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INTRODUCTION 

This documcnt is an -97 Update of the Health Effects Assessment Summary Tables 

(HEAST) prepared by EPAs National Center for Environmental Assessment, Cincinnati, OH 

(NCEA-CIN) for use at both Superfun6 and RCRA sites, I: is intended to replace former 

editions and supplements of the HEAST, The HEAST will be updated annually if sufficient new 

data exist. 

The HEAST is a comprehensive listing consisting almost entirely of PROVlSlONAL 

RISK ASSESSMENT INFORMATION relative to oral and inhalation routes for chemicals of 

interest to Superfund, the Resource Conservation and Recovery Act (RCRA), and the €PA in 

general. Although these entries in the  HWST have undergone review and have the 

concurrence of individual Agency Program Offrces, and each is supported by an Agency 

reference, they have not had enough review to be recognized as high quality, Agency-wide 

consensus information. 

The Integrated Risk Information System (IRIS) is the Agency's oflicial repository of 

Agency-wide consensus chronic human health risk information. Until recently, IRIS evaluations 

were conducted by :he Agency's Work Group Review process. To improve IRIS and to make it 

more useful, EPA requested and received public comment. As a consequence the Agency has 

Initiated an IRIS Pilot program to replace :he Reference DosclRcfcrencc Concentration 

(RfDIRfC) and the Carcinogen Risk Assessment Verification Endeavor (CRAVE) Work Groups. 

The Pilot will produce new or updated toxicological reviews and IRIS entries containing 

Agency consensus scientific positions on potential adverse humon health effects that may 

result from chronic exposure to environmen:al contaminants. 

The Pilot process consists of (1) a call for public involvement for interested parties to 

have some level of input into IRIS technical information, (2) a search of thc relevant literature, 



(3) development of toxiwlogid reviews and draft IRIS summaries, (4) internal wr review 

within EPA, (5) external peer review by experts selected for each substance outside €PA, 

(6) conscnsus review and management approval within EPA, (7) prepan:ion of final IRIS 

summanes and supporting documents, and (8) entry of summaries into :he IRIS database. 

Currently, the Pilot process, which has been underway since early Fy 1996, is being 

applied to a select group of chemiml substances chosen on the basis of the Agency's need for 

new or updated hazard or dose-response information. Thcsc assessmen3 will be inctuded in 

IRIS, and do not appear in the HEAST. 

There are two exccptions to the above discussion. The HEAST also contains 

information an chemicals included under the National Ambient Air Quality Standards (NAAQS) 

and the Drinking Water Cntcns Document (DWCC) scncs. In each of these cases, the 

chemids are subjec: to extensive scientific peer review for quality assurance. 

CHEMICAL STATUS DEFlNITlONS 

Chemicsls previously reviewed by the Agency for consensus are classified according to 

their status as either ''verified," "not uerifi3ble," or "under review,' The toxicity values (other 

than NUQS or OWCD values) listed on the HEAST are considered to be "provisional." The 

Agency has no oficial definitions for these tcrms, but the  HEAST user may inteQret them as 

follows: 

Provisional: A toxicity value or a wncer value is "provisional" if thc value has 
had some form of Agency review, but it does not appear on the IRIS system. 
These values are generated in several ways, Often they are detemined in the 
course of devcloping an Agency document on a chemical or on a class of 
chemicals. Some have been generated through the earlier Work Group process, 
but have no: yet been input to the IRIS system. At the time each value was 
derived, all available information on the chemical was evaluated, the value was 
calculated using the most current methodology, and a consensus was reached 
on the value by Agency scientists, 

8tacke:s are placed around the names of toxicity and carcinogcnicity values on 
the HEAST to distinguish these "provisional" values from information on IRIS, 
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The following names are affected: RfD to [RfD], RfC to [RfC], slope factor to 
[slope factor], EPA group to [EPA Group] and unit risk to [unit risk], 

These "provisional" vatucs are found on thc HEAST. They do not appear 
on IRIS. 

Verified: A toxicity value or a cancer value receivcs Agency consensus as 
*verified" after all available information has been reviewed and a value has been 
calculated using current methodology. Verified values are entered on IRIS. 

Some numbers that have achieved unanimous consensus by the previous 
Agency Work Groups may appear on the HEAST 3s *provisional" values. 

Thcsc "verificd" numbcrs only appear on IRIS. They do not appear on the 
HEAST. 

Not verifiable: A toxicity value is "not verifiable" if all available data on a 
chemical was determined by the Agency to be inadequate to generate a value 
that would be suitable for inclusion an IRIS. No toxic'kj' value is calculated: no 
toxicity value is available for IRIS or the HEAST. 

This "not verifiable" status is noted on IRIS, and is sometimes found on 
thc HEAST, with a pointer to the IRIS system. 

Undcr Review: A toxicity value is "under review" if is undergoing the Pilot 
process of considering all available data, All Pilot chemic& will have this status 
until the toxicity value is placed on IRIS. 

This "under review" status may bc indicated on IRIS or on the HEAST. 
During this timc, "provisional" toxicity values may appcar on the HEAST. 

Note: In all cases, thc status of a chemical may changc a s  ncw data become availablc, 

and the asscssmcnt is revisited, tcvicwcd and vcrificd through the Pilot Proces 

previously d cscri bed. 

CAUTION 

It is imperative for cach user of the  HEAST to recognize that the values listed in the 

toxicity tables and the cancer table are generally considered to be PROVISIONAL RISK 

ASSESSMENT INFORMATION. The user is referred to IRIS for earlier "Work Group Vcrificd" 

values. It it also important to remember that the numbers in these tables alone tell very little 
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about the adverse effects of a chemiwl or the quality of evidence on which risk assessment 

information is based. Original assessment documents must be consulted by users of the 

HUST in order to fully appreciate the strengths and limitations of 3 specific data base. Original 

j source documents will allow for the most complete characterization of potential toxicity 

associated with the range of exposure pathways generally evaluated at Superfund and RCRA 

sites, The Reference Tables point the user to these sources. 

CONTRIBUTORS 

Chemicals commonly found at RCRA sites 3s identiired by the office of Solid Waste's 

(OSW) Technical Asscssmcnt Bnnch are included in the HEAST. The Office of Radiation 

Programs has provided data on radionuclide cminogenicity for Table 4. Finally, the m c e  of 

Air Quality Planning and Standards (OAQPS) has provided information on chemiwls for which 

Air Quality Criteria Documents and National Ambient Air Quality Standards have Seen 

developed. 

CHEMICALS LISTED 

Mast of the chemicals included on the toxicity tables and carcinogenicity table 3re those 

for which at least one of !he following EPA documents hoc, been written: Health Effects Assess- 

ment Document (HEA) ,  Health and Environmental Effects Profite (HEEP), Health and 

Environmental Effects Document (HEED), Health Assessment Document (WD), Air Quality 

Criteria Document (AQCD), Drinking Water Criteria Document (DWCD). A description of each 

is provided in Appendix A, Section I. In a few cases, the values arc supported by other writ&n 

material, such as Work Group meeting notcs or Carcinogen Assessment Group (CAG) Profiles, 

Radionuclide slope factor values are calculated by the EPA's Ofice of Radiation Programs. 



The names of criteria 3ollutants that are regulated as National Ambient Air Qual@ 

Standards (NMOS) under :he Clean Air Ad are listed in the main body of the HMSl, but the 

actual critcria arc included as Section V of Appendix A. The NMQSwere not included in the 

tables in order to distinguish them from the rcference concentration ([RfC]) values. The 

N M O S  and [RfCIs represent different levels of review and differen? morhods of calculation and 

thus, must be interpreted and used differently, 

HIERARCHY OF SOURCES 

It is recognized that at any poin! in time there may be multiple old and new Agency 

documents or data bases that present different values on a specific chemical. For chemicals 

other than thosc represented by the NMOS or DWCDs, the following hierarchy of sources is 

recommended in evaluating chemical toxicity for Superfund sires: 

1, The Agency's Integrated Risk Information System (IRIS) and  cited 
references, Changes  are made in this data base on a monthly basis, but 
there may be data gaps. Call the RlSK INFORMATION HOTLINE at 
(51 3)569-72% for further information, 

2. The Health Effms Assessmen? Summary Tables (HEAST) and cited 
refere n ccs. 

3. Consultation with the Superfund Health Risk Technical Support Center  
(TSC) at (51 3)569-7300. 

4. Do not consul\ either the toxicity tables (Appendix A) in the Superfund 
Public Health Evaluation Manual (SPHEM, U S ,  €PA, 1986) or  the 
Septcmbcr 1988 Public Hcalth Risk Evaluation Data Base (PHRED) as 
these sources  are likely to contain numerous values that have since 
become out-ofdate. 

QUESTIONS 

Chemical Toxicity and Carcinogenicity 

Questions regarding the contents of the chemical toxicity and carcinogenicity ,tables on 

the  HEAST ( e g . ,  chemicals not covered, chemicals with pending [RfD)s) may be directed to 
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EPA's Superfund Health Risk Technical Support Center nSC) in Cincincati, OH 3t 

(513)569--.7300 [FAX#: (573)569-77 591, Requests should include the following infonna:ion: 

Superfund site name, site lowtion and twelvedigit site number, 

Name and phone number of the site Remedial Project Manager (RPM) or 
Regional Risk Assessor/ToxkotoSist 

0 Dctsilcd description of the risk assessment related question. 

Written requests should be mailed to: 

Superfund Health Risk Technical Support Center 
US €PA 
26 W. Martin Luther King Or. 
National Center for Environmental Assessment 

Cincinnati, OH 45268 
MS-G44 

Radionuclide Carcinogenicity 

Questions concerning radionuclide carcinogenicity should first be addressed by 

contacting the appropriate Regional Radiation Program Manager. A revised lis!ing cf these 

managers and several contacts in the Ofice of Radiation Programs c3n be found in Exhibit 2 of 

the  Uset's Guide - Radionuclide Carcinogenicity. 

REFERENCES 

Most cited Agency references (e.$, !iEAs, HEEPs, HEEDS), ate available through the 

National Technic31 Information Service (NTIS), 5285 Port Royal Road, Springfield, VA 22167 

[(703)487-4650]. Carcinogen Assessment Group (CAG) Profiles cited in Table 3 are available 

through the RCRA docket (703)603-9230. 

Drinking water documents are available by calling the Water Resource Center at 

(202)260-7786, 



ORDERtNG INFORMATION 

Limited copies of the HEAST are available for EPA Superfund staff, State Superfund 

programs and other Federal agencies working on Superfund sites, and EPA contractors 

working for the EPA Superfund program. Users in these groups can call International 

Consultants, Inc, (5:3)565-7300 to be put on the mailing list. Regional OSW staff are reminded 

!hat copies are sent to all EPA Regional libraries. 

Users of the HEAST in EPA's Office of Air and Radiztion and 3 a t e  3ir programs should 

call Roy Smith of EPA's Otfice of Air Quality Planning and Standards at (919)541-5632. 

All other users must purchase the document from: 

National Technical Information Service (NTIS) 

5285 Port Royal Road 

Springfield, VA 221 61 

(703)c87-C650 

For ordering information, all t h e  NTlS Subscriptions Department at (703)4874630. 

NTlS normally ships 4th class United States mail, When orderins the 1997 Health Effects 

Assessment Summary Table annual update from NTiS refer to the following order number: 

PB97-921199: FY97 Annual HEAST update 

STRUCTURE OF THE HEAST 

The HEAST lntrodudion contains explanatory material relative to the quality of 

information on the  HWST, i:s sources, 3nd its availability, This is followed by 3 listing of 

changes since the last HEAST was published and then by User's Guides for both Chemical 

Toxicity and Carcinogenicity, and Radionuclide Carcinogenicity. The values on the  HEAST arc 



presented in a series of five tables that contain toxicity infonation and three tablcs of 

references, The information contained in each table and their designations are as follows: 

HEASTTABLE d: SUBCHRONIC AN5 CHRONIC TOXICITY (OTHER THAN 
CARCINOGENICITY) 
Table 1 lists subchronic and chronic non-cancer toxicity values that were 
calculated using the methodology practiced by the R?D/RfC Work Group. 

HEAST TABLE 1 REFERENCES: SUBCHRONIC AND CHRONIC TOXICITY (OTHER 
THAN CARCtNOGENtCf7Y) 
The references for Table 7 are numerically coded to associate each toxicity 
value clearfy with its corresponding reference. 

HEAST TABLE 2: ALTERNATE METHODS - SUBCHRONIC AND CHRONIC 
TOXICITY (OTHER THAN CARCINOGENtCITY) 
Table 2 lists subchronic and chronic nonlcsncer toxicity values that are found in 
Agency documents, but were calculated by alternative methods :hat were not 
practiced by the RfD/RfC Work Group. These values are considered to be 
adequate provisional values for risk assessment purposes at Superfund and 
RCRA sites, but are to be reviewed and revised when necessary to reflect 
current information, 

HEAST TABLE 2 REFERENCES: ALTERNATE METHODS - SUBCHRONIC AND 
CHRONIC TOXICITY (OTHER THAN CARCINOGENICITY) 
The references for Table 2 arc n u m ~ r i o l l y  coded to associote each toxicity 
value clearly with its corresponding reference. 

HEAST TABLE 3: CARCINOGENICIT?' 
Table 3 lists carcinogenicity values that were calculated by the CRAVE Work 
Group using Agency methodology. 

HEAST TABLE 3 REFERENCES: CARCINOGENICITY 
The references for Table 3 arc numerically coded to associate each toxicity 
value clearly with its corresponding rcfcrrnce. 

,. 

HEAST TABLE 4: RADIONUCLIDE CARCINOGENICIW -SLOPE FACTORS 
(In Units of Picocuries) 
TaSlc 4 lists ingestion, inhalation and external exposure carcinogenicity slope 
factors for radionuclides in units of picocuries and a factor to conver: into the 
International System (SI) activity units of bcquerels (6q). 



Followins the tables, a Technical Appcndix (Appendix A) is available, containing the 

following sections: 

I ,  Data Sources and Selcdon Criteria Used in HEAST 

11. Dose Conversions on HEAST 

I l l .  Chemical Name and Chemical Abstracts Service 
Registry Number Cross Reference 

IV. Effec! Level Definitions 

V. National Ambient kit Quality Standards (NAAQS) 
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WHAT’S NEW IN THE FY97 ANNUAL HEAST 

GENERAL CHANGES - CHEMICAL TOXICITY AND CARCINOGENICITY 

The changes in this version of the HEAST reflect changes in IRIS through July 1, 

1997, 

CHEMICALSPECIFIC CHANGES - CHEMICAL TOXICITY AND CARCINOGENICIT!’ 
A. CHEMICAL-SPECIFIC CHANGES ON HEASTTABLE 1: SUBCHRONIC AND 

CHRONIC TOXICITY (OTHER THAN CARCINOGENICITY) 

penzoTb1f luorant~ -999-2 
Removed from Table 1 due to incomplete subchronic [RE] assessment. 

&&chloro im rocqJ)et her -6-32-2 
Removed general comment from Table 1. 

Removed from Table 1 the subchronic [RfD] comment due to incomplete assessment. 

j ) i e h l a r o m e  1 3- Q O O l  O/ 06 2 
Removed from Table 1 due to incomplete subchronic [RfC] and [RfD] assessments. 

Removed the subchronic oral water [RfD] from Table 1 and citation 010850 from 
References to  Table 1. 

‘I S;$llarabenrene QQQ 108-Q21L 

. -  ’L - 00 7439-86-5 

ITIr-lehqthane. 1.1.7- Do00 71-554 
Removed subchronic [RfC] comment from Table 1 due to incomplete assessment. 

U r a m .  Soluble S a k  U G E 2  
Removed from Table I due to incomplete assessmcnt. 

8. CHEMICAL-SPECIFIC CHANGES ON HEAST TABLE 2: ALTERNATE 
METHODS - SUBCHRONIC AND CHRONIC TOXICITY (OTHER THAN 
CARCl NOGEN ICITY) 

loosntadieSlf= m 7 1 - 1 3 - 6  ’I- 

Changed target organ from liver to kidney. 
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C. CHEMiCAl-SPECIFIC CHANGES ON HEAST TABLE 3: CARCINOGENICITY 

- -  CI Fllvl chhride 900101 OS 1 
The general  commen:, "contact t h e  Health Assessment Section" is removed from 
Table 3. 

Arsenic, innrqanic 007 440-3$-;! 
Removed inhalation [slope] factor value and comment from Table 3. 

.= ! u ! w 5  
Removed general comment.  

Be nzo( k Iflvora nt h ene Q 002 0 7-08-9 
Removed the general  comment ,  "contact the Health Assessment  Section". 

C h lor omef h m e t  hvl et her  
The general  comment,  "contact the Health Assessment Section* is removed. 

QQJJ 07-30-2 

Chrvsene ~ ~ 9 7 1 8  -01 -3 
The general  comment, 'contact the Health Assessment Section" is removed. 

Bibenmlg. hlanth r?- 900053 -70-3 
The general comment, "contact the Health Assessment Section" is rernoved. 

Pichlotoethane. 1 3- 
The inhalation [slope] factor a n d  comment  are removed from Table 3* 

- -  T Q O O l O r  05 2 e 
Q )  P -  QOOOS7 -97-6 
Removed from Table 3. The general  comment ,  %mtact the Health Assessment 
Section" is removed from Table 3 References. 

Methvlcolant hracep? 3- 000056 49-5  
Removea from Table 3 and from Table 3 References.  

Ni:roso-n-ethvlures. N- 000 7 59-7 3-9 
Removed :he general  comment ,  "contact the Wealth Assessment Section". 

L Polvchlorinatcd b ibhenvls Q Q X w  
Added general  comment: Carcinogenicity information was changed on IRIS, 

D, CHEMICAL-SPECIFIC CHANGES ON HEAST TABLE 4: R4DIONUCLIDE 
CARCINOGENICITY - SLOPE FACTORS 

No c h a n g e s  m a d e  to Table 2 ,  
I 
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CHEMICAL SPECIFIC CHANGES MADE IN THE NOVEMBER 1995 SUPPLEMENT 
TO THE MAY 1995 HEAST ANNUAL UPDATE 

The following changes were made in the November 1995 supplemental edition of the  

May 7995 HEAST Annual Update. Because some users may have been unaware of 

the publication of the November 1995 supplement, the following information should be 

noted. 

A. CHEMICAL-SPECIFIC CHANGES ON MUST TABLE 7 :  SUBCHRONIC AND 
CHRONIC TOXlClN (OTHER THAN CARCINOGENICITY) 

f i n t i m m  5191309-64-4 
An indicator was added to show that an inhalation RfC has been added to IRIS. The 
chronic inhalation RfC was adopted as the subchronic inhalation [RfC]. 

. .  

Bran .  elernenrd 0074d042-8 
The subchronic on1 [RfD] was removed because the chronic oral RfD on which it'was 
based is under review by the RfD/RfC Work Group. - on disulfide QQQOr5 - -  15 Q 
An indicator was adcfed to show that an inhalation RfC has been added to IRIS. The 
chronic inhalation RfC was adopted as the subchronic inhalation [RfC]. 

w- -tfide 001 / 8346-4 
After a reevaluation of uncertainty factors by the RfDlRfC Work Group, the chronic 
inhalation RfC was modified to estimate the subchronic inhalation [RfC]. 

fircur ic- 90 74 8 7- 94-7 
After a reevaluation of unceRainty factors by the RfD/RfC Work Group, The chronic oral 
RfD was modified to estimate the subchronic oral [RfD], 

PhosDhine 007_8Q3-51-2 
An indicator was added to show that an inhalation RfC has been added to IRIS. The 
chronic inhalation RfC was modified to estimate the subchronic inhalation [RE],  

6. CHEMICAL-SPECIFIC CHANGES ON HDST TABLE 2: ALTERNATE 
METHODS - SUBCHRONIC AND CHRONIC TOXICIN (OTHER THAN 
CARCINOGEN I CITY) 

There were no changes to Table 2. 
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C. CHEMICAL-SPECIFIC CHANGES ON HWST TABLE 3: CARCINOGENICITY 

firsenic. inor- QQ7A40-38-2 ' 

Indicators were added to show that an oral slope factor and an oral unit risk have been 
added to IRIS. 

~ - c h l o ~ o - ~ - ~ e t h ~ l ~ t h ~ ~  QOO 108-60-1 
A typographical error in the CAS Registry Number has been corrected. There were no 
other changes to the record, 

D. CHEMICAt-SPECIFIC CHANGES ON HEAST TABLE 4: RADIONUCLIDE 
CARCINOGENICITY - SLOPE FACTORS 

For the November 1995 Supplement of the HEAST for radionuclides, EPAs Office 
of Radiation and Indoor Air (ORIA) has: 

J 

J 

J 

J 

J 

corrected the factor in Table 4 for convefiing radionuclide slope factors from the 
customary units of picocuries (Ci) to the International System (SI) units of 
becquerels (Bq). (To convert radionuclides slope factors into the SI units of Bq, 
users should multiply each value in Table 4 by 27,03, not by 3,70E-02, the 
conversion factor provided in the May 1995 update,) 

added ingestion, inhalation, and external exposure slope factors for californium 
(Cf-252), iridium (Ir-192), thallium (TI-207), and silver (Ag-1 'I Om+D). 

removed the ingestion, inhalation, and external slope factors for Cm-243.t.D and 
Pu-241*D. (EPNORIA reevaluated the derivation and use of w*Dn slope factors 
for decay chains that include a parent radionuclide (e.g., Cm-243 or Pu-241) with a 
radioactive half-life much shorter than the half-life of its immediate decay product 
(e.g., Pu-239 in the case of Cm-243 and Am-247 in the case of Pu-241). ORlA 
concluded that using '+D" slope factors for these types of radionuclides and decay 
chains may significantly underestimate radiation exposure and risk at certain sites, 
because such factors cannot be derived to cover all possible equilibrium conditions 
in the environment. At sites contaminated with these types of radicnuclides, ORlA 
recommends that usen (I) determine the radioactivity concentrations of the parent 
and each decay product radionuclides separately, (2) apply the appropriate slope 
factors in Table 4 for each radionuclide individually, and (3) add the individual risks 
from each radionuclide to calculate the collective risk posed by the  site.) 

correctedathe external slope factor values for Ac-227+DI Ce-lM+D, P u - 2 4 + D ,  
Th-228+DI Th-22943, and U-23843 in Table 4. 

corrected the branching factor for Ce-144 to Pr-144 from 9% to 98%, and 
corrected the half-life for Ra-228 from 8 years to 6 years in Exhibit 1, 
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USER'S GUIDE: CHEMICAL TOXICJTY 

The HEAST summarizes provisional toxicity and cancer values as well as values 

developed for the NAAQS and DWCD chemicals. The,provisional status of the toxicity 

and cancer values is indicated by placing brackets around the title of the value. These 

include provisional reference concentrations ([RfC]) and provisional tefcrcnee doses 

([RfD]) for toxicity from subchronic and chronic inhalation and oral exposure (Tables I 

and 2) and provisional stope factors ([slope factor]), provisional cancer classifications 

([EPA Group]) and provisionat unit risk values ([unit risk]) for carcinogenictty, based on 

lifetime inhalation and om1 exposure (Table 3). Brackets should be included with the 

acronym whenever a user quotes the value in an assessment document, and the 

provisional nature of the value should be noted. A more complete discussion of how 

Superfund develops and considers the toxicity assessment in hazardous waste sites is 

presented in Chapter 7 of Risk Assessment Guidance for Superfund Volume 1: Human 

Health Evaluation Manual, Part A, EPN540/l-89/002. 

The references listed for each chemical in the Reference Tables for Tables 1,2 

and 3 represent the study or studies :hat are the basis for the [RfCJ, [RfD], [slope 

factor], [€PA Group], or [unit risk], as well as the €PA reference that is the source of the 

Agency analysis or risk assessment information. In some cases, additional EPA 

documents are also listed as a source of infomation on the chemical. Verified values 

found on IRIS are not found on the HEAST, but are indicated in the tables by the word 

"IRIS" in place of the number. 



TABLE 7: SUBCHRONIC AND CHRONIC TOXICITY (OTHER THAN CARCINO- 
GENICITY) 

The [RfC] or [RfD] is a provisional estimate (with uncertainty spanning perhaps 

an order of magnhde) of the daily exposure to the human population (including 

sensitive subgroups) that is likely to be without an appreciable risk of delelcrious effects 

during a pocion of the lifetime, in the case of 3 subchronic [RfC] of [R fD] ,  or during a 

lifetime, in the case of a chronic [RfC] or [RfD]. The [RfC] and [RID] values are listed in 

Tables 1 and 2 in columns with the headings "Subchronic" and "Chronic". The critical 

dose or concentration level is usually a No-Observed-Adverse-Effect Level (NOAEL) or 

a Lowest-Observed-Adverse-Effect Level (LOAEL) (See Appendix A, Section IV: Effect 

Level Dcfinitions, for more information). The [RfC] or [RfD] is derived by dividing the 

NOAEL or LOAEL by an uncertainty factor (UF) times a modifying factor (MF): 

N O A E L  or LOAEL 
UF x MF 

IRfC] or [RfDb] = 

In Tables 1 and 2, the information listed is the following: 

Chemical 
Level 
Dose 
Route 
Species 
Experiment Length 
Target 
Critical Effect 
Subchronic [RfC] 
UF 

Subchronic [RfD] 
UF 

Chronic [RfC] 

Chemical NamclCASRN 
Effect Level 
Administered Dose or Concentration 
Route of Administration 
Tested Species 
Length of Exposure 
Target Organ(s) Affected at Critical Level 
Effectt(s) Obsewed at Critic31 Level . 
Subchronic Inhalation [Reference Concentration] 
Uncertainty Factor for the Subchronic Inhalation 
[Reference Concentration] 
Subchronic Oral [Reference Dose] 
Uncertainty Factor for the Subchronic Ora! [Reference 
Dose] 
Chronic Inhalation [Reference Concentration] 
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UF = Uncertainty Factor for the Chronic Inhalation [Reference 
Concentration] 

Chronic [RfD] = Chronic Oral [Reference Dose] 
UF = Uncertainty Factor ?or the Chronic Oral [Reference 

Dose] 
Reference = Reference Identification Number for All Toxicity Values 

on the Same Line. 

An example of this information is shown in Figure 1, H U S T  Table 1: 

Chemical 
Level 
Dose 
Route 
Species 
Experiment Length 
Target 
Critical Effect 

Subchronic [RfC] 
UF 
Subchronic [RfD] 
UF 
Chronic [RfC] 
UF 
Chronic [RfD] 
UF 
Reference 

GLYCtDALDEHYD0000765-3c-4. 
NOAEL 
10 PPM 
IN HALATI ON: INTERM ITEN7 
RAT 
12 WEEKS 
WHOLE BODY, BLOOD, KIDNEY 
DECREASED WEIGHT GAIN, HEMATOPOIETIC 
EFFECTS 
1E-2 mg1cu.m 
300 
4E-3 mgJkg/day 
300 
1 E-3 mg/cu.m 
3000 
IRIS 
IRIS 
005968 

Notice that a Chronic RfD for Glycidaldehyde is available on IRIS, so it is not listed 
here. Also notice that there are footnotes for this chemic31 that indicate a route-to-route 
extrapolation was performed and :hat there is information available on Table 3: 
Carcinogenicity. 

Also given in Figure 1 is an example of the References for Table 7 for the same 

chemicat, The reference is identified by the chemical name (Glycidaldehyde), the 

CASRN (00765-344), and the reference number that links it with the toxicity values 

(005968). 
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The uncertainty factor used in calculating the [RE] or [RfDJ reflects scientific 

judgment regarding the various types of data used to estimate [RfC] or [RfD] values. 

An unceeainty factor of 10 is usually Used to account for variation in human sensitivity 

among populations. An additional I O-fold factor is usually used to account for each of 

the uncertainties assumed when extrapolating from animal data to humans, when 

extrapolating from a LOAEL to a NOAEL, and when extrapolating from subchronic to 

chronic exposure. In order to reflect professional assessment of the uncertainties of the 

study and the data base not explicitly addressed by the above uncertainty factors (e& 

completeness of t h e  overall data base), an additional uncertainty factor or modifying 

factor ransing from greater than 0 to less than or equal to IO is applied. The default 

value for this modifying factor is 1. 

For chemicals for which a chronic [RfC] or [RfD] is presented in Tables 7 and 2, 

a subchronic [RfC] or [RfD] is usually derived, if not previously derived in the Agency 

documents that originally addressed the chemical. Subchronic toxicity values are nor 

evaluated by the RfDlRfC Work Group. The subchronic [RfC] or [RfD] is derived in 

either af two ways: 1) If an uncertainty factor was used to account for extrapolation 

from subchronic to chronic exposure in :he derivation of the chronic [RE] or [RfD], then, 

the subchronic [RfC] or [RfD] is derived from the same benchmark concentration or 

dose without applying the uncertainty factor for subchronic to chronic exposure extrapol 

lation. 2) If the chronic [RfC] or [RfD] was derivetf without use of an uncertainty factor 

for extrapolating from subchronic to chronic exposure (e.g., if chronic data were 

available), then, the chronic [RfC] or [RfD] is adopted as the subchronic [RfC] or [RID]. 
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Tables 1 and 2 list the uncertainty factor and modifying factor, multiplied 

together, to form a single factor under the heading "Uncertainty Factor," For example. 

the uncertainty factor of 3000 listed for the chronic inhalation [ R f C ]  for Glycidaldchyde 

reflects an uncertainty factor of 1000 (1 0 for human sensitivity, 10 c for extrapolation from 

animal to humar;, and 1 O for extrapolation from subchronic to chronic) and a modifying 

factor of 3 (for an inadequate data base); the uncertainty factor of 500 listed for the  

subchronic oral IRfD] for cyanide reflects an uncertainty factor of 100 (IO for human 

sensitivity, and 10 for extrapolation from animal to human) and a modifying factor of 5 

(to account for ?olerance to cyanide when ingested by food rather than administration 

by gavage or by drinking water). 

. .  

z. L- 

/ 

[RfC] and [RfD] values are specific for the route of exposure for which they are 

listed on Tables 1 and 2, In the few instances where an [RfD] or [RfC] has been 

determinel from another exposure route, route-to-route extrapolation is indicated by a 

footnote. 

The current methodology for the derivation of inhalation RfCs is detailed in the 

document, "Interim Methods for Development of Inhalation Reference Doses" (US.  

€PA, 1990, EPA/600/8-88/066FI NTlS PB90-145723), These methods are different 

from those used for oral RfPs because of (1) the dynamics of the respiratory system 

and its diversity across species, and (2) differences in the physicochemical properties of 

contaminants (such as the size and shape of a particle or whether the contaminant is 

an aerosol or a gas). Parameters such as deposition, clearance mechanisms and the  

physicochemical properties of the inhaled agent are considered in the detenination of 

the effective dose delivered to the target organ. 
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An RfC value calculated using this interim methodology is $enenlly reported as 

a concentration in air (mg/rn3), although it may be convened to a corresponding inhaled 

dose (mglkglday) by dividing by 70 kg (an assumed human body weight), multiplying by 

20 rn’lday (an assumed human inhalation mte), and adjusting by an appropriate 

absorption factor. This conversion, however, may often be technically incorrec*,, and 

the appropriateness of doing this must be evaluated on a case-byase basis. It is 

recommended that HWST users that plan to use this technique read a further 

discussion of the difficulties inheren: in this dose conversion that can  be found in 

Appendix A, Section 11: Dose Conversions On HEAST, 

Inhalation [RfC] values reported in HEAs and early HEEDS that were finalized 

prior to the implementation of the interim methods were calculated using methods 

similar in concept to those used for oral [RfDJs, These values are reponed both as a 

concentntion in sir (in mg/m3 for continuous, 24 hourdday exposure) under the column 

[RfC], and as a corresponding inhaled dose (in ng/kg/day) in the footnotes called, 

Chronic (Subchronic) [RfC] Comment. These chemicals are listed in Table 2: Alternate 

Methods - Subchronic snd Chronic Toxicity (Other Than Carcinogenicrty), 

[RfD] values for oral exposure are reported as mglkglday. An oral [RfD] value 

can be converted to a corresponding concentration in drinking water, assuming human 

body weight of 70 kg and water consumption of 2 Uday, as follows: 

oral [RfD] (in mglkglday) x 70 kr: 
2 Uday 

mOIL in water 

The [RfC] or [RfDJ is used as a reference point for gauging ?he potential effects 

of other exposures. Usually, exposures that are less than the [RE] or [RfD] are not 
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likely to be associated with health risks, As the frequency of exposures exceeding the 

[RfC] or [RfD] increases and as the size of the excess increases, the  probability 

increases tha: adverse health effects may be observed in a human population, 

Nonetheless, a clear distinction that would ategorize all exposures below the [RfC] or 

[RfD] as "acceptable" (risk-free) and all exposures in excess of the [RfC] or [RfD] as 

"unacceptable" (causing adverse effects) cannot be made, In addition, [RfC] and [RfD] 

values, and particularly those with limitations in the quality or quantity of supporting 

data, are subject to change as additional information becomes available. 

When [RfC] or [RfD] values are listed in Tables 'I or 2 for chemicals that are 

carcinogens, a footnote will refer to Table 3 if additional information concerning 

carcincgenkity is available in that table, [RfC] and [RfD] values that have been derived 

for carcinogens are based on noncancer endpoints only and should not be assumed to 

be protective against carcinogenicity, 

TABLE 2: ALTERNATE METHODS - SUBCHRONIC AND CHRONIC TOXICITY 
(OTHER THAN CARCINOGENICITY) 

Chemicals are listed in Table 2 when the [RfD] or [RfC] was derived from 

alternative methods that were not pradiced by the RfD/RfC Work Group. The table 

consists primarily of inhalation [RfC] values determined from methodology that does not 

follow :he interim inhalation methods adopted by the Agency, and [RfC] or [RfD] values 

based on route-to-route extrapolation with inadequate pharmacokinetic and toxicity 

data. k footnote is added to each chemical to provide a short explanation of the 

specific methodology used in calculating these provisional toxicity values. Most of 
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these toxicity values were formerly listed in Table I. In some instances, the chemical 

may be listed in both Tables 1 and 2 if the chemical has more than one toxicity value. 

Table 2 follows the same format as Table 1 (refer to Figure 7) .  

TABLE 3: CARCINOGENICITY 

In assessing t h e  carcinogenic potential of a chemical, the Human Health 

'Assessment Group (HHAG) of EPA classifies the chemical into one of the following 

groups, according to the weight of evidence from epidemiologic and animal studies: 

Group A - 

Group 8 - 

Group C - 

Group D - 

Group E - 

Human Carcinogen (su;cficient evidence of carcino- 
genicity in humans) 

Probable Human Carcinogen (SI  - limited evidence 
of carcinogenicity in humans: 52 - sufficient evidence 
of carcinogenicity in animals with inadequate or lack 
of evidence in humans) 

Possible Human Carcinogen (limited evidence of 
carcinogenicity in animals and inadequate or lack of 
human data) 

Not Classifiable as to Human Carcinogenicity 
(inadequate or no evidence) 

Evidence of Noncarcinogenicity for Humans (no 
evidence of carcinogenicity in adequate studies). 

These classifications are shown under [EPA Group] on Table 3. 

Quantitative carcinogenic risk assessments are performed for chemicals in Groups 

A and B, and on a case-byese basis for chemicals in Group C. Cancer [slope factors] 

(formerly called cancer potency factors in the Superfund Public Health Evaluation 

Manual) are estimated through the use of mathematical extrapolation models, most 



commonly the linearized multistage model, for estimating the largest possible linear 

slope (within the 95% confidence limit) at low extrapolated doses that is consistent with 

the data, The [slope factor] or risk is characterized as an upper-bound estimate,  Le., 

the true risk :o humans,  while not  ibentifiabfe, is not likely to e x c e e d  the upper-bound 

e s t i r a t e  and in fact may be lower, 

Quantitative carcinogenic es t imates  listed in Table 3 include the following: 

[slope factor] = risk per  unit dose = risk per rngkglday 

[unit risk] for inhalation exposure  = risk per  concentration unit in air 
= risk per pg/m3 

[unit risk] for oral exposure  = risk per concentration unit in water = 
risk per ug/L 

[Unit  risk] estimates for inhalation a n d  oral exposure c a n  be calculated by dividing the 

appropriate [slope factor] by 70 kg and multiplying by the inhalation rate (20 n'lday) o r  

the water consump?ion rate (2 Uday), respectively, for risk associated with unit 

concentration in 3ir  o r  water. Hence, 

risk per pg/m3 (air) = (risk p e r  mg/kg/day) x 1 x 20 mJ/day x I O m 3  (mglpg) 
70 kg 

risk per pglL (water) = (risk per mglkglday) x 2 x 2 Uday x 1 O 3  (mglpg) 
70 kg 

Quantitative est imates  of carcinogenic risk are listed under [Unit Risk] or [Slope Factor] 

in Table 3. Information o n  the study and  d a t a  set used for estimation of the [slope 

factor] is given in the other  columns of Table 3, 
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In Table 3, the information listed is the following: 

Chemical 
Route 
Species 
Experiment Length 
Target 
Cancer 

[EPA Group] 
Oral [Slope Factor] 
Inhalation [Slope Factor] 
Oral [Unit Risk] 
Inhalation [Unit Risk] 
Reference 

= Chemical NamdCASRN 
= Route of Administration 
= Tested Species 
= length of Exposure 
= Target Organ(s) Affected at Critical Level 
= Tumors Observed at Critical Level (Not 

Specified if More Than One Type of Tumor) 
= €PA Classification by Weight of Evidence 
= Risk Per Unit Dose 
= Risk Per Unit Dose 
= Risk Per Concentration Unit in Water 
= Risk Per Concentration Unit in Air 
= Reference 1dentifica:ion Number for All Toxicity 

Values on the Same Line, 

An example of this information is shown in Figure 2, HEAST Table 3: 

Chemical 
Route 
Species 
Experiment Length 
Target 
Cancer 
[EPA Group] 
Oral [Slope Factor] 
Inhalation [Stope Factor] 
Oral [Unit Risk] 
Inhalation [Unit Risk] 
Reference 

= 0 I METHY LHY DRAZt N E, 1,2-/000077-7&1 
= ORAL: DRINKING WATER 
= MOUSE 
= LIFETIME 
= CARDIOVASCULAR SYSTEM 
= TUMORS 

B2 
= 3.7E+I (MGIKGIDAY)-I 
= 3.731 (MG/KG/DAY)-l 
= 1.1 E-3 (UG/L)-I 
= 1 ,I E-2 (UGICU M}-7 
= 009993 

Notice that the inhalation values for 7,2-Dimethylhydmzinc was extrapolated from the 
oral data, 

Also given in Figure 2 is an example of the References for Table 3 for the same 

chemical. The reference is identified by the chemical name (Dimethylhydrazine, ‘I 3). 

the CASRN (000077-78-1), and the reference number that links it with the toxicity 

values (009993). 
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Quantitative carcinogenic estimates are specific for the route of exposure for which 

they are listed on Table 3, Footnotes are used to indicate those instances in which the 

values for inhalation or oral exposure are based on extrapolation from another route of 

exposure. The route-to-route conversion required to present inhalation [slope factors] 

in rhe units of mg/kg/day is considered by the CRAVE Work Group to be technically 

incorrect. It is recommended that HVIST users who plan to use this information read a 

further discussion of the difficulties inherent in this dose conversion which can be found 

in Appendix A, Section I I :  Dose Conversions On HWST. 

- 
v 

TO estimate risk-specific concentrations in air from the [unit risk] in air 3s presented 

in%ble 3, the specified level of risk is divided by the [unit risk] fcr air. Hence, the air 

concentration (in pg/m3) corresponding to an upper-bound increased lifetime cancer risk 

of 1x1 O s  is calculated as follows: 

1x70 -‘ 
[unit risk) in (pgirnJ)’l 

lrglrn’ in air = 

To estimate risk-specific concentrations in drinking water from the oral [slope factor] 

values presented in Table 3, the specified level of risk is multiplied by 70 kg and divided 

by the [stope factor] times 2 M a y .  Hence, the water concentra:ion corresponding to an 

upper-bound increased lifetime cancer risk of 1~10’~ is calculated as followr,: 
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USER'S GUIDE: MDIONUCLIDE CARCINOGENICITY 

ntroduction 

EPA classifies all radionuclides as Group A carcinogens. HEAST Table 4 lists 

ingestion, inhalation and external exposure cancer slope factors for radionuclides in 

units of picocuries (pci).' Ingestion and inhalation slope factors are central estimates in 

a linear model of the age-averaged, lifetime attributable radiation cancer incidence 

(fatal and nonfatal c a n c e r )  risk per unit of activity inhaled or ingested, expressed as 

risIdpCi. External exposure slope factors are central estimates of lifctimc attributable 

radiation cancer incidence risk for each year of exposure to external radiation from 

photonemitting radionuclides distributed uniformly in a thick layer of soil, and are 

expressed as risklyr per pCilgram soil. When combined with site-specific media 

concentration data and appropriate exposure assumptions2, slope factors c a n  be used 

to estimate lifetime cancer risks to members of the general population due to 

radionuclide exposures. 

'Slope factors art? rfx%XtC?d in TaDle 4 in the customary units of picocunes (1 pCl = l o ' ?  curies (Ci) = 
3,7x1 OSz nuclear mnsformations p e r  second) for consisrmcy with the system used for ndionuclides in the 
IRIS database. If required, slope t jaor, in Table 4 can be converted into the International System (SI) 
units of becquerels (1 Bq = 1 nuclear transformation per sccond) by multiglying each inhalation, ingasuon, 
or external exposure value by 27.03. Users can wlcutate cancer nsks using slcpe factors cxpressed in 
either customary units or SI units with equivalent results, provided that they also use air, water and soil 
concen:ra:ion values in the same system of units. 

:Agency standardized default exposure scenarios and assumptions for u5e in baseline risk assessment 
are provided in €PA (19911, Risk Asscxmcnt Guidance fur Supctund, Vol, I ,  Human Hoaltb Evaluation 
Manual, Supplemental Guidance: "Stanbard Dctault Exposure Factors" (Intenm Finat), ORce of 
Emergency and Remedial Response, OSWER Directive 9285,643, INTIS order number: PB 91=921314.] 
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Intended Users and Applications 

HWST users inciude individuals from the EPA, other Federal agencies, States and 

contractors who are responsible for the identification, characterization and remediation 

of sites contaminated with radioactive materials. Radionuclide slope factors are 

calculated by EPA's Office of Radiation and Indoor Air (ORIA) !o assist HEAST users 

with risk-related evaluations and decision-making at various stages of the remediation 

process, During site assessment, for exam?le, slope factors are used in EPA's Hazard 

Ranking System (WRS) to assign toxicity fador values to radionuc!ides to calculate site 

scores. During the remedial investigation and feasibility study (RVFS), slope factors are 

used to determine baseline site risk, to develop preliminary remediation goals, and to 

evaluate cleanup alternatives. For further exam?les on the application of radionuclide 

slope factors in risk evaluations, users are referred to the following €PA documents: 

a Hazard Ranking System (HRS), Federal (55 FR 515320), December 
1990. 

Risk Assessment Guidance for Superfund; Volume I - Human Health 
Evaluation Manual (MGSIHHEM), Part A, Baseline Risk Assessment 

RAGS/HHEM Part B, Development of Risk-Based Preliminary Remediation 
Goals (OSWER Directive 9285.7-01 8). [NTIS order number: PB 92-983333.1 

RAGSfHHEM Part C, Risk Evaluation of Remedial Alternatives (OSWER 
Directive 9285.7-01 C). [NTIS order number: PB 92-963334.1 

(EPA/540/1-89/002). 

0 

Copies of RAGS/HHEM Parts A, B and C are available to the public from the 

National Technical Information Service (NTIS) at (703) 4874650. Copies are available 

to EPA staff by calling the Superfund Documents Center at (703) 603-8917. 
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Radiation Effects 

Ionizing radiation has been shown :o be a carcinogen, a mutagen, and a teratogen. 

Radiation can induce cancers in nearly any tissue or organ in both humans and 

animals, and ?he probability of wncer induction increases whh increasing radiation 

dose, Cancer induction is a delayed response that has becn documented extensively 

in epidemiological studies of Japanese atomic bomb SumivorS, underground uranium 

miners, radium dial painters, and patients subjcct to a variety of radiation treatments, 

Laboratory animal research and mammalian tissue culture studies have provided 

add itio nal , colla bo rat ivc data. 

Mutagenic effects of radiation have been demonstrated primarily in animal and 

tissue culture studies; limited data from studies of A-bomb survivors indicate that 

humans may be as sensitive or less sensitive than animals to radiogenic mutagenicity. 

Data are also available from both human and animal studies on the terntogenic effects 

of radiation. These data show that the fetus is most sensitive to radiation injuv during 

the early stages of organ development (between 8 and 15 weeks for the human fetus). 

Resultant radiation-induced malformations depend on which cells ore most actively 

differentiating at the time of exposure. 

€PA classifies all radionuclides as Group A carcinogens, based on their property of 

emitting ionizing radiation and on the extensive weight of evidence provided by 

epidemiological studies of radiogenic ancers in humans. At Superfund radiation sites, 

EPA generally evaluates potential human health risks based on the radiotoxicity, k, 

adverse health effects caused by ionizing radiation, rather than on the chemical toxicity, 

of each radionuclide present. These evaluations consider the carcinogenic effects of 
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I radionuclides only. In most cases, cancer risks are limiting, exceeding both mutagenic 

and teratogenic risks. 

Derivation of Radionuclide Slopo Factors 

EPA's Office of Radiation and Indoor Air (ORIA) calculates radionuclide slope factor 

values using health effects data and dose and risk modets from a number of national 

and internationa! scientific advisory commissions and organizations, including the 

National Academy of Sciences (NAS), the National Council on Radiation Protection and 

Measurements (NCRP), the United Nations Scientific Committee on the Effects of 

Atomic Radiation (UNSCEAR), and the ln:ernstional Commission on Radiological 

Protection (ICRP), A detailed discussion cf ORlA's approach and assumptions is 

provided in Estimating Radiogenic Cancer Risks (EPA 402-R-93376). 

Radionuclide slope factors are calculated for each radicnuclide individually, basecl 

on its unique chemical, metabolic and radioactive properties, The calculation uses 

dose estimates from EPA's computer code RADRISKJ, v h t  statistics from the U.S. 

Decennial Lire fables for 7979-7987 (described in €PA 402-R-93-076), and cancer risk 

estimates based.largely on the results of the NAS 6EIR V report', ICRP Publication 605, 

'Dunning, D.E. Jr., LeggctI, R.W., and Yakinatas, M.G. (1980). "A Combined Mcthcdolo~y for EstimYng 
Dosc Rates and Haalth Eflccts ttorn &pasure to Radiwaivc Pollumntt,' ORNm-7105.  

I ,  'National Academy of Scicnces (1990). w h  F f f ~ u b u n  to L ~ M  L evds of I w i n p  Rad 1- 

Commitkc on the 8iologial Effects of Jonlring Radiatrons, NJbOnJl Research Council, 
Washington, D.C, 

spmmsslon on S, ? i I ' 31 Protect im, ICRP Publication 60, Perpmon Press, New Yo% NY. 
Slnttmational Cornmisston on Radiologiwl Proteaon (1991), 1990 R e @  mmcnd~tians o t the m a t i o r i d  
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and US. Nuclear Regulatory Commission (NRC) analyses6. Ingestion and inhalation 

slope factors for radionuclides account for: 

the amount of radionuclide transported into the bloodstream from either the 
gastrointestinal (Gl) tract following ingestion, or from the lungs following 
inhalation; 

the ingrowth and decay of radioactive progeny produced within 
the body subsequent to intake; 

the distribution and retention of each radionuclide (and its associated progeny, 
if appropriate) in body tissues and organs: 

:he radiation dose delivered to body tissues and organs from the radionuclide 
(and its associated progeny, if appropriate): and 

the sex, age, and organ-specific risk factors over the lifetime of exposure, 

The slope factors are the average risk per unit intake or exposure for an individual 

in a stationary population with vital statistics (mortality rates) of the United States in 

1980, (The expected lifetime for an individual in this population is about 74 years.) 

Consequently, radionuclide ingestion and inhalation S!AX factors are a expressed as 

a function of body weight and time, and do require corrections for GI absorption or 

lung transfer efficiencies, 

NOTE: Tho GI absorpijon values (fJ, ICRP lung classifications (D, W, YJ and 
ndioadivc h a M k s  arc provided in M A S T  Table 4 for rcfcrencc on/y andshould 
no7 bc used to correct, modify, or in any way aaust radionuclide slope factors or 
intake assumptions in risk ca/cu~aZio~s. 

* 

*U.S. Nuclear Regulatory Commission (1991, 1993), -EffettrModrsc I Imr PO wcr Plaa 
Aceiden: ConsParlnsC A r l a l v ~ ,  NUREGICR-4214. Addcnda documcntmg the scientific basis for 
radiogenic risk models published in 1991 (for low-LET radiation) and 1993 (fw alpha radiation), See EPA 
402-R-93-076 for discussion of these models, 



External slope factors provide cancer risk estimates per unit exposure to a uniform 

radionuclide concentration in soil. These factors, which account for photon energy flux 

attenuation and buildup in soil, are calculated for each radionuclide using volume and 

surface dose factors derived using the computer code OFSOIL.' 

Because of the radiation risk models employed for both internal and external 

exposures, slope factors for radionuclides are characterized as central estimates in a 

linear model of the age-averaged lifetime total radiation cancer incidence risk per unit 

intake or exposure. 

About the Information Provided in Table 4 

Table 4 lists ingestion, inhalation and external exposure slope factors for principal 

radionuclides, and provides key parameter values used in the derivation of slope factor 

values, Radionuclides are presented alphabetically by element and atomic weight. 

Selected radionuclides and radioactive decay chain products are designated in 

HE4ST Table 4 with the suffix "*OH (e,& U-238*0, Ra-226+DI Cs-l3i+D) to indicate 

that cancer risk estimates for these radionuclides include the contributions from fheir 

short-lived decay producs, assuming equal activity concentrations (Le., secular 

equilibrium) with the principal or parent nuclide in the environment.* Decay chains are 

identified in Exhibit 1. 

'Sjoreen, A.L, Kocher, DE,, Klllough, G.G. and Miller C.W. (1984). "MLSOIL and DFSOtl - Computer 
Codes to Estlmatc Effective Ground Surtjce Concentrations for Dose Computations," ORNL-5974, Oak 
Ridge National Laboratory, Osk Ridge, TN, 

mere  is one cxccption to the assumption of sccular equilibrium. For the inhalation slope faaor for Rn- 
222+U rcpancd in HEAST Table 4, ORtA assumes o SOYO equilibrium value for ndon dewy pradum (Pol 
218, Pb214, Bi-214 and Po-214) in air, 
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In most cases, site-specific. analytical da!a should be used to establish the actual 

degree of equilibrium between each parent radionuclide and its decay products in each 

media sampled. However, in the absence of empirical data, the "+Dee values for 

radionuclides should be used unless there are compelling reasons not to, For example, 

the external slope factors for Cs-I37 and CS-1 37+D are 0,O and 2x1 0' (risk per year 

per pCi/gram), respectively. The value for CS-l37+D is higher beeause it includes the 

risk contribution from cesium's short-lived gamma-emttting decay product Ba-I 37m 

(half-life, 25.5 minutes) which, under most environmental conditions, will be in secular 

equilibrium with Cs-137. 

Note that there may be circumstances, such as long disposal times or 

technologically enhanced concentrations of .naturally occurring radionuclides, that may 

necessitate the cornbination of :he risks of a parent radionuclide and its dewy products 

over several contiguous subchains. For example, Ra-226 soil analyses at a site might 

show that all radium decay produes are present in secular equilibrium down to stable 

Pb-206 (See Exhibit 1). In this case, Ra-226 risk calculations should be based on the 

ingestion, inhalation and external exposure slope factors for the Ra-226+D subchain, 

& the ingestion, inhalation and external exposure factors for the Pb-21 O+D subchain. 

For actual sites, users should consult with a heatth physicist or radiochemist (1) to 

evaluate the site-specific analytic31 data to determine the degree of equilibrium between 

parent radionuclides and decay members of contiguous decay chains and (2) to assist 

in the  combination of appropriate slope fac'or values. For health physics and 

radioanalytical support, HEAST users may contact EPA's Regional Radiation Program 

Managers, ORlAs National Air and Radiation Environmental Laboratory (NAREL) in 

-33- 



Montgomery, Alabama, ORIA's Las Vegas Laboratory (ORLA-LV) in L3s Vegas, 

Nevada, or the ORlA contact at EPA headquarters in Washington, D.C., listed in 

Exhibit 2, 

A Chemical Abstract System Reference Number (CASRN) is assigned to each 

radionuclide for identification and reporting accuracy during risk assessments, and 

radioactive half-lives are provided for reference. 

The designations "D", W', and 'Y' presented in Table 4 under the heading "ICRP 

Lung Class" in the tables refer to the lung clearance times for inhaled particulate 

radionuclides, expressed as days (O), weeks 0, or years 0, as recommended by the 

International Commission on RadioloSial Protection (ICRP). Gaseous radionuclides, 

e.g., Rn-222, arc designated with an asterisk ('7. "GI Absorption Factors, f," arc the 

fractional amounts of each radionuclide that may be,absorbed from :he gastrointestinal 

(GI) tract into blood following 3n on1 intake. The ICRP lung clearance classifteations 

and GI absorption factors provided in Table 4 are the default values that EPA used to 

calculate radionuclide slope factors for inhalation and ingestion exposures, respectively, 

These factors are provided for reference only (see the Note Box). 

Where to Address Questions About Radionuclide Slope Factors: 

€PA continuously reviews the scientific literature on radiation effects to ensure that 

the Agency's risk assessment methodologies are consistent with curren! models and 

assumptions. As risk methodologies are refined, EPA will revise and update the slope 

factors in Table 4. 
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HE4ST users with questions about radionuclide slope factor values and their use in 

radiation risk assessments should contact Michael Boyd of the Remedial Guidance 

Section of the Radiation Assessment Branch of ORIA at (202) 233-9395, Written 

requests for assistance can be sent by fax to (202) 233-9650. 
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Exhibit 1, Radionuclide Decay Chair,s Considered Explicitly in HEAST Table 49 

. - 

Pnnapol Radionuclide (‘I Terminal Nudidc or Radionuclide a 

e 

Associated Dewy Chain (’) 

22 [Th-227 (S8,62%, ?9 d)] 
Fr-223 (1.38%. 22 mln) 
Ra*;123 (71 d) 
Rn.219 (4 s) 
Po-215 (2 ms) 
Pb211 (36 mln) 
Ei-211 (2 rnin) 
~ I . 2 O i  (99.72%, 5 rnin) 
Pb21t (028%, 0.5 s)] 

Ao22f+D Pb207 . 

+- A p l  OBmD Pd-108 (91.1 36) 
[Cd=108 (97.65%) 
Pd-lo8 (2,3536)J 

. 
0 

I O’? 

Ag-1 l O m 4  
A p f l O  (?.Xi%, 25 S) 

0 

L . 
Cd-110 (98.67%) 
[tal 10 (99.7%) 
Pd-7 10 (0,3%)] 

Np239 (2 d) 

[Pr- la  (98.224, 11 min) 
Pr-lam (7.78% 7 mln)] I Nd.’- 

I . 
Bo-l37m (94,6%, 3 nrin) 9-137 ., 

Pa433 (27 d) u433 1.6~ 10’ 

81210 (5 d) 
Pe210 (138 d) 

U-240 (1 4 h) 
Np240rn (?,A mln) 

1.6 x 101 I Ra-2264 Rn222 (4 d) 
Pe218 (3 rnin) 
[pb-214 (99.98%. 27 mln) 
Ab218 (0.02%. 2 s)] 
BIQ14 (99.99%,20 rnh) 
[Pc-214 (99.98% 1 .E4 x 1v 3) 
7-210 (O,K!%, 1 min)) 

gSource: International Commission on Radiological Prottction (1 983). 
Encrav and Intcn,ltu q of Em b, ICRP Publication 38, Annals of the ICRP, Val% 11-13, Pergarnon P r e s ,  
New Yo% NY. 

Transforma 
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Exhibit 1, Rxlionuclide Dccrry Chains Considcxcd Explicitly in HEASTTablc (Continued) 

Prinapal Radionuclide ''I 

Nuclide HaH-IHc (yr) Assodoted Dewy Chain ('I Nuclide Hat-life (yr: 

Terminal Nuclide or Rsdionuclldc 

Y 

Sb125+D 3 7e125m (Z,8%, 58 d) 7-125 

T h-22 8 D 2 Ra-224 (4 d) 
Rn-220 (56 3) 
Po-216 (02 s) 
Pb-2'12 (1 1 h) 
Bi-212 (61 min) 
[Po-212 (64.07%, 0.3 ps) 
fl*208 (35,93%, 3 min)] 

Pb208 . 

Th-229+D 7.3 x 101 Rd-225 (1 5 d) 
AC-225 (10 d) 
Fr-231 (5 min) 
Ab217 (32 ms) 
61.213 (46 min) 

TI-209 (2.?%, 2 min)] 
[PO-213 (97,8%, 4 ps) 

Pd-209 (3 h) 

81*209 

U435*0 I ?.Ox 10' I 73.231 QG h) 

2.4 x 10' 

(a) Radionuclides with hsll4ivcs greotcr than SIX montns. '4" designates pnncipal radionuclides with associalad 

(b) The choin of docay produac of D principal radionuclide extending to (but not indudinp) rho nex: principal 
dewy chains, 

radionuclide or a stable radionuclide. HaH-lives are given rn psrcnthcsos, Dnnchcs are indiwtcd by SCIUBM 
braCkcts wrth branching pcrccntogcs In parentheses, 

indiwlcd Sy an astcnsk (3 in place of a half-fife, 
(C) The pnncipol radionuclide or stable nuclide that tcrminatcs an JSSOCiatEd dewy chain. Stable nuclides arc 

(12) A hyphen indiwles that there are no associated decay products, 

-37- 



Exhibit 2. €PA Radition ?ragram Managers 

NAM Gib D R ESS I PHONE ]I I FAX n 

Jim Chemin& 
US, EPAmcgion 1 (CW 
JF Kcnncdy Fcdcnl BMQ. 
Boston. MA 02203 

(617) 565-3234 (617 S S W O  

U.S. EPAlRegion 2 
290 Brondwoy 28th Floor 
New Yotic. NY lW7-1866 

(212) 63:.4010 (21 2) 637442 

Aqwner! Dickcns 
U.S. EPAlRegion 3 (34732) 
841 Chestnut Bulldlng 
Philadelphia, PA 1910? 

I (215) 56&2080 
I 

I (21s) 566-2134 

, 
Paul Wagnur (404) 56t=91w (404) 562-8095 
US. EPAmwion 4 
61 Fonyth St. 
Atlanta, CA 30303 

Jack Bemena (312) 88G-677S (312) 353-8288 
U.S. EPNRcgion 5 (AE-1fJ) 
T West Jackson 8OUlCVPrd 
Chicapo, IL 60604 
Steve Vatgo (214) 6656714 (214) 665-6762 
US. EPAIRqian 6 (6PD-n 
1445 ROJ5 AVC~UU ' 
Dallas, 7% 73202=2733 

Robcrl Dye (913) 551-76a5 (913) 551-:065 
US. EPAlRcgion 7 (RALI) 
2 6  Minnesoto Avenue 
Kansas Cltv, KS 66101 

~ ~~~ 

Milton W. Lammcnnp 
US. EPAlRcgion 8 (PZ-TX) 
999 18th St. Sulta 500 
Denver, CO 8C202=2466 

Mlchecl S. Bendrowski 
US,  EPAIRcgion Q (AIR-8) 
75 Hawthorn Street 
Sen Francism, CA 94105 

(303) 3 1 2 6 W  

(41 5)  7-1 073 

Jeny Loitch 
U.S. EPAmcgion 10 (OAQ=107) 
1200 Sixrh Avcnuo 10th Floor 
Soatttc. WA 98701 

(206) 553-7660 006) 553-0404 
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NAMFfADDRESS I PHONE # I FAX 0 II 

Samuel 7. Windham, Direelor (3.3) 270-3400 (334) 270-2454 
Office of Radiation and Indoor Alr 
National Air and Radiotlon Environmental 
b b o f a t o y  (NAREL) 
US.  EPA 
540 South Moms Avcnuc 
Montgomery, AL 367152601 

W~ce of Radiolion and Indoor Air 
Lus Vcgas Laboratory 
EPA Facilttiet 
P.O. Box 98517 
Lns Vegas, NV 89:93-8517 

Jcd Hacison, Director (702) 796-2476 (702) 798-2d65 

Michaol8uyd 
Off~cc of Radiolion and Indoor Alr (66024) 
US. EPA 
401 M Strecl SW 

(202) 233-9395 (202) 232-9650 
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Table 4 

Radionuclide Carcinogencity - Slope Factors 
(In Units of Picocuries) 

JULY 1997 

tjl 
I:,;# 

(,",I . .J 

NOTE: To convert radionuclide slope fac:ors into the International System (SI) 
activity units of becquerels (Bq), multiply each value in Table 4 by 27.03. 
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Table 4: Radionuclide Carcinogenicity -- Slope Factors' 
(In Units of Picocuriesb) 

JULY 1991 

Y 

Y 

Y 

v 
w 
W 

w 
VJ 

W 

w 
W 

W 

W 

w 
W 

W 

W 

1.42E-10 

3 52E-10 

6 i5E-10 

1.62E-I2 

3 2eE-lQ 

1.47E-12 

2 92E-10 

3 27E-10 

3 31E-SO 

I81E-12 

1.07E-11 

2 QIE-12 

3 5dE-12 

0.73E-12 

7. t tE-14  

8.41E-12 

1 .36E-l2 

- 

4.16E-09 

7.0aE-08 

7 . 8 7 ~ 4 0  

3 2iE-11 

3 15E-W 

1 WE-1 I 

3.49E48 

3 82648 

3 12E-08 

5 46E- 12 

1 32E-1 I 

5 23E-12 

3 8SE-12 

8 41E-12 

6 43E-14 

6 ME-12 

8 WE-13 

4.7 1 €-I6 

7.81E49 

2.35E-11 

5 9 ?E*? 

3 2EE-Clt 

4 54E-09 

5.76E43 

I 76E-1 f 

2.43ECb 

2 66bE-01 

I .BIE46 

7 . 3 5 E a  

I.JCE-06 

$.NE# 

I03EO5 

5 7CE-M 

2.4 E-% 

5 %E44 
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Table 4: Radionuclide Carcinogenicity -- Slope Factors' JULY 1997 
(In Units of Picocuriesb) 

ASIafir,O (85) AI-2 17 

Barium (56) Ba-131 

BC-133 

B a - 1 3 h  

Ba- I37m 

Ea-139 

81-141) 

Eerflum (4) Be-7 

B:srwth (83) B F a X  

BC207 

01-210 

Bf21 I 

Bi-212 

Bi-2 13 

Bb2 14 

Bromks (35) Br-62 

C a d d i m  (20) w 1 0 9  

cd-I 15 

323E02 S 

1.18€+01 0 

105E6OI Y 

38CE401 t? 

255€+W M 
2.3 I Et 0 I M 

126E401 0 

5MEtOl 0 

624E+M 0 

334E401  Y 

501Et03 0 

2.13€*M k1 

6WEtOl M 
457EtO1 M 

1.95E.Et01 M 

JSKtOl tt 

1.WEt02 D 

535Et01 H 

0 

D 

D 

D 

0 

0 

0 

Y 

W 

w 
w 
W 

W 

w 
W 

0 

V 

Y 

0 WE-18 

1 .'IO€-! 2 

2.70E-12 

2.76E-12 

2.4 3 5 1  5 

3 HE-13 

1. t @E-1 1 

8 HE.14 

7.1 1E-12 

5 05E-12 

7.29E-12 

1.82E-14 

6 NE-13 

4.4OE-13 

1.95E-13 

1.12E-12 

8 OIE-12 

7 . M - 1 2  

5 t4E-tS 

4.79E-13 

4 03E-12 

5 e€-13 

1.57E- t 5 

I . s ~ -  I j 

i . 7 e ~ - i  3 

3 17E-i2 

5 07E-12 

9 r x - 1 2  

5 It€-11 

1.74E-ti 

3 6%-1 t 

3 @E-I I 

l.45€-11 

7 %E-13 

1.6TE-11 

493E-12 

a. 1 t E- io  
127E-06 

9.15E-07 

1.WE-07 

2 21E-03 

a 3 5 ~ 4 3  

6 ooE-07 

1.73E-07 

I .ME45 

5 49E-06 

QooEtd 

1.48E-07 

6 67E-07 

4 62E-07 

6.02E-08 

1.0tE-05 

5 62E-10 

7 O2E-07 
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Table 4: Radionuclide Carcinogenicity -- Slope Factors' JULY 1997 
(In Units'of Picacuriesb) 

51- Fad* 
UfeUmo E r c a a  Tcch Cincw R W  P4f Unit Inbka or Lipe8un 

UFlP GI 
Ehrnenl Rrdlcrcttvr Lm9 A br wplron Ingwtlcn Inlizlaticn EIlarnal E x ~ r u r r  
(Atomlc H m b o r )  hclopec CASRHd Haif n fa' C l n r '  Factor {fJe (RlsClpCI) WI*lJpC') (RfsLEjr p u  pCUg 8ti3 

cd.ilsr;l 

C O U  (20) C845 

Ca-47 

C a h  {Q C-11 

C-14 

C-15 

Cericm (5d} Ca-141 

Ct-143 

a - 1 4 4  

Ce I44tD 

cellvn (55) CS-131 

CS-934 

CI-134m 

CS-135 

CI-136 

CS-137 

CS-137tD 

Cs-IM 

Y 

w 
S V  

0 

0 

Y 

Y 

Y 

Y 

0 

0 

0 

a 
0 

0 

D 

D 

1.42E-I1 

2.02E.12 

6 GE-12 

4.4 C€-14 

1.03f-12 

6 62E-16 

391E-12 

S91E-12 

2 %E-1 1 

2.91E-II 

f.W~€-13 

4.73E-I 1 

4 S4E-14 

4 53E-12 

T.74 €-I 1 

3 I€€-ll 

3 . m - 1 i  
176E-13 

t.7M- I 1 

2 SI€-12 

5 22E-12 

3 3fE-14 

8 %E-lS 

a ~ ~ - 1 6  

4 3ZE-12 

3 IJE-I2 

1.w-10 

1 ME-10 

I .fX€-13 

2 8 3 6 1  I 
3. I E- 1 4 

2.71E.12 

4 65E-12 

1.9 I E- 11 

I .9 I E-1 I 

1 %€-13 



Table 4: Radionuclide Carcinogenicity -- Slope Factorsa 
(In Units of Picocuriesb) 

JULY 1997 

PC. 

sfow f J C l G f  
LI!tUrne Eitrrs  Tohl Canrrr Rftk Pbr Udt Inbar cc E X ~ ~ U I O  

Edemrl  E ~ ~ O W I O  
( R l W y r  per pCVg toll) 

ICRP GI 
Elrrnrnl Ra dlo act lvr Lung Abiorpllon Ingadion InhrLl!on 

(Rlr WpCI) (A tor rk  Number) Iso?op~' CASRP HaIfJi!s* C l a d  Factor (f,)O (RIsVpCl) 

013991436 

ot 4 1 sa-344 

0 I1 39242-0 

111339t-5M 

01331-399 

0135f -3b-qjm) 

0101 9 1  -100 

013381-25 4 

015510-73-3 

o I 5757-an5 

015757-076(*0) 

013381-f 5-2 

01 562 1-76-8 

015757-93-1 

015758-32.4 

0 1 5 7 5 H M  

0 t 3952-61-1 

0158(0<11-4 

I 

3 a i ~ t m  Y 
3 7 i E 4 O I  M 

2 I I E * O t  0 

2.IlE+02 D 

7.0eE+01 0 

9.1 SE a 00 t i  

527EtDb Y 

127Et01 H 

163E*O2 D 

2 8 5 € * 0 1  Y 

2 8 5 E t O l  Y 

lB IE*OI  Y 

854!€+03 Y 
475Et03 V 

I X E * Q 7  Y 

333€*05 Y 

233E+CO H 
I . I ~ E + O I  tg 

D 

D 
Y 

Y 

Y 

Y 

Y 

Y 

V I  

YJ 

w 
w 
\v 
w 
w 
c4 

W 

W 

2 23E-12 

2 O7E-13 

1 ME-13 

9 TIE-13 

2 82E-12 

9.45E-I4 

1 89E-1 I 

5 25E-13 

3 B?E-11 

2 SI€-10 

2.52E-10 

2.1 1 E-10 

3 35E-10 

3.3iE-10 

3 WE-10 

1.31E-09 

3 26E-13 

9.4iE-t 1 

1 .%E- 12 

t.63E-13 

1 .T IE-13 

2 68E-12 

5.17E-12 

8.%€-t4 

e e x - i i  
4.IBE-13 

3.16E-09 

2.8SE-DS 

2 9E-08 

2.43EN 

3 92E-03 

3 9E-08 

3 5eE-08 

1.45E-07 

2.24E-I 3 

1 . a 2 ~ - 1 2  

OOCaEtO 

6.47€46 

102E-07 

2 07€4? 

3 73E-M 

3 21E-11 

9.7EE46 

6.7tE-07 

2 34E-11 

1.7tE67 

1.72E-07 

2 07E-11 

5 5IEC.8 

1.81E- l l  

1.03E4E 

1.4 TE-11 

6.16Ea 

2.72ECg 



Table 4: Radionuclide Carcinogenicity -- Slope Factors' JULY 1997 
(In Units of Picocuriesb) 

E& (631 

Euqibm (63) 

Ga-m (31) 

Er-I63 

Er-llt 

Eu-152 

Eu-f54 

EJ-1 55 

Eu-156 

T-ta 

fr-221 

Fr-223 

w 1 5 3  

G4-15'3 

G3 61 

G a -72 

CC-ll 

Au-1% 

As-146 

t b l 5 8  

H-3 

0 

t i  
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Y 

Y 

0 

M 

M 

)A 

0 

ti 

0 

11 

0 
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O 

n 
Y 

YJ 

W 

W 

$4 

ev 
Yf 

U 

0 

0 

v i  
W 

W 

vi 

W 

Y 

Y 

W 

V 

2.12E-12 

1.63E-12 

5 7jE-12 

9 3715-12 

1.6SE-12 

1.09E-i I 

1.05E-13 

i.4513 

4.4%-13 

1.32E-12 

2 HE-12 

0 XE-I3 

4.71E-12 

I. 1 6 5  1 4 

1.3Cf-I2 

ti 2 a ~ - 1 2  

7.5TE-t2 

7.1 5E-14 

1.5 1 E- 12 

7.5%-13 

7.91 E-S 1 

9.1 SE- 1 1 

9.6CE-t2 

9 ?€E-12 

654E-14 

8 02E-12 

5 %E-13 

3 ICE-12 

121E-12 

5-14 E- 13 

2.17E-12 

5 WE-14 

1 .Q(E-12 

~ . B ~ E - U  

I a E - 1 2  

9 Si€- I 4  

8 5iE-12 

i . Q I E ~  

4.GYE-05 

4 .65EG 

6 WE08 
.5.4jEm 

35M& 

6.74E- 

4.17EJie 

7.22E08 

9.55E48 

3 61E-07 

1.12EC5 

1SE-11 

1 . 4 l E a  

1.31E46 

6 SEECB 

0 OOElO 

6 



Table 4: Radionuclide Carcinogenicity -- Slope Factorsa 
(In Units of Picocuriesb) 

JULY 1997 

Slapr Factor 
Llfethmr Ercsss TOW Camrr Rfrk Per Unlt Inbkr 01 Erporuro 

tC RP GI 
Elrrnsn! Ra dlc IC tlro Lung A b l 9 f p t h  h~tilkdl Ir.ha'*tlCfl Eilsrnrl Eiporuta 
(ACORIIC Number) !so~opd CASFlN' n m i  fag C l a d  Factor (f,)O (RIsk'pCf) (RWJpCI) (Fl!sWyr p l r  pcUg roll) 

Indkl(45) li1-113r 

In-114 

In-1 14m 

In-115 

In-ll,% 

Mnt (53) 1-122 

1-173 

1-11s 

I- I26 

1-129 

1-130 

I-131 

1-132 

1-133 

Cl34 

1-135 

l~dwn {7n k-193 

lr- 194 

014395-78 wm) 

01343 1-550 

0 1 3391 - 5 W m )  

01 4 19 1-7 1-0 

014191-714@) 

018tBI-75.7 

01571H;b9 

01 4 1 9 - 5  1-7 

0 I4 W-324 

G150sbE4-1 

0 I 491 4 6 2 4  

O l W 3 a - o  

014603-164 

I) 14134 6 N 

0 I 4  91 4-27-3 

0 t4834 a - 5  

014%31-91-0 

01 4 158-35 1 

1 ME+aO t i  

7.lfEtOl s 
49SE*OI 0 

4 6 G e * l 5  Y 

4.w4Do t i  

3 62EtOO tJ 

1 3 f E @ O l  tt 

601E101 0 

124E+OI 0 

i . S I E + O f  Y 

l 2 l E ~ O l  H 

8 0 4 E 4 0 0  0 

2 3 ~ 4 ~  H 

2CBE+O1 H 

52MtOl I A  

661Et00 H 

1.18Et01 0 

1.92E+Ol H 

w 
vt 

w 
w 
w 
D 

0 

0 

0 

D 

0 

0 

D 
# 

0 

D 

Y 

Y 

2 OCE-02 

2 WE42 

2 OGEU2 

2 M E 0 2  

2 w02 

9 YX-01 

9 5x41 

9 5cE-01 

95CE-01 

9 SE-01 

9 5@€-0t 

9 5M-01 

9 x;E-EIl 

9 %EO1 

9 5 o m I  

9 5cE4l 

1 WE02 

I 0x42 

8 XE-14 

4 53E-15 

2 WE-1 1 

3 4iE- 1 I 

3 42E-13 

2.tfE-ll 

5 42E-13 

2 SSE-l l  

4 E2E-11 

l.drE-10 

4 1 x 4 2  

3 6 2 5 1  1 

6 62E-13 

I.&€- 1 I 

2 31E-13 

2 17E-12 

4 %E-12 

7 WE-12 

5.7fE-14 

5 3lE-15 

2.53E-11 

2 07E-IO 

1.75 E-1 3 

2 24€-14 

2 B4E.13 

1.1 I E-1 t 

3. lSE-t l  

1.22E-10 

2.61E-I2 

2 33E-I 1 

3 5ZE-13 

6 OZE-12 

1.3%-13 

l.1EE-12 

4 . 4 5 5 1  I 

4.1 I€-12 

7 . a 2 ~ 4 7  

1.13E-07 

2 oCElo1 

0 IW?E@O 

429E07 

3.41E-G 

2 52EUT 

2.39509 

1.4 S E + 3  

2.65E-09 

7.93E-05 

1.35E4.6 

8.7sEc6 

2 1E.E-M 

1 .O2EC5 

6 23EC6 

4 . 6 5 E a  

J.I7E-O? 



Table 4: Radionuclide Carcinogenicity -- Slope Factors' JULY 1997 
(In Units of Picocuriesb) 

W 

w 

. 
8 

4 . 
W 

0 

D 

0 

0 

0 

0 

D 

Y 

3 SI€-13 

5 17E-12 

- 
I 

- 
- 
I 

- 
I 

9 . e -  I 2  

I.O?E-12 

2 WE-13 

6 7s-10 

f .WE49 

3 ME-13 

1 WE-I I 

2 94E-13 

2 9%-12 

5boE-13 

7.GBE-t2 

3.4E-17 

287E-16 

2.755 (6 

f 

2 iCE-15 

161E-IS 

1HE-13 

5.1 E- I 2  

3.lrE-1.3 

6 85El4 

1.67E2'3 

3 &€a 
f.OlE-ll 

3 e*-11 

6 2K-12 

2 x - 1 2  

a 
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Tabie 4: Radionuclide Carcinogenicity -- Slope Factorsa JULY 1997 
(In Units of Picocuriesb) 

w 
W 

w 
W 

w 
Y 

Y 

Y 

V I  

W 

W 

w 
VI  
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w 
Y4 

VI 
w 

601E-12 

1.93512 

8 5lE-13 

1.1CE-12 

2 64E-12 

2 27E-12 

5 ME-1 2 

4.55E-13 

9 3lE-IS 

2 95E-10 

3.WE-10 

45.5512 

4.27E-12 

1.7TE-13 

2 42E-14 

1.85E-13 

5 %E-13 

5.62513 

4.45E-12 

3 69E-82 

5 21E-13 

6 95E-13 

3 03E-12 

4.46E-12 

4 ME-12  

4 2tE-13 

3 U'IE-12 

3 45E.08 

3.45E-m 

4 ME-12 

2.41E-12 

1.3 1 E-1 3 

2 83E-14 

4.OIE-13 

1 .o I E-12 

3 %E-13 

1 34E-05 

3 2 6 E W  

6 95E-06 

5 43EQ8 

6 21E-07 

5.4SE47 

3 22E-07 

l.08E-M 

9 72E-09 

7.!5€E+9 

4 62E47 

1.95E-06 

2 42-7 

3 65505 

1 GSE-06 

o m * o  
0 OOE+O 

2.14E-03 
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Table.4: Radionuclide Carcinogenicity -- Slope Factorsa JULY 1997 
(In Units of Picocuriesb) 

Slope Fatlor 
Llfellms EIC+S$ Total Cancrr Risk POI Unlt l i t h k ~  01 Expowuro 

ICRP GI 
E i t w ! a l  Eipoturr Element Ra 5o;ctIve Lung Abt orptton tngei!k~ tnhilrt lon 

(A1ar r . f~  Number) hotopac C A S R N ~  HaIfJife' C t r r d  Factor (f,]' (RishfpCIJ tmklpcq (RhMjt per pCVg SOH) 

PI-193 

R-19- 

R-197 

p1- 19Tm 

WJ!'Xb!h (94) Pu-236 

Pu-238 

PU-239 

Pu-240 

W 2 4 ?  

FU2414D 

Pu-212 

Pu-24 3 

Pu-244 

Pu-2444D 

Pob-hrn (84)  Po-2 10 

Pa-212 

Pe2  13 

Po-214 

01573S7&3 

015735-7@~vT) 

0 15735-74.7 

01 573574-7jm) 

01 54 1 t-924 

01 39s 1-1 6-3 

0151 1748-5 

014119-336 

Otllf9-32-5 

014119-32-5(+0) 

013992-1M 

01 57m37-3 

01 41 19-31-7 

0141 13-34-7(tD) 

omai-s2-7 

0151s-5r-7 

0 I5383-3&1 

Of 5735 67-8 

D 

O 

D 

D 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

W 

V l  

VJ 

W 

I.WE-02 

I.OOE42 

1.00E-02 

1.OCE-02 

1 a x 6 3  

1.00f43 

?.a;E;o3 

t.OGE-03 

1 .O@E-03 

t.QOE-03 

?.00€43 

l.OCE-03 

1.KE-03 

1 .C%E -03 

l.WE41 

t.WE-01 

1.OCE-Ol - 
1 .Cm-01 

1.62E-13 

2 51E-12 

2.12E- (2 

3 25E-13 

7.6EE-11 

2.95E-10 

3.1EE-10 

3.15E-10 

5 2C.E-12 

3 33E-10 

3 WE-10 

3 65E-13 

3.13E-10 

3.19E-10 

3 2EE-10 

4.31E-23 

6 7C.E-22 

2.liE-20 

7.&9E-14 

5 76E-13 

4.UE-13 

1 .NE- I3  

1.34E.08 

2.71E-09 

2.7BE-Ga. 

2.70€-OB 

281E-10 

3 83E-09 

2.64E-08 

2CTE-I3 

2 67E-08 

2.67E-08 

2.14E-09 

5 93E-21 

?.WE-20 

2 . 7 ? ~ - i a  

0 m + o  
l . U E - 0 9  

3.1SE-08 

I .CSE-O? 

2.32E-11 

1.9 4 E-l 1 

1 2€E-11 

I . l iE - f  I 

000EtO 

4 SSE-09 

1.55E-1 I 

1.85E49 

1.29E-11 

3 65E-M 

3 30E-1 I 

0 WE40 

l.tBE-fO 

3 23E-10 



Table 4: Radionuclide Carcinogenicity -- Slope Factors' JULY 1997 
(In h i t s  of Picocuriesb) 

0157CM-52-2 

0 1 5 1 M S S 4  

0 $5422-24-9 

01356540-2 

014378 21-3 

014 19161-1 

014481-19 4 

014 11905-2 

0 14 I 19m-I(m) 

0 I 4  W 7 5 - 7  

0146-$3-t9-3 

Oi46b3-10-3(m) 

01 5?6$31-8 

014331 85-2 

0 1398 1-1 4-1 

015100 2 8 4  

0151W28 4(m) 

01562345-7 

W 

W 

VJ 

0 

D 

Y 

r 

r 
Y 

Y 

Y 

r 
Y 

Y 

r 
Y 

Y 

W 

4.999E-19 

a T ~ E - ~ I  

5 =E-14 

¶ 2SE-$1 

113E-12 

6 ~ a ~ i 2  

6 ME-12 

8 OeE-14 

3 23E-I4 

1.41E-i2 

1.44 E-l I 

9 93E.?2 

5 52E-12 

I .44€-fQ 

4 63E-12 

2.13E-ll 

4.?7E-I5 

23E-16 . 

4.48€-17 

2 95E-15 

3 69E-12 

7AEE-12 

7.5JiE-13 

4. ICE-1 2 

5 =-?2 

f.31E-I3 

S61E-ll 

1A4E-12 

1 .OSE-ll 

2 95E-1 I 

3 HE-12 

ZJZEC~ 

4 WE-12 

1.m-12 

6 I?€-15 

3 6rE49 



Table 4: Radionuclide Carcinogenicity -- Slope Factors" JULY 1997 
(In ff nits of Picocuriesb) 

I'. 

013133-324 

013391-53-8 

013982-63-3 

01 399263-3(*0) 

(I 1562-20-1 

015262-2&1(tD) 

oi4axx102-0 

02218f 43-7 

Ot435967-7(+D) 

0074 4 0- 1 W m )  

014313-83 4 

0 1191 3-834m) 

014234-34-5 

w 
W 

va 
w 
W 

W . 

Y 

v 
Y 

Y 

1 . a E -  10 

1 .STE-1 0 

3 95E-10 

2.%E-IO 

2.45€-10 

2 . lSE-10  

- 
- 
- 

8.19E-t 5 

1.93E-12 

1.OeE-15 

3 63E-I 5 

2 25E-W 

2 35E-09 

2 7 2 E M  

2 T5E-09 

961E-10 

9 94E-10 

6 9IE-I4 

f .92E- 13 

7.57E-12 

128E-t4 

f22E-12 

9 2s-16 

4 62E-15 

2.45E-Od 

1.71E49 

$ . 3 1 € 4 a  

6.74E-06 

0.WEt0 

3 2BE-M 

1.72E47 

1 .EBEQS 

- 
5.8C.E-1 I 

2.43E-07 

2.2TE-GB 

7.57E-07 

I To derive the inhahtion rlepc factor fix Rn.222 tD, EPNs Oftice of Radialion and I n h r  Air (ORIA) uses a slightly diUcrcnt risk model and set of 
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Table 4: Radionuclide Carcinogenicity - Slope Factors' JULY 1997 
(in Units of Pjcocuriesb) 
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Table 4: Radionuclide Carcinogenicity -- Slope Factorsa JULY 1997 
(In Units of Picocuriesb) 
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Table 4: Radionuclide Carcinogenicity -- Slope Factors" JULY 1997 
(In Units of Picacuriesb) 
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Table 4: Radionuclide Carcinogenicity -- Slope Factors" JULY 1997 
(In Units of Picocuriesb) 
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Table 4: Radionuclide Carcinogenicity -- Slope Factorsa JULY 1997 
(in Units of Picscuriesb) 
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Table 4: Radionuclide Carcinogenicity -- Slope Factorsa JULY 1997 
(In units of Picocuriesb) 
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ENDNOTES: 
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4 can be converkd irrto the Inlernat'bnal System (SI) units of bcquere!s (1 Bq = 1 nudear IransbmaTicn per second) by did:ng each inha'd!h, [ngeslbon, OT eileinal 
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APPENDIX A-l 

1. DATA SOURCES AND SELECTION CRITERIA USED IN HEAST 

A. Description of Sources and Documents Cited in HEAST 

1. The Integrated Risk Information System (IRIS) 

IRIS is an on-line data base devkloped'by the EPA for compilation of risk 
assessment and regulatory infomation on chemicals and physical agents, IRIS is the 
primary communications mechanism for distribution of health hazard assessment 
information derived by the various intra-Agency Work Groups. The primary intent of 
IRIS is to provide guidance to EPA personnel in making risk management decisions, 
An IRIS chemical file contains a Work Group verified summary of the available 
information on hazard and dose-response assessment for noncarcinogenic and/or 
carcinogenic effects for that chemical and is not an extensive toxicologic data base. 
Risk assessment values placed on IRIS are considered Agency consensus and take 
precedence over differing risk assessment values from other EPA sources. Each file 
includes referenced citations and EPA contacts for obtaining further information on any 
specific chemical or agent. The IRIS data base was made available to State and local 
governments, as well as to the public, in Agril 1988. 

* Questions concerning IRIS: Call RISK INFORMATION HOTLINE a t  (513) 569-7254 

2. EPA Work Groups and the IRIS Pilot: 

Risk assessment values for chemicals currently being considered by €PA, but not 
yet on IRIS, are included in HEAST, In the past the EPA Reference DoselReference 
Concentration (RfD/RfC) and the Carcinogen Risk Assessment Verification Endeavor 
(CRAVE) Work Groups used to validate Agency systemic toxicity and carcinogen risk 
assessments, respectively. These Work Groups are now replaced by the IRIS Pilot 
which will be responsible for resolving any conflicts regarding toxicity values developed 
by various Program Offices. The IRIS Pilot peer review panels represent different EPA 
offices and external scientists experienced in issues related to both the qualitative and 
quantitative risk assessment of carcinogenic and toxic agents. Values verified by this 
system must undergo extensive peer review and represent an Agency c o n s e n s u s .  
Verified risk assessment values or changes are entered into the IRIS data base 
monthly. 

Questions concerning the IRIS Pilot: Call Amy Mills, NCEA Washington at ' 

(202) 260-0569, 
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3. Ofice of Research and Development (ORD/National Center for 
Environmental Assessment (NCEA) OSWER-OAQPS (Office of Solid Waste and 
Emergency Response-Office of Air Quality Planning and Standards) Documents: 

A listing of most ORD/NCEA OSWER-OAQPS documents can be found in the 
Chemical Assessments and Related Activities (CAW) list (available through NT1S) or in 
the CERl (Center for Environmental Research Information) office of Research and 
Development publications list. The CAW is produced by the National Center for 
Environmental Assessment (NCEA). All OSWER-OAQPS documents are subject to a 
minimum of internal €PA peer review or a maximum of EPAPeer Review 
Workshop/Science Advisory Board and public comments prior to finalization, 

Information on the availsbiltty of OSLVER-OAQPS documents can be obtained from 
the following sources: 

Technical Information Staff 
National Center for Environmental Assessment (RD-689) 
US. Environmental Protection Agency 
401 M Street, S,W. 
Washington, D.C, 20460 
(202) 260-7345 

published Documen&: 

Technolosy Transfer and Suppor: Division, National Risk Management 
Research Laboratoryt 

Office of Research and Development 
U S .  Environmental Protection Ageney 
26 W, Martin Luther King Drive 
Cincinnati, OH 45268 

tformerly, Center for Environmental Research Information (CER!) 
(513) 569-7562 

Hotlinc Number 1-300-424-9346 
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ZLpcuments Available from NT& 

National Technical Information Service (NTIS) 
5285 Port Royal Road 
Springfield, VA 22161 
(703) 487-4650 

Health Fffects Assasrnents (l+m This document series was prepared by the 
National Center for Environmental Assessment (NCEA-CIN) for the Office of 
Emergency and Remedial Response (Supedund), HEAs are intended for use by the 
OERR in evaluating risk for its preliminary assessment process at uncon:rolled sites, 
and for appraising clean-up alternatives in ks remedial investigationlfcasibili~ studies. 
HEAs are brief, quantitatively oriented, preliminary assessment of relevant health 
effects data, HEAs are subject to internal €PA review by staff within the O f c e  of Health 
and Environmenta! Assessment. Final drafts of H W s  become part of the RCRA and 
Superfund dockets and are available through NTIS, This series has recently been 
incorporated into the following HEED series, 

Health and Fnvironmen:al Fffects 130 aments l H W  This document series is 
prepared by the National Center for Environmenta) Assessment (NCEA-CIN) for the 
Office of Solid Waste and Emergency Response (OSWER), HEEDs 3re intended to 
suppon listings under the Resource Conservation and Recovery Act (RCW) as well as 
to provide health-related limits and goals for emergency and remedial actions under t he  
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA). 
Within a HEED, both published literature and information within Agency Program 
Offices are evaluated as they pertain to potential human health, aquatic life and 
environmental effects of hazardous waste constituents. Quantitative estimates, 
including reference doses for chronic and subchronic duration for both inhalation and 
oral exposures, carcinogenic potency factors, unit risk estimates for air and drinking 
water, and reportable quantities (RQs) based on chronic toxicty and carcinogenicity are 
determined when sufficient data are available. HEEDS are subject to internal EPA 
review by staff within the Office of Health and Environmental Assessment and the 
Office of Pesticides and Toxic Substances. final drafts of HEEDs become par& ofthe 
RCRA and Superfund public dockets and are available through NTIS. 

Health and Environmental Fffects Profiles ( H E E B  This document series was 
prepared by the National Center for Environmental Assessment (NCEA-CIN) for the 
Ofice of Solid Waste and Emergency Response (OSWER), HEEPs have been 
superseded by HEEDs since mid-N87. HEEPs are intended to support listings of 
hazardous constituents of a wide range of waste streams under Section 3001 of the 
Resource Conservation and Recovery Act (RCRA), as well as to provide health-related 
limits for emergency actions under Section 01 0 of the Comprehensive Environmental 
Response, Compensation and liability Act (CERCLA), HEEPs are summaries of the 
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literature concerning health hazards associated with environmental exposures to 
chemicals or compounds and are very similar to HEEDS as described above* HEEPs 
were subject to internal EFA review by staff within the Ofice of Health and 
Environmental Assessment. HEEPS are p3Tt of the RCFW and CERClA public 
dockets. Final drafts are available through NTIS, 

Air Qualiv Criteriaocu men@ C A O W  This document series is prepared by the 
National Center for Environmental Assessment (NCEA-RTP) for the Office of Air and 
Radiation (OAR), AQCOs are intended to support National Ambient Air Quality 
Standards (KAAQS) se: under Sections 108-1 10 of the Clean Air Act. These 
documents are evaluations of thc available scientfic literature on the potential health 
effects of air pollutanS, AQCDs are subject to internal €PA review by staff within the 
Office of Wealth and Environmental Assessment and the Office of Air and Radiation, 
Further review is conducted by the Science Advisory Board/Clean Air Scientific 
Advisory Committee, and then, these documents are subject to peer review workshops 
and public comments. The AQCDs are mandated by the Clean Air Act and are revised 
at 5-year intervals. AQCDs become part of the OAR public docket and final drafts are 
available through NTIS. 

m l t h  A s m c u  rncrnts (HAD This document series is prepared by :he 
National Center for Environmental Assessment (NCEA-RTP and NCEA-CIN) for the 
Office of Air and Radiation (OAR), HADs are intended for use by the Office of Air 
Oualky Planning and Standards (OAQPS) to determine possible listing of hazardous air 
pollutants (HAP) under sections 11 1 and 112 of the Clean Air Act. These documents 
are evaluations of the available scientific literature on the potential health effects of air 
pollutants and serve as the scientific data base for establishing relationships between 
exposure Concentrations and potential health risks. MADS are subject to internal EPA 
review by staff within the Ofice of Health and Environmental Assessment and the 
Office of Air and Radiation. Further review is conducted by the Science Advisory 
Boatd/Clean Air Scientific Advisory Committee, and then, these documents are subject 
to peer review workshops and public comments. HADs become part of the OAR public 
docket and final drafts are available through NTIS, 

4. Miscellaneous Documents: 

prinking Wafpr Critpria Document s (DWCDs): The National Center for Environmental 
Assessment (NCEA-CIN) prepares a portion of this document series for the Office of 
Water (Ow. DWCDs are intended to assist the OW in deriving criteria standards for 
chemicals in drinking water, as required under Secticn 412(b)(3)(A) of the Safe Drinking 
Water Act, as amended in 1986. The DWCDs are comprehensive evaluations of 
potential health effects, including mechanisms of toxicity, with specific emphasis on 
data providing dose-response information, DWCDs contain Health Advisories (Has) fcr 
l-day, 10-day and longer-term exposures 3nd drinking water equivalent levels for 
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1ife:ime exposures. DWCDs are subject to internal €PA review by staff within the Office 
of Health and Environmental Assessment and the Office of Water. Selected documents 
are reviewed by the Science Advisory Board and are subject to peer review workshops 
and public comments. DWCDs become part of the Safe Drinking Water (SDW) public 
docket and final drat$ are available through NTIS. 

B. Selection Criteria and Sources of HEAST Values 

Chemicals with derived noncarcinogenic andlor carcinogen risk assessment values 
that have had some level of peer review (Le., those in peer reviewed €PA documents 
or under review by EPA Work Groups) are included in HEAST: this does not include 
many interim values (values not found in final EPA documents or not being considered 
by Work Groups) derived for various purposes within Superfund and other Program 
Offices. In updating the HEAST, the first source that is checked is :he Integrated Risk 
Information System (IRIS) for revised or newly added risk assessment values. 
Secondly, the status of chemicals under discussion by the RfDIRfC and CRAVE Work 
Groups is reviewed. The National Center for Environmental Assessment's Chemical 
Assessments and Rela:ed Activities (CAW)  list is also reviewed for new Office of 
Water, Offrce of Air Quality Planning and Standards, and Office of Solid Waste and 
Emergency Response risk assessment documents (HEEDS, IIEEPs, HEAS, HADs, 
AQCDs, DVJCDsj. 

The HEAST also contains chemicals commonly found at RCRA (Resource 
Conservation and Recovery Act) sites as identified by the Office of Solid Waste's 
Technical Assessment Branch. Questions about RCRA chemicals may be addressed 
by calling the Health Assessment Secion (Office of Solid Waste) at (202) 260-4767 I 

Finally, the Office of Radiation Programs provides data on radionuclides for Table 4 of 
the HEAST. Radionuclides included are those thought to be most commonly 
en cou n te red at S u pe rfu n d sites . Quest ions con ce rn ing rad ion ucl ides carcinogen icity 
should firs: be addressed by contacting the appropriate Regional Radiation Program 
Manager. A listing of these managers and several contacts in the Office of Radiation 
Programs can be found in Exhibit 2 of the User's Guide -Radionuclide Carcinogenicity. 
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APPENDIX A-ll 

I t ,  DOSE CONVERStONS ON HEAST 

In January 1991 , :he decision was made to replace inhalation Reference Doses 
(RfDi) for noncancer toxicity and inhalation slope factors for carcinogenicity, previously 
available on :he IRIS data base, with Reference Concentrations (RFC) and inhalation 
unit risks, respectively. RfCs and unit risks are expressed in terms of concentration in 
air (mslmJ), not in terms of "dose" (rngkgday) like the RfDs and the oral and inhalation 
slope factors, This presents a problem for the Superfund program, since the current 
Hazard Ranking System (HRS) and the Risk Assessment Guidance for superfund 
(RAGS): Human Health Evaluation manual, Parts A and B were developed using 
chronic daily intakes and health criteria expressed in units of mg/kg-day. 

171, 

The decision to replace inhalation slope factors and RfDi values expressed in 
mgfrcg-day with unit risk and RfC values expressed in mglm, was based on two major 
factors: 1) the workgroups felt that i: was technically more accurate to base toxicity 
values directly on measured air concentrations instead of making the metabolic 
pharmacokinetic and/or surface area adjustments required to estimate an "internal 
dose"; and 2) there are compounds that elicit route-of-entry effects (e.g., sensitizers 
and irritants) where the toxic effect is to :he respiratory system or exchange boundary 
where a measure of "internal dose" might inappropriately imply effects to other organ 
systems or effects from other exposure routes, 

Superfund recognizes the importance of these issues and is actively working 
with EPA's Office of Research and Development to evaluate the impact of these 
changes on its grogram regulations and guidance. In the short term, however, 
modification af program regulations and guidance is not a viable option. Therefore, the 
chairs of the RfD/RfC and CRAVE Work Groups were consulted regarding Superfund's 
need to make the conversion from a concentration in air to dose, There was agreement 
that, in many cases, converting the air concentration data to a dose (in mgkgday) may 
not add significant uncecainty to the Superfund risk assessment process, and therefore 

grocmm ob i- 
may be a reasonable use of the data &n a m  r d t p  circumance, e and SuDerfund 

Generally, the Superfund Health Risk Technical Support Center will be 
responsible for making all appropriate conversions and the values will be identified with 
appropriate highlights or footnotes in the Health Effects Assessment Summary Tables 

conversions thernse Ives, However, it is a critical responsibility of the risk assessor to 
consult the original reports cited in the HEAST and to appropriately characterize or 
caveat the resulting risk estimates derived from these values so that managers are fully 
informed of their origin and related uncertainties. 

(HEAST). Therefore, )I FAST u s e r s s b g Q  vi C such 
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APPENDIX A-Ill 

111. CHEMICAL NAME AND CHEMlCAL ABSTRACTS SERVICE 
REGISTRY NUMBER CROSS REFERENCE 

This section lists chemicals and their respective Chemical Abstracts Service 
Registry Number (CASRN) for cross referencing. Chemicals may be searched either 
alphabetically by compound name or numerically by the CASRN. 

documented in this issue of the HEAST. 
The list has been updated to only include chemicals that are currently 
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CIQHICAL ME: AW CItEHlCAL ABSIMCTS SERVICE REGISTRY h'LEGER CROSS REffRENCL 
July 1931 

02 1 Cd 7-U-9 
002355-85-5 
(?02212-t7- i 
CQ?( 39-55- 7 
OIDSW-93-3 
w 1 - 2 5 - 3  
o(x1130-15-4 
002429-74-5 
W 5 1 7 -  1Q-? 

h 3  f 1 H V  
Var1ow 

0 1 tOJ5-72-2 
OCOfm0-5I-9 
OtOl@Z-b3-9 
01 W97-65 -0  
OW4.9- 74 - I  
000397- c3-2 
009 100- 01 - 6 
0-3- QS -3  
OWA7- 20-9 
o m s 9  - I T -  0 
OlJlh2-(t-O 

r;9 C l H l  
cm75 -I?- 5 

E3 C I S l P  
o m 7 9 -  15-v 
W Z b -  f6-3 
OK42 t - M -7 

W C - 9 1 - 5  
QO1I16- 5t -7  
m 5 5  - 1 5  s- 
OX.& 2- 71 - 9 
OMO155- 10-5 
WCM-3J-6 
0105G-5- '25-6 
OOtS(9-tD-0 
003233-55.2 
W W 9 - C d - I  
0.k30iX!E!- 72-2 
0 3 t ~ - # - O  
032535- 52-0 
@!I9 152- 16 - P 
OZiXt6-12-0 
01lj028-12-6 
Om123- 61-7 
OCXG56-3s-2 

L3  C A S l Y  
OOlllL-78-2 

OMTW n-9 
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CHEMICAL ABSTRIICIS S€RYICE REGiSIRY !+&MER kW ChTHICAL W !  CROSS REF€REM:E 
(LISTED BY CHEHICAL ABSTRACTS REGlSTRY hWBER) c o n t i n d  

WA1 CB - E.5 - 3 
OOOIG8-93-7 
WIlGd-91-8 
0001 Cd -93- 0 
CM106-95-2 
m 1 o w a - s  
m i c a - $ 8 - 5  
~ 1 0 9 - M - 0  
GCOlGQ-69-3 
m1#- ??-3 

O(MID?-M-b 
000f10-DQ-9 
oo0110-~9-4 
W l I O - 5 4 - 3  
0001 ID-61-2 
ODOllD-cs-5 
000110.86-1 
DCK)llI-IS-9 
I j o o 1 1 1 - ~ c ~ c  
W i l l - 6 9 - 3  
00;1111-90-0 GCO111- 76-2 

OCMllZ-14-5 
OCQ115-29-7 
Oca 1 15- C5- 3 

0.301 1 7- 8 1 - 7 
W117-84-0  
ciOoli8- 74-  1 
CCO I1 8 - 75 -2 
ON818-96-7 
M.3 f 19-W - 4 
000119-91-7 
000120- 12-7 
000120-35-5 
C%wI120-61-6 
rn120-@2-1  
OOJ IZU-83 - 2 
050121-t4-2 
Ciao 12 1- 69- T 
033121-73-3 
cioo121-755-5 
0 ~ 1 2 1 - ~ 2 - 4  
OCIJ121-EZ-4 
m 1 2 1 - 9 1 - 5  
OM122-34-9 
oCO122-39-4 
000122-M-7 

000 ! 09 - 7a - 4 

0001 11-11 -7  
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000123-30-8 
W 1 2 3 - 3 1 - 9  
060123-33-1 
OGG123-63-7 
000123-73-9 
Ct%312J-91- 1 
toOl24-O9- b 
m l z c - 4 8 - 1  
(io3126-98-7 
OCWfI24-03-8 

030 127- 18- 4 
oco123-00-0 
000130-15-5 
Oc6131- 1 1  -J  
W 1 3 2 - 6 4 - 9  
O%lJJ*C6-2 
OC0133-07-3 

000139-43-2 
ociOl4I)-5 7-8 
0oolIO-&3-5 ? 000141-78-6 

$ 000142-21-9 
VSolCZ-82-5 
OCQ143 - JJ - 9 
0 3 0 1 i S -  73-3 
GiX148-18-5 
~ 1 5 0 - 2 0 - 5  
mlSl-50-8 
ocjo152-16-9 
trtol36- 10-'5 
OOOIS4-51-2 
000156-60-5 
W3193-JV-5 
W 2 0 6  - 4b - 0 
OCCZOI-cd-9 

0002 11-01 -9 
000291*00-0 
V30K8-02-2 
CM278-Ob-4 
COOZW - 84 -3 
0102-01 -2  
OOOSO4-6I -0 
066109-000-2 
moll 1-45  -5  
033119.84-4 
OOO119- 85-7 

~1013126-09-a 

m i  37-16-13 

o(y32a-96-a 

Juty 1991 



CHEHICAL MSIRACIS SERVICE REGISTRY hW3IR IVA) CHEHlCAL N M  CJWS REFLkEfXE 
(LISTED BY CHLHlCAL MSTRACTS REGlSTRY hWLR) Contirued 

G31335-36.3 
D083Jd-23- 4 
COfS6J-66-2 
oOlS49-02-4 
oOlS82-CP-8 
001600- 17-9 
Do1 619 - 63.1 
Wf689-Gb-5 
001 746-01 -6 
001861-32-1 
001561-4'1-1 
0018P7-45-6 
oOIW12-2&-9 
001911-M.9 

001929- 77-7 
00 1929- 77-7 
001937-31- 7 
002006-41-5 
0@20 14 - 13-7 
0020777-15-5 
W2IOI-C5-S ? 032212-67-1 
lM23OS - 16- 4 -' 002303-17-5 
W23TO- 63 -0 
0032 3 BS - 15 -5 
0024 25 - G5- 1 
0324 29 -74 - 5 
M2491-33-5 
WtM32-45-2 
00261 0 -[)5 - 1 
CQ2487-25-t 
Co2834-92-6 
002421 -M-2 
003 165-93-1 

oowia-16-1 

a 

K 6 5 3  3 -  73- 0 
oO?&29- W -5 
00tL39-87-6 
WfblP-V2-l 
cS7b39-F5-5 
@@7439-9?- b 
O0Tb3P-$3-7  
oO?btO-22- I 
OOT4 10- 2 4  - 6 
cO74 4 0-36-0 
0014CO-38-2 
007410-35-3 
C074WLl-7 
COT4 L Q -  C 2.8 
0374 LO- 43 -9 

Or17410-62-2 
Oa7bLO-64-6 
007416-G9-5 
0074&5-18-6 
00?4C!1-34-b 
0074d7-94-7 
03 763 7- 0 I - Z 
CUT664-  41 - 7 
CQT564 -93 -0 
Wr723-t4*0 
CQ 7 782 - L I -I 
QJ7lE 2 - 49-2 
oa 778 s - 00- 8 
rn778J - Gb - t 
03719 1 - 12- 0 

WfXl-35-2 
IX&331-58-9 
w 7 - 1 5 - 2  
Ow318-01-7 
010026-15-6 
01W34-93-2 
@101U2-41-3 
010 102- 4 I - 0 
QfOl@Z-45-1 
OIC435-JI- Z 
QltSP5-05-b 
010519- 90 -J  
tllW7-69- 1 
012055-72-2 
012359-52-0 
01 2 I22-67- 7 

0 0 ~ 4  t o m -  a 

ONT~P-GP-~  

007853- si - 2 

July 199T 
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APPENDIX A-N 

IV. EFFECT LEVEL DEFINITIONS 

kdverse effect . A biochemical change, functional impaiment, or pathologic lesion that 
either singly or in combination adversely affects the performance of the whole 
organism, or reduces an organism's ability to respond to an additional environmental 
ch a Ile ng e. 

,Frank-&&$ -level (u . The exposure level at which there are statistically or 
biologically significant increases in frequency or severity of severe effects between the 
exposed population and its appropriate control group. These severe effects produce an 
unmistakable adverse health effect (such as severe convulsions or death). 

h w e s t s m e d  -adverseeffect level 
there ate statistically or biologically significant increases in frequency or severity of 
adverse effects between the exposed population and its appropriate control group. 

. The lowest exposure level at which 

) ' v  . The lowest exposure level at which there are 
statistically or biologically significant increases in frequency or severity of any effects 
between the exposed population and its appropriate control group. The effects that are 
seen at this level may or may not be considered as adverse, 

l ! k Q k m a v ! - f f @ ~  le vel rNOqU1 . AR exposure level at which there are no 
statistically or biologically significant increases in the frequency or seventy of adverse 
effects between the exposed population and its appropriate control: some effects may 
be produced at this level, but they are not considered to be adverse, 

P ~ ~ b s e ~ e d c f f e c t  le vel (Nom , An exposure level at which there ate no statistically 
or biologically significant increases in the frequency or severity of any effect between 
the exposed population and its appropriate control. 

AdaPtcd from: U S ,  €PA. 1991. Integrated Risk Information System (IRIS). Online. 
National Center for Environmental Assessment, Cincinnati, OH, 
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APPENDlX A-V 

V. NATlONAL AMBIENT, AIR QUALITY STANDARDS (NAAQS) 

The Clean Air Act requires :hat National Ambient Air Quality Standards (NAAQS) 
be set and uttimately met for any air pollutant which, if present in air, may reasonably be 
anticipated to endanger public health or welfare and whose presence in the air results 
from numerous or diverse mobile andlor stationary sources. Since the primary NAAQS 
and the inhalation RfC serve essentially the same function, and the primary SWQS 
have extensive data bases rigorously reviewed, the primary NAAQS with annual 
averaging times should be used in lieu of an inhalation RfC, except for lead. In deriving 
a risk assessment number for lead (Pb), the Integrated Exposure Uptake Biokinetics 
(!EUBK) model should be used instead of the RE. Primary standards are designed tc 
protect public hearth and secondary standards are designed to protect public welfare. 
Each primary NAAQS has either one or two averaging times depending on the health 
effects of the chemical, To date, six NAAQS have been established: Carbon Monoxide 
(CO), Lead (Pb), Nitrogen Dioxide (NO:), Particulate Matter, less than I O  pm in size, 
(PM,,), Ozone (0,) and Sulfur Dioxide (SO,). A table of the most recent NAAQS is 
provided as Table A-V-I. 

The process of establishing and revising the NAAQS is detailed by Padgett and 
Richmond (Journal of the  Air Pollution Control Association, 33~3-16, 1583). The 
primary NAAQS are solely health based and designed to protect the most sensitive 
group of individuals (but not necessarily the most sensitive members of that gruup) 
against adverse health effects. Thus, by definition, the W Q S  primary standards 
define allowable pollutant concentrations which can be prcsent in the atmosphere 
without causing adverse effects, and essentially sewe the same function a5 an 
inhalation RfC in a risk assessment/nsk management decision, except for lead. The 
data bases supporting each of the NAAQS are extensive. More importantly, the 
NMQS are set by the USEPA Administrator as mandated by Congress after numerous 
reviews and a pubtic comment process, 
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TABLE A-V-I 

NATIONAL AMBIENT AIR QUALITY STANDARDS" 
(as of December 2,1991) '1: 

.' 1 

Pollutant 

Camon monoxide (CO) 

Lead (Pb) 
(and Lead compounds 

Nitrogen dioxide (NO?) 
(Nitrogen oxide) 
(Nitric oxide) 

Particulate Matter 

Ozone (0,) 
. 

Sulfur dioxide (SO:) 
(S u Ifu r oxide) 

Primary Standardsb Ave rag in g Secondary { 
Sta nda rdsb Time k 

9 ppm (I 0 mg/m3) 8 houf  None .) 

' I  

I 

, 

35 ppm (40 rnglm') .a 

1 houF 

0.053 ppm 
(100 pg/m3) 

Annual Same as primary 
'7 
1: 

'Source: U S .  EPA 1991, Subchapter C - Air Programs. Part 50 -National Primary and 
Secondary Ambient Air Quality Standards. Code of Federal Regulations 50: 693-697, 
Revised 711 191. 

bPrimary standards are designed to protect public health; Secondary standards are designed to 
protect public welfare. 

'Not to be exceeded more than once per year. 

The standard is attained when the expected annual arithmetic mean concentration is less than 
or equal to 50 pg/m? 

"The standard is attained when the expected number of days per calendar year with a 24-hour 
average concentration above 150 pg/m3 is equal to or less than 1. 

The standard is attained when the expected number of days per calendar year with maximum 
hourly average concentrations above 0.12 ppm is equal to or less than 1. 
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