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DISCLAIMER

This document has been reviewed in accordance with U.S.
Environmental Protection Agency policy and approved for
publication. Mention of trade names or commercial products does

not constitute Agency endorsemgnt or rccémmendation for use.

A-ii
CMA 121639




CONTENTS

Tabl@B.ccteassannsssssessosansvrsssscsssssssnassssnsassencese A=Vi
PLELACE. cosvressevseosnssonasssnsnassssansssnnascsnsasnses A=vVii
Abstract................................4...............;. A-ix
Authors, Contributors, and Reviewers....,.;.........a..... A-x
1. INTRODUCTION...0veurovssencsvacacnonnsncsnnassonanssess A=-1
1.1, BACKGROUND. seveesoestvecnssvesrsosanssnnnssnsnsee A=l
1.2. METHODOLOGY . .cvvesecronsserssnssososassconssonses A=4
2. LITERATURE SEARCH AND INFORMATfON SObRCES............ A~6
2.1. SEARCH STRATEGY.....eveuvesconnnasncacnsssscases A=
2.2. SELECTION OF APPROPRIATE STUDIES...:.:0c000v0esss A=8
3. APPROACH TO DATA EVALUATION.........;................ A-11

3.1. QUALITATIVE PHASE: WEIGHT OF EVtDENCE OF
CARCINOGENICITY---o---olooc--n.bo---ouooo.-..--- A-lz

3.1.1. Assessment of Evidence for
Carcinogenicity from Studies in
Humansl."ll.'.l.l..II.:’.'I.....Illl.'ll A‘"lz

3.1.2. Assessment of Evidence for
Carcinogenicity from Studies in
Exp.rimental Animals-oo;--..-.o...-o.--. A-14

3.1.3. Categorization of Overall Weight of
Evidence for Human Carcinogenicity...... a-16

3.2. QUANTITATIVE PHASE: ESTIMATION OF CARCINOGENIC
mENcY'..III..’.II..'l'..l...l.:......'.....'.Il A-lg

3.2.1. Model Selection for Analysis of Dose
Response Data..........-........._....... A=20

3.2.2. Selection of Biocassay Response Data to
be Used in the Model to Calculate
Potency.'..I.Il..l..l.'.:.ll.l...ll.'.l.li A-zz

A-iii
CMA 121640

| _




3.2.3.

3.2.4.

3.2.5.

CONTENTS (continued)

Adjustment (Transformation) of Dose
Data...................\...'Illlll..b.... A-23

3.2.3.1. Calculation of Dose in
mg/kg/day from Doses Expressed
as Dietary Concentrations..... A-24

3.2.3.2. Calculation of Dose in
mng/kg/day from Doses Expressed
as Water Concentrations....... A=25

3.2.3.3. Calculation of Dose in
mg/kg/day from Doses Expressed .
as Air Concentrations......... A-26

v

3.2.3.4. Adjuitmcnt for Non-Continuous .
ExpOlurG-....L...-............ A-29

3.2.3.5. Adjustment for Absorption,
Distribution, Metabolism, and
Excretion....;.............-.. A-30

Calculation of the Human Potency
Factor (P)oo;-.---l....*.o.-onnunooo.ou. 3-30

3.2.4.1. Animal POtenCY.....oesseeesess A=32

3.2.4.2. Adjustment fot Less Than
Lifetime Studies..l'l....lllll A-32

3.2.4.3. H“an Potency‘(?).l.‘l......ll. A‘ss

Grouping of Chemicals B#sed on
CarCinogenic Pctency...,.....-.--.-.-... A-34

OVERALL HAZARD RANKING BASED ON COMBINED
QUALITATIVE AND QUANTITATIVE ASSESSMENTS........ A-35

3.3.1.

3.3.2.

Use of Chenrical and Environmental Pate
and Transformation Data 'in Hazard
Ranking of Metals and Their Salts....... A-38

Special Problems in Hazard ﬁanking of
Chemicals Associated with Multimedia
Expoﬂure in Humans....-d............---- A=-38

A=iv
CMA 121641




CONTENTS (cont inue{d)

41 SMY---c..-.---o.--..o--.-o--..ou----oo-...-o..--o A-ag
5' MFEMNCESIII..Il..II....l...'....Iltl...ll...l.!.l..l A-41
APPENDIX - HAZARD RANKING OF POTENTIAL CARCINOGENS........ A=-42

A~v
CMA 121642

W



Sources of bibliographic and numerical information

for sus‘p.ct carcinogens. LI 3 B BN B B Y B R ] .‘ LI ] I.. ® % & & e a0 ; A“7
Tentative weight of evidence based on human and
animal .vid.nce.......tIll.l.....llQl......... llllll A'ls
Sample table for the derivation of ;}otcnc:y
factor (F).'ll lllll ® & % & b o wa s l......s..l....... IIIIII A-sl
Hazard rankings scheme for reportabic quantities
under cERcm.lll....... llllll ....l.lil.......l.lll... ‘A-36
A=-vi
CMA 121643




+ T

PREFACE

This report describes the technicalimethodology the U.sS.
Environmental Protection Agency (EPA or the Agency) has used in
developing a hazard ranking for potential carcinogens in order to
adjust reportable quantities (RQs) under Section 102 of the
Comprehensive Environmental Response, combensation, and Liability
Act of 1980 (CERCIA). The RQ adjustment methodology is based, in
part, on the methodology used to establish RQs pursuant to
Section 311 of the Clean Water Act. Details of the methodology
are given in the document "Technical Background Document to
Support Rulemaking Pursuant to CERCLA Sec#ion 102, Volume 1,"
March 1985, and in the final rule published on April 4, 1985
(U.S. EPA, 1985). _

In deciding whether to assign primary criteria RQs for
potential carcinogens at all five RQ leveis, the Agency examined
the special properties associated with thése substances and
evaluated them in light of the Agency's chronic toxicity
methodology. The Agency deci@ed not to u#e the two highest RQ
levels, 1000 and 5000 pounds, for severaljreasons, all of which
are explained in the main body of the ropért "Technical
Background Documgnt to Support Ruiemakingipursuant to CERCLA
Section 102," Volume 3, (U.S. EPA, 1989)J

As a consequence of the Agency's dec#sion to adopt a
100-pound maximum RQ for potential carcianens, the Human Health

Assessment Group was request -d to rank p’ﬁcntial ¢ rcinogens on a

A-vii ) CMA 121644

“




three~tier scale (high, medium, and low)zthat corresponds to RQ
1l vels of 1, 10, and 100 pounds. This document describes the

methodology for using the weight of avidénco and potency factor
(U.S. EPA, 1986) to determine RQs based on the primary criterion

of potential carcinogenicity.
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ABSTRACT

The Agency's Human Health Assessment;Group (HHAG) has’
developed a methodology for ranking CERCLh hazardous substaﬁces
for the purpose of establishing reportablh quantities (RQs) based
on the primary criteria of potential carcinogenicity. The
methodology combines the weight of cviden¢c and potency factor to
determine a hazard ranking of high, madiuﬁ, or low which
corresponds to an RQ of 1, 10, or 100 pounds'respectively.

An appendix is included which 1lists i94_compounds that were
evaluated for potential carcinocgenicity aiong with their
respective weight-of-evidence categories,ipotency factors, and
hazard rankings. Profiles for each of thése 194 chemicals are

available as separate documents.
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1. INTRODUCTION

! | 1.1. BACKGROUND i

This report describes the technical methodology the Agency
has used in developing a hazard ranking for potential carcinogens
in order to adjust reportable quantitiesg(RQs) under Section 102
of the Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 (CERCLA). Section 103 of CERCLA requires
immediate notification to the Kational Rasponge Center by any
person in charge of a vessel or facility who releases an amount
of a hazardous substance equal to or greéter than its RQ. Under
CERCLA Section ioz(b), the RQ of any hazardous substance
designated in Section 101(14) is 1 pound unless a different RQ
has been established pursuant to Section 311(b) (4) of the Federal
Water Pollution Control Act. Under Section 102(a) these
statutory RQs maf be adjusted by regulations establishing
different quantities to be reported upon release of a hazardous
substance. Section 102(a) also gives the U.S. Environmental
Protection Agency (EPA or the Agency) authority to establish a
single RQ for each hazardous substance, regardless of the
environmental medium into which the substance ié released.

The RQ adjustment methodology is one with which the
regulated community islfanilia; and is baéed, in part, on the
methodology used to establish RQs pursuanﬁ to Section 311 of the
vclean Water Act (CWA). Details of the methodology are given in
the technical background document (U.S. E?A, 198%a), and in the
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final rule (U.S. EPA, 1985b). The methodology begins with an

evaluation of the intrinsic physical, cﬁemical, andltoxicological
properties associated with each hazardods substance.  The
intrinsic properties evaluated, called p&imary criteria, are:
aquatic toiicity, mammalian toxicity (orgl, dermal, and
inhalationj, ignitability, reactivity, chronic toxicity, and
potential cﬁrcinoqcnicity. The Agency r;nks each intrinsic
property (other than potential carcinogc@icity, which is

discussed below) on a five-tier scale, a@sociating a specific
range of values on sach scale with a paréicular RQ value. This
five-tier scale uses the RQ levels of 1,110, 100, 1000, and 5000
pounds, which were originally establisheq pursuant to the CWa
Section 311. Each hazardous substance receives geveral tentative
RQ values based on its particular properties. The lowest of all
of the tentative RQs becomes the primary criteria RQ for that
hazardous substance. The primary criteri# RQ can then be raised
by one level using biodegradability, hydrolysis, and ﬁhotolysis
as secondary criteria. The Agency has d#termined that no
potential carcinogen shall be assigned a ﬁrimary criteria RQ
above 100 pounds. The Agency has always ﬁegﬁrded potential
carcinogens with special concern and in iﬁs requlatory actions
has sought to minimize carcinogenic risks.i This concern is
justified by scientific factors particular to cancer:

. It has not been demonstrated tha? there is a threshold

levelyot exposure below which po;ential carcinogens do

not present some risk of cancer.i Therefore, a release a

A-2
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of any amount of a potential Earcinogen represents an
increased risk of cancer to the exposed population.
This is in contrast with most @ther toxic effects, for

~which thresholds can be demonsﬁrated (U.S. EPA, 1987
PP. 8140, 8145). |

. Cancer risks are considered to?be cumulative. A number
of small releases can be as‘sefious as a single large
release (U.S. EPA, 1987 pp. 8140, 8146).

. Cancer is not immediately manifested. There is a
latent period between exppsure}to a carcinogen and the
manifestation of cancer that mgkes it impossible to
directly observe carcinogenic fisks from substances
newly released into the enviroﬂment (U.S. EPA, 1987 pp.
8140, 8146). This is in contrast to acute toxic
effects, which are more immediately manifested.

In deciding whether to assign prima#y criteria Rés for
potential carcinogens at all five RQ levqls, the Agency examined
the special properties associated with tdese substances and
evaluated them in light of the Agency's Qhronic toxicity
methodology. The Agency decided not fo use the two highest RQ
levels, 1000 and 5000 pounds, for severaﬂ reasons, all of which
are explained in the main body of the repbrt "Technical |
Background Document to Support Rulemaking Pursuant to CERCLA
Section 102," Volume 3, (U.S. EPA, 1989).

As a consequence of the Agency's dec@sion to adopt a

100-pound maximum RQ for potential carcinogens, the Human Health

1.
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Assessment Group (HHAG) was requested to%rank potential

carcinogens on a three-tier scale (high, medium, and low) that
corresponds to RQ levels of 1, 10, and 100 pounds.
1.2. METHODOLOGY B ‘

The HHAG developed a methodology fo# ranking potential
carcinogens based originally on a cbmbin#tion of the
International Agency for Research on Cancer's (IARC)

w ight-of-evidence scheme and the HHAG's;potcncy factor. This
methodology had been reviewed and was dcﬁcribed in a previous
draft of this report. On September 24, 1986, the Agency
published its "Guidelines for Carcinogen Risk Assessment" (U.S.
EPA, 1986), which refined the IARC weight-of-evidence criteria.
The EPA Reportabl; Quantity Work Group determined on June 4,
1985, that the ranking methodology should be revised to be
consistent with the Agency's final guidelﬁnes, and should include
the Agency's new weight-of-evidence crite}ia.' This has been done
in the methodology dcscriﬁed in this repo}t.

The following sections of this reporf present the objectives
and methodology applied in arriving at a ¢arcinog¢nic hazard
assessment for each of the hazﬁrdous substances under study. The
major findings are summarized in tabular form in a separate, but
attached, appendix (Hazard Ranking of Pot?ntiél Carcinogens). A .
more detailed discussion of the available%studies, weight-of-

vidence determinations, potency factor a;signments for each
potential carcinogen under study, and a biblioqraphy of other
pertinent references is contained in a profile for each

A-4
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¢h mical. The profiles, entitled "Evaluation of Potential
Carcinogenicity of [substance name] in quport of Reportable

! Quantity Adjustments Pursuant to CERCLA Section 102,"
‘collectively form an additional appendix to, but are not attached
as part of, this methodology document. ﬁhe profiles can be
accessed separately in the record that sdpports CERCLA RQ
adjustmenﬁ rulemakings, which are gvailaﬂle.in Room M2427 at the
U.S. Environmental Protection Agency, 4011M Street, S.W.,

Washington, D.C. 20460 (Docket Number 102 RQ-273C). The docket

is available for inspection between the hours of 9:00 a.m. and
4:00 p.m., Monday through Friday, excludiﬁq Federal holidays. To
review docket materials, you may make an ?ppointment by calling
1-202/382-3046. The public may copy a makimum of 50 pages from
any regulatory docket at no cost. Additipnal copies cost $.20

per page.




2. LITERATURE SEARCH AND INFORMATION SOURCES

2.1. SEARCH STRATEGY

The objective of the information le@rcp was to identify all
relevant published reports concerning the potential
carcinogenicity of the chemicals under stﬁdy. For the most part,
only reports published prior to 1985 were considered in this
review. Epidemiologic studies andltho published results of

controlled investigations with experiment§1 laboratory animals
were sought from the worldwide biomedical?literature. In order
that the information search be exhaustive; both on-line and
hard~copy sources of bibliographic inform&tion were consulted. A
list of the data bases searched for this ﬁroject is presented in
Table 2-1. Retrieval o? old literature w#s accomplished through
searches of hard-copy sources and throughéresearching
bibliographies of relevant publications. 1Every attempt has been
made to rely upon primary publications as opposed to data
summaries or abstracts contained in secondary sources such as
monographs, surveys, review articles, criteria documents, etc.

Searches were conducted using specific Chemical Abstracts
Service (CAS) names, CAS registry numbers, common synonyms,
designated substructures, and key words rehated to
carcinogenicity and mutagenicity when apprbpriate. All of the
ch micals included in the study'were firstisearched in the
CHEMLINE on-line chemical dictionary to identify proper CAS
registry numbers and all available lynonymg. on-line

A-6
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TABLE 2-1. SOURCES OF BIBLIOGRAPHIC AND NUMERICAL INFORMATION
FOR SUSPECT CARCINOGENS

on-Line Sources

CHEMLINE (National Library of Medicine)

RTECS (National Library of Medicine)

Hazardous Substances Data Bank (National Library of
Medicine)-

TOXLINE (National Library of Medicine)

CANCERLINE (National Library of Medicine)

Chemical Abstracts (DIALOG Information Services)

Hard-copy Sources

"Survey of Compounds Tested for Carcinogenicity," PHS-149
(all volumes)

"International Agency for Research on Cancer--Monographs on
the Evaluation of Carcinogenic Risks of Chemicals to
Humans," Volumes 1-29

National Toxicology Program, Carcincgenesis Testing Program,
"Chemicals on Standard Protocol" (as of October 7, 1982)

National Cancer Institute--Technical Report Series
"Genetox Carcinogen List" (as of Juyy 9, 1982)
"TOX-TIPS" (National Library of Medﬂcine)

"Chemical carcinogens," C.E. Searle (ed ), ACS Monograph
173, 1976

"Documentation of the Threshold Limit Values for Substances
in Workroom Air," American COnference of Governmental
Industrial Hygienists

"Ambient Water Quality Criteria Docuhents," U.S. EPA, ORD

National Institute for Occupational Safety and Health--
Criteria Documents, Technical Reports, Special Occupational
Hazard Reviews, Current Intelligence Bulletins, Information
Profiles on Potential Occupational Hazards

"Current Contents~--Life Sciences," Inetitute for Scientific
Information

CMA 121656
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bibliographic data bases'were then searchhd by developing a list

f key words, franslating them into data base specific index
terms and searching the file. If the citations retrieved were
relevant,‘they were printed. If these re?ults indicated new key
words, the data base was searched again.

In most cases, the decision to obtain an article in hard
copy was based upon a review of informatién contained in
abstracts which were obtained from the on%line computer search.
For the sake of completeness, many articlés were obtained in hard
copy even if it was not clear from the tiﬁle that useful data for
agssessment of carcinogenic risk would be éontaincd in the report.
Thus, a large body of literature relatingéto the chemicals under
study was collected, although no attempt Qas made to cite all of
th articles retrieved.

Only published literature was reviewed for the assessments
made in this report. However, the HHAG is now in the process of
reviewing unpublished carcinogenicity stu&y data submitted to the
Agency. The summary table (Hazard Rankind of Potential
Carcinogens), which is attached as an appéndix to this report,
may be revised upon the completion of'thafireviewl
2.2. SELECTION OF APPROPRIATﬁ STUDIES

It is important to recognize that man& published studies may
be acceptable to provide qualitative evidence of carcinogenicity,
yet still may be inappropriate for quantit$t1v¢ estimation of

carcinogenic potency.
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It is also important to consider the relevance of the route
of administration of the test substance in experimental animals
to the anticipated route of exposure in ﬂumans.‘ For example, the
results of animal studies in which ﬁnlt éubstances are -
administered by intravenous or intramuscglar injection may
provide strong qualitative evidence of circinogenic potential and
yet be inappropriate to predict the tumoﬁ incidence in humans
resulting from ingestion or inhalation of the substance. The
problem is often compounded by a lack ot%data concerning the
extent of absorption from different routes of exposure (i.e.,
oral, inhalation, and dermal contact), thereby leading to
inaccurate estimates of actual absorbed &oses.

Before a gtudy can be used to support either a qualitative
or quantitative assessment of'carcinogenipity, several criteria
should be met, These general criteria, that are applied by
reviewers when evaluating the output of a literature search, are

listed as follows.

Factor: Experimental Design
Scoring Elements:
1. What are the objectives of the study?
2, Does the design address the issues?
3, Does the design represent the state-of-the-art?
4. Are there areas vwhich might produce ambiguous results?
5. Were the gampling and handling procedures adeguate?
Factor: Experimental Procedure
Scoring Elepents:

1. Were standard protocols followed?

A=9
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2. Were any variations from design noted, explained,
and/or considered in reporting results?
3. Were analytical and quantitative parameters provided?

Factor: Results and Conclusions
Scoring Elements:

1. Were sufficient data presented to allow a credible case
to be established?

2. Were the results understandable?

3. Were results statistically valiad?

4. Were the investigators' conclusions supported by the
results?

5. Does the paper allow for additibnal conclusions to be
reached concerning correlation of results with the
tindings of other investigators?

A publication need not necessarily be rejected from
consideration if all of the above criteria are not met, although
deficiencies in the study should be indic#ted by the reviewer if
the data are intended to be used for qualitative and quantitativé

assessment purposes.

A-10
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3. APPROACH TO DATA EVALUATION

Each primary publication retrieved durinq the literature
search phase of the project is critically evaluated, both with
respect to its relevance tolan assessm;nt%ot carcinogenicity and
to the quality of the reported data. 1In Beveloping a hazard
ranking methodology, the Agency recognizes that a distinction
must be made between the evaluation of the qualitative strength
of the case that a substance causes cancc?, and the gquantitative
estimate of the strength of the suhstance:to cause cancer. The
qualitative assessments are expressed as an overall weight of
evidence of the likelihood that the substénce is a human

carcinogen (see Section 3.1.). The quantitative assessment, on

‘the other hand, is a numerical estimate of the strength of the

substance to cause cancer (see Section 3.2.).

Because of the large number of subst#nces to be evaluated,
it is necessary to be as systematic as po#sible in conducting
both the qualitative and quantitative asséssments. A two-phase
approach was developed that would facilitate the grouping of
substances based on the overall weight of evidence of
carcinogenicity and on the calculated caréinogenic potency.

A subsequent quality control review, under the direction of
the HHAG, has been conducted to assure that all determinations
and study interpretations within each profile are consistent with
qualitative and quantitative analysis in éther Agency risk

assessment reports. The risk assessm nt ﬁeports reviewed were
[ . .
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Health Effects Aslesimentd (HEAs) , Healﬁh and Environmental

Effects Profiles (HEEPs), Health and En@ironmental Effects

Decuments (HEEDs), Health Assessnment Documents (HADs), and

Drinking Water Criteria Documents (chna)

3.1. QUALITATIVE PHASE: WEIGHT OF EVIDENCE OF CARCINOGENICITY
The first phase of the HHAG ranking}procedure is a

gqualitative evaluation of the strength og the availahie data.
This evaluation is based on the Agcncy'si"cuidelih.s for
Carcinogen Risk Assessment® (U.S. EPA, 1?86). The remainder of
this section paraphrases the guidelines.
3.1.1. MMMLWW&MM
4n Humans
Evidence of carcinogenicity from huﬁan studies comes from
three main sources:
. Case reports of individual cancer patients who were
exposed to the agent(s):; |
. Deécriptive epideniologic studigs in which the
incidence of cancer in human populations was found to
vary in space or time with expogure to the agent(s):;
and ‘
J Analytical epidemiologic (case-&ontrolvand cohort)
studies in which individual expésura to the agent(s)
was found to be associated witﬂ an increased risk of

cancer.

AL’
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Three criteria must be met before a causal association can

be inferred between exposure and cancer ib humans:

L]

There is no identified bias tha& can explain the

_ association;

The possibility of confounding variables has been
considered and ruled out as explaining the association;
and

The association is unlikely to be due to chance.

In general, although a single study hay be indicative of a

cause-effect relationship, confidence in inferring a causal

association is increased when several indépendent studies show

the association, when the association is strong, when there is a

dose~-response relationship, or when a reduction in exposure is

followed by a reduction in the incidence of cancer.

‘From studies in humans, the evidence for carcinogenicityl

is classified as:

Sufficient evidence of carcinoqénicity, which indicates
that there is a causal relation#hip between the agent
and human cancer;

Limited evidence of carcinoéenidity, which indicates
that a causal interpretation is credible, but that
alternative explanations, such Qs chance, bias, or

confounding, could not adequately be excluded;
v

lFor purposes of public health protection, agents associated with
life-threatening benign tumors in humans are included in the
evaluation. |
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. Inadequate evidence, which indicates that one of two

conditions prevailed: (a) thefe were few pertinent |
data;: or (b) the available sthies, while showing
evidence of association, did nét exclude chance, bias,
or éonfounding and therefore a causal interpretation
is not credible;

. No data, which indicates that data are not available;
or |

. No evidence, which indicates tﬂat no association w&s
found between exposure and an ﬂncreased risk of cancer
in well-designed and well-condﬁcted indepepdent
analytical epidemiologic studies.

3.1.2.  Assessment of Evidence for Carcinogenicity from Studies

in Experimental Animals 1

These assessments are classified intb five groups:
Sufficient evidence? of carcinogenicity, which
indicﬁtes that there is an increased incidence of
malignant tumors or combined nahignant and benign
tumors3: (a) in multiple speciés or strains; (b) in

multiple experiments (e.g., with different routes of

2pn increased incidence of neoplasms that occurs even with high

spontaneous background incidence (e.g., mouse liver tumors and

rat pituitary tumors in certain strains) generally constitutes

"sufficient" evidence of carcinogenicity, but may be changed to

:iimited: when warranted by the specific information available on
e agent. :

3penign and malignant tumors will be combined unless the benign
tumors are not considered to have the potential to progress to
the associated malignancies of the same histogenic origin.

Y.
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exposure) or of unusual degree}in a singlelexperiment
with regard to high incidence,éunusual site or tfpe of
tumor, or early age at onset, @dditional evidence may
be provided by data on dose-responsc effects, as well
as information from short-term tests or on chemical
structure; |

Limited evidehce of carcinogcnigity,-which means that
the data suggest a carcinogenicictfect but are limited
because: (a) the studies involvé a single species,
strain, or experiment and do no? meet criteria for
sufficient evidence (U.S. EPA, 1986); (b) the
experiments are restricted by adequate dosage levels,
inadequate duration of exposure to the agent,
inadequate period of tollow-up,{poor survival, too few
animals, or inadequate rcportin&: or (c) an increase in
the incidence of benign tumors iny:

Inadequate evidence, which indiaates that because of
major qualitative or quantitatiﬂc limitations, the
studies cannot be interpreted ag showing either the
bresence or absence of a carcin@genic effect;

No data, which indicates that da@a are not available;
or j

No evidence, which indicates that there is no increased
incidence of neoplasms in at least two well-designed

and well~conducted animal studies in different species.
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The classifications "sufficient evidence® and "limited
evidence" refer only to the weight of thQ expefimental evidence
that these agents are carcinogenic, and not to the potency of

their carcinogenic action.

3.1.3. QA;E9QIiZﬂI1Qn_QI_Q!£Eﬂll_E§i9ﬁ&_QI_EXIQQDQQ_IQIqHBEAD_'

Carcinogenicity

The ovefall scheme for categorizing:the weight of evidence
of carcinogenicity of a chemical for huménl uses a|three-stepl
process: (1) the evidence in human studigs or animal studies is
summarized; (2) these lines of informatidn are combined to yield
a tentative assignment to a weiqht-ofJevﬂdence category (Table
3-1); and (3) all relevant supportive inﬁormation is evalﬁated to
see if the designation of the overall we@ght of evidence needs to
‘be modified. Relevant factors to be‘inclﬁded along with the
tumor information from human and animal s&udies include
structure-activity relationships; short-tern test findings;
results of appropriate physiological, biochemical, and
toxicological observations; and comparati&e metabolism and
kinetic studies. The nature of these findings may cause one to
adjust the overall categorization of the Weight of evidence.

The substances are categorized in thb manner shown below.
Group A--Human Carcinogen

An agent is placed in this group onl? when there is
"sufficient” evidence from epidemiologic studies to support a

causal association between exposure tovthé agent(s) and cancer.
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Group B--Probable Human Caxrcincgen
This group includes agents for which the weight of evidence

of human carcinogenicity based on epidemiologic studies is
"limited" and also includes agents for Qﬂich the weight of
evidence of carcinogenicity based on animal studies is
"sufficient.” The group is divided into two groups. Group Bl is
usually reserved for agents for which therg is "limited" evidence
of carcinogenicity from epidemiologic stuhies. It is reasonable,
for practical purposes, to regard an agent for‘which there is
"sufficient" evidence of carcinogenicity in animals as if it‘
presented a carcinogenic risk to humans. zTherefore, agents for
which there is "sufficient" evidence from animal studies and for
which there is "inadequate" evidence or "ﬁo data" from
epidemiologic studies (human) would usual;y be categorized under
Group B2.
Group c--Possible Human Carcinogen

This group is used for agents with ";imited" evidence of

" carcinogenicity in animals in the absence}of human data. It

includes a wide variety of evidence; for example: (a) a
malignant tumor rcspons; in a single, weli-conducted experiment
that does not meet conditions for "sufficient" evidence; (b)
tumor responses of marginal, statistical Qignificance in studies
having inadequate design or reporting: kcy benign but not
malignant tumors with an agent showing no?response in a variety

of short-term tests for mutagenicity:; ands(d) responses of

[
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TABLE 3-1. TENTATIVE WEIGHT OF zvxnznbn BASED ON HUMAN AND
ANIMAL, EVIDENCE2

Animal Evidence

Human
Evidence 1 . No. No
Sufficient Limited Inadequate Data Evidence
Sufficient A A ‘A A A
Limited Bl Bl . m B1 B1
Inadequate B2 ¢ iD D . D
No Data B2 ¢ D D E

No Evidence B2 ¢ D D E

8The above assignments are presented for illustrative purposes.
There maybe instances in the classification of both animal and
human data indicating that different categorizations than those
given in the table should be assigned. Furthermore, these
assignments are tentative and may be modified by ancillary
evidence. 1In this regard all relevant information should be
evaluated to determine if the designation jof the overall weight
of evidence needs to be modified. Relevant factors to be
included along with the tumor data from human and animal studies
include structure-activity relationships, short-term test
findings, results of appropriate physiological, biochemical and
toxicological observations, and comparative metabolism and
pharmacokinetic studies. The nature of these findings may cause
anigdjustment of the overall categorizaticn of the weight of
evidence ‘

SOURCE: U.S. EPA, 1986,
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marginal statistical significance in a tibsue known to have a

high or variable background rate of cancer.

Group D--Not Clagsjifiable as to Human Carcinogenicity

This group is geﬁerally used for agent(s) with "inadequate"
human and animal evidence of carcinoqenicity or for which "no
data" are available.

This group is used for agent(s) that show no evidence for
carcinogenicity in at least two adequate énimal tests in
different species or in both adéquate epi&emiologic and animal
studies. |

The designation of a Group E agent is based on the avajilable
evidence and should not be interpreted as%a definitive conclusion
that the agent will not be a carcinogen uﬁder any circumstances.
3.2. QUANTITATIVE PHASE: ESTIMATION OF CARCINOGENIC POTENCY

After the qual;taéive determinafion ﬁhat'a substance is a
potential carcinogen, a quantitative asseésment can usually be
performéd. Such quantitative assessments are most useful for:
(1) estimating'the cancer risk associated with a particular level
of exposure; and (2) making comparisons a@ong potential
carcinogens based on their relative poton&ies. This latter
application is fho objective of this meth&dology. More
specifically, the objective is to group pqtential carcinogens
according to potency.
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3.2.1. HQdgl.ﬁslss:ian.:a:.hnnlx:i&_Qﬁ_ngzszagsngnss_nann
Given the stated objective of grouping potential cﬁrcinoqens‘

according to potency, there is a need for consistency and
comparability‘in the evaluation process. :Iﬁ accordance with the
Agency's guidelines and with Agency pract@ce in numerocus risk
assessments, the multistage model is usedjfor estimating
carcinogenic potency (U.S. EPA, 1986). Under the nuitistage
model, the lifetime probability of devcloping cancer with a

constant dose (d) is given by:
(3-1) P(d) = 1 - exp [~(qo + ©19 + ... + qx aK)]

In accordance with the Agency's "Guiﬂelines for Carcinogen
Risk Assessment" (U.S. EPA, 1986), when séudy results are such
that another model would provide adequate estimates of
carcinogenic potency, the HHAG may choosejto use the more
appropriate model. For instance, because of the extraordinary
rate of early deaths of animals with tumois, the model used to
estimate risks from exposure to ethylene @ibromide (EDB)
incorporates a time parameter. This timeiparameter allows the
differential risks of less than lifetime éxposurc to EDB to
different age éroups to be factored into ﬁhe risk estimated from
a National Cancer Institute (NCI) bioassay. Any variance from
the standard multistage model is described in the individual

potential carcinogen profiles,
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For reportable quantity adjustments bursuant to CERCLA
Section 102, the potency factor (F) is de#ined as the reciprocal
of the estimated dose in mg/kg/day, associated with a ;iretime
cancer risk of 10 percent (EDjg). The reciprocal of the EDjq is
us d because it is the more direct measure of potency. The ED;p
itself is inversely related to potcncy.

The potency factor (F) is used in placc of the upper bound
on the linear coefficient (q* 1) (U.S. EPA, 1989), that HHAG
normally uses to estimate potency becausei

. It can be estimated without the use of many assumptions

required for q*;. This is possihle because there is no
need for extrapolation below thé experimentally
observable dose range‘. |

. It is relatively insensitive toéthe choice of the

dose-response extrapolation model. Therefore, the
potency rankings are not distorted by the selection of
any particular dose-response model.

. The point estimate of ED;g, which has some optimal

statistical properties, can be uﬁed to calculate F.
Therefore, it is not necessary to use statistical upper

bounds, which are needed to ensure stable estimates of

q*l.

4Extrapolation below the experimentally observable dose range is
the whole purpose of thE q estimation. It is done because

"risk at low exposure levels cannot be measured directly either

by animal experiments or by epidemiologic studies" (U.S. EPA, 1986).
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The potency factor (F) is used together with the qualitative
wveight of evidence of carcinogenicity in ranking the potential
car&inogens.

3.2.2.

This section covers the selection oflanimdl study response
data for use in the multistﬁge model and estimation of 1/ED;q.
Human epidemiologic data must be reviewed and used on a '
case-by-case basis. Hence, if epidemioloéic studies are selected
as suit#ble for derivation of a potency estimate, their use is
described separately in the individual potential carcinogen
profile. In general, the data selection ¢riteria are those
described in EPA's guidelines (U.S. EPA, 1986) .

The following approach to selecting the data sets for
calculatingia potency factor is used wheré several-studies on a
particular supstance might involve differ&nt animal species,
strains, and sexes, at several doses and ﬁy different routes of
exposure, and may result in diffefent tumor sites and types.

The tumor incidence data are separatéd according to organ
site and tumor type. All biologically and statistically
acceptable data sets are Presented in the?potential carcinogen
profiles. Because it is possible that huﬁan sensitivity is as
high as the most sensitive responding aniﬁal species, in the
absence of evidence to the contrary, the Sioloqically acceptable

data set from long-term animal studies showing the greatest
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sensitivity is generally used, with due ﬁegard to biological and

statistical considerations. |
All assumptions are presented in the profile along with a

discussion of any uncertainties in the extrapolation. Where two

or more significantly elevated tumor sitcb or types are observed
in the same study, extrapolations may be pénductcd on selected
sites or types. These selections are,ﬁad? on biological grounds.
To obtain a total estimate of carcinogenic risk, animals with one
or more tumor sites or types showing signﬁficantly elevated tumor
incidence are poocled and used for cxtrapoiation. The pooled
estimates are generally used in preference to potency estimates
based on single sites or types. Quantitative risk extrapolations
are generally not performed on the basis ?f totals that include
tumor sites without statistically significant elevations.

Benign .tumors are generally combined}éith malignant tumors
for potency estimates unless the benign tﬁmors are not considered
to have the potential to progress to the #ssociated malignancies
of the same histogenic origin. |
3.2.3.  AQjustment (Transformation) of Dose Data

Before a potency factor can be cilcuiated all dose
information must be transformed to standafd units of milligram
(ng) (substance) per kilogram (kg) (animai weight) per day,
administered over the entire length of thé study., If doses are
given in units other than mg/kg/day, or iq animals are dosed in a
non-continuous manner, or if the rcviewer%has evidence that the

abs rbed or m tabolized dose is significantly less than the

LI
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administered dose, then the dose data muét be converted to a
"transformed dose."

The next three subsections discuss ﬁow this is done for.
three exposure routes: diet, water, and air. The assumptions
and procedures used parallel those descrﬂbed in the Agency's
"Guidelines and Methodology for the Prepiration of Health Effects
Assessment Chapters of the Anmbient WaterﬁQuality Criteria
Documents™ (U.S. EPA, 1980). :
3.2.3.1. Calculation of Dose in me/ke/day from Doses Expressed
as Dietarv concentrationg=~-If the authors%provide information on
body weight and food consumption, then thb dietary dose (a) is

calculated directly. If these data are not provided, then the
d se may be estimated by using standard fpod consumption
estimates based on the fraction of body weight that is consumed

each day as food (f) (U.S. EPA, 1980):

Mouse 0.#5
Rat 0.05
Human 0.028

In order to obtain the dietary dose (d) from the data given
in parts per million (ppm), the daily expérimental dose in ppm is
multiplied by £:

(3-2) d=ppmx ¢t
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Note that ppm in food has units of mb toxicant per kg food,
and the fraction f has units of kg food p@r kg bedy weight per
day., Thus, the éroduct has units of mg of toxicant per kg body
weight per day. |
3.2.3.2. calcylation of Dose in mg/kg/day from Doses Expressed
as Water cConcentrations--If the authors of the studies provide

information on body weight and water consumption, then the
dietary dose d is calculated directly. If these data are not
available then d may be estimated by usin§ standard water
consunption estimates based on the fracti%n of the body weight
consumed as water per.day (fw) (U.S. EPA, 11980). The assumptions
and the procedure for making this estimation are the same as for
dietary concentrations (Section 3.2.3.1.)?but the following rates

for tw apply:

Species _fw

Rat " 0.078

Human ~ 0.029

The dietary_dose (d) in mg/kg/day is calculated by
multiplying the daily dose in ppm by the appropriate fw:

(3-3) d = ppm x fw
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‘Note that ppm in water has units of hg toxicant per liter
water and that fw has units of liters of water per kg body wveight
per day. Thus the product has units of =g toxicant per kg body
weight per day. 1 ‘
3.2.3.3. galculation of Dose in mg/kg/day from Doses Expressed
as Air concentrationg--when exposure is via‘inhalation, the
calculation of dose can be considered for two cases where: (1)
th carcinogenic agent is'eithor a oomplo?oly water-soluble gas
or an aerosol and is absorbed in proportion to the amount of air
breathed in; and (2) where the oarcinogenliu a poorly
water-goluble gas that reaches an equilibrium between the air
breathed and the body compartments. Afteg equilibrium is
reached, the rate of absorption of these agents is expected to be
proportional to the metabolic rate, which is proportional to the
rate of oxygen consumption, which in turn is a function of
surface area (U.S. EPA, 1980).

For Case 1, agents that are in the form of particulate
matter or virtually oompietely absorbed g;ses, such as sulfur
dioxide, can reasonably be expected to beiabsorbed proportional
to the inhalation rate. The inhalation rdto (I) for various
species can be calculated from the observations (FASEB, 1974)
that 25-g mice breathe 0.0345 cubic meters (m3) per day and 1l1i3-g
rats breathe 0.105 m3/day. For mice and rats of other weights in
kilograms (w), the surface-area proportionality can be used to

find breathing rates in m3/day as follows:

nr
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(3-4) for mice, I = 0.0345 (W/0.025)2/3 n3/day; and
’; ‘ (3-5) for rats, I = 0.105 (W/0.113)2/3 m3/day.

The weight ratio is raised to the tﬁo-thirdg power because,
to a close approximation, the surface arﬁa is proportional to the
two-thirds power of the weight as would be the case fo£ a perfect
sphere. ‘

For humans, the value of I = 20 n3/&§y is adopted as the
standard breathing rate. This is calculahed from the observation
(ICRP, 1977) that the average breathing rhte-is 107 cubic
centimeters (cm>) per 8-hour workday and b x 107 cm3 in 24 hours.

The empirical factors for the air intake per kg per day, { =
I/W, calculated from the previously state@ relationships for

standard weight animals, are tabulated as follows:

Species W L_Iﬂ-

Mouse 0.03 1.3
Rat 0.35 ~ 0.64
Human 70 - 0.29

The inhalation dose (d) in mq/kg/dayiis calculated by
multiplying the substance's air concentration (v) by the
appropriate intake factor (i) and the absorption fraction (r):

(3=-6) d=vxixr
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Note that v Kas units of mg foxiéantgpcr m3, i has units of
-g3 per kg beody weight per day; and r is d#mensionleés. Thus'the
product has units of mg toxicant per kg body weight per day.

In the absence of experimental information or a sound
theoretical argument to the contrary, r ié assumed to be the same
fbr all species and therefore drops out of the calculaﬁions.

For Case 2, the dose in mg/day of pa#tially soluble vapors
is proportional to 0, consumption, vhich in turn is proportional
to W2/3, The dose is also proportional t& the solubility of the
gas in body fluids, which can be expresse& as an absorption
coefficient (r) for the gas. ‘

Therefore, by expressing the 0, consumption as 0p = k x
w2/3, where k is a constant independent of species, it folléws
that the average dose per day in mg during administration of the

agent (n) can be expressed as:
(3=7) n=kxW/3xvxr

As with Case 1, in the absence of experimental information
or a sound theoretical argument to the contrary, the absorption
fraction (r) is assumed to be the same for all species.
Therefore, for these substances a certain?concentration in ppm or
ng/m? in experimental animals is equivalent to the same
concentration in humans. This is supportﬁd by the observation
that the minimum alveolar concentration necessary to produce a

given "stage" of anesthesia is similar in man and animals (Dripps

b ‘ .
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et al,, 1977). Wwhen the animals are eprsed via the oral route

and human exposure is via inhalation or ?ice-versa, the

assumption is made, unless there is pharmacokinetic evidence to

the contrary, that absorption is equal b? either exposure route.
In this case, the dose (d) in mg/kg/day is:

(3-8) ' d -‘n/kg (animal)%

For either inhalation case, exposures given in terms of ppm
(by volume) in air can be converted to uﬁits of mg/m3 (v) by the

following formula:
(3-9) v = 0.041 X molecular weight (gas) x ppm

(Note that 1 ml in 1 cm3 is 1 ppm (by volbme); therefore, 0.041 x
molecular weight (MW) is the weight in mqiot 1lm1 of a gas.)
3.2.3.4, AQjgg;mgn;_;g;_ﬂgn;ggnginuggg_zkpggn:g -=- To this point
the dose (d) calculated reflects the daily dose given over the
experimental treatment period. To deriveithe final "transformed
dose," the dose must be multiplied by thc§traction of the study
over which the animal was actively dosod.: If the animal was
dosed continuously over an entire treatment period (e.g., not 5
times per week or, for inhalation studies; 6 hours per day) then

the transformed dose is:

(3~10) transformed dose = d x le
. La

[

A-29
CMA 121678




where le = duration of the treatment and Le = duration of the

study. . ‘
If the animal was dosed for a fraction of a week (e.g., 5/7)

r a fraction of a day (e.g., 6/24), then the transformed dose
becomes, for example:

ol

(3=-11) transformed dose = d Xx %g x 24

3.2.3.5. Adjustment for Absorption, Distribution. Metabolism,
and Excretion-~Whenever there is usable information on the

absorption, distribution, metabolism, or excretion of the
substance, the potency factor is adjusted to reflect this
information. For example, if the effective dose to the target
organ in an animal, due to any of these four factors, is known to
be a fraction of the administered dose, tﬁen the effective dose
is used to estimate the potency factor. ﬁowevcr,-in the absence
of information or differences in absorptiqn, distribution,
metabolism, or excretion between animals Qnd humans, no such
adjustments are made.

3.2.4. Calculation of the Hupman Potency Factor (F)

The information needed for calculatiﬂq a human pofency
factor (F) can be found in the profiles edtitled vgEvaluation of
the Potential Carcinogenicity of [substande name] in Support of
Reportable Quantity Adjustments Pursuant to CERCLA Section 102."
A sﬁmple potency factor derivation table from the profile for

chloroform is presented in Table 3-2.
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TABLE 3-2, SAMPLE TABLE FOR THE DE#IVATION OF POTENCY

FACTOR (F)
Agent: Chloroform
Reference: NCI (1976)

Exposure route:

Species:

Strain:

Sex:

Vehicle or physical state:
Body weight:

Dﬁration of treatment (le):
Duration of study (Le):
Lifespan of animal:

Target organ:

Tumor type:

Experimental doses/exposure®©
(mg/kg) ¢

Transformed dosesd
(mg/kg/day) :

Tumor incidence:
Lifetime animal potency :

Human potency factor (f):

oral (gavage)

mice

BGCSF;

. :

corn oil

0.03 kg2

546 days

644 ~ 551 days
730 daysP
Liver

hepatocellular carcinoma

477 | 238 0
288 143 0
39/41  36/45 0/20
0.104

1.97

2Reported.

Assumed.

CExposures were 5 days/week.
to be 647 days.

Duration of 'study was assumed

o derive the transformed dose from the experimental dose data:
experimental dose (mg/kg/day) x 5(treatment days/week)/

7 (days/week) x duration.
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3.2.4.1. Animal Potency~-The first step in the derivation of F
is the calculation of the animal potency krom the transformed
dose and response (tumor incidence) data. '

The animal potency is estimated by fﬁtting a multistage
dose-~response model to the transformed dose-response data, as
described in EPA's Notice of Availability of Water Quality
Criteria Documents (U.S. EPA, 1980). The mathematical
assumptions made for the model used are d@scribcd in a separate
appendix to the technical background docuﬁent (U.S. EPA, 1989)
for the reportable quantity rule. For ch}oroform, the dose
causing an increased cancer risk of 10 percent of the population
is calculated to be EDjo = 9.62 mq/kg/day; The animal potency is
the reciprocal of this dose, 0.104 (mg/kg/day)~l. |

3.2.4.2. Adjustpent for Less Than Lifetime Studies--Under
the current procedures used by HHAG, the #isk levels are derived
only for full lifetime experiments. 1In déaling with experimental
data in which the observation period (Le) is less than the
lifespan (L) of the expefimental animal, ?he potency factor
derived from the experimental data, whichiwould give a risk
estimate over the fraction Le/L of the animai's lifespan, is
increased by a factor of (L/Le)3 to obtain an estimated potency
for full lifetime risk. As explained by éhe EPA (1980):

We assume that if the average dose (d) is continued, the

age-specific rate of cancer will continue to increase as a

constant function of the background rate. The age-specific

rates for humans increase at least by the second power of
the age and often by a considerably higher power, as
demonstrated by Doll (1971). Thus we would expect the
cunmulative tumor rate to increase by at least the third
povwer of age...
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(3=-12) Lifetime Animal Potency = Observed Animal Potency x
(L/Le)3 |
This adjustment is conceptually consistent with the
proportional hazard model considered by C#ump and Watson (1982).

For chloroform, the lifetime animal potancy i=s:

(3-13) Lifetime Animal Potency = 0.104 x (730/648)3 = 0.149

3.2.4.3. Human Petency (F) =- Finally, the potency must be

adjusted for humans (if derived from animal data). The human
potency adjustment is made using the following surface-area

correction:

(3-14) Human Potency (F) = Lifetime Animal Potency x
(70 kg/Wa)1/3;

where W, is the weight of the animal and 70 kg is the assumed
average weight of humans. This is in accordance with the

Agency's cancer guidelines (U.S. EPA, 1986b5.

5The Agency's guidelines reflect that animal potency is converted
to human potency by first multiplying the animal EDjq by the
ratio of the the weight of the animal to the weight of man, and
dividing the entire ED;, by the ratio of the surface area of the
animal to man.

Human EDjqo = ﬂnimﬂl_nnlo.xLiﬂalﬂmanl - ahimal EDy9 (wa/wman)l/3
(Wa/¥pan) 2/3 |

Then, the reciprocal of the Human ED;o is the adjusted human
potency. . ‘
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For chloroform, the human potency (F) is:

(3-15) Human Potency (F) = 0.149 x (7o/o.03)1/3 = 1,97.

3.2.5. Grouping of Chemicals Based on Carcinogenic Potency

After the potency factors are estimated, the substances are
Placed into three potency groups. The mqst potent substances, -
those with potency factors above 100, are placed in Potency Group
1; substances with potency factors betweén 1 and 100 are placed
in Potency Group 2; and substances with ﬁotency factors below 1
are placed in Potency Group 3, The Potcﬂcy Group will be used
along with the weight-of-evidence group ﬂn assigning tentative
RQs for potential carcinogenicity. ‘

In the case where available data ar@ inadequate for
estimating a potency factor, the HHAG has@identified three
possible alternatives: ‘

. If the best available data suggest that the substance
is a possible strong carcinogch} but there is no basis
for assigning a specific EDjo dﬁse (e.g., all treated
animals at every dose developed?tumors), then the
substance is assigned to the hiéhgst potency group
(i.e., Potency Group 1).

. If the best available data are inadequate for
calculating a potency factor aﬁd no quantitative

inferences can be made (e.g., in animal studies where
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control groups were not used or number of animals

treated were not specified), then the substance ;s
assigned to the mid-range potenby group (i.e., Potency
Group 2). , i

. It the best available data suggest that the substance
is a possible weak carcinogen, but there is no basis
for assigning a specific EDjgo dose (e.g., due to
uncertainties associated with the pharmacokinetics of
the substance), then the substa#cc is assigned to the
lowest potency group (i.e., Potency Group 3).

Hazard rankings can then be assidnediby following the
standard procedure for combining the weigﬁt-of-evidencc group and
the assigned potency group. ;
3.3. OVERALL HAZARD RANKING BASED ON COMﬁINED QUALITATIVE AND

QUANTITATIVE ASSESSMENTS

The culmination of the hazard rankinq process performed in
this study ié accomplished by combining the qualitative weight of
evidence for carcinogenicity (Section 3.14) with the potency

' group (Section 3.2.) to arrive at a final hazard ranking for each

substance. Substances are ranked as "high," "medium,” or "low"
hazard according to the scheme shown in T;hle 3-2.

Hazard r&n&inqs are based jointly on two factors--weight of
evidgnce and potency--that the Agency belﬂeves are important in
describing carcinogenic hazards. Hazard rankings of high,

medium, and low are assigned so that the hazard ranking .

i CMA 121684
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TABLE 3-~3. HAZARD RANKING SCHEME FOR RﬁPORTABLE QUANTITIES
UNDER CERCLA

Potency Group : 1 2 3
W ight-of-Evidence !
Group ) Potency Factor : F > 100 F=1to 100 Fc<l
A - Carcinogenic High High Medium
to humans |
B ~ Probably carcino- ‘ High Medium Low
genic to humans®
C - Possibly carcino- Medium Low - Low
g nic to humans i
D - Not classifiable ' No hazard ranking
as to human 1
carcinogenicity
E -« Evidence of non- | No hazard ranking
carcinogenicity for :
humans

8Includes weight~of-evidence Groups Bl and B2.




T

increases as either the weight of evidenée or the potency

increases.
Depending on whether a substance falls‘into Potency Groups

1, 2, or 3, a hazard ranking of high, medium,'or low is assigned

to Group B éarcinqgens. Hazard rankingsiaro one level higher
(high, high, or mediuﬁ) for Group A carcﬂnoécna. This increased
concern is justified because there is direct human evidence
esﬁablishing that Group A substances cauéc cancer. Hazard
rankings are one level lower (medium, loi, or no hazard ranking
is assigned at this time) for Group C cafcinggens. This reduced
concern is juétified because the evidence implicating Group C
substances either is unreplicated or is o& marginal biological or
statigtical significance. Before settling on these hazard
ranking assignments, alternative ranking Echemes were considered.
Proposals that all Group A substances be ranked high or that all
Group C substances be ranked low were rejéctcd because the Agency
believes strongly that potency, too, is iﬁportant in describing a
carcinogenic hazard. Similarly, a proposﬁl to base hazard
rankings on potency alone was rejected be&ause the Agency
believes that the weight of evidence must%be considered as well.
It is the Agency's judgment that the hazard scheme finally
selected gives proper consideration to both weight of evidence
and potency. ‘

For substances placed in weight-of-evidence Groups D or E,
primary criteria other than potential caréinoéenicity must be
used to assign an adjust d RQ. |
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3.3.1. munm:u_mmmm_nmmmm
tion Data in Hazard Ranking of Metals and Their Salts

The chemical and environmental specﬂfication, oxidation

state, solubility, chemical and environmental fate and half-life,
and disproportionation reactions are important determinants of
the tdxicity of inorganic compounds. Fuﬁthermorc, toxiéity data
relevant to potential carcinogenicity an& other chronic effects
ar lacking for many of the metals an& their salts. Therefore,
in cases where toxicity data are not available on a particular
metal salt, and an evaluation of the above parameters indicates
its convertibility to the toxic (i.e., caEcinogenic) species
under realistic human exposure conditions, then an appropriate
hazard ranking assignment will be performed based on this
evidencq. j
3.3.2. gpecial Problems in Hazard Ranking of Chemicals
Associated with Multimedia Exposure in Humans
Carcinogenic hazard ranking in the present study must take
into account the potential for multimedia exposure. Thus, all
routes of human exposure (oral, inhalatioﬁ, and dermal) must be
considered in the hazard ranking scheme. The final hazard
ranking is based on the route fhat gives ﬁhe highest potency

tactor.
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4. SUMMARY

The Agency's Human Health Assessment Group (HHAG) has
developed a unique method for ranking CERCLA hazardous substances
for potential carcinogenicity. This metﬁodoloqy is not ; risk
assessment and it does not yield an absoiute measure of harm.
Rather, the methodology simply represcnt@ a means of sorting
potentially carcinogenic substances into?categories, which may
then be equated to RQ levels. |

The methodology for ranking potential carcinogens begins by
reviewing all information available in the scientific literature
on each substance identified as a potentihl carcinogen. This
information is then evaluated using a two;stage process. The
first stage is a qualitative assessment of the likelihood that a
particular hazardous substance is a human carcinogen. During
this stage, the available data is evaluatéd using EPA's weight-
of-evidence classification system, develoﬁed in the September 24,
1986, "Guidelines for Carcinogen Risk Asséssment" (U.S. EFA,
1986). The second stage is a quantitativé assessment designed to
estimate the relative strength of a hazardous substance to elicit
a carcinogenic response (potency ractor).j The quantitative stage
allows the Agency to rank potential carciﬁogens on a numerical
scale. The results of the gqualitative and quantitative
assessments are then combined to arrive Aﬁ a hazard ranking for

each hazardous substance evaluated for potential carcinogenicity.
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There are fwo separate appendices fq this methodology

document. The first is a summary table of the hazard ranking

r sults. - The second consists of all of ﬁhe individual chemical
profiles prepared to lupéért these results. The profiles are not
attached but are available in Room M2427 at the U.S. Environ-
mental Protection Agency, 401 M Street, 5.W., Washingtgn, D.C.
20460 (Docket Number 102 RQ-273C). The dpckot is availabla for

 inspection between the hours of 9:00 a.m. and 4:00 p.m., Monday

through Friday, excluging Federal holidayb. To review docket
materials, you may make an appointment by%calling 1-202/382~
3046. The public may copy a maximum of 50 pages from any
‘regulatory docket at no cost. Additiona13eopies cost $.20 per
page.

A
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APPENDIX

HAZARD RANKING OF POTENfIALgCARCINOGENS
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WAZARD RANKING OF POTEMTIAL cancn‘ . . ]

Height-

Z691Z1 VWO

Degree of Evidence of-Evidence Potency Potency Hazard .
Substance CASRN Humans Animals Group Factor Group Ranking

1 Acetamide, N-fluoren-2-yl 00053963 No Data Sufficient B2 148 1 - HIGH

2 Acrylonitrile 00107131 Limited Sufficient Bt Z.ZBf 2 _MED

3 Aldrin 00309002 Inadequate Sufficient 82 239 1 HIGH

4 Amitrole 00061825 Inadequate Sufficient B2 3.30 2 MED
.5 Arsenic 07440382 Sufficient Inadequate A 142 1 HIGN

& Arsenic acid 01327522 d No Data d d 1 HIGH

07778394 ’

7 Arsenic disulfide 01303328 d No Data d d % HIGH

3 Arsenic pentoxide 01303282 d Mo Data d d 1 HIGH

9 Arsenic trichloride 07784341 d No Data d d 1 HIGH
¢ Arsenic trioxide 01327533  sufficient !nadequate ad d 1 . RIGH
11 Arsenic trisutifide 01303339 d No Data d d 1 HIGH
12 Cacodylic acid 00075605 WMo Data Inadeguate p2? Mone None Mone
13 Catcium arsenate 07778441 d No Data d d L HIGH
174 Calcium argenite 52740166 d No Dats d - d 1 HIGH
15 Cupric acetoarsenite « 12002038 d Inadequate d d 1 HIGH
16 Dichlorophenylarsine 006956286 No Dats No Data qu None None Nonel
17 Diethylarsine 00692422  No Date Noc Data 02? None None none?
1] Lead arsenate 07784409 d Inadequate d d 1 HIGH
19 Potassium arsenate 07784410 d No Data d d 1 HIGK
20 Potassium arsenite 10124502 sufficient Inadequate ad 1 1 HIGH
21 Sodium arsenate . . 07631892~ - -~ -d - WNo Data~ - d - I DR 11 T
22 Sodium arsenite 07784465 d Mo Data d d 1 H1GH
23 Asbestos 01332214  sSufficient Sufficient A p p HWIGK
24  Auramine 00492808 Inadequate Sufficient ¥4 0.48 3 Low
25 Azaserine 00115026 No Date Sufficient 82 189 1 HIGH
26 Ariridine 00151564 No Data Sufficient B2 336 1 HIGH
27 Benz{c)acridine 00225514  Wo Data timited c s 2 LOW
28 Sena(a)anthracene 000548553  No Data sufficient 82 21.1 2 MED
29 Benzene 00071432  Sufficient Sufficient A 0.27" 3 MED
30 Benzidine and its salts 00092875 Sufficient Sufficient A 222(}f 1 HIGN
31 Benzol(b}fluoranthene 00205992  No Data Sufficient B2 248 1 HIGH
32 Benzo(k)fluoranthene 00207089 No Data tnadequate D Mone None none?
33 Benio(alpyrene 00050328 Inadequate Sufficient B2 248 1 HIGH
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RAZARD RANKING OF POTENTIAL CIRC!NOGE.ontinueﬁ)

Weight- )
Degree of Evidence of-Evidence Potentcy Potency Hazard
Substance CASRN Humans Animats Group Factor Group Ranking
34 Benzotrichloride 00098077 Limited Sufficient [ 1] 58.0 2 MED
35 Benzyl chloride 00100447 Inadequate Sufficient B2 0.66 3 LOw
36 Berylliom 07440417  Inadequate Sufficient g2" 79.70Y 2 MED
37 Beryllium chioride 07787475  No Dats No Data u ab 1 HIGH
b1.] Berylliuvm fluoride 07787497  Ho Data Sufficient u ab 1 HI1GH
b1 Beryllium nitrate 13597994  No Dsta No Data ab 1 HIGH
40 aipha - BHC 00319846  No Data Sufficient B2 51.48 2 MED
41 beta - BHC 00319857 No Dats Limited [ 10.67 2 Low
42 gamma - BHC (Lindane) 00053899 Insdequate Sufficient/ s2/c™ 7.39 2 MED
Limited
43 - Bis{2-chloroethyi} ether 00111444 No Data sufficient [ ¥4 13.29 2 MED
44 Bis{chloromethyl) ether 00542881 Sufficient Sufficient A 10377 1 NEIGH
45 Bis(2-ethylhexyi) phthalate 00117817 No Data Sufficient 82 D.194 3 Low
46 Cadmivm 07740439 Limited Sufficient B1 57.9% 2 MED
&7 Cadmium acetate 00543908 k No Datsa k k 2 MED
(1] Cadmium bromide 07789426 k No Data k k 2 NED
49 Cadmium chloride 10108642 k Sufficient k k 2 NED
50 Carbon tetrachloride 00056235  Inadequate Sufficient 82 59.9 2 NED
51 Chlorambucit 00305033  Limited Sufficient al a 2 MED
52 Chtordane G0057749 Inadequate Sufficient 82 15.13 2 MED
53 chlornaphazine 00494031  Enadequate Limited c s 2 Low
. 5& Chloroform 00067663 inadequate Sufficient B2 1.97 2 MED
--55 - Chioromethyt methyl ether (technical grade) 00107302  Sufficient Inadequate A n N HIGH
56 &-Chloro-o-toluidine, hydrochloride ’ 03165933  No Data Sufficient B2 0.40 3 Low
57 Chromium? 07440473 Mo Data No Data o None Wone wone?
58 Ammonium bichromate 07789095 h No Dats ab h 1 HIGH
59 Ammonium chromate . 07788989 h No Dats ab h 1 HIGH
60 Cslcium chromate 13765190 h Inadequate ah ) 1 niGH
61  Chromic acid T 11115745 h Inadequate ab b 1 NiGH
62 Lithium chromate 14307358 h No Data ah h 1 NIGH
63  Potsssium bichromate 07778509 h Inadequate ah h 1 NIGH
64  Potsssium chromste 07789006 “h tnadequate ah h 1 HIGH
65  Sodium bichromate 10588019 h inadequate st h 1 HIGH
66 Sodium chromate 07775113 h {nadequate ah h 1 HIGH
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HAZARD RANKING OF POTENTIAL l’:MtClllBGEH.-»tinued)

T

Weight- .
Degree of Evidence of -Evidence Potency Potency Hazard
Substance CASRN Humans Animals Group Factor Group Ranking
&7 Strontium chromate 07789062 h Sufficient a"' 1 HIGH
68 Chrysene 00218019  No Data Limited [4 a 2 LoW
69 Coke Oven Emissions N.A. Sufficient Sufficient A 1.531 2 HI1GH
70 Creosote 08001589 Limited sufficient arx sb 1 KIGH
71 Cyclophosphamide 00050180 Limited Sufficlent gl 17.5 2 NED
72 Daunomycin 20830813 No Data Sufticient B2 a 2 MED
73 pob 00072548  Inadequate Sufficient B2 1.30- 2 HED
74 DDE 00072559 inadequate Sufficient 82 3.82 2 MED
75 oDt 00050293 Inadequate Sufficient B2 5.58 2 MED
76 Diallate 02303164 No Data Limited c 4.28 2 Low
77 Dieminotoluene (mixed) 00095807 No Dats Sufficient 82 23.2 2 MED
78 Dpibenz{a,hlanthracene 00053703 No Data Sufficient 82 ab t HiGH
79 1,2:7,8-Dibenzopyrene 00189559 Mo Data Sufficient B2 s 2 MED
80 1,2-Dibromo-3-chloropropane 00096128 No Data Sufficient 82 1240 L) HIGH
81 3,3'-pDichlorobenzidine 00091941 No Data Sufficient 82 7.49 2 MED
82 1,2-Dichloroethane 00107062 Mo Data Sufficient B2 0.13 3 Ltow
83 1,1-Dichloroethylene {(¥inylidene chloride) 00075354 No Data Limited C 5.19 2 Low
84 Dteldrin 00060571 Ifnadequate Sufficient B2 236 1 HIGH
85 1,2:3,4-Diepoxybutane 01464535  No Data Sufficient B2 28.0 2 MED
86 1,2-Diethylhydrazine 01615801 MNo Data Sufficient B2 a 2 MED
87 Diethyltstilbestrol 0005653t -Sufficient Suftficient A L7440 1 RIGH
88 Oihydrosafrole 00094586 No Data Sufticient 82 1.08 o2 MED
- 89 3,3*-Dimethoxybentidine T 00119904 Wo Data  Sufficient a2 3.07 2 NED
90 Dimethyl sulfate 00077781  1nadequate Sufficient B2 ' 2 MED
91 Dimethylsminoazobenzene 00060117  No Data Sufficient B2 a 2 MED
92 7,12-Dimethyibenz{a)anthracene 00057974 Mo Data Sufficient 82 540 ¥ HIGH
93 3,3'-pimethylbenzidine 00119937 Mo Data Sufficient | F4 27.4 2 MNED
94 Dimethylcarbamoyl chloride 00079447 inadequate Sufficient B2 505 1 HIGH
95 1,1-Dimethylhydratine 00057147 No Data Sufficient 82 8z2.5 2 MED
% 1,2-Dimethythydrazine 00540738 No Data Sufficient [ F4 4210 . 1 HIGH
97 ODinitrotoluene (mixed) 25321146  No Data sufficient B2%3 3.8223 2 MED
98 2,4-Dinitrotoluene 00121142 Mo Data Sufficient B2 3.82 2 MED
99 2,6-Dinitrototuene 00606202 No Data Limited C a 2 Lo
1U0 1,4-Dionane 00123911 Inadequate Sufficient 82 0.034 3 Low
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HAZARD RANKING OF POTENTUAL ClRCINUGEI‘nHI'\ued)

Weight-
. Degree of Evidence of-Evidence Potency Potency Hazard
Substance CASRN Humans Animals Group Factor Group Ranking
101 1,2-0iphenylhydrazine 00122667 No Data Sufficient 81 4.3 2 MED
102 Epichlorohydrin 00106898 Inadequate Sufficient B2 0.37 3 Lo
103 ‘Ethyi carbsmate (urethane) 00051796 Mo Data Sufficient B2 0.64 3 Low
106 Ethyl 4,4'-dichtorobenzilate 00510156 Inadequate Sufficient B2 -1.79 2 MED
105 Ethylene dibromide 00106934 Inadequate Sufficient B2 390 1 HIGN
106 Ethylene oxide 00075218 Limited/ Sufficient B1/82" 1.34 2 MED
Inadequate .
107 Ethylenethioures 00096457 No Data Sufficient 82 t.30 2 MED
108 Ethyl methanesulfonate 000562500 No Data Sufficient 82 295 1 H1GH
109 Formaldehyde - 00050000 Limited Sufficient a1 2.96 2 MED
110 Glycidylaldehyde 00745344 No Date Sufficient B2 2.90 2 NED
111 Heptachlor 00078448 Inadequate Sufficient B2 117 1 HI1GH
112 Heptachtor epoxide 01024573  No Dats Sufficient B2 - 296 1 HiGH -
113 " Hexachlorobenzene 00118741  No Data Sufficient B2 3.0 2 MED
114 Hexachlorobutsdiene 00087683 No Data Limited [ 0.5¢9 3 »
<115 Hexaschioroethane 00067721 Mo Datas Limited c 0.077 3 »
116 Hydrszine 00302012  Inadequate Sufficient B2 107 ' HIGH
117 Indeno(1,2,3-cdipyrene 00193395  No Datas timited c s 2 LOW
118 Isosafrole 00120581 No Data Sufficient 82 0.54 3 Low
119 Kepone 00143500 Mo Data Sufficient 82 48.0 2 MED
120 Lasiocarpine . 00303344  No Data Sufficient B2 48.9 2 MED
121 Lead 07439921 ) .l
- 122 - tead acetste - 00301042 ”»
123 Lead phosphate 07446277 L1
124 Lead stesrate 07428480 »
125 Lead subacetate 01335326 "
126 tesd sulfide 01314870 ”
127 mMelphalan’ 00148823  Limited sufficient B122 810 1 - RIGH
t28 Methyl chloride 00074873  No Date Limited c 0.050 3 Low
129 3-Hethylcholanthrene 00056495 Mo Date Sufficient 82 25.5 2 MED
130 4,47 -Methylenebis(2-chloroaniline) 00101144 Inadequate Sufficient B2 1.52 2 MED
131 Methyt iodide 00074884 No Data Limited [ a 2 LoM
132 MN-Methyl-W'-nitro-K-nitrosoquanidine 00070257 Mo Data Sufficient B2 54.7 2 MED
133 Methylthiourscit 00056042  [nadequate Sufficient B2 s 2 MED
A-4Lb
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)
HAZARD RANKING OF POTENTIAL CARCINOGENS tinued) ’ .
Weight-
Degree of Evidence of-Evidence Potency Potency Hazard .
Substance CASRN Humans Animals Group Factor Group Ranking

134 -mitomycin C 00050077 Mo Data Sufficient 82 a 2 MED

135 1-Maphthylamine 00134327 fnadequate Limited C None 2 Low

136 2-Nsphthylamine 00091598 Sufficient Sufficient A &.77 2 HI1GH

137 Nickel 07440020 Inadequate Limited c z? 27 Low

138 Nickel ammonium sulfate 15699180 MNo Data Mo Dats 7 7 27 Low

139 Nickel carbonyl 134463393 Inadequate Sufficient [ F4 17 17 MED

140 Nickel chloride : 07718549  Inadequate Limited 27 r? 7 Low

141 Mickel cyanide 00557197 Mo Datas No Data FY4 7 7 LOW

142 Kickel hydroxide 12054487 Mo Data Limited 27 27 7 Low

143 Kickel nitrate 14216752 Mo Dats No Data 27 27 7 LOM

144 Nickel sulfate 07786814 Inadequate Limited 27 7 7 LOM

145 2-Mitropropane 00079469 Inadequate Sufficient B2 a 2 NED

146 MN-Nitrosodi-n-butylamine 00924183 Mo Dats Sulficient 82 £3.70 2 MED

147 MN-Nitrosodiethanclsmine 01116547 No Dats Sufficient B2 ab 1 HIGH

148 M-Mitrosodiethylamine 00055185 No Dats Sufficient B2 969 1 HIGH

149 N-Nitrosodimethylamine . 00062759  No Data Sufficient B2 61.2 2 MED

150 WN-ditrosodi-n-propylamine 00621647 Mo Data Sufficient B2 & 2 MED

151 N-Nitroso-K-ethylurea 00759739 Ho Dats ~ Sufficient Be 137 1 KIGH
152 N-Nitroso-N-methylures 00684935 No Data Sufficient B2 2100 1 HIGH

153 N-Nitroso-N-methylurethane 00615532 No Dsata Sufficient p2 ab 1 " HIGH

154 N-Mitrosomethylvinylsmine i 04549400 No Data - Sufficient i 3421” a2 __MED_ . . . . - -
155 N-Nitrosopiperidine 7 7 00100754 MWo Data  Sufficient 82 37.5 2 NED

156 W-Nitrosopyrrolidine 00930552  Inadequate Sufficient B2 279 1 KIGH

157 5:Nitro-o-toluidine 00099558 No Data Limited c 0.17 3 Low

¥58 Pentachioroethane 00078017  No Data Limited [ 1.26 2 LOW

159 Pentachioronitrobenzene 00082688 Mo Data Limited c 1.42210 2 LOW

160 Pentachiorophenol 00087865 Inadequate Wo Data D None None Hone®

161. Phenacetin ' 00062442 Inadequate Sufficient B2 ’ 0.028 3 Low

162 Polychlorinated biphenyls (PCBs) 01334363 Inadequate Sufficient 82 50.47t 2 MED

183 Aroclor 1016 12674112  Inadequate Mo Data t t 2 MED

164 Aroclor 1221 11104282 Inadequate No Data t t 2 MED

185 aroclor 1232 11141165 Inadequate MNo Data t t 2 MED

166 Aroclor 1242 53469219 Inadequate No Data t t 2 MED
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HAZARD RAMKING OF POTENTIAL Ci!CIIIOGED.qntinuedl

e |

. Weight-
Degree of Evidence  of-Evidence Potency - Potency Hazard
Substance CASRN Humans Animals Group Factor Group Ranking
167 Aroclor 1248 12672296 Inadequate MNo Data t t 4 MED
168 Aroclor 1254 11097691 Inadequate Sufficient 82 t 2 MNED
169 Aroclor 1260 11096825 Inadequate Sufficient B2 50.5 2 . MED
170 1,3-Propane sultone M120714 Mo Data Sufficient a2 10.0 2 MED
171 1,2-Propyienimine go075558  No Deta Sufficient [ ¥ 259 1 HIGH
172 Saccharin 00081072 tnadequate Limited [ 0.007 3 LOW
173 Safrole 00094597  No Dete Sufficient B2 0.18 3 LOoW
174 Selenium sulfide 07488564 Inadequate Sufficient 82 0.93 3 Low
175 Streptozotocin 188834664  No Dats Sufficient 82 109 1 MIGH
176 2,3,7.8-Tetrachlorodibenzo-p-dioxin (TCDD) 01746016 tnadequate Sufficient B2 859,000 1 RIGH
177 1,1,1,2-Tetrachloroethsne 00630206 Inadequate Limited [ 0.85 3 Lov
178 1,1,2,2-Tetrachtoroethane 00079345 Inadequate Limited c 1.66 2 LoM
179 Tetrachloroethylene 00127184 Inadequate Sufficient p2/c™ 0.29 3 LOou
180 Thicacetamide 000482555 WMo Dsta sufficient B2 24.0 2 MED
181 Thiourea 00062566 No Data sufficient 82 1.0% 2 MED
182 o-Toluidine 00095534 Inadequate Sufficient 82 0.069 3 LOW
183 p-Toluidine 00106490 Mo Data Limited C 0.96 3 Low
184 o-Toluidine hydrochloride 00636215 Inedequate Sufficient B2 0.059 3 LoM
185 Tonaphene 08001352 No Dats Sufficient B2 9.79 2 MED
186 1,1,2-Trichloroethane 00079005 Mo Data timited c 0.36 3 Low
187 Trichtoroethylene 00079016 Inadequate Sufficient 82 0.10 3 Low
188 Trichlorophenol (mixed) 25167822 Mo Data_  _Sufficient  @2%% o0.08%% 3 ou -
189 2. ‘,',s,_, Trichlarophenol 00095954 Inadequate 1nadequate D None None Hone®
190 2,4,6-Trichlorophenol 00088062 Mo Data Sufficient B2 0.08 3 LOW
191 Tris(2,3-dibromopropyl) phosphate 00126727 No Data Sufficient B2 9.76 2 MED
192 Trypan blue 00072571 WMo Data Sufficient B2 a 2 MED
193 Uracit mustard 00065751 No Data sufficient ¥ [ 1 2 MED
194 "¥inyl chloride 00075014  Sufficient Sufficient A 18.t F4 HIGH
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FOOTNOTES

GENERAL FOOTNOTES

J

a Data available are inadequate for calculating a potency
factor and no quantitative inferences can be made. Hence,
the substance is assigned to Potcncy Group 2, the
mid-range potency group.

ab The biocassay used to calculate tho potency factor squests
that the substance may be highly carcinogenic (i.e., all
treated animals developed tumors, and therefore there is
no basis for calculating a specific ED;p dose). Hence,
the substance is assigned to Potency Group 1.

abe The biocassay used to calculate the;potency factor suggests
that the substance is a possible weak carcinogen, but due
to uncertainties associated with the pharmacokinetics of
the substance, there is no basis for calculating a
specific EDjp dose. Hence, the substance is assigned the
lowest potency group, Potency Group 3.

b No RQ can be assigned based on potential carcinogenicity.
Other primary criteria must be usad for assigning RQs.

£ Potency factor estimate is darived from human epidemiology
data, !

m When the weight of evidence is expressed as a range, for

example, B2/C, the hazard ranking is based on the higher
weight-of-evidence group.

s This particular compound is not clqssitied due to the
inadequate nature or nonexistence of data. However, there
is a potential of its being converted into a carcinogenic
form when released into the environment. For reportable
quantity ranking purposes it should be considered as
having a weight of evidence similar to that of the known
carcinogenic form.

# The basis for the Agency's determination that lead and
lead compounds are potential carcinogens is undergoing
review by EPA's Science Advisory Board. No hazard ranking
will be assigned to these compounds at this time.
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CHEMICAL~-SPECIFIC POOTNOTES

d Arsenic--The weight of evidence for the carcinogenicity of
inorganic arsenic compounds is based on positive human
studies in which exposure was by either water or air. The
weight of evidence is group A. The exact species of
inorganic arsenic that is directly carcinogenic to humans
is not known, but it is assumed that since arsenic is
chemically convertible among the chemical species both in
vitro and in vivo, that all inorganic species of arsenic
are of equal concern. The potency factor is the same as
that given for "arsenic" (potency factor = 142.31).
Ars:nic trioxide and potassium argenite are classified as
 having ‘ : '
sufficient human evidence because human studies that
specifically identify those compounds have been conducted
and show sufficient evidence of céusal association.

g Chromium metal--The latest Health Assessment Document on
Chromium (EPA-600/8~83-014F, August 1984) states that
chromium metal is biologically inert and has not been
reported to produce toxic effects or other harmful effects
in man (p. 7-1).

h Chromium compounds (hexavalent)=--Crouping is based on
weight of evidence for chromate production workers and
animal data which indicate that the inhalation of
hexavalent chromium is carcinogenic. The potency estimate
is based on epidemiological data for the inhalation of
hexavalent chromium by chromate workers (potency factor =
388.99, weight-of-evidence group A).

i Benzo(b) fluoranthene--Calculated, using the potency factor
estimate for benzo(a)pyrene as a reference. :

) 4 Cadmium weight of evidence and potency are based on

: epidemiology data for cadmium workers exposed to cadmium
oxide and/or cadmium fume. Although human data for
cadmium salts are lacking, due to the responsiveness of
animals to soluble cadmium compounds, especially cadmium
chloride, the weight of evidence for cadmium acetate,
bromide and chloride are considered to be the same as
those cadmium compounds to which workers are exposed.

n Chloromethyl methyl ether [CMME]--Technical grade
chloromethyl methyl ether is contaminated with 1% - 8%
bis(chloromethyl)ether which is a known human carcinogen.
Hence the human evidence for this compound and the hazard
ranking is based on the evidence for
bis(chloromethyl)ether. - '
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Asbestos=--A potency factor estimate for asbestos is
inappropriate here because the carcinogenic potential of
ashestos is related to specific fiber shapes, sizes, and
atmospheric concentrations. Air concentrations are

‘usually measured either as a number of fibers or mass.

However, no direct relationship exists between air,
fiber/ml (75 microns) concentrations (by the phase
contrast light microscope method) and mass concentrations
in mg/m3 (determined by electron microscopy). The
relationship depends on the type of environmental sample,.
the type of asbestos in the air, and the size of the
fibers. As a delibrate policy choice, asbestos is
assigned a "HIGH" hazard ranking, as are most group "A"
substances.

PCBs--The Aroclors are mixtures of polychlorinated
biphenyls (PCBs). The manufacturing process for
commercial PCB products, such as the Aroclors, yields
products composed of a mixture of 20-60 different PCB
compounds. Individual lots of Aroclors of the same
average chlorine content may differ greatly in both their
components and amount of each component. Only Aroclors
1254 and 1260 have been tested for carcinogenic potential
and both produce a positive response. Therefore, for the
purpose of RQ hazard ranking, all Aroclors are considered
to have carcinogenic potential similar to Aroclor 1254,
and Arocolor 1260, ,

Beryllium--Every soluble beryllium compound that has been
tested, including beryllium sulfate, fluoride, oxide,
phosphate, as well as beryl ore, zinc beryllium silicate,
and beryllium metal have been shown to be carcinogenic.

It is therefore considered highly likely that all soluble
forms of beryllium are carcinogenic in animals. The
potency factor for all soluble forms of beryllium is based
on beryllium sulfate exposure in rats. It is believed
that these forms of beryllium would pose a similar hazard
to humans. The potency factor for beryllium metal is based
on human occupational exposure to much less soluble forms
of beryllium, mostly beryllium oxides.

Benzo(a) pyrene--This compound is generally found in the
environment as part of a complex mixture of polycyclic
aromatic hydrocarbons. Benzo(a)pyrene has been found to
be carcinogenic in animals and thus its presence in the
mixtures usually indicates the presence of a known animal
carcinogen. Many mixtures containing benzo(a)pyrene have
also been causally related to human cancer, e.g., soots,
tars, coke oven emissions, cigarette smoke. Therefore,
benzo(a)pyrene should be treated as a human carcinogen.

L
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Creoscte--There are no adequate studies of workers exposed
to creosote wood preservatives. It has been demonstrated
that chimney sweeps exposed to the creocsote from the
burning of wood or coal have an elevated risk of cancer.
In addition, crecsote, including crecsote wood
preservative, contains many of the compounds in other
polycyclic aromatic hydrocarbon mixtures such as roofing -
tar pitch and coke oven emissions that have been found to
be carcinogenic.

Lead phosphate-~-The animal evidence is based in part on
consistent findings for other inorganic lead salts.

N-Nitrosomethylvinylamine--No control data for animal
studies exist. However, based on more than one study and
structure-activity relationship with other nitrosamines,
the weight of evidence is considered to be sufficient.

Melphalan-=The "limited" designation given to the human
evidence for carcinogenicity is based only upon three
independent series of cases of multiple myelomas that were
treated with melphalan. The case studies represent meager
evidence of the carcinogenicity of melphalan and hence the
evidence is less than "limited" but greater than
"inadequate.”

Dinitrotoluene--In the absence of analytical data, it
should be considered that the mixture contains
2,4=~dinitrotoluene which is a potential human carcinogen.
Therefore, for hazard ranking purposes, the mixture should
be considered as hazardous as 2,4-dinitrotoluene.

Trichlorophenol--In the absence of analytical data, it
should be considered that the mixture contains
2,4,6=trichlorophencl which is a potential human
carcinogen. Therefore, for hazard ranking purposes, the
mixture should be considered as hazardous as
2,4,6~-trichlorophenol. 3 :

Nickel--The latest Health Assessment Document on Nickel
states that the nickel ion (Ni+2) could be the ultimate
carcinogenic form of nickel. Although this is unproven,
it is considered prudent to make this assumption for
covalent nickel (forms that generate Ni+2) and nickel
salts. Proven carcinogenic forms of nickel are nickel
refinery dust and nickel subsulfide (both in man) and
nickel carbonyl (demonstrated in test animals). The
former two substances are in weight-of-evidence group A,
while the latter substance is in weight-of-evidence group
B2. The salts of nickel show some carcinogenic activity.
The testing of these nickel salts is inc nclusive for
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NOTE:

assessment of cancer at this time due to limitations of
. the data base on these nickel salts, but since there is
some cancer activity it is recommended by the HHAG that
the hazard ranking under CERCLA be reported as "LOW." This
"ILOW" hazard ranking reflects the current data base on the

nickel salts.

Organic arsenic compounds are considered to be chemically
different from the inorganic arsenic compounds such that
they are assessed for carcinogenicity separately from th
inorganic arsenic compounds. There are no data :
(weight-of-evidence group D) implicating organic arsenic
compounds so that the carcinogenicity is indeterminate at
this time. :

Pentachloronitrobenzene - The potency estimate is for
technical grade pentachloronitrobenzene, which contains
the probable human carcinogen hexachlorobenzena.

The gaps in the letters assigned to the footnotes in this
table exist so that consistency with the numbers assigned
to the footnotes in the summary table in OHEA-C-073
(Appendix A in "Technical Background Document to Support
Rulemaking Pursuant to CERCLA Section 102, (Proposed
Rulemaking),"” Volume 3, March 1985), is maintained.
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