHE~IICAL 

Arsenic 
Barium 
Cadmium 
Chlorophenoxys 

2,4-0ichlorophenoxyace~ic 

acid (2,4-0) 
2,4,5-Trichlorophenoxy-propionjc 

acid (2,4,5-TP) 
Chromium VI (hexavalen~) 

Endrin 
Fluoride 
Lindane (99~ gamma-~CCH) 

Lead 
~!ercury . 
~ethoxychlor 

Nitra~e (as N) 
Radionuclides 

Radium-226 and 228 
Gross alpha activity 
Tritium 
Strontium-90 
O~her man-made radionuclides 

Selenium 
Silver 
Toxaphene 
Trihalome~hanes (total) S7 

CONCE~'TRATI ON 
(mg/l) 

0.05 
1.0 
0.01 

0.1 
0.01 

0.05 
0.0002 
1.4-2.4 
0.004 
0.05 
0.002 
0.1 
10.0 

5 pCi/1 
15 pCi/1 
20,000 pC i/1 
8 pCi/1 
2/ 
0.01 
0.05 
0.005 
0.1 

~/ EPA has also proposed HCLs for eight volatile organic chemicals: 
trichloroethylene, carbon tetrachloride, 1,1,1-trichloroethane, vinyl 
chloride, 1,2-dichloroethane, benzene, 1,1-dichloroethylene, and 
p-dichlorobenzene (SO Federal Register 46902-46933, November 13, 1985). 

2/ Radionuclides in drinking water are limited to activity levels 
corresponding to a total body or any in~ernal organ dose of 4 millirem/year, 
summed over all radionuclides present. 

£/ Total trihalomethanes refers to the sum concentration of chloroform, 
bromodichloromethane, dibromochloromethane, and bromoform. 
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EXHIBIT C-g 

SAFE DRINKING WATER ACT MAXIMUM 
CONTAMINANT LEVEL GOALS (MCLGs) §./ 

CHE~lICAL 

Benzene 
Carbon tetrachloride 
p-Dichlorobenzene 
1,2-Dichloroethane 

. l,l-Dichloroethylene 
l,l,l-Trichloroethane 
Trichloroethylene 
Vinyl chloride 

CONCENTRATION 
(mg/l} 

o 
o 
0.75 
o 
0.007 
0.2 
o 
o 

!/ EPA has also proposed MCLGs for 40 additional 
chemicals. 

;. .. 
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lSI C-l 

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

CHEMICAL 

Acenaphthene 
Acrolein 
Acrylonitrile": 
Al~rin'''' 
Antimony* 
Arsenic* 
Asbest:os 
Benzene": 
Benzidine* 
Beryllium'" 
Cadmium';' 
Carbon t:et:rachloride* 
Chlordane'''' 
Chlorinated benzenes 

Hexachlorobenzene* 
1,2,4,5-Tetrachlorobenzene* 
Pentachlorobenzene* 
Trichlorobenzene* 
Monochlorobenzene* 

Chlorinated et:hanes 
1,2-Dichloroethane* 
1,1,1~Trichloroethane* 
1,1,2-Trichloroethane* 
1,1,2,2-Tetrachloroethane* 
Hexachloroethane* 
Monochloroethane 
1,1-Dichloroet:hane* 
1,1,1,2-Tetrachloroethane 
Pent:achloroethane 

Chlorinat:ed napht:halenes 
Chlorinated phenols 

3-Monochlorophenol 
4-Monochlorophenol 
2,3-Dichlorophenol 
2,S-Dichlorophenol 
2,6-Dichlorophenol 
3,4-Dichlorophenol 
2,3,4,6-Tetrachlorophenol* 
2,4,S-Trichlorophenol* 

CONCE~TRATON a/ 
Aquatic Organisms Adjusted for Drinking 
and Water Only £/ _ 

20 ug/l (Organoleptic) ~/ 
320 ug/l 
o (58 ng/l) 
o (0.074 ng/l) 
146 ug/l 
o (2.2 ng/l) 
o (30,000 fibers/I) 
o (0.66 ug/l) 
o (0.12 ng/l) 
o (3.7 ng/l) 
10 ug/l 
o (0.4 ug/l) 
o (0.46 ng/l) 

0 (0.72 ng/ I) 
38 ugj I 
74 ug/l 
Insufficient 
488 ugjl 

0 (0.94 ug/l) 
18.4 mg!1 
0 (0.6 ug/l) 
0 (0.1 i ug/l) 
0 0.9 ug/l) 
Insuff icien't 
Insufficient 
Insufficient 
Insufficient 
Insufficient. 

data 

data 
da'ta 
data 
data 
data 

0.1 ug/l (Organoleptic) 
0.1 ug/l (Organoleptic) 
0.04 ugjl (Organoleptic) 
0.5 ugjl (Organoleptic) 
0.2 ug/l (Organoleptic) 
0.3 ug/l (Organoleptic) 
1.0 ug/l (Organoleptic) 
2600 ug/l 

20 ug/I (Organoleptic) 
540 ug/l 
o (63 ng/l) 
o 0.2 ng/l) 
146 ug/l 
(25 ng/l) 
(30,000 fibers/l) 
o (0.67 ug/l) 
o (0. 15 ng/ l) 
o (3.9 ng/ I) 
10 ug/l 
o (0.42 ugjl) 
o (22 ng/l) 

0 (21 ng/l) 
180 ug/l 
570 ugjl 
Insufficien't 
488 ugjl 

0 (0.94 ug/I) 
19 mg/ I 
0 (0.6 ug/l) 
0 (0.17 ug/l) 
0 (2.4 ug/l) 
Insufficient 
Insufficient 
Insufficient 
Insufficient 
Insufficient 

data 

da'ta 
data 
da'ta 
dat.a 
data 

0.1 ug/l (Organolep~ic) 
0.1 ugjl (Organoleptic) 
0.04 ugjl (Organoleptic) 
0.5 ug/ 1 (OrganoleptiC) 
0.2 ug/l (Organoleptic) 
0.3 ug/l (Organolep'tic) 
1.0 ug/l (Organoleptic) 
2600 ugjl 
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EXHIBIT C-l0 
(Continued) 

OSWER Directive 9483.~0-2 

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

CHE~1ICAL 

2,4,6-Trichlorophenol* 
2~Methyl-4-chlorophenol 

3-Methyl-4-chlorophenol 
, 3-Methyl-6-chlorophenol 

Chloroalkyl ethers 
bis-(Chloromethyl) ether* 
bis-(2-Chloroethyl) ether* 
bis-(2-Chloroisopropyl) ether 

Chloroform'':' 
2-Chlorophenol 
Chromium Cr+6'':' 

Copper* 
Cyanide* 
DDT* 

Cr+3'':' 

'Dichlorobenzenes* (all isomers) 
Dichlorobenzidines 
Dichloroethylenes 

1,1-Dichloroethylene* 
1,2-Dichloroethylene 

Dichloromethane* 
2,~-Dichlorophenol* 

DichloropropanesjDichloropropenes 
Dichloropropanes 
Dichloropropenes 

Dieldrin* 
2,4-Dimethylphenol 
2,4-Dinitrotoluene* 
1,2-Diphenylhydrazine* 
Endosulfan'" 
Endrin 
Ethylbenzene* 
Fluoranthene 
Haloethers 
Halomethanes 
Heptachlor* 
Hexachlorobutadiene* 
Hexachlorocyclohexanes (HCCR) 

alpha-HCCR* 

CONCENTRATON a( 
Aquatic Organisms Adjusted for Drinking 
and Drinking Water: Water Only £( 

o (1. 2 ug/l) 
1800 ug(l (Organoleptic) 
3000 ug(l (Organoleptic) 
20 ug(l (Organoleptic) 

o (0,0038 ng/l) 
o (30 ng(l) 
34.7 ugj 1 
o (0.19 ugjl) 
0.1 ugjl (Organoleptic) 
50 ug(l 
170 mgjl . 
1 mgjl (Organoleptic) 
200 ugj 1 
o (0.024 ng/l) 
400 ugjl 
o (10.3 ng(l) 

o (33 ng/l) 
Insuffi~ient data 
See Halomethanes 
3.09 mg(l 

Insufficient data 
87 ugj 1 
o (0.071 ngjl) 
400 ugjl (OrganoleptiC) 
o ( 0 . 11 ug(l) 
o (42 ngjl) 
74 ugj 1 
1 ugjl 
1. 4 mgj 1 
42 ugjl 
Insufficient data 
o (0.19 ug(l) 
o (0.28 ngjl) 
o (0.45 ug(l) 

o (9.2 ngjl) 

o (1.8 ugjl) 
1800 ugjl (Organoleptic) 
3000 ugjl(Organoleptic) 
20 ugjl (Organoleptic) 

o (0.0039 ngjl) 
o (30 ng(l) 
34.7 ugjl 
o ( 0 . 19 ugj l) 
0.1 ugjl (Organoleptic) 
SO ugjl 
179 mg(l 

.1 mgjl (Organoleptic) 
200· ugjl 
o (> 1.2 ngjl) 
470 ugjl 
o (20.7 ng/l) 

o (33 ngjl) 
Insufficient data 
See Halomethanes 
3.09 mg(l 

Insufficient data 
87 ugj 1 
o (1.1 ngj 1) 
400 ugjl (Organoleptic) 
o (0.11 ug/l) 
o (46 ngjl) 
138 ugjl 
1 ugjl 
2.4 mgjl 
188 ugjl 
Insufficient data 
o (0.19 ugjl) 
o (11 ngj 1) 
o (0.45 ugjl) 

o (13 ngj 1) 
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EPA AMBIENT WATER QUALITY CRITERIA 
(WQC) FOR PROTECTION OF HUMAN HEALTH 

beta-HCCH* 
gamma-HCCH* 
de1ta-HCCH 
epsilon-HCCH· 
Technica1-HCCH 

Hexach1orocyc1opentadiene* 
Isophorone'': 
Lead* 
~Iercury* 

Naphthalene 
Nicke 1'" 
Nitrobenzene* 
l'iitropheno1s 

2,4-Dinitro-o-cresol 
Dinitrophenol* 
~lononi tropheno 1 
-Trinitrophenol 

Nitrosamines 
n-Nitrosodime6hylamine* 
n-Nitrosodiethy1amine* 
n-Si:rosodi-n-bucylamine* 
n-~itrosodipheny1amine 

n-Nitrosopyrrolidine* 
Pentachlorophenol* 
Phenol* 
Phthalate esters 

Dimethylphthalate 
Diethy1phthalate* 
Dibutylphthalate* 
Di-2-ethylhexy1phtha1ate* 

Polychlorinated biphenyls (PCBs)* 
Polynuclear aromatic hydrocarbons 

(PAHs)* 
Selenium* 
Silver* 
2,3 • 7 ,8 -TeDD'':' 
Tetrach1oroethylene* 
Thallium* 

CONCEl'.'TRATON a( 
Aquatic Organisms Adjus6ed for Drinking 
and Water' Water Only 2/ 

o 06.:3 ng/l) 
o (12.3 ng/l) 
Insufficient data 
Insufficient data 
o (5.2 ng/l) 
206 ug/1 
5.2 mg/1 
50 ug/l 
144 ng/l 
Insufficent data 
13.4 ug/l 
19,8 mg/l 

13.4 ug/l 
70 ug/ 1 
Insufficient data 
Insufficient data 

0 (1.4 ng/l) 
0 (0,8 ng/l ) 
0 (6.4 ng/l) 
0 (4.9 ug/l) 
o (16 ng/l) 
1. 0,1 mg/l 
3.5 mg/l 

313 mg/l 
350 mg/l 
34 mg/l 
15 mg/l 
o (0.079 ng/l) 
a (2.8 ng/l) 

.10 ug/1 
50 ug/l 
o (0.000013 ng/l) 
o (0.8 ug/l) 
13 ug/l 

o (23.2 ng/l) 
o 07. 4 ng/ l) 
Insufficient data 
Insufficient data 
o (7,4 ng/l) 
206 ug/l 
5.2 mg/l 
50 ug/l 
10 ug/l 
Insufficient data 
15,4 ug/1 
19.8 mg/l 

13.6 ug/l 
70 ug/l 
Insufficient data 
Insufficient data 

0 0.4 llg/ 1) 
0 (0,8 ng/l) 
0 (6,4 ng/l) 
0 (7.0 ug/ 1) 
o (16 ng/l) 
1. 01 mg/l 
3.5 mg/l 

350 mg/l 
434 mg/l 
44 mg/l 
21 mg/1 
o (> 12.6 ng/l) 
o (3.1 ng/1) 

10 ug/l 
50 ug/l 
a (0.00018 ng/l) 
o (0.88 ug/l) 
17.8 ug/l 
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EXHIBIT C-l0 
(Continued) 

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

CONCENTR..<\TON a/ 

, . 

Aquatic Organisms Adjusted for Drinkin~ 
and Drinking Water: Water Only ~/ CHEmCAL 

Toluene'''' 
Toxaphene* 
Trichloroethylene* 
Vinyl chloride* 
Zinc'''' 

14.3 mg/l 
o (0.71 ng/l) 
o (2.7 ug/l) 
o (2.0 ug/l) 
5 mg/l (Organoleptic) 

15 mg/l 
o (26 ng/l) 
o ( 2 . 8' ug/l) 
o (2.0 ug/l) 
5 mg/l (Organoleptic) 

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

~/ The criterion value is zero for all potential carcinogens. The 
concentration value given in parentheses for potential carcinogens corresponds to a 

risk of 10-6 , which is the midpoint of the range'of 10-5 to 10- 7 given in 
water quality criteria documents. To obtain concentrations corresponding to ,risks 

-5 -6,' 
of 10 , the 10 concentrations should be multiplied by 10. To obtain 

-7 -6 concentrations corresponding to risks of 10 ,the 10 concentrations should 
be divided by 10. 

2/ These adjusted criteria, for drinking water ingestion only, were derived 
from published EPA ambient water quality criteria (45 Federal Register 79318-79379, 
~ovember 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 sites with potentially 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. 
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!J~A OHINKING!-!A!!il !U~L!H AOVISOHI£S ANI) RECOl-l11UillfO CoHCOHRAI!ON 

i'e;\i tliliiJv i SOl' i es Rcrerellcc--COncclli. rat ion for 
One-day Ten-day -- ---- ----ron!ic r:=ie I'm f!/ li ret ime Potclltial Carcinogens !!I 

ClllHICAl j!!9Lll f !!!II! 1 ____ {lJ.9/1 ) J~g/LL } 
10 kg 10 kg 10 kg 70kg 70 kg 

Acrylamide 1500 300 20 70 0.01 

lachlor 15000 15000 NA NA NA U. 5 

Aldicarb lt 12 12 12 42 112 /'lA 

Arsenic lt 50 50 50 50 50 0.0022 

Oa rium* 18UO NA 

Oenzene* 233 233 NA NA NA 0.35 

Cadmium* 43 8 5 HI 18 NA 

Ca rboruran 50 50 50 180 180 NA 

Carbon Tetrachloride- 4000 16U 71 250 0.3 

Chlordane- 63 63 0.0218 

Chlorobenzene- 1800 1800 9000 30000 3150 NA 

Chromium* 11100 1,,00 240 840 170 NA 

Cyanide* 220 220 220 750 750 NA 

2,4-0 1100 300 350 NA 

Oibromochloropropane 200 50 NA NA NA 0.025 

o-/m-Dichlorobenzene* 8930 8930 8930 31250 3125 NA 

p-Dichlorobenzene H)700 10700 10100 31500 3750 NA 

1,2-Dichloroethane* 7,.0 7'10 7'.0 2600 NA 0.95 

l,l-0ichloroethylene* 1000 lOUO 1000 3500 0.211 

cis-l,2-Dichloroethylene 4000 1000 1000 3500 350 NA 

trans-l,2-Dichloroethylene 2720 1000 1000 3500 350 NA 

\ \ 



£XIIIOlr C-II 
(Continued) 

crA~..!!l~~LNG_W~H!t !!!.ALIII AOVI SOH I £5 AND HfCONI1£ HmO cONCnHRAT 10M 

-------------------------------iicalth Allviso-r'""""ie-s----

CII[NICAL 

Oichloromethane tl 

l,2-0ichloropropane 

p-Oioxane 

Dioxin* 

Endrin 

Epichlorohydrin* 

Ethylbenzene* 

Ethylene Oibromide* 

Ethylene Glycol tl 

lIeptachlor* 

lIeptachlor Epoxide tl 

I~xachlorobenzene* 

n-llexane 

Lead* 

Lindane* 

Nercury* 

Nethoxychlor 

Nethyl Ethyl Ketone* 

NicKel* 

NI trate gj 

Nitrite £/ 

Olle-day 
t!!!JLLl 
10 kg 

Ic,,-'::-llilY- - --------[onger.::-ienn ~/ ----------wel.ime-
{!!~J/JJ __ l!!9L!.l___ it!gL!.L 
10 KIJ 10 Kg 70Kg 70 kg 

13300 

5680 

0.001 

20 

1110 

21000 

8 

19000 

lO 

50 

13000 

1200 

6 1100 

75000 

1500 

90 

568 

0.0001 

5 

l11U 

210() 

8 

5500 

10 

50 

,,000 

1200 

2000 

750U 

1000 

10000 (II Kg) 10000 (II K!l) 
1 11000 (10 kg) 111000 (IU kg) 

1000 (I, kg) 1000 (I, K!l) 
11000 (10 kg) 11000 (10 kg) 

0.00001 0.000035 

4.5 

76 

NA 

5500 

50 

4000 

16 

76 

NA 

19250 

175 

14000 

20 ug/day 20 ug/day 

33 120 

2500 8600 

1.6 

31100 

NA 

-- ! 
20 ug/day 

5.5 

1700 

860 

350 

10000 

1000 

Rc fc rence Go,il:u'\li-a t Ion fo r 
Potential Carcinogcns b/ 

. , 

\ I 

l !!!Il!.L) ____ ~ 
7U Kg 

5 

0.56 

2.2 x 10-/ 

NA 

3.51, 

NA 

0.0005 

NA 

O.OlOl, 

0.0006 

0.02 

NA 

0.031 

0.02655 

NA 

NA 

NA 

NA 

NA 

NA 



CItD-IICAl 

Oxamyl 

PCBs+! 

Pentachlorophenol+! 

Styrene* 

letrachloroethylene* 

Toluelle* 

Toxaptiene* 

2,4.5-TP* 

1,1,I-Trichloroethane* 

Trichloroethylene+! 

Vinyl Chloride* 

Xylenes 

IXIlIl3IT C-l1 
(Continued) 

EPA OHINKING W~!!jU!LAUIl AOVISORI£S ANI> R£COHIi[~I>[o CONCUHRAflOij 

-_._--- -_._-
!IQiiIiil-~jjYT§Qsi~L _____________ 

One-day len-day longer-term i!1 l Het ime 
11!9l!l {!I!ll !J __ .. L!!!iLLL __ _(~9LJ.L 
10 kg 10 kg 10 kg 70kg 70 kg 

--- _._. ---

350 3'>0 810 

1000 300 300 1050 1050 

27000 20000 20000 70000 

31.000 19
'
,0 6800 

18000 6000 10800 

500 80 

200 200 260 

140000 3'>000 35000 125000 lOOO 

2600 2600 13 1.6 NA 

12000 7800 7800 27300 2200 

* oxicity values necessa.'y for risk characterization are given in Appendix C. 

rc relicc-"(:illlceiii iii lion fo r 
Po len t i ill I ea "C i lIogells !!I 

' I !1!11!1. 
1U kg 

IIA 

NA 

0.0111 

0.1 

I'IA 

0.031 

NA 

22000 

2.8 

0.015 

NA 

i!/ LOllger term health advisories arc for exposures rallging from several months to several yea'rs and should generally be 
compared only to estimated short-term cOllcelllratiolls (SIC). 

Q/ he cOllcentration given corresponds to a potential carcinogenic risl\ of 1f-06. To obtain concclltrations l:(IrTesponding to 
risks of 1[-01. and 1£-05, the 1£-06 cOllcentratiolls sllollid be multiplied by 100 antI 10, respectively. To Obtain eoncentratiolls 
corresponding to risks of H-07, the 1[-06 concelltrations should be divided by 10. 

£/ The one- and ten-day health advisories for nitrate and nitrite are given for both a 4 kg newborn and a 10 kg Infant. 

, , 
" 
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EXHIBIT C-l:2 

CLEAN AIR ACT NATIONAL AMBIENT 
AIR QUALITY STANDARDS (NAAQS) 

CHENICAL 

Carbon monoxide 

Hydrocarbons (non-methane) 
Lead 
Nitrogen dioxide 
Ozone 
Particulate ~atter 

Sulfur oxides 

CONCENTRATION 
ug/m3 

40,000 (l-hour) ~/ 
10,000 (8-hour) ~/ 
160 (3-hour) ~/ 
1.5 (90-day) ~/ 
100 (1-year) S;/ 
235 (1- hour) ~/ 
260 (24-hour) ~/ 

75 (1-year) ~/ 
365 (24-hour) ~/ 

80 (l-year) S;/ 

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

~/ Three-month arithmetic mean concentration. 

~/ Annual arithmetic mean concentration. 

£/ Annual geometric mean concentration. 
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APPENDIX D 

DETAILED PROCEDURES FOR DETERMIN ING TOXICITY 
CONSTANTS FOR INDICATOR CHEMICAL SELECTION' 

The method for selecting indicator chemicals for a site, described in 
Chapter 2 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. 1; If, in the process of preparing a public health 
evaluation for a site, such chemicals are found, you shoul~ request help from 
EPA headquarters 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 

'~ith drinking water concentrations is referred to as wT , whereas one for 

concentrations in air is aT, and and one for concentrations in soil is 

sT. Toxicity constants for potential carcinogens are based on the 
ED102J; for noncarcinogens they are based on the minimum effective dose 

(~EO) 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. 

w 
T for a variety of compounds are given in Values of ~, sT, and 

Appendix C. In the event 
be calculated as follows: 

that values are not present in Appendix C, they can 

Potential Carcinogens 

w ,., liters drinking water/day .. 
Tc = 

70 kg • £D 10 

s 0.0001 kg soil/day 
Tc = 

70 kg • ED 10 

a 20 m] air/day 
Tc = 

70 kg • E0 10 

1~ Appendix 0 is a copy of Appendix 0 in: EPA, Superfund Public Health 
Evaluation ~anual, Office of Emergency and Remedial Response, October 1986. 

2~ E0 10 = dose in mg/kg/day at which 1.o~~ incidence above control is 

observed for a tumor type showing a statistically significant incidence. 

( 1] 

[2] 

[ 3] 
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where the ED
10 

is derived from carcinogenicity dose-response data and is 

expressed in mg/kg/ 

Noncarcinogens 

w 2 libers drinking waber/day 0 RVe 
Tn :: 

5 0.0001 soil/ o RVe 
Tn :: 

a 20 ml,air/day 0 RVe 
Tn :: 

HED (inhalatic:m) 

where RVe is a rating value based on the severity of effect and scored as 
indicated in Exhibit 0-1, and MEO is the human minimum effective dose in 
mg/day for a given effect. If the HEO is given in mg/kgjday, multiply it by 
70 and then substitute it into the above equation. 

[ 4] 

[3 ] 

[ 61 

The soil t,oxicity constant CST) is incorporated as a way to estimate the 
overall exposure that might be contributed by contaminated soil. Inclusion of 

5 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 

scoring. The sT equabion is based on a child's consumpbian of contaminated 
soil as detailed in a recent ORO risk assessment of contaminated soil (EPA, 
198k.). 

The ORO 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 pe,r 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 

to calculate sT would correspond to assuming 8 liters or mo~e 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 ~ffiD 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 
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EXHIBIT D-l 

RATING CONSTANTS (RVe) FOR NONCARCINOGENS §:./ 

Severity 
Effect Rating (RVe) 

Enzyme 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 atrophyy-but no change in organ Y 
weights. 

Hyperplasia, hypertrophy or atrophy with changes in organ weights. 4 

Reversible cellular changes: cloudy swelling, hydropic change, 
or fatty changes. 

5 

Necrosis, or metaplasia with no apparent decrement of organ 6 
function .. Any neuropathy without apparent behavioral, sensory, 
or physiologic changes. 

Secrosis, atrophy, hypertrophy, or metaplasia with a detectable 7 
decrement of organ functions. Any neuropathy with a measurable 
change in behavioral, sensory, or physiologic activity. 

Secrosis, 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 con~rol or loss of 
sensory ability. Reproductive dysfunction. Any teratogenic 
effect with maternal toxicity. 

Death or pronounced lifepshortening. Any teratogenic effect with- 10 
out signs of maternal toxicity_ 

§:./ Rating scale identical to that used by EPA in the RQ adjustment 
process, as described in EPA (1983). 
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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 incorporate soil 
concentration information into the indicator selection process. 

Although not used directly in the calculation of indicator scores for 
potential carcinogens, a qualitative weight-of-evidence rat is considered 
in the final selection of indicators. The EPA weight-of-evidence criteria 

, 1986) are in Exhibit D-2 and should be used to cat 
potential care not listed in C. The EPA 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 "suffic'ient", "limited", or "inadequate. It 

REFERENCES FOR APPEND'IX D 

C.S. EPA, 1983. Methodology and Guidelines for Reportable Quantity 
Determinations Based on Chronic Toxicity Data, External Review Draft. 
Prepared by the Environmental Criteria and Assessment Office, Office of Health' 
and Environmental Assessment. ECAO-CIN-R245. 

C.S. EPA, 1986. Guidelines for CarCinogen Risk Assessment. Federal' 
Register 51:33992. 

C.S. EPA, 1984. Risk Analysis of TCDD Contaminated Soil., Prepared by the 
Sxposure Assessment Group, Office of Health and Environmental Assessment. EPA 
600/8-8':'-031. 



EPA 
Category 

Group A 

Group Bl 

Group B2 

Group C 

Group D 

Group E 
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EXHIBIT 0-2 

EPA WEIGHT-OF-EVIDENCE 
CATEGORIES FOR POTENTIAL CARCINOGENS 

Description 
of Group Descript.ion of Eviden'ce 

Human Carcinogen . Sufficient evidence from epidemiologic studies 
to support a causal association between exposure 
and cancer 

Probable Human 
Carcinogen 

Probable Human 
Carcinogen 

Possible Human 
Carcinogen 

~ot Classified 

So Evidence of 
Carcinogenicity 
in Humans 

Limited evidence of carcinogen~c~ty in humans 
from epidemiologic studies 

Sufficient evidence of carcinogenicity in 
animals, inadequate evidence of carcinogenicity 
in humans 

Limited evidence of carcinogenicity in animals 

Inadequate evidence of carcinogenicity in animals 

No evidence for carcinogenlclty in at least two 
adequate animal tests or in both epidemiologic 
and animal studies 
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WOHKSIIEET 1-1 
TII\IETABLE FOU DEMONSTUATION OF IUSK-HASED VAltlANCE FHOM SECONDAltV CONTAINMEI 

I~ST!ill CTI 0 NS: 

I. 1'111 In SIArtlng Uale alld Flnlshlllg DRlc. 

2. l'lace" V al expected lime or C()lllplcllllll for eoch acllvlty. 

J. Next to V, place expected dote III parenlhesis (e.g., (10/15/88)) 

Slarling Dale 

I~ WEEK 

Facility 11): ----------

Bale: -----------
Analyst: --________ _ 

Quality Conlrol: --________ _ 

ACTIVITY 1 2 3 4 5 6 7 8 9 10 JJ 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

I. Source Characlerizalion 
a. Identify Physical and Chemical 

Characteristics of Constituents 

b. Select Indicator Chemicals 

c. Determine Worst Case Release 
Volumes 

II. lIydrogeological Characleristics 

a. Characterize Climate 

b. Characterize Regional and Site 
Geology 

c. Characterize Unsaturated and 
Saturated Zones 

d. Characterize Surface Water 

III. Surrounding Land Use. Waler Use, 
and Water Quality Characleristics 

a. Characterize Ground-Water Use and 
Quality 

b. Characterize Surface Water Use and 
Quality 

c. Characterize Surrounding Land Use 
alld Quality 

L _______ ~ ____ ~ 

• 

\ I 

ishing Dale 

I 



WORKSHEET 1-1 
ETAULE FOn BEMONSTUATION OF IUSK-BASEO VAHIANCE FHOM SECONOAUV 

(Colltillued) 
ENT 

Slarting Date Finishing Date 

I I WEEK I I 
ACTIVITY 

IV. Exposure Point Coneentralion 

a. Idenlify Exposure Pathways 

b. Estimate Exposure Point Concentrations 

V. Health [(feels Evaluation 

a. Compare Exposure Point 
Concentrations 10 Established 
Ileahh Standards 

b. ESlimate Chemical 'Intakes 

c. Determine Chemical Toxicities 

d. Characterize Risk 

VI. Environmental Impact Evaluation 

a. Compare Exposure Point 
Concentrations to Quality 
Standards 

b. Derive Site Specific Criteria 

c. Evaluate Site Specific Exposure 
Poims 

VII. Preparation or the" No-Substantial 
Hazard" Demonstration 

a. Summarize Results or the 
Risk - Based Assessment 

b. Prepare Supporting 
Documentation 

c. Submit 10 Regional Administrator 

I 2 J 4 j 6 7 8 9 JO Ii J 2 13 14 15 16 17 /8 //9 10 21 12 2.1 24 25 26 

r
I 

[ 

,- --

[-

\ I 



WORKSIIEET 2-1 

PIIYS Jelll. 111m CIIEHICIIJ. CIIARACTER ISTI!':S 0, COtlSTITlIENTS 

INSTRUCT iON:'; : 

1. List all chemicals aud their Chemical Abstract Service (CAS I n,,,,,her. 

2. Reter to EKhibit c-l and C-2 and record each cheralcal's soluhllity, vapor pressure, 
lIellry's law cOllstant, Koc, lng Kow, allel half-live" In grOllll<1 water (GW), surface water (SWI, 
soli. alld "Ir. Refer to chemical handhooks and record each chemical's specific gravity. 
viscosity and oKidatioll state. 

Water 
Solubility OKldatloll Sped fic 

Chanlcal CAS' (rag/II St"te Gravity 

!I At 200 C. 

ASSUHPT I otIS : 

Viscosity a/ 
(c"utipoise) 

Vapor lIenry's l.aw 

Pressure Constant 
( .... IIg) (aba_l/mol) 

List ill 1 major assumptions made in the develo(ment of ,jat" (()r this worksheet: 

Koc 
log 
KOW GW 

, . 

I I 

r.\11P. .f 

,,,cllity Ill: 

(la ta: 

Analyst: 

Q .. "lity Control: 

nalf-Ufe (Days) 
SW Soil Air 



WOIU<SIU II 2-;> 

INlllCAlon CIlfMICAi 10)(ICI IV IN/ORMAIION 

!NSHH1C1ION$: 

I. HeconJ compounds from Worksheet 2-1, the" rt!fe.' to (xllibit <:-] and C-,) alld note 
",helIHH' Lhey are classified as potcnlial can:illogl!ll (PCI or nO/lcarcinogclI (NC) or hOLh. 

2. Heconj t.hc rating value Illoncarcillogcns, (><hihit C-5) or [I'll. category 
(potclltial carcinogens, lxllibit C-II' for nach COlIIlHlIllld ill each class. 
If tilere are rOlIl.e-specific dlffercnces (Ln .• onll or inhalation). record both valucs. 

3. ncfer to Exhibits C-3 and C-5 and rcconl lhe lmdcia.y COllstalll vallie associated ",ith ",ater. 

Chemical 

----- ---------------

loxicologic Class 
(PC, Ne) 

--------- -- ----- -----

Ratillg Vallie/EPA Category !./ 

I' <l!lll of 

facility 11): 

D<ltl1: 

Alia Iyst: 

Qua I Ity COlll 1"01 : 

.. 

Water loxicity Constant 
II/mg) 

----- ---,.- -------

[!/ Rating vallie is for severity-of-effect for lIollcan;illogens, rallge is 1( 10"', to 10(higll); [PA. category 
weight-of-evidence designation for potontial ear'cillogolls; explanation of tho categories is pn~sented in 
Information taken from Appendix c. 

~~?~J1f.l !Qtl.~: 

List all the major assumptiolls made in developillg tho data for this ",orksheet: 

\ I 
,. 



I'aqe _____ of ___ _ 
WOHKSIICLf 2-3 

CALCUIAIION 01 OVIHALL CllfMICAI CONCINIHATIONS IN TANK SYSTfMS 

!!i~ !!W~! 'Q~~: 

1 _ I dent i fy the chern i ca lsi n the tank sys terns (IISI! 011C wo rk shee t fo r each chern i ca I ) . 

2. Identify tank systems that cOlltain each clll!lIIical. 

3. Identify anllual throughput of each tallk system ill liters (to convert 
frolll gallons to I iters multiply by 3.18~II). 

II. 1l1entify chemical concentrations (millillllllll, m;)ximllm, represelltative) 
in each tank system. 

5. for each tank Systlllll, calculate the a 1111 II a I mass of chemical halldled by the tallk 
(the annual mass equals the product of llll} <II II II la I throughput and cOllcelllr'ation, 
divided by 1,000,000 to convert to kllogl'ams). 

6, Calculate total annual throughput of all tallks allil lotal annual mass of chemical 
handled in ai-' tank systems. 

7. Calculate the overall chemical cOllcentnllioll within the tank systems (divide total 
allllual mass of chemical by total annual th.-clll!llIpllt and multiply by 1,000,000 to 
convert to mi II igrams). 

Chemica I: 

lank System 10 

lotal; 

Anllllal 
Throughpllt (I i ters) 

Overall chemical concentration in tank systems; 

~s~~mrJ !QN~: 

Chemical Concentration 
__ _ _______ t!L.l1!.!!.!L~ntem ImMLL ___ _ 
Minimum Maximum Representative 

List all major assumptiolls made ill dflvelopill!J the data for this worksheet: 

raci I i ty 11): 

Date: 

Alia I ys t; 

Qua I i ty COllt roo I : 

Amlua I Ma s s () f Chem i ca I 
___ Hru!.!! I e!Llfi..J~!!~U:!YHQm..1!illl __ _ 
Mi n Imum Max imum Representat i ve 

---------

\ I 
,-



WOIH(SIII [J 2-11 

SCOIlI He; I (lit I HI) I CA TOR em H I CAl S[I [C I ION: 
OV[HAII C:OHCINIHATIONS, Koc, MHllogKowVAlurs 

LHS!m'~1 !Qfi~: 

I. Write down each chemical found within till! LallI< sysu!m alld its Koc and 
1011 Kow values (from WorkslHwt 2-11 (lise ,J(ltlilioflai wurkshect.s if llI!cessarYI. 

2. If more than 20 ciwmicals are I istet!, idelltity those with lhe lell llighesl 
I(()(~ va Illes with all II and those with the lUll lo'West i(nc values with an I.. 

rilge 

faeii it.y 11): 

I)aln: 

Allalyst: 
In addition, identify those with the tell higlw5l 10(1 i(uw values with an II" aud 
thuse wi til the lell lowest log I<ow va lues wi til all I". Qua lily COllI. ro I : 

3. Hcconl an overall minimum, maximum and "rcp,es""Ullive" cOllcent.ration from 
Worksheet 2-3 and ent.er It; indicate ill fOOlllllli!6 tile basis of.the representative 
vallie (e.g., Waste Analysis Report). 

II. Record indicator chemical toxicity constant vallie from Wo,'kslwet 2-2. 

5. Record the freshwater chronic water quality cril.lnia from Exhibit /-2. If not avai lable state NA. 

C'u!m i ea I 
Koc 

Vallie 
log I<ow 
Value 

___ ,_ !!Y(! f!!!L!;!JQ!!l i caL~Q!!£Qmr!H!QfL Lm9L! 1 
Hillilllllll Haximum Representative?ll Reference!!1 

?ll Hean of reported values IIseli as rcp,·escntalivl! concentratioll for all tank systems' used to store or 
treat the chemical; zero used for all valucs H!pon,ed as below detection limit. 

!!I Page numbers follow document designation. 

~~Sll!1P!!9JH! : 

list all the major asslI·mptions made in devcloping the data for this worksheet; also hidicate IlIIIY 
concnrns about the waste analysis data. 

\ I 

o 

r rash 
Chronic 

Cd teri 
(mg/l ) 

" 



!'age 
WOHKSIlf( I 2- ') 

SCOH Itj(; Ion I Nil I CA I OR CIIl H I CAL S£l [C II ON: 
CAICUIAIION 01 IN()ICAIOH SCOHI VAIU[S ANI> IINIAIIV[ RANK Ion CARCINOGrNIC rrr[CIS 

LtiSHWq tQN§: 

1. List all of the chemicals to be considered as potllntial carcinogens. 

2. Calculate overa'" concentration times toxicity (CI) values using the infonnation from 
Worksheets 2-1 and 2-2. Calculate a CI based on the overall minimum, maximum, and 
repnlsentative concentrations. 

3. Rank the compounds based on their minimulII, maximum, and representative indicator 
score values. Also, enter their erA wniyht-of-evidence category ill lhe final 
column. 

raci I ity 11>: 

Ilate: 

Analyst: 

Qua I i ty COllt ru I: 

Ilidicator Score Value I Cllta t I ve Rank 
Chemical HI n imum - ---Maxi rIltliii--- -- -- - RilP re sentat rye Maxiinllm Ii i iii mum-----Riij; reseilta live 

--'-0------'-

~')~!!l1j~! ! Q!!.§: 

list all major assumptions malle in developi!!!} the data for this worksheet: 

\ I 

of 

Weight of 
[vidence 



WOfH<SIIH J 2-6 
P,Ulfl ______ of __ _ 

SCOHltH; 1011 HWICAIOH CII[HICAI. Sfl ref ION: 
CAI.Cut AIION or IN()ICAIOH SCOIII VAl III S AtW I lNIAllvr !lANK rOH NONCARCINOGUHC (n [CIS 

!.NSJlH)CJ!O~~: 

I. is!. ail of lhe chemicals to be cOllsidert!l1 fo,- IHIIH:arcinogf!lIic effecls. 

2. CalculiHIl overall cllllcmltration times toxicity lei 
from Worksheets 2-1 and 2-2. Calclliale (;1 vallot!s 
maximum, and represllntative cOllcentr-aliolls. 

valllHs IIsilig Lit(! informatioll 
sed Oil the overall minimum, 

1. Halik the compounds hased on their minimum. maximum, and representative 
indicator score vailies. Also enler UIIJ severity-or-effects rating valull(sl 
in the rillal column. 

lentative Rank 

rae is i 11): 

Date: 

Analyst: 

qlla lilY emil ro I : 

Rating 

Chemical 
I lid i ca lO r SCO re Va IIW 

Hinimllrii-----HaxTiiii,iii--- - '--' -iicpresontative Hi n i mlliii----- Hax iiiiu,-n ------iiiip re sciliatTvn __ . __ Y!]Jli~l~L 
Onll Illhalat on 

~§~l!.l1f.l rm~~: 

List all major assumptiolls made in developill~1 the data for this worksheet: 

\ I 



-.ee""" 

"a(,1! ___ of __ _ 
WOIIKSIIH I 2- 1 

SCOIlI tiC I Oil I NIH CA lOR CIIl.M I CAl S[t [C I lOti: 
CAl CIII AIION or INIlICAIOIl SCIlIII VAl UfS Atll) H.NIAIIVr IIANK rOil [NVIRONMfNIAI. Hrl CIS 

! ~S! RUe:! I QN~: 
I 

1. i st a II of the ehemica I s to be cons idel'BtI lor 1~l\vi 101llnenla I effm:ts. 

2. ealGlllate indicator scores by dividill9 overilll cOIIl:entration by fresh water' chronic 
water qllal ity criteria lIsing the informatiull I.UIII Worksheets 2-1 and 2-2. Calculate 
water qllality indicator score vailles based Oil the overall minimum, maximum, and 
representative concentrations. 

3. Halik the compounds based 011 their minimllm, maximllm, a 111/ representative 
indicator score valucs. 

faci I i ty 11): 

I)ilt.n: 

Ana Iyst: 

Qua I i ty Con t r() I : 

Minimum 
Indicator Score Value 

·----:Maxiiiiii,ii-'-- -- ·------Rcprescillative 
___ ~---lentative Rank 

'H TIIi mum Maximllm --------'Rcpreselii.iiiivc Chemical 

----------- --------------

--. ---- ---------------

A~~UM!~!LQ!!~ : 

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

1\ 



HIS !!!\J~'! I QN.1?: 

WOHKsm [r 2-8 

SCOIlING rOR INOICAIOH CIlIMICAI. SUfCllON rOil IItlMAN IHALIII OFfcrs £VAlUMION: 
fVAI tlA I ION (II I XI'OSlJHl I AC lOllS AND I I NAt (;II(M I CAt SI.UC r ION 

l. List the lOP 15 to 20 PC alltl NC chemicals bas!!!1 Oil health-based indicator' sco,'e (1511) 
valllcs, giving their 1511 villues and their ,'auki"g (lise additional sheets). 

2. !lefer to Worksheet 2-1 alld record Ilach ch(!lOical's solubilit.y. vapor prcssure. 
IIClu'y's law cOllstant.. Koc, afl(1 half-live!> ill 111"11111111 water, surface water, soil, ami air. 

P,H] I! 

acility ill: 

Dale: 

Alia yst: 

J. Select the final 10 to 15 indicator chemicals hasee! 011 tile guidelines presented in 
Section 2.3.3. Use your judgment -- ir a compound has a hi!)" wat.er solubility 

Qua i i ty COli L ru I : 

allti a Illlig lIalf-lire, yet is ranked IOWI!" tilan a compo lind ""ith minimal ""aler soilluility 
and a short half-life, you may ""ish to move il. III) ill the rallking. 

II. Document any changes in ranking made because of exposure factors .. 

5. In tile last column indicat.e ""ith a "+" those clll!lnicals that have l1eell selected as indicator- chemicals (lei. 

Vapor- lIeury's ta"" 

of 

!!/ 
!§!.L.Y!U!.!£§ _~Hhj!l!l 

PC tiC 

lIa te r 
Solilbi I i ty 

(mg/ I) 
Pressure Const.ant ___ ~!!!H.:..blf~LLPilY§ I __ _ 

Chemical PC NC (mm II'll (al.m-m3/mole) I<oc GW SW So i I r 

!!I Oa sed on ove ra I I representa ti ve concent. ra t ions. 

AS~\LH.rll ON1?: 

List. all major assumptiolls made in the develoJllIIlHlI. of data for tllis ""orkslleet: 

\ I 

IC 

,. 



WOIIKSIH (I 2-') 

SCOIlING lOll INOICAIOII CIIIMICAI SU[CI/ON 1011 ENVIHotlMfNIAI IMPACT fVAlUAlJON: 
[VAl.lJAIION 01 I X,'()SIIII[ fACIOIlS ANO I INAI CIUMICAI Sll.[CIION 

!!Hi l!~l!~:J ! QIi~: 

I. I ist the top 1') to 20 chnmicals acconlill!l to 1~lIvirolimenta' qllality-hased ifldicator 
st:()l·e (ISf.) vailles, givillg their IS[ vallll!s a 1111 their rallkillg. Also list chemicals 
tlla t cOlli d no t bn sco red (lise add it i olla I sluw l s ) . 

I'a!,o 

facility Ill: 

Ilate: 

Allalyst: - 2. Hefnr to Worksheet 2-1 alld rncord each cI"~/ilica I' s sollilli I i ty, vapor pressllre, 
Itnllry's law constant, Koc, alld ha If-I iVl!s ill <lfllIlI'" water (GW), slll'face water (SW), 
so ii, a lid air. Qlla I i ty CO/lt ro I : 

1. Solect the final 10 to 15 indicator chemicals "ased on the !Jllidelilles presellted 
ill Section 2.2.1. Use yOllr jlldgment -- if a compollnd has a high water soillbil ity 
and a long half-life, yet is ranked lower thall a compolilld with minimal waler 
soillbility and a short half-life, you may wish to move it lip in the ranking. 

II. Oocllment any changes in ranking made becallse of exposure factors. 

5. III the last column indicate with a "+" those chemicals that have bee II selected as indicator chemicals (IC). 

"----.-.--~---. -----

of 

Chemical 
a/ 

15£ Values- Ranking 

Water 
So Illb iii ty 

(mg/ I ) 

Vapor 
Pr·e s Sll re 

(mm IIg) 

lIonry's law 
COllstant 
(atm-m1/mole) Koc 

_______ !J~J..f..:.1.H~.L (I).illiL_ 
GW SW So i I Air 

.. 

f!/ Based on overall representative concentrations. 

~~~~t!!'! !QIi§: 

list all major assllmptions made ill the developUlellt of data for this worksheet: 

, . 
\ I 

IC 



"il!ll! of 
WOIU<StlH 1 2- Hl 

flU [ASI VOIIII'II !'Hor I US ASSOCIAHD WIlli lACIi IAtU< SVSl [M 

H.$!!H!qlm4~: facilil,y In: 

1. I.ist each tank system, its compollents for 'Which a VariilrlCe is being sOllgllt C 11I:!;~e f: 
or for which a vilriallcc WilS pl"l!viollsly gralll.l!tl, UII! iocal.ioliS of the compo/willS 
( i , C " a hoveg rOllll(I, ong rOllod , j ng rOlllld. UlltiH f~J I'OII/HI). I. he la Ilk vo I lime • a 11111111 I Oau!: 
tllnlllghpill (1I0l lillcessary for abovl!9HIIIIIII COIIII'IIIWlIlS), and maximum dai Iy 
til rOIl!lhplI t 10111 y Iwce S sa ry fo r alJoveg 1'0111111 alit: i I 1111 Y e'lll i pmeill. I . Allalyst: 

2. I'j II in the Militia I release volumes fOI' Lhe compollellLs according \.0 the nli!!s 
specified in the text. 

Qua I i ty COlli. 1'0 I : 

3. for each tank system, slim the ,'elease VOIIlIlU!S or tile compolwnLs and record the res .. l!... 
NOLe, however. that release volllllles for' II IIti 0 np'olllHi , iIl9"01iIld. alld 01191'0111111 eompollellts 
ill the same tank system shuuld !!Q!: be addl!lJ. Ollly t.he release volumes from olle of 
these components should be counted in the tOla! to avoid double counting. 

Ma x i mum Oa i I Y 
lank System 

Component 
Component 
Locatioll 

iallk Volume 
(ilallolls) 

Annual Ihroughput. 
«ga I Ions) 

Throughput ~mHH!.~ 
Tailk Sysi..em (ga I lOris) YI~iI r 

1 ota I 

Tota. 
, . 

Total 

Iota I 

I I 

gl_ yg! ~.!I!!U9a I I om~J 
rs ?-20 CpOI' year. 



r'lIJ!! of 
Wonl<Sl1( (T 2- II 

RrLf.AS[ MASS I'HOIII[S ASSOCIAIID Willi IACII INI)lCAIOR CIIF.MICAt: MINIMUM CONcrNIRAIION 

! ,.S! !!l!~ J ! Qt!?: 

I. rill out a separate workslwet for each indicato,- chemical. 

2. Identify the tank system(s) that cOlltain the illdicator chemical. 

3. l.ist the minimllm concentration within the ullik systems from Worksheet 2-3. 

II. I ist the corresponding annllal release voltllllllS from Worksheet 2-8 for each 
tank system. 

5. Calclliate for the indicator chemical the m<lss ,ele<lsed (in ki lograllls) for 
e<lch tank system (annual 10<155 released el\lI<1ls the <llIIllIal release voillme 
(in gallons) mllitiplied by 3.'18511 to COllvert to liters, mllltiplied hy the 

-6 
minimllm concentration (in mg/liter). multiplied by 10 to convert to 
ki logr<lms). 

6. Calculate the total chemic<ll mass release(1 by slimming the m<lsses for the 
individual tank systems. 

IrHlicator Chemica I: 

----- - - ----

Minimum 
Concentration (mg/I iter) 

Anllual Volume Released 
rank System ----Yearl---years2=20-[peryea 1') 

----- . ----. --------

IOIAl 
-;:-----------------------_. 

-facility 10: 

Cluster: 

Date: 

Alia Iyst: 

Qua I i ty Con t ro I : 

---_ .. -----------

~"nllal_M<I~~_B~!Qrr~Q~-Lbg~) ___ _ 
Year 1 Yea,'s ;>-;>0 (per year) 

--- ... ------

.. 

...-----------

1\ 



POige of 
WOHKSliffl 2-12 

RU l.AS[ MASS rHOI IUS ASSOC I A lin W I III [AC!! I NIH CA lOR CII£M I CAt: MAX I MUM CONCHH RIH ION 

lllS! R.IJ~; 1 I QNS: 

l. Ii II OUt a separate worksheet for each illli ical.ol- chemica I. 

2. Ident.ify the tallk system's) that cOlllain Llw iudicator chemical. 

3. List t.he maximum concentration within lhe ta,,1< systems from Worksheet 2-3. 

II. list the corresponding lInnual release voluillils frolll Worksheet 2-8 for each 
Lallk system. 

5. Calculate for lim indicalor chemical the lIIass 1l!leased I in Id logramsl for 
each tank systcm (annual mass released cqtlals the anllllal release volume 
(in 9allolls) multiplied by 3.18511 to convert to liters, mullipl led by the 

-6 
maximum concentration (in mg/I iter). mliHipl led hy 10 to convert to 
ki lograms). 

6. Calculate the lOlal chemical mass released by Slimming the masses for the 
illdividllal tank systems. 

Indicator Chemical: 

lank System 
"aximllm 

Concentration (mg/literl 
Allnua I Vo I lime Re I ealHHL!!l~UQ!!§ L
Year i Years 2-20 (per year) 

-----

TOfAl 

fae! I ily 0: 

Cluster: 

Date: 

Analyst: 

Qlla i i ty COllI. 1"0 I: 

___ -:-:-::_..!..A""n:-'ll!-"l.!-"la!.-'I'---7"-?'-a § § _!!~ ! ~ a s gJLU~!LJJ),---:-_ 
Year 1 Ycars 2-?1l (per year) 

\ t 
,. 



Pi! 'II! or 
WOHKSIII.1 I 2- 13 

RU[ASr MASS "ROflllS ASSOCIAIIO Willi (ACII INUICAIOn CII£MICAl: H[PRfSrNIAflV[ CONCfNIRATION 

I ~S lIW<; I ! ()N~: 

1. I ill Ollt a separate workslwet ror eilch irHlil:illor chemicili. 

2. Idelltiry the tank system(s) thilt cOlltaill till! illlJiciitor chemical. 

3. I ist the representative concentratioll withill the tillik systems rrom 
Worksheet 2-3. 

II. list the correspond ing allnua I re lease vo IlIlIIes I nllll Worksheet 2-8 ror each 
tallk system. 

5. CillClllate ror the indicator chemical. the mass f(!I£~ilsed (in ki logralns) ror 
each tank system (ilnnual milss releilsed e'lllilis the annual release volume 
(in 9allolls) mllltiplied by 3.78511 to COIIVHrt bl liters, multiplied by the 

-6 
repr-eselltative concentration (in mg/I ite.·). 111111 tipl ied by 10 to convert to 
ki logrilms). 

6. Cillculate the total chemical mass released hy slImmillg the masses ror the 
individual tank systems. 

Ilidicator Chemical: 

lank System 

------

-------_.--------

-----,----- ---

Representative 
Concentratioll (mg/liter) 

-----

_~nnua I yo lume Re lea~Q!L{g~Uon~L 
Year 1 Years 2-20 (per year) 

TorAl 

facility 11): 

Cluster: 

Dilte: _. --- ---------
Allillyst: 

Qua Ii ty Cont ro I: 

__ ----:-c:--AIIIllIa I Milss n~lQ1!l!~!L1.hg_L-
Year" I Year's 2-1'0 (per year, 

------'-.-

~ .. -.-.--- - ~ ... -----

----- ------_._----------_. .-----------.---- ----------- ______ . __ - _._ __ ._ • ..a....__, _________ _ . 
\ I 





Page ___ vI' 

WORI\SIII [I '1-1 

!'tWX I M I I Y ANII WI IIiOHAWAI HA I [S 01 GHOUNO-WA II n US[ RS 

!~S!~uq 19N~: 

1. Indicate the locatioll or g,'ound-watcr willis in lIw a,'ea. 

2. list the approximate distallce or the well ill mele,'s rrom I.he ,'elease 
source (i.e., tallk system). 

3. 

II. 

Indicate the dllpth or the well in meters. 

Indicate the type or user associated with each well (e.g., domestic, 
residential, agricllltllral). 

5. Speciry peak, annual, and seasonal (ir appl icahle) withdrawal rates. 

6. Add any additional comments, such as the lIaUII'e or seasonal lise. 

WI! I I 
10 /I Loca t ion 

Distance 
rrom 

Helease 
Source (m) 

Well 
Depth (m) Iype or User 

facility 10: 

Date: 

Ana Iyst: 

Qua Iity Cont ro I: - --- -_ .. - --------

~i H!d ra'!t!! L!!!!.!:~.LJ.gL!!!!Y} 
Peak Annual Seasollal Comnlllllt s 

-----------

---~---

.. 

\ I 
,-



WORKSIIEET 4-2 

MEA-'WREIl (;1I0IlNIl-WATER CONCENTRATIONS Of BACKGRotlNO CIlEMICAI.s 

I NSTRUCT iONS: 

List all selected background chellaicals a"d inolc .. tor chanica Is. Fac lI. Ity HI: 

2. For each chemical listed, Identify the release source. Ilate: 

l. Ust the ranqe of measured upqradlent ambient concentrdtiolls and media" A"al yst: 
concentration for each chemical. 

Qual lty Control: 
4. List the range of measured downgradlent ambient concentr .. tions and ",edtan 

concentration tor each chemical. 

s. List the qeneral or specific Of .. ppHcahle) location of the sampltnq 
point(sl used to determine the maxi","", measured cOllcentratlflll. 

Upgradlent J\snblellt l)o"'''qradlent J\snhlent 
ConcelltrdtiollS Concentrations Location of 

AI • of al I of HaKi .. .,rll 

Chemical 
Suspended 

Release Source Ilange- Median S,unples Ila"';!~- Median Samples __ ~<l!luce."en~s 

.. 

If availahle, In some cases onl), a single data point may be availahle. I, 

""'Ie or 

Comments 

'" 



Page _____ o. ____ _ 

WORI<SIII [I 11-] 

COMPAR I SON or IlACI<GHOUNIl CIII M I CAl COliC I til itA 1 IOHS I H (;IIOUHO WA If RIO OR I NI< I HG 'WA I [R S 1 AHIlARIlS ANO Gil IIlC L I H[ S 

JNSJ!!!'~JJQ~~: 

1. ist all background and illdicator du:micals. 

2. for each chemical, list the median and maximulil amhient concentrations. 

J. list any relevant. rPA standa,·ds and the SIlUn;1l or tho standard 
(i.e., MCI, MelG, W(lC).~1 

II. Under tho comments section, indicate wlwtlwr till! background concentrations 
exceed or rail bolow the standards or whellle" 110 standards are avai lable. 

Chemical 
Median 

Concent ra t ion 
Maximllm 

Concclltra t ion 

- - '- ---- --_._--------

al Mel = maximum contaminant level 
- Mel.G = maximum contaminant level goal 

WQC = water qlJal ity criteria 

Relcvant 
I PA Standa rd SOllrce or the Standard 

faci I i ty 10: 

Oate: 

Allalyst: 

Qua I i ty Cont ro I: 

COlRmnnts 

f ~ 

_____ __ .,_ 0_'- • __ _ 

\ \ 



I'ligo of 

WORKSIIH r II-II 

IR[AIMINI OPIIONS rOR RLOUCING CONIAMINANI LEVELS 

HHiJJ!UCT IQ~~: 

L list lise IInder consideration. 

2. list all contaminants at levels excccding lliuSH permissible to support. lile use. 

3. for each contllminalll:, Identify the Ilccessa.,y cOIIl/liRination reduction awl 
potential methods to achieve llie reductiun. 

Pot.enl i I future Use: 

Contaminant 

----------

COlleen I: ra t. i Oil 
Ci.rreni:----Ncccssary-ror 

Maximum Potentia.l Use 

---------------,. 

IreatmenL Options 

fae iii ty 10: 

l)aUl: 

Alia I y!' l: 

Qua Ii ty Coral ro I: 

level IOf COlililillillilnt l,'cal-mellt 
Reduct i on----.. Oura i.i 00------- i'r-'ea i-H-Ient Costs 

----------------------_._-- -. ------~-------------------------------

--~"'?-- --- ------------

\ I 



WOI"ll<SII[[ T '1-5 

SUHIAC[ WAT[R CONTAMINATION SOURCES 

J~§W~CT !9.!t~; 

1. List all potential contamination SOllrces, 

2, lor each source I ist the water body into which it discharges, 

3. If applicable and available, list discharye rate, contaminant 
load allocat Ions, and NP()[S penni t nllmbc,', 

Page ___ of __ _ 

Facility IU: 

()atu: 

Alia Iysl.: 

Qua I i ty COllt ro I: 

----------------------
Il i scha rye 

Source Water Body Ha te (1II3/day I 
Contaminant Load 

Allocations NI'O[S /I Comments 

-------------------

--------------- -------

----------

-----------------

, . 
1\ I· 



!',lIle ____ 0 f 

WORKSIIH i '1-6 

Hr ASllHf () SIIIII ACI WA II H CONCI N I itA' IONS 01 IIACI<GIWllNO CII( H I CAi.S 

!.!'4S!Hm:UQ~!?: 

1. I ist all sllrface waleI' bodies in Lltn arna that could pOLnll\.ially un conl.aminatnd 
by a release. 

2. lor each water hody list ail selecteil lJackqlclIlIlIl chemicals. 

J. lor eaeh chemical listed, identify the nllt!il51l SOIIl'ce. 

II. list the range and median measured amhiclI\. cOIII:elllral:.iolls for each wat.er hody. 

5. Identify the sampling locatlon(s) IIsed to dl!le,-mille the maximllm cOllcentration. 

AmlJient Concentrations 
WaleI' Body Chemical Suspected Hell!H51! SOIlrce --flange -----------Hed i an---

lacilily 11): 

Dale: 

Ana I ys I.: 

Qua Ii ty COllI. 1'0 I: 

NumlJer of 
Samp ItlS 

tocat ion of 
~Iax i mum 

Measurement 
---_ ... _ .. -------

1\ 

Comment 



WOIll< 5111 [I "- 1 

StlHHAHY 01 CIIHHI In ANIl lUI tlRf US[ 5 01 Still I ACf_ WA 1/ IlS I N \Ill Aill A 

! ~s H~l)C IJ mf~: 

1. ist all sllrface water bodi!!s that cOllld I'0u:lltially be contaminated hy a release. 

2. PnlVicle a brief description of the water hody (n.!)., lake, pond, reservoir). 

1. lor nach water body, I ist the distall!:l! fnlln tile n:lease sOllrcc. 

'1. lor each water budy I isted, identify eli/relit ill III fllture uses (e.g., ilgricllitul-al, 
recreational, municipal, indllstria/). 

5. Provide any additional useful informatiun IIIlller commcnts. 

--------------_.- --------. 

raci I ity 11): 

nate: 

Ana Iyst: 

Qua I i t~ COllt ro I : 

_ .... _------

Surface 
Wilter Body Oeser i pt i 011 

Distanel: 
frolll Itu

Icase SUlln;o Currcllt Uses rutllre Uses 

l'illl!! ____ _ 

CIIlIIlIIlHlt S 

-----------_.-----

---------

1\ 





\-(OIlI<SII[[ I 5-\ 

1'0" N I I At IItlHAN tXI'OSlJHI I'A III\-IAYS 

! ~~U !1!JCJJ!l!i~: 

I. I ist all relnase sOllrcns, transport mlH:hallisllls, illld tran:;port media 
(lise Ildditiollal worksheets if nncnssary). 

? Describe the nlltllre of the exposllnl poillt a'Hl ils IOC:lltioll with 
respec:t to ,-elease source (e.g., lIean!st II!sidl!lIl:c to vOlati I izalioll 
relnllse site, JOn feet N\-I). Attllch a Rlap i,"licatillg location of 
system alld exposllre poillts. 

J. list exposllre route (e.g., inhalation, i'"ll!stioll). 

'I. Heport the nllmher of people potentially exposed at the exposure point. 

5. Indicate if exposllre pathwilYs are cumplete (i.e., where release source, 
t'-Ilnsport mechanism, transport medium, eXIH)SIl,'e point, and exposure 
rOllte all exist) . 

. _---------_._--_. 
Release 
Source 

I ransport 
Mechanism 

I rllnsport 
tledillm 

----"--- ---- -- --_. 

Exposure 
Point 

-----------

"Il!Je ___ _ 

faci I ity Ill: 

Clllster/I;lIlk System: 

Ulltl! : 

Ana I ys t: 

Qlla I i ty Cont ro I: 

_.,_ ... _A. ______ _ 

Exposure 
ROllte 

. , 

\ I 

Size' of 
Poplll (\ t i (Ill 

Pathway 
Complete? 

c' 



1-I011l<SIIH I 5-2 

1'0 II N I I AI I NV I HotlHI N I AI HI.ell' I OR r XI'OStJIH. "A IIIWAYS 

! NS! RU~HQ~~: 

I. I is\. all release,sources, trallspo,'L ml!(;hallislIls, a lit I transport media 
(lise additional worksheets if necessarYl. 

? Describe the exposure point.. 

J. List the exposure route (ingestion, respiraliolli. 

II. Describe whal. is affected at the exposllre I'0illl. (e.g .• species list or 
community description). 

'). Attach a complete list of species, poplilation levels. value (If appl icable) 
and structures if not identified on worksll(wl.. 

Source 
1 rllllsport 
Mechanism 

-------- ------ - ~-

1 rallspo,·t 
Medium Ixposllre Point 

- ... - -.-- -----

exposure lIollte 

Pallf! 

rac i I 11); 

Cillster/lallk Systllm: 

1),\1.(1 : 

Analyst.: 

£lila lily COlil rn I : 

Spec illS/Col1lflllm i ly/ 
51. rllc Ulres 

\ I 

of 

Pathway 
Complete? 



WORKSIIl (J 5-3 

CON I AM ItMN I CONGlN 1 RA I IONS A I IIIIMAN f. XPOSUH[ 1'0 IN J S 

! ~§J !Wf. L! QN~: 

I. li5t all human indicator chcmical5 (U51) alillilillllal 
work5heets if necessary). 

Page ______ , ____ _ 

faci I ity 10: 

? List all reloase media ror each chemical: grllllllcl water, 
surface water. soil, and air. 

Cluster/Jank SY5tcm: 

List all exposure points for each r-elea~1! ml!ilium. 

II. list pr'ojected short-term alld long-term CIIIICI!lItratiolls 
(lower, upper, and represelltative) for each exposure point. 
110 sur-e to iuclu!le'backgf'ound concentr-atiolls fnlRl Worksheet 
"-2. Note that .... ater concentrations are in ml}/I. air con
centrations are in mg/ml. alld fish COIICt!lIlfaLions are iu my/kg. 
Attach to this worksheet all calculations documenting the 
concentration estimates to this worksheel. 

Dato: 

Analyst: 

Quality Control: 

._--_._------------------------, .----.--------- -----

Chemical 
Release 
Medium 

[xpOSUrtJ 
Poinl 

Concent ra t ton 
Units 

Short-Jerm Concentrat ion 
lower Upper RepreC 

~Q!lll- Te rm __ ~!nl£!wt ra t i oIL 
lo .... er Uppor Repres . 

. . 

. I, 



Pillll! ___ of 

WOIII<511[[ T ')-1, 

CONIAMINANI CONCI tU,HAllONS Ai fNVIRONmNIAI RfCfI'lOH [XP05UR[ "OINIS 

IN~!RUC''!9N~: 

1. I ist all envirunmentaI indicator chemicals (IISC additional 
worksheets if necessary. 

? list al i release media ror each chemical. 

.1. List al i environmelltal receptor exposlu'e I'oillts for each release medium. 

II. list Ilroject.{!d short-term alld IOllg-tl!lm COIICUIIlI'atiolls for {lach 
exposure poillt.. 80 sure to include tJack91'Olillti concentratiolls 
frum Worksheet 4-2. NOle that water COllct!lIu'atiollS are in mg/I 
and air concentrlltons are in mg/ml. Altach ,111 calculations 
documenting the concentration estimates to this worksheet. 

Chemical 
Release 
Medillm 

fxposllre 
Point 

Concentration 
Units 

raci lity 11); 

Chlster/lallk System: 

// 

Dal.{!: 

Ana lySI,: 

Qua Ii ty Control: 

Shorl.-feflll 
Conce!! I. nil i Ull 
----- . __ . _.- --

\ I 

lOllg-Term 
COllcentra ion 



ra~IC of 

WORKSII[ [l 6- I 

COHl'AnlSON or 1I1IHAN I Xl'OSlJHI rOINl CONCLNIRAIIONS 10 [SIAOllSlIlO SIANOAlH>S 

!N§I/llICIIP"'~: faci lily 11): 

I. 111(1 i ca te exposllre po i fit and lis t a II i nd j ca tu ,. c:lwm j ca I s luse alld i l j una I 
worksheets if necessary). 

Cluste"/Iank System: 

nate: 
2. Hccord each'chcmical's concentration range ali(I rnprcsllntaLive value 

(from Worksheet ~-l). Ana lySI.: 

3. 

'1. 

5. 

Hofer to rxhibits (;-8 Lo (;-12 and any llxistill9 slate watcr quality slalldards Qlla I i t.y Cont. 1'111: 
til olnain the estalJl ished standards. Heconl lIl1! vallie of the standard (include 
IIIU risk, if known, in parentheses), its Slllln:e (i.e., Haximum Contaminant level (HCt). Clean WatHr Act Statl! StalHlard 
(CWASS), Other State Standa"d (OSS), National Amhinnt Air Qllality Slallllani (NAAQS), Hel Goal (I-ICI.(;1. Water Qllality Criteria 
(WQC), or Drinking Water lIealth Advisory ImmA)). alld any other pertillent information (e.g., whether·a DWIIA vallie refers to a 
one-day or ten-day exposure). Indicate the most appl"llpriate standard wi th an asterisk. 

Calculate the ratios of concelltrations to sla,"I<lnls. 

Slim the ratios within a Slandard (e.g., add all tile HCI. ratios), allli slim the most appropriate ralios (no mOI'c tllall (lne for 
each ·chcmical). Summed ratios greater lhan UIW !>llIIlIld not lJe interp"eted too slronyly unless' fu,·thll'· analysis has segregated 
the chemicals and their standards by critical effecl. 

Exposure roint: Concentration (circle one): Short-te,'m I (lilY - te rm 

Projected fxposul'l! 
Chemical __ fQi!!L~Qn£(H!Ui!.t i2!! (IlI!I/! I 

lower Upper neprcs. 

1. 

2. 

3. 

[stablished 
___ ~!!!!! i.ty_§t!! ~!Q!! H! ~ __ 
Va lue (mg/ I ) Source 

lotals: 

Host app,'opriaLe: 

Ratio of [xposure Point 
Concenu'ation to Stallda,'d 

-l.owe r-·--·-iJilper·---.. ··· -- ileji res ~--

\ I 



WORI<511H I 6-2 

SlIlICllIHlN I C (;HOIlNIl-WA II H IN IAl<f 5 

!1'l§J H!l~ J! QIi§: 

L Indicate exposure point ami Ilstimated duratioll Ill' c"posul'e. 
corrllspolltl to whether intake is subchrollic or chrollic (e,g., 
sililchrllilic and In years for chronic). 

Ullratioll should 
3 months for 

2. Using [xhibit 6-2' and/or other available illfol"lnatioll, calculate a hllman 
illt.alw factor by dividing gr'olllld-waler illlaku ,WI' day by body weight (e,g., 
? l/day/l0 kg = 0.029 I/kg/dayl. 

1. I ist'aH indicator chemicals (lise additional wo,kslwllts if necessary) amI their 
shoi"t,-lel"m concelltrat iOlls in ground water (from Worksheet 5-] ,. 

II. DeLerm ne Subchronic Oai Iy ntake (SOl' usi"~J lhe followillg fo,'mula: 
SOl = ililman Intake ractor x Short-lerm COllccllu<atioll. 

"ag!! ___ , of __ _ 

rae iii I..y 11): 

Chlster/lank Sysu~lII: 

!lat!!: 

Ana Iysl.: 

'Qual i ty COllI.. 1'0 I: 

-------------------------
[xpnsllre 1'0 i nt: 

Duratioll of Exposure: 

1-

2. 

3. 

II. 

5. 

6. 

1. 

9. 

10. 

Chemical 

POpU I a t Ion: 

IlIlman intake ractor II/kg/day): 

lXJlosllre Point 
Silo I' l-l e nil COllcellt ra t ion 

____ I ~,!9L~I-,,-) __ --=-_ 
lower Upper Repres. 

--------

[)a i I Y 1111. a ke 
__~---~I~mn/bgld~a~y~)---

lower Upper 

\ I 

Repl"lls. 



WORKSII[f T 6-J 

CIiHotll C GROUN()-WA I( H I N I AKl. S 

Ht§IHUq IQ!iS: 

1. I'llticate exposure point and estimill(Ht dl"-iltioll 01 Ilyposure. 
co r n! SpOfl(J to whe the r j n ta ke j s sllbcll ron i cor ell, 011 i t: (e. g. , 
slIhchronic and 711 years for chronic). 

IlI1 ra t i Oil sholl I d 
3 mOllths for 

2. Using fxhibit 6-2 and/or other allailable illfo'miltion, calclliate a hllman 

Pago ______ of , 

facility Ill: 

Cluster/lank Systnm: 

Ilate: 
illlako factor by dillidillg grollild-waler illlakil "er dilY by body weight (e.g., 2 I/day 
/In kg = 0.029 I/kg/day). Ana I ys t: 

-3. I ist all indicator chemicals (lise additional wo,ksheets if necessary) and their 
IOllg-te,'m concentrations in ground waler I from Worksheet 5-3). 

II. Iletermine Chronic I>ai Iy Intake (C()I) IIsing I.he following formllla: 
C()I = IIlIman Intake ractor x long-Term Concentralion. 

[xposllre Point: --------- -----

Qlla Ii ty Control: 

I'opul a t ion: 

()uration of exposure: lIuman Intake ractor (I/kg/day): -------- ----- ------

1. 

2. 

3. 

'1.' 

5. 

6. 

7. 

8. 

9. 

10. 

Chemical 

I xposllre Point 
Long-Term Concentration 

________ , . (!II!1L ILl ----;:o-----C... 

Lower Upper Repres. 

----------------------------

, .. _------------
----- ~---- - _. - - .. -

()aily Intake 
___ (mgfhgL!!!!yL ___________ _ 

lowe I' Uppe r Rep r~ s. 

, , 

\ I ,. 



WOHKSllf f r 6-11 

SIJIICIIlION I L SUHI ACf WA H H I N I AI<f S 

1~~IIWCI19N5: 

Inllicatc (!XPOSIIHl point. alld est.imaled duratioll III' exposurc. Ollratioll should 
correspond t.o whether intake is suhchronic or c:hnmic: (e.g., 3 months for 
511bchnlllic and 10 years for chronic). 

2. Using fxhibit 6-2 and/or olher availahle illfonnaLiOlI, calculate a human 
ililake factor by dividing surface waLer intake pcr day by body weight 
I".g.,? /day/1" kg = U.029 I/kg/day). 

3. list all indicator chemicals (lise additiollal worksllC!ets if necessary) and their 
SilOft-term concentrations ill surface waleI' (fnJIR Worksheet 5-3). 

4. Oelermillo Subchronic Oaily Illtake (501) tlsl1l9 the fOllowin9 formllla: 
SOl = Iltlman Intake factor x Short.-Term COllcenlral.ioll. 

fxposllre Point: 

1' 01 9" of 

faci I ity 11>: 

Cluster/lank SySUlIR: 

Uatn: 

Alia I ys t: 

£lila Ii Conu"o I: 

Popul a t i on: 

-Ouration of Exposure: Uuman Intake factor «I/kg/day): -----------

1. 

2. 

] . 
II. 

5. 

6. 

9. 

o. 

Chemical 

I ><p05l1re Point 
L.ong-l e /'In COllcen l ra t ion 

___ ___ __ l m!.lL,-1 .Ll __ -,,-_ 
Lower Upper Repres. 

Oaily Intake 
_-;-____ .... I.!!m""gL!HL!!@ ... y-LI ___ ----;;,: 

Lowe r UPIlC r Rep re s . 



WORKSII[[ I 6-5 

CIIHONIC SUHIAC[ WATER INIAKlS 

! N~J HI!(~!J QN!?: 

1. Illdicale exposure point and estimated dllralio" of exposlll'e. 
correspond to whether intake is subchronic or chronic (e.g., 
slIbchronic and 70 years for chronic). 

Dllration should 
3 months for 

2. Using (xhibit 6-2 and/or olher available ill'o,.,nalion, calculale a hUlilall 
intake factor by dividing surface waler intakl! per day by body weight 
(c.!)., 2 l/day!70 kg = 11.029 I/kg/day). 

3. list all indicator clltlmicals (usc additiollal .... olksheets if IIecllssary) and their 
IOllg-term concentralions in surface .... aler (from Worksheet 5-3).' 

II. Determine Chronic. Oai Iy Intake (COl) usillg lIw follo .... ing formula: 
CDI = IIllman Intake factor x LOllg-Term COllcenll·alion. 

exposure Point: 

Pa!)l! of 

facility 10: 

Cluster/lank System: 

Dale: 

Analysl: 

Qua I i ty COllt 1'0 I: 

Popul a t ion: 

Duration of Exposure: lIuman Intake Factor (I/kg/day): 

1. 

2. 

3. 

II. 

5. 

6. 

7. 

8. 

9. 

10. 

Chemical 

[Xposl"'e Point 
Long -I e I'm COIII:ell t ra t ion 
______ "_ { !!I!JL! L-_____ -'-

Lo .... er Upper Repres. 
----------------------_. --- --

Oa i I yin take 
__ ....J(l!!m.!IL~gL!!i!yJ ____ ". _, """ __ 

lowe r Uppe r Hep re s. 

.. 

\ I 
,. 



WOIII<SII[[ I 6-6 

5111\CIIRON I C r I SII I N I AI«( 5 

!~SlflVgJ!.mt~: 

Indicate exposure point and cst."imated duration of exposure. Duration should 
correspond to whether intake is subchronic or chronic le.g., 3 monlhs for 
slIbcilrollic alld 10 years for chronic I. 

2. /leconJ the biocollcentration factor (OCr') ror Hach chemical (from Appendix CI. 

3. Using fxhihi l 6-2 and/or other ava i lable inrurmatioll, ca IClllaLe a human 
intake faclor by dividing fish intake per day by hody weight (e.g., 6.5 gm/day/ 
10 kg )( 1[-] kg/gm = 9.][-5 kg/kg/day). 

il. list all indicator chemicals (lise additional wOI'ksIH!!HS if necessary) and their 
short-term concentrations in sllrface water (rrom Worksheet 5-]). 

5. Determine Subcilronic Oai By Intake (SUI) IIsillg lIw foi lowillg formula: 
501 = Ullman Intake ractor x ocr x Short-Tenn COllcelltralion. 

Exposure Point: 

PallO of 

racil ity ID: 

Cluster/lank System: 

Oa te; 

Ana Iyst: 

Qlla Ii Control: 

PoplIl a t ion: 

Dllration of Exposure: /llIman Intake factor (kg/kg/day): 

L 

2. 

1-. 

II. 

5. 

6. 

10. 

Chemical 

-.----- ------------

BCf 
II/kg) 

Ixposure Point 
I,ollg-ierm Concentration 

_________ _____ {m!lLll __ _ 
Lower Upper Repres. 

Oa i Iy Intake 
_;------..... (-=mgLhgLday , ~_----__ 

lower Upper Hepres. 

. . 

----¥-----.~- ._ ...... -.-----------

1\ 



WORKSII[[ 1 6- 7 

ClIHONIC f 1511 INfAtHS 

!H~l HIl~! !Q~§: 

l. Indicate exposure point ami estimated duration or exposure. Duration should 
correspond to whether intake is sllbc:hrOllic: or chnlllie (e.g., 1 months ror 
SlIbchronic and 70 years for chronic,. 

2: Record the bioconcentration factor (OCr, for each chemical (from Appendix C,. 

3. Usin!j rxhibit 6-7. and/or other available illfo/Illation. <;alclrlate a hlllllan 
intake ractor by dividing fish intak'e per day by bolly weight (e.g .• 6.5 gm/day 
110 kg x 1[-3 kglgm = 9.[-5 kg/kg/day'. 

140 list all indicator chemicals (use additiollal wo/kslwets if necessa,-y, alld their 
10llg-term cOllcentrations in SIH-face water (rnlill Worksheet 5-3,. 

5. Oete,-mille SlIbchronic Daily Intake (SOl' IIsillg the rOllowing forlilula: 
SOl =- IIlIman Intake Factor x ncr x long-Term COIII:lllltration. 

Exposure Point: 

Pa~IH of 

faci I ity 11): 

Cluster/fank System: 

Oate: 

Analyst: 

Qua I i ty Cont ro I: 

_._" ______ 0-_- ___ _ 

Popul a t ion: 

Dlirat ion of Exposure: lIuman Intake Factor (k9/k9/d~y): 

1. 

2. 

3. 

II. 

5. 

6_. 

1. 

8. 

9. 

10. 

Chemical ocr 
( l/k9) 

.---. ------

I 

lxposure Point 
I ollg-Ierm Concentra t ion Daily Intake 

_ ___. ___ J!!!gL-/~1 L-) ___ ;;:--__ 

lower Upper Repres. 
__ ~ ______ ~(=m~gL~g/day) ____ _ 

lower Upper !tepres. 



WOHKSIIH 1 6-8 

5lmCIIHONIC Alit INIAK[ 5 

!~~J IHJ~!! Qt~~: 

Indicate exposure point ami estimated duration of exposure. Ouration should 
corrllSllolld to whether intake is subchronic or chnlllic (e.g., 1 months for 
lillbchrollic and 70 years for chronic,. 

2. Usillg fxhibit 6-2 and/or oliler avai lable illflnma li 011, calculate a hllman 
intake facLor by dividing air intake per day by hOlly weight (e.g., 2() m]/day 
/70 kg = 0.29 m]/kg/dayl. 

3. list all indicator chemicals (use additional workslll!cts if necessary, alld their 
silori.-lerm concentrations in air (from Worl,s'wct ~-ll. 

4. i)etcrmine Subchronic Dally Intake (501) using t/Hl followillg formula: 
Sill = !llIman Intake factor x Short-ierm Conccnl,'alioll. 

Exposure Po i nt: 

Page of 

fae II i 11): 

Chlsler/lallk Sysli!m: 

Oate: 

Analyst: 

Qua i i Cont 1"0 i : 

-- --- -------_. 

PopU I a t ion: 

Ollra t ion of Exposure: tillman I n til ke rae to r «ml/kg/day): 

2. 

II. 

5. 

6. 

1. 

8. 

9. 

10. 

Chemical 

ixposllre Point 
long-lerm COllcentration 

I !~!J LJ 
lower Upper res. 

----------- - -----

Daily Ilitake 
_----,,--__ --'I-=m~gL.hgL!!1! ~ 1 ___ _ 

lower Upper Rcpnls. 

1\ 
,. 



WOIlKSIIHl 6-9 

CIIIlONIC AIIl INIAKfS 

!N~J H\!~! ! 9!'4~: 

1. Indicate exposure point and estimated dural.ill" uf exposure. Uuration shollid 
CU'-f(lspllnd to .... hether intake is sullclll'onic Ilr chnlllic (e.g .• j months rur 
subchronic and 70 years ror chronic). 

2. Using fxhillit 6-2 and/or other available inf(lI·matioll. calculate a human 
intake ractor by dividing air intake per day hy hudy .... eight (e.g., 20 mJ/day 
/70 kg = 0.29 mJ/kq/day). 

J. list all indicator chemicals (usc additiunal .... urksheets ir necessary) and their 
IOllg-term concentrations in air (rrom Worksheet ')-3). 

II. Del-ermine Chronic Dai Iy Intake (COl) using the rollo .... lng rormlila: 
CDI = IIlIman Intake factor )( Long-Term COIH:elltult ion. 

E)(posure Po i nt: 

Page .. ____ of 

facility IU: 

Cluster/lank System: 

Uate: 

Analyst: 

Qua I i ty Contl·o I: 

"opul a t ion: 

Uuration or [)(posure: lIuman Intake factor (mJ/kg/day): 

Chemical 

-_ .... -._-------------_. 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

_._----------

-,-. ----.--

[xl'0sl.,-e Point 
long-Term Concentration 

________ (!!!!l/.l..L __ -;:-__ 
lo .... er Uppnr Repres. 

Da i Iy Intake 
. ......,... ___ --1( mglhgL~~Y.L...... __ ._ . __ . ____ ._ 

Lo .... e r Uppe r HHIlI-e s . 
. ----..• -.------~------------------. 

. . 

. .. -----------. 

\ I 



WOIH<SIIH r6- 10 

0111111 SUIICIIHON I C I N I AI<r S 

!tl~l H~J~!! QN~: 

imJicale exposure poillt, type or intake, a 1111 est illlalcd durat iOIl of 
IlXpOSllnL Duration should correspond to wtwLiwr illtake is slIbchronic 
0" chronic le.g., J mOllths for slIbcllrollic alld 70 yeals for chrollic), 

2, IIsillg xhibit 6-2 arId/or other' available illfonnatioll, calculate a hllm,," 
intake factor. 

J. tist ali illdicat.ur chemicals (use additiollal wOIKsluwlS if IHH.:essary) ami their 
short-ter'lIl concelltrat ions (f,'om Worksheet 5-3), 

II. Uel.ermine Subchronic Daily Illt-ake (SOl) using tll.1 followill!) formllla: 
SDI = Billman Intake factor x Shof't-le.'m COIlCIlIILl'illioll. 

xposure Point: Population: 

l',lIJ~ 

faei i ity 10: 

Chlster-/iallk Syst.em: 

I)il i.e : 

Allalyst.: 

Qua lily Conl 1'0 I : 

Intake: 

Dllrat ion of Exposure: II1Imali I nta ke f ac to r: 

2. 

1. 

II. 

5. 

·6, 

7. 

8. 

9. 

w. 

Chemical 

-- ------ ---- --------

*Air- concentrations, in mg/ml. 

[xposlp'e Point 
Shorl-lenn COllcenlratioll" lOwer:"-- --, -lIpper------Repres. 

0<1 i Iy intake 
: _____ -:-;-:! m9lhgLdayl ____ _ 
lowe r Lippe r Rep re s. 

.. 

\ \ 

of 



WORKSIIH I 6-11 

01111 II CllIIOtH C I N I AI(f. 5 

J1t~JIl~C!1 JQ~~: 

1. Indicate exposure point, type of intake, a lUI estimated duration of 
exposure. Duration should correspond to wi III lhll I' inlake is slll.H:hronic 
or chronic (e.g., 3 months for subchnlflic alltl'10 years for chronic). 

2. Using rxhibit 6-2 and/or other availal.>le ilironllCllioll, calculate a human 
intake factor. 

3. I ist all indicator chemicals (lise addiliollal worksheets if ilCcessary) alld their 
I<Hl!}-ter'm concentrations (from Wurksheet ')-3). 

I.. Delermine Chronic Oai Iy Intake (COl) usill!) lh!! r,lIluwing formnla: 
COl = 1I1Iman Intake factor x LOllg-Term COIICl!nlrill JOIl. 

--... - ---_.-'----------- ----------

[xpostlre Po i nt: PoplIl a t ion: 

Pa~JH _ of 

facility 11): 

Cluster/lallk Syslem: 

Date: 

Alia I ys l: 

Qtla I i ty Cont r'o I: 

Intake: ------ -~-. 

Duration of [xposure: IItlman Intake factor: 

1. 

2. 

3. 

" . 
5. 

6. 

7. 

8. 

9. 

10. 

Chemical 

-----------

!lAir concentrations, in mg/m3. 

lxposllre Point na i I Y Intake 
_ . __ ~!!Q H: J Q flJl_ ~Qncen l ral1.Q~ 

lower Upper Repres. 
l J!J!!1LhgLllilY.L-__ ... __ _ 

Lower Upper Uepres. 

I I 
t, 



WOHKSlIll 16-12 

1'/\ IIIW/\ YS CON I It I OU I I NG iO ro I At [XPOSUllf 

lW>!!!\!!:! I Pt4~: 

L t ist lhc cxposure points for all cxpostlrn pathways beillg evaluated 
(from Wo.'ksheot ')-1) (1150 additional worksill!l!ts if lIecessaryl, 

2. OEHermillc the exposure pathways conlrilHllinlj to LOlal exposure for each 
lis ted CXpOSllrfl 110 i nt. 

3. NOlc in the comments column which O)(POSIII-C pathways are ollly shOi'l.-term, 
which are non-quantificd, alld allY olhel- pel'lilwlIl information, 

L 

2. 

3, 

[xposure Point 

f)(postU-C I'a lhwilys 
COIlLritllll illg to 
10lal fxposllre 

l'a~l!l of 

fad I ity 11): _ 

Chister/lank Syslnm: 

I>a Ul: 

Allalysl.: 

Qua Ii ty COllI. r'o I: 

Conllnenl!> 

---_. 

------------------------------ ------
4. 

5 . 

.--- ._-- ---

c' 



WOIU(SllfI I 6- 13 

IOIAI SlIlICIlHONIC DAILY INIAkl. (SUI I 

J ~~1 Rm; L! QN~: • 

I. Indieate exposll,'e point, number of peopil!. a/lll .... ,wLlwr intake 
est imatcs arc .o .... er·. represelltat iVI!, 0" tlppe .. va'lIes 
(complete a separat.e .... orksheet for caeh type or I!s\;imate). 

2. ist all indicator chemicals (lise addit.iollal .... lIrkshel!ts if necessary). 

3. Hefer to Worksheet 6-12 and determine .... hich exposllre path .... ays are 
,ulevallt ror the exposure point. 

II. Hecord SOls (in Rig/kg/day) ror the exposure point from Worksheets 6-2, 
(,-1,. 6-6, 6-8, and 6-10 in the appropriate co I 1I11111S. 

5. Determine total SO. by adding the componellt SOls ror each chemical. 
ror example, grollnd-.... ater. surface .... ater, and fish intakes .... ould 
slim together for tota lora I SDI. 

Exposure Point: 

Illtake Estimates (circ'e one): lo .... er 

1. 

2. 

3. 

II. 

5. 

6. 

1-

8. 

9. 

10. 

Chemical 

~ --_. __ .-----

Ground 
Water 

SO. 

Upper 

Surface 
Water 

SOl 

HI!presenta t i ve 

fish 
IlI!Jestion 

SOl 

Other 
Ora I 
SO. 

lOla I 
Ora I 
SOl 

"al,t! ... 0 f 

I ac i , i ty 10: 

Cillster/'ank System: 

Popul a t ion: 

Air 
SD' 

Uate: 

Ana IYSl: 

Qua lily Conl ro I: 

Other 
Inha lat ion 

SO, 

I ~ ____ _ 

1\ 

1 ota I 
Inhalation 

501 



WOHKS!!£[ 1 6- 111 

IOIAI CIIIWNIC IlAli Y INIAK£ (COil 

j ~~;J HlJc: U 9N~: 

l. Indicate CXPOSlll-C point, number of people, illlli wlll!l..her iliLake 
estimates arc lowel-, reprcsentative, or tipper villllCS 
(comp I e U~ a sepa rate wo rkshcc L fo r eac.II type 0 f est i rna te I . 

2. ist all indicator chemicals (lise additional worksheets if ncccssary). 

Hefer to Worksheet 6-12 allll determine ",lIiclt e)(pUslIl'C pathways are 
relevant for the exposure point. 

II. Hccord COls «in IIIg/kg/da:d for the exposure pOi"l from Worksheet.s 6-3, 
6-5, 6-7, 6-9, and 6-11 in the appropriate columlls. 

5. Oetermine total COB by adding the component. COls for each chemical. 
for example, grollnd-",ater, surface ",ater, a 1111 fish illtakes wOllld 
slim together for tota lora I COl. 

[xposllre Point: 

ntil.ke Estimates (ci rcte one): tower Upper Hepresentative 

1. 

2. 

4. 

6. 

10. 

Chemical 

Ground 
Water 

COl 

.-------------------------------

Surface 
Water 

COl 

fish 
Ingcstion 

COl 

Other 
Ora I 
COl 

Total 
Ora I 
CIH 

Page ___ of __ _ 

lacility Ill: 

Cilistor/iank Sysu!m: 

Population: 

Air 
COl 

Oal-Po: 

Analys : 

Qua Ii ty Control: 

-----------

Other 
Inhalation 

COl 

1\ 

lOla I 
Inha lat ion 

COl 

i 
l 



wonKSl1i L I 6- 15 

CHIIICAI. IOXICIIY VAI.UlS 

!~S pwq I Ot4~: 

1. I.ist all complHuHlts of the waste or illlliea\.III- chemicals (use additional 
wo ,-k shee t s if nect! s sa ry) . 

2. list sllbchronic acceptable intake (AIS). chronic. acceptable intake (AIC). 
alld carcinogenic potency factor vailies (incllllli'"J carCinogenicity 
weight-of-evidence ratings marked ill parelltheses). 

3. lor teratogenic chemicals (indicated ill Appt!lIdix C). list a separate AIS for that 
effcct only. 

Chemical 

----- --------.-

AIS 
(mg/kg/day) 

AIC 
(mg/kg/day) 

Page of 

laci I i t.y 11): 

Cluster/ lank System: 

Ila til: 

Analyst: 

Qua I i ty COlIl,'1I I : 

Carcinogenic 
1'0 lI~ncy .. al: to r 

(kg-day/mg) a./ 

---- -------------_. 

lnIH!.!'!!!) on ROll te: 

1. 

2. 

3. 

14. 

5. 

Ln_q~l!t i on ROll te : 

I. 

2. 

3. 

II. 

5. 

.*~!....--------

"---------- --.-------.-----

f!/ [PA weight-of-evidence rating in parentheses for potcntial carcinogens (provided in Appendix C). 

I \ 
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WOIU<SUHl6-16 

CAl CIliA I ION 01 StJIICllHON Ie IIAZAR!) I N()£X fOR fAell EXPOSURE PO i tU 

llt§JB'1Q.~ !ON§: 

1. Idellti fy exposure poinl ami Sllbctll-onic CllllSl i tllI!llLS of concern (use 
additional worksheets if necessary). 

2. List the total oral subchronic daily illta1w (SI>I) and tot.al illhalation SIH 
in the appropriate columns for each chemical (ill mg/I(g/day). 

3. List route-specific subchronic acceptable illtake (AIS) values and calculate 
rOllte-specific SOI:AIS ratios for each clwmic.11. 

4. Slim and record rOllte-specific SOI:AIS ratios. 

5. Slim and record total ora pillS inhalation) SIlI:AIS ratios only if the SOls 
for the two routes re r to the same time PI!I-jod. If the sum 'is greater than 
1, i may be possible to separate the ratios according to health endpoint and 
complete a separate worksheet for each endpoint. 

'(xposure Point: 

Intal(e [stlmates (circle one): lower Upper Representative 

L 

2. 

3. 

II. 

5. 

6. 

7. 

8. 

~h~.!!lj~J!! 
_______ .Qf.!!_L ( !!!!lillLI d:;!:a"..YJL·LI ----,~.,,-_~_ 

SO I A I S SO I : A I S 

Sum of Oral SUI :AIS ~ati()s 

Sum of Inhalation SOI:AIS Hal-ios 

Slim Iota I 0 f A I I Ra t. j 0 S 

acility 10: 

Cluster/lank SystHrIl: 

Oat!!: 

Alia I ys t: 

Qua Ii ty Cant ro I: 

Population: 

_-::.--=--:-___ ......<..::1 u=lha In.!.!.9JLJ m!)/.b!I/ II ilY 
SO I A I S SI) I : A 

~ -'-.,--

1\ 
,. 



I'age 

WOHKSII[[f 6-11 

CAIClJlAllON 01 CIIHONIC IIAlAHI) IN()[X rOH [ACII EXPOSURE POINr 

J!!H!W~! 1 QN§: 

1. Identify exposure point and chronic, non-ca/{;ill()genic constituents of 
concern (use additional worksheets if Ilecussa,s). 

2. List the total inhalation chl'ollic dai Iy inta"l! (CIlI) and total oral 
COl in the appropriate columns for each fo,' each chemical (in mg/kg/day). 

3. list rOllte-specific chronic acceptallie intake (AIC) values and 
calculate route-specific COI:AIC ratios for each chemical. 

4. Sum and record route-specific COI:AIC ratios. 

5. Sum and record total (oral pIllS inhalation) elll :AIC ratios. If the 
slim is greater than 1, it Play be possible to s(:parate the ratios 
according to health endpoint-and complete a silparate worksheet for 
each endpoint. 

-----

Exposure Point: -----,,-,----- --

Intake Estimates (Circle one): lower upper Hnpresentative-

1. 

2. 

3. 

II. 

5. 

6. 

7. 

8. 

--------------------------
________ ......Q[!!LJ..mg/kg/daYl __ _ 

~JH~!!!.LcJ!l Sill AIS SOI:AIS 

facility 10: 

Cluster/rank System: 

Oate: 

Quality Control: 

Alia Iyst: 

Popu I a t ion: 

_ __ ---2'~n~hC!!a.!.ll! t i on-LmgLh!lLQilyj ___ _ 
SO I A I S 51) I : A I S 

. , 

of 

------------ -----------------" ,--------

Sum of Oral SOI:AIS Ratios 

Slim of Inhalation SIH:AIS Ratios 

Sum Tota I of All Hat ios \ \ 
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WORKSIIH I 6- 18 

CALCULAIION 01 rOHNllAL CARCINOGUUC RISKS fOR EACII EXPOSURE POINT 

!NSH!!J~~ IONS: 

L Identify exposure point and potentially can:illogellic constil.uellts 
of concern (lise additional worksheets if Ilccessary). 

2. list ail exposure routes for each chemical. 

J. Record chronic dally intake (COls) and carcillo~l(!nic potency factors 
(including carcinogenicity weight-of-evidence, c.g .• A, Ill, 82, etc.) 
for each chemical and each exposure route. 

£1. Multiply the potency factor by the COl Lo get Lhe route-specific risk; then 
slim the route-specific risks for each chemical. 

5 .. Slim all of the chemical-specific risks to give an estimate of lotal incre
mentai.risk due to potential carcinogens. 

Exposure Point: 

Intake Estimates (circle one): Lower 

Chcmical 
Exposure 

ROllte 

Upper Representative 

CIlI 
(mg/kg/day) 

Carcinogcnic 
Potency fal:l;or 

I kg/day mg) 

faci ity 10: 

Cluster!1allk System: 

Date: 

Ana Iyst: 

Quality Control: 

Population: 

ROllte-specific 
Hi sk 

-------------------

. , 

10lai 
Chemical-specific 

Hi sk 

---------------

Total Upper Bound Risk 
, 

------------------------ - ---- -----'----_. 
\ I 



WORKSIIHI 1-1 

COMI'AIUSON 01 I NVlllONHI NIAl HrC[PIOR [XPOSURf POINI CONCfNIRAllON 
Willi WAHR QUALITY CRIHHIA 

I t!~ I RU(~! JQt!§: 

1. ist all chemicals for the exposure point. r ac i I I ty 10: 

2. l.ist projected total exposure point conc:enU-illioll Cltlster/lank System: 
from Worksheet 5-11. Indicate whether short-tellll or long-term concentration. 

3. List lype (e.g., criteria, to£l) and vallie of lelevant water 
quality criteria for each chemical. 

Oate: 

Analyst: 

II. I)ivide projected exposure concentration by cdteria concentration. Qlla Ii ty Control: 

5. Sum the ratios for all chemicals at the exposu/'e point. 

- --------------------
[xposure Po I nt: 

1. 

2. 

3. 

II. 

5. 

6. 

1. 

8. 

9. 

10. 

Chemical 
Exposure Poillt 
Concentra t ion 

(mg/ I) 
lype of Cri teria 

Concentration (circle bne): Short-term 

Quality Criteria 
Vaillc 
(mg/I) 

Tota I: 

\ I 

Pa!J1l of 

long term 

Rat io 





l'i1!/I! _ of 

WOHl<Sur [I A- I 

nSf ron APl'llCABllllY 01 Ilil S(CONUARY CONIAINl1lNI R[QIlIRrMlNf 10 1I1[ fACllIlY 

!~S!!~IJCHO~~: f ac iii ty \I): 

1. St.arting with the left-mnst column, IIntennillil which geller'ator class 
the fac iii ty is in. 

2. netermine which combination of accullullaliun lillie and amnunt stored 
Oil site at one timn matches the facil ity cOllditions. 

I 

3. Place a check in the right-hand colUlnll of till! HIW that matches the 
faci I ity conditions. Ihe column secllllil f,olll .he right states whether 
the fac iii ty is exempt from the secofl(Ja.'y CIlII,a i.lluHnt requi remeliL. 

m XI ~JH'~: 

If the facility is not exempt, contilllle with till! sc,'eening p,'ocess 
(Worksheet A-2). 

Qllalltity of lIazardolls Waste 
Generated in a Calendar Month 

< 100 kg 

100- 1000 kg 

> 1000 kg 

ACCUInIl' a t i 1111 
f i PIe 

n.a. 
< 180 days 
> 18U days 

lI.a. 

< 180 ,'ays 
> 180 days 

n.a. 

n,a. 

Amollnt Stored On Site 
At Any One Time 

-- ._------------

< 1000 kg 
lOOO-601l0 kg 
> 1000 kg 
> 6000 kg 

< 6000 kg 
n.a. 

> 6000 kg 

n.a. 

Ua til : 

Ana Iyst: 

Qua I i ty Cont ro I: 

Exempt/Not Exempt 
I 

, 
exempt 
exempt 
/lot exempt 
not exempt 

exempt 
not exempt 
not exempt 

not exempt 

Chcc k App I i ca b I e Ca tego ry 
------- ~~---.-. 

--,._, .. ,. "--------
Note: If the facility is fOllnd to be exempt froln the secondary containment requirement according to the table above, bllt 

generates aClite hazardous waste (as defilled in ',0 CrR 261.31,261.32, and 261.33(e)) in excess of 1 kg ill a calemlar 
month, or generates less than I kg of aCllte hazardous waste In a calendar month and more than ',kg is stored on site at 
one time for more than 180 days, the tanks storing acute hazardous waste arc not exempt from the secondary containment 
requirement. Generators who have questions as to the applicability or the secondary containment requiroment to their tank 
systems should call the [PA RCflAjCfnCLA lIuli inc at (800) ,.34-92,,6, or, in Washington, D.C., at (202) 382-3000. 

1\ 



1';\lle _______ of __ _ 

wonKSII£. U 1\-2 

if S I 1011 Arrl I CAO II I I Y 01 1111 S[ CONI>AIlY CON-l A I NHI N r IH QlJ I IIHIUU AND n I G In It ITY 
1011 A VAn IANet 1011 I HI) I V IDIIAI tANKS 

!~S!mJ~! J 9.tt~: 

1. for each hazardous waste tanK system or COOlI'IIIII!lIt for which iI variance 
is Iwing sOllght, respond yes or 110 to the f11wstiolls below. 

? Begill witll question 1 ilnd continlle to the lIext n~commen<lcd qllestion. 

t!P<! ~H !)~: 

1. If tllC lallK system or component is dctl!lmilll!iI 1.0 he eligible to apply for a 
variance (i.e., a variance is not forbiddclI illld the t.ank system or cOlllponent is not, 
exempt. from secondary cOlltainment), continlle III Worksheet. A-) to determine the date 
by whicll a notice of application for a var-janet! must be submitted for tile tank 
system or component. 

Question 
Hespollse 
(yes/lIll) Next Step If Response Yes 

hci lily 10: 

lank System: 

D;lle: 

Alia I ys t: 

QIIIl i ty COli t. rul : 

Next Step if lIesponse No 

1. Docs the tanK system serve only as 
part of a secondary containment 
system used to collect or contain 
releases of hazardolls waste? 

Exempt. COlllimle to next question. 

2. Is the hazardous waste stored in 
the tanK absent of free liquids, as 
demolDst ra led by [PA He thod 9095? 

3. Is the tanl< system located inside 
a blli Iding with an impermeable floor? 

II. Does lallk system anc; Ilary equipment 
i IIC I ude atJOveg r-ound pip i rig (exc Ius i ve 
of ranges, joints, valves, and other 
eOllnections), welded flanges, welded 
joillts and wehled connections that are 
visually inspected daily, sealless or 
magnetic coupling pUlllpS that afe 
visllally inspectlld dally, or pressur'
ized aboveground piping systems with 
automatic shut-orf devices that al-e 
v i sua I I Y i nspec ted da i I y? 

--- ------ ---- _._._---"-----"-

COlltinue to lIext question. Go to question Ij. 

[x-empt. Continue to next question. 

Ancillary equipment components Contillue to next question. 
identified are exempt from sec-
ondary containment. Continue to 
next question. 

\ \ 



l'a9fl _. ___ of 

wonKSIIHl A-2 (Continued) 

J[SI rOH ArrLlCABlIllV 01 1111 S[CONOAHV (;ONIAIN'HrNf HfQlJlHHUNl ANU fLiGlUllIlY 
IOH A VAH I ANCl Ion I NO I V IOUAL 1 ANKS 

Question 

5. Is the tank sySLom or component new 
(i.e., did construction begin after 
July 11., 1986) or has the Lank system 
heen ropa i red after July II., 1986 after 
having leaked or been deLermined to be 
unfit for use? 

6. Is the tank system or component 
underground? 

HUSpOll5U 
(yes/Ilu) Next Step If f\espollse Yes Nflxt Stili' If Hfl5ponso No 

----------------.- ---.. - ._-. 

Continue to next question. 

Variance not allowed. 

lank system 0'- r:omponent i.s 
el igihle for a variance. 

Tank system or component is 
eligiblo for a variance. 

.. 

I I 



\/OlH(SIIi [ 1 A-3 

(HAOI 1111 S lOll I'IWVIiHNG NOller or INHNI 10 APPLY rOR A VARiANCE 

HIS! !llJq 1(~l:!s: 

L Ihe foi 80willg deadl illes have heen Sill f()I- LallI< m-lllllrS to pnlvi.le to the 
Re9.ional Admini!>Lrallor writLen notice of illll:lIl to apply for a variance. 
If '-llesc lieadl inHs cannot he mel, the valiil"C!! apl'l icalilill wi I i he dellieli. 

2. Check only one cale90ry that duscrihes Llw ha?anJllus waste Lallk ill questioll. 

!'age _. __ or __ _ 

fac i I hy il): 

allk System: 

Uau!: 

Alia I ys t: 
SOllie categories may also require a date to he written in that is deterlllinod 
hy the lank age. Qua I i ty COllt I'll. : 

~! XL~H!'§: 

1. If lhe deadline can be met for providillg lIoticl! of intent to apply for a variance, continue with tlw screllllifl9 tool. 

Clwck Appl icable 
Calegory hnk Oescription Dead line 

------- -- ---- ---- ~- -"---------------- ------------

lank used to store or treat a 
waste that became hazardous after 
January 12. 1987. 

New tank '(construction began after 
July III, 1986) 

Existing tank (regardless of wlllllher 
the ago of the tank system is known) 
used to store or treat hazardous waste 
ident.ified by the following EPA hazardolls 
waste numbers: f020. f021, [022, H126. 
or r027. 

!PL ill~?';illlJ!!Llank.§~~m...J!LJmQwn_!!!ld ...!!!1£!'!!!!~!'!~QQ _j!g~: 

Tallk system 13 or more years old as 
of January 12, 1987. 

Tank system less than 13 years uld as 
of January 12, 198"1. 

Replace January 12. 19U1 ill'lhe below 
cutoff dales and age cateuodcs Wilh 
the date the waste was made hazardolls, 
thell de te nn i III! wll i cll ca tego I'Y the Lallk 
fa I Is unde I' and wri te the dead line da to 
tJelow. 

Oate: 

30 days prior to entering a contract fo 
for installation. 

January 12. 1981 

Januu'y 12, 1981 

Before the tank reaches 13 years in age. 

!)a te: 

Lo L!!!L~X i s t.Ln~!!!1!L~~§ tem.Jo Lid!!"! clL"'~.J!9Q_ ,!e~!I!I!1 !"_!l!Ldocu!!!Q!l1~Q: 

facility less than 7 years old as 
of January 12, 198'1. 

faci Iity between 7 and 13 years old 
as of January 12, 1987. 

facility greater than 13 years 0111 
as of ,January 12, 1987. 

January 12, 1993 
(6 years after January 12, 1987) 

Berore the faci I ity reaches 13 years In 
aye. 

Date: 

January 12, 1981 

.. 



WORKSIH I J A-II 

WASI[ CONSIIIUINI CONC£NIRAJIONS AND COMPARISON 10 SIANOAROS 

lN~HllJq !.Q~~: 

I. List all waste cOllsti-tuents (use additional worksheets if necessary). 

2. Becord each chemical concelltration range alld repn:selltative vallie. 

3. Refer to fxhibits C-8 throllgh C-12, a"d/I)r, fo,' fede,'ally-approved Stilte water 
IIual ity standards, the appropriate stilte a!I':lIcy. to obtain establ ished water 
standards. Record the value of the standard, its source (i.e." Maximum Contaminant 
I.evel (MCl). ~ICl Goal (MClG). federally-approved slate standard '(fASS). Water 
QlIality Criteria (WQC). or Drinking Water lIeallh Advisories (OUIIA)). and any other 
pertinent informatioll' (e.g. , whether WQC vallie ,'ef,:rs to a o/le-day or ten-day exposure). 
Indicate the most appropriate standard for each chemical with an asterisk. 

II. Calclliate the ratios of concentrations to stalldaflls. 

5. Slim the ratios within a standard (e.g., add all NCl ratios) and sum the ratios of the 
most appropriate standards (110 more than one for each chemical,. 

!'H XL.§Hf.§: 

l'a~Je of 

facility 11): 

Uate: 

Ana Iyst: 

QlIa Ii ty Cont rn I: 

1. If several representative concentrations exceed standards by several orders of magllitude. then usnI' may wallt to reconsider 
applying for a variance. 

Chern i ca I Concen t J'a t i 011 

Chemical ,---___ -;-;{m9/il ____ ___ _ 
lower Upper Repres. 

1. 

2. 

3. 

[stablished Water 
__gU!!lllY StantJa r!!L_ 

Value (mg/I» Source 

Iota I: 

Batio of Chemical 
COllcuflt ra t i on to S UlilIla rd l.owe-r---Upper'-'-- itnjires-:---

Most apprpriate: ____ ,, ___ .. __ _ 
_______ , __________________ .1 _\ .. " ,_"" .. _ " 



WOIIKSIIU i A-I) 

IIYllllOGfOi OGle f.ONSIOfRAi IONS 

!J! ~ HHJ~! !!!!f~ : 

I. I' rov i dc a re SpOIlSC to each que s t i 011. 

2. If lite applicalll waills to provide mure aCCllnJLt! nlspollses 
to the queslions, t.he applicallt may illvesLi9illC llw listed 
data sources. 

~f~! _~H~~: 

L If the applicant has 110 knowilldgl! or illlollllal ion selal-illY to 
t.he presented (1lieSliolls, 111- most reSpllll~ll!> i,"lical.e a Illyh 
r i sl< s i lila ti on, app I i cilnl may walll to ,'!leOIlS i III! r allP I y i lIy fo r 
a variance. 

Qllest ion Respullse 
(yes/llo) 

001 t a SOlI! Cal ___ r~H~!!Ui!J. lI!sh, ___ _ 
lower lIigher 

ra91~ oi 

I ill: ! i t y III: 

11,11.1: : 

Alia I Y~'I,: 

Qua I i I Y CII" i , Cl I : 

CIIUIIIlIlIlI :, 

----_.- . --- -_.- -----

Is the hazardous waste 
Lallk 10catNi below the 
water table level? 

What is Uw depth to water 
al the hazardous waste 
tank siun ~I 

Wila tis the IlIIsa tura ted 
zone at B hazardous 
waste lank sile composed 
of? ~I 

S i Ul 0l'll r it t I una I 
III!CIl nJ 5 

U.S.C.S. 
U.S. () . A. (Su i I 

CCIiISt! rva I. i 1111 Se rv i ee I 
local WOller Supply 

A9!!lIcies alld 
COlllpani!l!> 

II.S.C.S. 
U . S . II. A. (Su i I 

COliS!! ,-va Lion 
Selvice) 

local WOller Supply 
AIICHIC i!!s afld 
COIII!,illI i Il5 

Wei I '''9 s () s' lIyd fogeo
logical ,'cporls. 

U . S . Il . A . (So i I 
COII~IH'Vill ion 
Sllrvicl:): 
Soi I /-laps 

So i I Survey lIeports 

>50 ft. 

Shale 
Siil/Clay' 
G I ae i a I Till 

Karst t ime
stolle £/ 

Yes 

<50 fl.. 9/ 

Jhill or 
Allsent 

Salld or 
Gravel 

AllY II:akillIH ,'Il!,1111 f, III illlul(!lliale 
COIlL;ullillilliml uS- IjiOlllll1 water. Risk 
assllc i'HI:tI wi Iii a "lIu" .. 1I:-;wl:r is 
dfllllllll.ll:IIL WI IllallY 01i1l:1 factllrs. 

OtltnrmillilS lim 111!1'1.11 IIr 1II;IUlrial 
lhrlHl!jh which il ,:Olllilllllllalii. IIIIISI. 

1.0 H!l)ch all a'lll i fl!". I he 
eXi.(lIIL of ,lI.lI:llIlilt, illll II" nlllloval of 
cCHll.anlinall1. !jl:lII:u'a Ity illcrcases wi th 
illcrl!asillg IIBI'LI!, 

Horn' porolls 1l1i!l.IH'ial:-; silch as sand 
/0 r 9 fa VH Ill" I,III! 11 II 5llll!:ll II f .HI 1111 Sil -
lII'alell lone Iml.wl'lllI lht! I,allk <lnd the 
grollllli waUll' ilHlll'illI!s fasHn-' lnHIS
P(u·t of pUl.4!i1L i a I cOlIl.ami liMits to 
9 1'011110 w<l til , .. 

\ I 



Quest ion 

I s the lie t recha rge ra te 
high or 10 .... (O-2"/yr) 
a t tim site? ~/ 

Is the aquifer IInder a 
hazardous .... asle lallk site 
confined or IInconfined? fJ./ 

What is lhe composition of 
aquifer mndia al hazardous 
.... asle tank site? f/ 

Is the hazardous .... aste tallk 
located on or near to a 
fault(s) or fault zone? 

Responsc 
(yes/no) 

W()ItKSIlf I I A-~ (COlit i IIIled) 

IIYllltOGf 01 OG I C CONS I III itA I IONS 

Ilala SlIlIn:e l'Olential IUsk --- i"iiwc'i-- ,-, "iii glle ;:----

U, 5, (;,5, 10 .... 
Slit I I! ll"IIiI/'lIl1elll of 

Willi! r HI! 511111 cn s 
local WOller SIIPllly 

A'lI!IIC il!s 01' (;olllpanies 
1I, S,Il, A, (So i I Conser-

vatioll sl!.vice) 
NOAA (ILl! i IIna I We a l he r 

SI! rv icc) 

U,S,C,S: WaLer Resources Confined 
nlvi~illll 

SLale Ih!p''''Lmenl of WaLer 
Itl! 511111 C e s 

Illcul Waler Supply 
Aljt!lIcies or Companies 

U, 5,(;, 5, 
SLillC IleparLmenl of 

Willi!" HI!solln:es 
local WOller Supply 

AyeJl(;ies or Companies 

U, S. G, S. (;UO loy ica I Maps. 
Oullet illS, or Reports 

Massive 
Shale 

rractured 
8edrock 

No 

lIigh 

U"COII fined 

I<a rSl I ime
stOlle 

Sand and 
Gravel 

Yes 

Page III 

ellll""I!1I1 !. 

Gello ra I I y, tlw I) II!a ll!' UII! recha r'gll. 
till: 9n:atl!l' Uw 1'''1.1'111 iii I for !11'ollllli
wOlter (:Olltillllill:ll i" .. IhH! to !In:ater 
trallsJlol't ttl wal.l" tallll!. (;(lI\(!f'ally. 
areas wi th UIICIIIII ill,," alll1i furs allli 
high fnchar91! ... 1: al IJll!all'" risk 
thall al'llas .... ith COIII"II"'11 a'luifers. 

Gefl(H a II y, lillC()1I f i IIll1l ;11111 i fe rs are 
c()nsidlH'llll to hll ilt hicllwr risk than 
confined aClllifun. tllII: i.1I the ease of 
cOlltaminant PlOVIHlIllnt illto them. 

Aqll i fe r PlIHI i a ilM"'L S IIIIl Pla.io r COII
trol ove,' tim nHII.1l a 1111 path a conta
minant IIII1St folio..... If alilli fer is 
ve,'y deep. this cOllsic":,'aLion .is 
much less imporlanL. 

These f(lattll'es call I'l"IlViile major 
path .... ays of migr'''tiu" I"or contami
nant trallsport Lo grolllld water. 

-----------------------"--,. ----

I I 



(~lIesl ion 

I s the hazl! nJous waste tanl\ 
located in a flood-prooe 
area? 

RcsllO/lse 
(yes/Ilul 

WOlll(SIiH 1 1\- 5 (con t i lIued I 

IIVIlIiOGLOIOGIC CONSIOf.HAIIOtiS 

flata SOllrce 

NOAA (Na l i olla I Wea Llle r 
SCI vice! I; 

IlolHliuII levels (ele
val i till!> 

U.S.G.S: 
Inpotl' apilic maps 
(Slle ell!v;Hiollsl 

I eilll I ill l"sllI'allce Admi II
i slral iOIt: 

IloOtI IIISllrance rate 
map 
I 111011 lIa I anI bowllja "'; 
mOl" 

___ rQt!H!tji!L!E~~ ____ _ 
tower lIighor 

Nu VI!S 

Paye III 

«:nmllu·ua. ~, 

Iioll-PIIIIW an!iI!' ilH:lwit!: 
Coast.al an!iI:;: (co.I!.t'll lIarl'ier-

is I ,lillis, E: nit! 111'1 !.IIII' I: I i IW S I 
Cilalllllli I! III: nl<lI: hll'l 111 I 'Ii I!a:; 

Willi aillis «i"n!'111I!1l1 I y r I (lOlled I 
HIO- yllil I" f 1011111' I ii ill. 
III thll CVl!lIl of a II!"!"!.!!, floodillg 
will 1I.fllCt. UII: lall: IIlIIi l,'allsllort 
of 1,111 So til COli S l ii_ lI!!h I.!~ . 

---- -.-"~~" ------------ --- _._-

!!I Oepth to waler being the depth LO the walt!!· surlace or water table (i.e" pore spaces fi lied wi til wal.lH'1 ill all 1II,,;ollfined 
aqua fer, or lO top of aqui fer i I COlli illell. 

"'I Unsat.urated zone includes soil and rock malerial down to the water lable or aquifer. 

£1 I<arst topography is characterized hy closed depressions or Sinkholes, caves, and underground drahla9(l. 

!:!I Recharge being lhe amount 01 waleI' thaI. pCllt!lraLeS the groulld surlace and reaches the water table. OnllellIis IHI precipitation; 
evaporation (evapotranspiration). alld 1IliSilllllilLetl zone lI1edia. 

f}.1 A confined aquifer being one separated frllm IIpper materials by a layer of imperll1eable or low IIIH'meabil ty Ill<HI!I·ial. 

f/ Helen. to the cOllsolidated or unconsolidatcd mndillm which serves as the aquifer (an aquifer defirwd a5 bl!illil a IIwdilllll which 
will yield sufficient. quantities 01 waLer for lise), •. 

9/ A majorilY of beneficial use groulld Willer ill the U.S. being fOllnd at less t.han 50 feet. 

\ \ 



Pag" IIr 
WORKSIIH I A-6 

SUHHuUtWINIi WAIIH lISf, WAllH QUAlifY, ArW l.ANU USE CONSIO(RAJlONS 

H!~"!lIq !Q~~: 

1. "rovide a response to each question. 

2. If the appl icant wants to provide mol'l! acelll'all! responses 
to the qllestiolls, the appl icant may illvt!stillall! the listed 
data sources. 

M[XL ~H !'§: 

1. If the applicant has no knowledge 0,- illfonllatioll relating to 
the presflnted questions, or most f'tlSPIIIISHS illdicate a high 
risk situation then the appl iCilllL may walll til "econsider applying 
for a variance. 

Que s t ion Response 
(yes/no) 

(lilt il SOli n:e 

---------------

Potential Ilisk 
--[owcc---'ligiiCr--

, 
, al: iii ty III: 

Ililll!: 

Alia I y~'1 

Qual i ty elllli ,,,1 : 

COIIIIIII!/It 5 

------_ .. --_._--------

I s the gnllllld water at or 
near the hazardous waste 
lank site saline (or have 
a lotal dissolved solids 
(IDS) concentration over 
10,000 mg/I) to an extent 
which wOllld not allow 
drinking or other benefi
cial IIses? 

Is g,ound water at a site 
considered to be ecologi
cally vital (i.e., docs 
ground water supply a unique 
terrestria I or aqllat ic 
habit .. t associated with 
surface water bodi(ls that 
if pol lilted would destroy 
a unique habitat)? 

Sellsilive ecological systems 
include: 

a) Dot! s g "ound wa te ,- a l a 
site supply a habitat 
for an endangl!rud or 
threatened species of 
animals and/or plants? 

Natioll Water Well Asso
I: i ilt i 11/1 l i IJ ra ry (Oh i 0) 

U. S. (;. S. : 
Basill Investigations 
NAWIH x a/ 

A,my Corps of Engineers 
tocal sOllrces: 

1'1 a 1111 i IIg lIoa rd s 
GOVl!rllmllllt Councils 
Slalfl lnvironmental 

rrotHcL ion Offices 
Slate lIniversities 

U. S. 'i sh a 1111 
Wildlife Service 

Slale Indallyered Species 
Coo fll i na to r 

Nilt jOlla I Pal k Service 
U.S. IOlest Service 
U. S. BOl'llall of land 

Mil na!J I: mil lit 
Army Coqls of Engineers 

Yes No 

No Yes 

No Yes 

If yes, illIIl IS hYllnIlJI!olo!li(:ally 
i so I il UHI .11111 i S III I i III i tc~tl belle f i -
c i OIl IIsn, may hI! al'l'llIjlr i lite to 
COllt i IIIII! Sl: rel!1I i II~J ami va r i alice 
process. 

If 9 round Wil te r i!; 1!t:1I1 U!I i ea I I Y 
vita I a sUC:Ct:ss rill v,lI'i ,1I11:(! 

delllonst ra t j IlII is 11111 i kc: I y. 

Pursualll ttl till! IIIII;lIlllllnlll Sjlecies 
Ac l () f I ') I .1 . 

\ I 



rill)a! _ II f 
WOIII<SIIHI "'-6 (continuedl 

SUHnOUNU I N(: WI\ II It IISI, WA H II QUAU I Y, AND LAllI) US[ COliS lOlitA 1 10115 

bl 

Quest ion 

Is haza ... dous waste tank 
(oealed in wetlands? 

cl Is haza ... dolls waste tank 
located in a coastal 
a ... ea? 

dl Is haza ... dous waSl(l tank 
located ill allY othe ... 
SCII!; i t i ve cnv i .... onmcnta I 
area -- Sitch as wate ... -
sheds selected by stale 
alld local gove","mcllts 
fo ... p ... otect iOll? 

Is gnHllld wate ... at 0 ... nea ... 
a haza ... dous wast.e talll\ sile 
"i ... nlplaccablc"? 

lIli S can be assessed by the 
1'01 lowing questons: 

Respollse 
(yes/llol 

a I Does g ... ound wate ... se ... ve _____ _ 
a substantial population? 

1.11 Is ground wate ... of su ... -
round i rig ha za rdOlls wa s te 
talll( site located in 
areas where there is no 
a I Ul rna t i ve SOli r'ce 0 I' 
drinking wat.er or an 
insufricient. alternative 
sou ... ce 1'0'" a substantial 
popu I a t ion? 

Oil l a Sill I rce 

local Waler Supply 
Allelll:iHs ami Companies 

Polelltial rUsk ----'[()wei- ----lIigiler-----

No Yes 

No Yes 

No Yes 

No Yes 

No Yes 

No Yes 

CIlIIIIIII!lIl S 

Wetlilmls an! 4lcolol,icoally sllllsitive 
as SIIIII'OI L V4"II!UH iOIl adiljlted 
ror Ii ill :.i1I1I1i1H'1I suil condi
tiOIlS_ Hay 1m I'HIII!I'I"li 1111I11l ... state 
Stal.llle:;, \.1m C \',," Wal!!I' Act, 0 ... 
l)(!}cllt ive Onlnr 1')')0. 

Hay hn regulatell !!IlIltH' liw Coastal 
lonl:! tl;lIla!)I!IIIHIII. AI:!., II'" Stale Coastal 
10110 1'lallillll!IOI!Ill "n"l rams. 

i f ~lImlllll wale ... is i I'S'I!I'I a!:I);I!>Ic and 
highly vllliw ... ahill III contamination, 
a successful vas'jallc!! !leliiollsl ... ation 
is 111\ ike I y _ 

A substalltial IHlplllill.ioll bnin!) 
apllI-uxiIiHllI!ly :",1111 !,Ilopll! withill or 
ncar the 2-mi III ,','VII,,,, nlll.ills_ !;!/ 

IHIi!s islalll15, pllllillslllas, alld 
i so I a lI!t! II "0111111 Will" I' ove,' IHH.lr'oc k. 

\ I 



I'age III 
WOIU<SIIl [1 A-6 (cont i nlled) 

SIIIIIIOIINII I N(; WA 1111 IISI, WA II R QUAL I I V, ANO lANU USE CONS IIHRA liONS 

Question Resplllise 
(yns/llo) 

Is groulld water at or ncar 
hazardous waste tank sito 
located in an aquifer desig
nated as a Sole Source Aquifer 
under the Safe Drinking Water 
Act? 

Is 9 rOllnd wa te r a't 0 r nea r 
the site a current or 
potential source of 
drinking water? 

Can be assessnd by: 
a) Arn thern opnrating 

drillking watur wells 
(or springs) in the area 
(wi lhin the 2-mi Ie 
review radius)? 

b) HOllld a well or spring 
in till! area be capable 
of yielding a quantity 
of drillking waUlr suf
ficient for the needs 
of an average fami Iy 
(150 gal/day)? 

Is the hazardous waste tank 
located ncar a scenic river 
or recreational area such 
that leakage of hazardous 
waste wOlild adversely affect 
the a rca? 

Arc !,hertl agricultural 
I a'nd s I nca ted in the a rea 
of the hazardous waste 
tallk? 

If so, can potentially 
adverse effects be iden
tified if leakage occurs 
f rom a ha za rdous wa s te 
tank? 

Data SOllrce 

tIlC'" Haler SlIpply 
ACII!'I!: j I:!> alld Compan i es 

I.oeill Waler SlIpply 
AgelH:ies and Companies 

Naliollal Park Service 
COlIlIl y lIec rca t ion 

Department 

U. S. Dl!pa I'tlllent of 
ACJ 1- i c:ullurc (So i I 
COllsel-vation Service) 

POlential Risk --- iower -----.lll9i~-

No Yes 

No Yes 

No Ves 

No Ves 

COIiI/IIl:/l t!; 

I f yes, pllLClIlt ia I Ii !;I< is grealer. 

If yes, plllfHllial /'isk is greater. 

Such areas may hH prolectnd under 
State statutory a/lll/ul' rtlCllIlatory 
authori ty'. 

Protncliun Iwl il:j(~s ill'll itltHlti fied 
in tim USIIA I anlllallli I'nllu(:tiun 
Policy and tim II'A'S "I'olil:y to , 
1','Otllel Illvinlllllll!lItally SI9nificanl 
Agricul tura I 10111."-. II 

~--"--'--i-'---------' -... 1 I . 



l'il9H or 
WOIII<SIIIII A-6 (conl.illlled) 

SlIHIlOllNU I NI; WA II It IISI. WA Ii It QUAI I I V, ANU LAND lJS[ CONS 10£ itA liONS 

Qucstion 

Is hazardolls ""asLe tank 
localcd·stlch thaI. releases 
cOlild miqraLc directly to 
drinking ""ater or a drink
ing ""aler sllpply? 

Does grolilid ""ater ilt or neilr 
a hazalliolis ""asle site dis
charge to surface waleI' 
hodies that serVI! as a 
d I' j Ilk i IIg "",It,e I' SIlPld Y 

Itespollse 
(yes/llo) 

II National Watllr Data Exchangc 

-- ------ - ---------

1><1 I.e SOllrce ___ !'Q~~I!U.!!L!H§!:L __ _ CIIIIIIIIl~1I1 ~. 

I lie a I W .. un' Slippi y 
A(JI~IIt:j.!S allfl Compallies 

lI, S. (;. S. 
lIasi" IIlVl!sliljatiolls 
NAWOI x ill 

Illcal WatHr SlIpply Agcllcies 
0111<1 COlllpall i e S 

Lo""cr Itiglwr 

No Yes 

No Yes 

If YflS, (;<&11 IHI!.!! a Illfl,al. LO hllman 
health. 

I f yes, slirfaCIl-",,"t.!S' 'Ilia Ii ty lIlay be 
degr,ulCiI. 

!!I Source: LPA. GUi!!~!iH£~ £QL ~rQ~!!!!:~iH£f (d!!§§LHflH.lQII lI/1lJ£r the EPA GrOl!lId-Wa!,£r Protectio!L~P'!H-I!!I.Y, Offi!:l! Ill' 
Ground-Waler Protection. Decemher 1986, 

, . 

\ I 



WOH I< SIIf [J A- 7 

5CHIININ(;Or rOHNllAL (XI'OSUHf PAItIWAYS 

J N~! I!\Iq '-.Q~~: 

1. I ist all release sources and mechallisills hy release medilllll. 

?. lIescribe the nature of the OXpIlSU": poillt ,lIld its location 
with respect to release source (Il.!)_, III!all!st potable well 
to release sill:, 300 fnet NW). Ilelloll: siqllificant exposure 
points with an asterisk. 

3_ List exposure route (e.g., ingestioll). 

II. Ileport the number of ,leople potelltially Ilxposed at the exposure poilll. 

5. Detormine nllmber, location, and nature of sensitive population. 

6. Mark whore exposure pathways are complete (i.e., where release source, 
transport medium, expost,,-e point, alltl exposul'e route all exist). 

Helease/ 
lransport Medium ~/ 

Ground water 

SlIrface water 

Release Source/ 
Mechanism 

rxposllre 
Point 

- .... -.--.. ----~ 

(xposure 
HOllte 

Page 

filc iii ty 11): 

Ilate: 

Ana Iyst: 

Qua I i ty Clint ro I : 

"tunber of 
People 

Sensitive 
Popul a t ion 

of 

I'a thway 
Complete 

-----.------ --------

o • 

.. -----.----------- --- "- ... -... 

~/ Direct air exposure need lIot be considlne«1 hecause secondary containmont goneral'y would -not si!Jllifleantly reduce 
risk due to direct air exposure. for ahovegnlllllll tank systems containing highly volati Ie constituents, however', 
secolldary containment, by restricting the sllrface area over whi'ch a release could spread, would reduce the 
volatilization rate of the constituent and, IlI!IIce, the risk from direct air exposure. 

\ \ 
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