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DISCLAIMER 

This report has been prepared by the U.S. Environmental Protection Agency. The 
information contained herein has been taken from final documents prepared by the 
Office of Health and Environmental Assessment for the Office of Solid Waste and 
Emergency Response and the Office of W a t q  Washington, DC and the Office of Air 
Quality Planning and Standards, Research Triangle Park, NC. These documents were 
reviewed in accordance with Agency policy and approved for publication. Mention of 
trade names or commercial products does not constitute endorsement or 
recommendation for use. 
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7 8 3 8  
INTRODUCTION 

This document is the FY94 Annual Update of the Health Effects Assessment 

Summary Tables (HEAST) prepared by EPAs Office of Health and Environmental 

Assessment, Environmental Criteria and Assessment Office, Cincinnati, OH for use at 

both Superiund and RCRA sites. It completely replaces all former editions of the 

HEAST. 

This version of the HEAST will be updated in 1994 by a July 1994 Supplement 

No. 1 and a November 1994 Supplement No. 2. These supplements will supefcede the 

information in this document, the March 1994 HEAST Annual Update. Therefore, if the 

supplement(s) are available they should be checked whenever this document is 

consulted. These supplements, however; will not be produced to stand alone and will 

not contain the User's Guides or Appendix that are available in the annual update. 

Thus, the user is strongly encouraged to refer to the March 1994 HEAST Annual Update 

for this information. 

The HEAST is a comprehensive listing consisting almost entirely of 

PROVISIONAL RISK ASSESSMENT INFORMATION relative to oral and inhalation 

routes for chemicals of interest to Superfund, the Resource Conservation and Recovery 

Act (RCRA), and the EPA in general. These entries in the HEAST are limited to 

chemicals that have undergone review and have the concurrence of individual Agency 

Program Offices, and each is supported by an Agency reference. This risk assessment 

L:-L -..-I.%. - i & i ~ ~ W i  has not, IklGGeiSi, tiad efitiigis review io $e r-gni~ed as riign quaiiry, 

Agency-wide consensus information. 

t 
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The Integrated Risk Information System (IRIS) is the Agency's official repository 

of Agency-wide consensus chronic human health risk information. IRIS evaluations are 

conducted by the Agency's Work Group Review process, Le., they have been examined 

by either the Reference Dose/Reference Concentration (RfDlRfC) Work Group or the 

Carcinogen Risk Assessment Verification Endeavor (CRAVE) Work Group. These 

Agency Work Groups conduct a process that leads to internal Agency scientific 

consensus regarding risk assessment information on a chemical. This information is 

recorded on IRIS, is considered to be "Work Group Verified", and does not appear on 

the HEAST. Thus, provisional risk assessment information on the HEAST is subject to 

possible review and revision by these Agency Work Groups. 

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

information on chemicals that are a part of the National Ambient Air Quality Standards 
-_ 

(NAAQS) or the Drinking Water Criteria Document (DWCD) series. In each of these 

cases, the chemicals are subject to extensive scientific peer review processes of 

extremely high quality. 

CHEMICAL STATUS DEFINITIONS 

Chemicals reviewed by the Agency Work Groups are classified according to their 

status as either "verified", "not verifiable", or "under review". The toxicity values (other 

than NAAQS or DWCD values) listed on the HEAST are considered to be "provisional". 

The Agency has no official definitions for these terms, but the HEAST user may interpret 

them as follows: 



Provisional: A toxicity value or a cancer value is "provisional" if the 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 
determined in the course of developing an Agency document on a chemical 
or on a class of chemicals. Some have been generated through the Work 
Group process, but have not 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. 

Brackets are placed around the names of ?oxicity and carcinogenicity 
values on the HEAST to distinguish these "provisional" values from 
infomation on IRIS. The following names are affected: RfD to [RfD], RfC 
to [RfC], slope factor to [slope factor], EPA group to [€PA Group] and unit 
risk to [unit risk]. 

These "provisional" values are found on the HEAST. They do not 
appear on IRIS. 

Verified: A toxicity value or a cancer value is 'Work Group Verified" if all 
available information on the value has been examined by an Agency Work 
Group, the value has been calculated using current Work Group 
methodology, a unanimous consensus has been reached on the value by 
the Work Group, and the value appears on IRIS. 

Some numbers that have achieved unanimous concensus by the Work 
Group may appear on the HEAST for a short time until they are loaded 
onto IRIS, at which time they are termed, "verified." During the interim, 
they are considered to be "provisional" values that are still "under review" 
by the Work Group. 

These "verified" numbers only appear on IRIS. They do not appear 
on the HEAST. 

Not verifiable: A toxicity value is "not verifiable" if an Agency Work Group 
has considered all available data on a chemical and has unanimously 
determined that data are inadequate to generate a value that would be 
suitable for inclusion on IRIS. No toxicity 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 the HEAST, with a pointer to the IRIS system. 



Under Review: A toxicity value is "under review" if an Agency Work 
Group is in the process of considering all available data on a chemical. All 
Work Group chemicals will have this status until the toxicity value is placed 
on the IRIS system. Toxicity values that have been withdrawn from IRIS 
by a Work Group for further review will have this status. 

". 

This "under review" status may be indicated on IRIS or on the HEAST. 
During this time, "provisional" toxicity values may appear on the 
HEAST. 

In all cases, the status of a chemical may change as new data become available, 

and the assessment is revisited. 

CAUTlON 

It is imperative for each user of the HEAST to re'cognize 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 'Work Group 

Verified" values. It is also important to remember that the numbers in these tables alone 

tell very little about the adverse effects of a chemical or the quality of evidence on which 

risk assessment information is based. Original assessment documents must be 

consulted by users of the HEAST inorder to fully appreciate the strengths and limitations 

of a specific data base. Original 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. 
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CONTRIBUTORS 

Chemicals commonly found at RCRA sites as identified by the Office of Solid 

Waste's (OSW) Technical Assessment Branch are included in the HEAST. The Office 

of Radiation Programs has provided data on radionuclide carcinogenicity for Tables 4A 

and 48 of the HEAST. Finally, the Office of Air Quality Planning and Standards 

(OAQPS) has provided information on chemicals for which Air Quallty Criteria 

Documents and National Ambient Air Quality Standards have been developed. 

CHEMICALS LISTED 

Most of the chemicals included on the toxicity tables and carcinogenictty table are 

those for which at least one of the following €PA documents has been written: Health 

Effects Assessment Document (HEA), Health and Environmental Effects Profile (HEEP), 

Health and Environmental Effects Dowment (HEED), Health Assessment Document 

(HAD), Air Quality Criteria Dowment (AQCD), Drinking Water Criteria Document 

(DWCD). A description of each is provided in Appendix A, Section 1. In a few cases, 

the values are supported by other written material, such as Work Group meeting notes 

or Carcinogen Assessment Group (CAG) Profiles. Radionuclide slope factor values are 

calculated by the EPA's Office of Radiation Programs. 

The names of criteria pollutants that are regulated as National Ambient Air Quality 

Standards (NAAQS) under the Clean Air A d  are listed in the main body of the HEAST, 

but the actual criteria are included as Section V of Appendix A: Technical Information. 

-. L. .  .-A ine N W U ~  were not inciuaea in ine iabies in order io disiingiiisii the% f ~ m  the 

reference concentration ([RfC]) values. The NAAQS and [RfC)s represent different levels 
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of review and drfferent methods of calculation and thus. must be interpreted and used 

differently. 

HIERARCHY OF SOURCES 

It is recognized that at any point in time there may be multiple old and new 

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

For chemicals other than those represented by the NAAQS or DWCDs, the following 

hierarchy of sources is recommended in evaluating chemical toxicity for Superfund sites: 

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 IRIS USER SUPPORT at 
(51 3)569-7254 for further information. 

2. The Health Effects Assessment Summary Tables (HEAST) and cited 
references. 

3. Consultation with the Superfund Health Risk Technical Support 
Center (TSC) at (513)569-7300. 

4. Do not consult either the toxicity tables (Appendix A) in the Superfund 
Public Health Evaluation Manual (SPHEM, U.S. EPA, 1986) or the 
September 1988 Public Health Risk Evaluation Data Base (PHRED) 
as these sources are likely to contain numerous values that have 
since become out-of-date. 

QUESTIONS 

Chemical Toxicity and Carcinogenicity 

Regional EPA Superfund Staff may direct queshms regarding the contents of thd 

chemical toxicity and carcinogenicity tables on the HEAST (e.g., chemicals not covered, 

chemicals with pending [RfDIs) to EPAs Superfund Health Risk Technical support 

-6- ooco93 
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Center (TSC) in Cincinnati, OH at (513)569-7300. Questions from other users must be 

submitted to the TSC in writina and must contain the followina information: 

Superfund site name, site location and twelvedigit site number; 

Name and phone number of the site Remedial Project Manager (RPM) 
or Regional Risk Assessorfloxicologist; 

Detailed description of the risk assessment related question. 

Please send requests via mail or FAX to: 

Superfund Health Risk Technical Support Center 
US EPA 
26 W. ML King Dr. 
Environmental Criteria and Assessment Office 
MS 117 
Cincinnati, OH 45268 
FAX#: (51 3)569-7 1 59 

RCRA Chemicals 

Questions about RCRA chemicals may be addressed by calling the Office of Solid 

Waste at (202)260-4761. 

Radionuclide Carcinogenicity 

Questions concerning radionuclide carcinogenicity should first 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. 

Most cited Agency references (e& HEAs, HEEPs, HEEDS), are (or will soon be) 

available through the National Technical Information Service (NTIS), 5285 Port Royal 9 

-7- 



.I 

,. 

Road. Springfield, VA 221 61 ((703)4874650]. Carcinogen Assessment Group (CAG) 

Profiles cited in Table 3 are available through the RCRA docket 

(202)260-9327. 

Drinking water documents are available by calling the Drinking Water Docket at 

(202)260-3027. 

ORDERING 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 €PA Superfund program. Users in these groups can call 

Syracuse Research Corporation (202)479-0881 to be put on the mailing list. 

€ P A S  Office of Solid Waste (OSW) requests that their users (Le., OSW Staff, 

contractors, State solid waste programs) call the Health Assessment Section 

(202)2604761 to obtain copies of the HEAST. Regional OSW staff are reminded that 

copies are sent to all EPA Regional libraries. 

Users of the HEAST in EPAs OfFice of Air and Radiation and State air programs 

should call Kelly Rimer of EPAs Office of Air Quality Planning and Standards at 

(91 9)541-2962. 

All other users must purchase the document from: 

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

For ordering information, call the NTlS Subscriptions Department at 

(703)487-4630. NTlS normally ships 4th class United States mail. When ordering the .! 

a 
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1994 Health Effects Assessment Summary Table annual update from NTlS refer to the 

folowing order number: 

P894-963310: Annual HEAST update 

STRUCTURE OF THE HEAST 

The HEAST Introduction contains explanatory material relative to the qualii of 

information on the HEAST, its sources, and its availability. This is followed by a listing 

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

Chemical Toxicity and Carcinogenicity, and Radionudide Carcinogenicity. The values 

on the HEAST are presented in a series of fnre tables that contain - toxicity information 

and three tables of references. The information contained in each table and their 

designations am as follows: 

HEAST TABLE 1: SUBCHRONIC AND CHRONIC TOXICITY (OTHER 
THAN CARCINOGENICITY) 
Table 1 lists subchronic and chronic non-cancer toxiaty values that were 
calculated using the current methodology practiced by the RfD/RfC Work 
Group. 

HEAST TABLE 2: ALTERNATE METHODS - SUBCHRONIC AND 
CHRONIC TOXICITY (OTHER THAN CARCINOGENICITY) 
Table 2 lists subchronic and chronic n o n m c e r  toxicity values that are 
found in Agency documents, but were calculated by alternative methods 
that are not currently practiced by the RfD/RfC Work Group. These values 
am considered to be adequate provisional values for risk assessment 
purposes at Superfund and RCRA sites, but are subject to being reviewed 
by the RfDIRfc Work Group and revised when necessary to refled current 
work group practices. 

-9- 



HEAST TABLES 4A AND 48: RADIONUCLIDE CARCINOGENICITY - 
SLOPE FACTORS 
Tables 4A and 48 list ingestion, inhalation and external exposure 
carcinogenicrty slope factors for radionuclides in two equivalent, but 
different units, picowries and becquerels, respectively. 

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

HEAST TABLE 2 REFERENCES: ALTERNATE METHODS - 
SUBCHRONIC AND CHRONIC TOXICITY (OTHER THAN 
CARCINOGENICITY) 
The references for Table 2 are numerically coded to associate each toxicity 
value clearly with its corresponding reference. 

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

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

the following sections: 

1. Data Sources and Selection Criteria Used in HEAST 

II. Dose Conversions on HEAST 

111. Chemical Name and Chemical Abstracts Service 
Registry Number Cross Reference 

IV. Effect Level Definitions 

V. National Ambient Air Quality Standards (NAAQS) 

-1 0- 



WHATS NEW IN THE -94 HEAST 

GENERAL CHANGES - CHEMICAL TOXICITY AND CARCINOGENICITY 

The changes in this version of the HEAST reflect changes in IRIS through Januray 

1, 1994. It is also current with RfDIRfC and CRAVE Work Group activities through 

January 1, 1994. 

CHEMICAL-SPECIFIC CHANGES - CHEMICAL TOXICITY AND CARCINOGENICITY 

A. CHEMICAL-SPECIFIC CHANGES ON HEAST TABLE. 1: SUBCHRONIC AND 
CHRONIC TOXlCllY (OTHER THAN CARCINOGENICTTY) 

Aldicarb 000116-06-3 
The chronic oral RfD has been replaced on IRIS. The chronic oral RfD on IRIS was 
adopted as the subchronic oral [RfD]. - 
Bromoform oooO75-25-2 
A comment was added to indicate that the chronic inhalation RfC is considered not 
verifiable by the RfD/RfC (0211 1/93) Work Group. 

Dichlorobenzene. 1.4- 000106-46-7 
An indicator was added to show that the inhalation RfC is now available on IRIS. The 
chronic inhalation RfC on IRIS was modified to derive the subchronic inhalation (RE]. 

Dichloroethane. 1.2- 000107-06-2 
The CAS Registry Number was corrected from 106-06-2 to 107-06-2. No other changes 
in the table. 

Glvcidaldehvde 00076534-4 
The NOAEL which was inadvertently omitted from the 1993 HEAST has been replaced 
and converted from 10 ppm to 29 mg/cu m. 

Hexachlorocvclowntadiene 000077474 
No change in the tables. Reference to one of two studies used in the HEED to derive the 
RfC (Batelle Northwest Laboratories, 1984) was replaced in the refer- section. 

Manaanese 007439-96-5 
The chronic inhalation RfC has been replaced on IRIS. A subchronic inhalation [RE1 has 
not been derived. 

Methoxvchlor oooO72-43-5 
A comment was added to indicate that the chronic inhalation RfC is considered not 
verifiable by the RtD/RfC (11/07/91) Work Group. 

h 



Trichloro-2’-hvdroxvdi~henvlether. 2.2.4’- 003380-34-5 
The Target and Critical effect which were inadvertently omitted from the 1993 Annual 
HEAST have been replaced. 

B. CHEMICAL-SPECIFIC CHANGES ON HEAST TABLE 2: ALTERNATE 
METHODS - SUBCHRO14IC AND CHRONIC TOXICITY (OTHER THAN 
CARCINOGEN IC In)  

Dichlorobenzene, 1.2- 000095-50-1 
The subchronic inhalation [RfCj which had inadvertentiy bean omiited from the 1993 
Annual HEAST has been replaced. 

Ethoxvethanol acetate. 2- 0001 1 1-1 5-9 
The NOEL units were corrected. 

C. CHEMICAL-SPECIFIC CHANGES ON HEAST TABLE 3: CARCINOGENICITY 

Dimethvl hvdrazine, ’I, 1 - 000057-1 4-7 
NO EPA Group Classification was provided in the reference document, therefore this 
compound was removed from Table 3. 

Methvl hvdrazine 000060-344 
No EPA Group Classification was provided in the reference document, therefore this 
compound was removed from Table 3. 

Metholachlor 051 21 845-2 
An indicator was added to show that the EPA Group Classification is now available on 
IRIS. 

D. 

- SLOPE FACTORS 

CHEMICAL-SPECIFIC CHANGES IN THE JULY 1993 AND NOVEMBER 1993 
SUPPLEMENTS ON HEASTTABLE 4AAND 48: RADIONUCLIDE CARCINOGENICITY 

Uranium (92) U-238 +D 
The ingestion, inhalation, and external slope factors in Tables 4A and 48 have changed 
to correct an error in summation for the +D values of U-238. 

Annnouncement of UDcomina Chanaes to Radionuclide Slope Factors 

Slope factors for radionuclides are currently being revised to incorporate EPA’s revised 
methodology for estimating radiogenic cancer risk. The new methodology is being 
reviewed by experts within and outside the EPA. Users of the HEAST should expect 
revised radionuclide slope factors to be available sometime during 1994. The new 

.z 
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values and a synopsis of the revised methodology will be published in the HEAST 
quarterly update when available. 

CHEMICAL SPECIFIC CHANGES MADE IN THE JULY 1993 SUPPLEMENT NO. 1 
AND THE NOVEMBER 1993 SUPPLEMENT NO. 2 TO THE MARCH 1993 HEAST 
ANNUALUPDATE 

The following changes were made in the July 1993 and November 1993 supplemental 

editions of the March 1993 Heast Annual Update and represent those changes that have 

occurred between the publication of the March 1993 HEAST Annual Update and this 

document, the March 1994 Heast Annual Update. Because some HEAST users may 

have been unaware of the publications of these supplements, the following information 

will indicate additional changes in toxicrty information that should be noted. Note: These 

changes have been incorporated into the March 1994 Annual Update. 

A CHEMICALSPECIFIC CHANGES IN THE JULY 1993 AND NOVEMBER 1993 
SUPPLEMENTS ON HEAST TABLE 1: SUBCHRONIC AND CHRONIC TOXICTTY 
(OTHER THAN CARCINOGENICITY) 

Amlonitrile 000107-1 3-1 
Added to Table 1. The chronic oral [RfD] under review by the RfDfRfC Work Group was 
modified to derive the subchronic oral [RfD]. 

Arochlor 1248 01 2672-29-6 
Added to Table 1. A comment was added to indicate that the chronic oral RfD is 
considered not verifiable (07/20/93) by the RfD/RfC Work Group. 

Atrazine 001 91 2-24-9 
An indicator was added to show that the chronic oral RfD is now available on IRIS. The 
chronic oral RfD on IRIS was adopted as the subchronic oral (RfD]. 

Barium cvanide 000542-62-1 
A comment was added to indicate that the chronic oral RfD is considered not verifiable 
(07/20/93) by the RfDfRfC Work Group. 

Benzenethiol / (ThioDhenot) OOOlO8-984 
Added to Table 1. The chronic oral [RfD] under review by the RfDfRfD Work Group was 
modified to derive the subchronic oral [RfD]. 

i, 



Boron 007440-42-8 
No change in the tables. Reference to 1993 Revised and Updated Drinking Water 
Quantification of Toxicologic Effects for Boron was added. 

Bromoethene / (Vinyl bromide) 000593-60-2 
Added to Table 1. An indicator was added to show that the chronic inhalation RfC is now 
available on IRIS. The chronic inhalation RfC on IRIS was adopted as the subchronic 
inhalation [ RfC]. 

Bromoform 000075-25-2 
A comment was added to indicate that the chronic irthalation RfC is considered not 
venfiable (02/11/93) by the RfD/RfC Work Group. 

Bromomethane 000074-83-9 
No change in the tables. Reference to 1993 Revised and Updated Drinking Water 
Quantification of Toxicologic Effects for Bromomethane was added. 

Chlorobenzilate 000510-1 5-6 
A comment was added to indicate that the chronic inhalation RfC is considered not 
verifiable (02/11/93) by the RfD/RfC Work Group. 

Chromium( 111) 01 6065-83-1 
The subchronic oral [RfD] was changed to agree with IRIS.- The uncertainty factor was 
changed to incorporate an additional Modifying Factor of 10 as on IRIS. I 

Cresol. D- / (Methvlohenol, 44 00010644-5 
Study information was changed to be consistent with information under review by the 
RfD/RfC work group. The NOEL is changed to a NOAEL, critical effects are changed, 
and the chronic oral [RfD] is adopted as the subchronic oral [RfD]. 

Cvanazine 021 72546-2 
No change in the tables. Reference to 1993 Revised and Updated Drinking Water 
Quantification of Toxicologic Effects for Cyanazine was added. 

Dicam ba 001 91 840-9 
Added to Table 1. An indicator was added to show that the chronic oral RfD is available 
on IRIS. The chronic oral RfD was adopted as the subchronic oral [RfD]. 

Dichloroprooene. 1.3- / (Telone IO 000542-75-6 
No change in the tables. Reference to 1993 Revised and Updated Drinking Water 
Quantification of Toxicologic Effects for 1,3-Dichloropropene was added. 

Dinitro-o-cresol. 4.6- 000534-52-1 
A comment was added to indicate that the chronic inhalation RfC is considered not 
verifiable (02/11/93) by the RfD/RfC Work Group. 

-1 4- 
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Endosulfan 0001 15-29-7 
The chronic oral RfD was withdrawn from IRIS (12/01/92). The chronic oral [RfD] was 
changed to reflect the value currently under review by the RfDmfC Work Group 
(1 1/04/92). The chronic oral [RfD] was adopted as the subchronic oral [RfD). 

Hexachlorobutadiene 000087-59-1 
The chronic oral RfD was withdrawn from IRIS (05/01/93). The chronic oral (RfD] was 
changed to reflect the value currently under review by the RfD/RfC Work Group 
(04/0 1 /93). 

lsophorone 000078-59-1 
No change in the tables. Reference to 1993 Revised and Updated Drinking Water 
Quantification of Toxicologic Effects for lsophorone was added. 

Manaanese 007439-96-5 
No change in the tables. Reference to 1993 Revised and Updated Drinking Water 
Criteria Document for Manganese was added. 

Methoxvethanol. 2- 0001 09-864 
The chronic oral [RfD] and the subchronic oral [RfD] were moved from Table 1 to Table 
2 because they were derived from methodology that is not current with the interim 
methodology used by the RfD/RfC Work Group. 

Methvl ethvl ketone 000078-93-3 
An indicator was added to show that the chronic oral RfD is now available on IRIS. The 
subchronic oral [RfD] and the subchronic inhalation [RE] were changed to be consistent 
with IRIS. 

Methvl ethvl ketone Peroxide 001 338-234 
Added to Table 1. A comment was added to indicate that the chronic oral RfD is 
considered not verifiable (07/20/93) by the RfD/RfC Work Group 

Methvlene-bis(2-chtoroaniline). 4.4'- 0001 01 -1 4-4 
A comment was added to indicate that the chronic inhalation RfC is considered not 
verrfable (0211 0193) by the RfDIRfC Work Group. 

Methvl isobutvl ketone 0001 08-1 0-1 
The chronic oral [RfD] was changed to reflect the value currently under review by the 
RfD/RfC Work Group (07/22/93). The chronic oral [RfD] was modified to derive the 
subchronic oral [RfD]. 

Metolachlor 051 21 845-2 

Toxicologic Effects for Metolachlor. 
subchronic oral [RfD]. 

- - . .P- Added to T&!e I from !he ?992 Rgviseij sfid &j&i& Diinking Viaier Quanrniwiion oi 
The chronic oral [RfD] was adopted as the 

j 
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Metribuzin 021 08744-9 
Added to Table 1. An indicator was added to show that the chronic oral RfD is now 
available on IRIS. The chronic oral RfD on IRIS was adopted as the subchronic oral 
[RfDI. 

NaDhthalene 000091 -20-3 
The record for Naphthalene, which was inadvertently omitted from Table 1 of the Annual 
HEAST, has been replaced. 

Nickel cvanide 000557-1 9-7 
Added to Table 1. A comment was added to indicate that the chronic oral RfD is 
considered not verifiable (07/20/93) by the RfDIRfC Work Group 

Nitroaniline. 2- 000088-744 
The record for Nitroaniline, 2-, which was inadvertently omitted from Table 1 of the 
Annual HEAST, has been replaced. 

Osmium tetroxide 020816-1 2-0 
Added to Table 1. A comment was added to indicate that the chronic oral RfD is 
considered not verifiable (07/22/93) by the RfD/RfC Work Group - 

Simazine 0001 22-34-9 
An indicator was added to show that the chronic oral RfD is now available on IRIS. The 
chronic oral RfD on IRIS was adopted as the subchronic oral [RfD). 

Tetrachloroethane. 1 .l .1.2- 000630-204 
No change in the tables. Reference to 1993 Revised and Updated Drinking Water 
Quantification of Toxicologic Effects for 
1 , 1,l ,Z-Tetrachloroethane was added. 

Thallic oxide 001314-32-5 
A comment was added to indicate that the chronic oral RfD is considered not verifiable 
(07/20/93) by the RfD/RfC Work Group. 

Thallium Selenite 01 2039-52-0 
The chronic oral RfD was withdrawn from IRIS (08/93). A comment was added to 
indicate that the chronic oral RfD is considered not verifiable (07/20/93) by the RfDIRfC 
Work Group 

Trichlorobenzene. 1.2.4- 000120-82-1 
The chronic inhalation [RfC] was removed from Table 2. The chronic inhalation [RfC] 
under review by the RfD/RfC Work Group was added to Table 1. The chronic inhalation 
[RfC] under review by the RfD/RfC Work Group was modified to derive the subchronic 
inhalation [RfC]. 
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Trifluralin 001 582-09-8 
No change in the tables. Reference to 1993 Revised and Updated Drinking Water 
Quantification of Toxicologic Effects for Trifluralin was added. 

Zinc (metallic) 007440-66-6 
The record for Zinc (metallic), which was inadvertently omitted from Table 1 of the 
Annual HEAST, has been replaced. 

B. CHEMICAL-SPECIFIC CHANGES IN THE JULY 1993 AND NOVEMBER 1993 
SUPPLEMENTS ON HEAST TABLE 2; SUGCHRONIC AND CHR'3NIC TOXICITY 
(OTHER THAN CARCINOGENICITY) 

Methoxvethanol. 2- 000109-864 
The chronic oral [RfD) and the subchronic oral [RfD] were moved from Table 1 to Table 
2 because they were derived from methodology that is not current with the interim 
methodology used by the RfD/RfC Work Group. 

Trichlorobenzene, 1.2.4 0001 20-82-1 
The chronic inhalation [RfC] was removed from Table 2 and the chronic inhalation (RfC] 
under review by the RfD/RfC Work Group was added to Table 1. 

C. CHEMICAL-SPECIFIC CHANGES IN THE JULY 1993 AND NOVEMEER 1993 
SUPPLEMENTS ON HEAST TABLE 3: CARCINOGENICITY 

Chloromethane / (Methyl chloride) 000074-873 
The record for Chloromethane, which was inadvertently omitted from Table 3 of the 
Annual HEAST, has been replaced. 

Coke Oven Emissions 00800745-2 
An indicator was added to show that the €PA Group classification is now on IRIS. 

Cvanazine 021 725-46-2 
Carcinogenicity information was added to Table 3 of the July 1993 Supplement from the 
1993 Revised and Updated Drinking Water Quantification of Toxicologic Effects for 
Cyanazine. The record was revised (cancers reported and the references changed) on 
the November 1993 Supplement to reflect CRAVE Work Group review. There was no 
change in quantitative values. 

Dibromo-3-chloro~ro~ane, 1.2- 000096-1 2-8 
The inhalation [slope] and the inhalation [unit risk] were inadvertently reversed on the 
Ju!y 1992 Supplment :. 

Dichloromopene. 1.3- / (Telone 11) 000542-75-6 
The record was revised (cancers reported and the references changed) to reflect the 
information currently under review by the CRAVE Work Group. 

\- 



Ethvlene thiourea 00009645-7 
The oral [slope] and the oral [unit risk] were changed to reflect the values currently under 
review by the CRAVE Work Group. 

Methvlenebis(benzeneamine). 4.4- 0001 01 -77-9 
No [€PA Group] classification was provided in the reference document, therefore the 
compound was removed fram Table 3. 

Metolachlor 051 21 8-45-2 
Added to Table 3 from the 1993 Revised and Updated Drinking Water Quantification of 
Toxicologic Effects for Metolachlor. 

Mirex 002385-85-5 
The oral [slope] and the oral [unit risk] are under review by the CRAVE Work Group and 
were removed from Table 3. 

TCDD. 2.3.7.8- 001746-01 4 
The units for the inhalation [unit risk] were added to Table 3. There are no additional 
changes to the - Table. 

Tetrachloroethane. 1.1.1.2- 000630-2043 
No change in the tables. Reference to 1993 Revised and Updated Drinking Water 
Quantification of Toxicologic Effects for 1,1,1,2-Tetrachloroethane was added. 

TrichloroDroDane. 1.2.3- 000096-184 [. 
The oral [slope] and the oral [unit risk] being considered by the CRAVE Work Group and 
were added to Table 3. 

D. 

- SLOPE FACTORS 

CHEMICAL-SPECIFIC CHANGES IN THE JULY 1993 AND NOVEMBER 1993 
SUPPLEMENTS ON HEASTTABLE 4AAND 48: RADIONUCLIDE CARCINOGENICITY 

No new radionuclide slope factors were added to Tables 4A and 46, and none of the 
slope factors listed in the March 1993 HEAST Annual Update were changed. 

00002%. -1 8- 
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USER'S GUIDE: CHEMICAL TOXICITY 

,- 

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 reference doses 

([RfD]) for toxicity from subchronic and chronic inhalation and oral exposure (Tables 1 

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

([EPA Group]) and  provisional unit risk values ([unit risk]) for carcinogenicity, based on 

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

acronym whenever a user quotes the value in a n  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, EPN540/1-89/002. 

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

and 3 represent the study or studies that a r e  the basis for the (RfC], [RfD], [slope factor], 

(EPA Group), or (unit risk], as well as the EPA reference that is the source of the Agency 

analysis or risk assessment information. In some cases, additional EPA documents a re  

also listed as a source of information on the chemical. Work Group verified values found 

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

in pia- of the number. 



TABLE 1: SUBCHRONIC AND CHRONIC TOXICITY (OTHER THAN CARCINO- 
G EN ICITY) 

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

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

subgroups) that is likely to be without an appreciable risk of deleterious effects during 

a portion of the lifetime, in the case of a subchronic [RfC] or [RfD], or during a lifetime, 

in the case of a chronic [RfC) or [RfD]. The [RfC) and [RfD] 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-Obsewed-Adverse-Effect Level (NOAEL) or a Lowest- 

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

Definitions, 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): 

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 NameCASRN 
Effect Level 
Administered Dose or Concentration 
Route of Administration 
Tested Species 
Length of Exposure 
Target Organ@) Affected at Critical Level 
Effect@) Obsewed at Critical Level 
Subchronic Inhalation [Reference Concentration] 
Uncertainty Factor for the Subchronic Inhalation 
[Reference Concentration] 
Subchronic Oral [Reference Dose] 
Uncertainty Factor for the Subchronic Oral [Reference 
Dose] 
Chronic Inhalation [Reference Concentration] 

-20- 



UF 

Chronic [RfD] 
UF 
Reference 

= 

= Chronic Oral [Reference Dose] 
= 
= 

Uncertainty Factor for the Chronic Inhalation [Reference 
Concentration] 

Uncertainty Factor for the Chronic Oral [Reference Dose] 
Reference Identification Number for All Toxicrty Values 
on the Same Line. 

An example of this information is shown in Figure 1, HEAST Table 1 : 

Chemical 
Level 
Dose 
Route 
Species 
Experiment Length 
Target 
Critical Effect 

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

GLYC IDALDEHY DE/OOo765-344 
NOAEL 
10 PPM 
INHALATION: I NTERM IlTENT 
RAT 
12 WEEKS 
WHOLE BODY, BLOOD, KIDNEY 
DECREASED WEIGHT GAIN, HEMATOPOIETIC 
EFFECTS, EFFECTS 
1E-2 mg/cu.m 
300 
4E-3 mgkglday 
300 
1E-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 chemical that indicate a route-to-route 
extrapolation was performed and that there is infomation available on Table 3: 
Carcinogenicity. 

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

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

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

(005968). 

The uncertainty factor used in calculating the [RfC] or [RfD] reflects scientific 
I 

.__. .’ i judgment regarding the various types of data used to estimate (RfC] or [RfDJ values. An 
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uncertainty factor of 10 is usually used to account for variation in human sensitivity 

among populations. An additional 10-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.g., 

completeness of the overall data base), an additional uncertainty factor or modifying 

factor ranging from greater than 0 to less than or equal to 10 is applied. The default 

value for this modrfying factor is 1. 

For chemicals for which a chronic (RfC] or [RfD] is presented in Tables 1 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 not 

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

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

subchronic to chronic exposure in the derivation of the chronic [RfC] 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 extrapolation. 

2) If the chronic [RfC) or [RfD] was derived 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 [RfD]. 

Tables 1 and 2 list the uncertainty factor and modrfying factor, multiplied together, 

to form a single factor under the heading "Uncertainty Factor.;; For exampie, the 

uncertainty factor of 3000 listed for the chronic inhalation [RfC] for Glycidaldehyde 

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

QOCOZG -23- 



animal to human, and 10 for extrapolation from subchronic to chronic) and a modrfying 

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

subchronic oral [RfD] for cyanide reflects an uncertainty factor of 100 (1 0 for human 

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

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

gavage or by drinking water). 

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

listed on Tables 1 and 2. In the 

determined from another exposure 

footnote. 

few instances where an [RfD] or [RfC] has been 

route, route-to-route extrapolation is indicated by a 

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

dowment, "Interim Methods for Development of Inhalation Reference Doses" (U.S. EPP 
b- 

1990, EPA/600&-88f066F, NTlS PB90-145723). These methods are different from those 1 

used for oral RfDs 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 determination of 

the effective dose delivered to the target organ. 

An RfC value calculated using this interim methodology is generally reported as 

a concentration in air (mg/m3), although it may be converted to a corresponding inhaled 

dose (mg/kg/day) by dividing by 70 kg (an assumed human body weight), multiplying by 

20 m3/day (an assumed human inhalation rate), and adjusting by an appropriate 

absorption factor. This conversion; however, may often be technically incorrect, and the % 
-24- 
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I 

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

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

discussion of the drfficulties inherent in this dose conversion that can be found in 

Appendix A, Section II: Dose Conversions On HEAST. 

Inhalation [RfCJ 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 [RfD)s. These values a re  reported both as a 

concentration in air (in mg/m3 for continuous, 24 hourdday exposure) under the column 

[RfCJ, and as a corresponding inhaled dose (in mg/kg/day) in the footnotes called, 

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

Methods - Subchronic and Chronic Toxicity (Other Than Carcinogenicrty). 

(RfDJ values for oral exposure a re  reported as mg/kg/day. 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: 

o r a l [ R q  ( in rndkddafi x 70 kg 
2 w a y  

maL in water = 

The [RfCJ or [RfD] is used as a reference point for gauging the potential effects 

of other exposures. Usually, exposures that a r e  less than the [RfC) or [RfD] are not 

likely to be associated with health risks. As the frequency of exposures exceeding the 

[RfCJ or [RfDJ increases and as the sue of the excess increases, the probability 

increases that adverse health effects may be observed in a human population. 

Nonetheless, a clear distinction that would categorize all exposures below the [RfCJ or 

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

-25- 



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

values, and particularly those with limitations ir, 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 1 or 2 for chemicals that are 

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

carcinogenicity 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 Table2 when the [RfD] or [RfC] was derived from 

alternative methods that are not currently practiced by the RfD/RfC Work Group. Thr 

table consists primarily of inhalation [RfC] values determined from methodology that does ! 

not follow the interim inhalation methods adopted by the Agency, and [RfC] or (RfD] 

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

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

specific methodology used in calculating these provisional toxicity values. Most of these 

toxicity values were formerly listed in Table 1. 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 1). 

-26- 
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TABLE 3: CARCINOGENICITY 

In assessing the 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 B - 

Group C - 

Group 0 - 

Group E - 

Human Carcinogen (sufficient evidence of carcinogenicrty in 
humans) 

Probable Human Carcinogen (Bl  - limited evidence of 
carcinogenictty in humans; 82 - sufficient evidence of carcino- 
genicity 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 6,  and on a case-by-case 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 

siope (within the 95% confidence limit) a: 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 to humans, while not identifiable, is not likely to exceed the upper-bound 

estimate and in fact may be lower. 
; . .  -._.. 
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Quantitative carcinogenic estimates listed in Table 3 include the following: 

[slope factor] = risk per unit dose = risk per mg/kg/day 

[unit risk] for inhalation exposure = risk per concentration unit in air = risk per 
p9/m3 

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

[Unit risk] estimates for inhalation and oral exposure can be calwiated by dividing the 

appropriate [slope factor] by 70 kg and multiplying by the inhalation rate (20 m3/day) or 

the water consumption rate (2 Uday), respectively, for risk associated with unit 

concentration in air or water. Hence, 

risk per pg/m3 (air) = (risk per mg/kg/day) x 1 x 20 m3/day x 1 OJ(mg/pg) 
70 kg 

risk per pg/L (water) = (risk per mg/kg/day) x 1 x 2 Uday x lo3 (mg/pg) 
70 kg 

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

in Table 3. Information on the study and data set used for estimation of the [slope 

factor] is given in the other columns of Table 3. 

In Table 3, the information listed is the following: 

Chemical 
Route 
Species 
Experiment Length 
Target 
Cancer 

[€PA Group] 
Oral [Slope Factor] 
Inhalation [Slope Factor] 
Oral [Unit Risk] 
Inhalation [Unit Risk] 
Reference 

Chemical Name/CASRN 
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) 
EPA 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 Identification Number for All Toxicity 
Values on the Same Line. 
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An example of this information is shown in Figure 2, HEAST Table 3: 

Chemical 
Route 
Species 
Experiment Length 
Target 
Cancer 
(EPA Group] 
Oral [Slope factcr] 
Inhalation [Slope factor] 
Oral [Unit Risk] 
Inhalation [Unit Risk] 
Reference 

= DIMETHYLHYDRAZINE, 1,2-/000077-78-1 
= ORAL: DRINKING WATER 
= MOUSE 
= LIFE3IME 
= CARDIOVASCULAR SYSTEM 
= TUMORS 
= 82 
= 3.7E+1 (MG/KG/DAY)-l 
= 3.7E+1 (MG/KG/DAY)-1 
= 1.1E-3 (UG/L)-1 
= 1 .l E-2 (UG/CU M)-1 
= 009993 

Notice that the inhalation values for 1,2-Dimethylhydrazine 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, 1 

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

(009993). 

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

incorrect. It is recommended that HEAST 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 ii: Dose Conversions On HEAST. 

To estimate risk-specific concentrations in air from the [unit risk] in air as presented 

\- .* in Table 3, the specified level of risk is divided by the [unit 
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risk) for air. Hence, the air concentration (in pg/m3) corresponding to an upper-bound 

increased lifetime cancer risk of 1 x l  0’5 is calculated as follows: 

1 X ~ O - ~  p&n3 in air = 
[unit risk] in (pg#m3)-’ 

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 [slope factor] times 2 Uday. Hence, the water concentration corresponding to an 

upper-bound increased lifetime cancer risk of l x l O b  is calculated as follows: 

lxlOa x 70 kg 
[slope fador] in (rndktjdafi-’ x 2  4day 

mgfL in water = 



USER'S GUIDE: RADIONUCLIDE CARCINOGENICITY 

I NTRODUCTlON 
L 

EPA classifies all radionuclides as Group A (known human) carcinogens. HEAST 

Tables .4A and 4B list ingestion, inhalation and external exposure cancer slope factors 

for radionuclides in units of picocuries and becquerels, respectively.' Ingestion and 

inhalation slope factors are best estimates (i.e., median or 50th percentile values) of the 

age-averaged, lifetime excess cancer incidence (fatal and nonfatal cancer) risk per unit 

of activity inhaled or ingested, expressed as risWpCi or risWBq. External exposure slope 

factors are best estimates of the lifetime excess cancer incidence risk for each year of 

exposure to external radiation from photon-emitting radionuclides distributed uniformly 

in a thick layer of soil, and are expressed as risWyr per pCi (or Bq)/gram of soil. When 

corn bined with sitespecific media concentration data and appropriate exposure 

assumptions', slope factors can be used to estimate lifetime cancer risks to members f 

of the general population due to radionuclide exposures. 

1 Slope fauors are reported in Tables 4A and 4B in two different units of activity. Table 4A pnsauS slope 
factors in the CUstomaZy units of picoclaies (1 pCi = 10" curies (Ci) = 3.7~10' nudeartfansformationsper Second) 
for consiStenCy with the system used for radionuclides in the IRIS database; Table 4 8  preseats slope faaorS in the 
ht-tionai System (SI) Units of becquerels (1 Bq = 1 nuclear txansformation per second: a p p r o M y  27 Pci). 
Usen can calculate cancer risks using slope factors expressed in either customary units or SI units with equivalent 
results provided that they also use air. water and soil concentration values in the same system of units. 

2 AE!=cy- defaulte~surescenariosandassumptionsforusein baselineriskasscssmentarepFovidd 
in €PA (19911, H~unmr Health Evaludion h u a l .  Supplemental Guidance: "Standard Default Expure Factors" 
(Interim FW), office of Emcrgaxy and Remedial Response, OSWER Dirtaive 9285.643. [Nns orda number: 
PB 91-921314.1 % 
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7834 
INTENDED USERS AND APPLICATIONS 

HEAST users include individuals from the EPA, other Federal agencies, States and 

contractors who are responsible for the identrfication, characterization and remediation 

of sites contaminated with radioactive materials. Radionuclide slope factors are 

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

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

process. During site assessment, for example, slope factors are used in EPA's Hazard 

Ranking System (HRS) to assign toxicity factor values to radionuclides to calculate site 

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

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

evaluate cleanup alternatives. For further examples on the application of radionuclide 

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

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

Risk Assessment Guidance for Superfund; Volume I - Human Health 
Evaluation Manual (RAGSAiHEM), Part A, Baseline Risk Assessment 
(EPN540M -89l002). 

RAGSIHHEM Part B, Development of Risk-Based Preliminary Remediation 
Goals (OSWER Diredive 9285.741 8). (NTIS order number: PB 92-963333.1 

RAGSIHHEM Part C, Risk Evaluation of Remedial Alternatives 
(OSWER Directive 9285.7-01C). (NTIS order numbec P8 92- 
963334.1 

Copies of RAGS/HHEM Parts A, 8 and C are available to the public from the 

National Technical Information Service (NTIS) at (703)487-4650. Copies are available 

to EPA staff by calling the Superfund Documents Center at (202)260-9760. 
,.4 

... . 
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RADIATION EFFECTS 

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

At sufficiently high doses, radiation acts as a complete carcinogen, serving as both an 

initiator and promoter, and can induce cancers in nearly any tissue or organ in both 

humans and animals. At lower doses and dose rates, radiation produces delayed 

responses in the form of increased incidence of cancer long after the exposure period. 

These delayed responses have been documented extensively in epidemiological studies 

of Japanese atomic bomb survivors, underground uranium miners, radium dial painters, 

and patients subject to a variety of radiation treatments. Laboratory animal research and 

mammalian tissue culture studies have provided additional, collaborative 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 me 

be as sensitive or less sensitive than animals to radiogenic mutagenicity. Data are also 

available from both human and animal studies on the teratogenic effects of radiation. 

These data show that the fetus is most sensitive to radiation injury during the early 

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

I 

radiation-induced malformations depend on which cells are most actively differentiating 

at the time of exposure. 

EPA classifies all radionuctides 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 cancers in humans. At Superfund radiation sites, 

EPA generally evaluates potential human health risks based on the radiotoxiaty, Le., 

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

of each radionuclide present. These evaluations consider the carcinogenic effects of w. 
QQ8837 -34- 



radionuclides oniy. In most cases, cancer risks are limiting, exceeding both mutagenic 

and teratogenic risks. 

DERIVATION OF RADIONUCLIDE SLOPE FACTORS 

EPAs Office of Radiation and Indoor Air (ORIA) calculates radionuclide slope factor 

values using health effects data arid dosa and risk models from a number of national and 

international 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 International Commission on Radiological Protection 

(ICRP). A detailed discussion of ORP's approach and assumptions is provided in Risk 

Assessment Methodology, Environmental Impact Statement, NESHAPS for 

Radionuclides, Background Information Document - Volume I (EPA 52011 -89-005: 

September 1989). 

Radionuclide slope factors are calculated for each radionuclide individually, based 

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

EPA's computer code RADRlSK3, life table analyses (described in €PA 520/1-89405), 

and cancer risk estimates based largely on the results of the NAS BEIR 111 report4 

Ingestion and inhalation slope factors for radionuclides account for: 

3 Dunning, D.E. Jr., Leggeg RW ., and Yaldnatas. M.G. ( 1980). "A Combined Methodalog far E-s??ting 
Dose Rates and Health E f k t s  from Exposure to Radioactive Pollutants." O m - 7 1 0 5 .  

4 National Academy of Sciences (1980). 'Ihe Effects on Po~ulati~ns of Emsure to Low Levels of Ionizing 
Radiation Reoort of the Committee on the Bioloeical Effects of Ionizine: Radiation mEIR IIQ National Research 

the future to incorporate the results of BEIR V (1990) and/or otha relevaat sources. 
* Council. Washington D.C. EPA anticipates that tht dope factors for radionuclides in HEAST will be modifted in 

.3 
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the amount of radionuclide transported into the bloodstream from 
either the gastrointestinal (GI) 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; 

the rsdiation dose delivered to body tissues snd  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 

1970. (The expected lifetime for a n  individual in this population is about 70 years.) 

Consequently, radionuclide ingestion and inhalation slope factors are not expressed as 

a function of body weight and time, and do not require corrections for gastrointestinal 

absorption or lung transfer efficiencies. 

-36- Qboboo39 



NOTE: The GI absorption values (f,), ICRP lung classifications (0, W, and 
radioactive half-lives am provided in HEAST Tables 4A and 48 for reference 
only and should not be used to conect, modify, or in any way adjust 
radionuclide slope factors or intake assumptions in risk calculations. 

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

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 

Because of the radiation risk models employed - 

OFSOIL.s 

for both internal and external 

exposures, slope factors for radionuclides are characterized as best estimates (Le., 

median or 50th percentile values) of the age-averaged lifetime total excess cancer 

incidence risk per unit intake or exposure. 

ABOUT THE INFORMATION PROdDED IN TABLES 4A AND 48: 

Tables 4A and 48 list ingestion, inhalation and external exposure slope factors of 

principal radionuclides, and provide key parameter values used in the derivation of slope 

factor values. In both tables, radionuclides are presented alphabetically by element and 

atomic weight. 

Selected radionuclides that have radioactive Qecay products are designated within 

the HEAST tables with the suffix “+D” (e.g., U-238+D, Ra-226+D, Cs-l37+D) to indicate 

Sjorear AL., Kochcr. D.C.. Killough, G.G. andMiller C.W. (1984). “MLSOIL and DFSOL - ComputaCodes 
to Estimate Effective Ground Surface Concentrationsfor Dose Computations.” Oak Ridge National Laboratory. Oak 
Ridge. TN. ORNL-5974. ,<’ 
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that the cancer risk estimates for such radionuclides include the contributions from either 

- all, or  Only some, of their decay products. The slope factor for a radionuclide marked 

with a "+D" accounts for risk from all direct progeny with half-lives of less than one year. 

The slope factor for U-238+D, for example, includes the risk from U-238, Th-234, and 

Pa-234, but not from U-234 or any of its progeny. 

Decay sub-chains included in the HEAST Tables 4A and LIB are  identified in Exhibit 

1 , and members of such sub-chains a r e  noted in the HEAST tables with a dagger ("f"). 

The rationale for the one year half-life cutoff for members of a sub-chain is that such 

radionuclides a re  likely to achieve secular equilibrium with the parent over the time 

scales commonly encountered in environmental remediation, while radionuclides with 

longer half-lives may not. 

When a radionuclide is in secular equilibrium with &I its progeny, one  should add the 

slope factors for all the relevant sub-chains. To assess risk from Ra-226 in equilibrium 

with all its progeny, for example, one  adds the slope factors for Ra-226+D and Pb- 

21 O+D. 

In most cases, site-specific analytical data should be used to establish the adual  

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

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

radionuclides should be used unless there a re  compelling reasons not to. For example, 

the external slope factors for Cs-137 and Cs-l37+D are  0.0 and 2x1 O4 (risk per year per 

pCi/gram), respectively. The value for Cs-l37+D is higher because it includes the risk 

contribution from cesium's short-lived gamma-emitting decay product Ba-137m (half-life, 

25.5 minutes) which, under most environmental conditions, will be in secular equilibrium 

with CS-137. % 

-38- 



P 7 8 3 4  
Note that there may be circumstances, such as long disposal times or technologically 

enhanced concentrations of naturally occurring radionuclides, that may necessitate the 

combination of the risks of a parent radionuclide and its decay products over several 

contiguous subchains. For example, Ra-226 soil analyses at a site might show that all 

radium decay products 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 health physicist or radiochemist (1) to evaluate 

the site-specific analytical 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 fador values. For health physics and radioanalytical 

support, HEAST users may contact €PAS Regional Radiation Program Staff, ORIAs 

National Air and Radiation Laboratory (NAREL) in Montgomery, Alabama, ORIAs Las 

Vegas Laboratory (ORP-LV) in Las Vegas, Nevada, or the ORlA staff at EPA 

Headquarters in Washington, DC, listed in Exhibit 2. 

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

radionuclide for identification and reporting accuracy during risk assessments. Users 

should report a CASRN for radionuclides (both parent and decay product 

radionuclides) included in risk calculations. Radioactive half-lives are provided in the 

HEAST tables for reference. 

I ne designations u , vv , ana Y presenied under m e  neaairig ibnr L U I I ~  waaa 

in the tables refer to the lung clearance times for inhaled particulate radionuclides, 

expressed as days (D), weeks (W), or years (Y), as recommended by the International 

T.. llcIll 0 . .  m. I .L... &L - L - - A - - -  iimnnn I ..-- fit--,ii 

I 

J’ 
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Commission on Radiological Protection (ICRP). Gaseous radionuclides, e.g., Rn-222, 

are designated with an asterisk '("*'). "GI Absorption Factors, f," are the fractional 

amounts of each radionuclide that may be absorbed from the gastrointestinal (GI) tract 

into blood following an oral intake. The ICRP lung clearance classifications and GI 

absorption factors provided in Tables 4A and 4B are the default values that EPA used 

tc calculate radionuclide slope factors for inhalation and ingestion exposures, 

respectively. These factors are provided for reference onlv (see the Note Box on the 

previous page). 

WHERE TO ADDRESS QUESTIONS ABOUT RADIONUCLIDE SLOPE FACTORS 

EPA continuously reviews the scientific literature on radiation effects to ensure that 

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

assumptions. As risk assessment methodologies are refined, the slope factors in Tables 

4A and 48 will be revised anq updated. 

HEAST users with questions about radionuclide slope factor values and their use in 

radiation risk assessments should contact the Remedial Guidance Section of the 

Radiation Assessment Branch of ORlA at (202)233-9350. Written requests for 

assistance can be sent by fax to (202)233-9650. 
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Exhibit 1: Radioactive Decay Chains Included in HEAST Tables 4A and 4B* 

Principal Decay 
chain 

Uranium-238 

Uranium-235 

Thorium- 232 

Subchain' Membersb Half - l i f e c  

U-238+D U-238 4.4683+09 Y 
2.410E+01 D 

Pa-234 1.170E+00 M 
U-234 U-234 2.445E+05 Y 

Th-230 Th-230 7.7003+04 Y 

Ra- 2 2 6+D Ra-226 1.600E+03 Y 
Rn- 2 22 " 3.8236+00 D 
PO-218 3.05OE+00 M 
Pb-214 2.6803+01 M 
Bi-214 1.990E+01 M 

Th-234 

PO-214 1.6373-04 S 

Pb- 2 10 +D Pb-210 2.2266+01 Y 
Bi-210 5.013E+00 D 
Po-210 1.3843+02 D 

Pb-206 Pb-206 [Stablel 
U-235+D U-235 7.0383+08 Y 

Th-231 2.5523+01 H 

Pa-231 Pa-231 3.726Ei04 Y 

AC - 2 27 +D AC-227 2,177Ei01 Y 
Th-227 [99%1 1.8726+01 D 
Ra-233 1.143E+01 D 
Rn-219 3.960E+00 S 

Pb-211 3.610E+01 M 
Bi-211 2.130E+00 M 
T1-207 4.7703+00 M 

PO-215 1.7783-03 S 

Pb-207 Pb-207 [Stable] 

Th-232 Th-232 1.405E+10 Y 

Ra-228+D Ra-228 5.750B+00 Y 
AC-228 6.130B+00 H 

Th-228+D Th-228 . 1,913E+OO Y 
Ra-224 3,62OE+OO D 
Rn-220 5.561E+01 S 

Pb-212 1.064E+01 H 
PO-216 1.460E-01 S 

Bi-212 6.OS!EiOl M 
PO-212 [64%1 2.9803-07 S 
T1-208 136%) 3.0533+00 M 

Pb-208 Pb-208 [ S table1 
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Exhibit 1: Radioactive Decay Chains Included in HEAST 
Tables 4A and 4B 

- 
Americium- 243 

Cesium-137 

(Continued) * 
P r h c i p a l  Decay Chain 1 Subchain' Membersb Half - l i f  ec 

Neptunium-237 I Np-237+D Np-237 2.140E+06 Y 

Bi-209 Bi-209 [ Stable I 
Am- 243 +D Am-243 7.3803+03 Y 

Np-239 2.3553+00 D 

CS - 13 7 +D CS-137 3.017E+01 Y 

P r h c i p a l  Decay Chain 1 Subchain' Membersb Half - l i f  ec 

Neptunium-237 I Np-237+D Np-237 2.140E+06 Y 

Strontium-90 

~ _ _  - 

Pa-233 2.7003+01 D 

U-233 U-233 1.5923+05 Y 
Th-229~D Th-229 ?.3403+03 Y 

Ra-225 1.4803+01 D 
AC-225 1.0003+01 D 
Fr-221 4.8003+00 M 

Bi-213 4.5653+01 M 

T1-209 [2%] 2.2003+00 M 
Pd-209 3.2533+00 H 

At-217 3.2303-02 S 

PO-213 [98%] 4.2003-06 S 

Ba-137m 2.552E+00 M 
Sr-90 2.8603+01 Y ' Sr-90+D 

See the discussion on radioactive decay chains in the User's 
Guide. 
a Radioactive decay chains included in HEAST Tables 4A and 4B. 
Radionuclides marked with the suffix rt+Dn include risks from decay 
chain members, assuming secular equilibrium (i. e. , equal activit-y 
concentrations) in the environment. 
The chain of decay products of a parent radionuclide extends to 

(but does not include) members of the next subchain (e.g., U-238+D 
includes U-238, Th-234 and Pa-234, but not U-234). Note that there 
may be circumstances when it may be necessary to combine the risks 
for a parent radionuclide over several contiguous subchains, 
depending on the conditions of equilibrium. Branches in the decay 
chain are indicated in square brackets with branching percentages in 
parentheses. 
'* A radon-222 decay subchain, Rn-222+D, is also included in the 
HEAST tables, comprised of ingestion, inhalation and external 
exposure slope factors for Rn-222 plus the corresponding slope 
factors for each of its decay products (Po-218, Pb-214, Bi-214 and 
Po-214). For the ingestion and external exposure slope factors for 
Rn-222+D, decay products are assumed to be in secular equilibrium. 
For the inhalation slope factor, decay products are assumed to De j. 
50% equilibrium. 
Radiiactive half-life in years ( Y ) ,  days (D) , hours (HI ; minutes @ 

(MI or seconds (SI. 
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Exhibit 2 .  EPA Radiation Program Staff 

Tom D'Avanzo (617) 565-4502 
Radiation Program Manager, Region 1 
U.S. Environmental Protection Agency 
John F. Kennedy Federal Building 
Room 2311 
Boston, MA 02203 

Paul A. Giardina (212) 264-4110 
Radiation Btanch Chief, Resion 2 
U.S. Environmental Protection Agency 

26 Federal Plaza 
New York, NY 10278 

Room 1005 (AWM-RAD) 

Lewis K. Felleisen (215) 597-8326 
Radiation Program Manager, Region 3 
Special Program Section (3AM12 1 
U.S. Environmental Protection Agency 
841 Chestnut Street 
Philadelphia, PA 19107 

Radiation Program Manager, Region 4 
U.S. Environmental Protection Agency 
345 Courtland Street, NE 
Atlanta, GA 30365 

Chuck Wakamo (404) 347-3907 

Jack Barnette (312) 886-6175 
Radiation Program Manager, Region 5 
(5AR26) 
U.S. Environmental Protection Agency 
230 S. Dearborn Street 
Chicago, IL 60604 

Donna M. Ascenzi (214) 655-7224 
Radiation Program Manger, Region 6 
U.S. Environmental Protection Agency 
Air Enforcement Branch (6T-E) 
Air, Pesticides and Toxics Division 
1445 Ross Avenue 
Dallas, TX 75202-2733 

Robert Dye (913) 551-7605 
Radiation Program Manage=, Region 7 
U.S. Environmental Protection Agency 

Kansas City, KS 66101 
C)-r m . 1  - - - - - A -  ----__^ 
I LO i.uiuieauLa Avr i iu r  
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Exhibit 2 ,  EPA Radiation Program S t a f f  (Continued) 

Milton W. Lammering (303) 293-1440 
Radiation and Indoor Air Program 
Branch Chief, Region 8 

U.S. Environmental Protection Agency 
Suite 5 0 0  
999 18th Street 
Denver, CO 80202-2405 

(8HWM-RP) 

Michael S. Bandrowski (415) 744-1048 
Radiation and Indoor Air Office 
Director, Region 9 

U.S. Environmental Protection Agency 
75 Hawthorne Street 
San Francisco, CA 94105 

(Al-1) 

Jerry Leitch (206) 553-7660 
Radiation Program Manager, Region 10 
(AT-082) 
U.S. Environmental Protection Agency 
1200 Sixth Avenue 
Seattle, WA 98101 

(205) 270-3400 Samuel T. Windham, Director 
National Air and Radiation 
Environmental Laboratory (NAREL) 
Office of Radiation and Indoor Air 
U.S. Environmental Protection Agency 
1504 Avenue A 
Montgomery, AL 36115-2601 

Jed Harrison, Acting Director (702) 798-2476 
Office of Radiation and Indoor Air. 
Las Vegas Facility (ORP/LVF) 
U.S. Environmental Protection Agency 

Las Vegas, NV 89193-8517 
P.O. Box 98517 

Nicholas Lailas, Chief (202) 233-9350 
Office of Radiation and Indoor Air 
Radiation Assessment Branch 
Radiation Studies Division (6603-5) 
U.S. Environmental Protection Agency 
401 M Street, SW 
Washington, DC 20460 
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Exhibit 2 -  EPA Radiation Program 

7 8 3 4  
t 

staff (Concluded) 

Anthony B. Wolbarst, Chief (2021 233-9392 Office of Radiatxn and Indoor Air 
Remedial Guidance Section 
Radiation Assessment Branch 
Radiation Studies Division (6603-51 
U . S .  Environmental Protection Agency 
401 M Street, SW 
Washington, DC 2C460 
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APPENDIX A-I 

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 developed by the EPA for compilation of risk 
assessment and regulatory information 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 €PA 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 April 1988. 

Questions concerning IRIS: Call RISK INFORMATION HOTLINE at (513) 569-7254 

2. EPA Work Groups: 

Risk assessment values for chemicals currently being considered by €PA Work 
Groups, but not yet on IRIS, are included in HEAST. The EPA Reference 
Dose/Reference Concentration (RfDRfC) Work Group and the Carcinogen Risk 
Assessment Verification Endeavor (CRAVE) Work Group validates Agency systemic 
toxicrty and carcinogen risk assessments, respectively. These Work Groups are also 
responsible for resolving any conflicts regarding toxicity values developed by various 
Program Offices. Work Group members represent many different €PA offices and are 
scientists experienced in issues related to both the qualitative and quantitative risk 
assessment of carcinogenic and toxic agents. Values verified by these Work Groups 
have undergone extensive peer review and represent an Agency consensus. Verified 
risk assessment values are entered into the IRIS data base monthly. 

n -11 a.m.- n -. ~ _ _ _ _   IF^ A n n:--:---A:\ Questions concerning RTDjRfC Work Group: bail Mine uourson \CWW-UI I W I I  I ~ L I ~  zt 
(513) 569-7533 or Annie Jarabek (ECAO-Research Triangle Park) at (919) 5414847 
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Questions concerning CRAVE Work Group: Call Jim Cogliano at (202) 260-3814 
(OHEA-Washington, DC) 

3. Office of Research and Development (ORD/Offtce of Health and 
Environmental Assessment (OHEA) OSWER-OAQPS (Office of Solid Waste and 
Emergency Responseoffice of Air Quality Planning and Standards) Documents: 

A listing of most ORD/OHEA OSWER-OAQPS documents can be found in the 
Chemical Assessments and Related Activities (CAM) list (available through NTIS) or in 
the CERI (Center for Environmental Research Information) Office of Research and 
Development publications list. The C A M  is produced by the Office of Health and 
Environmental Assessment (OHEA). All OSWER-OAQPS documents are subject to a 
minimum of internal EPA peer review or a maximum of EPAlPeer Review 
Workshop/Science Advisory Board and public comments prior to finalization. 

Information on the availability of OSWER-OAQPS documents can be obtained from 
the following sources: - 

All: 
Technical Information Staff 
Office of Health and Environmental Assessment (RD-689) 
U.S. Environmental Protection Agency 
401 M Street, S.W. 
Washington, D.C. 20460 
(202) 260-7345 

Published Documents: 

Center for Environmental Research Information (CERI) 
Office of Research and Development 
U.S. Environmental Protection Agency 
26 W. Martin Luther King Drive 
Cincinnati, OH 45268 
(51 3) 569-7562 

Hotline Number 1-800424-9346 

A-2 
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Documents Available from NTIS: 

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

1 This document series was prepared by the 
Environmental Criteria and Assessment Office (ECAO-Cincirmati) for the Office of 
Emergency and Remedial Response (Superfund). HEAs are intended for use by the 
OERR in evaluating risk for its preliminary assessment process at uncontrolled sites, 
and for appraising clean-up alternatives in its remedial investigationlfeasibiiity studies. 
HEAs are brief, quantitatively oriented, preliminary assessment of relevant health 
effects data. HEAs are subject to internal EPA review by staff within the Office of Health 
and Environmental Assessment. Final drafts of HEAs 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 Envtr onmental Effects Doc uments f H m  - This document series is 
prepared by the Environmental Criteria and Assessment Office (ECAO-Cincinnati) for 
the Office of Solid Waste and Emergency Response (OSWER). HEEDs are intended to 
support listings under the Resource Conservation and Recovery Act (RCRA) as well as 
to provide health-related limits and goals for emergency and remedial actions under the 
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA). 
Wrthin 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 toxictty 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 part of the 
RCRA and Superfund public dockets and are available through NTIS. 

Health and Environme-ects Pr ofiles (H- * This document series was 
prepared by the Environmental Criteria and Assessment Office (ECAO-Cincinnati) for 
the Office of Solid Waste and Emergency Response (OSWER). HEEPs have been 
superseded by HEEDs since mid-FY87. HEEPs are intended to support listings of 
nazaraous constituents of a wide range of waste stieaiiis unbei Section 300; 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 

f l  

. .  
I .  
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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 EPA review by staff within the Office of Health and 
Environmental Assessment. HEEPS are part of the RCRA and CERCLA public 
dockets. Final drafts are available through NTIS. 

* This document series is prepared by the Air Qualitv Criteria Docum ents (AQCDsL 
Environmental Criteria and Assessment Office (ECAO-Research Triangle Park) for the 
Office of Air and Radiation (OAR). ,4QCDs are intended to support National Ambient 
Air Quality Standards (NAAQS) set under Sections 108-1 10 of the Clean Air Act. 
These documents are evaluations of the available scientific literature on the potential 
health effects of air pollutants. AQCDs are subject to internal EPA review by staff within 
the Office of Health 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. 

. .  

- 

ent Do- (HADsL; This document series is prepared by the 
Environmental Criteria and Assessment Office (ECAO-Research Triangle Park and 
ECAO-Cincinnati) for the Office of Air and Radiation (OAR). HADs are intended for use 
by the Oftice of Air Quality Planning and Standards (OAQPS) to determine possible 
listing of hazardous air pollutants (HAP) under sections 1 11 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. 
HADs are subject to internal EPA review by staff within the Office of Health 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. 
HADs become part of the OAR public docket and final drafts are available through 
NTIS. 

4. Miscellaneous Documents: 

a Water Cntena Oocuments (DWCDsl; The Environmental Criteria and . .  
Assessment Office (ECAO-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 Section 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 

-% 

A 4  



Advisories (Has) for 1 day, 1 Oday and longer-term exposures and drinking water 
equivalent levels for lifetime exposures. DWCDs are subject to internal EPA 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 drafts are available through NTIS. 

B. Selection Criteria and Sources of HEAST Values 

Chemicals with derived noncarcinogenic and/or carcinogen risk assessment values 
that have had some level of peer review (Le., those in peer reviewed EPA documents 
or under review by €PA Work Groups) are included in HEAST; this does not include 
many interim values (values not found in final €PA 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 the Integrated Risk 
Information System (IRIS) for revised or newly added risk assessment values. 
Secondly, the status of chemicals under discussion by the RfD/RfC and CRAVE Work 
Groups is reviewed. The Office of Health and Environmental Assessment's Chemical 
Assessments and Related Activities (CAM) list is also reviewed for new Office of 
Water, Office of Air Quality Planning and Standards, and Office of Solid Waste and 
Emergency Response risk assessment documents (HEEDS, HEEPs, HEAs, HADs, 
AQCDs, DWCDs). 

The HEAST also contains chemicals commonly found at RCRA (Resource 
Conservation and Recovery Act) sites as identied by the Office of Solid Waste's 
Technical Assessment Branch. Questions about RCRA chemicals may be addressed 
by caiiing the Heaith Assessment Section (Office of Solid Waste) at (202) 2604761. 
Finally, the Office of Radiation Programs provides data on radionuclides for Table 4A 
and 48 of the HEAST. Radionuclides included are those thought to be most commonly 
encountered at Superfund sites. Questions concerning radionuclides carcinogenictty 
should first 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 Carcinogenicty. 
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APPENDIX A-ll 

II. DOSE CONVERSIONS ON HEAST 

In January 1991, the decision was made to replace inhalation Reference Doses 
(RfDi) for noncancer toxicrty and inhalation slope factors for carcinogenicrty, previously 
available on the IRIS data base, with Reference Concentrations (RFC) and inhalation 
unit risks, respectively. RfCs and unit risks are expressed in terms of concentration in 
air (mg/m3), not in terms of "dose" (mg/kgday) 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 mghgday. 

The decision to replace inhalation slope factors and RfDi values expressed in 
mglkgday with unit risk and RfC values expressed in mg/m, was based on two major 
factors: 1) the workgroups felt that it was technically more accurate to base toxictty 
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 the 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 program regulations and guidance. In the short term, however, 
modification of program regulations and guidance is not a viable option. Therefore, the 
chairs of the RfDRfC 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 uncertainty to the Superfund risk assessment process, and therefore 
may be a reasonable use of the data given a m e  circum&nces and SuperfuM 
proaram ob!ectrves, These Work Groups will continue to work with the Superfund 
program to identffy specific instances where it is not appropriate to make the conversion 
from unit risk/RfC to inhalation slope factor/RfD due to the large uncertainty intraduced 
by the assumptions used in the conversion. 

. .  

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 
(HEAST). Therefore, HEAST users are stmnalv advised a-a s u a  
conversions themselves. However, it is a critical responsibility of the risk assessor to 
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c 
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. 



APPENDIX A-lll 

II.  CHEMICAL NAME AND CHEMICAL ABSTRACTS SERVICE 
REGISTRY NUMBER CROSS REFERENCE 

This section lists chemicals and their respective Chemical Abstracts Service 
Registry Number (CASRN) for cross referencing on the HEAST. Chemicals may b e  
searched either alphabetically by chemical name or numerically by the CASRN. 
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APPENDIX A-IV 

IV. EFFECT LEVEL DEFI#ITIONB 

Adverse effect. A biochemical change, functional impairment, 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 
challenge. 

- el ( F E T J .  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. 
unmistakable adverse health effect (such as severe convulsions or 
death). 

These severe effects produce an 

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

Lowest-observed-effect level (LOEL) . 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. 
effects that are seen at this level may or may not be considered 
as adverse. 

The 

No-observed-adverse-effect level (NOAELI. An exposure level at 
which there are no statistically or biologically significant 
increases in the frequency or severity of adverse effects between 
the exposed population and its appropriate control; some effects 
may be produced at this level, but they are not considered to be 
adverse. 

No-observed-effect level (NOELL. An exposure level at which 
there are no statistically or biologically significant increases 
in the frequency or severity of any effect between the exposed 
population and its appropriate control. 

Adapted from: U.S. EPA. 1991. Integrated Risk Information 
System (IRIS). Online. Office of Health and Environmental 
Assessment, Environmental Criteria and Assessment Office, 
Cincinnati, OH. 
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APPENDIX A-V 

V. NATIONAL AMBIENT AIR QUALITY STANDARDS (NAAQS) 

The Clean Air Act requires that National Ambient Air Quality Standards 
(NAAQS) be set and ultimately 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 and/or stationary sources. Since 
the primary NAAQS and the inhalation RfC serve essentially the same function, and 
the primary NAAQS 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 (IEUBK) model should be used instead of the RfC. 
Primary standards are designed to protect public health 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 10 pm in size, (PM,,), Ozone (0,) and Sulfur 
Dioxide (SO,). A table of the most recent NAAQS is provided as Table A-V-1. 

The process of establishing and revising the NAAQS is detailed by Padgett 
and Richmond (Journal of the Air Pollution Control Association, 33:13-16, 1983). 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 group) 
against adverse heatth effects. Thus, by definition, the NAAQS primary standards 
define allowable pollutant concentrations which can be present in the atmosphere 
without causing adverse effects, and essentially sew8 the same function as an 
inhalation RfC in a risk assessmentlrisk management decision, except for lead. The 
data bases supporting each of the NAAQS are extensive. More importantly, the 
NAAQS are set by the USEPA Administrator as mandated by Congress after 
numerous reviews and a public comment process. 

! 
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TABLE A-V-1 

Pollutant 

Carbon rnondxide (GO) 
, -  .. 

Lead (Pb) 
(and Lead compounds 

NATIONAL AMBIENT AIR QUALITY STANDARDSa 
(as of December 2, 1991 ). , 

Primary Standardsb Averaging e Secondary 
Standardsb Time 

9 ppm (IO mg/m3) 8 hour" None 
35 ppm (40 mg/m3) 

1.5 pgh3 Quarterly Same as primary 

1 hour" 

Nitrogen dioxide (NO,] 
(Nitrogen oxide) 
(Nitric oxide) 

Particulate Matter 
(PMl,) 
Ozone (0,) -... 

Sulfur dioxide (SO,) ~. 
(Sulfur oxide) 

0.053 ppm Annual Same as primary 
(1 00 pg/m3) 

50 /rum3 Annuald Same as primary 
150 pg/m3 24 hourse 

0.12 ppm 1 hour' Same as primary 
(235 pg/m3) 

0.03 ppm Annual - 
(80 Pam3) 
0.14 ppm 24 hours" - 
(365 ps/m3) 

3 hours' 0.5 ppm - 
(1 300 pg/m3) 

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

"Not to be exceeded more than once per year. 

%e standard is attained when the expected annual arithmetic mean concentration is less than 

protect public welfare. 

>.-;- 
I 

or equal to 50 &m3. 

average concentration above 150 pg/m3 is equal to or less than 1, 

hourly average comntrations above 0.12 ppm is equal to or less than 1. 

T h e  standard is attained when the expected number of days per calendar year with a 24-hour 

'The standard is attained when the expected number of days per calendar year with maximum 

I .  . 
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