
-s  c &l<-c" r 

Publication 9285.7-01 B December 1991 - 

Risk Assessment Guid 

Human Health Ewaluatim 

for Superfund: 
Volume I - 

(Part B, Development of 
R is k-based lard i rn i na - 

Remediation Goals) 

Interim 

. Office of Emergency and Remedial Response 
U.S. Environmental Protection Agency. 

Washington, DC 20460 



. 

CONTENTS 

Page 

NOTICE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ii 

EXHIBITS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  vi 

DEFINITIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  vii 

ACRONYMS/ABBREVIATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ix 

ACKNOWLEDGEMENTS ......................................................... Xi 

PREFACE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  xii 

1 

1.0 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

1.1 DEFINITDN OF PRELIMINARY REMEDIATION GOALS . . . . . . . . . . . . . . . . . .  1 

1.2 SCOPEOFPARTB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

1.3 RELEVANT STA7UTES . REGULATIONS. AND GUIDANCE . . . . . . .  . . . . . . . . .  3 

1.3.1 CERCLA/SARA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
1.3.2 National Contingency Plan .......................................... 3 
1.3.3 Guidance Documents .............................................. 3 

1.4 INITIAL DEVELOPMENT OF PRELIMINARY REMEDIATION GOALS . . . . . . . .  4 

1.5 MODIFICATION OF PRELIMINARY REMEDIATION GOALS . . . . . . . . . . . . . . .  5 

1.6 DOCUMENTATION AND COMMUNICATION OF PRELIMINARY 
REMEDIATION GOALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

1.7 ORGANIZATION OF DOCUMENT ..................................... 6 

2.0 IDENlIFICA'TION OF PRELIMINARY REMEDIATION COAIS . . . . . . . . . . . . . . . . . . . . .  7 

3.1. MEDIA OF CONCERN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

2.2 CHEMICALS OF CONCERN ........................................... 5 

3.3 FUTURELAND USE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

. . . . . . . .  2.3 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTs 9 . 

2.4.1 Chemical.. Location.. and Action-specific AFURs ....................... 10 
2-42 Selection of the Most Likely ARAR-based 

PRG for Each Chemical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

2.5 EXPOSURE PATHWAYS . PARAMETERS. AND EQUATIONS . . . . . . . . . . . . . . .  11 

2.5-1 Ground WaterISurface . Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
3.5.2 Soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1: 

... 
-111- 



.. 

I 

. CONTENTS (Continued) 

2.6 TOXICITY INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Page 

. . . . .  14 

'1.7 TARGET RISK LEVELS ................ ..................... 14 

2.8 MODIFICATION O F  PRELIMINARY REMEDIATION GOALS . . . . . . . . . . . . . . .  IS 

2.8.1 Review of Assumptions ........................................... 15 
2.8.2 Identification of Uncertainties ...................................... 16 
2.5.3 Other Considerations in Modifying PRGs .............................. 17 
2.5.4 Post-remedy Assessment ........................................... 15 

3.0 CALCULATION OF RISK-BASED PRELIMINARY 
REMEDIATION GOAIS ................................................... 19 

3.1 RESIDENTIAL LAND USE ............................................ 20 

3.1.1 Ground Water or Surface Water .................................... 20 
3.1.2 Soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 

3.2 COMM. ERCWNDUSTRlAL LAND USE ................................ 24 

3.2.1 Water ........................................................ 24 
3.2.2 Soil .......................................................... 25 

3.3 VOLATILIZATION AND PARTICULATE EMISSION FACTORS . . . . . . . . . . . . . .  26 

3.3.1 Soil-to-air Volatilization Factor ..................................... 26 
-3.3.2 Particulate Emission Factor ........................................ 29 

3.4 CALCULATION AND PRESENTATION OF RISK-BASED PRGs . . . . . . . . . . . . . .  -30 

4.0 RISK-BASED PRGs FOR RADIOACI'TVE CONTAMINANTS . . . . . . . . . . . . . . . . . . . . . . . .  33 

J.l RESIDENTIAL LAND USE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 

4.1.1 Ground Water or Surface Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -3.1 
4.1.2 Soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 

4.2 COMMERCI&lNDUSTRIAL LAND USE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 

1.2.1 Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 
4.2.2 Soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 
4.3.3 Soil-IO-air Volatilization Factor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 

4.3 RADIATION CASE STUDY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38 

43.1 Site History 40 
3-32  At the Scoping Phase 40 
4.3.3 After the Baseline Risk Assessmm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

It EFER EN CES . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37 

-iv- 



CONTENTS (Continutxi) 

. Page 

APPENDIX A 'ILLUSTRATIONS OF CHEMICALS THAT "LIMIT" REMEDIATON . . . . . . . . .  49 

APPENDIX B RISK EQUATIONS FOR INDMDUAL EXPOSURE PATHWAYS . . . . . . . . . . .  51 

B.l . GROUND WATER OR SURFACE WATER - RESIDENTIAL LAND USE . . . . . .  51 

B.l.l Ingestion ...................................................... 51 
B.1.2 Inhalation of Volatiles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . .  52 

B.2 SOIL . RESIDENTIAL LAND USE ....................................... 52 

B.21 Ingestion of Soil ................................................. 52 
B.22 Inhalation of Volatiles ............................................ 52 
B.2.3 Inhalation of Paniculates .......................................... 53 

B.3 SOIL - COMMERCWNDUSTRIAL LAND USE ......................... 53 

B.3.1 Ingestion.of Soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53 
B.3.2 Inhalation of Volatiles ................................... -. . . . . . . . .  53 
B.3.3 Inhalation of Particulates ........................................... 54 

-V- 



EXHIBITS 

Exhibit 

1-1 RELATIONSHIP OF HUMAN HEALTH EVALUATION TO 
THE CERCLA PROCESS . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  7 . . *  

2-1 TYPICAL EXPOSURE PATHWAYS BY MEDIUM FOR 
RESIDENTIAL AND COMMERCIAWINDUSTRIAL 
LAND USES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 

-vi- 



DEFINITIONS 

Term Definition 
- 

Applicable or Relevant and "Applicable" requirements are those clean-up standards. standards 
Appropriate Requirements of control. and other substantive environmental protection 
( A R M S )  requirements. criteria. o r  limitations promulgated under federal or 

state law that specifically address a hazardous substance. pollutant. 
contaminant. remedial action. location. or other circumstance at a 
Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA) site. "Relevant and appropriate" 
requiremenu are those clean-up standards which. while not 
"applicable" at  a CERCLA site, address problems or situations 
sufficiently similar to those encountered at  the CERCLA site that 
their use is well-suited to the particular sire. ARARs can be action- 
specific, location-specific or chemical-specific. 

Cancer Risk 

Conceptual Site Model 

Exposure Parameters 

Exposure Pathway 

Exposure Point 

Esposure Route 

Final Remediation Levels 

Incremental probability of an individual's developing cancer over a 
lifetime as a result of exposure to a potential carcinogen. 

A "model" of a site developed at scoping using readily available 
information. Used to identify all potential or suspected sources of 
contamination, types and concentrations of contaminants detected 
at the site, potentially contaminated media. and potential exposure 
pathways, including receptors. This model is also known as 
"conceptual evaluation model". 

Variables used in the calculation of intake (e.& exposure duration. 
inhalation rate, average body weight). 

The course a chemical or physical agent takes from a source to an 
exposed organism. An exposure pathway describes a unique 
mechanism by which an individual or population is exposed to 
chemicals or physical agents at o r  originating from a site. Each 
exposure pathway includes a source or release from a source, an 
exposure point, and an exposure route. If the exposurc point differs 
from the source, a transport/exposure medium ( e . ~ . ,  air) or media 
(in cases of intemedia transfer) also would be indicated. 

A location of potential contact between an organism and a chemical 
or physical agent. 

The way a chemical or physical agent coma in contact with an 
organism (Le.. by ingestion. inhalation. dermal contact). 

Chemical-speLitic clean-up levels that are documented in the 
Record of Decision (ROD). ,They may differ from preliminary 
remediation goals (PRGs) because of modifications resultins from 
consideration of various uncertainties. 'technical and exposure 
factors, as well as all nine selection-of-remedy criieria outlined in 
t h e  National Oil and Hazardous Substances Pollution Contingency 
Plan (NCP). 
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DEFINITIONS (Con tin ued) 
I 

Term Definition I 
Hazard Index (HI) The sum of two o r  more hazard quotients for multiple substances 

and/or multiple exposure pathways. 

Hazard Quotient (HQ) The ratio of a single substance exposure level over a specified time 
period to a reference dose for that substance derived from a similar 
exposure period. 

"Limiting" Chemical(s) 

Preliminary Remediation Goals 
(PRGs) . 

Quantitation Limit (QL) 

Chemical(s) that are the last to be removed (or treated) from a 
medium by a given technology. In theory, the cumulative residual 
risk for a medium may approximately equal the risk associated with 
the limiting chemical(s). 

Initial clean-up goals that (1) are protective of human health and 
the environment and (2) comply with ARARS. They are developed 
early in the process based on readily available information and are  
modified to reflect results of the baseline risk assessment. They 
also are used during analysis of remedial alternatives in the 
remedial investigationlfeasibility study (RI/FS). * 

?he lowest level at which a chemical can be accurately and 
reproducibly quantitated. Usually equal to the method'detection 
limit multiplied by a factor of three to five, but varies for different 
chemicals and different samples. 

Reference Dose (RfD) The Asency's preferred toxicity value for evaluating potential 
noncarcinogenic effects in humans resulting from contaminant 
exposures a t  CERCLA sites. (See RAGS/HHEM Part A for a 
discussion of different kinds of reference doses and reference 
concentrations.) 

Risk-based PRGs 

Slope Factor (SF) 

Target Risk 

Concentration levels set at  scoping for individual chemicals that 
correspond to a specific cancer risk level of lo4 or  an  HQ/Hi of 1. 
They are generally selected when ARARs are not available. 

A plausible upper-bound estimate of the probability of a response 
per unit intake of a chemical over a lifetime. The slope factor is 
used to estimate an upper-bound probability of an  individual's 
developing cancer as a result of a lifetime of exposure to a 
particular level of a potential .carcinogen. 

A value that is combined with exposure and toxicity information.10 
calculaie a risk-based concentmion (e.3.. PRG). For carcinqenic 
effects, the tarset risk is a cancer risk of.10". For noncarcinogenic 
effects, the target risk is a hazard quotient of 1. 

... 
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ACRONYMS/ABBREMATIONS 

Acronym/ 
Ab brevia t ion 

~~ 

Definition 

ARARS 

CAA 

CERCLA 

CFR 

CWA 

EAG 

ECAO 

EF 

EPA 

FWQC 

HEAST 

HHEM 

HI 

HQ 

HRS 

IRIS 

LL w 

MCL 

Applicable or Relevant and Appropriate Requirements 

Clean Air Act 

Comprehensive Environmental Response. Compensation. and Liability Act 

Code of Federal Regulations 

Clean Water Act 

Exposure Assessment Group 

Environmental Criteria and Assessment Office 
Superfund Health Risk Technical Support Center 

Exposure Frequency 

U.S. Environmental Protection Agency 

Federal Water Quality Criteria 

Health Effects Assessment Summary Tables 

Human Health Evaluation Manual 

Hazard Index 

Hazard Quotient 

Hazard Ranking System 

Integrated Risk Information System 

Low-level Radioactive Waste 

Maximum Contaminant Level 

MCLG Maximum Contaminant Level Goal 

NCP 

NPL National Priorities List 

National Oil and Hazardous Substances Pollution Contingency Plan 

OSWER 

OERR 

Office of Solid Waste and Emergency Response 

Office of Emergency and Remedial Response 
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ACRONYMS/ABBREVIATIONS (Continued) 

Acronyms/ 
Abbreviation Definition 

P G I  

PEF 

PRG 

RAGS 

RCFU 

RfC 

RfD 

RI/FS 

RME 

ROD 

RPM 

S A R A  

SDWA 

S F  

TR 

VF 

WQS 

Preliminary AssessmenGite Inspection 

Particulate Emission Factor 

Preliminary Remediation Goal 

Risk Assessment Guidance for Superfund 

Resource Conservation and Recovery Act 

Reference Concentration 

Reference Dose 

Remedial InvestigationFeasibility Study 

Reasonable Maximum Exposure 

Record of Decision 

Remedial Project Manager 

Superfund Amendments and Reauthorization Act 

Safe Drinking Water Act 

Slope Factor 

Target Risk 

Volatilization Factor 

State Water Quality Standards 
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1 
PREFACE 

Risk Assessnienr Guidance for Superfund: Volunie I - Human Hcnlih Eraiuarion Manun/ 
(RAGSWHEM) Part B is one of a three-part series. Part A addresses the baseline risk assessment: Part c 
addresses human health risk evaluations of remedial alternatives. Part B provides p idance  on using U.S. 
Environmental Protection Agency (EPA) toxicity  lues and exposure information to derive risk-based 
preliminary remedial goals (PRGs) for a Comprehensive Environmental Response. Compensation. and 
Liability Act (CERCLA) site. initially developed at the scoping phase using readily available information. risk- 
hascd PRGs generally are modified based on site-specific data gathered during the remedial 
investi~ation/feasibility study.(RVFS). This guidance does not discuss the risk management decisions that are 
necessary at  a CERCLA site (e& selection of final remediation goals). The potential users of Part B are 
ihose involved in the remedy selection and implementation process, including risk assessors. risk assessment 
reviewers, remedial project managers, and other decision-makers. 

This manual is being distributed as an interim document to allow for a period of field testing and 
review. RAGS/HHEM will be revised in the future, and Parrs A, B, and C will be incorporated into a single 
final guidance document, Additional information for specific subject areas is being developed for inclusion 
in a later revision. These areas include: 

e development of goals for additional land uses and exposure pathways; 

additional worker health and safety issues: and 
determination of final remediation goals (and attainment). 

e development of short-term goals; 
e 

0 

Comments addressing usefulness, changes. and additional areas where guidance is needed should be 
sent to: 

U.S. Environmental Protection Agency 
Toxics Integration Branch (OS-230) 
Office of Emergency and Remedial Response 
401 M Street, SW 
Washington, DC 20460 

Telephone: 202-260-9486 
FAX: 202-260-6852 



CHAPTER 1 

INTRODUCTION 

The purpose of this pidance is to assist risk 
assessors. remedial project managers (RPMs). and 
others involved with risk assessment and decision- 
making at Comprehensive Environmental 
Response. Compensation, and Liability Act 
(CERCLA) sites in developing preliminary 
remediation goals (PRGs). This guidance is the 
second part (Part B) in the series Rirk Assasntenr 
Guidance for Superfwrd: Volume I - Human 
Heolrh Evaluarion Manual (RAGSMHEM). 

Part A of this series (EPA 1989d) assists in 
defining and completing a site-specific baseline risk 
assessment; much of the information in Pan A is 
necessarv backeround for Pan B. Part B provides 
guidance on using U.S. Environmental Protection 
Agency (EPA) toxicity values and exposure 
information to derive risk-based PRGs. Initially 
developed at the scoping phase using readily 
available information. risk-based PRGs generally 
are modified based on site-specific data gathered 
during the  remedial investigation/feasibiliry study 
(RIES). Part C of this series (EPA 1991d) assists 
RPMs. site enzineers, risk assessors, and others in 
usins risk information both to evaluate remedial 
alternatives during the FS and to evaluate the 
sciected remedial alternative during and after irs 
implementation. Eyhibit 1-1 illustrates how the 
three parts of RAGSMHEM are all used during 
the RIES and other stages of the site remediation 
process. 

The remainder of this introduction addresses 
thc definition of PRGs. the scope of Part B, the 
statutes. rc,oulations. and guidance relevant to 
PRGs. steps in identifying and modifying PRGs. 
the communication and documentation of PRGs. 
and the organization of the remainder of this 
document. 

1.1 DEFINITION OF 
PRELIMINARY 
REMEDIATTON GOALS 

In  general. PRGs provide remedial d e s i p  staff 
with long-term rnrgets to.use during analysis and 

selection of remedial alternatives. Ideally, such 
goals, if achieved. should both comply with 
applicable or relevant and appropriate 
requirements (ARARs) and result in residual risks 
that fully satisfy the National Oil and Hazardous 
Substances Pollution Contingency Plan (NCP) 
requirements for the protection of human health 
and the environment. By developing PRGs early 
in the decision-making process (before the RUFS 
and the baseline risk assessment are completed), 
design staff may be able to streamline the 
consideration of remedial alternatives. 

Chemical-specific PRGs are concentration 
goals for individual chemicals for specific medium 
and land use combinations at 'CERCLA sites. 
There. are two general sources of chemical-specific 
PRGs: (1) concentrations based on ARARs and 
(2) concentrations based on risk assessment. 
ARARs include concentration limits set by other 
environmental regulations (e.g., non-zero maximum 
contaminant level p a l s  (MCLGs] set under the 
Safe Drinking Water Act [SDWA]). The second 
source for PRGs, and [he focus of this document. 
is risk assessment or risk-based calculations that 
set concentration limits using carcinogenic and/or 
noncarcinogenic toxicity values under specific 
exposure conditions. 

1.2 SCOPE OF PART B 

The recommended approach for developing 
remediation g031S is to identify PRGs at scoping. 
modify them as needed at  the  end of the RI or 
during thc FS based on site-specific information 
from the  baseline risk asscssment. and ultimately 
select remediation levels in the Record of Decision 
(ROD). In order to set chemical-specific PRGs in 
iI site-spccific context. however. assessors must 
answer fundamental questions about the  site. 
Information on thc chemicals that are present 
onsite. t he  specific contaminated media. land-use 
assumptions. and the exposure assumptions behind 
pathways of individual exposure is necessary in 
order to dcvelop chemical-specific PRGs. Part B 
provides guidance for considering this information 

.in developins chemical-specific PRGs. 

- 1- 
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Because Pan B focuses on developinq 
chemical-soecific PRGs based on Drotection of 
human .health. there are imponant types of 
information that are not considered and that may 
significantly influence the concentration goals 
needed to satisfy the CERCLA criteria for 
selection of a remedy. For example, 
consideration is civen to ecoloeical effects in'this 
euidance. Other types of remedial action "goals" 
not addressed in detail include action-specific 
ARARs (e.&. technolog- or performance-based 
standards) and location-specific ARARS. 

Throughout Pan B. t h e ,  term "chemical- 
specific" should be understood to refer to both 
nonradioactive and radioactive chemical hazardous 
substances. pollutants. or contaminants. Therefore, 
the  process described in this guidance of selecting 
and modifying PRGs at asite should be applied to 
each radionuclide of potential concern. 
Chapter 10 of RAGSHHEM Part A provides 
background informalion concerning radionuclides. 
and Chapter 4 of RAGS/HHEM Part B includes 
radionuclide risk-based equations and a case study 
of a hypothetical radiation site. 

This guidance onlv addresses in detail the 
initial selection of risk-based PRGs. Detailed 
guidance reeardine other factors that can be used 
to further modifv PRGs durine the remedv 
selection process is presented in other documents 
fsee Section 1.3). 

1.3 RELEVANT STATUTES, 
REGULATIONS, AND 
GUIDANCE 

This section provides relevant background on 
the CERCLA statute and the regulations created 
to implement the statute (Le.. the NCP). In 
addition, other CERCLA guidance documents are 
listed and their relationship to the site remediation 
process is discussed. 

1.3.1 CEKCWSARA 

CERCLA. as amended by the Superfund 
Amendments and Reauthorization Act of 1986 
(SARA). is thc authority for EPA to take response 
actions. (Throughout this guidance, reference to 
CERCLA should be understood to mean 
"CERCLA as amended by SARA.") 

Several sections of CERCLA. especially 
section 121 (Clean-up Standards). set out the 
requirements and goals of CERCLA TWO 
fundamental requirements are that selected 
remedies be protective of human health and the 
environment. and comply with ARARs. CERCLA 
indicates a strong preference for the selection of 
remedial alternatives that permanently and 
significantly reduce the volume. , toxicity. o r  
mobility of wastes. To the maximum extent 
practicable. the selected remedial alternatives 
should effect permanent solutions by using 
treatment technologies. Both the law and the 
regulation (see below) call for cost-effective 
remedial alternatives. 

13.2 NATIONAL CONTINGENCY PLAN 

Regulations implementing CERCLAare found 
in Volume 40 of the Code of Federal Regulations 
(CFR), Part 300. and are referred to collectively as 
the NCP. Section 300.430 of the NCP. and several 
portions of the preambles in t h e  Federal Regirrm 
(55 Federal Reginer 666. March 8. 1990 and 53 
Federal Register 51394, December 21, 1988). 
address how the Superhnd and other CERCLA 
programs are to implement the Act's requirements 
and goals concerning clean-up levels. 

Nine criteria have been developed in the NCP 
to use in selecting a remedy. These criteria are 
listed in the next box. The first criterion -overall 
protection of human health and the environment 
- is the focus of this document. This criterion 
coupled with compliance with ARARs are referred 
to as "threshold criteria" and must be met by the 
selected remedial alternative. PRGs are developed 
to quantify the standards that remedial alternatives 
must meet in order to achieve these threshold 
criteria. See the second box on the next page for 
highlights from the NCP on remediation goals. 

13.3 GUIDANCE DOCUMENTS 

There are several existing documents that 
provide gudiance on related steps of the site 
remediation process. These documents are 
described in the box on page five. When 
documents are referenced throughout this 
guidance, the abbreviated titles. indicated in 
parentheses after the full titles and bihliagraphic 
information, are used. 



NINE EVALUATION CRITERIA FOR 
ANALYSIS OF REMEDIAL ALTERNATrvEs 

(-10 CFR 30.430(e)(9)(iii)) 

Threshold Criteria: 
Overall Protection of Human Health and the 
Envlronment 

9 Compliance with ARARs 
Balancing Criteria: 

Long-term Effectiveness and Permanence 
Reduction of Tmcity, Mobility, or Volume 

Short-term Effectweness 
Implementability 
cast 

Modifying Criteria: 
State Acceptance 
Community Acceptance 

ThrouSh Treatment 

1.4 INITIAL DEVELOPMENT OF 
PRELIMINARY 
REMEDIATION GOALS 

The  NCP preamble indicates that, t4;pically, 
PRGs are developed at scoping or concurrent with 
initial RIES activities (i.e., prior to completion of 
the  baseline risk assessment). This early 
determination of PRGs facilitates development of 
a ranse of appropriate remedial alternatives and 
can focus selection o n  the  most effective remedy. 

Development of PRGs early in the  RI/FS. 
requires the following site-specific data: 

media of potential concern; 
0 

0 probable future land use. 
chemicals of potential concern; and 

This information may be found in the preliminary 
assessmenthite inspection (PA/SI) reports or in the 
conceptual site model that is developed prior to or 
during scoping. (When a site is listed o n  the 
National Priorities List [NPL], much of this 
information is compiled during the  PNSI as part 
of the Hazard Ranking System [HRS] 
documentation .record.) Once these factors are  
known, all potential ARARs must be identified. 
When ARARS d o  not exist, risk-based PRGs  are  
calculated usins EPA health criteria (Le., reference 
doses o r  cancer slope factors) and default or. site- 
specific exposure assumptions. 

NCP RULE HIGHLIGHTS 
RISK AND REMEDIATION GOALS 

(40 CFR 300.430(e)(2)) 

"In developing and, as appropnate, screening 
... alternatives, the lead agency shall: . ( i )  Establish 
remedial anion objectives spe.cit;ving contaminants 
and media of concern. potential n-pcare 
pathways, and remediation goals. Initially. 
preliminary remediation pals  are developed based 
on readily available information. such as chemical- 
specific ARARs or other reliable information. 
Treliminary remediation goals should be modified. 
as necessary, as more information kcorncs 
available during the RVFS. Final remediation 
goals will be determined when the remedy is 
selected.' Remediation goals shall establish 
acceptable e x p u r e  levels that are protective of 
human health and the environment and shall be 
developed by considering the following 

(A) Applicable or relevant and appropriate 
requirements ..., and the following factors: 

For systemic toxicants, acceptable 
exposure levels shall represent 
concentration levels to which the human 
population, including sensitive sub,mups, 
may be exposed without adverse effect 
during a lifetime or part of a lifetime, 
incorporating an adequate margin of 
safety, 

For known or suspected carcinogens. 
acceptable exposure levels are generally 
concentration levels tkit represent an 
excess upper-bound lifetime wncer risk 
to an tndnridual of between 10" and IO" 
using lnformation on the relationship 
between dose and response. The IOa 
nsk level shall be used as the p i n t  of 
departure for determining remediation 
goals for alternatrves when ARAKS are 
not amiable or are not sufficiently 
protective because of multiple 
contaminants at a site or niuliiple 
pathways of expasure .._" 

It is important to remember that risk-basal 
PRGs (either at scopine or later o n )  a re  initial 
euidelines. Thev d o  not establish that cleanup t o  
meet these eoais is warranted. A risk-bnscd 
concentration, as calculated in this guidance, will 
be considered a final remediation level only after 
appropriate analysis in the R I F S  and ROD.  



GUIDANCE DOCUMENTS 

Rirk Assessmnt Giiidance for S u p e w :  Vohune I - Hiimnn Heuiiti Evaiturrion Mmicnl Pan A (€PA 1989a) 
(RAGSHHEM Part A) contains background information and is particularly relevant for developing e x p u r e  and 
toxicity assesmeus that are required when refining chemical-spenfic nsk-based concentrations, and accounting 
for site-specific factors such as mulliple cxposure pathways. 

G i d m c e  for Conducting Remedial Invesrigations rutd FeasibiJity Studies Under CERCLA (EPA I9ssC) (RI/FS 
Guidance) presents detailed information about implementing the RI/FS and senera1 information on the use of 
risk-based factors and ARARS in the contexf of the RI/FS. 

Giiidance on Remedial Acrion for ContivniJuued Grotmd W I U ~  ar Sic@uul Sites (EPA 198sd) (Ground-water 
Guidance) derails same of the key issues in development. evaluation, and selection of gound-water remedial 
actions at CERCLA situ. 

CERCLA Compliance with Other Lms Manuals (Pan I. EPA 198sa; and Part 11, EPA 198%) (CERCLA 
Compliance Manuals) p m ' d e  guidance for complying with ARARS. Pan I addresses the Resource Conservation 
and Recovery An (RCRA), the Clean Water Act (CWA), and the SDWA; Pan I1 addresses the Clean Air ACC 
(CAA), other federal statutes, and state requirements. 

Methods for Evalrcaring the Anainmem of Cleanup Sinndnrds (Volume I :  Soilr and Solid Warre) (EPA 19S9e) 
and Merhodr for Evalunring the Attainwtent of Cleanup Staruiardr (Volume 2 Water) (Draft, 1988, EPA, 
Statistical Policy Branch) (Attainment Guidance) provide guidance on evaluating the attainment of remediation 
levels, including appropnate sampling and statistical procedures to test whether the chemical concentrations are 
significantly below the remediation levels. 

Interim F'inrJ Guidance on Prcpmrng Supnfhf Decision Donunenrr (EPA 1989b) [ROD Guidance) provides 
guidance [hac (1) prescnrs standard farmats fur documenting CERClA remedial action decisions: (2) clarifies 
the roles and responsibilities of P A ,  states, and other federal agennes in developing and issuing decision 
documents; and (3) explains how to address changes made to propmed and selected remedies. 

Cumlog ofsuprrfund Progmm PublicariOnr, Chapter 5 (EPA 1%) lists all ARARS guidance documenrs that 
have been issued by EPA, shown in order of date of issuance. 

Role of the Bmeline RiskAssemneru in Sicperfid Remedy Selection Decisiom (EPA 1991~)  provides clarification 
on the role of the baseline risk assessment in developing and selecting CERCLA remedial alternatives. 

Giiidonce for Data UseabJlry in RirkAssessment (EPA 1990b) (Data Useability Guidance) provides guidance on 
how to obtain a minimum level of quality for all environmental analytical data required for CERCLA risk 
assessments. It can assist with determining sample quantitntion limits (SOLS) lor chemical-specific analyses. 

Giiidmce on Remedial Acriom for Superfwui Sues witti PCB Cornminorion (EPA 1990~) describes the 
recommended approach for mluating and remediating CERCLA sites having PCB contamination. 

Condticring Renudid Invm'gaxiom/FeasiMity studies for CERCLrl Mivlicipd h d J i I 1  Sires ( EPA 1991a) 
(Municipal Landfill Guidance) offers guidance on how to streamline both the RI/FS and the selection of a remedy 
for niunicipal landfills. 

' 1.5 iMODIFICATION OF assessment. ir is important to review the media and 
chemicals of potential concern, future land use.. 
and  exposure assumptions originally identified at 
scoping. Chemicals may h e  added or dropped from 

PRELIMINARY 
REMEDIATION GOALS 

the list. and risk-based PRGs may need to be 
recalculated using site-specific exposure factors. 
PRGs that a r e  modified based on  [he results of the 
baseline risk assessment must still meet the 

T h e  initial list of PRGs may need to be revised 
. as new data become available during the RIES. 

Therefore. upon completion of the baseline risk 



.' 
"threshold criteria" of: (1) protection of human 
health and the environment and (2) compliance 
with ARARS. However, .the NCP also allows for 
modification of PRGs during final remedy 
selection based on  the "balancing" and "modifying" 
criteria and factors relating to uncertainty, 

. exposure, and technical feasibility. 

Final remediation levels are not determined 
until the site remedy is ready to be selected; final 
remediation levels are then set out in the ROD. 
PRGs are refined into final remediation goals 
throughout the process leading up to remedy 
selection. The ROD itself, however, should 
include a statement of final clean-up levels based 
on these goals. as noted in NCP section 
300.430(e)(2)(i)(A). In the ROD, it is preferable 
IO use the term "remediation level" rather than 
"remediation paJ" in order to make clear that the 
selected remedy establishes binding requirements. 

1.6 DOCUMENTATION AND 
COMMUNICATION OF 
PRELIMINARY 
REMEDIATION GOALS 

I 

Clear and concise communication of risk-based 
PRGs among the risk assessor. the RPM. the  
ARARs coordinator. site engineers. analytical 
chemists. hydrogeologists, and others is important 
in the development of PRGs. The involvement of 
the RPM in the direction and development of 
risk-based PRGs is important IO ensure that 
communication is facilitated and that the PRGs 
are used effectively in streamlining the RUFS 
process. 

Because PRGs are most useful during the 
RIA3 (e.g.. for streamlining the consideration of 
remedial alternatives), it is important to 
communicate them to site engineers as soon as 
possible. A memorandum from either the site risk 
assessor or the RPM to the site engineers and 
others concerned with PRGs would be appropriate 
for transmitting the initial PRGs. A brief cover 
page could hishlisht key assumptions, as well as 
changes, if any, to the standard equations (Le.. 
those presented- in this guidance). Following this 
brief discussion. the PRGs could be presented 
using a table similar to that in Section 3.4 of this 
guidance. 

associated with the alternative should be 
documented in the final RI/FS report to the extent 
possible." Therefore, the RVFs report is a logical 
place to present PRGs that have been modified 
after the baseline risk assessment. A summary 
table such as the one developed in Section 3.4 of 
Part B could be incorporated into the RYFS 
following the presentation of the baseline risk 
assessment. Along with the table. a discussion of 
issues of particular interest. such as assumptions 
used and the relationship between ARARs and 
risk-based PRGs at the site, could be included. 
h o ,  it is always appropriate to discuss how 

4 findings of the baseline risk assessment were I incorporated into the calculation of PRGs. 

1.7 ORGANIZATION OF 
DOCUMENT 

The remainder of this guidance is organized 
into three additional chapters and two appendices. 
Chapter 2 discusses the initial identification of 
PRGs and provides guidance' for modifying , 

appropriate values during the RVFS. Chapter 3 
outlines equations that can be used to calculate 
risk-based PRGs for residential and commercial/ 
industrial land uses. These equations are 
presented in both "reduced" format (i.e., 
incorporating certain default assumptions discussed 
in Chapter 2) and expanded format (Le., with all 
variables included so that the user of this guidance 
can incorporate site-specific values). Particular 
considerations resarding radionuclides are provided 
in Chapter 4. 

Appendix A supports several points made in 
Chapter 2 by providing illustrations of remedial 
alternatives where OX or more chemicals "limit" 
remediation and, thus, represent a major portion 
of the residual risk. Appendix B lists equations for 
media-specific exposure pathways. enabling the risk 
assessor IO derive site-specific equations that differ 
from those presented in Chapier 3. 

Throughout Chapters 2,3, and 4. case studies 
are presented that illustrate the process .of 
determining PRGs. These case studies are 
contained in boxes with a shadow box appearance. 
Other types of boxed information (e& NCP 
quotes) is contained in  boxes such as those in 
Chapter 1. which have thicker lines on the top and 
bottcm than on the sides. 

The RIES Guidance recommends. that 
"chemical- and/or risk-based remedial objectives 
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CaAPTER 2 

IDENTIFlCATION OF PRELIMINARY 
REMl3DIATION GOALS 

This chapter provides guidance on the initial 
identification of PRGs during the scoping phase of 
the RI/FS. As discussed in Chapter 1. 
medium-specific PRGs (ARAR-based and/or 
risk-based) should be identified during scoping for - 
all chemicals of potential concern usine readilv 
available information. Sections are provided in 
this chapter on how to use this information to 
identify media and chemicals of potential concern. 
the most appropriate h ture  land use, potential 
exposure pathways. toxicity information. potential 
ARARs. and risk-based PRGs. Finally, a section 
is provided on the modification of PRGs. 

When ushe  PRGs developed durine scopinq, 
the desien eneineers should understand that these 
mav be modified significantlv deDendine on 
information eathered about the site. The 8 

subsequent process of identifying kev site 
contaminants, media, and other factors (Le., during 
the baseline risk assessment) may require that the 
focus of the RIES be shifted (e.g., chemicals 

important). Thus. the  design of remedial 
alternatives should remain flexible until the 
modified (i-e.. more final) PRGs are available. 

II without ARARs may become more or less 

Prior to identifyins PRGs during scoping. a 
conceptual site model should be developed (see 
the  next box). Originally developed to aid in 
planning site activities (e.g.. the RIES), the 
conceptual sire model also contains information 
that is valuable for identimng PRGs. For 
example, it can be relied upon to identify which 
media and chemicals need PRGs. More 
information on developing and using a conceptual 
site model during the RIES process can be found 
in Chapter 2 of the RI/FS Guidance and Chapter 4 
of RAGS/HHEM Part A. 

To 'illustrate the process of calculating 
risk-based PRGs at t h e  scoping stage of 
remediation. hypothetical CERCLA sites will be 
examined in boxes in appropriate sections 
throughout Chapters 2. -;. and 4. See the box on 

CONCEPTUAL SITE MODEL 

During project planning, the RPM Sathers and 
anatyzes available information and develops the 
conceptual site model (also called the conceptual 
evaluation model). This model is used to assess 
the nature and the extent of contamination. It a h  
identifies potential contaminant sources, potential 
exposure pathways, and potential human and/or 
environmental receptors. Further, this model helps 
to identify data gaps and assists staff in developing 
strategies for data collection. Site history and 
P a 1  data generalty are extremely useful sources 
of information for developing this modeL The 
conceptual site model should include known and 
suspected s o u r a s  of contamination. types of 
contaminants and affected media, known and 
potential routes of migration. and known or 
potential human and environmental receptors. 

the next page for an introduction to the first site. 
(The radiation case study is addressed in 
Chapter 4.) The information (ex.. toxicitv values) 
contained in these case studies is for illustration 
onlv. and should not be used for anv other 
purpose. These case studies have been simplified 
(e.~., on!y ground water will be examined) so that 
the steps involved in developing risk-based PRGs 
can be readily discerned. 

2.1 MEDIA OF CONCERN 

During scoping, the first step in developing 
PRGs is to identify the media of potential concern. 
The conceptual site model should be very useful 
for this step. These media can be either: 

Q currently contaminated media to which 
individuals may be exposed or through which 
chemicals may be transported to potential 
receptors: or 
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CASE STUDY INTRODUCTION 

The XYZ Co. site wntam an abandoned 
industnal faality that IS adjacent to a high- 
density residential nei_ehborhood. Remnants of 
drums, lagoons, and waste piles were found at 
the site. Ground water in the area of the site IS 
used by residents as a domestic water supply. 
There IS also a small lake downgradient from the 
sire that IS used by some of the local residents 
for fshmg and wmming.  

0 currently uncontaminated media that may 
become contaminated in the future due to 
contaminant transport. 

Several important media often requiring direct 
remediation are ground water, surface water, soil; 
and sediment. Currently, only the first three of 
these media are discussed in this chapter and 
addressed by the equations provided in Chapters 3 
and 4. If other media that may require the 
development of risk-based concentrations (e.g., 
sediments) are identified at scoping, appropriate 
equations for those media should be developed. 
Resional risk assessors should be consulted as 
early as possible to assist with this process. 

CASE STUDY: IDENTIFY MEDIA 
OF CONCERN 

The P M I  for the example site indicates that 
ground water beneath the site LS contammated 
The source of t h  contamnation appears to 
have been appraximitely 100 lealunz drums of 
various chemicals that were buried in the soil but 
have since been removed. Lagoons and waste 
piles also may have contributed IO the 
contamination. Thus, ground water and so i l  are 
media of concern. 

Although evidence of lake water 
contamination was not found during the P-1, 
there is a reasonable possibility that it may 
become contaminared in the future due to 
contaminan[ [ransport either via ground-water 
discharge or surface waier run-off. Thus, 
surface w a e r  (the lake) and sediments also may 
be media of concern. 

212 CHEMICALS OF CONCERN 

This step involves developing an initial list of 
chemicals for which PRGs need to be developed. 
Chauten 4 and 5 of RAGSFTHEM Part A provide 
important additional information on identifvinq 
chemicals of uotential concern for a site and 
should be consulted prior to development of the 
conceptual site model and PRGs at scopine. 

Initially, the list of chemicals of potential 
concern should include any chemical reasonably 
expected to be of concern at  the site based on  what 
is known during scoping. For example, important 
chemicals previously detected at the site, based on 
the P M I .  the conceptual site model, or other 
prior investigations, generally should be included. 
In addition, the list may include chemicals that the 
site history indicates are likely to be present in 
significant quantities, even though they may not yet 
be detected. Sources of this latter type of 
information include records of chemicals used or  
disposed at the facility, and inteniews with current 
or former employees. The list also may include 
chemicals that are probable degradation products 
of site contaminants where these are determined to 
be potential contributors of significant risk. An 
environmental chemist should be consulted for 
assistance in determining the probable dcgadation 
products of potential site-related chemicals and 
their persistence under site conditions. Generally. 
the chemicals for which PRGs should be developed 
will correspond to the list of suspected site 
contaminants included in the sampling and anal-vsis 
plan. 

23 FUTURE LAND USE 

This step involves identifvinz the most 
appropriate future land use for the site so that the 
appropriate exposure pathways, parameters, and 
equations (discussed in the next section) can be 
used to calculate risk-based PRGs. RAGSMHEM 
Pan A (Chapter 6) and an EPA Office of Solid 
Waste and Emergency Response (OSWER) 
directive on the role of the bascline risk 
assessment in remedy selection decisions (EPA 
1991b) provide additional guidance on identifyins 
future land use. The standard default equations 
provided in Chapter 3 of Par[ B only address 
residential and commercial/industriaI land uses. I f  
land uses other than these are to be assumed (e.$.. 
recreational). then exposure pathways. parameters. 



CASE STUDY: IDENTIFY CHEMICALS 
OF CONCERN 

The P M I  for the X Y Z  Co. site identified the 
following seven chemicals in ground-water 
samples: benzene, ethylbenzene, hexane, 
isophorone. triallate. 1.12-trichlorcethane. and 
vinyl chloride. Therefore, these chemicals are 
obv~ous choices for chemicals of potential 
concern. 

Although not detected in any of the PAlSI 
samples. ate history indicates that one other 
solvent -carbon tetrachloride -also was used in . 
significant quanuties by the facility that operated 
at the site. This chemid. therefore. is added to 
the list of chemicals of potential concern. 

and equations will need to be developed for the 
others as well. 

In general, residential areas should be assumed 
to remain residential. Sites that are surrounded by 
operating industrial facilities can be assumed to 
remain industrial areas unless there is an 
indication that this is not appropriate. Lacking 
site-specific information (e.g., at scoping). it may 
be appropriate to assume residential land use. 
This assumption will generally lead to conservative 
(Le.. lower concentration) risk-based PRGs. If not 
enough site-specific information is readily available 
at scoping to select one future land use over 
another. i t  may be appropriate to develop a 
separate set of risk-based PRGs for each possible 
land use. 

When waste will be managed onsite. land-use 
assumptions and risk-based PRG development 
become more complicated because the assumptions 
for the site itself may be different from the land 
use in the surrounding area. For example. if waste 
is manazed onsite in a residential area. the 
risk-based PRGs for the ground water beneath the 
site (or at the edge of the waste management unit) 
may be based on residential exposures. but the 
risk-based PRGs for the site soils may be based on 
an industrial land use with some management or 
institutional controls. 

If a land-use assumption is used that is less 
conservative (Le.. leads to hisher risk-based 
concentrations) than another. i t  generallv will be 
necessary to monitor the future uses of that site. 

'For example. if residential land use is not deemed 
IO be appropriate for a particular site because local 
zoning. laws prohibit residenrial development. anv 
changes in local zoning would need to be 
monitored. Such considerations should be clearlv 
documented in the site's ROD. 

CASE STUDY: IDENTIR' FUTURE. 
LAND USE 

Based on established land-use trends. local 
renovation projects, and population growth 
projections in the area of the X Y Z  Co. sne. the 
mast reasonable future use of the land IS 
determmed to be residenttal use. Thus, site- 
specific information ts suffiaent to show that the 
generally more conservatwe assumption of 
residential land use should seme as the bass for 
development of mk-based PRGs. 

2.4 APPLICABLE OR RELEVANT 
AND APPROPRLATE 
REQUIREMENTS 

Chemical-specific ARARs are evaluated as 
PRGs because they are often readily available and 
provide a preliminary indication about the goals 
that a remedial action may have to attain. This 
step involves identifying all readily available 
chemical-specific potential ARARs for the 
chemicals of potential concern (for each medium 
and probable land use). Because at scopins it 
often is uncertain which potential ARAR is the 
most likely one to become the ARAR-based PRG. 
all potential ARARs should be included in a 
tabular summary @e., no potentiai MAR should 
be discarded). If there is doubt about whether a 
value is a potential ARAR, and therefore whether 
it could be used as a PRG, it should be included at 
this stage. 

This section summarizes the concept ol' 
ARARs and identifies the major types of ARARs. 
but provides only limited guidance on identifying 
the most appropriate (likely) ARAR of all possible 
ARARs to use as the chemical-specific PRG. 
More detailed information about the identification 
and evaluation of ARARs is available from two 
important sources: 

the NCP (see specifically 55 Fedcml Rcgiswr 
S741-8766 for a description of ARARs. and 
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8712-8715 for using ARARs as PRGs: see also 
53 Federal Regrster 5 1394); and 

CERCLA Compliance Manuals (EPA l9SSa 
and 1989a). 

a 

2.4.1 CHEMICAL-, LOCATION-, AND 
ACTION-SPECIFIC A R A k  

The Agency has identified three general types 
of federal and state ARARs: 

0 chemical-soecific, are usually health- or risk 
management-based numbers or  methodologies 
that, when applied to site-specific conditions, 
result in the establishment of numerical values 
(e.&, chemical-specific .concentrations in a 
given medium); 

location-suecific. are restrictions placed upon 
the concentration of hazardous substances or: 
the conduct of activities solely because they 
are in special locations (e.g., wetlands); and 

.L 

a 

0 action-suecific, are usually technology- or  
activity-based requirements or  limitations on 
actions taken with respect to hazardous wastes. 

This guidance primarily addresses only chemical- 
specific ARARS since it focuses on the 
identification of chemical-specific concentrations 
that represent target goals (e.8.. PRGs) for a given 
medium. 

2.4.2 SELECIION OF THE MOST LIKELY 

CHEMICAL 
ARAR-BASED PRG FOR EACH 

This section briefly describes which, if any, of 
several potential ARAR values for a _given 
chemical is generally selected as the most likely 
ARAR-based PRG (and therefore the most likely 
PRG at this point). Although the process for 
identifying the most likely ARAR-baSed PRG is 
specific to the medium, in general the process 
depends on two considerations: (1) the 
applicability of the ARAR to the site: and (2) the 
comparative stringency of the standards being 
evaluated. The Dreviouslv cited documents should 
b e  carefullv considered fo r  specif ic  
recommendations on identifvine ARARs. 

Ground Water. SDWA maximum contaminant 
levels (MCLs). non-zero MCLGs, state drinking 
water standards. and federal water quality criteria 

( W Q C )  are common ARARs (and. therefore, 
potential PRGs) for ground water. Other types of 
laws. such as state anti-degradation laws. may be 
PRGs if they are accompanied by allowable 
concentrations of a chemical. (Although state 
antidegradation laws that are expressed as 
qualitative standards may also be potential 
ARARS, they generally would not be considered 
PRGs.) 

As detailed in the NCP (see next box), the first 
step in identifying ground-water PRGs is to 
determine whether the ground water is a current 
or  potential source of drinking water. If the 
aquifer is a potential source of drinking water, 
then potential ARARs generally will include the 
federal non-zero MCLG, MCL. or state drinking 
water standard, and the most stringent @e., the 
lowest concentration) is identified as the most 
likely ARAR-based PRG. 

~ ~~ 

NCP ON GROUND-WATER GOALS 
(NCP Preamble: 

55 F e d d  Register 8717. March 8, 1990) 

“Ground water that is not currentty a drinking 
water source but is potentially a drinkins water 
source in the future would bc protected to levels 
appropriate to its use as a drinkins e t e r  source. 
Ground water that is not an actual or potential 
source of drinking water may not require 
remediation to a 104to IO4 level (except when 
necessary to address environmental concern or 
allow for other beneficial uses; . . .).“ 

If the aquifer is not a potential source of 
drinkingwater, then MCL, MCLGs. state drinking 
water requirements. or other health-based levels 
generally are not appropriate as PRGs. instead, 
environmental considerations (Le.. effects on 
biological receptors) and prevention of plume 
expansion generally determine clean-up levels. If 
an aquifer that is not a potential source of 
drinking water is connected to an aquifer that is a 
drinking water source, it may be appropriate to use 
PRGs to set clean-up Soak for the  point of 
interconnection. 

For chemicals without MCLs. slate standards. 
or non-zero MCLGs. the FWQC may he 
potentially relevant and appropriate for ground 
water when that ground water discharses to surface 
water that is used for frshing or shellfishing 



Surface Water. FWQC and state water quality 
standards (WQS) are common ARARs for surface 
water. An important determination for identifymg 
ARARs and other criteria as potential PRGs for 
surface water is the current designated and future 
expected use of the water body. Because surface 
water potentially could serve many uses (e.g.. 
drinking and fshing), several ARARs may be 
identified as potential PRGs for a chemical. with 
each ARAR corresponding to an identified use. A 
state WQS is generally the most likely ARAR for 
surface water unless a federal standard is more 
stringent. 

If surface water is a current or potential source 
of drinkinq water, MCLs. state drinking water 
standards, non-zero MCLGs, and FWQC are  
potential ARARS. The analysis to determine 
which of these drinking water standards is the most 
likely ARAR-based PRG is the same as that 
conducted for ground water. An FWQC based o n  
ingestion of water and fish might be an  ARAR for 
surface water used for drinking. 

If the designated or future expected use of 
surface water is fishine or shellfishinq, and the 
state has not promulgated a WQS. an FWQC 
should be considered as a potential ARAR. The 
particular FWQC (i.e., for water and fish ingestion 
or ftsh ingestion alone) selected as the potential 
ARAR depends on whether exposure from one or 
both of the routes is likely to occur and. therefore. 
on the designated use of the water body. If other 
uses of the water are designated (e.&, swimmins), 
a state WQS may be available. 

Soil. In general. chemical-specific A R A R s  
. may not be available for soil. Certain states. 

however. have promulgated or are about to 
promul_eate soil standards that may be ARARs and 
thus may be appropriate to use as PRGs. In 
addition. several EPA policies may be appropriate 
to use in developing PRGs (e.g., see EPA 199Oc 
for guidance on PCB clean-up levels). 

2.5 EXPOSURE PATHWAYS, 
PARAMETERS, AND 
EQUATIONS 

This step is Senerally conducted for each 
medium and land-use cbmbination and involves 
idenrifying' the most appropriate (1) exposure 
pathways and routes (e.g.. residential ingestion of 
drinking water), (2) exposure parameters (e+. 

2 liters/day of water ingested). and (3) equations 
(e.g.. to incorporate intake). The  equations 
include calculations of total intake from a given 
medium and are  based on the identified exposure 
pathways and associated parameters. Information 
gathered in this step should be used to calculate 
risk-based PRGs using the default equations 
identified in Chapters 3 and 4. Site-specific 
equations can be derived if a different sei of 
exposure pathways is identified for a particular 
medium: this option also is discussed in Chapters 
3 and 4. 

When risk-based concentrations are developed 
during scoping. readilv available site-specific 
information may be adequate to identify and 
develop the exposure pathways. parameters. and 
equations (e.g.. readily available infovat ion  may 
indicate that the exposure duration should be 40 
years instead of the standard default of 30 years). 
In the absence of readily available site-specific 
information. the standard default information in 
Chapters 3 and 4 generally should be used for the 
development of risk-based PRGs. 

Exhibit 2-1 lisrs a number of the potential 
exposure pathways that might be present at  a 
CERCLA site. The exposure pathways included in 
the medium-specific standard default equations 
(see Chapters 3 and 4) are italicized in this exhibit. 
Note that Chauters 3 and 4 mav not address all of 
t h e  exuosure uathwavs of uossible imuonance at a 
eiven CERCLA site. For example, the 
consumption of ground water that continues to be 
contaminated by soil leachate is not addressed. 
Guidance on goal-setting to address this exposure 
pathway is currently under development by EPA. 
In addition. the standard default equations do not 
address pathways such as plant and animal uptake 
of contaminants from soil with subsequent human 
ingestion. Under certain circumstances, these or 
other exposure pathways may present significant 
risks to human health. The standard default 
information. however. does address the  quantifiable 
exposure pathways that are often significant 
contributors of risk for a particular medium and 
land use. 

Chapters 3 and 4 show how exposures from 
several pathways are  addressed in a sinsle equalion 
for a medium. For example, in the equation for 
ground water and surface water under the 
residential land-use assumption. the coefficients 
incorporate default parameter values for ingestion 
of drinking water and inhalation of volatiles during 

-11- 



I EXHIBIT 2-1 

TYPICAL EXPOSURE PATHWAYS BY MEDIUM 
FOR RESIDENTIAL AND COMMERCWINDUSTRIAL LAND USES"1b : 

Exposure Pathways, Assuming: 

Medium Residential Land Use Commercial/IndustriaI Land Use 

Soil 

Ground Water Ingeuwn from drinking 

Inhalprlion of volrrlilcs 

Dermal absorption from bathing 

Immersion - external' 

Surface Water h e w n  from drinking 

InhniWon of vohztik 

Dermal absorption from bathing 

Ingestion during swimming 

Ingestion of contaminated f s h  

Immersion - external' 

fngesrion 

Inhalation of particulates 

Inhalation of volatiles 

Dual  &mal erparwec 

Exposure to ground water contaminated 
by soil leachate 

Ingestion via plant uptake 

Dermal absorption from eardeninq 

Ingestion from drinkin$ 

Inhalation of volatiles 

Dermal absorption 

Ingestion from drinkin$ 

Inhalation of volatiles 

Dermal absorption 

lnspsrion 

Inhahtwn of p a n i c u k  

Inhuhwn of v o h i k  

D i m  errernrrl t q ~ s u n ? ~  

Exposure to ground water contaminated 
by soil leachate 

Inhalation of particulates from trucks 
and heavy equipment 

- - 

a Lists of land uses, media, and exposure pathways are not comprehensive. 

Exposure pathways included in RAGS/HHEM Part B standard default equations (Chapters 3 and 4) are 
italicized. 

Applies to radionuclides only. 

Bccausc thc NCP cncourages protection of ground watcr to maximize its bcneficial use. risk-based PRGs 
- cenerally should be based on residential exposures once ground water is determined to be suitable for drinking. 
Similarly, when surface water will be used for drinking, senera1 standards (e.g, ARARs) are to be achieved 
that define levels protective for the populaiion at large. not simply worker populations. Residential exposurc 
scenarios should p i d e  risk-based PRG development for insestion and other uses of potable water. 
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household water use. Full details of parameters 
used to develop each equation and a summary of 
the "reduced" standard default equations are 
provided in the text of these chapters. 

Certain modifications of the default equations 
may be desirable or necessary. For example, if an 
exposure pathway addressed by an equation in 
Chapter 3 seems inappropriate for the site (e.g.. 
because the  water contains no volatiles and. 
therefore, inhalation of volatiles is irrelevant), or 
if information needed for a pathway (e.g.. a 
chemical-specific inhalation slope factor [see 
Section 2.61) is not readily available or derivable. 
then that pathway can be disregarded at  this stage. 

The decision about whether the risk assessor 
should collect site-specific human exposure 
pathway information (e.g., exposure frequency, 
duration, or intake rate data) is very important. 
There will frequently be methods available to 
gather such information. some of which are more 
expensive and elaborate than others. Determining 
whether the resulting data are reasonably 
representative of populations in the surrounding 
area. however. is often difficult. Collecting data by 
surveying those individuals most convenient or 
accessible to RPMs or risk assessors may not 
present a complete population exposure picture. 
In fact, poorly planned data gathering efforts may 
complicate the assessment process. For example, 
those surveyed may come to believe that their 
contributions will play a more meaningful role in 
the risk assessment than that planned by the risk 
assessors: this can result in significant demands on 
the risk assessor's time. 

Before such data collection has bezun, the risk 
assessor should determine. with the aid of 
screenin2 analyses. what benefits are likely to 
result. Collection of the exuosure data discussed 
in this section eenerallv should not be attemoted 
unless sirnificant differences are likelv to result in 
final reasonable maximum exposure (RME) risk 
estimates. If data collection is warranted, 
systematic and wellconsidered efforts that 
minimize biases in results should be undertaken. 
Estimates of future exposures are likely to rely 
heavily on conservative exposure assumptions. By 
delinition. these assumptions will be unaffected by 
even thc most extensive efforts to characterize 
current population activity. 

At this stage. the risk assessor. site engineer, 
and RPM should discuss information concernins 

the absence or presence of important exposure 
pathways, because remediation goals should be 
designed for specific areas of the site that a 
particular remedy must address, and exposures 
expected for one area.of the site may differ 
si_gnificantly from those expected in another area. 

15.1 GROUND WATER/SURFACE WATER 

The residential land-use default equations 
presented in Chapters 3 and 4 for ground water or 
surface water are based on ingestion of drinking 
water and inhalation of volatile (vapor phase) 
chemicals originating from the household water 
supply (e.& during dish washing, clothes 
laundering. and showering). 

Ingestion of drinking water is an appropriate 
pathway for all chemicals with an oral cancer slope 
factor or  an ,oral chronic reference dose. For the 
purposes of this guidance, however. inhalation of 
volatile chemicals from water is considered 
routinely only for chemicals with a Henry's Law 
constant of 1 x lo5 ,atrn-m3/mole or seater 
with a molecular weight of less than 200 g/mole. 
Before determining inhalation toxicity values for a 
specific chemical (Section 2.6). it should be 
confirmed that the Henry's Law constant and 
molecular weight are in the appropriate range for 
inclusion in the inhalation pathway for water. 

Default equations addressing industrial use of 
ground water are not presented Because the NCP 
encourages protection of ground water to its 
maximum beneficial use, once ground water is 
determined to be suitable for drinking. risk-based 
PRGs generally should be based on residential 
exposures. Even if a site is located in an industrial 
area, the ground water underlying a site in an 
industrial area may be used as a drinkins water 
source for residents several miles away due to 
complex geological interconnections. 

25.2 SOIL 

The residential land-use standard default 
equations for the  soil pathway are based bn 
exposure pathways of ingestion of chemicals in soil 
or dust. The industrial land-use equations are 
based on three exposure pathways: ingestion of 
soil and dust, inhalation of particulates. and 
inhalation of volatiles. Again, for the purposes Of 

this Suidance, inhalation of volatile chemicals is 
relevant only for chemicals with a Heny's Law 
constant of 1 x atm-m3/mole or geater  and 



.I 

with a molecular weight of less than 200 glmole. 
For the inhalation pathways. in addition to toxicity 
information, several chemical- and site-specific 
values are needed. These values include molecular 
diffusivity. Henry's Law constant, organic carbon 
panition coefficient, and soil moisture content (see 
Chapter 3 for details). 

CASE STUDY: IDENTIFY EXPOSURE 
PATHWAYS, PARAMEERS, 

AND EQUATIONS 

For the potential residential land use 
identified at the XYZ Co. site, the contaminated 
ground water (one of several media of porential 
concern) appears to be an important source of 
future domestic water. Because site-specific 
information is not initially available to develop 
specific exposure pathhays. parameters, and 
equations, the standard default assumptions and 
equations provided in Chapter 3 will be used to 
calculate risk-based PRGs. Exposure pathways 
of concern for ground water, therefore. are 
assumed to be ingestion of ground water as 
drinkins water and inhalation of volatiles in 
ground water during household use. 

2.6 TOXICITY INFORMATION 

This step involves identifying readily available 
toxicity values for all of the chemicals of potential 
concern for given exposure pathways so that the 
appropriate slope factors (SFs; for carcinogenic 
effects) and reference doses (RfDs; for 
noncarcinogenic effects) are identified or derived 
for use in the site-specific equations or the 
standard default equations. Therefore. Chapter 7 
of RAGSMHEM Part A should he reviewed 
carefullv before nroceeding with this step. 

The hierarchy for obtaining toxicity values for 
risk-based PRGs is essentially the same as that 
used in the baseline risk assessment. Briefly, 
Integrated Risk Information System (IRIS) is the 
primary source for toxicity information; if no 
verified toxicity value is available through IRIS. 
then Health Effects Assessment Summary Tables 
(HEAST) is the next preferred source. When the 
development of a toxicity value is required (and 
appropriate data are availahle). consultation with 
the  Superfund Health Risk Assessment Technical 
Support Center is warranted. EPA staff can 
contact the Center by calling FE-684-7300 

(513-569-7300) or by FAX at Fr%W-7159 
(513-569-7159). Others must fax to the above 
number or write to: 

Superfund Health Risk Technical Support 

Environmental Criteria and Assessment Office 
U.S. Environmental Protection Agency 
Mail Stop 114 
26 West Martin Luther King Drive 
Cincinnati, Ohio 45268 

Center 

Other toxicity information that should be 
obtained includes EPA's weight-of-evidence 
classification for carcinogens (e.& A B1) and the 
source of the information (e.g., IRIS, HEAST). 

Note that throughout this document, the term 
h a m d  index (HI) is used to refer to the risk level 
associated with noncarcinogenic effects. An HI is 
the sum of two or more hazard quotients (HQs). 
An HQ is the ratio of an exposure level of a single 
substance to the RfD for that substance. Because 
RfDs are generally exposure pathway-specific (e.g., 
inhalation RfD), the HQ is a single substance/ 

other hand, is usually either a single substance/ 
multiple exposure pathway ratio, a multiple 
subsrance/single exposure pathway ratio, o r  a 
multiple substance/multiple exposure pathway 
ratio. In this document, however, only one 
exposure pathway is included in the default 
equation for some land-use and medium 
combinations (e.g., residential soil). In order to 
remain consistent, the term HI has been used 
throughout RAGSMHEM Part B. even though for 
such a pathway, the term HQ could apply. 

single exposure pathway ratio. An HI, on the 3 

2.7 TARGET RISK LEVELS 

This step involves identifyins target risk 
concentrations for chemicals of potential concern. 
The standard default equations presented in 
Chapters 3 and 4 are based on the followin$ target 
risk levels for carcinogenic and noncarcinogenic 
effects. 

0 For carcinoeenic effects, a concentration is 
calculated that corresponds to a 10" 
incremental risk of an individual developing 
cancer over a lifetime as a result of exposure 
to the potential carcinogen from all significant 
exposure pathways for a given medium. 
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Chemical 

Hexane 0.06 HEAST - - - 
Isophorone 0.2 IRIS 
Triallate 0.013 IRIS - - - 0.0039 C HEAST 

RfD SF Weight of 
(mgkgday)  Source (mykgday)" Evidence Source 

EXPOSURE ROUTE: ' INHALATION 

Hexane 0.04 HEAST - - - 
Isophorone 3 - - - . c  HEAST 
Triallate - - - - - 

CASE STUDY: IDENTIFY TOXICITY INFORMATION' 

Reference tawaty values for cancer and noncancer effects (1.e.. SFs and RfDs. respecrrvelv) are required for 
chemicals without ARAR-based PRGs (only the case study chemicals wthout A R M S  are IISted here). Cmstdenng 
the ground-water medium only, ingestion and inhalation are exposure pathways ot concern. To,xiaty tnforrnation 
is obtained from IRIS and HEAST, and IS shown in the table below. 

* All information in this example is for illustration purposes ow. 

0. For noncarcinogenic effects. a concentration is 
calculated that corresponds to an HI of 1. 
which is the level of exposure fo a chemical 
from all significant exposure pathways in a 
given medium below which i t  is unlikely for 
even sensitive populations to experience 
adverse health effects. 

At scoping, it generally is appropriate IO use 
the standard default target risk levels described 
above and discussed in the NCP. That is. an  
appropriate point of departure for remediation of 
carcinogenic risk is a concentration that 
corresponds to a risk of 10" for one chemical in a 
particular medium. For noncarcinogenic effects. 
the NCP does not specify a range, but i r  generally 
is appropriate to assume an HI equal to 1. 

2.8 MODIFICATION OF 
PRELIMINARY 
REMEDLATION GOALS 

Upon completion of the  b3seline risk 
assessment (or as soon as data are available), i t  is 
important to review the future land use. exposure 
assumptions. and the media and chemicals of 
potential concern originally identified at scoping. 
and determine whether PRGs need io be modified. 
Modification may involve addins or subtracting 

chemicals of concern. media, and pathways or 
revising individual chemical-specific goals. 

2.8.1 REVIEW OF ASSUMPTIONS 

Media of Concern. As a guide to determinine 
the media and chemicals of potential concern. the 
OSWER directive Role of the Bnseline Risk 
Assessment in Supsfund Reniedv Selection Decisions 
(EPA 1991~) indicates that action is generally 
warranted at a site when the cumulative 
carcinogenic risk is greater than lo4 o r  the 
cumulative noncarcinozenic HI exceeds 1 bascd o n  
RME assumptions. Thus. where the baseline risk 
assessment indicates that either thc cumulaiivc 
current or future risk associated with a medium is 
greater than IO4 or that thc HI is grcater than I. 
that medium presents a concern. and i t  generally is 
appropriate to maintain risk-based PRGs f o r  
contaminants in that medium or  develop risk-based 
PRGs for additional media where PRGs are  no[  
clearly defined by ARARs. 

When the cumulative current o r  future 
baseline cancer risk for a medium is within the  
range of lo4 to lo4, a decision about whether o r  
not to take action is a site-specific determination. 
Generally, risk-based PRGs are not necded for any 
chemicals in a medium with a cumulative cancer 
risk of less than 10". whcre an HI is less than or 
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equal to 1. or where the PRGs are clearly defined 
by ARARs. However. there may be cases where a 

. medium appears to meet the protectiveness 
criterion but contributes to the contamination of 
another medium (e.g.; soil contributing to ground- 
water contamination). In these cases. i t  may be 
appropriate to modify existing or  develop new risk- 
based PRGs for chemicals of concern in the first 
medium. assuming that fate and transport models 
can adequately predict the impacts of concern on 
other media. EPA is presently developing 
” guidance on quantifying the impact of soil 
contamination on underlying aquifers. 

Chemicals of Concern. As with the initial 
media of potential concern, the initial list of 
specific chemicals of potential concern in a given 
medium may need to be modified to reflect 
increased information from the R E S  concerning 
the importance of the chemicals to the overall site 
risk. Chemicals detected during the RI/FS that 
were not anticipated during scoping should be 
considered for addition to the list of chemicals of 
potential concern; chemicals anticipated during 
scoping that were not detected during the RVFS 
should be deleted from the list. Ultimately. the 
identity and number of contaminants that may 
require risk-based PRGs depends both on the 
results of the baseline risk assessment and the 
extent of action required. given site-specific 
circumstances. 

. 

Following the baseline risk assessment, any 
chemical that has an associated cancer risk 
(current or future) within a medium of greater 
than lo-‘ or an HI of greater than 1 should remain 
on the list of chemicals of potential concern for 
that medium. Likewise. chemicals that present 
cancer risks of less than lo4 generally should not 
be retained on the list unless there are significant 
concerns about multiple contaminants and 
pathways. 

Land Use. After the RI/FS, one future land 
use can usually be selected based on  the results of 
the baseline risk assessment and discussions with 
the. RPM. In many cases. this land use will he the 
same as the land use identified at  scoping. In 
other cases, however, additional information ,from 
[he haseline risk assessment that was not available 
at scoping may suggest modifying the initial land- 
use and exposure assumptions. A qualitative 
assessment should be made - and ‘should bc 
available from the baseline risk assessment - of 

the likelihood that the assumed future land use 
will occur. 

Exposure Pathways, Parameters, and 
Equations. For exposure pathways, this process of 
modifying PRGs consists of adding o r  deleting 
exposure pathways from the medium-specific 
equations in Chapters 3 and 4 to ensure that the 
equation accounts for all significant exposure . 
pathways associated with that medium at the site. 
For example, the baseline risk assessment may 
indicate that dermal exposure to contaminants in 
soil is a significant contributor to site risk. In this 
case, the risk-based PRGs may be modified by 
adding equations for dermal exposure. EPA policy 
on assessing this pathway is currently under 
development: the risk assessor should consult the 
Superfund Health Risk Technical Support Center 
(FE-684-7300 or  513-569-7300) to determine the 
current status of guidance. Likewise. when 
appropriate data (e.g., on exposure frequency and 
duration) have been collected during the R I B .  
site-specific values can be substituted for the 
default values in the medium-specific equations. 

28.2 IDENTIFICATION OF 
UNCERTAINTIES 

The uncertainty assessment for PRGs can 
serve as an important basis for recommending 
further modifications to the PRGs prior to setting 
final remediation goals. It also can be used during 
the post-remedy assessment (see Section 28.4) to 
identify areas needing particular attention. 

Risk-based PRGs are associated with vaned 
levels of uncertainty, depending on many factors 
(e.g.. confidence that anticipated future land use is 
correct). To  place risk-based PRGs that have been 
developed for a site in proper perspective, an 
assessment of the uncertainties associated with the 
concentrations should be conducted. This 
assessment is similar to the uncertainty assessment 
conducted during the baseline risk assessment (see 
RAGSHHEM Part A, especially Chapters 6, 7, 
and 8). In fact, much of the uncertainty 
sssessment conducted for a site’s baseline risk 
assessment will be directly applicable to the 
uncertainty assessment of the risk-based PRGs. 

In general, each component of risk-based 
PRGs discussed in this chapter - from media of 
potential concern to target risk level - should be 
examined. and the major areas of uncertainty 
highlighted. For example, the uncertainty 
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associated with the selected future land use should 
be discussed. Furthermore, the  accuracy of the  
technical models used (e.g., for volatilization of 
contaminants from soil) IO reflect site-specific 
c.onditions (present and future) should he 
discussed. If site-specific exposure assumptions 
have been made, it is particularly important to 
document the data supporting those assumptions 
and to ass? their relevance for .potentially 
exposed populations. 

Aj the chemical- and medium-specific PRGs 
are developed, many assumptions regarding the  
RME individual(s) are incorporated. Although 
PRGs are believed to tie fully protective for the  
RME individual(s). the proximity of o ther  nearby 
sources of exposure (e.g.. other CERCLA sites. 

. RCRA facilities, naturally occurring background 
contamination) and/or the existence of the  same 
contaminants in multiple media or of multiple 
chemicals affecting the same population(s). may 
lead to a situation where. even after attainment of 
all PRGs. protectiveness is not clearly achieved 
(e.g., cumulative risks may fall outside the  risk 
range). The  more likely it is that multiple 
contaminants. pathways, operable units, or other 
sources of toxicants will affect the  RME 
individual(s), the more likely it  will be that 
protectiveness is not achieved. This likelihood 
should be addressed when identifying uncertainties. 

2.8.3 OTHER CONSIDERATIONS IN 
MODIFYING PRCs 

The NCP preamble and rule state that factors 
related to exposure, technical limitations. and 
uncertainty should he considered when modifying 
PRGs (see nexI two boxes) and  setting final 
remediation levels. 

. 

While the final remedial action objectives must 
satisfy the original "threshold criteria" of protection 
of human health and the environment and 
compliance with ARAEb, the factors in the 
"balancing and modifying criteria" (listed in Section 
1.3.2) also a re  considered in the detailed analysis 
for choosing among remedial alternatives. In cases 
where the alternative that represents the best 
balance of factors is not able to attain cancer risks 
within the risk ranze or a n  HI of 1, institutional 
controls may be used to supplement treatment 
and/or containment-based remedial action to 
ensure protection of human health and the 
environment. 

NCP PREAMBLE EXPOSURE, 
TECHNICALAND . 

UNCERTAINTY FACTORS 
(55 Federal Re.@ter 8717. March 6, 1990) 

"Preliminary remediation pals  ._. may be 
revised ... based on the consideration of 
appropriate factors including, but not limited to: 
expasure factors, 'uncertainty faaors. and technical ' 
factors. Included under arpmure factors are: 
cumulative effect of multiple contaminants, the 
potential for human expasure from other pathways 
at the site. population sensitivities, potential 
impacts on environmental recepiors, and cross- 
media impacts of alternatives. Factors related to 
uncertainty may include: the reliability of 
alternatives. the weight of scientific evidence 
concerning exposures and individual and 
cumulative health effects. and the reliability of 
e x p u r e  data. Technical factors m a y  include: 
detection/quaotification limits for contaminants. 
technical limitations to remediation. the ability to 
nioniror and control movement of contaminants. 
and backgound levels of contaminants. The final 
selection of the appropriate risk level is made when 
the remedy is selected based on the balancing of 
criteria ,.." 

NCP RULE EXPOSURE, TECHNICAL, 
AND UNCERTAINTY FACTORS 

(40 CFR 300.430(e)(2)(i)) 

"(i) ... Remediation SoaIs..Jhall be developed by 
considering the following: 

'(A) Applicable or relevant and appropnate 
requirements ... and the following factors: 

*(I) For sysreniic ioxicants, acceptable 
exposure leve Is... ; 

"(2) For known or suspected carcinogens. 
acceptable exposure leve Is... ; 

"(3) Factors related to technical limitations. 
such as detection/quantitiation limits for 
contaminants; 

- (4)  Factors relared 10 uncertainty: and 

' ( 5 )  Other pertinent information." 
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Note that in the absence of ARARs, the 10” 
cancer risk “point of departure” is used as a 
starting point for analysis of remedial alternatives. 
which reflects EPA’s preference for manazing risks 
at  the more protective end of the risk range. other 
t h i n g  heing equal. Use of ”point of departure” 
tareet risks in this Ltuidance does not reflect a 
presumption that the final remedial action should 
attain such coals. (See NCP preamble, 55 Federn/ 
Regisrer 87 1 S-9.) 

2.8.4 POST-REMEDY ASSESSMENT 

To ensure that protective conditions exist after 
the remedy achieves all individual remediation 
levels set out in the ROD, [here senerally will be 
a site-wide evaluation conducted following 
completion of a site’s final operable unit (e+. 
during the five-year review). This site-wide 
evaluation should adequately characterize the 
residual contaminant levels and ensure that the 
post-remedy cumulative site risk is protective. 
More detailed guidance on the post-remedy 
assessment of site ”protectiveness” is currently 
under development by EPA 
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CALCULATION OF RISK=BASED 
PRELIMINARY REMEDIATION G O A L S  

This chapter presenu standardized exposure 
parameters. t h e  derivation of risk equations, and 
the corresponding "reduced" equations, for 
calculating risk-based PRGs at scoping for the 
media and land-use aSsumptions discussed in 
Chapter 2 (Le.. ground water, 'surface water. and 
soil for residential land use, and soil for 
commerciaUindustria1 land use). Both carcinogenic 
and noncarcinogenic ..effects are addressed. 
Standardized default exposure parameters 
consistent with OSWER Directive 9285.6-03 (EPA 
1991b) are used in this chapter: where default 
parameters are not available in that guidance. the 
references used are cited. If other media requiring 
risk-based PRGs are identified during the RUFS, 
or other exposure parameters or land uses are 
assumed, then appropriate equations will need to 
be modified or new ones developed. 

Risk-based equations have been derived in 
order to reflect the potential risk from exposure to 
a chemical, given a specific pathway. medium, and 
land-use combination. By setting the  total risk for 
carcinogenic effects at  a target risk level of lo4 
(the NCP's point of departure for analysis of 
remedial alternatives), it is possible to solve for the 
concentration term (Le., the risk-based PRG). The 
total risk for noncarcinogenic effects is set at an 
HI of 1 for each chemical in a particular medium. 
Full equations with pathway-specific default 
exposure factors are presented in boxes with 
uniformly thin borders. Reduced equations are 
presented in the standard boxes (Le.. thicker top 
and bottom borders). At the end of this chapter, 
the case study that besan in Chapter 2 is 
concluded (by showing how to calculate and 
present risk-based PRGs). 

In general. .the equations described in this 
chapter are sufficient for calculating the risk-based 
PRGs at the scoping stage of the R E S .  Note. 
howcver, that these equations are based on 
standard default assumptions that mav or rnav nor 
reflect site-specific conditions. When risk-based 
PRGs are to be calculaied based on site-specific 

conditions, the risk assessor should modify the full  
equations, and/or develop additional ones. Risk 
equations for individual exposure pathways for a 
given medium are presented in Appendix B of this 
document, and may be used to develop and/or 
modify the full equations. (See the introduction to 
Appendix B for more detailed instructions.) 

Before examining the calculation of risk-based 
PRGs. several important points should be noted: 

Use of toxicity values in the equations as 
written currently assumes. 100 percent 
absorption effeciency. That is, for the sake of 
simplicity at scoping, it is assumed that the 
dose administered to test animals in toxicity 
studies on which toxicity values are based was 
fully absorbed This assumption may need to 
be revised in cases where toxicity values based 
on route-to-route extrapolation are used, or  
there are significant differences in absorption 
likely between contaminants in site media and 
the contaminants in the vehicle used in the 
toxicity study. Chapter 7 and Appendix A in 
RAGSMHEM Part A (EPA 198%) provide 
additional details on this point. 

The risk-based PRGs should contain at  most 
two significant figures even though some of 
the parameters used in the reduced equations 
carry additional significant figures. 

0 The equations presented in this chapter 
calculate risk-based concentrations using 
inhalation. reference doses (RfD,s) and 
inhalation slope factors (SFis). If only the 
reference concentration (RfC) and/or 
inhalation unit risk are available for a 
particular compound in IRIS, conversion to an 
RfD, and/or SFi will be necessary. Many 
converted toxicity values are available in  
HEAST. 

0 - All standard equations presented here 
inmrpora te pat hway-specific default exposure 
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factors that generally reflect RME conditions. 
As detailed in Chapter 8 of RAGSMHEM 
Part A (in the discussion on combining 
pathway risks [Section 8.31). RME risla from 
one pathway should be combined with RME 
risks from another pathway only where there 
is good reason. Typically, RME from one 
pathway is not likely to occur with RME from 
another (unless there is a strong logical 
dependent relationship between exposures 
from the two pathways). If risk-based 
concentrations are developed for both the 
water and the soil pathways, the risk assessor 
ultimately may need to adjust exposure 
assumptions from one pathway (i.e., the  one 
with the lower RME) to less conservative 
(more typical) values. 

3.1 RESIDENTIAL LAND USE 

3.1.1 GROUND WATER OR SURFACE 
WATER 

Under residential land use. risk from surface 
water or ground-water contaminants is assumed to 
be due primarily to direct ingestion and to 
inhalation of volatiles from household water use. 
Therefore, only these exposure pathways are 
considered in thk section. Additional exposure 
pathways (e.& dermal absorption) are possible and 
may be significant at  some sites for some 
contaminants, while perhaps only one exposure 
pathway (e.g., direct ingestion of water only) may 
be relevant at others. In any case, the risk-based 
PRG for each chemical should be calculated by 
considering all of the relevant exposure pathways. 

In the case illustrated here, risks from two 
exposure pathways from ground water or surface 
water are combined, and the risk-based 
concentration is derived to be protective for 
exposures from both pathways. Default risk from 
ground water or surface water would be calculated 
as follows ("total" risk. as used below, refers to the 
combined risk for a sinsle chemical from all 
exposure pathways for a given medium): 

Total risk = Risk from + Risk from inhala- 
from water ingestion of tion of volatiles 

*mer (adult) from household 
Hater (adult) 

At scoping. risk from indoor inhalation of 
volatiles is assumed to he relevant only for 
chemicals that easily volatilize. Thus, the risk 

equation incorporates a' water-air concentration 
relationship that is applicable only to chemicals 
with .a Henry's Law constant of greater than 1 .Y 

lo-' atm-m3/mole and a molecular weight of less 
than 200 glmole. These criteria are not used to 
screen out chemicals that are not of potential 
concern for this exposure pathway but only to 
identify those that generally should be 'considered 
for the inhalation pathway when developing risk- 
based PRGs early in the process. Chemicals that 
do not meet these criteria may pose significant site 
risks (and require risk-based goals) through 
volatiles inhalation. The ultimate decision 
regarding which contaminants should be 
considered in the FS must be made on a site- 
specific basis following completion of the baseline - 
risk assessment. 

Based primarily on experimental data on the 
volatilization of radon from household uses of 
water, Andelman (1990) derived an equation that 
defines the relationship between the concentration 
of a contaminant in household water and the 
average concentration of the volatilized 
contaminant in air. In the derivation, all uses of 
household water were considered (e.g., showering, 
laundering, dish washing). The equation uses a 
default "volatilization" constant (K) upper-bound 
value of 0.0005 x 1000 urn3. ( n e  1000 Urn' 
conversion factor is incorporated into the equation 
so that the resulting air concentration is expressed 
in mg/m3.) Certain assumptions were made in 
deriving the default constant K (Andelman 1990). 
For example, it is assumed that the volume of 
water used in a residence for a family of four is 
720 Uday. the volume of the dwelling is 150.000 L 
and the air exchange rate is 0.25 m'hr. 
Furthermore, i t  is assumed that the averazc 
transfer efficiency weighted by water use is 5 0  
percent (i.e.. half of the concentration of each 
chemical in water will be transfered into air by all 
water uses [the range extends from 30% for toilets 
to 90% for dishwashers]). See the Andelman 
paper for further details. 

Concentrations Based on Carcinogenic Effects. 
Total risk for carcinogenic effects of certain 
volatile chemicals would be calculated by 
combining the appropriate inhalation and oral SFs 
with the two intakes from water: 

Total = SF, x Intake from + SF, x Intake fmm 
risk insestion of inhakition 01' 

water v(llaulestium 
water 
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Adding appropriate parameters. and then 
rearranging the equation I to solve for 
concentration. results in Equa~ion (1). 

Equation (1 ') -is the reduced 
version of Equation (1) using the standard default 
parameters. and is used to calculate the risk-based 
PRG at a prespecified cancer risk level of lo6. It 
combines the toxicity information of a chemical 
with standard default exposure parameters for 
residential land use to generate the concentration 

~~ ~ ~~ 

of that '  chemical that cbrresponds to a io4 
carcinogenic risk level due to that chemical. I f  
either .the SF,, or  SFi in Equation (1') is not 
available for a particular chemical. the ierm 
containing that variable in the equation can be 
ignored or equated to zero (e.g.. for a chemical 
that does not have SFi, the term 7.5(SFi) in 
Equation (1') is ignored). If anv of the default 
parameter vaiues are chanced to reflect site- 
specific conditions. the reduced equation cannot h e  
used. - 

T R =  

C (m@; risk- 
based) 

where: 

Parameters 

C 
TR 
S Fi 

BW 
AT 
EF 
ED 
IR, 
1% 

S F O  

K 

RESIDENTIAL WATER - CARCINOGENIC EFFECI'!j 

SF,X C x R. x EFx ED + SF; x C X  K X  IR. x EFx ED. 
BW x ATx 365 days& BW x AT x 365 days& 

TR x B w x AT'X 3 6 ~ a a ~ ~ ~  - - 
EF x EDx [(SFi x K x IR,) + (SF, x I&)] 

Definition (units) 

chemical concentration in wafer (mg/L) 
target ex& individual lifetime cancer risk (unitless) 
inhalation cancer slope faaor  ((mgkg-day)") 
oral cancer slope faaor ((mykgday).') 
adult body weight (kg) 
averaging time (yr) 
exposure frequency (daysm) 
exposure duntion (yr) 
daily indoor inhalation rate (m'/day) 
daily water ingestion rate (Uday) 
volatilization facror (unitless) 

Default Value 

- 
10-6 
chemical-specific 
chemical-specific 
70 kg 

350 days&- 
70 Yr 

30 yr. 
1s .m/day 
2 Uday 
0.0005 x lo00 Urn' (Andelman 1990) 

REDUCED EQUATION: RESIDENTIAL WATER - CAKClNOCENIC EFFECTS 

Risk-based P R G  = 1.7 x IO4 
( m a ;  TR = IO") 2(SF,) + 7S(SFi) 

where: 

SFO = oral slope faaor in (mS/kS-dayr' 
SF, = inhalation slope factor in ( n y k ~ d a y ) "  

( 1 ' )  
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Concentrntions Based on Noncarcinogenic  
Effects. Total HI would be calculated by 
combining the appropriate oral and inhalation 
RfDs with the two intakes from water: 

HI = intake from oral innestion 
RfD, 

+ Intake from inhalation 
RfD, 

- .  
Adding appropriate parameters, and then 
rearranging the equation to solve for 
concentration, results in Equation (2). 

Equation ( 2 ‘ )  on the next page is the reduced 
version of Equation (2) using the standard default 
parameters, and is used to calculate the risk-based 
PRG at a prespecified HI of 1. I t  combines the 
toxicity information of a chemical with standard 
exposure parameters for residential land use to 
generate the concentration of that chemical that 
corresponds to an HI of 1. If either the RtD, or 
RfD, in Equation (2’) is not available for a 
panicular chemical, the term containing that 
variable in the  equation can be ignored or equated 
to zero (e&. for a chemical that-does not have 
RfD, the term 7.5/R!Di in Equations ( 2 ’ )  is 
ignored). 

based) 

where: 

Parameters 

C 
THI 
RfD, 
RfD, 
BW 
AT 
EF 
ED 
IR, 
IRA. 
K 

RESIDENTIAL WATER - NONCARCINOGENIC EFFECTS 

THI = C x I R . . x E F x E D  + C x K x IR. x E F x  ED 
RfD,’x BW x AT x 365 darslyr 

EF x ED x C x /(l/RfD,. x IR.) + f I/RfD. x K x IRJ 

RfDi x BW x AT x 36.5 daysrYr 

- - 
BW x AT x 365 days@ 

C ( m & m k -  = THI x BW x Ayx 3654avshr (2) 
E g x  ED x [( l/RfD, x K x IR,) + (l/RfD, x IRJ] 

Definition Default Value 

chemical concentration in water (ma) 
tarset hazard index (unitless) 1 

- 
oral chronic reference dose (mgikghy)  chemical-specific 
inhalation chronic reference dase (mgkgday)  chemical-specific 
adult body weight (kg) 70 kg 
averasing time (yr) 30 yr [for nonurcinoSem, equal to ED) 
exposure frequency (days/yr) 350 days& 
e x p u r e  duration (yr) 30 yr 
daily indoor inhalation rate (rn’/day) 
daily water ingestion rate (Uday) 
volatilization factor ( unitless) 

15 rn%y 
3 rJ& t J 
0.OOOS x loo0 Urn’ (Andelman 1‘990) 

~~~ 

REDUCED EQUATION: RESIDENTIAL WATER - NONCARCINOGENIC EFFECTS 

Risk-based PRG = 73 
( rng5 ,THI  = 1) [75/RfD, + 2/RfD,] 

where: 

RfDo = oral chronic reference dose in nizy’kgday 
RfD; = inhalation chronic reference dose in rn~kg-day 



Under residential land use, risk of the 
contaminant from soil is assumed to be due to 
direct ingestion of soil only. 

Total risk from soil = Risk from ingestion of soil 
(child to adult) 

Because the soil ingestion rate is different for 
children and adults, the risk due to direct ingestion 
of soil is calculated using an age-adjusted ingestion 
factor. The age-adjusted soil ingestion factor 
(IFsoi,,adj) takes into account the difference in daily 
soil ingestion raies, body weights. and exposure 
durations for two exposure groups - children of 
one to six years and others of seven to 31 years. 
Exposure frequency (EF) is assumed to be 
identical for the two :exposure groups. For 
convenience. this factor is calculated separately as. 
a time-weighted soil intake, normalized to body 
weicht. that can then be substituted in the total 
intake equation. Calculated in this manner, the 
factor leads to a more protective risk-based 
concentration compared to an adult-only 
assumption. Note that the ingestion factor is in 
units of me-vrke-dav, and therefore is not direalv 
cotnuarable to dailv soil intake rate in units of 
me/ke-dav. See the box containing Equation (3) 
for the calculation of this factor. 

Additional exposure pathways (e.&. inhalation 
of particulates. inhalation of volatiles, ingestion of 
foodcrops contaminated through airborne 
particulate deposits, consumption of ground water 
contaminated by soil leachate) are possible a i  some 
sites. The risk assessor should evaluate whether 

inhalation or other exposure pathways are 
significant at  the site. Generally. for many 
undisturbed sites with vegetative cover such as 
those found in areas of residential land use. air 
pathways are relatively minor contributors oC risk. 
Greater concern for baseline risk via air pathways 
exists under commerciaUindustria1 land-use 
assumptions. given the increased activity levels 
likely (see Section 3.22). Air pathway risks also 
tend to be major concerns during remedial action 
(see RAGSMHEM Part C). If these other 
pathways are known to be significant at  scoping. 
Appendix B and/or other information should be 
used to develop site-specific equations for the risk- 
based PRGs. 

Concentrations Based on Carcinogenic Effects. 
Total risk for carcinogenic effects would be 
calculated by combining the appropriate oral SF 
with the intake from soil: 

Total risk = SF,, x Intake from ingestion of soil 

Adding appropriate parameters, and then 
rearranging the equation to solve for 
concentration, results in Equation (4). 

Equation (4’) below is the reduced version of 
Equation (4) using the standard default 
parameters. and is used to calculate the risk-based 
PRG at a prespecified cancer risk level of lo4. It 
combines the toxicity information of a chemical 
with standard exposure parameters for residential 
land use to generate the concentration of that 
chemical that corresponds to a 10“ carcinogenic 
risk level due to that chemical. 

AGE-ADJUSTED SOIL INGESTION FACTOR 

Panmeter Definition 

agc-adjusted soil ingestion factor (rng-ykgday) 
average body weight from ages 1-6 (kg) 
average body weight trom ages 7-31 (kg) 
exposure duration during ages 1-6 (yr) 
exposure duration during ages 7-31 (yr) 
inijestion rate ot soil age 1 to 6 (mgday) 
ingestion rate of soil all other ages (myday) 
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u , \ i*f-= ,,! :*3 RESIDE- SOIL - CARCINOGENIC EFFECTS . ,'> .; ' . : , 
=ac:: I , , ' 

.. 2 r;n I 

i ? ' .  - .  .2 ..- . 
8. 4 

:..- C k t , l l  . .  -' * C  
. I 

I .  

m' = SF, x C x 10" kdme x EF R IFddk = 
AT x 365 clays&c 

- - .. . 
,'j..i . . :'&,ti !, 

(4) . -- .' ..& C (ni:Jkg; risk- = TR x AT x 365 davstvear 
based) SFo x 109 k@g x EF x IFedj . L  

where: 

parameters Definition (units] Default Value 

C chemical concentration in soil (mg/kg) - 

AT averayng ttme (yr) 70 yr 

TR target excess individual lifetime cancer risk (unitless) lo* 
SFn oral cancer slope factor ((rngncg-dayy') chemical-specific 

EF exposure frequency (days&) 350 daysryr 
IFarnba4, age-adjusted ingestion factor (mg-yrkg-day) 114 mg-yrkg-day (see Equation ( 3 ) )  

L 

~~ 

REDUCED EQUATION: RESIDENTIAL SOIL - CARCINOGENIC EFFECTS I 
1 where: 1 SF, = oral slope factor in (mg/kg&y)-' 

Concentrations Based on Noncarcinogenic 
Effects. Total HI would be calculated by 
combining the appropriate oral RfD with the  
intake from soil: 

HI = Intake froni.incestion 
RtD, 

Adding appropriate parameters. and then 
rearranging t h e  equation to solve for 
concentration, results in Equation (5 ) .  

Equation ( 5 ' )  is the reduced vekion' of 
Equation ( 5 )  using the standard default 
parameters. and is for calculating the  risk-based 
PRG a t  a prespecified HI of 1. I t  combines the 
toxicity information of a chemical with standard 
exposure parameters for resideniial land use to 
generate the concentration of that chemical that 
corresponds to an HI of 1. 

3.2 COMMERCIAL/IND U STRLAL 
LAND USE 

32.1 WATER 

Once ground water is dc.!crm!r?ed to hc 
suitable for drinking, risk-based concentrations 
should be based on  residential exposurcs. This is 
because the  NCP seeks to require protection of 
ground wafer to allow for its maximum beneficial 
use (see Section 2.3). Thus, under the commercial/ 
industrial land-use scenario. risk-based PRGs for 
ground water a r e  calculated according to 
procedures detailed in Section 3.1.1. Similarly, Lnr 
surface water that is to be used for drinking.. the 
risk-based PRGs should he calculated for 
residential populations, and not simply worker 
popula tions. 
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I . . .  . .I RESIDENTIAL SOIL - NONCARCINOGENIC EFFECTS . t  

where: 

Parameters Detinition (units) Defauli Value 

C chemical concentration in soil (rngk:) - 
THI . rarger hazard index (unitless) 1 
RfD" oral chronic reference dose (rngjksday) chemical-speafic 
AT averayng time (yr) 

EF exposure frequency (daysm) 350 days& 
Kn"d, age-adjusted ingestion factor (mg-yrkg-day) 114 mg-yrk,o-day (see Equation (3)) 

30 yr (for noncarcmogens, equal to ED [whlch 
is incorporated in IFwd,]) 

REDUCED EQUATION RESIDENTIAL SOIL - NONCARCINOGENIC EFFECTS 

Risk-- PRG = 2.7 x I@ (R!D,) 
(mgkg; THI = 1) 

where: 

RID, = oral chronic reference dose in mgkgday 

3.2.2 SOIL 

Under commercial/industrial land use. risk of 
the contaminant from soil is assumed to be due to 
direct ingestion. inhalation of volatiles from the 
soil. and inhalation of particulates from the soil. 
and is mlkulated for an adult worker only. For 
this 'ype of land use. it is assumed for calculating 
default risk-based PRGs that there is greater 
potential for use of heavy equipment and related 
traffic in and around contaminated soils and thus 
greater potential for soils IO be disturbed and 
produce particulate and volatile emissions than in 

. most residential land-use areas. Agtio-nql 
... exposure-pathme.g..-dermaL exposure)-are 
. possible at some sites. while perhaps-only-one 
- exposure pathway (e+, ,direct ingestion of soil 

only) may be relevant at  others: Appendix B may 
be used to identify relevant exposure pathways to 
be combined. In such cases. the risk is calculated 
by considering all the relevant exposure pathways 
identified in the RI. 

' 

,.. 

In the default case illustrated below, intakes 
from the three exposure pathways are  combined 
and the risk-based PRG is derived to be protective 
for exposures from all three pathways. In this casc. 
the risk for a specific chemical from soil due to the 
three exposure pathways would be calculated 3s 

follows: 

Total risk = Risk from ingestion of soil (worker) 
from soil 

+ Risk from inhalation of volariles from 
soil (worker) 

+ Risk from inhalation of particulates 
from soil (worker) 

I t  is possible to consider onlyexposure pathways of 
site-specific imponance by deriving a site-specific 
risk-based PRG (e.g., using the equations in 
Appendix B). 
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Concentrations Based on Carcinogenic Effects. 
Total risk for carcinogenic effects would be 
calculated by combining the appropriate inhalation 
and oral SFs with the three intakes from soil: 

3.3 VOLATILIZATION AND 
PARTICULATE EMISSION 
FACTORS 

Total risk = SF,, x Intake from ingestion of soil 
(worker) 

+ SF, x Inrake from inhalation of 
volatiles from soil (worker) 

+ SF, x Intake from inhalation of 
paniculates (worker) 

Adding appropriate parameters. and then 
rearranging the  equation to solve for 
concentration, results in Equation (6). As 
discussed in more detail in Section 3.3.1, Equation 
(6a) is used to test the results of Equation (6). 

Equation (6') is the reduced version of 
Equation (6) using the standard default 
parameters, and is used to calculate the risk-based 
PRG a t  a prespecified cancer risk level of 10'. It 
combines the toxicity information of a chemical 
with standard exposure parameters for 
commerciallindustrial land use to generate the 
concentration of that chemical that corresponds to 
a 10" carcinogenic risk level due to that chemical. 

5 

Concentrations Based on Noncarcinogenic 
Efkts.  Total 'HI would be calculated by 
combining the appropriate oral and inhalation 
RfDs with the three intakes from soil: 

HI = Intake from incesrion 
RtD, 

(Intake from inhalation of volatiles 
- and Dariiculairsi 

RID; 

Adding appropriate parameters, and then 
rearranging the  equation to solve for 
concentration. results in Equation (7). 

Equation (7') is the reduced version of 
Equation (7) using the standard defauli 
parameters. and is used' io calcularc the risk-based 
PRG a t  a prespecified HI of 1. I t  combines the 
toxicity informalion of n chemical wi th  standard 
exposure parameters for commercial/industrial land 
use to generate the concentration of that chemical 
that corresponds to an HI of 1. 

33.1 SOILTO-AIR VOLATILIZATION 
F A n O R  

The volatilization factor (VF) is used for 
defining the  relationship between t h e  
concentration of contaminants in soil and the 
volatilized contaminants in air. This relationship 
was established as a part of the Hwang and Falco 
(1986) model developed by EPA's Exposure 
Assessment Group (EAG). Hwang and Falco 
present a method intended primarily 10 estimaie 
the permissible residual levels associated with the 
cleanup of contaminated soils. This method has 
been used by EPA in estimating exposures to PCBs 
and 2$,7,8-TCDD from contaminated soil (€PA 
1986; EPA 1988a). One of the pathways 
considered in this method is the intake by 
inhalation of volatilized contarnir!ants. 

The basic principle of the Hwang and Falco 
model is applicable only if the soil contaminant 
concentration is at or below saturation. Saturation 
is the soil contaminant concentration ar which the 
adsorptive limits of the soil particles and the 
solubility limits of the available soil moisture have 
been reached. Above saturation. pure liquid-phase 
contaminant is present in the soil. Under such 
conditions, the partial pressure of the  pure 
contaminant and the partial pressure of air in the 
interstitial soil pore spaces cannot be calculated 
without first knowink the  mole fraction of the 
contaminant in the soil. Therefore, above 
saturation, the PRG cannot be accurately 
calculated based on volatilization. Because of this 
limitation, the chemical concentration in soil (C) 
calculated using the VF must be compared with 
the soil saturation concentration (CmJ calculated 
using Equation (6a) or (7a). If C is greater than 
Cmt, then the PRG is set equal 10 C,[. 

The VF presented in this section assumes that 
the contaminant conccntrarion in the soil .is 
homogeneous from the soil surface to the depth of 
concern and that the  contaminated material is not 
covered by contaminant-free soil material. For the 
purpose of calculating VF. depth of concern is 
defined as the depth a t  which a near impenetrablc 
layer or the permanent Sround-water level is 
reached. 



COMMERCIAUINDUSTRIAL SOIL - CARCINOGENIC EFFECTS 

TR = - SF, s C x IO^ kVmo x E F  x E D  s IR,,, + SF. x C x EF x ED x IR ... s I I/VF + IPEFI 
RW x A T  s 365 daysiyr BW x AT x 36.5 dayslyr 

C (mgk;: risk- = TK s B W  Y AT x I 6 5  davsmr ((1) 

based) 

where: 

EF x ED x ((SF,, s IO4 kyms x IRmi) + (SF, x I&,, x [ INF + I/PEF])] #. 2 - -  1 . - .  
Parameters Definition (units) 

chemical concentration in soil (mykg) 
iarget excess individual lifetime cancer risk (unitless) 
inhalation cancer slope factor ((mgkg-day)”) 
oral cancer slope factor ((mgkgday)-’) 
adult body weight (kg) 
averagmg time (yr) 

exposure duration (yr) 
soil ingestion rate (muday) 
workday inhalation rate (m’jday) 
soil-toair volatilization factor ( m h g )  
paniculate emission factor(m’/kg) 

frequency (dayv’yr) 

c,, = (& x s x n,) + (s x e,) 

where: 

Parameters Definition (units) 

Default Value 

- 
lo4 
chemical-specific 
c h e m i c a l j p f i c  
70 kg 
70 yr 
250 days& 
Z y r  
50 mg/day 
20 m’/day 
chemical-specific (see Section 3.3.1) 
4.63 x 109m3/kg (sce Section 33.2) 

\ 

Default Value 

soil saturation concentration (mgkg) - clal 
.Kd 
K, 

soil-water panition coefficient ( U g )  
organic carbon partition coefficient (Ukg) 

chemical-specific. o r  K ,  x OC 
chemical-specific 

oc organic carbon content of soil (fraction) site-specific, or 0.02 
S solubility (mg/L-water) chemical-specific 
n, soil moisture content. expressed as a weight fraction site-specific 
ern soil moisture content. expressed as L-waterkg-soil siteqxcific , 

REDUCED EQUATION: COMMERCIAUINDUSTRIAL SOIL - CARCINOGENIC EFFECTS 

RtSk-bUd PRG = 2.9 x lo4 
(mykg; TR = lo6) (((5 x 10”) x SF,,) + (SF, x ((2O/VF) + (43 x 104))] 

where: 

S F O  = on1 slope factor in (mflgdayy’ 
SF, = inhalation slope factor in (mgkg-day)” 
VF 

If PRG > C,,, then set PRG = C, (where C,, = soil saturation concentration (mg/kg); see Equation (6a) 
and Section 33.1). 

= chemical-speafic soil-to-air volatilization factor In m’kg (see Section 33.1) 



COMMERCIAUINDUSTRIAL SOIL - NONCARCINOGENIC EFFECTS 

C x lo* kgmo x EF x E D  x IR,, + 
RID, x BW x AT x 365 days@ 

? H I  = C x EF x E D  x IR:,? x f I/VF + l/PEF) 
RfD, k BW x AT x 365 daysfir 

(7) C (niykg; = 
risk-based) 

THI x BW x AT x 365 d a v s h  
E D  x EF x [((URD,) x 10" kgmg x I%J) + (( l/RfDi) x IR,, x ( l/VF + l/PEF))] 

where: 

Parameters Definition (units) 

C 
THI 

RfD, 
BW 
AT 
EF 
E D  

R f D O  

R o i l  

IRm 
"F. 
PEF 

where: 

chemical concentration in soil (mgkg) 
target hazard index (unitless) 
oral chronic' reference dose (mykgday)  
inhalation chronic rererence dose (mgkg-day) 
adult body weight (kz) 
averaging 'time (yr) 
exposure frequency (days&) 
exposure duration (yr) 
soil ingestion rate (mgday). 
workday inhalation rate (m'/day) 
soil-to-air volatilization factor (m'hs) 
paniculate emission factor (m3/kg) 

C,, = ( b x s x n , )  + (sxe, )  

Paranieters Definition (units) 

CS,l soil saturation concentration (mgkg) 
K* soil-water partition coefficient (Lkg) 
Kx 
oc 
S solubility (m:JL-water) 
"m 

ern 

orzanic carbon partition coefficient (Us) 
orgamc carbon content of soil (fraction) 

soil mosture content, expressed as a weisht fraction 
soil mosture content, expressed as L-water@-soil 

Default Value 

- 
1 
chemical-specific 
chemical-specific 
70 kg 
2 5  yr ( a h y s  equal to ED) 
250 dayslyr 
25yr 
SO mg/day 
20 mlday 
chemical-specific (see Section 3.3.1) 
4.63 x lo9 m'kg (see Section 3.3.2) 

Default Value 

- 
chemical-specific, or K, x OC 
chemical-spenfic 
site-specific, or 0.02 
chemical-specific 
site-specific , 

site-specific 

7a) 

REDUCED EQUATION: COMM~CIAUXNDUSTRIAL SOIL - NONCARCINOGENIC EFFECTS 

I02 - Risk- based - 

THI = 1 )  
PRG (nqkg:  [(S x lO/RfD,) + ((l,'RfDi) x ((20/vF) + (4.3 x 104,)] 

where: 

RfD" = oral chronic reference dose in mykgday 
RtD; = inhalation chronic rererence dose in nigkg-day 
VF . = chemical-specific soil-to-air volatilization factor in ni'kg (see Section 3.;. 1 ) 

If PRG > Gal, then set PRG = C,, (where C,, = soil saturation concentration (niyks): see Eauaiion ( 7 a )  and 
Seciion 33.1 ). 
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A chemical-specific value for VF is used in the 
standard default equations (Equations (6), (6 '), 
(7). and (7') in Section 3.2.2) and is developed in 
Equation (8). The VF value calculated usins 
Equation (8 )  has been developed for specific use in 
the other equations in this guidance: i t  may not be 
applicable in other technical contexts. Equation 
( S )  lists the standard default parameters for 
calculatins VF. If site-specific information is 
available. Equation (8)  may be modified to 
calculate a VF that is more appropriate for the 
particular 'site. Supporting references should be 
consulted when substituting site-specific data to ' 
ensure that the model and specific parameters can 
be appropriately applied to the Ziven site. 

33.2 PARTICULATE EMISSION FACTOR 

The particulate emission factor (PEF) relates 
the contaminant concentration in soil with the 
concentration of respirable particles (PM,,) in the 
air due to fu_eitive dust emissions from surface 
contamination sites. This relationship is derived 
by Cowherd (19S5) for a rapid assessment 
procedure applicable to a typical hazardous waste 
site where the surface contamination provides a 
relatively continuous and constant potential for 
emission over an extended period of lime (e+, 
years). The particulate emissions from 
contaminated sites are due to wind erosion and, 
therefore. depend on the erodibility of the surface 

. 

S 0 I L-TO -AI R VOLATILIZATION FACTOR 

VF (m'kg) = f LS s V s DH) x (3.14 x a x 

uhere: 
h ( 2 x  D, x E x  &, x 10' kgg) 

- --_\ 

Standard deiault parameter values that can be used to reduce Equation (8) are listed below. These represcnt "typical" 
values as idcntiried in a number or' sources. For example, when siie-specific values are not available. the lengh of a 
side or the contaminated area (LS) is assumed to be 45 m; this is based on a contaminated area .of 0.5 acre which 
approxiniaies the size of an averase residential lot. The "typical" values LS, DH. and V are from EPA 1986. Typical" 
values for E. OC. and ps are trom EPA 1984, EPA 1988b, and EPA 198Sf. Site-specific data should be substiruted 
tor the deiauli values listed below wherever possible. Standard values for chemical-specific D,, H, and K, can hc 
ohrained hy callin: the Superfund Health Risk Technical Support Center. 

Definition (units) . 

volatilization factor. (rnjks) 
length 01' side of contaminated area (m) 
wind spccd in mixing zone (nib) 
diffusion height (m) 
area of contamination (an') 
cl'r'cc t ive di fiusivi t y (crn'is) 
[rue soil porosity (unitless) ' 

soil/air partition coefficient (s soil/cm-' air) 

iruc soil density or paniculate density (glcm') 
exposure interval (5) 

molecular diffusivitv (cm'/s) 
Henry's I ~ W  constant (arm-m'imol) 
soi I -Rater part it ion coefficient ( cm'/g) 
o r y i i c  carhon partition coefficient (cm3/s) 
L)r;iil1ic carbon content Or' soil (traction) 

De fa u It 

- 
45 m 
2.25 m/s 
2 m  
20.250.000 cm' 

0.35 
(H&) s 11. where 11 IS a units 

2.65 $m-? 

chemical-specific 
chemical-specific 
chemical-specific, or K, x OC 
chemical-specilic 
site-specific. or 0.02 

Di EO-'' 

conversion factor 

7.9 x 106 s 

\ 
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matehal. The equation presented below. Equation 
(9). is representative of a surface with "unlimited 
erosion potential." which is characterized by bare 
surfaces of finely divided material such as sandy 
agricultural soil with a large number ("unlimited 
reservoir") of erodible panicles. Such surfaces 
erode at low wind speeds. and particulate emission 
rates are relatively time-independent at a given 
wind speed. 

This model was selected for use in 
RAGS/HHEM Part B because it represents a 
conservative estimate for intake of particulates; it 
is used to derive Equations (6) and (7) in Section 

Using the default parameter values given in 
the box for Equation (9). the default PEF is equal 
to 4.63 x lo9 m3/kg. The default values necessarv 
to calculate the flux rate for an "unlimited 
reservoir" surface (i.e.. G. U,. Ut, and F(x)) are 
provided by Cowherd (1985). and the remaining 
default values (Le.. for LS. V. and DH) are 
"typical" values (EPA 1986). If site-specific 
information is available. Equation (9) may be 
modified to calculate a PEF that is more 
appropriate for the particular site. Again, the 
original reference should be consulted when 
substituting site-specific data to ensure 
applicability of the model to specific site 

3.2.2. conditions. 

PARTICULATE EMISSION FACTOR 

P E F ( ~ % / ~ s )  = LS x V x DH x 3600 shr X lo00 o/kr (9) 
A 0.036 x (I-GI x (U,,,AJ,): x F(x) 

where: 

Parameter Definition (units) Default 

PEF 
LS 
V 
DH 
A 
0.036 
G 
urn 
ut 
F ( x )  

paniculate emission factor (rn3kg) a 

width of contaminated area (m) 
wind speed in mixing zone (mk) 
diffusion height (m) 
area of contamination (m?) ' 

respirable fraction (g/m'-hr) 
fraction of vegetative m e r  (uni t ies )  
mean annual wind speed (mh) 
equivalent threshold value of wind speed 

function dependent on U f l ,  (unitless) 
at 10 rn (m/s) 

1.63 x IO9 m3kg 
45 m 
225 mk 
2 m  
2025 mz 
0.036 g/m'-hr 
0 
1.5 mk 
12s m/s 

0.0197 (determmed using Cowherd 198.5) 

3.4 CALCULATION AND 

BASED PRGs 
PRESENTATION OF FUSK- 

The equations presented in this chapter can be 
used to calculate risk-based PRGs .for both 
carcinogenic and noncarcinogenic effects. If both 
a carcinogenic and a noncarcinogenic risk-based 
PRG are calculated for a particular chemical. then 

the 1ower.of the  two Values is considered the 
appropriate risk-based PRG for anv civen 
contaminant. The case-study box below illustrates 
a calculation of a risk-based PRG. A summary 
table - such as that in the final case-study box - 
should be developed to present both the risk-based 
PRGs and the ARAR-based PRGs. The table 
should be labeled as to whether i t  presents the 
concentrations that were developed durins scoping 
or after the baseline risk assessment. 
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CASE STUDY: CALCULATE RISK-BASED' PRGs' 

Risk-based PRGs for ground water for isophorone, one of the chemicals detected in ground-water monitorins 
wells at the site, are calculated below. Initial risk-based PRGs for isophorone (carcinogenic and noncarcinogenic 
effects) are derived using Equations (1 ') and ( 2 ' )  in Section 3.1.1. Equations (1 ') and (2') combine the toxicity 
information of the chemical (oral RfD of 0.2 my'kgday and Oral SF Of 0.0039 [mykgdayJ-'; inhalation values are 
not available and. therefore, only the oral exposure route is considered) with standard exposure parameters. The 
calculated concentrations in mg/L correspond to a tarset risk of 10" and a target HQ of 1. as follows: 

Carcinozenic = 1.7 x IO4 Nonnrcinosenic = 73 
mfD* risk-based P R G  risk-based PRG '-(SF*) 

= ' 1.7 x IO4 
2( 0.0039) 

= 73 - 
M.2  

= 7 3 m g L  = 0.022 mg/L 

The lower or the two values (i.e., 0.022 m a )  is seleaed as the appropnate risk-based PRG. Risk-based PRGs are 
calculated similarly for the other chemicals of concern. 

~~~ ~ 

' All information in this example is for illustration purposes only. 

CASE STUDY: PRESENT PRGs, DEVELOPED DURING SCOPINC' 

Site: XYZ Co. 
Location: Anytown, Anystate 
Medium: Ground Water 

Land Use: Residential 
Exposure Routes: Water Ingestion, Inhalation of 

Volatiles 

Chemical 

~ ~~~~ 

Benzene 
Carbon Tetrachtoridc 
Ethylbenzene 

Hexane 
Isophorone 
Triallate 
111.2-Trichlorwthane 

Vinyl chloride 

Risk-based PRGs 

HQ = 1 

- 
- 
033 
7.3 
0.47 
- 

- 

ARM-based PRG 

Type Concentration ( m 6 )  

MCL 
MCL 

MCLG 
MCL 
- 
- 
- 

MCLG 
MCL 

. MCL 

0.005 
0.005 
0.7"' 
0.7 
- 
- 
- 

0.003"' 
0.00s 
0.002 

a .All information in this exiimple is for illustration purposes only. 
*'. These concentrations were calculated using the standard default equations in Chapter 3. 

Of the two potential risk-based PRGs for this chemical. [his concentration is the selecred risk-based PRG. 
Of the two potential ARAR-based PRGs for this chcmial. this concentration is selected as the ARAR- 

.. ... 
based PRG. . ,  



CHAPTER 4 

RISK-BASED PRGs FOR 
RADIOACTIVE CONTAMINANTS 

This chapter presents standardized exposure 
parameters, derivations of risk equations. and 
"reduced" equations for calculating risk-based 
PRGs for' radioactive contaminants for the 
pathways and land-use scenarios discussed in 
Chapter 2. In addition, a radiation site case study 
is provided at  the end of the chapter to illustrate 
(1) how exposure pathway and. radionuclides of 
potential concern (including radioactive decay 
products) are identified. (2) how initial risk-based 
PRGs for radionuclides are calculated using 
reduced equations based on information available 
at the scoping phase, and (3) how risk-based PRGs 
can be re-calculated using full risk equations and 
site-specific data obtained during 'the baseline risk 
assessment. Chapters 1 through 3 and Appendices 
A and B provide the basis for many of the 
assumptions, equations. and parameters used in 
this chapter, and therefore should be reviewed 
before proceeding further into Chapter 4. Also. 
Chapter 10 in RAGSMHEM Part A should be 
consulted for additional guidance on conducting 
baseline risk assessments at sites contaminated 
with radioactive substances. 

In general. standardized default exposure 
equations and parameters used- to calculate risk-. 
based PRGs for radionuclides are similar in 
structure and function to those equations and 
parameters developed in Chapter 3 for 
nonradioactive chemical carcinogens. Both types 
of risk equations: 

Calculate risk-based PRGs for each carcinogen 
corresponding to a pre-specified target cancer 
risk level of 10". As mentioned in Section 
2.8. target risk levels may be modified after the 
baseline risk assessment based on site-specific 
exposure conditions. technical limitations. or 
other uncertainties. as well as on the nine 
remedy selection criteria specified in the NCP. 

0 Use standardized default exposure parameters 
consistent with OSWER Directive 9255.6-03 
(EPA 1991b). Where default parameters are 

not available in that guidance document. other 
appropriate reference values are used and 
cited. 

0 Incorporate pathway-specific default exposure 
€acto& that generally reflect RME conditions. 

There are, however, several important areas in 
which risk-based PRG equations and assumptions 
for radioactive contaminants differ substantially 
from those used for chemical contaminants. 
Specifically. unlike chemical equations. risk 
equations for radionuclides: . 

0 Accept input quantities in units of activity 
(e.g.. picocuries (pCi)) e t h e r  than in units of 
mass (e.g., milligrams (mg)). Activity units are 
more appropriate for radioactive substances 
because concentrations of radionuclides in  
sample media are determined by direct 
physical measuremenu of the activity of each 
nuclide present, and because adverse human 
health effects due to radionuclide intake or 
exposure are directly related Io the amount. 
type, and energy of the radiation deposited in 
specific body tissues and organs. 

Consider the carcinogenic effects of 
radionuclides only. EPA designates all 

. radionuclides as Class A carcinosens based on 
their property of emitting ionizing radiation 
and on the extensive weight of epidemioloijcal 
evidence of radiation-induced canccr in 
humans. At most CERCLA radialion sites, 
potential health risks are usually based on the 
radiotoxicity, rather than the chemical toxicity. 
of each radionuclide present. 

' 

0 Use cancer slope factors that are best 
estimates (Le.. median or 50th perccntilc 
values) of the. age-averaged. lifetime cxcess 
total cancer risk per uni t  intake of a 
radionuclide (e.g.. per pCi inhaled or ingested) 
or per unit emernal radiation exposurc (e+. 
per microRoentgen) IO Samma-ernillins 

..- 
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radionuclides. Slope factors given in IRIS and 
HEAST have been calculated for individual 
radionuclides based on their unique chemical. 
metabolic, and radiological properties and 
using a non-threshold, linear dose-response 
model. This model accounts for the amount 
of each radionuclide absorbed into the body 
from the gastrointestinal tract (by ingestion) 
or through the l u n p  (by inhalation), the 
distribution and retention of each radionuclide 
in body tissues and organs, as well as the age, 
sex, and weight of an individual at the time of 
exposure. The model then averages the risk 
over the lifetime of that exposed individual 
@e., 70 years). Consequently, radionuclide 
slope factors are not expressed as a function of 
body weight or time, and do not require 
corrections for gastrointestinal absorption or 
lung transfer efficiencies. 

Risk-based PRG equations for radionuclides 
presented in the followin_r sections of this chapter 
are derived initially by determining the total risk 
posed by each radioactive contaminant in a given 
pathway, and then by rearranging the pathway 
equation to solve for an activity concentration set 
equal to a target cancer risk level of lo6. At the 
scoping phase. these equations are "reduced" -and 
risk-based PRGs are calculated for each 
radionuclide of concern - using standardized 
exposure assumptions for each exposure route 
within each pathway and land-use combination. 
After the baseline risk assessment, PRGs can be 
recalculated usins full risk equations and site- 
specific exposure information obtained during the 
R I. 

4.1 RESIDENTIAL LAND USE 

4.1.1 GKOUND WATER OR SURFACE 
WATER 

Under the residential land-use scenario, risk 
from Sround-water or surface water radioactive 
contaminants is assumed to be due primarily to 
direct ingestion and inhalation of volatile 
radionuclides released from the water to indoor 
air. However. because additional exposure routes 
(e.$. external radiation exposure due to 
immersion) are possible at some sites for some 
radionuclides. while only one exposure route may 
be relevant at others. the risk assessor always 
should consider all relevant exposure routes and 
add or modify exposure routes as appropriate. 

In the case illustrated below. risks from (he 
two default exposure routes are combined, as 
follows: 

Total risk = Risk from ingestion of radionuclides 
from water in water (adult) 

+ Risk from indoor inhalation of volatile 
radionuclides released from water 
(adult) 

At the scoping phase, risk from indoor 
inhalation of volatile radionuclides is assumed to 
be relevant only for radionuclides with a Henry's 
Law constant of greater than 1 x 1Vs atm-m3/mole 
and a molecular weight of less than 200 .@mole. 
However, radionuclides that do not meet these 
criteria also may, under certain site-specific water- 
use conditions. be volatilized into the air from 
water, and thus pose significant site risks (and 
require risk-based goals). Therefore, the ultimate 
decision regarding which contaminants should be 
considered must be made by the risk assessor on a 
site-specific basis following completion of the 
baseline risk assessment. 

Total carcinogenic risk is calculated for each 
radionuclide separately by combining its 
appropriate oral and inhalation SFs with the two 
exposure pathways for water, as follows: 

Total risk = SF, x Intake from ingestion of 
ot radionuclides 

+ SF, x Intake from inhalation of 
volaiile radionuclides 

By including appropriate exposure parameters for 
each type of intake, rearranging and combining 
exposure terms in the total risk equation. and 
setting the target cancer risk level equal to lo4. 
the risk-based PRG equation is derived as shown 
in Equation (10). 

Equation (10'). presented in the next box. is 
the reduced version of Equation (IO) based on the 
standard default values listed below. I t  is used to 
calculate risk-based PRGs for radionuclides in 
wafer at a pre-specified cancer risk level of lo4 by 
combining each radionuclide's toxicity data with 
the standard default values for residential land-use 
exposure parameters. 

Aftei the baseline risk assessment. t h e  risk 
assessor may choose to modify one or more of the  
exposure parameter default values or assumptions 

i 
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RADIONUCLIDE PRGs: RESIDENTIAL WATER - CARCINOGENIC EFFECTS 

Total risk = [SF,, x RW x 1% x EF x ED] + [SF, x R W  x K x IR, x EFx ED] 

TR 
EF x ED x [(SF, x I%.) + (SF, x K x IR,)] 

- R W (pCi/L; - 
risk-based) 

where: 

Parameters Definition (units) Default Value 

RW 
TR 
SFi 
SFO 
EF 
ED 
IRa 
1% 
K 

radionuclide PRG in water ( p c i i )  
tarzet excess individual lifetime cancer nsk (unitless) 
inhalation slope factor (risk/pCi) 
oral (ingestion) slope faaor (risk/pCi) 
expmure kequency (dam) 
exposure duration (yr) 
daily indoor inhalation rate (m'/day) 
daily-water ingestion rate (Uday) 
volatiiization factor (unitless) 

- .  

10' 
radionuclide-specific 
radionuclide-speci fic 
350 days/yr 
30 yr 

2 udav 
15 m3/day 

O.OOO5 x lo00 Urn' (Andelman 1990) 

REDUCED EQUATION FOR RADIONUCLIDE PRGs: 
RESIDENTIAL WATER - CARCINOGENIC EFFECTS 

Risk-based PRG = 9.5 x 10" 
(pc ik ;  TR = 104) t ( S F , )  + 75(SFi) 

where: 

SFO = oral (ingestion) slope factor (risk/pCi) 
SF, = inhalation slope factor (risk/pCi) 

in t he  risk equations to reflect site-specific 
conditions. In this event, radionuclide PRGs 
should be calculated using Equation (10) instead of 
Equation (10'). 

4.L.Z SOIL 

Under residential land-use conditions. risk 
from radionuclides in soil is assumed to be due to 
direct ingestion and external exposure to gamma 
radiation. Soil ingestion rates differ for children 
and adults. therefore aze-adjusted ingestion rate 
factors are used in the soil- pathway equation. 
Calculation of the risk from the external radiation 
exposure route assumes that any gamma-emitting 
radionuclide in soil is uniformly distributed in that 
soil within a finite soil depth and density, and 
dispersed in an infinite plane geometry. 

The calculation of external radiation exposure 
risk also includes two additional factors. the 
gamma shielding factor (SJ and the gamma 
exposure time factor (TJ, which can be adjusted to 
account for both attenuation of radiation fields due 
to shielding (e.g., by structures. terrain. or 
engineered barriers) and for exposure times of less 
than 24-hours per day, respectively. S, is expressed 
as a fractional value between 0 and 1. delineating 
the possible risk reduction range from 0% to 
100%. respectively. due to shielding. The default 
value of 0.2 for S, for both residential and 
commercial/industrial land-use scenarios reflects 
the initial conservative assumption of a 20% 
reduction in external exposurc due to shielding 
from structures (see EPA 19Sl). T, is expressed as 
the quotient of the daily number of hours an 
individual is exposed directly to a n  exLernal 
radiation field divided by the total number of 
exposure hours assumed each day for a y e n  land- 



use scenario (i.e.. 24 hours for residential and S 
hours for commercialhndustrial). The default 
value of 1 for T, for both land-use scenarios 
reflects the conservative assumptions of a 24-hr 
exposure duration for residential populations (i.e.. 
24124 = 1) and an 8-hr exposure duration for 
workers @e.. S/8 = 1). Values for both factors can 
(and, if appropriate, should) be modified by the 
risk assessor based on site-specific conditions. 

In addition to direct ingestion of soil 
contaminated with radionuclides and exposure to 
external radiation from gamma-emitting 
radionuclides in soil, other soil exposure routes are 
possible, such as inhalation of resuspended 
radioactive particles, inhalation of volatile 
radionuclides, or ingestion of foodcrops 
contaminated by root or leaf uptake. The risk 
assessor should therefore identify all relevant 
exposure routes within the soil pathway and, if 
necessary. develop equations for risk-based PRGs 
that combine these exposure routes. 

In the  case illustrated below, the risk-based 
PRG is derived to be protective for exposure from 
the direct ingestion and external radiation routes. 
Total risk from soil due to ingestion and external 
radiation is calculated as follows: 

Total risk = Risk from direct ingestion of radio- 
from soil nuclides in soil (child to adult) 

+ Risk from external radiation from 
gammaemittmg radionuclides in soil . 

Total risk for carcinogenic effects from each 
radionuclide of potential concern is calculated by 
combining the appropriate oral slope factor, SF,. 
with the total radionuclide intake from soil. plus 
the appropriate external radiation slope factor, 
SF,. with the radioactivity concentration in soil: 

TOIA risk = SF, x Intake from direct inSestion 
of soil 

+ SF, x Concentration of Samma- 
emitting radionuclides in soil 

Adding appropriate parameters. .then combining 
and rearransing the  equation to solve for 
concentration. results in Equation (1 1). 

Equation (11') is the reduced version of 
Equation ( 1  1 )  hased on the standard default values 
lisied helow. Risk-based PRGs for radionuclides 

in soil are calculated for a pre-specified cancer risk 
level of lo+. 

The age-adjusted soil insestion factor 
(IFmi,,adj) used in Equation (1 1) takes into account 
the difference in soil ingestion for two exposure 
groups -children of one to six years and all other 
individuals from seven to 31 years. 
calculated for radioactive contaminants as shown in 
Equation (12). Section 3.1.2 provides additional 
discussion on the age-adjusted soil ingestion factor. 

IFsoiuadj is . 

If any parameter values or exposure 
assumptions are adjusted after the baseline risk 
assessment to reflect site-specific conditions, soil 
PRGs should be calculatkd using Equation (11). 

4.2 COMMERCIAWINDUSTRIAL 
LAND USE 

4.2.1 WATER 

. 

Under the commercialhndujtrial land use 
scenario, risk-based PRGs for radionuclides in 
ground water (and for radionuclides in surface 
water used for drinking water purposes) are based 
on residential exposures and calculated according 
to the procedures detailed in Section 4.1.1 (see 
Section 3.2.1 for the rationale for this approach). 
Risk-based PRGs should be calculated considering 
the possibility that both the worker and general 
population ai  large may be exposed to the same 
contaminated water supply. 

4.22 SOIL 

Under the commercialhndustrial land use 
scenario, four x i !  expmxe xutes  - direct 
ingestion. inhalation of volatile radionuclides, 
inhalation of resuspended radioactive particulates, 
and external exposure due to gamma-emitting 
radionuclides - are combined to calculate risk- 
based radionuclide PRGs in soil for adult worker 
exposures. Additional exposure routes (e.g., 
ingestion of foodcrops Contaminated by 
radionuclide uptake) are possible at some sires. 
while only one exposure route (e.g., external 
radiation exposure only) may he relevant at  others. 
The risk assessor should therefore consider and 
combine all relevant soil exposure routes, as 
necessary and appropriate. hased on site-specific 
conditions. 
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Total risk = 

RS (pCi/s; = 
risk-based) 

where: 

Parameters 

RADIONUCLIDE PRGs: RESIDENTIAL SOIL - CARCINOGENIC EFFECTS 

RS x [(SF, x lOi$ns x EF x IF,,,,d,) + (SF, x lo'gkg x ED x D x SD x ( l-Sc) x 

m (11)  
(SF, x I O "  x EF x IFmudi) + , (SF, x 1 0  x ED x D x SD E ( 1-S,) x T,) 

Definition (units) Default Value 

radionuclide PRG in soil (pCig) 
target exass individual lifetime cancer risk (unitless) 
oral (ingestion) slope factor (risk/pCi) 
external exposure stope factor (risw per pCi/m') 
exposure frequency (daw) 
exposure duration (yr) 
age-adjusted soil ingestion factor (mg-yr/day) 
depth of radionuclides in soil (m) 
soil density (kg/m') 
gamma shielding fanor (unitless) 
gamma exposure time haor (unitless) 

- 
IO4 
radionuclide-specific 
radionuclide-specific 
350 days& 
30 yr 
3600 mg-yr/day (see Equation (12)) 
0.1 m 
1.43 x Id kS/m> 
0.2 (see Secrion 4.1.2) 

.-;.'- ~ 

L \. '. - i+ 

.. .J L , ~ 2 - A  
I (see Section 4.1.2) 

REDUCED EQUATION FOR RADIONUCLIDE PRGs: 
RESIDENTIAL SOIL - CARCINOGENIC EFFECTS 1 

Risk-bmd PRG - 1 x 10" (11') - 
( p c i i g :  TR = 103 

where: 

13 x lo'(SF,) + 3.4 x 10' (SF,) 

I 
= 
= 

oral (ingestion) slope factor (risk/pCi) 
external exposure slope factor ( r i s w  per pCi/m') 

I AGE-ADJUSTED SOIL INGESTION FACTOR I 
where: 

Panmeters Definition (units) Default Value 

'Fvxtrarij age-adjusted soil ingestion factor (nig-yr/day) 3600 nis-yrlday 
' b I ! 3 S C  1 6  

IRroiUip 7-11 

ingestion ratc of soil ages 14 (mgday) 
ingestion rate of soil ages 7-31 (mgday) 

200 mgday 
100 myday 

ED,,, I6 exposure duration during ages 1-6 (yr) 6 Yr 
ED~ge.7-31 exposure duration during ages 7-3 1 (y) 24 yr 
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In the case illustrated below, total risk from 
radionuclides in soil is calculated as the summation 
of the individual risks from each of the four 
exposure routes listed above: 

Total risk = Risk from direct ingesrion of radio- 
from soil nuclides in soil (worker) 

+ Risk from inhalation of volatile 
radionuclides (worker) 

+ Risk from inhalation of resuspended 
radioactive particulates (worker) 

+ Risk from external radiation from 
p m a a i t t i n g  radionuclides (worker) 

Total risk for carcinogenic effects for each 
radionuclide is calculated by combining the 
appropriate ingestion. inhalation, and external 
exposure SF values with relevant exposure 
parameters for each of the four soil exposure 
routes as follows: 

Total = SF,, x Intake from direct.ingestion of 
risk radionuclides in soil (worker) 

+ SF, x Intake from inhalation of 
volatile radionuclides (worker) 

+ SF, x Intake tiom inhalation of resus- 
pended radioactive particulates 
(worker) 

+ SF, x Connntnrionof~amma-emittinS 
radionuclides in soil (worker) 

Adding appropriate parameters, and then 
combining and rearransing the  equation to solve 
for concentration, results in Equation (13). 

Equation (13') below is the  reduced version of 
Equation (13) based on the standard default valucs 
below and a pre-specified cancer risk level of 10". 
It combines the toxicity information of a 
radionuclide with standard exposure parameters for 
commercial/industrial land use to generate the 
concentration of that radionuclide corresponding 
to a 10" carcinogenic risk level due to that 
radionuclide. 

If  any parameter default values or assumptions 
are changed after the baseline risk assessment to 
reflect site-specific conditions. radionuclide soil 
PRGs'should be derived using Equation (13). 

4.23 S 0 IL-TO -A I R VO LA T I LI Z AT1 0 N 
_. FACTOR 

The VF. defined in Section 3.3.1 for chemicals. 
also applies for radioactive contaminants with the  
following exceptions. 

0 Most radionuclides are heavy metal elements 
and are non-volatile under normal. ambient 
conditions. For these radionuclides, VFvalues 
need not be calculated and the risk due to the 
inhalation of volatile forms of these nuclides 
can be ignored for the purposes of 
determining PRGs. 

A few radionuclides. such as carbon-14 (C-14). 
tritium (H-3). phosphorus-32 (P-32). sulfur-35 
(S-39, and other isotopes, are volatile under 
certain chemical or  environmental conditions, 
such as when they are combined chemically 
with volatile organic compounds (Le.. the so- 
called radioactively-labeled or "taged" organic 
compounds). o r  when they can .exist in the 
environment in .a variety of physical forms, 
such as C-14 labeled carbon dioxide (C02)  gas 
and tritiated water vapor. For these 
radionuclides, VF values should be calculated 
using the Hwang and Falco (1986) equation 
provided in Section 3.3.1 based on the 
chemical species of the compound with which 
they are associated. 

I 

0 

0 The naturally occurring, non-volatile 
radioisotopes of radium, namely Ra-226 and 
Ra-224. undergo radioactive decay and form 
inert, gaseous isotopes of radon, i.e., Rn-222 
(radon) and Rn-220 (thoron). respectively. 
Radioactive radon and thoron gases emanatc 
from their respective parent radium isotopes 
in soil. escape into the air. and can pose 
cancer risks if inhaled. For Ra-226 and Ra- 
224 in soil, use the  default values shown in the 
box on page 40 for VF and for $Fi in 
Equation (12) and Equation (12'). 

4.3 RADIATION CASE STUDY 

This section presents a case study of 3 
hypothetical CERCLA radiation site, the ACME 
Radiation Co. site, to illustrate the process of 
calculating pathway-specific risk-based PRGs for 
radionuclides using the risk equations and 
assumptions presented in the preceding sections Ol 
this chapter. The radiation site case study. is 
modeled after the XYZ Co. site study discussed in 
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RADIONUCLIDE PRGs: COMMERCIAUINDUSTRIAL SOIL - CARCINOGENIC EFFECTS 

RS x ED x ((SF, x lO'S/mg x EF x IRnJ + (SF, x IOykg x EF x IR,, x l/VF) 

+ (SF, x ldgkg x EF x IR, x IPEF) + (SF, x lo'ylcg x D x SD x (IS,) x T,)] 

Tb 
~~~ 

ED x [(SF&O%EFxIR& 4 (SF~~&~EFXJR,~,)  x (1NF + 1PEQ + (sF~l~~D~Dx(l-s,pT~)J 

Definition (units) 

radionuclide PRG in soil (pCi/g) 
target excess individual lifetime cancer risk (unitless) 
inhalation slope factor (risk/pCi) 
oral (ingestion) slope factor (risk/pCi) 
orrernal arposure slope factor (risklyr per pcirn') 
exposure frequency (dayslyr) 
exposure duration (yr) 
workday inhalation rate of air (m'/day) 
daily soil ingestion rate (mgday) 
soil-to-air volatilization facror (m'/kg) 
paniculate emission factor (m3/kg) 
depth of radionuclides in soil (m) 
soil density (kghn.') 
Samrna shielding factor (unitless) 
:amma exposure factor (unitless) 

Default Value 

- 
lod 
radionuclide-s peci fic 
radionuclide-specific 
radionuclide-specific 
250 ~ y s l y r  
2s yr, 
20 m'/day 
SO mydav 
radionuclide-specific (see Section 4.23) 
4.63 x lo9 m'/kg (see Section 33.2) 
0.1 m 
1.43 x I d '  kgm' 
0.2 (see Section 4.1.2) 
1 (see Secrion 4.1.2) 

REDUCED EQUATION FOR RADIONUCLIDE PRGs: 
COMMERCIAUINDUSTRIAL SOIL - CARCINOGENIC EFFECTS' 

Risk-based PRG =, 1 x 10" (13') 
(pCi/g; T R  = IO") [(3:1 x lO'(SF,)) + ((13 x 108/VF + 2 7  x 10') (SFi)) + (2.9 x )On (SF,))) 

wherc: 

SF,, = oral (ingestion) slope factor (risklpci) 
SF, = inhalation slope factor (risk/pCi) 
SFe = enema1 exposure slope factor (risk/yr per pCi/m') 
V F  

"NOE: See Section 1.23 when calculating PRGs for Ra-226 and Ra-224. 

= radionuclide-specific soil-to-air volatilization facror in m'& (see Section 3.3.1 ) 

Chapters 2 and 3. I t  Senerally follows a two-phase 
format which cunsists of a "at the scoping stage" 
phase wherein risk-based PRGs for radionuclides 
ol' poieniial concern are calculated initially usins 
rcduccd cquations hased on PNSI. data, and then 
n second. "after the baseline risk assessment" phase ' 

wherein radionuclide PRGs are recalculated using 

full equations and modified site-specific parameter 
values hased on RI/FS data. 

Following an overview of i h e  history and 
current status of the site presented in Section 4.3.1. 
Section 4.3.2 covers a number oC important steps 
taken early in the scopinc phase to calculaie 
preliminary risk-based PRGs assuming a specific 



... . . ._.. 

SOIL DEFAULT VALUES FOR VF AND SF, 
FOR Ra-226 AND Ra-224 

Default VF Inhalation 

( p c J t e  R. ) Factor, SF, 
Value Slope 

Radium pod Rn* (risk/pCi)" 

Ra-226 8 1.lE-11 

Ra -221 200 1.7E-11 

Calculated using values taken from NCRP 
1976 and UNSCEAR 1982 humptiom: (1) an 
average Ra-226 soil concentration of 1 pWg 
associated wth an averase ambient Rn-222 air 
concentration of 120 pCi/m".and (2) an average 
Ra-224 soil concentration of 1 p C i g  associated 
wth an average amblent Rn-220 air concentration 
of s pCi/m. 

** Slope factor values are for Rn-222 (plus 
progeny) and for Rn-220 (plus progeny). 

land-use scenario. Section 4.3.3 then discusses how 
initial assumptions and calculations can be 
modified when additional site-specific information 
becomes available. 

4.3.1 SITE HISTORY 

The ACME Radiation Co. site is an 
abandoned industrial facility consisting of a large 
factory huilding situated on ten a c r a  of land 
surrounded by a hish-density residential 
neighborhood. Established in 1925, the ACME 
Co. manufactured luminous watch dials and gauges 
usin2 radium-based paint and employed 
approximately 100 workers, mostly women. With 
the declining radium market. ACME phased out 
dial production and expanded its operations in 
1960 to include brokering (collection and disposal) 
of low-level radioactive waste (LLW). After the 
company was issued a state license in 1961. ACME 
besan receiving LLW from various nearby 
hospitals and research laboratories. In 1975. acling 
on an anon-mous complaint of suspected 
mishandling of radioactive waste. state officials 
visited ihe ACME Co. site and cited the company 
for numerous s t o r q e  and disposal violations. 
Afier ACME failed to rectify plant conditions 
identified in initial and subsequent citaiions, the 
state first suspended. and then later revoked its 
operatins license in 1975. Around the same.time, 

-A. G 
officials detected rad ium-226 (Ra-226)  q 
contamination at  a few neighboring locations off 
site. However; no action was taken against the 
company at that rime. When ACME filed for 
bankruptcy in. 1985. it closed its facility before 
completing cleanup. 

I 

In 1987, the state and EPA conducted an 
aerial gamma survey over the ACME Radiation 
Co. site and surrounding properties to investigate 
the potential extent of radioactive contamination 
in these areas. The overflight survey revealed 
several areas of elevated exposure rate readings, 
although individual gamma-emitting radionuclides 
could not be identified. When follow-up ground 
level surveys were performed in 1988. numerous 
"hot spots" of Ra-226 were pinpointed at various 
locations within and around the factory building. 
Three l a q e  soil piles showing enhanced 
concentrations of Ra-226 were discovered along 
the southern border. Approximately 20 rusting 
drums labelled with LLW placards also were 
discovered outside under a covered storage area. 
Using ground-penetrating radar, EPA detected 
subsurface magnetic anomalies in a few locations 
within the property boundary which suggested the 
possibility of buried waste drums. Based o n  
interviews with people living near the site and with 
former plant workers. the  state believes that 
radium contaminated soil may have been removed 
from the ACME site in the past and used locally 
as fill material for the  construction of new homes 
and roadbeds. Site access is currently limited (but 
not entirely restricted) by an existing security 
fence. 

In 1988. EPA's regional field investigation 
team completed a PNSI. Based on the PNSI  
data, the ACME Radiation Co. site scored above 
28.50 using the HRS and was listed on the 
National Priorities List in 19S9. Early in 1990. an 
RVFS was initiated and a baseline risk assessment 
is currently in proyess. 

4.3.2 AT THE SCOPING PHASE 

In  this subsection. several steps are outlined io 
show by example how initial site data are  used a t  
the scoping phase io calculate risk-based PRGs for. 
radionuclides in specific media of concern. 
Appropriate sections of Chapters 2 and 3 should , 
be consulted for more detailed explanations for 
each step considered below. 
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Identify Media of Concern. A large stream 
runs alons the western border of the site and feeds 
into a river used by some of the local residents for 
fishing and boating. Supplemental water intake 
ducts for the municipal water treatment plant are 
located approximately 300 yards downriver. and the 
site is situated over an aquifer which serves as the 
pr imav drinking water supply for a community of 
approximately 33.000 people. 

Analyses of ground water, soil, and s t r d m  
sediment samples taken during the PNSI revealed 
significant levels of radionuclide contamination. 
Potential sources of contamination include the soil 
piles. process residues in soil, and radionuclides 
leaking from buried drums. Air filler samples and 
surface water samples from the stream and river 
showed only background' levels of activity. 
(Background concentrations were determined from 
analyses conducted on a limited number of air. 
ground water. surface water, and soil samples 
collected approximately one mile from the site.) 

The data show that the media of potential 
concern at this site include ground water and soil. 
Although stream warer and river water were not 
found to be contaminated. both surface water 
bodies may become contaminated in the future due 
10 the migration of radionuclides from sediment. 
from the exposed soil piles, o r  from leaking drums. 
Thus. surface water is another medium of potential 
concern. 

For simplicity, only soil will be discussed as 
the medium of concern during the remainder of 
this case study. Procedures discussed for this 
medium can nevertheless be applied in a similar 
manner to all other media of concern. 

Ideiitify Initial List of Radionuclides of 
Concern. The PNSI Cor the ACME Radiation Co. 

' site identified elevated concentrations of five 
radionuclides in soil (Ra-226. tritium (H-3). 
carbon-14 (C-lJ), cesium (Cs-137). and strontium 
(Sr-90)). These comprise the initial list of 
radionuclides of potential concern. 

' Site records indicate that radioisotopes of 
cobalt (Co-60). phosphorus (P732). sulfur (S-35). 
and americium' (Am-241 and Am-243) were 
included omthe manifests of several LLW drums in . 
the storase area and on the manifests of other 
drums suspected to bc buried onsite. Therefore. 
although n o t  detected in any of the initial soil 
samples analyzed. Co-GO, P-32, S-35. Am-241. and 

Am-243 are added to the list for this medium 
because of their potential to migrate from leaking 
buried drums into the surrounding soil. 

Identify Probable h n d  Uses. The ACiME 
Radiation Co. site is located in ' the center of a 
rapidly developing suburban community comprised 
of single and multiple family dwellings. The area 
immediately encircling the site was recently re- 
zoned for residential use only; existing commercial 
and light industrial facilities are currently being 
relocated. Therefore. residential use is determined 
to be the most reasonable future land use for this 
site. 

Identify Exposure Pathways, Panmeters, and 
Equations. During the scoping phase. available 
site data were neither sufficient to identify all 
possible exposure pathways nor adequate enough 
to develop site-specific fate and transport 
equations and parameters. Therefore. in order to 
calculate initial risk-based PRGs for radionuclides 
of potential concern in soil, the standardized 
default soil exposure equation And assumptions 
provided in this chapter for residential land use in 
Section 4.1.2 are selected. (Later in this case study, 
examples are provided to illustrate how the full 
risk equation (Equation (1 1)) and assumptions are 
modified when baseline risk. assessment data 
become available.) 

For the soil pathway, the exposure routes of 
concern are assumed to be direct ingestion of soil 
contaminated with radionuclides and exposure to 
external radiation from gamma-emitt ing 
radionuclides. Again. although soil is t h e  only 
medium discussed throughout this case study. 
exposure pathways, parsmeters. equations. and 
eventually risk-based concentrations would need to 
be identified and developed for all other media and 
exposure pathways of potential concern at  an 
actual site. 

Identify Toxicity Informution. To calculate 
media-specific risk-based PRGs. reference toxicity 
values for radiation-induced cancer effects are 
required (Le.. SFs). As stated previously. soil 
ingestion and external radiation are the exposure 
routes of concern for the soil pathway. Toxicity 
information (Le.. oral, inhalation. and extcrnat 
exposure SFs) for all radionuclides of potential 
concern at the ACME Radiation Co. site are 
obtained from IRIS or HEAST. and are shown in 
the box o n  the following page. 
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Calculate Risk-based PRGs. At this step. risk- 
based PRGs are calculated for each radionuclide of 
potential.concern using the reduced risk Equation 
(11') in Section 4.1.2. SF values obtained from 
IRIS and HEAST. and standardized default values 
for parameters for the residential land-use 
scenario. To calculate the risk-based PRG for Co- 
60 at a pre-specified target risk level of lo4, for 
example, its ingestion SF of 1.5 x 10" and its 
external exposure SF of 1.3 x lo-'' are substituted 
into Equation (11 '), along with the standardized 
default values, as follows: 

Risk-based PRG = 1 x lo4 
for Cod0 
(pCi&; TR = 100) 

13 x lo'(SF,) + 3.4 x 100 (SF,) 

where: 

SF, = oral (ingestion) slope faaor for Cod0 = 15 x 
10''' (risk/pCi) 

SF, = external exposure slope factor for Cod0 = 1.3 
x 10"O (risk/yr per pG/rn:) 

Substituting the values for SF, and SF, for Cod0 
into Equation (11') results in: 

Risk-based PRG for C0-60 (pCdg; TR = 10.6) = , 

= 0.002 pCi of Co4O/g of soil 

In a similar manner, risk-based PRGs can be 
calculated for all other radionuclides of concern in 
soil at the ACME Radiation Co. site. These PRGs 
are presented in the next box 

4.3.3 A m R  THE BASELINE RISK 
ASSFSSMENT 

In this suhsection, several steps are outlined 
which demonstrate how site-specific data obtained 
durinz the baseline risk assessment can be used to 
recdlculate risk-based PRGs for radionuclides in 
soil. Appropriate sections of Chapters 2 and 3 
should he  consulted for more detailed explanations 
lor each step considered below. 

Review Media of Concern. DurinS the RIES, 
gamma radiation surveys were conducted in the 
yards of several homes located within a two-block 
radius ot' the ACME Radiarion Co. site. ' Elevated 
exposure rates. ransing from approximately two to 
four times the natural background rate, were 

RADIATION CASE STUDY: 

RADIONUCLIDES IN SOIL. 
INITIAL RISK-BASED PRGs FOR 

measured on properties immediately bordering the 
site. Measurements onsite ranged from 10 to 50 
times background. In both cases. enhanced soil 
concentrations of Ra-226 (and decay products) and 
several other gammaemitting radionuclides were 
discovered to be the sources of these elkxited 
exposure rates. Therefore, soil continues as a 
medium of potential concern. 

Modify List of Radionuclides of Concern. 
During scopinz. five radionuclides (Ra-226. H-3. 
C-14. Cr-137. and Sr-90) were detected in elevated 
concentrations in soil samples collected at the 
ACME Radiation Co. site. These made up the  
initial list of radionuclides of potential concern. 
Although not detected during the first round of 
sampling. five additional radionuclides (P-32. S-35, 
Co-60. Am-241. and Am-343) were added to this 
list because of their potential to migrate from 
buried leaking drums into the surrounding soil. 

With additional RI/FS data, some 
radionuclides are now added to the  list. while 
others are dropped. For example. soil analyses 
failed to detect P-32 ( l44ay half-life) or S-35 (87- 
day half-life) contamination. Decay correction 
calculations strongly suggest that  these 
radionuclides should not be present onsite in 
detectable quantities after an estimated burial time 
of 30 years. Therefore, based on these data, P--32 
and S-35 are dropped from the list. Soil data also 
confirm that decay products of Ra-226. Sr-90. Cs- 
137. and Am-243 (identified in  the first box below) 



are present in secular equilibrium (Le.. equal 
activity concentrations) with their respective parent 
isotopes. 

Assuming secular equilibrium. slope factors for 
the parent isotope and each of its decay series 
members are summed. Parent isotopes are 
designated with a "+D" to indicate the composite 

- ~~ 

slope factors of its decaychain (shown in bold.face 
in the second box below). Thus. Ra-226+D, 5 r -  
%+D, C3-137+D. and Am-243+D replace their 
respective single-isotope values in the list' of 
radionuclides of potential concern. and their 
composite SFs are used in the  full  soil pathway 
equation to recalculate risk-based concentrations. 

RADIATION CASE STUDY: DECAY PRODUCTS 

~ ~ ~ ~ 

Parent Radionuclide Decay Product(s) (Half-life) 

Ra-226 Rn-222 (3 days), Po-218 (3 rnin), Pb-214 (27 rnin), Bi-214 (20 
min). Po-214 (.c 1 s), Pb-210 (22 yr), Bi-210 (5 days), Po-210 

( 138 days) 

11 C5-137 
~ 

Ba-137ni (2 minl II 

RADIATION CASE STUDY SLOPE FACTORS FOR DECAY SERIES* 

Slope Facrors 
Decav Series 

Ra-226 
Rn-222 
Po-218 
Pb-214 
Bi-214 
Po-214 
Pb-210 
Bi-210 
Po-2 10 
Rn-Z26+D 

sr-m 
y-m - 
Sr-!W+D 

0-137 
Ba- 137m 
CS-137 + D 
?Jll-213 
ND-239 
Am-L43+D 

Inhalation 

3.OE-09 
7.2E- 13 
5.SE-I3 
L9E- 12 
22E- 12 
ZSE- 19 
1.7E-09 

2.7E-OY 
7.5E-09 

S.1E-11 
- 
S.6E-11 
5.SE-12 
6.LE-11 

1.9E-11 
6.OE- 16 
1.9E-11 

4.OE-OS 

4.QE-08 
1.5E-12 

Incestion 

1.2E- IO 
- 

2.SE-14 
1 .SE- 13 
1.4E- 13 
1 .OE-20 
GSE-10 
1.9E-12 
2.6E-IO 
1.OE-09 

3.3E-11 
3.2E-I2 
3AE-11 

2.SE- I 1 
2.1E-15 
UE-11 

-;.lE-IO 
9.3E-13 
3.1E-10 

AI iniorniation in this emniple is for illusmtion purpos:s onlv. 

External 

423-13 
22E-14 
O.OE+OO 
15E-11 
8.OE-11 
4.E-15 
1.8E-13 
O.OE+OO 
4.6E-16 
9.6E-11 

O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OE+OO 
3.4E-11 
3.4E-11 

3.6E-12 
I.lE-11 
1SE-11 



Review Land-use Assumptions. At this step. 
the future land-use assumption chosen during 
scoping is reviewed. Since the original assumption 
of future residential land use is supported by RI/FS 
data. it is not modified. 

Modify Exposure Pathways, Parameters, and 
Equations. Based on site-specific information. the 
upper-bound residence time for many of the 
individuals living near the ACME Radiation Co. 
site is determined to be 45 years rather than the 
default value of 30 years. Therefore, the exposure 
duration parameter used in Equation (11) in 
Section 4.1.2 is substituted accordingly. It is also 
determined that individuals living near the site are 
only exposed to the external gamma radiation field 
approximately 18 hours each day, and that their 
homes provide a shielding factor of about 0.5 (Le.. 
50%). Therefore, values. for T, and S, are changed 
to 0.75 (Le., 18 hrL24 hr) and 0.5, respectively. 

Modify Toxicity Information. As discussed 
above in the section on modifying the list of 
radionuclides of concern. oral, inhalation, and 
external exposure slope faaors for Ra-226, Sr-90, 
Cs-137. and Am-243 were adjusted to account for. 

. the added risks (per unitintake and/or exposure) 
contributed b! their respective decay series 
members that are in secular equilibrium. 

Reul&late Risk-based PRGs. At this step, 
risk-based PRGs are recalculated for all remaining 
radionuclides of potential concern using the full 
risk equation for the soil pathway (Le.. Equation 
(1 1)) modified by revised site-specific assumptions 
regarding exposures. as discussed above. 

To recalculate the risk-based PRG for Co-60 
at a pre-specified target risk level of IO4, for 
example, its ingestion SF of 1.5 x lo'". and its 
external exposure SF of 1.3 x 10'" are substituted 
into Equation (11). along with other site-specific 
parameters. as shown in the next box. 

In a similar manner, risk-based PRGs can be 
recalculated for all remaining radionuclides of 
potential concern in soil at  the ACME Radiation 
Co. site. These revised PRGs are presented in the 
box on the next page. In those cases where 
calculated risk-based PRGs for radionuclides are 
below current detection limits, risk assessors 
should contact the Superfund Health Risk 
Technical Support Center for additional guidance. 

RADIATION CASE STUDY: REVISED RISK EQUATlON FOR RESIDENTIAL SOIL 

RS for C o d  (pCi/g; = TR 
risk-based ) (SF, x 10' x EF x IF,,,,) + (SF, x lo-: x ED x D x SD x (I-S,) x T,) 

where: 
= 0.003 pCig 

Definition funirs) Revised Value Parameters 

RS radionuclide PRG in ,mil (pCigj - 
TR target excess individual lifetime cancer risk (unitless) IO4 
SF" oral (ingestion) slope factor (risk/pCi) 1-i x 10" (risk/pCi) 
SFe external exposure slope factor (risw per pCi/m') 
EF expasure frequency (days&) 350 daystyr 
ED expasure duration (yr) 45 yT 
IFSO,,,; age-adjusted soil ingestion factor (mg-y-r/day) SI00 mg-yr/day 
D depth of radionuclides in soil (m) 0.1 rn 
SD soil density (kg/m') 1.43 x Id k@n' 

13 x 10" (risktyr per pcim?) 

s, gamma shielding factor (unitless) 0.5 
r e  gamma exposure time factor (unitless) 0.75 

(Note: To account for the revised upper-bound residential residency lime of 45 years, the age-adjusted soil 
ingestion factor was recalculated using the equation in Section 1.1.2 and an adult exposure duration of 39 years 
for individuals 7 10 46 years of age.) 
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RADlATlON CASE STUDY 
REMSED RISK-BASED PRCS FOR RADIONUCLIDES IN SOIL' 

Radionuclides R1Slr-baW-d So11 PRG ( ~ C I / $ )  
0 

10.200 
Sr-W+D 20 
C-14 620 
Co-60 0.003 
Cs-137+D 0.0 1 
Ra-226+ D 0.004 
Am-241 0.2 
Am-243 + D 0.03 

. 
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ILLUSTRATIONS OF CHEMICALS 
THAT "LIMIT" REMEDIATION 

In many cases. one or two chemicals will drive 
the cleanup at  a site, and the resulting cumulative 
medium or  site risk will be approximately equal to 
the potential risk associated with the individual 
remediation goals for these chemicals. 'Ihese 
"limiting chemicals" are Senerally either chemicals 
that are responsible for much of the baseline risk 
(because of either high toxicity or presence in high 
concentrations), or chemicals that are least 
amenable to the selected treatment method. By 
cleaning. up these chemicals to their goals. the 
other chemicals typically will be cleaned up to 
levels much lower than their corresponding goals. 
The example given in the box below provides a 
simple illustration of this principle. 

The actual circumstances for most 
remediatiow will be much more complex than 
those described in the example (e.g., chemicals will 
be present at  different baseline concentrations and 

will be treated/removed at  differing rates): 
however, the same principle of one or perhaps two 
chemicals limiting the site-cleanup usually applies. 
even in more complex cases. 

Unless much is known about the performance 
of a remedy with respect to all the chemicals 
present at  the site, it may not be possible to 
determine which of the site contaminants will drive 
the final risk until well into remedy 
implementation. Therefore, i t  generally is not 
possible to predict the cumulative risk that will be 
present at the site during or after remediation. In 
some situations, enough will be known about the 
site conditions and the performance of the remedy 
to estimate post-remedy concentrations of 
chemicals or to identify the chemical(s) that will 
dominate the residual risk. If this type of 
information is available. i t  may be necessary to 
modify the risk-based remediation goals for 
individual chemicals. 

I SIMPLE ILLUSTRATION OF A CHEMICAL THAT UMITS REMEDIATION 

Two chemicals (A and B) are present in ground water'at a site at the Same baseline concentrations. 
Remediation goals were identified for both A and B. Chemical A's goal is 0 5  ug/L, which is associated with a 
potential risk of IO". Chemical B's gcal is 10 ugL, which is also associated with a potential risk of IO". The 
calculated cumulative risk at  remediation goals is theretore 2 x lo*. Assuming for the p u ' p ~ e s  of this illustration 
that A and B are treated or removed at the same rate, then the first chemical to meet its goal will be 6. 
Remediation must continue at this site, however. until the goal for chemical A has been met. When the 
COnCentfatiOn of A reaches 05 ug/L, then remediation is complete. A is at its goal and has a risk of 103 B is at 
1/20 Of its goal with a risk of 5 x 10". The total risk ( 1  x 10" + 5 x IO") is approximately 10' and is due to the 
presence of A 

This example illustrates that the final risk for a chemical may not be equal to the potential risk associated with 
its remediation pa l ,  and, in fact, can be much less than this risk. Althougb the potential risk awciated with 
Chemical B's p a l  is IO4, the final residual risk associated with B is S x 10-8. Thus, if one were to calculate t h e  
C U m U l a t k  risk at PRGs prior to remedy implementation, one would estimate tofa1 medium risk of 2 x 10". huwmcr. 
the residual cumulative risk after remediation is 1 1; IO". 
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RISK EQUATIONS FOR INDIVIDUAL 
EXPOSURE 

This appendix presents individual risk 
equations for each exposure pathway presented in 
Chapter 3. These individual risk equations can be 
used and rearranged to derive full risk equations 
required for calculating risk-based PRGs. 
Depending on the exposure pathways that are of 
concern for a land-use and medium combination, 
different individual risk equations can be combined 
to derive the full equation reflecting the 
cumulative risk for each chemical within the 
medium. See Chapter 3 for examples of how 
equations are combined and how they need to be 
rearranged to solve for risk-based PRGs. Note 
that in this appendix, the term HQ is used to refer 
to the risk level associated with noncarcinogenic 
effects since the equations are for a single 
contaminant in an individual exposure pathway. 

' 

The following sections list individual risk 
equations for the ground water. surface water, and 
soil pathways. Risk equations for exposure 
pathways not listed below can be developed and 
combined with those listed. In particular. dermal 
exposure and ingestion of ground water 
contaminated by soil leachate, for which guidance 

PATHWAYS 

iS currently being developed by EPA. could be . 
included in the overall exposure pathway 
evaluation. 

B.l GROUND WATER OR 
SURFACE WATER - 
RESIDENTIAL LAND USE 

Both the ingestion of water and the inhalation 
of volatiles are included in the standard default 
equations in Section 3.1.1. If only one of these 
exposure pathways is of concern at a particular 
site. or if one or both of these pathways needs to 
be combined with additional pathways. a site- 
specific equation can be derived. 

The parameters used in the equations 
presented in the remainder of this section are 
explained in the following text box. 

B.l.1 INGESIlON 

The cancer risk due to ingestion of a 
contaminant in water is calculated as follows: 

~~~ ~ ~~ ~ 

PARAMIXERS FOR SURFACE WATEWCROUND WATER - RESIDENTIAL LAND USE ' I 
Parameter Definition I 
C 
S Fi 
SFO 
RfDo 
RfDi 
BW 
AT ' 

EF 
ED 
K 
*R, 
I% 

chemical concentration in water (rngL) 
inhalation cancer slope factor ((rng/kgday)") 
oral unccr slope factor ((mg/ksday)") 
oral chronic reference dosc (mgkg-day) 
inhalation chronic reference dme (rngkgday) 
adult body weight (kg) 
averaging time (y) 

exposure frequency (days&) 
exposure duration (yr) 
volatilization factor (urn3) 
daily indoor inhalation rate (m'jday) 
daily water ingestion rate (Udav) 

Default Value 

- 
chemical-specific 
chemical-specific 
chemical-specific 
chemical-specific 
70 kg 
70 yr for cancer risk 
30 yr for noncancer HI (equal to ED) 
350 days& 
30 yr 
O.OOO5 x loo0 Urn'(Andelman 1-1 
15 nr'lday 
2 Uday 



Risk from ingesrion = SF, x 
01’ *mer (aduli) 

C x IR.. x EF x ED 
BW x AT x 365 dayslyr 

and/or inhalation of particulates. are of concern at 
a particular site. then a site-specific equation can 
be derived. ’ 

The noncancer HQ due to ingestion of a 
contaminant in water is calculated as follows: 

HO duc 1 0  in;csiion = C x 1R.. x EF x E D  
01‘ waier (adult) KtD, x B W x AT x 365 dayslyr 

B.12 INHALATION OF VOLATILES 

The canccr risk due to inhalation of a volatile 
contaminant in water is calculated as follows: 

Risk from = SF: x C x K x IR. x EF x ED 
inhalation BW x AT x 365 days& 
of volatiles 
in water 
(adult) 

The noncancer HQ due to inhalation of a volatile 
contaminant in water is calculated as follows: 

HQ due to = C x K x IR. x EF x ED 
inhalation RfDi x BW x ATx 365 days& 
of volatiles 
in waier 
(adu It) 

B.2 SOIL - RESIDENTIAL LAND 
USE 

Only the first exposure ,pathway below - 
ingestion of soil - is included in the standard 
default equations in Section 3.1.2. ff additional 
exposure pathways, including inhalation of  volatiles 

The parameters used in the equations 
prcscnted in the remainder of this section are 
explained in the text box below. ’ 

B.2.1 INGESTION OF SOIL 

The cancer risk from ingestion of 
contaminated soil is calcvlated as follows: 

Risk from = SF.. x C x IO4 kdmg x EF x IFwwi 
ingestion AT x 365 days/yr 
ofsoil , 

The noncancer HQ from ingestion of 
contaminated soil is calculated as follows: 

HQ from = C x 10“ kehnr x EF x IFddj 
ingestion 
of soil 

RfD, x AT x 365 dam 

B.2.2 INHALATION OF VOLATILES 

The cancer risk caused by inhalation of 
volatiles released from contaminated soil is: 

Risk from = SF: x C x ED x EF x IR>,- x (l/V‘F) 
inhalation AT x BW x 365 daywyr 
of volatiles 

The equation for calculating the noncancer HQ 
from inhalation of volatiles rel&sed from soil is: 

PARAMETERS FOR SOIL - RESIDENTIAL LAND USE 

I Parameier Definition Default Value 

chemical concentration in soil (mgkg) 
inhalation cancer slope factor ((mgkg-day)”) 
oral cancer stope factor ((mflg&y)-’) 
oral chronic reference dose (rnflg-day) 
inhalation chronic reference dose (mgkgday) 
adult body weight (kg) 
averaging time (y) 

exposure frequency (days@) 
exposure duration (yr) 
daily indoor inhalation rate ( m3/day) 
age-adjusted soil ingestion factor (mg-yrkg-day) 
soil-to-air volatilization Iacior (rn’kg) 
particulate emission tacior (m3/kg) 

- 
chemical-specific 
chemical-specific 
chemical-specific 
chemical-specific 
70 kg 
70 yr for cancer risk 
30 yr for noncancer HI (equal to ED) 
350 days& 

15 m’lday 
114 mg-yvkgday 
chemical specific (see Section 3.3.1) 
4.63 x 10’ m’& (see Section 3.3.2) 

30 yr 

1 1 
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HOfrom = C x E D x E F x R , ; . x f l / v n  
inhalation 
of volatile5 

RfDi x BW x ATx 365 dam 

B 2 . 3  INHALATION OF PARTICULATES 

Cancer risk due to inhalation of 
contaminated soil particulates is calculated as: 

Risk 
from 
inhala- 
tion of 
particulates 

= SF: x C x ED x EFx IR,x fl/PEF) 
AT x BW x 365 days& 

The noncancer HQ from paniculate .inhalation is 
calculated using this equation: 

HQ from = 
inhalation 

C x ED x EF x IR,, x f IIPEF) 
RfD, x BWx AT x 365 dam 

of pani- 
culates 

B.3 SOIL - COMMERCIAL/ 
INDUSTRIAL LAND USE 

All three of the exposure pathways 
detailed below are included in the standard default 
equation in Section 3.22. If only one or some 
combination of these exposure pathways are of 
concern a t  a particular site. a site-specific equation 
can be derived. 

The parameters used in the equations 
presented in the remainder of this section are 
explained in the text box below. 

B3.L INGESTION OF SOIL 

The 'ancer risk from. ingestion of 
contaminated soil is calculated as follows: 

Risk from = SF, x C x lo"; kumn x EF x ED x Ill.-, 
ingestion 
of soil 

BW x ATx 365 daw 

The noncancer HQ from ingestion of contaminated 
soil is calculated as follows: 

HQ from = 
ingestion RfD,x BW x AT x 365 days6 - 
of soil 

C x IO* kdmz x EF x ED x IR, 

B 3 2  INHALATION OF VOLATILES 

The cancer risk caused by inhalation of 
volatiles released from contaminated soil is: 

Risk from 
inhalation 
of Mlatilcs 

= SF; x C x ED x EF x IR.,. x (l/VF) 
AT x BW x 36s days/)* 

The equation for calculating the noncancer HQ 
from inhalation of volatiles released from soil is: 

HQ from = C x  ED x EFx IR,,x (l/VF) 
inhalation RfDI x BW x AT x 365 days/yr 
of volatiles 

Note that the VF value has been developed 
specifically for these equations: it may not be 
applicable in other technical contexts. 

Parameter 

C .  
SF, 
SFO 
RfDo 
RfD, 
I3W 
AT 

EF 
ED 
IR,, 
'Rsoi, 
VF 
PEF 

PARAMETERS FOR SOIL - COMMERCIAUINDUSTRIAL LAND USE 

Definition Default Value 

chemical concentration in soil (mgkg) 
inhalation cancer slope factor ((rngkgday)-') 
orat cancer slope factor ((m@cgday)-') 
oral chronic reference dose (mgkgday) 
inhalarion chronic referena d& (mgkg-day) 
adult body weisht (kg) 
averaging rime (yr) 

exposure frequency (dayslyr) 
exposure durarion (yr) 
workday inhalation rate (m3/day) ' 

soil ingestion rate (rngday) 
soit-to-air volatilization factor (m3/kg) 
paniculate emission factor (m3kg) 

chemical-specific 
chemical-spenfic 
chemical-speafic 
chemical-specific 
70 kg 
70 yr for cancer risk 
30 yr for noncancer HI (equal to ED) 
2-33 days& 
zyr 
20 m31day 
50 mg/day 
chemical specific (see Section 3.3.1) 
4.63 x lo9 m'kg (see Section 3.3.2) 
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B.3.3 INHALATION OF PARTICULATES The noncancer HQ from particulate inhalation is 

calculated using this equation: 

HQ from = 
inhalation 

Cancer risk due to inhalation of 
contaminated soil particulates is calculated as: 

Risk from = 
~nhalation 
of particulates 

C x ED x EF x IRa,r s I IIPEF) 
RfD, x BW x AT x 365 day/yr 

SF. x C x ED x EF x IR,. x rl/PEF) 
AT x BW x 365 dam 
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Attached are  updctes  to the aoil-ta-air volntilieation and 
r a d i a t i o n  equations presented in the ~ F E X L J F O R ~  Qia;u?c 

1; Pnx$J (Deceder, - SIip"Yfund 
1931). 

0E;RH aGked the Air/Suparfund contractor (Environmental Quality 
Manngaaunt) to pet form a limited vulidatio:1 istudy on t h e  
volatilizaticn factor (vp) equBtion presenzad in Part D. AG a 
r e s u l t  of t h a t  ~tuOy, a e y  felt it would be better to modify t h a  
e q u a t i o n  to take  into account  thc e f f e c t  of soil moiature on the 
flux of ch~"Ict1.1~1 through the soil. 
iaodel used in Par: B C l d  not t a k e  in a c c o u n t  the effect o f  soil 
noisture. 
v o l c t i l o  and i o l u b l c  corupocndc (Bcrnzene, Toluene ,  E t h y l b e n z n n a  
and ??1 lenco) ,  :he Part 3 cquttian ovcr-----LedFcted &saiona by n 
Zacr.or or 5 to 10. In a d d i t i o n ,  l?oM<ucgcsted L l a t  h'e modify the 
c o i l  s a t u r a t i o n  c m c c n t r a t i o n  (C,) e q u a t i o n  to r<:.:.Zlcc': t h e  
f r a c t i o n  ur t: chen icn l  found i n  the vapcrr phase as w a l l  the 
f r a c t i o n s  bound to tho organic conteric or s o i l  and dicicolved h 
tha soil molature. 

r, fer 
UP HU man Xeslth Sv&Ll.i&ion d u a  

Tho o r i g i n a l  Hwling nnd Palcg 

T h e  vnlidction rztady showed, t h a t  r o t  E O ~ C  o i  t h c  m o r e  

-. 
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/-. 
I ’  
I Wil-Lo-I i2r  volrtllisction ‘Pcator (W) . 

The volztllizatAon factor (VP) la u e d  :or dof in ing  thn 
relationchip batwaen t h e  concentration o l  contaminant in s o i l  tnc: 
the volatilized contnainnnt in air, 
eetablished LS psrt oL t h e  Hwznq znd Falco  (1386) moc?el dovelopcd 
by D A I S  Zxposure Assessment G Z O U ~  in the O f f Z c a  of Reaearah En6 
Devo lopen t .  H w m g  and’ F Q ~ C O  present a nethod intondad p r i m a r i l y  
to estimeta the parzzissible residual  lovels as~ocinted with tha 
cleanup of cantamfnated soils. 

The Wang ant3 F a l o o  modcl.was u ~ e d  as the bas i s  for kha VF 
equation- presented in t h e  p a A  B guidacce. Sinco t!!e t i n8  of 
Pert: E, O E M  sponsored 8. study to valideta the Vi? equation by 
comparing t h e  modelled results w i t h  dt?to from actual bench and 
p i l o t  s c a l e  a t u d i a s ,  The results of the val idat ion study (EQM, 

. 1992) Fuggestad the S I Q Q ~  to modify tha VF equation in ?art B IX 
t d a  i n t o  account decrease in the rate of flux dUa to the 
affect of s o i l  moisture on effective diffusivity (D;). 
D,, QqUatlOn for dry soil (q x.P.~’) was rcplaced w i t h  an equntion 
from M i l l i n g t o n  and Quirk (1961) w h e r e  DG = Di (?n’.”/Pt’) - 

T h i s  r c i a t ion5h ip  W & B  

Thua, the 

.--, 

w h a e  : 

v 
DH 

A 

Dd 

2, 

p U i t J 0 n . m  ~ 

Volatilization factor  (n’/k5.) 

Lang6& o f  side of contaminnt.ed 
a:- (n) 
Windopaad in m i x i n g  zona b / a )  

D i f f u s i o n  hsight (m) 

A r e a  of. contamination (-9 
Effective dif f UziV’ity (an’/ 6 )  

Air f i l l c d  soil poroaiky 
( u n i t  less) 
Tota l  soil porosity ( u n i t l e s s )  

- -  

Dafault 

45 

2-38 

2 

2 0 , 2 5 0 , 0 0 0  

p,-W 

D , ( P d m / P t Z )  



,! 7, 
e 

T 

Di 

, H  

x, 

K, 

;-. QC 

soli noistura concant 105 UT 0.1 

Soil bulk dons i ty  (g/cd) 1.5 

True B o i l  density or 2 . 6 5  
p a r t i c l e  dcan'erity (g/&) 
soil-air  p e r t i t i o n  c o d f f c i a n t  {H/1cd) x 41 

convaruion 

( c d - w n t  or /g- o o i  1) 

(q-so i l  / d - a i r )  (41 iti LL 

. factor)  
Exposure Lnterval (6) 

DFfZusLvity i n  air ( d / s )  

Hanry ' s Law cons tan t  (a tm-~?/mol)  C h e d c a l -  . 
apocific 

Sail-watsr p a r t i t i o n  coofriaient 

O r g a n i c  carbon a r t i t i o n  C3aniaaL- 
c o e f f i c i e n t  (cm F /kq) 
Organic carbon c o n t e n t  o€ soil 
(fraction) 

K, x OC 
(cm'/kg) 

spacif ic 
2U or 0102 

BoiL g a t u r n t i o n  ccmcantration { c , ~ )  

T h e  basic  p r . ? n c i p l e  of the VF modo1 is Ep3LLtcable only ff t h e  
soil contaninant  ccmcentration is at or b s l w  saturation. 
Saturation i :s  t h e  soil contaminant concoctzntion ut w h i c h  %he 
edsorptiva & h i ~ s  of the  soil p t e t i c l e c  and the solubility limits 
of the availzblc s o i l  moisture have seen reached. 
aaturation, ?ure.liquid-phase c o n t m i m n t  LE a x p e d e d  in the 
Boil. Under such condltionsl t he  pertiel pressure of the pure 
ConmJninanC'and the pertial prcssure of the air in the  
L n h r c t i t i a l  pcre spac~s cannot  be ceLcu1ated Without  first 
knowing the xoic rraction.of the contaninnnt in the 00i1- 

,The re fo re ,  abcva s a t u r a t i o n  the PRG c m n o t  be cccurataly 
calculated based on v o l a t i l i z a t i o n .  
the chexical concentration In 8011 (YRG) cclculnted using VF cusk 
be conpsrud w i t h  the s o i l  s a t u r a t i o n  cnnccntrat ion (C,). 
P3G c r l c u l a t e d  using V F  i5 vrreatrr  than C,, the PRC should h 

Above 

Because ot t h i s  lfnikntion, 

If t hc  

s e t  e q u a l  to &. 



xd 

oc . 

c,' 

R 

e 

p m e t r e r  -.pnd 

Ow / kg 1 
Soil saturation ooncontration 

6a~l-watcr'partltion 
COmf $ i C i G A t  (L/kg) 
organ ic  carbon p a r t i t i o n  
ooar 1 iciant (~/kg) 
O r g c n i c  carbon c o n t e n t  of a o l l  
(fraction) 
Uppar Linit of free moiature in 
c o i l  (ng/L-water) 
Soil moisture c o n t e n t  
(kg-wtitcr/kg-ooil) 

s o l & i l i t y  in water 

S o i l  bulk denc i ty  (k?/L) 

F:'a+ar f fLi lad soil p o r o s i t y  

I l e n r y  ' B  m u  c o n u t a n t  ( u n i t l e a n )  

( mg / L-xa t er ) 

(unitlcsz3) 1 

Henryfa Lnw constant 

a i r - f i l l ed  soil ~orosity 
(acm-m'/aol) 

(mitlsss) 
S o i l  m o i s t - = e  c o n t e n t  
(L-water/kg s o i l )  
Total soil poroe i ty  ( u r - i t l e s o )  

Txao  &oil dcnsity 02 p a r t i c l e  
dena i t y  (kg/ t) 

Chcr,ical- 

2 %  or 0.02 
cpacific 

Q x 6, 

10% o r  0.1 

1.5 
P, - T, 

H x 4 2 ,  where 
41 is b 
ccnvers i c n  
f3StCr 

Chenical- 
c p c i f  ic 

U 

10% or 0.1 

P I  

P l e a s e  note t h c t  the aqunrion 2rascntcd bere for C, ic o lno  a 
n c r d i f i c n t i o n  of- t!% e.cguntlon presented i n  khe F a r t  B q l d z n c s -  
This equation also takes i n t o  nccocnt ",fie amount of cantmfnzlr.t 
t h a t  is i n  Vapor phase in the pore spaces of t h e  c o i l .  

/-\ 
f 

. .  
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REVISIONS TO CBAPTER 4 
RISK-BASED PRGs FOR XXDIOACTIVE C O N T M A h T S  

Change in the Default Value for Te Under the Commedn&dustrid Soil ScSmrio. Th 
default value for the gamma ccpcsure time hmr, T,, for workm, discussed in S d o n  4.1.2 
and used in Equacion (13) under h e  commerciaifindustrial soii exposurc scenario, hits been 
changed f b m  I to 0.3. T, is the ratio of the number of hours m individual is exposed to sn 
extend gamma r d o n  source during a 24hr d3y. For workers, the erposure time is assumed 
to be 8 hours each day, resulting in a T,, value of 0.3 (i.e., 8/24). For residential popuiadons, 
the exposure time is assumed to be 21 h o r n  per day, with T, = 24/24 = 1. Note that the 
default value for T, for the residential soil s d a  has not been changed. 

Revision of the Defauit VaIus for SF, for Ba-226/Rn-222 and h-224/Rn-220- [See Eshibit 
3 attached.] The inhal;Kion slope factor values I-kted fur Rn-2ZZ+D and Rn-tZO+D in the box 
on page 40 have been replaced wirh h e  most current values taken from HELUT 1992 Table 4a. 
In addition. the discussions in the faornotes have bctn rewritten to provide better clarity. 

Revision of Equntians (11) and (11')- (See Exhibit 1 a?a&ed.] Equation (11) on page 37, d;rY 
which is used to uiculate the risk-based radionuclide soil amcentmion. RS. for residential 
sails, has been revised to accept the new exrernal exposure sfope factors given in Table 4a of 
HEAST 1992. The "old" external slope famrs were dcul31ed assuming hat individual 
gamnra-ttmitting raaiormdides were uniformly disrribmd over an infinite surface area w i b  no 
depth, and were expressed m units of risk/year per pCi/m" of soil. In the oria+.iil Equation 
(ll), assumptions had to be made for the depth drxiionuclides in soil, D. and the soil density, 
SD. Since the =new" e x t e d  exposure dope hmrs account for soil deqth and density (and are 
expressed in mrrect unirs of &year per p C i g  soil)), h e  teems D and SD have been dropped 
fmm the revkid Equation (I 1). Revised Equation (1 1') in Exhibit 1 is the reduced form Of 
revised Equarion (1 1). 

Revision of Equations (13) and (13') and Addition of Equatlon (U"). [See Exhibit 2 
arnched.) Similar to the revision of Equation (1 1) discussed above, Equation (13) on page 39. 
has also been revised to accept the new external exposure slope factors in Table 4-a of HEAST 
1992. The terms D and SD have been dropped from the revised Equation (13). Revised 
E q d o n  (13') in Exhibit 2 - for use in calculations involving volatile radionuclides - is the 
reduced form of revised Equation (13). Reduced Equation (13") bas uecn added for u c  in 
calculadons involving mu-voiatile radiinudides, and differs fiom Equadon (13') by dropping 
the soil-to-gas volatilization factor (VF) from the caIarlations. 

1 



REVISIONS 7-0 CHAPTER 4 
RISK-BASED PRGE FOR PSLD1OACTIVG CONTMlm'AXTS 

. (1) Chungt: In thu Default Vuluo for T, Undcr the CcmarLtil/Induanlal SA1 Scenario. Thc 
dcfaufc vduc far  the g u  aposure t!mu %cor, T,, fo: worhrs, UismSfd in Section 4.1.3 
and 11sd in Erlualloii (13) u n d a  !he commarclal/indusrrial soil expowre sccmrjo, hw boan 
changed from I LO 0.3. ?: Is Llie nrtlu of tbe n u m b s  of .ours an individual Is oxposcd to an 
e x t e n d  gsmma rndiction sourct during a 24-h dzy. For worken, thc cxposurc time is as;urnc3 
to bc 8 hours a& day, m l h g  in a T, value of 0.3 (I.c., 8/24). Far tCsfdmti3J populetiocr, 
tflc q m s u r c  r h c  is asurnd to )e 24 hours per day ,  with T, = 24LN = 1. Noh that tile 
dchulr value for T, f i r  the r c d d e x h i  soil scenario has not b m  changed. 

Revision of the M u l l  Values for SF, for Rn-226/Rn-222 and Rn-22dLRn-220. [Sea Exhibit 
3 at tadtd . ]  l i e  iahJlation slope hmr v;llucs listed for R,n-222+D and Rn-220+D in the box 
on page 40 Iiavc bwxn r y d a d  with dlc mst current vn!us taken from HEAS'I' 1992 Table 4 8  
In addition, the discussiunr; 'in the footr.otes bave been rnvrjtten to provlde b c m  clari!y. 

. 

(2) 

(3) Reriaiorr of I?cluullons (11) nnd (ll'), (Scc Exhibit 1 anaacd.] Equation (11) on pngc 37, . 
whI& la ud to cslculate the r i s k - b d  nrdionudide soil concentmion, Pa: for residemid 
aoiia. haJ S K , ~  rcviscd to accept fie ncw ox lo rd  expumrc slop0 bum slven in T&Jc 4a of 
€EAST 1992. Tho "old" external slop8 factors were ca!cul&Led &sumir?g that idividual 
gunma-emitting r;ldiotuclidu were uniformly dlsufbue i  over an infinite surface x e a  with no 
dcYpth, &!d WCTO c~pressed iu uolts of nYk/year par p C V d  of soil, In rhc originzl Eymion  
(1 l), ssuapdons had 6 " b e  m d e  for th6 depth of milonuclides in soil, D, and ~2 soil dcnsi:?, 
SD. Slnco die "ccw" extcrnsl exposure slope factors a w u n t  for soil dapth and dcnslty (and x c  
exprcsscd i n  ccr"ua units:of rlak/ytar per pCl/g soil), ihe terms D a id  SD 1:avtt been druppd 
from &e r s i s d  E4ut;& (1 1). Revis& Equation (11') h s i b i t  1 is rhc rcduced form of 
r&;d  Eqpatioa (1 1). 

/ .- --' 

(4) h i s i o n  of Equations fJ.3) nnd (13') arid Addlllon of Equation (13"). (See Exhibit 2 
atlachd.] Slmilar to chc-revislon of EquP3ion (11) d l s m s d  above, EquatIm (13) on p q  39, 
has also bcm nviscd io acepr  rhe new exrernal c x p s o r c  slope f emrs  in TzbJc 45 of I ICAST 
1992. T h e  t m s  D mi SD havo Ssen d:opped from rhe revised +&on (13). XeviseO 
EquitGon (13') in Exhlbit 2 - for use in cslcu!ntiom imolving volatilc rsdiormcUdes - is tAe 
rcduc-j  iurm of rm-sed Eqxatlo.? (13). R e c f u d  Equziion (13') bas been added for use in 
calculmions involving non-volatile dionudidcs, and d l f f m  from Eqoxion (137 by droppmp 
&e soil-to-gas volstlllzailon factor (VF) from rhe d C ~ k i t i 0 1 ~ .  

1 



% 5 / 5 8 / 9 3  1O:SL e 7 0 3  603 3103 5;s ZP.1 iiQ 353 @I 003/004 

Exfiibit 1. Revised EquarIons for Calculating Radionudi le PRGs - Commeraal/Industrid Soil 

(b) R e d d  equation for noe-voistile mdionuclides: 

Risk-bpYadFlZG = I x I@ 
(pcilg: IR = lm 3.1 x Id (SFJ f 2 7  x lo-' (SFJ f 6GFJ 

* NOTE: See Secdoo 4.2.3 wnm salouliting PRGs for Ra-226JRn-2Z! dad Rn.224lRn-220. 
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