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female mouse (on benign and malignant liver tumors) is slightly higher than for the sensitive
rat strain, and is recommended for estimation of cancer risk in humans.

National Toxicology Program (NTP, 1986). ZToxicology and Carcinogenesis Studies of
C.1. Basic Red 9 Monohydrochloride in F344/N Rats and B6C3F; Mice (Feed Studies).
NTP Technical Report Series No. 196. NIH Publication No. 86-2541. US
Department of Health and Human Services, NTP, Research Triangle Park, NC.

Cinnamyl anthranilate

Cancer Potency: 0.0046 (mg/kg-day)!
105 Risk Specific Intake: 200 ug/day

Results of the NCI (1980) feeding study in male and female B6C3F, mice and Fischer 344 rats
are listed. Adenomas and adenocarcinomas were induced in male Fischer rats, and benign and
malignant liver tumors were observed in mice of both sexes. Mice were more sensitive than
the rat. Potencies derived from liver tumor data in male and female mice were similar, with
the upper confidence bound on the female slightly higher than for the male. Cancer potency
derived from the female mice data is selected here.

National Cancer Institute (NCI, 1979). Bioassay of Cinnamyl Anthranilate for Possible
Carcinogenicity. Carcinogenesis Technical Report Series No. 196. NTIS No. PB
295835. US Department of Health, Education and Welfare, NCI Carcinogenesis
Testing Program, Bethesda, MD.

para-Cresidine

Cancer Potency: 0.15 (mg/kg-day)-!
105 Risk Specific Intake: 5 pg/day

Results of the NCI (1979) feeding study in male and female B6C3F,; mice and Fischer 344 rats
are listed. Urinary bladder tumors as well as tumors at other sites were observed in mice and
rats of both sexes. The most sensitive site appears to be the urinary bladder. Both sexes of
both species show similar sensitivities at this site. The potency derived from dose response
data on female mice (benign and malignant urinary bladder tumors) is slightly greater than for
the other groups and is taken as the best estimate here. Because survival was poor for the
slt;gly) in female mice, the potency was derived using a time-to-tumor analysis (Crump et al.,

Crump KS, Howe RB, Van Landingham C, and Fuller WG (1991). TOX_RISK
Version 3. TOXicology RISK Assessment Program. KS Crump Division, Clement
International Corporation, 1201 Gaines Street, Ruston, Louisiana 71270.

National Cancer Institute (NCI, 1979). Bioassay of p-Cresidine for Possible
Carcinogenicity. Carcinogenesis Technical Report Series No. 142. NTIS No. PB
295835. US Department of Health, Education and Welfare (DHEW), NCI
Carcinogenesis Testing Program, Bethesda, MD.

Cupferron

Cancer Potency: 0.22 (mg/kg-day)-1
10-5 Risk Specific Intake: 3 ug/day
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Resuits of the NCI (1978) feeding study in male and female B6C3F, mice and Fischer 344 rats
are listed. Benign and malignant vascular tumors as well as tumors at other sites were
observed in mice and rats of both sexes. Cancer potency is based on the data for vascular
tumors in the male rat because the rat is the more sensitive of the species tested, and the male
appears to be slightly more sensitive than the female.

National Cancer Institute (NCI, 1978). Bioassay of Cupferron for Possible .
Carcinogeniciry. Carcinogenesis Technical Report Series No. 100. NTIS Publication
No. PB 287409. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

Cyclophosphamide (anhydrous)

Cancer Potency: 0.61 (mg/kg-day)-!
10-5 Risk Specific Intake: 1 pg/day

The potency for the anhydrous form of cyclophosphamide was derived from the potency for
the hydrate using a molecular weight conversion (see glossary to Appendix 1 for explanation).

Cyclophosphamide (hydrated)

Cancer Potency: 0.57 (mg/kg-day)-1
105 Risk Specific Intake: 1 ug/day

Dose response data for the multiple dose study of Schmahl and Habs (1979) in Sprague-
Dawley rats of both sexes provides the best dose response data and is fairly consistent with the
data for the other listed studies in mice and rats. Cancer potency is based on transitional cell
carcinomas of the urinary bladder in rats.

Schmahl D and Habs M (1979). Carcinogenic action of low-dose cyclophosphamide

given orally to Sprague-Dawley rats in a lifetime experiment. Int. J. Cancer 23: 706-
712.

D& CRed9

Cancer Potency: 0.0053 (mg/kg-day)-!
10-5 Risk Specific Intake: 100 ug/day

NTP (1982) performed a feed study in male F344 rats and found significant increases in
tumors of the spleen (sarcomas, fibrosarcomas, leiomyosarcomas, osteosarcomas). Because
this is the only study listed in Gold et al. which showed significant increases in tumors, it is
selected as the basis of the cancer potency.

National Toxicology Program (NTP, 1982). Toxicology and Carcinogenesis Studies of
D & C Red 9 in F344/N Rats and B6C3F,; Mice (Feed Study). NTP Technical Report
Series No. 225. NIH Publication No. 82-1781. US Department of Health and Human
Services, NTP, Research Triangle Park, NC.

Dacarbazine

Cancer Potency: 49 (mg/kg-day)-!
10-5 Risk Specific Intake:  0.01 pg/day
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Gold et al. list studies in male and female Swiss mice (intraperitoneal injection) and Sprague-
Dawley female rats (feed). Neither study used the route of exposure most relevant to humans
(i.v. injection). The study in the female Swiss mice (Weisburger, 1977; Skipper, 1976) which
showed increases in lung tumors was chosen because the potency estimate produced was the
highest.

Skipper HE (1976). Booklet 1, Phase I Studies on the Carcinogenic Activity of
Anticancer Drugs in Mice and Rats. Final Report. Southern Research Institute,
Birmingham, AL.

Weisburger EK (1977). Bioassay program for carcinogenic hazards of cancer
chemotherapeutic agents. Cancer 40: 1935-1949.

Daminozide

Cancer Potency: 0.018 (mg/kg-day)-!
105 Risk Specific Intake: 40 ug/day

In the study by NCI (1978) in male and female B6C3F, mice and F344 rats, NCI reported that
adenocarcinomas of the endometrium and leiomyosarcomas of the uterus in female F344 rats
were induced by daminozide, and that daminozide may have induced hepatocellular
carcinomas in male mice. Because the results of the NCI mice study are equivocal, they do
not serve as the basis of the potency calculation. An additional study by Toth et al. (1977)
showed a clear increase in tumors of the vasculature in both male and female Swiss albino
mice. This study serves as the basis of the potency calculation given here because it is
consistent quantitatively with the finding in the NCI study in female rats, and because there is
a strong increase in tumor incidence with daminozide exposure. The potency estimate for
male mice is slightly greater than for the female mice and so is selected here. However, the
confidence bounds on the two estimates overlap, so this difference in potencies between the
two sexes may be an artifact of the sensitivity of the study.

National Cancer Institute (NCI, 1978). Bioassay of Daminozide for Possible
Carcinogenicity. Carcinogenesis Technical Report Series No. 83. NTIS Publication
No. PB 285073. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

Toth B, Wallcave L, Patil K, Schmeltz I and Hoffman D (1977). Induction of tumors
ng (r)raic:e with the herbicide succinic acid 2,2-dimethylhydrazide. Cancer Res. 37: 3497-

Dantron

Cancer Potency: 0.076 (mg/kg-day)-!
10-5 Risk Specific Intake: 9 ug/day g

Gold et al. list the results of two feeding studies by Mori et al. (1985, 1986) in male ACI rats

and male C3H/HeN mice. Dantron produced significant increases of hepatocellular

carcinomas in male mice and adenomas/adenocarcinomas of the large intestine in male rats.

The cancer potency derived from the study in mice is slightly larger than that derived from the .

gtuc_iy in rats. On this basis, the mouse is identified as the more sensitive species for potency
erivation.

Mori H, Sugie S, Niwa K, Takahashi M, and Kawai K (1985). Induction of intestinal
tumours in rats by chrysazin. Br. J. Cancer. 52: 781-783.
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Mori H, Sugie, S, Niwa K, Yoshimi N, Tanaka T, and Hirono (1986).
Carcinogenicity of chrysazin in large intestine and liver of mice. Jpn. J. Cancer Res.
77: 871-876.

2,4-Diaminoanisole

Cancer Potency: 0.023 (mg/kg-day)!
10-5 Risk Specific Intake: 30 ug/day

Cancer potency was derived from that for the sulfate using a molecular weight conversion (see
below and glossary to Appendix 1 for explanation).

2,4-Diaminoanisole sulfate

Cancer Potency: 0.013 (mg/kg-day)!
10-5 Risk Specific Intake: 50 ug/day

Gold et al. list the results of the NCI (1978) feeding studies in male and female F344 rats and
B6C3F, mice, and the feeding study by Evarts and Brown (1980) in female F344 rats. Cancer
potency is based on dose response data for benign and malignant thyroid tumors in male rats,
the most sensitive sex and species.

National Cancer Institute (NCI, 1978). Bioassay of Dapsone for Possible
Carcinogeniciry. Carcinogenesis Technical Report Series No. 20. NTIS Publication
No. PB 279940. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

Evarts RP and Brown CA (1980). 2,4-Diaminozide sulfate: early effect on thyroid
gland morphology and late effect on glandular tissue of Fischer 344 rats. J. Nat.
Cancer Inst. 65: 197-204.

4,4'Diaminodiphenyl ether (4,4'-oxydianiline)

Cancer Potency: 0.14 (mg/kg-day)-!
105 Risk Specific Intake: S ug/day

Gold et al. list the results of the NCI (1980) feeding studies in male and female B6C3F, mice
and F344 rats. Liver tumors were observed in both sexes and both species; thyroid tumors
were also observed in some of these studies. Cancer potency is based on dose response data
for benign and malignant liver tumors in male rats, the most sensitive sex and species.

National Cancer Institute (NCI, 1980). Bioassay of 4,4'-Oxydianiline for Possible
Carcinogenicity. Carcinogenesis Technical Report Series No. 205. NIH Publication
No. 80-1761. US Department of Health and Human Services, NCI Carcinogenesis
Testing Program, and National Toxicology Program.

2,4-Diaminotoluene

Cancer Potency: 3.8 (mg/kg-day)-!
10-5 Risk Specific Intake: 0.2 ug/day

Gold et al. list the results of the NCI (1978) feeding studies in male and female B6C3F, mice
and F344 rats. Significant increases in tumors were seen in rats of both sexes and in female
mice. The study results indicate that rats are more sensitive than mice. The female rat
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appears to be slightly more sensitive than the male, although the study is not sensitive enough
to definitively distinguish between the two. Cancer potency is based on mammary gland
tumors in the female rat. Because survival was poor for the study in female rats, the potency
was derived using a time-to-tumor analysis (Crump et al., 1991).

Crump KS, Howe RB, Van Landingham C, and Fuller WG (1991). TOX RISK
Version 3. TOXicology RISK Assessment Program. KS Crump Division, Clement
International Corporation, 1201 Gaines Street, Ruston, Louisiana 71270.

National Cancer Institute (NCI, 1978). Bioassay of 2,4-Diaminotoluene for Possible
Carcinogeniciry. Carcinogenesis Technical Report Series No. 162. NTIS Publication
No. PB 293593. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD. :

Dibenz[a,h]anthracene

Cancer Potency: 4.1 (mg/kg-day)-!
105 Risk Specific Intake: 0.2 ug/day

Cancer potency is derived from the only dose response data set available -- a drinking water
study which reported alveolar carcinomas of the lung in male DBA/2 mice (Snell et al. 1962).

Snell KC and Stewart HL. (1962). Pulmonary adenomatosis induced in DBA/2 mice by
oral administration of dibenz{a,h]anthracene. J. Nar. Cancer Inst. 28: 1043-1051.

1,1-Dichloroethane

Cancer Potency: 0.0057 (mg/kg-day)-1
105 Risk Specific Intake: 100 ug/day

Gold et al. list the results of the NCI (1977) gavage studies in male and female B6C3F, mice
and Osborne Mendel rats. Cancer potency is based on mammary gland adenocarcinomas
observed in female rats, the most sensitive of the species/sex combinations tested. Because
survival was poor for the study in female rats, the potency was derived using a time-to-tumor
analysis (Crump et al., 1991).

Crump KS, Howe RB, Van Landingham C, and Fuller WG (1991). TOX_RISK
Version 3." TOXicology RISK Assessment Program. KS Crump Division, Clement
International Corporation, 1201 Gaines Street, Ruston, Louisiana 71270.

National Cancer Institute (NCI, 1977). Bioassay of 1,1-Dichloroethane for Possible
Carcinogenicity. Carcinogenesis Technical Report Series No. 66. NTIS Publication
No. PB 283345. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

Diethyistilbestrol (DES)

Cancer Potency: 350 (mg/kg-day)-!
10-5 Risk Specific Intake:  0.002 ug/day

DES is a known human carcinogen, causing clear cell adenocarcinoma of the vagina and
cervix in women exposed in utero, testicular cancer in males exposed in utero, and breast
cancer in wornen exposed to DES during pregnancy. Cases of primary breast cancer and other
cancers have been reported in males treated with DES for prostatic cancer. The Gold et al.
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database does not include information on in utero risks. Gold et al. report on a number of
studies in mice and rats. The studies in rats are relative insensitive due to small numbers of
animals. Mouse studies varied in quality with the most sensitive performed by Okey et al.
(1964), Gass et al. (1964), Gass and Allaben (1977) in male C3H/AnCum and female C3H
mice. Cancer potency is estimated by taking the geometric mean of potencies derived from
these studies.

Okey AB and Gass GH (1968). Continuous versus cyclic estrogen administration:
mammary carcinoma in C3H mice. J. Nar Cancer Inst 40: 225-230.

Gass GH, Coats D and Graham N (1964). Carcinogenic dose-response curve to oral
diethylstilbestrol. J. Nar. Cancer Inst. 33: 971-977.

Gass GH and Allaben WT (1977). Preliminary report on the carcinogenic dose-
response curve to oral vitamin D2. IRCS Med. Sci.: Libr. Compend. 5: 477.

Diglycidyl resorcinol ether

Cancer Potency: 1.7 (mg/kg-day)-!
10 Risk Specific Intake: 0.4 ug/day

Gold et al. list the results of the gavage studies performed by NTP in male and female B6C3F,
mice and F344 rats. Rats appear to be the more sensitive species. NTP performed two studies
in each sex of rats (average dose of 8.49 mg/kg-day given in Gold et al.). The first used doses
of 25 and S0 mg/kg-day (average doses of 17.7 and 35.7 mg/kg-day given in Gold et al.), and
in the second 12 mg/kg-day was administered. Because survival was significantly
compromised in the studies at higher doses, we rely on the results from the low dose studies.
Based on the results from the low dose studies, male rats were slightly more sensitive than
females. Cancer potency is based on forestomach tumors observed in low dose male rat study.

National Toxicology Program (NTP, 1986). Toxicology and Carcinogenesis Studies of
Diglycidyl Resorcinol Ether in F344/N Rats and B6C3F,; Mice (Gavage Studies). NTP
Technical Report Series No. 257. NIH Publication No. 87-2513. US Department of
Health and Human Services, NTP, Research Triangie Park, NC.

Dihydrosafrole

Cancer Potency: 0.044 (mg/kg-day)-!
10-5 Risk Specific Intake: 20 ug/day

Gold et al. list studies for BBAKF, and B6C3F, mice and Osborne Mendel rats. Tumors were
observed at multiple sites in the mice and in the esophagus of rats. Based on dose response
analyses of these data, the rats appear to be more sensitive. Cancer potency is calculated from
dose response data for esophageal tumors in Osborne Mendel rats (Hagan et al., 1965).

Hagan EC, Jenner PM, Jones WI, Fitzhugh OG, Long EL, Brouwer JG and Webb WK
g/ 191685)2.4 Toxic properties of compounds related to safrole. Toxicol. Appl. Pharmacol.
4-Dimethylaminoazobenzene

Cancer Potency: 4.6 (mg/kg-day)-!
10-5 Risk Specific Intake: 0.2 ug/day
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The feed study by Kirby and Peacock (1947) on female Wistar albino rats is the only one listed
in Gold et al. Cancer potency is based on liver tumors in these animals. v

Kirby AHM and Peacock PR (1947). The induction of liver tumors by 4-
aminoazobenzene and its N:N-dimethyl derivative in rats on a restricted diet. J.
Pathol. 59: 1-18.

trans-2[(Dimethylamino)methylimino]-5-[2-(5S-nitro-2-furyl) vinyl]
-1,3,4-oxadiazole

Cancer Potency: 0.44 (mg/kg-day)-!
105 Risk Specific Intake: 2 ug/day

The only study listed in the Gold et al. database is the feeding study by Cohen et al. (1975) in
female Sprague-Dawley rats. Cancer potency is based on dose response data for the most
sensitive site, mammary gland adenocarcinomas.

Cohen SM, Erturk E, Von Esch AM, Crovetti AJ and Bryan GT (1975). |
Carcinogenicity of 5-nitrofurans and related compounds with amino-heterocyclic
substituents. J. Nat. Cancer Inst. 54: 841-850.

7,12-Dimethyibenzanthracene

Cancer Potency: 250 (mg/kg-day)-1
- 103 Risk Specific Intake:  0.003 pg/day

The only study listed in the Gold et al. database is the feeding study by Chouroulinkov et al.
(1967) in female albino mice. Significant increases in malignant angioendotheliomas of the
mesenteric intestine and forestomach papillomas were observed in animals treated with 0.39
mg/kg-day. Cancer potency is based on the angioendotheliomas of the mesenteric intestine.

Chouroulinkov I, Gentil A and Guerin M (1967). Etude de I'activite carcinogene du
9,10-dimethyl-benzanthracene et du 3,4-benzopyrene administres par voie digestive.
Bull. Cancer 54: 67-78.

Dimethyicarbamyl chloride

Cancer Potency: 13 (mg/kg-day)-1
10-5 Risk Specific Intake:  0.05 ug/day

Gold et al. list two studies -- an inhalation study in male Syrian Golden hamsters (Sellukumar
etal., 1980) and an intraperitoneal injection study in female Ha/ICR mice (Van Duuren et al.,
1974). Nasal squamous cell carcinomas were observed in approximately half of the treated
animals in the hamster study. Sarcomas of the abdomen were found in slightly more than a
quarter of the treated mice. The hamster study was performed on a greater number of animals
and the hamster appears to be the more sensitive species. Therefore, potency was based on the
nasal squamous cell carcinomas in the male hamster.

Sellakumar AR, Laskin S, Kuschner M, Rusch G, Katz GV, Snyder CA and Albert RE
(1980). Inhalation carcinogenesis by dimethylcarbamoyl chloride in Syrian golden
hamsters. J. Environ. Pathol. Toxicol. 4: 107-115.

Van Duuren BL, Goldschmidt BM, Katz C, Seidman I and Paul JS (1974).
Carcinogenic activity of alkylating agents. J. Nat. Cancer Inst. 53: 695-700.



1,2-Dimethylhydrazine

Cancer Potency: 550 (mg/kg-day)-1
10-5 Risk Specific Intake:  0.001 pg/day

Studies are available in Gold et al. for 1,2-dimethylhydrazine dihydrochloride. These are
drinking water studies on male and female Syrian Golden hamsters (Toth, 1967a) and albino
Swiss mice (Toth and Wilson, 1971). Highly significant incidences of angiosarcomas were
observed at a number of sites in both sexes and species. Nearly all animals treated with the
compound developed these tumors. Cancer potency is based on male mice, the species/strain
with the highest calculated potency value. An upper bound estimate could not be obtained for
the female, however, because all of the animals developed tumors. Thus, the sensitivity of the
female cannot be determined. Additionally, in the study on males, there were few animals
without tumors and corrections for survival were not possible given the available data. For
these reasons, the cancer potency presented here may be seen as an underestimate. The
potency for 1,2-dimethylhydrazine was derived from that for the dihydrochloride using a
molecular weight conversation (see glossary to Appendix 1 for explanation).

Toth B and Wilson RB (1971). Blood vessel tumorigenesis by 1,2-dimethylhydrazine
dihydrochloride (symmetrical). Am. J. Pathol. 64: 585-600.

Toth B (1967a). Studies on the incidence, morphology, transplantation and cell-free
filtration of malignant lymphomas in the Syrian golden hamster. Cancer Res. 27:
1430-1442.

Dimethylvinyl chloride

Cancer Potency: 0.045 (mg/kg-day)-!
10~ Risk Specific Intake: 20 pg/day

The results of the NTP (1986) gavage study in B6C3F, mice and F344 rats of both sexes are
given. The compound induced tumors at multiple target sites in all species/sexes tested (e.g.,
nasal cavity, forestomach, esophagus, thyroid). Based on quantitative analysis of these data,
all groups show similar sensitivities. The calculated potencies from the female mouse data are
somewhat higher than for the other groups. Cancer potency is based on dose response data for
benign and malignant forestomach tumors in female mice.

National Toxicology Program (NTP, 1986). Toxicology and Carcinogenesis Studies of
Dimethylvinyl Chloride (1-chloro-2-methyl-propene) in F344/N Rats and B6C3F,; Mice
(Gavage Studies). NTP Technical Report Series No. 316. NIH Publication No. 86-
%Isc'lz. US Department of Health and Human Services, NTP, Research Triangle Park,

Direct Black 38

Cancer Potency: 7.4 (mg/kg-day)-1
105 Risk Specific Intake:  0.09 ug/day

Gold et al. list the NCI (1978) results of the short term feeding study in male and female F344
rats. After only 13 weeks, benign and malignant liver tumors were observed in both sexes.
Cancer potency is derived from the study in males, the slightly more sensitive sex.
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National Cancer Institute (NCI, 1978). 13-Week Subchronic Toxicity Studies of Direct
Blue 6, Direct Black 38, and Direct Brown 95 Dyes. Carcinogenesis Technical Report
Series No. 108. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

Direct Blue 6

Cancer Potency: 7.4 (mg/kg-day)-!
10-5 Risk Specific Intake:  0.09 ug/day -

Gold et al. list the NCI (1978) results of the short term feeding study in male and female F344
rats. After only 13 weeks, benign and malignant liver tumors were observed in both sexes.
Cancer potency is derived from the study in males, the slightly more sensitive sex.

National Cancer Institute (NCI, 1978). 13-Week Subchronic Toxicity Studies of Direct
Blue 6, Direct Black 38, and Direct Brown 95 Dyes. Carcinogenesis Technical Report
Series No. 108. US Department of Health, Education and Welfare, NCI'
Carcinogenesis Testing Program, Bethesda, MD.

Direct Brown 95

Cancer Potency: 6.7 (mg/kg-day)!
10-5 Risk Specific Intake: 0.1 ug/day

The NCI (1978) short term feeding studies in male and female F344 rats are the only ones
listed by Gold et al. Cancer potency is derived from the dose response data for benign and
malignant liver tumors observed in female rats after 13 weeks of treatment.

National Cancer Institute (NCI, 1978). 13-Week Subchronic Toxicity Studies of Direct
Blue 6, Direct Black 38, and Direct Brown 95 Dyes. Carcinogenesis Technical Report
Series No. 108. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

Disperse Blue 1

Cancer Potency: 0.0045 (mg/kg-day)!
10-5 Risk Specific Intake: 200 ug/day

Results from the NTP (1986) feeding studies in male and female B6C3F, mice and F344 rats
are listed. Benign and malignant tumors of the urinary bladder were observed in rats of both
sexes, with the male being slightly more sensitive. Dose response data for these tumors in the
male are used as the basis of the potency assessment.

National Toxicology Program (NTP, 1986). Toxicology and Carcinogenesis Studies of
Disperse Blue 1 (a commercial dye corntaining approximately 50% 1,4,5,8-tetra amino
anthraquinone, 30% other compounds structurally related to 1,4,5,8-tetra amino
anthraquinone and 20% water in F344/N Rats and B6C3F, Mice (Feed Studies). NTP
Technical Report Series No. 299. NIH Publication No. 86—2555 . US Department of
Health and Human Services, NTP, Research Triangle Park, NC.

Estradiol 17B (Estradiol 17 beta)

Cancer Potency: 39 (mg/kg-day)!
10-3 Risk Specific Intake:  0.02 ug/day
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Listed are results of feeding studies in female C3H and C3H/HeJ mice. Significant increases
in mammary gland adenocarcinomas were observed by Highman et al. (1980) in C3h/HeJ
mice. This study serves as the basis of the potency caiculation.

Highman B, Greenman DL, Norvell MJ, Farmer J and Shellenberger TE (1980).
Neoplastic and preneoplastic lesions induced in female C3H mice by diets containing
diethylstilbestrol or 17beta-estradiol. J. Environ. Pathol. Toxicol. 4: 81-95.

Ethyi-4,4'-dichlorobenzilate (chlorobenzilate)

Cancer Potency: 0.11 (mg/kg-day)!
10-5 Risk Specific Intake: 7 ug/day

Gold et al. list the results of the NCI (1978) feeding studies in male and female B6C3F, mice
and Osborne Mendel rats, the oral studies in male and female B6C3F, and BAKF, mice by
Innes (1968) and Innes et al. (1969) and the study in Cartworth Farms rats by Horn et al.
(1955). No significant increases in tumors were found in the study in Cartworth Farms rats,
and results in both male and female Osborne Mendel rats are characterized by NTP (1991) as
"equivocal". Significant increases in tumors were observed in most of the studies in mice, the
more sensitive species. Cancer potency is derived by taking the geometric mean of the
potency values calculated from all studies showing significant increases in liver tumors: the
NCI (1978), Innes (1968) and Innes et al. (1969) studies on male B6C3F, mice; the NCI
(1978) study on female B6C3F, mice; the Innes (1968) and Innes et al. (1969) studies on male
B6AKF, mice.

National Cancer Institute (NCI, 1978). Bioassay of Chlorobenzilate for Possible
Carcinogenicity. Carcinogenesis Technical Report Series No. 75. NTIS Publication
No. PB 287123. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

National Toxicology Program (NTP, 1991). Chemical Status Report. US Department
of Health and Human Services, NTP, Research Triangle Park, NC.

Innes JRM (1968). Evaluation of carcinogenic, teratogenic, and mutagenic activities
of selected pesticides and industrial chemicals. Volume 1: Carcinogenic study.
Bionetics Research Laboratories, Inc. Distributed by National Technical Information
Service, Springfield, VA.

Innes JRM, Ulland BM, Valerio MG, Petrucelli L, Fishbein L, Hart ER, Pallota AJ,
Bates RR, Falk HL, Gart JJ, Klein M, Mitchell I and Peters J (1969). Bioassay of
pesticides and industrial chemicals for tumorigenicity in mice: a preliminary note. J.
Nat. Cancer Inst. 42:1101-1114.

Horn H, Black J, Bruce R and Paynter OE (1955). Toxicology of chlorobenzilate. In:
Agricultural and Food Chemistry: Past, Present, Future, Vol. 3 (R. Teranishi, Ed.).
Avi Publishing Company, Inc., Westport, CT, pp. 752-756.

Ethylene thiourea (ETU)

Cancer Potency: 0.045 (mg/kg-day)!
10-5 Risk Specific Intake: 20 ug/day

Several studies are listed in Gold et al. Innes (1968) and Innes et al. (1969) administered
ethylene thiourea to small groups of both sexes of B6C3F, and BGAKF; mice, Graham et al.
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(1975) performed relatively large multiple dose studies in Charles River CD rats of both sexes,
and Weisburger et al. (1981) and Ulland et al. (1972) conducted moderately sized studies in
male and female Charles River CD rats. Because all male B6C3F, and female B6AKF, mice
treated with ETU developed liver tumors, an upper bound estimate on potency couid not be
determined for these studies. The lower bound estimates of cancer potency derived from the
mice data are consistent with potencies derived from the studies in rats. Cancer potencies
derived from the rat studies are consistent with one another. The value selected is derived
from the highest quality study, which had a large sample size and used multiple dose groups
(Graham, 1975). The target site chosen for the analysis was the thyroid in the Charles River
CD rats, the most sensitive site,

Innes JRM (1968). Evaluation of carcinogenic, teratogenic, and mutagenic activities
of selected pesticides and industrial chemicals. Volume 1: Carcinogenic study.
Bionetics Research Laboratories, Inc. Distributed by National Technical Information
Service, Springfield, VA. ‘

Innes JRM, Ulland BM, Valerio MG, Petrucelli L, Fishbein L, Hart ER, Pallota AJ,
Bates RR, Falk HL, Gart JJ, Klein M, Mitchell I and Peters J (1969). Bioassay of
pesticides and industrial chemicals for tumorigenicity in mice: a preliminary note. J.
Nat. Cancer Inst. 42:1101-1114.

Graham SL, Davis KJ, Hansen WH and Graham CH (1975). Effects of prolonged
%hgylene thiourea ingestion on the thyroid of the rat. Food Cosmet. Toxicol. 13: 493-

Ulland BM, Weisburger JH, Weisburger EK, Rice JM and Cypher R (1972). Brief
;:omm,Llc;niscsa;ic;%:4 thyroid cancer in rats from ethylene thiourea intake. J. Nat. Cancer
nst. 49:583-584.

Weisburger EK, Ulland BM, Nam J, Gart JJ and Weisburger JH (1981).
ICarcuxgg_;:;lgigty tests of certain environmental and industrial chemicals. J. Nat. Cancer
nst. 67:75-88.

Ethyleneimine

Cancer Potency: 65 (mg/kg-day)!
10-5 Risk Specific Intake:  0.01 ug/day

Listed are the oral studies in male and female BGC3F1 and B6AKF, mice by Innes (1968) and
Innes et al. (1969). Significant increase in lung and liver tumors were observed in both sexes
and both strains. Cancer potency is derived by taking the geometric mean of potencies for
lung tumors in male and female BGAKF, and liver tumors in male B6C3F,; mice. The results
for the female BGC3F‘ mice were not included because all animals developed tumors,
precluding the estimation of potency from that study.

Innes JRM (1968). Evaluation of carcinogenic, teratogenic, and mutagenic activities
of selected pesticides and industrial chemicals. Volume 1: Carcinogenic study.
Bionetics Research Laboratories, Inc. Distributed by National Technical Information
Service, Springfield, VA.

Innes JRM, Ulland BM, Valerio MG, Petrucelli L, Fishbein L, Hart ER, Pallota AJ,
Bates RR, Falk HL, Gart JJ, Klein M, Mitchell I and Peters J (1969). Bioassay of
pesticides and industrial chemicals for tumorigenicity in mice: a preliminary note. J.
Nat. Cancer Inst. 42:1101-1114.
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2-(2-Formylhydrazino)-4-(5-nitro-2-furyl)thiazole (FNT)

Cancer Potency: 2.3 (mg/kg-day)!
10-5 Risk Specific Intake: 0.3 ug/day

Gold et al. list results for a number of feeding studies -- one in male Syrian Golden Hamsters,
two studies in female Swiss mice, one each in female Buffalo and Holtzman albino. rats, and
two studies in female and one in male Sprague-Dawley rats. Significant increases in tumors
were seen in all studies. Results are quantitatively consistent across the different species and
strains. Cancer potency is estimated from the dose-response data for mam gland
adenocarcinomas in female Sprague-Dawley rats, reported by Cohen et al. (1973). This study
was the most powerful in terms of the number of animals and dose levels used.

Cohen SM, Erturk E, Von Esch AM, Crovetti AJ and Bryan GT (1973).
Carcinogenicity of 5-nitrofurans, 5-nitroimidazoles, 4-nitrobenzenes, and related
compounds. J. Nat. Cancer Inst. 51: 403-417.

Glu-P-1 (2-amino-6-methyldipyrido[1,2-a:3',2'-d]imidazole)

Cancer Potency: 4.8 (mg/kg-day)!
10-5 Risk Specific Intake: 0.1 ug/day

Results are available for studies by Ohgaki et al. (1984) in male and female CDF1 mice and by
Takayama et al. (1984) in male and female F344 rats. Tumors are induced in all experiments
at multiple target sites. All sex/species combinations appear to have nearly the same
sensitivity overall, with potency slightly higher when derived from the most sensitive target
site (liver) in female mice. Because tumor incidence approached 100% for tested animals,
potency may be underestimated.

Ohgaki H, Matsukura N, Morino K, Kawachi T, Sugimura T and Takayama S (1984).
Carcinogenicity in mice of mutagenic compounds from glutamic acid and soybean
globulin pyrolysates. Carcinogenesis 5: 815-819.

Takayama S, Masuda M, Mogami M, Ohgaki H, Sato S and Sugimura T (1984).
Induction of cancers in the intestine, liver and various other organs of rats by feeding
mutagens from glutamic acid pyrolysate. Gann 75: 207-213.

Glu-P-2 (2-aminodipyrido[1,2-a:3',2'-d]imidazole)

Cancer Potency: 1.4 (mg/kg-day)-1
10-5 Risk Specific Intake: 0.5 ug/day

Results are available for studies by Ohgaki et al. (1984) in male and female CDF1 mice and by
Takayama et al. (1984) in male and female F344 rats. Tumors are induced in all experiments
at multiple target sites. All sex/species combinations appear to have similar sensitivities
overall, with potency slightly higher when derived from the most sensitive target site (liver) in
fergale mice. Because tumor incidence approaches 100% for tested animals, potency may be
underestimated.

Ohgaki H, Matsukura N, Morino K, Kawachi T, Sugimura T and Takayama S (1984).
Carcinogenicity in mice of mutagenic compounds from glutamic acid and soybean
globulin pyrolysates. Carcinogenesis 5: 815-819.
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Takayama S, Masuda M, Mogami M, Ohgaki H, Sato S and Sugimura T (1984).
Induction of cancers in the intestine, liver and various other organs of rats by feeding
mutagens from glutamic acid pyrolysate. Gann 75: 207-213.

Gyromitrin (acetaldehyde methylformylhydrazone)

Cancer Potency: 10 (mg/kg-day)-!
10-5 Risk Specific Intake:  0.07 ug/day

Results of the study in male and female albino Swiss mice by Toth et al. (1981) are listed.
Tumors were observed at muitiple sites. The most sensitive site appears to be the preputial
gland in male mice. Cancer potency is estimated from the combined incidence of benign and
malignant tumors for this site.

Toth B, Smith JW and Patil KD (1981). Cancer induction in mice with acetaldehyde
xsnse_;hylformylhydrazone of the false morel mushroom. J. Nat. Cancer Inst. 67: 881-

HC Blue 1

Cancer Potency: 0.051 (mg/kg-day)-!
10-5 Risk Specific Intake: 10 pg/day

Results of the NTP (1985) studies in B6C3F, mice and F344 rats of both sexes are listed.
Mice are more sensitive than rats. Female mice may be slightly more sensitive than male mice,
although the studies are not of sufficient sensitivity for a definitive determination to be made.
Cancer potency is based on dose response data for combined liver tumor incidences in female
mice.

National Toxicology Program (NTP, 1986). Toxicology and Carcinogenesis Studies of
HC Blue 1 in F344/N Rats and B6C3F, Mice (Feed Studies). NTP Technical Report
Series No. 271. NTIS Publication No. PB 86-114683. US Department of Health and
Human Services, NTP, Research Triangle Park, NC.

Hexachloroethane

Cancer Potency: 0.039 (mg/kg-day)-!
105 Risk Specific Intake: 20 ug/day '

Results are listed for the gavage studies by NCI (1978) in male and female B6C3F, mice and
Osborne Mendel rats. Results from the more recent study by NTP (1989) in rats are not
listed. NCI reported significant increases in liver carcinomas for both sexes of mice. Cancer
potency is estimated from dose response data in females, the more sensitive sex.

National Cancer Institute (NCI, 1978). Bioassay of Hexachloroethane for Possible
Carcinogenicity. Carcinogenesis Technical Report Series No. 68. NTIS Publication
No. PB 90170895. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

National Toxicology Program (NTP, 1989). Toxicology and Carcinogenesis Studies of
Hexachloroethane in F344/N Rats (Gavage Studies). NTP Technical Report Series No.
361. NTIS Publication No. 89-2816. US Department of Health and Human Services,
NTP, Research Triangle Park, NC.



Hydrazobenzene (1,2-diphenylhydrazine)

Cancer Potency: 0.87 (mg/kg-day)-!
10-5 Risk Specific Intake: 0.8 ug/day

Results are listed for the feeding studies by NCI (1978) in male and female B6C3F) miqe and
F344 rats. Significant increases in tumors at particular sites were found for all sex/species
combinations tested. Cancer potency is derived from dose response data for combined benign
and malignant liver tumors in male rats, the most sensitive sex and species.

National Cancer Institute (NCI, 1978). Bioassay of Hydrazobenzene for Possible
Carcinogeniciry. Carcinogenesis Technical Report Series No. 92. NTIS Publication
No. PB 285791. US Department of Health, Education and Welfare (DHEW), NCI
Carcinogenesis Testing Program, Bethesda, MD.

IQ (2-Amino-3-methylimidazo[4,5-f]quinoline)

Cancer Potency: 1.4 (mg/kg-day)!
10-5 Risk Specific Intake: 0.5 ug/day

Results are given for feeding studies in both sexes of CDF1 mice by Ohgaki et al. (1984) and
in both sexes of F344/DuCrj rats reported later by Ohgaki et al. (1986). Increased incidences
of tumors were observed at a number of sites in all species/sex combinations. The male rat is
the most sensitive sex and species. Cancer potency is estimated from dose response data for
squamous cell carcinomas of the Zymbal gland, the most sensitive site in male rats.

Ohgaki H, Kusama K, Matsukura N, Morino K, Hasegawa H, Sato S, Takayama S and
Sugimura T (1984). Carcinogenicity in mice of a mutagenic compound, 2-amino-3-
methylimidazo[4,5-f]quinoline, from broiled sardine, cooked beef and beef extract.
Carcinogenesis 5: 921-924.

Ohgaki H, Hasegawa H, Kato T, Suenaga M, Ubukata M, Sato S, Takayama S and
Sugimura T (1986). Carcinogenicity in mice and rats of heterocyclic amines in cooked
foods. Environ. Health Perspect. 67: 129-134.

Lasiocarpine

Cancer Potency: 7.8 (mg/kg-day)-!
10-5 Risk Specific Intake: ~ 0.09 ug/day

The following studies, all on F344 rats, are included in the Gold et al. database: the feeding
studies in males and females by NCI (1978); the study in males given lasiocarpine by
intraperitoneal injection by Svoboda and Reddy (1972); and the study in males given the
compound in feed by Rao et al. (1978). The studies performed by NCI in male and femaie

rats were the highest quality in terms of number of treatment groups and number of animals

per group. The sensitivities between the two sexes were similar. Potency is based on dose
response data for the combined benign and malignant tumors of the liver in the male rat (NCI,
1978). Because survival was poor for the NCI study in male rats, potency was derived using a
time-to-tumor analysis (Crump et al., 1991).

Crump KS, Howe RB, Van Landingham C, and Fuller WG (1991). TOX_RISK
Version 3. TOXicology RISK Assessment Program. KS Crump Division, Clement
International Corporation, 1201 Gaines Street, Ruston, Louisiana 71270.
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National Cancer Institute (NCI, 1978). Bioassay of Lasiocarpine for Possible
Carcinogeniciry. Carcinogenesis Technical Report Series No. 39. NTIS Publication
No. PB 278641. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

Svoboda DJ and Reddy JK (1972). Malignant tumors in rats given lasiocarpine.
Cancer Res. 32: 908-911.

Rao MS and Reddy JK (1978). Malignant neoplasms in rats fed lasiocarpine. Br. J.
Cancer 37: 289-293.

Lead acetate

Cancer Potency: 0.28 (mg/kg-day)!
10-5 Risk Specific Intake: 3 pg/day

Results for a total of 7 studies in rats and mice are listed. No significant increases in tumors
were observed in mice. Koller et al. (1985) observed transitional cell carcinomas of the
kidney in 13 of 16 male Sprague-Dawley rats given lead acetate via drinking water. Cancer
potency was derived from this study.

Koller LD, Kerkvliet NI and Exon JH (1985). Neoplasia induced in male rats fed lead
acetate, ethyl urea, and sodium nitrite. Toxicol. Pathol. 13: 50-57.

Lead subact:taie

Cancer Potency: 0.038 (mg/kg-day)-!
10-5 Risk Specific Intake: 20 ug/day

Feeding studies in male and female Syrian Golden hamsters and Swiss mice, and male
Sprague-Dawley and male and female Wistar rats are listed in Gold et al. No significant
findings are reported for the studies in hamsters or mice. Significant increases in kidney
tumors are observed in the study in male Sprague-Dawley rats by Kasprzak et al. (1985) and
the two studies in female and male Wistar rats by Van Esch et al. (1962). Because all five
studies are of similar quality, the geometric mean of the potencies derived from these studies is

Kasprzak KS, Hoover KL and Poirier LA (1985). Effects of dietary calcium acetate on
lead subacetate carcinogenicity in kidneys of male Sprague-Dawiey rats.
Carcinogenesis 6: 279-282.

Van Esch GJ, Van Genderen H and Vink HH (1962). The induction of renal tumors
by feeding of basic lead acetate to rats. Br. J. Cancer 16: 289-297.

Me-A-alpha-C (2-amino-3-methyl-9H-pyrido(2,3-b)indole)

Cancer Potency: 1.2 (mg/kg-day)-!
10~ Risk Specific Intake: 0.6 ug/day y

Results of the feeding studies in male and female CDF1 mice performed by Ohgaki et al.
(1984) are listed. Significant increases in benign and malignant liver tumors and
hemangioendothelial sarcomas were observed in both sexes. Sensitivity is similar for males
and females. Cancer potency is based on dose response data for hemangioendothelial sarcomas
in males, the apparently more sensitive sex. '
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Ohgaki H, Matsukura N, Morino K, Kawachi T, Sugimura T and Takayama S (1984).
Carcinogenicity in mice of mutagenic compounds from glutamic acid and soybean
globulin pyrolysates. Carcinogenesis 5: 815-819.

Melphalan

Cancer Potency: 130 (mg/kg-day)-!
10-5 Risk Specific Intake:  0.005 pg/day

Results from intraperitoneal studies in male and female Swiss mice and Charles River CD rats
by Skipper (1976) and Weisburger (1977) are given. All of the tested species/sex
combinations show similar sensitivities based on quantitative analysis of the dose response
data. Cancer potency is estimated from data for tumors of the peritoneum in male rats, the
apparently most sensitive group tested.

Skipper HE (1976). Booklet 1, Phase I Studies on the Carcinogenic Activity of
Anticancer Drugs in Mice and Rats. Final Report. Southern Research Institute,
Birmingham, AL.

Weisburger EK (1977). Bioassay program for carcinogenic hazards of cancer
chemotherapeutic agents. Cancer 40: 1935-1949.

3-Methyicholanthrene

Cancer Potency: 22 (mg/kg-day)!
10-5 Risk Specific Intake:  0.03 ug/day

Results of 3 studies in male Long Evans rats, one study in an unspecified strain of female rats,
and 10 studies in female Wistar rats are included in the Gold et al. database. All studies in
female rats found highly significant increases in tumors of the mammary gland. Cancer
potency is taken as the geometric mean of cancer potencies estimated from 9 of the 10 studies
in female rats (Shay et al., 1962; Gruenstein et al., 1964; Shay et al., 1961). The upper
bound on potency could not be estimated from one of the studies by Shay et al. (1961),
because 100% of the treated animals developed mammary gland tumors.

Shay H, Gruenstein M and Kessler WB (1962). Methylcholanthrene induced breast
cancer in the rat: studies on mechanism of inhibition by large doses of estrogen.
Morphological Precursors of Cancer. L. Severi, Ed. Div. Canc. Res., Perugia, pp.
305-318.

Gruenstein M, Shay H and Shimkin MB (1964). Lack of effect of norethynodrel
(Enovid) on methyicholanthrene-induced mammary carcinogenesis in female rats.
Cancer Res. 24: 1656-1658.

Shay H, Gruenstein M and Kessler WB (1961). Experimental mammary
adenocarcinoma of rats: some consideration of methylcholanthrene dosage and
hormonal treatment. J. Nat. Cancer Inst. 27: 503-513.

4,4'-Methylene bis(2-chloroaniline)

Cancer Potency: 1.5 (mg/kg-day)!
105 Risk Specific Intake: 0.5 ug/day
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A number of studies are available for Charles River CD and Wistar II rats, as well as a single
study in female beagle dogs. The compound induced papillary transitional cell carcinomas of
the urinary bladder in dogs, whereas the liver was the most common target site in the rat
studies. Dogs are more sensitive to the carcinogenic effects of the compound than rats. The
compound is similar in structure to benzidine, a human bladder carcinogen, which appears to
be significantly more potent in humans than rodents. The Stula et al. (1977) dog study is used
as the basis of potency estimation, even though small numbers of animals are used, because
dogs may be better predictors of human carcinogenicity of this compound than rodents.

Stula EF, Barnes JR, Sherman H, Reinhardt CF and Zapp JA (1977). Urinary bladder -
tumors in dogs from 4,4'-methylene-bis(2-chloroaniline) (MOCA). J. Environ. Pathol.
Toxicol. 1: 31-50. ,

4,4'-Methylene bis(2-methylaniline)

Cancer Potency: 0.92 (mg/kg-day)-!
105 Risk Specific Intake: 0.8 ug/day

A single study (Stula et al., 1975) in male and female Charles River CD rats is listed by Gold
etal. The most sensitive site in the more sensitive sex, liver hepatocellular carcinomas in
females, is used as the basis of the cancer potency estimate.

Stula EF, Sherman H, Zapp JA and Clayton JW (1975). Experimental neoplasia in rats
from oral administration of 3,3'-dichlorobenzidine, 4,4'-methylene-bis(2-
gt;lorg»agnil_i’%e), and 4,4'-methylene-bis(2-methylaniline). Toxicol. Appl. Pharmacol.

: 159-176.

4,4'-Methylenedianiline

Cancer Potency: 1.6 (mg/kg-day)-1
105 Risk Specific Intake: 0.4 pg/day

The potency for the compound was derived from the potency for the dihydrochloride using a
molecular weight conversion (see glossary to Appendix 1 for explanation).

4,4'-Methylenedianiline dihydrochloride

Cancer Potency: 1.2 (mg/kg-day)-!
103 Risk Specific Intake: 0.6 ug/day Y

Results are listed for the drinking water studies by NTP (1983) in male and female B6C3F,
mice and F344 rats. Significant increases in tumors of the liver or thyroid or both are
observed for all sex/species combinations tested, with male mice the most sensitive. Cancer
potency is based on the combined incidence of benign and malignant liver tumors in male
mice.

National Toxicology Program (NTP, 1983). Toxicology and Carcinogenesis Studies of
4,4'-Methylenedianiline Dihydrochloride in F344/N Rats and B6C3F; Mice (Drinking
Water Studies). NTP Technical Report Series No. 248. NTIS Publication No. PB
32338%3 US Department of Health and Human Services, NTP, Research Triangle



Methyl methanesulfonate

Cancer Potency: 0.099 (mg/kg-day)-!
105 Risk Specific Intake: 7 ug/day

Gold et al. list only the drinking water study by Clapp et al. (1968) in male RF mice. The
most sensitive site is the lung in terms of the magnitude of the potency. However, only lung
adenomas, usually non-lethal tumors, were reported. According to the current Carcinogen
Guidelines (CDHS, 1985), benign tumors are used only as supporting evidence in identifying
agents as carcinogens. In selecting data sets for dose reponse evaluation, data sets are
sometimes excluded if there is no evidence that a tumor will progress to malignancy.
Therefore, cancer potency is based on malignant lymphomas observed in the thymus gland, the
next most sensitive site.

Clapp NK, Craig AW and Toya RE (1968). Oncogenicity by methyl methanesulfonate
in male RF mice. Science 161: 913-914, '

California Department of Health Services (CDHS, 1985). Guidelines for Chemical
Carcinogen Risk Assessments and Their Scientific Rationale. California Department of
Health Services, Health and Welfare Agency, Sacramento, CA.

2-Methyl-1-nitroanthraquinone

Cancer Potency: 4.3 (mg/kg-day)!
10-5 Risk Specific Intake: 0.2 ug/day

Results are listed for the feeding studies by NCI (1978) in male and female B6C3F, mice and
F344 rats. Increases in tumors were seen at multiple target sites in both species. Mice are
more sensitive than rats. Both sexes of mice have similar sensitivity, with the default analysis
resulting in slightly greater potency in males than females. Cancer potency is based on dose
response data for hemangiosarcomas observed in subcutaneous tissue in male mice.

National Cancer Institute (NCI, 1978). Bioassay of 2-Methyl-1-Nitroanthraquinone for
Possible Carcinogeniciry. Carcinogenesis Technical Report Series No. 29. NTIS
Publication No. PB 277439. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

N-Methyl-N'-nitro-N-nitrosoguanidine

Cancer Potency: 8.3 (mg/kg-day)-!
105 Risk Specific Intake:  0.08 pg/day

Gold et al. list results from a number of drinking water studies of varying quality in male and
female rats. Cancer potency is the geometric mean from the best studies -- those studies run at
relatively low dose levels which lasted longer than 80 weeks and had at least 20 animals in the
control group. These criteria lead to taking the geometric mean of potencies estimated from
dose response data for: 1) benign and malignant tumors of the glandular stomach of male F344
rats reported by Lijinsky and Reuber (1984); 2) the tumors of the same target site in the same
strain but observed for a slightly longer period of time reported by Lijinsky and Reuber

2 igg‘lt;, and, 3) gastrointestinal tract tumors in male Wistar rats reported by Arffmann et al.

Lijinsky W and Reuber MD (1984). Comparison of nitrosocimetidine with
nitrosomethylnitroguanidine in chronic feeding tests in rats. Cancer Res. 44: 447-449.
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Arffman EJL, Rasmussen KS and Hansen FN (1981). Effect of some fatty acid methyl
esters on gastrointestinal carcinogenesis by N-methyl-N'-nitro-N-nitrosoguanidine in
rats. J. Nat. Cancer Inst. 67: 1071-1075.

Methyithiouracil

Cancer Potency: 0.40 (mg/kg-day)!
105 Risk Specific Intake: 2 ug/day

Gold et al. list the results of two small studies, one by Christov and Raichev (1972) in
hamsters (strain not specified), and the other by Jemec (1977) in C3H/FIB mice. Significant
increases in tumors were observed only for the thyroid gland in female hamsters. Cancer
potency is based on the dose response data for these tumors.

Christov K and Raichev R (1972)] Thyroid carcinogenesis in hamsters after treatment
with 131-iodine and methyithiouracil. Cancer Res. Clin. Oncol. 77: 171-179.

Jemec B (1977). Studies of the tumorigenic effect of two goitrogens. Cancer 40:
2188-2202. .

Michler's ketone

Cancer Potency: 0.86|(mg/kg-day)-!
10-5 Risk Specific Intake: 0.8 pg/day

Resulits are listed for the feeding studies by NCI (1979) in male and female B6C3F, mice and
F344 rats. Rats are more sensitive than mice, with male and female rats having similar
sensitivity. Cancer potency is derived fram dose response data for liver tumors in female rats.

National Cancer Institute (NCI, 1977). Bioassay of Michler's Ketone for Possible
Carcinogenicity. Carcinogenesis Technical Report Series No. 181. NTIS Publication
No. PB 299855. US Department of Health, Education and Welfare (DHEW), NCI
Carcinogenesis Testing Program, Bethesda, MD.

Mirex

Cancer Potency: 18 (
105 Risk Specific Intake:  0.04 ug/day

Gold et al. list the results of the studies by Innes (1968) and Innes et al. (1969) in both sexes
of B6C3F, and B6AKF, mice, and in an insensitive study in rats (low doses and smaller
numbers of animals). Elevated incidences of liver tumors are seen in both sexes of both
strains studied by Innes (1968) and Innes et al. (1969). Potency values for these 4 data sets
are consistent with one another. The cancer potency is taken as the geometric mean of values
derived from these 4 sets of data (male and female B6C3F, and BGAKF, mice).

Innes JRM (1968). Evaluation of carcinogenic, teratogenic, and mutagenic activities
of selecred pesticides and industrial chemicals. Volume 1: Carcinogenic study.
Bionetics Research Laboratories, Inc. Distributed by National Technical Information
Service, Springfield, VA.
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Innes JRM, Ulland BM, Valerio MG, Petrucelli L, Fishbein L, Hart ER, Pallota AJ,
Bates RR, Falk HL, Gart JJ, Klein M, Mitchell I and Peters J (1969). Bioassay of
pesticides and industrial chemicals for tumorigenicity in mice: a preliminary note. J.
Nat. Cancer Inst. 42: 1101-1114.

Mitomycin C

Cancer Potency: 8200 (mg/kg-day)-!
105 Risk Specific Intake:  0.00009 ug/day

The results of the intraperitoneal injection studies of Skipper (1976) and Weisburger (1977) in
both sexes of Charles River CD rats are given. Both sexes exhibit similar sensitivity for the
induction of sarcomas of the peritoneum by mitomycin C. The cancer potency is based on the
dose response data in female rats.

Skipper HE (1976). Booklet 1, Phase I Studies on the Carcinogenic Activity of
Anticancer Drugs in Mice and Rats. Final report. Southern Research Institute,
Birmingham, AL.

Weisburger EK (1977). Bioassay program for carcinogenic hazards of cancer
chemotherapeutic agents. Cancer 40: 1935-1949.

Monocrotaline

Cancer Potency: 10 (mg/kg-day)!
10-5 Risk Specific Intake:  0.07 ug/day

Data is given for two gavage experiments run under the same conditions by Newberne and
Rogers (1973). Both studies showed significantly increased incidences of liver hepatocellular
carcinomas in male Charles River CD rats. The higher of the two cancer potencies derived
from these studies is selected.

Newberne PM and Rogers AE (1973). Nutrition, monocrotaline, and aflatoxin Bl in
liver carcinogenesis. Plant Foods Man 1: 23-31.

2-Napthylamine

Cancer Potency: . 1.8 (mg/kg-day)-!
10-3 Risk Specific Intake: 0.4 ug/day

The results of studies in mice, rats and primates (rhesus monkeys) are reported. The
compound is similar in structure to benzidine, a human bladder carcinogen, which appears to
be significantly more potent in humans than rodents. Cancer potency for 2-naphthylamine is
based on the combined incidence of benign and malignant tumors of the urinary bladder in
rhesus monkeys (Conzelman et al., 1969).

Conzelman GM, Moulton JE, Flanders LE, Springer K and Crout DW (1969).
Induction of transitional cell carcinoma of the urinary bladder in monkeys fed 2-
naphthylamine. J. Nat. Cancer Inst. 42: 825-831.

Nitrilotriacetic acid (NTA)

Cancer Potency: ‘ 0.0053 (mg/kg-day)-!
105 Risk Specific Intake: 100 ug/day
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Listed are the results from the NCI (1977) feeding studies in male and female B6C3F, mice
and F344 rats, and the drinking water studies in MRC rats of both sexes. NTP (1991)
characterizes the four feeding studies as positive; the drinking water studies were negative.
The liver and urinary tract are the target sites identified in the feeding studies. Female rats
appear to be the most sensitive sex/species combination. However, due to the uncertainties in
the dose response evaluation of these data, the most sensitive sex/species can not be
unequivocally ascertained. Cancer potency is based on benign and malignant liver tumors
observed in female rats.

National Cancer Institute (NCI, 1977). Bioassay of Nitrilotriacetic Acid (NTA) for
Possible Carcinogenicity. Carcinogenesis Technical Report Series No. 6. NTIS :
Publication No. PB 266177. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

National Toxicology Program (NTP, 1991). Chemical Status Report. US Department
of Health and Human Services, NTP, Research Triangle Park, NC.

Nitrilotriacetic acid, trisodium salt, monohydrate

Cancer Potency: 0.010 (mg/kg-day)-1
105 Risk Specific Intake: 70 pg/day

Gold et al. list the results of the NCI (1977) feeding studies in male and female B6C3F, mice
and F344 rats, an additional NCI (1977) feeding study in F344 rats of both sexes, and the
drinking water studies in Charles River CD male rats (Goyer et al., 1981). The mice studies
are characterized as negative, and so are not included in the potency evaluation. In addition,
the results for the lower dose NCI studies in male and female rats were equivocal, and thus are
excluded from the potency evaluation. As with NTA, the liver and urinary tract are the target
sites for carcinogenesis in the rat. Among the remaining rat studies, significant variation in
carcinogenic activity is observed, with the rats exposed via drinking water showing greater
sensitivity. Cancer potency is taken as the geometric mean of potency values from four data
sets: 1) and 2) the two data sets for kidney tumors in male Charles River rats (Goyer et al.,
1981); 3) the data set for urinary tract tumors in male F344 rats (benign and malignant
combined for the kidney, bladder, ureter) (NCI, 1977); and 4) the data set for urinary tract
tumors for female F344 rats (NCI, 1977).

National Cancer Institute (NCI, 1977). Bioassay of Nitrilotriacetic Acid (NTA) for
Possible Carcinogenicity. Carcinogenesis Technical Report Series No. 6. NTIS
Publication No. PB 266177. US Department of Heaith, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

Goyer RA, Falk HL., Hogan M, Feldman DD and Richter W (1981). Renal tumors in
1I'ats g';\éensgsgggxm nitrilotriacetic acid in drinking water for 2 years. J. Nar. Cancer
nst. 66: 869-880.

5-Nitroacenaphthene

Cancer Potency: 0.13 (mg/kg-day)-!
10-5 Risk Specific Intake: 6 ug/day

Listed are feeding studies by Takemura et al. (1974) in female Syrian Golden hamsters, and by
NCI (1978) in male and female B6C3F, mice and F344 rats. The compound induced increases
in tumor incidences at muitiple sites in rats and female mice. Rats are the most sensitive
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species; the sensitivity of males is similar to that of females. The cancer potency is based on
the combined incidence of benign and malignant tumors of the ear canal in female rats.

National Cancer Institute (NCI, 1978). Bioassay of 5-Nitroacenaphthene for Possible
Carcinogenicity. Carcinogenesis Technical Report Series No. 118. NTIS Publication
No. PB 287347. US Department of Health, Education and Welfare (DHEW), NCI
Carcinogenesis Testing Program, Bethesda, MD.

Takemura N, Hashida C and Terasawa M (1974). Carcinogenic action of 5-
nitroacenaphthene. Br. J. Cancer 30: 481-483.

5-Nitro-o-anisidine

Cancer Potency: 0.049 (mg/kg-day)-!
10-5 Risk Specific Intake: 10 pg/day

Gold et al. list the results of the NCI (1978) feeding studies in male and female B6C3F, mice
and F344 rats. Significant results were observed for male and female rats and female mice.
The rats were significantly more sensitive than mice, and male rats were more sensitive than
females. Tumors occurred at muitiple sites. Cancer potency is based on tumors of the skin,
the most sensitive site in male rats.

National Cancer Institute (NCI, 1978). Bioassay of 5-Nitro-o-anisidine for Possible
Carcinogeniciry. Carcinogenesis Technical Report Series No. 127. NTIS Publication
No. PB 287411. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

Nitrofen

Cancer Potency: 0.082 (mg/kg-day)-1
10-5 Risk Specific Intake: 9 ug/day

Gold et al. list the results of the NCI (1978) feeding studies in male and female B6C3F; mice
and Osborne Mendel rats and NCI (1979) feeding studies in B6C3F; mice and F344 rats. Rats
appear to be less sensitive than mice. Cancer potency is therefore estimated from the data in
mice. Cancer potency is the geometric mean of the values estimated from liver tumors in male
and female mice observed in the two NCI feeding studies.

National Cancer Institute (NCI, 1979). Bioassay of Nitrofen for Possible
Carcinogeniciry. Carcinogenesis Technical Report Series No. 184. NTIS Publication
No. PB 296038. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

National Cancer Institute (NCI, 1978). Bioassay of Nitrofen for Possible
Carcinogenicity. Carcinogenesis Technical Report Series No. 26. NTIS Publication
No. PB 277440. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD. :

Nitrofurazone

Cancer Potency: 1.3 (mg/kg-day)-1
105 Risk Specific Intake: 0.5 ug/day
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Gold et al. list 2 studies by Morris et al. (1969) in female Holtzman albino rats and one by
Erturk et al. (1970) in female Sprague-Dawley rats all run at similar dose levels. In all 3
studies the majority of animals developed mammary gland tumors. All treated animals in one
of the Morris et al. (1969) studies developed mammary tumors; the other study by these same
researchers was of slightly shorter duration, and for this reason may not have been as
sensitive. The lower bound estimate on potency from the Morris study with 100% incidence
of mammary tumors in Holtzman rats is slightly less than the upper bound estimate derived
from the study in Sprague-Dawley rats. Thus, had the study been run at lower dose levels, the
resulting potency value may have been higher than that estimated from the dose-response data
by Erturk (i.e., Holtzman rats may be more sensitive than Sprague-Dawley rats). The best
study in Gold et al. for the derivation of potency is by Erturk et al. (1970) in female Sprague-
Dawley rats because it has significantly more animals in the control group than the other
studies. However, for the reasons given above, the potency derived from this study may be an
underestimate.

Morris JE, Price JM, Lalich JJ and Stein RJ (1969). The carcinogenic activity of some
S-nitrofuran derivatives in the rat. Cancer Res. 29: 2145-2156.

Erturk E, Morris JE, Cohen SM, Price JM and Bryan GT (1970). Transplantable rat
mammary tumors induced by 5-nitro-2-furaldehyde semicarbazone and by formic acid
2-[4-(5-nitro-2-furyl)-2-thiazolylJhydrazide. Cancer Res. 30: 1409-1412.

1-[(5-Nitrofurfurylidene)-amino]-2-imidazolidinone

Cancer Potency: 1.8 (mg/kg-day)-1
105 Risk Specific Intake: 0.4 ug/day

The feeding study by Cohen et al. (1963) in female Sprague-Dawley rats is the only one
available for cancer potency estimation. All 31 treated animals developed mammary gland
tumors. Twenty-nine out of the 31 developed mammary gland adenocarcinomas. Because the
combined incidence of mammary gland tumors is 100%, it is not possible to estimate an upper
bound potency from that data set. Because no other data are available in Gold et al., we
recommend that the dose response data for mammary gland adenocarcinomas be used to
estimate potency, although this will produce an underestimate.

Cohen SM, Erturk E, Von Esch AM, Crovetti AJ and Bryan GT (1973).
Carcinogenicity of S-nitrofurans, 5-nitroimidazoles, 4-nitrobenzenes, and related
compounds. J. Nat. Cancer Inst. 51: 403-417.

N-[4-(5-Nitro-2-furyl)-2-thiazolylJacetamide

Cancer Potency: 1.5 (mg/kg-day)-!
10-5 Risk Specific Intake: 0.5 ug/day

Gold et al. list the results from one feeding study in male Syrian Golden hamsters and two
studies in female Sprague-Dawley rats. The hamsters are the more sensitive species and the
urinary bladder is the most sensitive site. Cancer potency is therefore derived from dose
response data for the combined incidence of malignant and benign tumors of the urinary
bladder (Croft and Bryan, 1973). ’

Croft WA and Bryan GT (1973). Production of urinary bladder carcinomas in male
hamsters by N-[4-(5-nitro-2-furyl)-2-thiazolyljformamide, N-[4-(5-nitro-2-furyl)-2-
thiazolyl]acetamide, or formic acid 2-[4-(5-nitro-2-furyl)-2-thiazolylJhydrazide. J.
Nat. Cancer Inst. 51: 941-949,



p-Nitrosodiphenylamine

Cancer Potency: 0.022 (mg/kg-day)!
105 Risk Specific Intake: 30 ug/day

Results of NCI (1979) feeding studies in male and female B6C3F, mice and F344 rats are
listed. The NTP (1991) characterizes the studies in male rats and male mice as positive.
Significant increases in malignant liver tumors were observed in males of both species, with
rats displaying greater sensitivity to the compound. However, survival was significantly
reduced in the study in male mice, so the apparently lower sensitivity of these animals may
have been due to the fact that they were at risk for a shorter time period than the rats. Cancer
potency is based on the dose response data for liver tumors in male rats.

National Cancer Institute (NCI, 1979). Bioassay of p-Nitrosodiphenylamine for
Possible Carcinogenicity. Carcinogenesis Technical Report Series No. 190. NTIS
Publication No. PB 295100. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

National Toxicology Program (NTP, 1991). Chemical Status Report. US Department
of Health and Human Services, NTP, Research Triangle Park, NC.

N-Nitroso-N-methylurethane

Cancer Potency: 110 (mg/kg-day)-!
105 Risk Specific Intake:  0.006 ug/day

The gavage study by Herrold (1966) in Syrian Golden hamsters is the only study listed in Gold
etal. All treated animals developed epidermoid carcinomas of the forestomach, so an upper
bound on potency cannot be obtained from this site. Cancer potency is based on epidermoid
carcinomas of the esophagus.

Herrold KM (1966). Epidermoid carcinomas of esophagus and forestomach induced in
Syrian hamsters by N-nitroso-N-methylurethan. J. Nat. Cancer Inst. 37: 389-394.

N-Nitrosomorpholine

Cancer Potency: 6.7 (mg/kg-day)-!
10-5 Risk Specific Intake: 0.1 ug/day

Gold et al. list results from the drinking water study in male and female Syrian Golden
hamsters by Ketkar et al. (1983). Tumors of the respiratory system and liver were observed at
significant levels in both studies. Females were slightly more sensitive than males. Cancer

potency is based on tumors of the respiratory system, the more sensitive site, in female
hamsters.

Ketkar MB, Holste J, Preussmann R and Althoff J (1983). Carcinogenic effect of
nitrosomorpholine administered in the drinking water to Syrian golden hamsters.
Cancer Lett. 17: 333-338.

N-Nitrosongrnicotine

Cancer Potency: 1.4 (mg/kg-day)-1
105 Risk Specific Intake: 0.5 pg/day
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Numerous studies have demonstrated the carcinogenicity of N-nitrosonornicotine (IARC,
1985). The drinking water studies in male and female Syrian Golden hamsters by Hecht et al.
(1983) are the only ones listed in Gold et al. Tumors of the respiratory system were observed
in both studies. Males were slightly more sensitive than females. Cancer potency is based on
papillomas of the respiratory system in male hamsters.

Hecht SS, Young R and Maeura Y (1983). Comparative carcinogenicity in F344 rats
and Syrian golden hamsters of N'-nitrosonornicotine and N'-nitrosonornicotine-1-N-
oxide. Cancer Lert. 20: 333-340.

International Agency for Research on Cancer (IARC, 1985). IARC Monographs on the
Evaluation of the Carcinogenic Risk of Chemicals to Humans. Tobacco habits other
than smoking; betel-quid and areca-nut chewing; and some related nitrosamines.
Volume 37. IARC, Lyon, France.

N-Nitrosopiperidine

Cancer Potency: 9.4 (mg/kg-day)!
10-5 Risk Specific Intake:  0.07 ug/day

Gold et al. list results from drinking water studies in male and female Syrian Golden hamsters,
feeding studies in male ICR mice, feeding studies in rhesus and cynomologous monkeys,
intraperitoneal studies in rhesus monkeys (combined data for males and females), and drinking
water studies in Sprague-Dawley rats (combined data for males and females). N-
Nitrosopiperidine induced liver tumors in all species and strains. Hamsters are the least
sensitive of the species tested. The majority of treated primates developed liver tumors,
including all cynomologous monkeys given the compound in feed. Rats and mice exhibit
sensitivity similar to primates. Because treatment groups in the primate studies are small and
incidences observed are high, accurate estimates of cancer potency cannot be obtained from
these studies. Of the dose response data available for rats and mice, the highest quality data
set is reported by Eisenbrand et al. (1980) for liver tumors in Sprague-Dawley rats. In this
study, multiple dose groups were used and the lowest dose groups were large (78 and 75
animals in the two lowest dose groups). Cancer potency is derived from this data set.

Eisenbrand G, Habs M, Schmahl D and Preussman R (1980). Carcinogenicity of N-
nitroso-3-hydroxypyrrolidine and dose-response study with N-nitrosopiperidine in rats.
In: TARC Scientific Publication #31. (E.A. Walker, L Criciute, M Castegnaro, and
M Borzsonyi, Eds.), World Health Organization, International Agency for Research on
Cancer, Lyon, France, pp. 657-663.

Phénacetin

Cancer Potency: 0.0022 (mg/kg-day)-!
10-5 Risk Specific Intake: 300 ug/day

Feeding studies are listed for male and female B6C3F, and C57BL mice, Sprague-Dawley rats
(2 studies), and female Wistar rats. In these studies, tlhe liver and urinary bladder were the
most commuon target sites for carcinogenesis. No increases in tumors were reported for Wistar
rats. Sprague-Dawiey rats appear to be more sensitive than the two mouse strains studied.

The studies in Sprague-Dawley rats by Isaka et al. (1979) were of greater sensitivity in terms
of numbers of animals per group and number of treatment groups than the study by Johansson
(1981). Cancer potency is estimated from the results for the Isaka et al. (1979) study.
Quantitatively, male and female rats in this study are of similar sensitivity. Cancer potency is
estimated from the dose response data in male rats for nasal adenocarcinomas.
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Johansson SL (1981). Carcinogenicity of analgesics: long-term treatment of Sprague-
Dawley rats with phenacetin, phenazone, caffeine and paracetamol (acetamidophen).
Int. J. Cancer 27: 521-529.

Isaka H, Yoshii H, Otsuji A, Koike M, Nagai Y, Koura M, Sugiyasu K and .
Kanabayashi T (1979). Tumors of Sprague-Dawley rats induced by long-term feeding
of phenacetin. Gann 70: 29-36.

Phenazopyridine

Cancer Potency: 0.17 (mg/kg-day)-!
10-5 Risk Specific Intake:  4-ug/day

Cancer potency for phenazopyridine is calculated from the value for phenazopyridine
hydrochloride. For more explanation, see below and the glossary to Appendix 1.

Phenazopyridine hydroci:loride

Cancer Potency: 0.15 (mg/kg-day)-1
10-5 Risk Specific Intake: 5 pg/day

Gold et al. list the results of NCI (1978) feeding studies in male and female B6C3F, mice and
F344 rats. The most sensitive species/sex combination is female mice. Cancer potency is
estimated from dose response data for the combined incidence of benign and malignant liver
tumors in these animals.

National Cancer Institute (NCI, 1978). Bioassay of Phenazopyridine Hydrochloride for
Possible Carcinogenicity. Carcinogenesis Technical Report Series No. 99. NTIS
Publication No. PB 286207. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

Phenesterin

Cancer Potency: 150 (mg/kg-day)-1
10-5 Risk Specific Intake:  0.005 pg/day

Gold et al. list the results of NCI (1978) gavage studies in male and female B6C3F, mice and
Sprague-Dawley rats. Quantitatively, the female mice are of the same or slightly greater
sensitivity than male mice or female rats. Cancer potency is estimated from the combined
incidence of benign and malignant tumors of the lung, the most sensitive site in female mice.
Because survival was poor for the study in female mice, potency was derived using a time-to-
tumor analysis (Crump et al., 1991).

Crump KS, Howe RB, Van Landingham C, and Fuller WG (1991). TOX_RISK
Version 3. TOXicology RISK Assessment Program. KS Crump Division, Clement
International Corporation, 1201 Gaines Street, Ruston, Louisiana 71270.

National Cancer Institute (NCI, 1978). Bioassay of Phenesterin for Possible
Carcinogenicity. Carcinogenesis Technical Report Series No. 60. NTIS Publication
No. PB 283361. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.
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Phenobarbital

Cancer Potency: 0.46 (mg/kg-day)!
10- Risk Specific Intake: 2 pg/day

Results from studies in mice, rats, and hamsters are listed. The studies in rats and hamsters
did not produce significant results. For the positive studies in mice, the liver was the target
site for carcinogenesis. Studies in mice were performed at similar dose levels, but with very
different results. In some studies all treated animals developed tumors, whereas in others none
developed tumors. The studies were performed in various strains of mice, so these results may
be indicative of strain differences. Cancer potency is estimated from the positive study
exhibiting low background incidence in controls and having the largest number of animals in
control and exposed groups -- the study on male C3H/He mice by Evans et al. (1986).

Evans JG, Collins MA, Savage SA, Lake BG and Butler WH (1986). The histology
and development of hepatic nodules in C3H/He mice following chronic administration
of phenobarbitone. Carcinogenesis 7. 627-631. '

Phenoxybenzamine

Cancer Potency: 3.1 (mg/kg-day)1
105 Risk Specific Intake: 0.2 pg/day

Cancer potency is derived from the potency value for phenoxybenzamine hydrochloride, as
described below and in the glossary to Appendix 1.

National Cancer Institute (NCI, 1978). Bioassay of Phenoxybenzamine Hydrochloride
Jor Possible Carcinogeniciry. Carcinogenesis Technical Report Series No. 72. NTIS

Publication No. PB 285095. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

Phenoxybenzamine hydrochloride

Cancer Potency: 2.7 (mg/kg-day)-!
103 Risk Specific Intake: 0.3 pg/day

Gold et al. list the results of NCI (1978) intraperitoneal studies in maie and female B6C3F,
mice and F344 rats. Cancer potency is based on sarcomas of the peritoneum of male rats, the
most sensitive target site in the most sensitive sex and species tested.

National Cancer Institute (NCI, 1978). Bioassay of Phenoxybenzamine Hydrochloride
Jor Possible Carcinogeniciry. Carcinogenesis Technical Report Series No. 72. NTIS |
Publication No. PB 285095. US Department of Heaith, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD. '

o-Phenylphenate, sodium

Cancer Potency: 0.0030 (mg/kg-day)-!
10-5 Risk Specific Intake: 200 ug/day

Gold et al. list the results of several studies in B6C3F, mice and F344/DuCrj rats. Rats
appear to be more sensitive than mice. There is one study in male rats with multiple dose
groups (Hiraga and Fujii, 1981). This is used as the basis of the potency determination
because of its greater power to define the dose response curve and because rats are the more
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sensitive strain. Cancer potency is based on dose response data for the combined incidence of
benign and malignant urinary tract tumors observed in this study.

Hiraga K and Fujii T (1981). Induction of tumors of the urinary system in the F344
rats by dietary administration of sodium o-phenyiphenate. Food Cosmet. Toxicol. 19:
303-310.

Ponceau MX (D & C Red No. 5)

Cancer Potency: 0.0045 (mg/kg-day)!
105 Risk Specific Intake: 200 pg/day

Gold et al. list feeding studies on male and female DDY mice and three strains of rats.
Tumors of the liver were reported in all studies. The sensitivities of rats and mice appear to
be similar. Cancer potency is based on dose response data for liver tumors from the study of
highest quality in the more sensitive sex -- the multiple dose study in female CFE rats by
Grasso et al. (1969). Although this study showed liver nodules only, other studies showed
progression to carcinomas in the same species (rat). Because the Grasso et al. (1969) study
provided much better dose response data, it was chosen for this analysis.

Grasso P, Lansdown ABG, Kiss IS, Gaunt IF and Gangolli SD (1969). Nodular
hyperplasia in the rat liver following prolonged feeding of ponceau MX. Food Cosmet.
Toxicol. 7: 425-442. '

Ponceau 3R (FD & C Red No. 1)

Cancer Potency: 0.016 (mg/kg-day)-!
105 Risk Specific Intake: 40 ug/day

Gold et al. list the results of eight feeding studies in: 1) Bethesda black rats (both sexes
combined) by Hansen et al. (1963), 2) Osborne Mendel rats (both sexes combined) by Hansen
et al. (1963), 3) Wistar rats (four studies, both sexes combined) by Mannell et al. (1964), 4)
male rats of an unspecified strain by Grice et al. (1961), 5) female rats of an unspecified strain
also by Grice et al. Increases in liver tumors were observed in treated animals in all eight
studies. Tumors of the bile duct were also observed in some studies. None of the eight
studies stood out as the most appropriate for potency estimation, so potency was taken as the
geometric mean of values generated from the most sensitive site in each of the studies.

Grice HC, Mannell WA and Allmark MG (1961). Liver tumors in rats fed ponceau
3R. Toxicol. Appl. Pharmacol. 3: 509-520.

Hansen WH, Davis KIJ, Fitzhug OG and Nelson AA (1963). Chronic oral toxicity of
ponceau 3R. Toxicol. Appl. Pharmacol. 5: 105-118.

Mannell WA (1964). Further investigations on production of liver tumors in rats by
ponceau 3R. Food Cosmet. Toxicol. 2: 169-174.

Potassium bromate

Cancer Potency: 0.49 (mg/kg-day)!
10-5 Risk Specific Intake: 1 ug/day

Gold et al. list results from drinking water studies in male and female B6C3F,; mice and F344
rats, as well as feeding studies in male and female "Theiller's Original" mice. Rats appear to
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be significantly more sensitive to the carcinogenic effects of potassium bromate than do mice.
Male and female rats are of similar sensitivity. Cancer potency is estimated from the dose
response data for combined benign and malignant kidney tumors in male rats.

Kurokawa Y, Hayashi Y, Maekawa A, Takahashi M, Kokubo T and Odashima S
(1983). Carcinogenicity of potassium bromate administered orally to F344 rats. J.
Nat. Cancer Inst. 71: 965-972.

Procarbazine

Cancer Potency: 14 (mg/kg-day)-!
10-5 Risk Specific Intake:  0.05 pg/day

Cancer potency is derived from the value for the hydrochloride, after 'correcting for differences
in molecular weight. For more details see below and the glossary to Appendix 1.

Procarbazine hydrochloride

Cancer Potency: 12 (mg/kg-day)-1
10-5 Risk Specific Intake:  0.06 ug/day

Gold et al. list results from intraperitoneal injection studies in male and female B6C3F, mice,
Swiss mice, and Sprague-Dawley rats (2 studies per sex), and from mixed exposure studies in
male and female cynomologous monkeys. The studies in primates are difficult to compare
with the rodent studies, because study designs are so different. Mice and rats have similar
sensitivities, with mice perhaps slightly more sensitive than rats. Cancer potency is derived
from studies in mice (NCI, 1979; Skipper, 1976; Weisburger, 1977). Because no particular
study in mice stands out as the most appropriate, potency is derived by taking the geometric
mean of potencies derived from 1) male B6C3F, mice (benign and malignant lung tumors), 2)
female B6C3F, mice (uterine adenocarcinomas), 3) male Swiss mice (lung tumors), and 4)
female Swiss mice (lung tumors).

National Cancer Institute (NCI, 1979). Bioassay of Procarbazine Hydrochloride for
Possible Carcinogenicity. Carcinogenesis Technical Report Series No. 19. NTIS
Publication No. PB 299902. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

Skipper HE (1976). Booklet 1, Phase I Studies on the Carcinogenic Activity of
Anticancer Drugs in Mice and Rats. Final report. Southern Research Institute,
Birmingham, AL.

Weisburger EK (1977). Bioassay pi'ogram for carcinogenic hazards of cancer
chemotherapeutic agents. Cancer 40: 1935-1949. ,

1,3-Propane suitone

Cancer Potency: 2.4 (mg/kg-day)-1
105 Risk Specific Intake: 0.3 ug/day

Gold et al. report the results of the gavage studies by Weisburger et al. (1981) in male and
female Charles River CD rats. The sexes are of similar sensitivity. Cancer potency is
estimated from dose response data in male rats for uncommon malignant gliomas of the
cerebellum, the most sensitive site in males.
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Weisburger EK, Ulland BM, Nam J, Gart JJ and Weisbu;ger JH ( 1981).
Carcinogencity tests of certain environmental and industrial chemicals. J. Nat. Cancer
Inst. 67: 75-88.

beta-Propiolactone

Cancer Potency: 14 (mg/kg-day)!
10-5 Risk Specific Intake:  0.05 ug/day

Gold et al. report results for gavage studies in male and female Ha/ICR mice and female
Sprague-Dawley and Eastern Sprague-Dawley rats. Forestomach tumors, including squamous
cell carcinomas, were observed in both sexes of mice, and stomach tumors were observed in
both studies in female rats. All groups exhibited similar sensitivity. Cancer potency is
estimated from dose response data for forestomach tumors in male mice (Van Duuren et al.,
1979), which are perhaps slightly more sensitive than the rat.

Van Duuren BL, Goldschmidt BM, Loewengart G, Smith AC, Melchionne S, Seidman
I and Roth D (1979). Carcinogenicity of halogenated olefinic and aliphatic
hydrocarbons in mice. J. Nat. Cancer Inst. 63: 1433-1439.

Propyithiouracil

Cancer Potency: 1.0 (mg/kg-day)-!
105 Risk Specific Intake: 0.7 ug/day

Gold et al. report dose response data for feeding studies in CS7BL mice (both sexes combined)
and male Long Evans rats, and drinking water studies in male and female Wistar albino rats.
Gold et al. also report on an inadequate drinking water study in Wistar rats exposed to the
compound for only 6 months. This study is of lower power compared to the other studies due
to the substantially shorter dosing period and much smaller group sizes. In the study in
CS7BL mice propylthiouracil induced pituitary adenomas; in each positive rat study it induced
thyroid tumors. Quantitatively, rats were more sensitive than the mice studied. In the positive
studies, rats exhibited similar sensitivities. Cancer potency is estimated from the rat study
with the largest number of animals in the treatment and control groups -- the study by Lindsay
et al. (1966) in male Long Evans rats. This study detected thyroid adenomas only; studies in
other strains of rats found both malignant and benign thyroid tumors.

Lindsay S, Nichols CW and Chaikoff IL (1966). Induction of benign and malignant
thyroid neoplasms in the rat. Induction of thyroid neoplasms by injection of 131-I with
or without the feeding of diets containing propyithiouracil and/or desiccated thyroid.
Arch. Pathol. 81: 308-316.

Reserpine

Cancer Potency: 11 (mg/kg-day)-!
10-3 Risk Specific Intake:  0.06 ug/day

Gold et al. list the results of NCI (1982) feeding studies in male and female B6C3F,; mice and
F344 rats. In addition, feeding studies in male and female Wistar rats and female C3H mice
are reported. NTP (1991) characterizes the results for the NCI studies in male and female
mice and male rats as positive, and the study in female rats as negative. Results for the studies
in Wistar rats and C3H mice are negative and suggest that the strains may not have been as
sensitive as those used by NCI since similar dose levels were used in all experiments. Cancer
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potency is estimated from benign and malignant adrenal tumors in male F344 rats, the most
sensitive species/strain/sex tested.

National Cancer Institute (NCI, 1982). Bioassay of Reserpine for Possible o
Carcinogeniciry. Carcinogenesis Technical Report Series No. 193. NTIS Publication
No. PB 83165761. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

National Toxicology Program (NTP, 1991). Chemical Status Report. US Department
of Health and Human Services, NTP, Research Triangle Park, NC.

Safrole

Cancer Potency: 0.22 (mg/kg-day)-!
10-5 Risk Specific Intake: 3 ug/day

A number of studies are available in various strains of rats and mice. Mice appear to be
slightly more sensitive than rats. No particular study stands out as being the most suitable for
potency estimation. Thus, the potencies derived from the numerous studies available in mice,
the presumably more sensitive species, are used to calculate a geometric mean. The following
12 data sets in mice are used: 1) benign and malignant liver tumors in female BAKF, and 2)
male B6AKF, reported by Innes (1968) and Innes et al. (1969); 3) benign and malignant liver
tumors in female B6C3F, and 4) male B6C3F, reported by Vesselinovitch et al. (1979); 5)
hepatocellular tumors in male B6C3F, mice reported by Innes (1968) and Innes et al. (1969);
6) hepatocellular adenomas in male BALB/c mice reported by Lipsky et al. (1981)
(carcinomas were also observed in this study, but the combined incidence of benign and
malignant tumors was not reported in Gold et al.); 7) hepatocellular carcinomas in female
CDF1 by Wislock et al. (1977); 8) hepatomas in female CDF1 mice reported by Boberg et al.
(1983); 9) and 10) hepatomas reported by Miller et al. (1983) in female CDF1 mice (2
exposure scenarios); 11) hepatocellular carcinomas in male CDF1 mice reported by Wislocki
x(’.i ;173 )(1977); and 12) hepatocellular adenomas in male CDF1 mice reported by Borchert et al.

Innes JRM (1968). Evaluation of carcinogenic, teratogenic, and mutagenic activities
of selecred pesticides and industrial chemicals. Volume 1: Carcinogenic study.
Bionetics Research Laboratories, Inc. Distributed by National Technical Information
Service, Springfield, VA.

Innes JRM, Ulland BM, Valerio MG, Petrucelli L, Fishbein L, Hart ER, Pallota AJ,
Bates RR, Falk HL, Gart JJ, Klein M, Mitchell I and Peters J (1969). Bioassay of
pesticides and industrial chemicals for tumorigenicity in mice: a preliminary note. J.
Nat. Cancer Inst. 42: 1101-1114.

Vesselinovitch SD, Rao KVN and Mihailovich N (1979). Transplacental and
lactational carcinogenesis by safrole. Cancer Res. 39: 4378-4380.

Lipsky MM, Hinton DE, Klaunig JE and Trump BF (1981). Biology of hepatocellular
neoplasia in the mouse. I. Histogenesis of safrole-induced hepatocellular carcinoma.
J. Nat. Cancer Inst. 67: 365-371.

Wislocki PG, Miler EC, Miller JA, McCoy EC and Rosenkranz HS (1977).
Carcinogenic and mutagenic activities of safrole, 1'-hydroxysafrole and some known or
possible metabolites. Cancer Res. 37: 1883-1891.
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Boberg EW, Miller EC, Miller JA, Pland A and Liem A (1983). Strong evidence from
studies with brachymorphic mice and pentachlorophenol that 1'-sulfooxysafrole is the
major ultimate electrophilic and carcinogenic metabolite of 1'-hydroxysafrole in mouse
liver. Cancer Res. 43: 5163-5173.

Miller EC, Swanson AB, Phillips DH, Fletcher TL, Liem A and Miler JA (1983).
Structure-activity studies of the carcinogenicities in the mouse and rat of some naturally
occurring and synthetic alkenylbenzene derivatives related to safrole and estragole.
Cancer Res. 43: 1124-1134.

Borchert P, Miller JA, Miller EC and Shires TK (1973). 1'-Hydrosafrole, a proximate
carcinogenic metabolite of safrole in the rat and mouse. Cancer Res. 33: 590-600.

Sterigmatocystin

Cancer Potency: 35 (mg/kg-day)!
105 Risk Specific Intake:  0.02 ug/day

Listed are feeding studies in male and female BD I mice; male ACl/n, Donryu and Wistar
rats; and a gavage study in Wistar rats (incidences of both sexes combined). In addition, there
is a gavage study in Wistar rats (sexes combined). Sterigmatocystin induced liver tumors in ail
studies listed. In the reported studies rats are, in general, more sensitive than the mice
studied. No study in rats stands out as the most appropriate for potency estimation. Cancer
potency is taken as the geometric mean of potencies from the data sets for the five rat studies.
Data sets used are for: liver tumors in 1) male ACI/n rats (Maekawa et al. 1979) and 2) male
Donryu rats (Ohtsubo et al. 1978); hepatocellular carcinomas in the studies reported by
Purchase et al (1970) in Wistar rats (sexes combined) treated 3) by gavage, and 4) by feeding;
and 5) liver carcinomas reported by Terao et al. (1978) in male Wistar rats.

Maekawa A, Kajiwara T, Odashima S and Kurata H (1979). Hepatic changes in male
ACI/N rats on low dietary levels of sterigmatocystin. Gann 70: 777-781.

Ohtsubo K, Saito M, Kimura H and Tsuruta O (1978). High incidence of hepatic
tumours in rats fed mouldy rice contaminated with Aspergillus versicolor containing
sterigmatocystin. Food Cosmet. Toxicol. 16: 143-149.

Purchase IFH and van der Watt JJ (1970). Carcinogenicity of sterigmatocystin. Food
Cosmet. Toxicol. 8: 289-295.

Terac K, Aikawa T and Kera KA (1978). A synergistic effect of nitrosodimethylamine
on sterigmatocystin carcinogenesis in rats. Food Cosmet. Toxicol. 16: 591-596.

Streptozotocin

Cancer Potency: 110 (mg/kg-day)-1
105 Risk Specific Intake:  0.006 ug/day

Gold et al. list the results of the intraperitoneal studies in male and female Swiss mice and
Charles River CD rats (Skipper, 1976; Weisburger, 1977). Tumors were observed at multiple
sites. Mice were more sensitive than rats, and female mice were slightly more sensitive than
male mice. Cancer potency is estimated from the most sensitive site in female mice, the lung.
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Skipper HE (1976). Booklet 1, Phase I Studies on the Carcinogenic Activity of
Anticancer Drugs in Mice and Rats. Final report. Southern Research Institute,
Birmingham, AL.

Weisburger EK (1977). Bioassay program for carcinogenic hazards of cancer
chemotherapeutic agents. Cancer 40: 1935-1949.

Styrene oxide

Cancer Potency: 0.16 (mg/kg-day)-!
105 Risk Specific Intake: 4 -ug/day

Gold et al. list the gavage studies in male and female B6C3F, mice and F344 rats by Lijinsky
et al. (1986) and in Sprague-Dawley rats by Maltoni et al. (1b81). Benign and malignant
tumors of the forestomach were observed in all tests. Rats and mice are of similar sensitivity,
with the mice studied perhaps slightly less sensitive overall than the rats. In the study in F344
rats, animals were treated for 2 years, in contrast to the Sprague-Dawley study in which
animals were treated for one year and then observed for 2 subsequent years without treatment.
Cancer potency is taken from the continuous exposure study of Lijinsky for F344 rats. Males
and females are of similar sensitivity, with males exhibiting slightly greater sensitivity than
females. Cancer potency is therefore estimated from dose response data for the male rat
forestomach, the most sensitive target site in these studies.

Lijinsky W (1986). Rat and mouse forestomach tumors induced by chronic oral
administration of styrene oxide. J. Nat. Cancer Inst. T7: 471-476.

Maltoni C (1981). Early results of the experimental assessments of the carcinogenic
effects of one epoxy solvent: styrene oxide. Adv. Mod. Environ. Toxicol. 2: 97-110.

Suifallate

Cancer Potency: 0.19 (mglkg‘day)'1
105 Risk Specific Intake: 4 ug/day

Gold et al. list the results of NCI (1978) feeding studies in male and female B6C3F, mice and
Osborne Mendel rats. Significant increases in tumors are observed at several sites in the four
species/sex combinations tested. Quantitatively the results for the rats and female mice are
similar, aithough rats are slightly more sensitive than mice. The dose response data in the
female rat is of better quality-than that in the male rat. For this reason, the female serves as
the basis of the potency caiculation. The most sensitive target site in female rats is the
mammary gland. Cancer potency is based on dose response data for adenocarcinomas of the
mammary gland in female rats.

National Cancer Institute (NCI, 1978). Bioassay of Sulfallate for Possible
Carcinogenicity. Carcinogenesis Technical Report Series No. 115. NTIS Publication
No. PB 286386. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

1,1,2,2-Tetrachloroethane

Cancer Potency: 0.27 (mg/kg-day)-1
10 Risk Specific Intake: 3 ug/day Y
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Gold et al. list the results of NCI (1978) gavage studies in male and female B6C3F, mice and
Osborne Mendel rats. Significant results are not seen for rats, whereas highly significant
increases in liver tumors are observed in both sexes of mice, with almost identical sensitivity.
Cancer potency is estimated from dose response data for hepatocellular carcinomas in female
mice rather than in male mice because the confidence bounds around the estimate are smaller
in females.

" National Cancer Institute (NCI, 1978). Bioassay of 1,1,2,2-Tetrachloroethane for
Possible Carcinogenicity. Carcinogenesis Technical Report Series No. 27. NTIS
Publication No. PB 277453. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

Thioacetamide

Cancer Potency: 6.1 (mg/kg-day)!
10-5 Risk Specific Intake: 0.1 ug/day

Listed are resuits from the study by Gothoskar et al. (1970) in male and female Swiss mice.
Hepatomas were seen in all treated male mice, precluding estimation of the upper bound on
potency in these animals. Females were slightly less sensitive; six of the seven dosed female
mice developed hepatomas. Because this is the only dose response data available in Gold et
al., the data for the females are used to derive potency. The value presented here may be an
underestimate, but is useful as an interim value.

Gothoskar SV, Talwalkar GV and Bhide SV (1970). Tumorigenic effect of
thioacetamide in Swiss strain mice. Br. J. Cancer 24: 498-503.

4,4'-Thiodianiline

Cancer Potency: 15 (mg/kg-day)-1
105 Risk Specific Intake:  0.05 ng/day

Gold et al. list the results of NCI (1978) feeding studies in male and female B6C3F, mice and
F344 rats. Tumors of the thyroid and liver are observed in all species/sex combinations
tested, with rats more sensitive than mice. Male and female rats exhibit similar sensitivity.
Cancer potency is estimated from dose response data for carcinomas of the uterus, the most
sensitive site in female rats. Because survival was poor for the study in female rats, potency
was derived using a time-to-tumor analysis (Crump et al., 1991).

Crump KS, Howe RB, Van Landingham C, and Fuller WG (1991). TOX_RISK
Version 3. TOXicology RISK Assessment Program. KS Crump Division, Clement
International Corporation, 1201 Gaines Street, Ruston, Louisiana 71270.

National Cancer Institute (NCI, 1978). Bioassay of 4,4'-Thiodianiline for Possible
Carcinogenicity. Carcinogenesis Technical Report Series No. 47. NTIS Publication
No. PB 280360. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD. :

Thiourea

Cancer Potency: 0.072 (mg/kg-day)!
10-5 Risk Specific Intake: 10 ug/day
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Listed are drinking water studies in female C3H mice, mixed exposure (drinking water and
intraperitoneal injection) and drinking water studies in Hebrew University male rats, and
feeding studies in Osborne Mendel rats. A positive response was observed only in the studies
in Hebrew University rats, perhaps because the doses used were considerably higher than in
the other studies. Thiourea induced epidermoid carcinoma of the eyelid and auricular region
in both the mixed exposure and drinking water study; potencies of similar magnitude were
derived from these studies. Cancer potency is based on the analysis of dose response data for
the drinking water study (Vasquez-Lopez, 1949).

Vasquez-Lopez E (1949). The effects of thiourea on the development of spontaneous
tumours on mice. Br. J. Cancer 3: 401-414.

- Toluene diisocyanate

Cancer Potency: 0.039 (mg/kg-day)-!
105 Risk Specific Intake: 20 ug/day :

Gold et al. list the results of NTP (1986) gavage studies in male and female B6C3F, mice and
F344 rats. Rats are more sensitive than mice. Male and female rats have similar sensitivities.
Cancer potency is based on the dose response data in male rats for fibromas and fibrosarcomas
of the subcutaneous tissue, the most sensitive target site.

National Toxicology Program (NTP, 1986). Toxicology and Carcimenesis Studies of
Toluene Diisocyanate in F344/N Rats and B6C3F, Mice (Gavage Studies). NTP
Technical Report Series No. 251. NTIS Publication No. 87115176. US Department
of Health and Human Services, NTP, Research Triangle Park, NC.

ortho-Toluidine

Cancer Potency: 0.18 (mg/kg-day)-!
10-5 Risk Specific Intake: 4 ug/day

_Cancer potency is derived from that for the hydrochloride (see below and in the glossary to
Appendix 1 for explanation).

National Cancer Institute (NCI, 1979). Bioassay of ortho-Toluidine Hydrochloride for
Possible Carcinogenicity. Carcinogenesis Technical Report Series No. 66. NTIS
Publication No. PB 290908. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

ortho-Toluidine hydrochloride

Cancer Potency: 0.13 (mg/kg-day)-!
10-5 Risk Specific Intake: 5 pg/day

Gold et al. list the resuits of feeding studies in male and female B6C3F, mice and F344 rats
(NCI, 1979), in male and female CD-1 HaM/ICR mice and Charles River CD rats
(Weisburger et al., 1978; Russfield et al. 1973), and in male F344 rats (Hecht et al.; 1982).
Positive results were observed for all studies, with induction of tumors at multiple sites (e.g.,
liver, urinary tract, mammary gland, skin and subcutaneous tissue). Male rats appear to be
more sensitive than mice or female rats. Cancer potency is based on the male rat. The
geometric mean of potency values derived from the most sensitive sites in the Weisburger et
al. (1978), Russfield et al. (1973), Hecht et al. (1982), and NCI (1979) studies is used as the
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potency estimate. Survival was poor for.the NCI study in male rats. Potency for that study
was therefore derived using a time-to-tumor analysis (Crump et al., 1991).

Crump KS, Howe RB, Van Landingham C, and Fuller WG (1991). TOX_RISK
Version 3. TOXicology RISK Assessment Program. KS Crump Division, Clement
International Corporation, 1201 Gaines Street, Ruston, Louisiana 71270.

National Cancer Institute (NCI, 1979). Bioassay of ortho-Toluidine Hydrochloride for
Possible Carcinogenicity. Carcinogenesis Technical Report Series No. 66. NTIS
Publication No. PB 290908. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

Hecht SS, El-Bayoumy K, Rivenson A and Fiala E (1982). Comparative
carcinogenicity of o-toluidine hydrochloride and o-nitrosotoluene in F344 rats. Cancer
Lent. 16: 103-108.

Weisburger EK, Russfield AB, Homburger F, Weisburger JH, Boger E, Van Dongen
CG and Chu K (1978). Testing of twenty-one aromatic amines or derivatives for long-
term toxicity or carcinogenicity. J. Environ. Pathol. Toxicol. 2: 325-356.

Russfield AB, Homburger F, Boger E, Van Donger CG, Weisburger EK and
Weisburger JH (1973). Carcinogenicity of Chemicals in Man's Environment. Final
Report, Contract No. NIH-NCI-E-68-1311. Bio-research Consultants, Inc.,
Cambridge, MA.

Tris(1-aziridinyl) phosphine sulfide (Thiotepa)

Cancer Potency: 12 (mg/kg-day)!
10-5 Risk Specific Intake:  0.06 ug/day

Gold et al. list the results of intraperitoneal studies in male and female B6C3F, mice and
Sprague-Dawley rats (NCI, 1978), and the intravenous injection study in male BR 46 rats
(Schmahl et al., 1970). Rats and mice appear to be of similar sensitivities, with the female
mice perhaps slightly less sensitive than the male mice or rats. Cancer potency is based on the
geometric mean of potencies from the male Sprague-Dawley rat (leukemia) and female
Sprague-Dawley rat (uterine adenocarcinoma) intraperitoneal studies.

National Cancer Institute (NCI, 1978). Bioassay of Tris(1-aziridinyl)phosphine sulfide
(Thiotepa) for Possible Carcinogenicity. Carcinogenesis Technical Report Series No.
58. NTIS Publication No. PB 285702. US Department of Health, Education and
Welfare (DHEW), NCI Carcinogenesis Testing Program, Bethesda, MD.

Schmahl D and Osswaid H (1970). Experimentalle Untersuchungen uber carcinogene

Wirkungen von Krebs-Chemotherapeutica und Immunosuppressiva. Arzneim.-Forsch.
20: 1461-1467.

Tris(2,3-dibromopropyl)phosphate

Cancer Potency: 2.3 (mg/kg-day)-!
10-5 Risk Specific Intake: 0.3 ug/day

Gold et al. list the results of NCI (1978) feeding studies in male and female B6C3F; mice and
F344 rats, and of the gavage study in male F344 rats by Reznik et al. (1981). The Reznik
study, which had only 5 animals in the treatment group and lasted only one year, was
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negative. All other studies showed significant increases in tumors at multiple sites. Cancer
potency is derived from the NCI (1978) dose response data for kidney tumors in male rats, the
most sensitive sex/species combination tested.

National Cancer Institute (NCI, 1978). Bioassay of Tris(2,3-dibromopropyi)phosphate
for Possible Carcinogenicity. Carcinogenesis Technical Report Series No. 76. NTIS
Publication No. PB 280271. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

Reznik G, Reznik-Schuller HM, Rice JM and Hague BF (1981). Pathogenesis of toxic
and neoplastic renal lesions induced by the flame retardant tris(2,3-
dibromopropyl)phosphate in F344 rats, and development of colonic adenomas after
prolonged oral administration. Lab. Invest. 44: 74-83.

Trp-P-1 (Tryptophan-P-1; 3-amino-1,4-dimethyl-SH-pyrido[4,3-b]indole)

Cancer Potency: 26 (mg/kg-day)-!
105 Risk Specific Intake:  0.03 ug/day

Gold et al. list the results for studies on the acetate: the feeding studies by Matsukura et al.
(1981) in male and female CDF1 mice and by Takayama et al. (1985) in male and female
F344/DuCrj rats. Trp-P-1 acetate induced liver tumors in all studies. The rats are
significantly more sensitive than mice. Male and female rats are of equivalent sensitivity.
Cancer potency for Trp-P-1 acetate is derived from dose response data for liver tumors in
female rats. Cancer potency of Trp-P-1 is derived from that for the acetate following the
procedures described in the glossary to Appendix 1.

Matsukura N, Kawachi T, Morino K, Ohgaki H and Sugimura T (1981).
Carcinogenicity in mice of mutagenic compounds from a tryptophan pyrolyzate.
Science 213: 346-347.

Takayama S, Nakatsuru Y, Ohgaki H, Sato S and Sugimura T (1985). Carcinogenicity
in rats of a mutagenic compound, 3-amino-1,4-dimethyl-5H-pyrido(4,3-b}indole, from
tryptophan pyrolysate. Jpn. J. Cancer Res. 76: 815-817.

Trp-P-2 (Tryptophan-P-2; 3-amino-1-methyl-SH-pyrido[4,3-b]indole)

Cancer Potency: 3.2 (mg/kg-day)'ll
10-5 Risk Specific Intake: 0.2 ug/day

Gold et al. list the results for studies on the acetate: the feeding studies by Matsukura et al.
(1981) in male and female CDF1 mice and by Hosaka et al. (1981) on male and female ACI
rats. Trp-P-2 acetate induced liver tumors in mice and female rats. The female rats and
female mice are significantly more sensitive than males. Mice showed a greater sity for
developing malignant tumors. Thus, cancer potency for Trp-P-2 acetate 1s derived dose
response data for liver tumors in female mice. Cancer potency of Trp-P-2 is derived from that
for the acetate following the procedures described in the glossary to Appendix 1.

Matsukura N, Kawachi T, Morino K, Ohgaki H and Sugimura T (1981).
Carcinogenicity in mice of mutagenic compounds from a tryptophan pyrolyzate.
Science 213: 346-347.
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Hosaka S, Matsushima T, Hirono I and Sugimura T. (1981). Carcinogenic activity of
3-amino-1-methyl-SH-pyrido[4,3-bJindole (trp-P-2), a pyrolysis product of tryptophan.
Cancer Lerr. 13: 23-28.

Vinyl trichloride (1,1,2-Trichloroethane)

Cancer Potency: 0.072 (mg/kg-day)!
10-5 Risk Specific Intake: 10 ug/day

Gold et al. list the results of NCI (1978) gavage studies in male and female B6C3F, mice and
Osborne Mendel rats. The NTP (1991) considers the findings in mice of both sexes positive,
and in rats negative. The compound induced adrenal pheochromocytomas and malignant liver
tumors in both sexes of mice. Females appear to be slightly more sensitive than males.

Cancer potency is based on the dose response data for hepatocellular carcinomas in female
mice.

National Cancer Institute (NCI, 1978). Bioassay of 1,1,2-Trichloroethane for Possible
Carcinogenicity. Carcinogenesis Technical Report Series No. 74. NTIS Publication
No. PB 283337. US Department of Health, Education and Welfare, NCI
Carcinogenesis Testing Program, Bethesda, MD.

National Toxicology Program (NTP, 1991). Chemical Status Report. US Department
of Health and Human Services, NTP, Research Triangle Park, NC.



