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to identify 20 significant atmoSpher.c carcino-
gens. Sampling and analytical methodology
based on porous polymer sorbants and gas chroma-
tography/mass spectrometry will then ove devel-
oped for 15 of these chemicals. .

In order to identify signaficant caircinogens, . .
the literature has been reviewed for about 125
chemicals to determine whether they should be
considered carcanoaens for this project
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Introduct fon

The :1rst task of EPA Contract 68-02-2773 18 to identify 20 sig-
ni1facant atmospheric carcinogens. Sampling and analytical meth-
odology based on porous polymer sorbants and gas chromatography/
mass spectrometry will then be developed for 1S of these chemi-

cals.

In order to identify sagnificant carcinogens, the literature has
been reviewad for about 125 chemicals to determine whether they
should be considered carcinogens for this project.

Dif forent craiteria must be used to define what test results in-
dicate carcinogenicity depending on the use to which the result-

ing list 1s intended.  For this program, some chemicals have been
1ncluded on the possible carcinogen list based on a limited amount
of shoit-term mutagenicity data. If these lists should be used for
othor purposes, it would be expedient to review the literature
cited and draw the appropriate conclusions based on other gquidelines

For this project, a probable carcinogen generally has at least some
pos.tive animal Jata coupled with positive mutagenicity data from
at least one well estab!.shed mutagenicity test or several muta-
gericity tests which have not been as extensively validated. The
mutacenicity tests which were considered fairly well established
include the Ames Salmonella typhimurium test and the enhancement
of viral transformation tests {e.g. B, C. Castol, with the E, col1
{pol A) differential toxicity and the Drosophila tests also con~
sidered important,

Ani=al carcinogenicity tests were considered less significant aif
they were conducted mere than 5 ~ 10 years ago, tested by the
subcutaneous route of administration demonstrating only local
tumors, utilized only a few animals. or reported no concurrent
control animals.

Dr. & .C. Casto, BiolLabs, Inc. = Northbrook, Illinois. has been a
consultans for Monsanto Research Corporsticn of. this fPA contract.

T obsANTD ResHARE dokeokATioN & wons 021999




Chemscal
Acetaldehyde
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Acrylonitrile
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Anthracene
Benz{a)Anthracene
Benzene

Benzidine
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Benzoquinone  (Quinone)
Benzoyl Peroxide
Benzyl Chloraide
Biphenyl
Bis(Chlotomethyl)Ethet
Butadiene

Captan

Carbon Disulfaide
Carbon Tetrachloride
Chloracetic Acid
Chlordane

Lzesol
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Index - Tontinued

Chemical

Di-tert=Butyl Peroxide
De (2-Ethylhexyl)Phthalate
2,3-Draminoanisole
DiLazinon
o~Dichlorobenzene
p-Dichlorobenzene
Dichlorobenzidene
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1,1-Dichlioroethane
Dichloronapthoquinone
bichlorophenol
Dichloropropene
Dichloropropionic Acid

Dichliorovinyl Dimethyl Phosvhate (Dichlorovos)

Dirmethylacetamide
Dimethylamine
Dimethylhydrazine
Dinitrotoluene
Dioxane

Diphenyl Oxide
Disodium Methanearsonate
Durstan

Esndosul fan

£ndrin
C2.chiorohydran
Eptam

Ethahol

Ethyl Benzene
Ethylene

Efhylene BDibromiae
Edhyldnd bDidhldride
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Acetaldehyde

Acetaldehyde 1s possibly a carcinogen promoter!, but no refer-
encee tO it as a carcinogen or mutagen were found in Toxline or
Ctnccrline. Two references by Nakahara and Morl in ‘1939 and
13402 demonstrated no tumors in rats fed acetaldehyde in their
éod for more than J00 days. It is probably not a carcinogen.

‘Dwxes. M. €., "Com=Carcinngencsis wish Respect to the Contants
dif: Qibavacte \Tobaccar, JR. Soc. health.J..”(Q 996-301, 19?3
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Acstone

Acetone {2-propanone, dimethyl ketone, CAS No. 67-§&~1) has
been extensively tested for carcinogenic activity both by -
itself and as a negative solvent control for cother chemicsls”,
No significant positive results could be found on Cancerline

or Toxline for acetone. It is also negative on most in vitro
tests and 1s used a3 a negative solvent control for many
chemicals in these tests,

1 arel @
urve b4 sunds Which Have Been Tusted for Careinogdni

'Acux*xt{i gtxonaf Cancér Institute, PHS-149, VoIGE‘i‘iiff;

4 44 and: 7,

1
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Acetonitrile

The only data suggesting that acetonitrile is a carcmdgen is a
reference citing equivocal resuits from a 2-year rat study!, 1t

18 considered a non-carcinogen for this project.

JFuller, B.; et al., *Preliminary Scoring of Organic Aix
Pollutants”, National Technical Irformation Service Number

BB 264 442, 197€.

by
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Acrolein

Acrolein appears to be toxic snd rsduces ciliary action of the
bronchial epithelium's?s but is not mutagenic in S. cerevisiae!
or dominant lethal mice tests®. Acrolein has been found to be a
mutagen to .the TAL1S538 and TA9B strains of §. typhimurium®. It
will be considered to be a possible carcinogen for this project.

Production and Persistance

It is estimated that 6.5 x 10° Kg 1s emitted per year, primarily
associated with acrylic acid manufacture®. Other estimates are
4.2 x 105 kg/yr released from 2.8 x 107 produced’ and a produc-
tion of 2.8 x 10’ produced in 1974 with & 6.7V growth forecasted
throuch 1979%. It has an awumospheric half life estimated at

2.6 hours? " Its boiling poin: i1s -B8°C and 1t ‘has a vapor
pressure of 220 mm at 20°C!}

:Shabad, L. M, et al., "The Feasibility of Preventing the Effects
of Carcinogens on Man™, Kazan Med. Zh (S), 92-93,:1973.

Terrell, J. H. and Schmeltz, 1., "Cigarettes. Chemical Effect
of Sodium Nitrate Content™, Science }&0, 1456, 1968,

1zard. C., "Mutagenic Effects of Acrolein and .1ts. Two ?pox:dea.
Glycido)l and Glycidal, in Saccharomyces Cerevisiae”, C, R.
Acad. Scy , Ser. D., 276 (23), 3037-3040,1973.

“Epstein, S. S.. et al., "Detection of Chemical “utagens by the
Dominant Lethal Assay in the Mouse®, Toxicol, Appl. Pharmacal,
23,:288-325, 1972,

-Bianamy, M. et al.. "Relationship Between Chemical Structure and
Mutagenic Activity in Some Pesticides: The Use of Salmonells
Typhimurium and Aspergillus Midulans®, Mutat. Res. 46 (3},
243-244, 1977,

EMRC Source Assessment Data Base, July 1977,

“Futler, B., et al , "Preiiminary Scoring of orqanxc'AAr Pollu-
tants", ‘National Technical Infornatxon Service Number

PB 264 442, 1976.

SAllport, J., et al,. "A Study of Industrial Data on Candidate

Chemicals for Testing”, National Taechnical Information Service
Number PB 274 264. 1977

CINDNSINTE BESBARHCORPOAATION o
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Acrole:n
Refercences « Continued

"Padding, $. R.. et al,, "Review of the Environmental fate of
Selected Chemicals”, National Technical Informatisn Service
Number PB 267 121, 1977,

»Werochueren,, K.y giandbook of Environmental Data on o:gam:‘
“ﬁl’éaﬁi vhd '“g tzand Reinhold Co..IN.Yd.t 1507,
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Acrylonitrile

Positive Ames tests' E. coli mutation tests? and viral transfor-
mation enhancement tests’ have been reported along with negative
recessive lethal Drosophila melancgaster and negative v1c1a?£§ba
chromosome aberrationtests“. Human epidemelogical evidence points
toward acrylonitrile being a carcinogen®. Additionally, one-year
interim report from the Manufacturing Chemists' Association of
on-going ingestion and inhalation studies of acrylonitrile in
laboratory rats report the rats developing a variety of tumors
including carcinomas®. Based on these findings, acrylonitrile is
being placed on the probable carcinogen list for this project.

Production and Persistance

It is estimated that 3.7 x 10° Kg is emitted per year?. (Another
estimate is 9.6 x 10° Kg per year®). Acrylonitrile has a boiling
point of 77°C and a vapor pressure of 100 mm at 23°C?,

‘Milvey, P. and Wolff, M., "Mutagenic Studies with Acrylonitrile”,
Mut. Res. 48 (3-4), 271-278, 1977.

‘Vvenitt, S. et al., "Mutagenicity of Acrylonitrile (Cyanoethylene)
1n Escherichia Coli"™, Mut. Res. 45, 283-288, 1977,

‘Personal communication with B. C. Casto on 9 February 1978.

‘Allport, J., et al., “A Study of Industrial Data on Candidate
Chem:cals for Testing", National Technical Information Service
Number PB 274 264, 1°77.

“"Acrvlonitrile Linked to Cancer on Workers"”, Chem. Eng. News,
33, 6, 1977,

“Finkiea, J. F "Acrylonitrile” Am. Ind. Hyg. Assoc. J. 18,

s

117-422, 1977,
"MRC Source Assessment Data Base, July 1977.

‘fuller, B., et al., "Preliminary Scoring of Organic Air /Pbllhitants”
National Technical Information Service Number PB 264 442, 1976.

'Verschuergn, K.,’uandbook o{ Environmental Data on Orcanié‘
Chericals! ,vad Npstrand Reinhold (o.. New. fork, 19773

2 MONSANTG RESEARGH 'CORPORATION &
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Aldrin

Aldrin has been found to cause naoplasia in two str 1
and tumors in weanling rats?. Aldrin is converted ::2: gfeTé::n
in the environment’ and dieldrin is a carcinogen at 0.1 ppm in
dxet§ry exposure to mice“. Thus the sale and production of
a;drxn was suspended’ ., Many other animal studies have been con-
ducted with questionable results®, and some tn vitro tests have
been negatiye’.’ Since there is enough datu to suspend production
of gldixn, it will be considered a probable carcinogen for this
project.

Production and Persistance

It is estimated that 4.5 x 10® Kg aldrin were produced in 1971°%.
Another production estimate is 1.1 x 107 Kg/year (1976)8.

!song, J. and Harville, W. E., “"Carcinogenecity of Aldrin and
Dieldrin on Mouse and Rat Liver", Fed. Proc. 23, 336, 1964.

Zpeichmann, W. B., et al., "Tumorigenicity of Aldrin, Dieldrin,
and Endrin in the Albino Rat“, Ind. Med. Surg. 3% (10), 426-
434, 1950,

JWurster, C. F., "Aldrin and Dieldrin”, Environment 13 (8), 33-45,
1971.

“Epstein, S. S., "Prevention - Environmental Exposure: An Over-
view, Including the Role of Pesticides", Third International
Symposium on Detection and Prevention of Cancer, 5, 1976.

SEpstein, S. S. "Case Study 5: Aldrin and Dieldrin Suspension
Lac2d on Zxperimental Evidence and Evaluation and Societal
leeds™, Amn. N.7. Acad. Sci. 271, 187-195, 1976.

$“pldzin”, in IARC Monographs on the Evaluation of Carcinogenic
Risk of Chemicals to Man, Volume 5, 25-38, 1974.

"Fahrig, .R., "Comparatiye Mutagenicity Studies with Pesticides”,
in Chemical Carcinbqenesis Essays. IARC Sci. Pub. Nd. 10, 161-181,
1974. 7
Sruller, {B. et al., ,Preliginary Scoring of O gap'c \ir{Pollutants"”
%5&:13'“ Téchritay fnfdrmbtion ‘Se:rf\:ice,N._uﬁ\beg 3951 244 l4§.]h916. :
; 3
7 .
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Allyl Chloride

Allyl chloride (3-chloropropene, CAS No. 107-05-1) is on the

NIOSH Safety Alert List. No references have been found on thu
Toxline, Cancerline or the Stanford Research Institute study on
hazard priority ranking!, to indicate that allyl chloride is a
carcinogen or mutagen. A recent reference, however, reports

that allyl chloride is a mutagen in S. typhimurium, S. cerevisiae,
and E., coli test systems?. It is therefore classified as a poss-~

ible carcinogen for this project.

Production and Persistance

It is estimated that 4.2 x 105 Kg is emitted per year from
stationary sources’. Another estimate is 2 x 10% Kg released
from a production of 1.3 x 10°% K? per year“, and a production
estimate of 1.3 x 10% kg 1n 19725, It is reported to take 27
minutes for 50% of the allyl chloride in a 'l ppm snolution to
evaporate at 25°C®, It has a half-life with HO radical of 21l
hours, with 03 radicals cof 9 hours, and hydrolvzes with a half-
life of 7 days*. It has a boiling point of 45°C, a vapor pres-
sure of 340 mm at I0°C, and a solubility of 3.3 gm/15%,

'Brown, S. L. et al., “Research Program on Hazard Priority
Ranking of Manufactured Chemicals®, National Technical Infor-
mation Service liumber PB 263 161, 1975,

ZMcCoy, E. C., et al., "Genetic Activity of Allyl Chloride”,
Mutat. Res., 57, 11-15, 1978.

IMRC Scurce Assessment Data Base, July 1977.

: t [ s d Pricrity Ranking
“nrown, §. L. et al., "Research Program o~ ifazar PIi ¢
of Manufactured Cheéicals", sational Technical Intormat:ion
Sservice Nusber 8 263 164, 1975,
- imi ted Organic Air

Scoridang J ’ %.,.*Preliminary Scoring of ‘Selec

Pollgtlgtsgn N 101'\.1 Technical Information Service Number PB 264
443, 1926..

mental Dat4 on DrhasicpChem-
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Anikine
anasang

The IARC monograph on aniline! reports that aniline is probably
not' a carcinogen and:that what early researches beliaved was cancer
from aniline was mont likely due to impurities such as benzidene.
It has tested negative on a differential growth E. coli test

(pol A)?2 and on S§. typhimurium strains TA1535, 1537, 100 and 98
with and without microsomes?. It has also been reported negative
.4in reversion to prototrophy in Aspergillus nidulans (meth; )} and
several other tests?. It was classified negative/inadequate in one
of the latest reviews3? and will be considered a probable non-
carcinogen for this project.

1 IARC Monographs: Evaluation of the Carcinogenic Risk of
Chemicals to Mans Volume 4, 27-36, 1974.

2Fluck, E.TR., ‘et ,aly, fEvaluation of a DNA Polymerase-Defecient
Mutant of E.' Coli for the Rapid Detection.of Carcinogens®,
Chem. Biol. Intetack. 15. 219-231. 1976.

B iﬂ’ﬂi{ﬁ%‘:’z ::::&i Ry EATY ot
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Anthracene

Anthracene is on the NIOSH Suspected Carcinogen List Secause of
two 1955 references. 1In the first reference cited (1), anthra-
cene was found to be non—carcinogenic orally and interperitoneally, But
when injected in 550 doses over a two-three year period (6 times/
week - total dose 4.5 g/rat) 5 out of 9 rats developed local
fibrosarcomas. It is now known that multiple injections can
sometimes cause fibrosarcomas. Recent studies (2) have shown
anthracene to be a non-carcinogen and it is presently being used
as a non-carcinogenic standard on studies to develcp short-term
assays I0r carcinogens (3-6). '

Schmall, D., "Prufung von Naphthalin und Anthracen auf
Carcerogene Wirking an Ratten”, Zeitschrift fur Krebsforschung
60, 697-710, 1955. ’

Stanton, M, F., Miller, E., Wrench, C., and Blackwell, R.,
J. Natl. Cancer Institute 49 (3), 867-877, 1972,

' Prenta, R. J. et al., "“Morphological Transformation of
Carly Passage Golden Syrian Hamster Embryo Cells Derived
frem Cryopreserved Primary Cultures as a Reliable in vitro
2ioassay tor Identifying Diverse Carcinogens”, Int. J.

"Cancer 19, 642-655, 1977.

" DLPaoclo, J. A. et al., "Quantitation of Chemically Induced
Neoplastic Transformation of BALB/IT3I Cloned Cell Lines”,
Cancer Research 32, 2686-2695, 1972,

5 purchase, I. F. H., et al., "Evaluation ot Six Short Term
Tests for Detecting Organic Chemical Carcinogens and
* Recoamendaticns fér Fheir Use"; Natury 264 :624-61%, 11974

tehii kLo i s e M

Prac. bNauld Acad.éScd< JUSAL .72.4 513525139 103175..
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Benz (a)Anthracens

Benz (aYanthracene (l,2-benzanthracene, CAS No. 56-55-3) is well
known as a carcinogen. It is carcinogenic orally, subcutaneous-
ly and topically for mice!. It is one of the standard carcino-
gens used to evaluate the validity of short-term tests and will
be considered a probable carcinogen for this project.

Production and Persistence

It is estimated that less than 100 kg/year is emitted from carbon
black furnaces, the only stationary source cited for this chemi-
cal?. It is emitted in the exhaust from gasoline engines (51.7
mg/kg exhaust tar) and diesel engines (2.3-15 .g/m’ exhaust):.

It has been detected in the air, soil, food, and cigarette sroke
condensate!. It has a boiling point of 400°C.!

1"Benz (a)Anthracene” in IARC Monographs on the Evaluation of

Carcinog=nia Risk of the Chemical to mMan, Volume 3, 45-68, 1973.

2MHCS Sougce Assassment pata (Baged Julvl 1977,

n

o MONSANTO RESEARCHECCRPORATION &
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Benzene

Benzene {(CAS No. 71-43-2) is one of the industrial substances sus-
pected of carcinogenic potential to man as listed by the American
Conference of Governmental Industrial Hygienists! and will soon

be controlled as a carcinogen. The International Agency for Re-
search on Cancer? teports animal data which "do not permit the
conclusion that carcinogenic activity has been demonstrated". 1In
human data they support a relationship between exposure to benzene
or benzene mixtures and the development of leukemia. Along with
some positive studies?, many references occur in the literature
where benzene is a negative solvent control in animal studies“.

In spite of these references, it is believed that benzene ‘induces
chromosomal damage in animals and man5 and is a known carcinogen.
An assessment of the air pollution aspects of benzene has been
conductedh Since benzene is being controlled as a carcinogen, it
will be considered a probable carcinogen for this project.

Production and Persistence

It is estimated that 1 x 10° %o benzene is emitted per vear wi'h
solvent evaporation from degreasinc operations contributing over
70% of the total’. Another estimate is 4 x 107 kg per veir re-

leased from commercial uses of benzene’. It reacts rapidly with
H0 (t, = 3 days) but sloul' with RO- and ©O: and has 3 2.15 log
aartxﬁlon coefficient’ Its bo§11n~ pvoint is 80.1°C and it has a

vapor pressure of 76 mm at 20°C~

I"Threshold Limit Values for Chemical Substances in Workroom Air
Adopted by ACGIH for 1977", American Conference of Governmental
Industrial Hygienists, 1977. :

<"Benzene", in "IARC Monographs on the Evaluation of Carcinogenic
Risk of Chemical to Man”, volume 7, 203-222, 1974.

‘8r~wn, $. L., et al., “Research ¥Frograr on Hazard Prior:ty
Ranxing of Manufactured Chemicals", Naticrai Technical Informa-
~ion Serwv:ce Number PB 2€3 162, 1975.

“Survey of Compounds Which Have Been Te-~ted for Carcinogenic
Activity, PHS-149. National Cancer Institute,

SAallport, J., atja c& Stucy of Industrial Data oniCandidate
Chericals for T.l , National Technical Information Service

Number PB 274 264,:1977
R oo STRAE: Pie §1 o p xS g et i R4 fortend!
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Benzene
References - Continued

“wBC Source Assessment Data Base,' July 1977.

“erschueren, K., Handbook of Environmental Data on Organic Chem-
.cals, van Nortrand Peginnold Co.h N. Y., 1977.

u8
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Benzidine

Benzidine is reported to be carcxnogenic in the mouse, rat,

hamster, and p0551b1y in the dogl!. Given orally, it has produced
bladder carcinoma in the dog after a long latent period and

liver tumors in the rat and hamster. Benzidine was a carcirogen

to mice when given p.o. either by stomach intubation or in food?,
These references, along with many others in Toxline and Cancer-

line show that benzidine should be considered a probable carcinogen.

Production and Persistance

It is estimated that 4.7 x 106 Kg is produced per year3. A
release factor of 0.015 is assumed which would give 7 x 10% Kg
released per year. This is probably too high since benzidine

is well known as a carcinogen. Perhaps 7 x 10! Kg would be
closer to reality. It reacts with OH and O, with a t 1/2 of one
day“. It has a boiling point of 402°CS5 and can be sublimed!.

!"Benzidine” in IARC Monographs on the Evaluation of Carcinogenic
Risk of Chemicals to Man, Volume 1, 80-86, 1972.

.Vesselinovitch, S. D., et al., "Factors tiodulating Benzidine
Carcinogenicity Bioassay", Cancer Res. 35 (10), 2B14-2812, 1975.

‘fuller, B., et al., "Preliminary Scor:ing of Organic Rir Pollutants”
National Technical Information Servise Number PB 264 442, 1976.

“Brown, S: L., et al., "Research Program on Hazard Priority
Ranking of Manufactured Chemicals"”, National Technical Information
Service Number PB 263 163, 1975.°

‘Verschueren, K., Handbook of Ervironmental Dzta on Norganic
ghepich s Jvas doxtrand ReinhdlddCo:» N. Y..01%7
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Benzo(a)Pyrene

Benzo(a)pyrene (3,4-benzpyrene, CAS No. 50-32-8) is a well es-
tabligshed carcinogen following many different administrations
including oral, skin, subcutaneous and intratracheal routes!.
Positive results have been reported with mice, rats, guinea pigs,
monkeys, newts, hamsters, and ducks!., It will be considered a
probable carcinogen for this project.

Production and Persistence

Although not manufactured in quantity, it is a by-product of com-
hustion. It is ~stimated that 8.3 x 10% kg per year is released
from stationary sources with 96% of this coming from: 1) coal
refuse piles, outcrops and abandoned mines, 2} residential ex-
ternal combustion of bituminous coal, 3) coke manufacture, and
4) residential external combustion of anthracite coal?. It has

a boiling pc.nt of 311°C at 10 mm and 475°C at 760 mm'.

3"Ben%o (a)Pyrene” in IARC Monographs on the Evaluation of Car-
cinogaei.tc Risk of the Chemicals to Man, Volume 3, 91-136, 1973.

2MRC Source Assessment Data Base, July 1977.
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Benzoquinoné (Quindne]

1940 and 1941 Japanese references! state that 3/87 mice
painted with benzoquinone (in benzene) developed skin cancer
with 9/87 papillomas after 200 days compared to 0/46 skin
cancers and 1/46 papillomas for the benzene control. Skin
painting with a benzene solution in 1953 was said to cause
16/80 ear duct carcinomas?. 1In 1954 and 1956, inhalation
experiments with a total of 50 treated mice were conducted with
negative results?}, By subcutaneous injection, 24 rats were
tested with negative results in 19573,

More recent references show that benzoquinone does not decrease
hatchability of the Drosophila melanogaster®”, is not mutagenic
toward Drosophila or cultured human leukocytes®, produces no
lncrease in recessive sex-linked lethal mutations in Droso-
phila and did not significantly alter the rate of chromated
translocations or breaks in leukocytes®., No other significant
data were found in Toxline, Cancerline, or the "Survey of
Compounds Which Have Been Tested for Carcinogenic Activity”.
Benzoquinone 1s therefore, to be considered a probable non-
carcinogen for this project.

‘Takizawa, N., "On the Carcinogenic Action of Certain Quinones”,
Proc. Imperial Acad. (Tokyo) 16, 309-312, 1940.

~-Tiedemann, H. Ztschr. Naturforsch. 8b, 49-50, 1953.

‘"para-Quinone” in IARC Monographs on the Evaluation of
Carcinogenic Risk of Chemicals to Man, Volume 15, 255-264,
1977,

*vogel, E., “"Differential Sensitivity of Immature and Mature
Oncytes of Drosophila Melanogaster to the Induction of
Dominant Lethals Following Treatment of Mono- and Polyfunc-
tional "‘Aziridine Analogues“, Mutat. Res. 14, 250-253, 1972.
‘Lueers, H. and Obe, G., "Possible Mutagenic Activity of
P-Renzoquinpne”, Mutat. Res. 15, 77-80, 1972.
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Banzoyl Peroxide

Benzoyl peroxide (CAS;No, 94-36-0) was extcnsively tested in mice
and rats between 1962§5nd 1967 by six authors on more than eleven
hundred animals!. Benzoyl peroxide is on the NIOSH Suspected
Carcinogen list because in one of thesc studies, 1/30 mice devel-
oped a squameous papiloma after application of benzoyl peroxide
in benzene to the skin. No recent mutagen or carcinogen references
could be found on Toxline or Cancerline. It has been found nega-
tive in a dominant lethal mouse test, on an E. Coli(pol A) mutagen
test, and a Micrococcus pyogenes test?, There is very little .
doubt that benzoyl peroxide should be considered a non-carcinoqen

lsurvey of Compoundsp WHich Bave Been Tested for Carcinogen Act-
ivity, NCI, FHS=~ B >lume 1561-1967.

“Aliport, J. ct al., "A Stugy of Incustrial Data on Candidate

iChemjcals for Tosti g!,'ﬁa ionalt Technical InformatjonyService
buribé r P8 274 26’4”39 7l
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Benzyl Chloride

Benzyl Chloride (a-chlorotoluene, CAS No. 100-44-7) has been

found positive on a differential growth E., coli (pol A) mutagen
test!, It is also positive on a subcutaneous rat test at 2.1 g/kg
(51 weeks) in 3/14 rats and at 3.9 g/kg in 6/8 rats?, It is
weakly mutagenic in S. typhimurium tests at 2 mg/plate?, and is
considered carcinogenic in rats by the IARC2, It is considered a
{ robable carcinogen for this project.

Production and Persistence

In 1972 it was estimated that 3.6 « 107 kg was produced with 65—
70% of this going towards the manufacture of butyl phthalate and
30-35% towards other organic products-. Production has been esti-
mated at 4.5, 3.2 and 4.1 ~ 10’ kg in 1974, 1975 and 1976 and is
predicted to grow at S-7% per yvear through 1980°. 1t has a boil-
ing point of 179°C and vapor pressure of 1 mm at 22°CS.

'Fluck, E. R., et al., "Evaluation of a DNA Polymerase - Deficient
Mutant of E. coli Zor the Rapid Detection of Carcinocens”, Chen.
Biol. Interact., 15, 219-231, 1976.

““Benzyl Chloride” in IARC Monocraphs on the Evaluation of Car-
cincsenic Risk of Chemicals to Man, Voli. 11, 1975,

IvcCann, J., et al., "Detecticn of Carcinocens as ‘utacens:
Bacterial Tester Strains with R Factor Plasmids™, Proc. Nat.
Acad. Sci., 72, 979-383, 1975.

“Allpor¢, J., et al., "A Study of Industrial Data on Candidate
.Chemicals for Testing", Naticnal Technical Information Service
Number PB 274 264, 1977. *

Sverschueren, K., Handbook of Environmental Data ci. Crganic
Chemicals., Yan: Nostrand Reinnold ¢o., N.Y.,-1977.
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Biphenyl

There is one reference which shows subcutaneous biphenyl
(diphenyl, CAS No. 92-52-4) to induce an excess of tumors in
micel. No other references could be found in Cancerline or
Toxline which would support that data. Biphenyl is therefore
placed on the possible carcinogen 1ist for this project.

Production and Persistance

It is estimated that 9.2 x 10“ Kg biphenyl is emitted per year
from the manufacture of polychlorinated biphenyls?. Since the
production of polychlorinated biphenyls has been stopped, this
source of biphenyl emissions has proktably ceased to exist. It
has a boiling point of 254°C3.

!“Evaluation of Carcinogenic, Teratogenic, and Mutagenic
Activities of Selected Pesticides and Industrial Chemicals",
National Technical Information Service Number PB 223 159, 1968.

ZMRC Source Assessment Data Base, July .1377.

Jvprscnueren, K., Handbook of Envirormental Data on Organic
[ als, Van Nostrand, Reinhcld Co., N.Y., 1977.
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Bis (Chioromethyl) Ether

Bis (chloromethyl) ethexr* (BUME, dichloromethylether, CAS No.
542-88-1) is carcinogenic to mice following inhalation, skin
application and subcutaneous administrationl!. It is also carcin-
ogenic to rats by inhalation and subcutaneous administration!.
Epidemilogicai data suggests it is also a human carcinogen!. It
is being regulated as a carcinogen and will be considered a
probable carcinogen for this project.

Production and Persistance

It is estimated that less than 100 Kg BCME is emitted per year?.

A orimary source of emissions is in the production of polymethy-
lene polyphenyl isocyanatel!. Its production in 1974 was estimated
to be lcss than 450 Kg3. In water the half life of BCME is 38
scoonds and in the air (50% relative humidity) its half life is

25 minutes'. It has a boiling roint of l04°C3.

l*gisiChloromethyl) Ether"™ in IARC Monographs on the Evaluation
of Carcinogenic Risk of Chemicals to Man, Volume 4, 231-238, 1974.

“MRC Sourse Assessment Data Bage, July 1977.

‘Radding, S. B., et al., "Review of the Environmental Fate of
Selected Chemicals®, National .Teschnical iInformation fervice Number
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Butadiene

1,3~Butadiene (CAS No. 106-99-~0) has not been estensively tested
for mutagenicity or carcinogenicity. No references could be found
on Toxline, Cancerline, or in the seven collécted volumes of Survey
of Compounds Which Have Been Tested for Carcinogenic Activity on
tests conducted although there 1s interest in a possible relation-
ship between styrene-butadiene rubber plants and neoplasms of the
lymphatic and hematopxetxc tissue!. Butadiene will be considered

a probable non-carcinogen for this project.

lsmith, As H; lnd.BH&is, L., "Styrene Butadiene Rubber Synthetic
Plants and euxemia® (Letter to Editor), U. Occup. Med. 18 (D,

144, 197

b4
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Captan

Captan has been found to be a potent mutagen, in both prokaryote
and enkaryote test systems too numerous to list. It has also been
found to produce heptomas in mice!. Because of the many positive
mutagenicity tests along with a marginally positive mouse carcin-
ogenicity test, Captan has been placed on the probable carcincgen
list.

Production and Persistance

It is estimated that less than 100 Kg per vear of captan is emitted?.
(Another estimate is production of 8.1 x 10% Kg per year with 0.0l
- released or 8 x 10* Kg per year emitted3.)

I“Evaluation of Carcinogenic, Teratogenic, and Mutagenic

Activities of Selected Pesticides and Industrial Chemials”,

National Technical Information Service Number PB 223 159, 1968.

ZMRC Séu¥ca Asséssment Data Base, July 1977.

JFulier, B., st .li' "Preliminary Scoring of Organic Air Pollu-
eC

tagts ’ National brlical. Information SeryicalNumbsr PB
264 442 1974
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Carbon Disul fide

There is nothing in Toxline or Cancerline to indicate that carbon
disulfide is a carcinogen or a mutagen. Onc industrial epidemi-

logical study showed carbon disulfide to have no correlation with
incidence of cancer!.

'pivito, 4. and Sommi, G. L., "The Incidence of Infectigus
Diseases , Hemopathies, and Neoplasms in Workers Expose to
Carbon Dibulifides . Folid MBA.f varoli); 46 (11),:972-97%, 1963.
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Carbon Tetrachloride

Carbon tetrachloride (tetrachloromethane, CAS No. 56-23-5) has
been reported to produce liver tumors in the mouse, hamster, and
rat followina administration by inhalation and oral ingestion!.
It was not a mutagen as tested by several microbial systems?,
Carbon tetrachloride is considered a probable carcinogen for this

project. .

Production and Persistence

It is estimated that 1.2 x 107 kg of carbon tetrachloride is
emitted per vear?!. Another estimate is a production of 4.5 x 108
kg with 2.7 x 107 kg released®. A document is available on the
air pollution assessment-of carbon tetrachloride3. Estimates of
carbon tetrachloride production include 4.5 x 108 kg (1970)1,

4.8 x 10% kg®, 7.3 x 108 kg (1974)7 and 5.3, 4.1, and 3.8 x 10°% kg
for 1974, 1975, and 19762. It s forecasted that the 1975-1976
decline will continue. The half life of carbon tetrachloride in
the water i1s about 70,000 years“, and in the troposphere it is
about 10 vears . It is estimated to have a half life of 10-33
weeks toward a+mospheric photodegradation?. The boiling point of
carbon tetrachloride 1s 76.7°C and it has a vapor pressure of

90 mm at 20°C°. For a review of its production, uses and biclog-

1cal activity, sce the Fishbein article?®.

‘"Carbon Tetrachloride” in IARC Monographs on the Evaluation of
Carcinogeni: Risk of Chemicals to Man, Volume 1, 53-60, 1972

‘Allport, J., et al., "A Study of Industrial Data on Candidate
Chemicals for Testing", National Technical Information Service
Number PB 273 264, 1677.

IMRC Source Assessment Data Base, July 1977.

“Brown, S. L., ot al., "Research Program on Hazard Priority Rank-
inc of Manufactured Chemicals", National Technical Information
Service Number PB 263 161, 1975.

*Johns, R., "Air Pollution Assessment of Carbon Tetrachloride”,
National Technical Information Service Number PB 256 732, 1976.

SFuller, B., et aJ’.’ “"Preliminary Sc rir‘g‘oq Organic Air Pol-
latants”, National Tethnical Informdtion®Service Number PB 264

442, 1976.

‘
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Carbon’ Tetrachloride
References - Continued

‘Radding, S. B., et al., "Review Of the Environmental Fate of
Selected Chemicals", National Technical Information Service
Number PB 267 121, 1977.

°v;ts«i§leqen. K.,, Handbook of Environmental,Data on Organic
Chemicals, Van Nostrand Reinhold Co., N. Y., 1577}

Srishbein, L., "Industrial Mutagens and Potent u';l'xt‘qe s, I.
Hilodehated Alirhatié Derivdrivest,imutath treb: bR L¥ids,
1976, .
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Chlordcefit atid

chlqracetic Acid iimonochldrédeedi a&xdt’LhS Ng.§ 79-11- ZJ'bas
bebkd reportcd as béing ca cinog n ce -wne inject
subéutancousl, at 120 mgfKg! ! topri Ly reference hbwever;
does ot repert 4 statistical difference 'in "tumors and reports
data with the test chemical not much different than the
control mice’. In other tests, chloracetic acid was negative
when given to 6 rats as 0.005- 0,1% of thelr diet for 208 days,
and negative when given at 46.4 mg/kg in the water of 72 mice
for days 7-28 followed by 149 ppm in their diet for another 17
months“. It has also been found non-mutagenic by B. subtilis®
and S. typhimurium®~8% tests in vri:ro. All of these demon-
strate that chloracetxc acid is not a mutagen and is not a

carcinogen.

INTOSH Suspected Carcinogens list, 1976.

{"gvaluation of Carcinogenic, Teratocenic, and Mutagenic
Activities of Selected Festicides and Industrial Chemicals.
Volume 1.“, Naticral Technical Information Service Number PB
223 159, 1968,

‘Fuhrman, F. A., et al., Arch. Inst. Pharmacodym., 102, 113-
125, 1955.

“lnnes, J. R. M., et al., J. Nat. Cancer Inst. 42, 1101-1114,
1969,

‘Elmore, J. D., et al., "Vinyl Chloride Mutagenicity via the
Metabolites Chlorooxirane and Chloroacetaldchyde Monomer
Hydrate," Biochem. Biophys. Acta 442, 409-419, 1976.

SRannug, U., et al., "The Mutagenicity of Chloroethylene Oxide,
Chloroacetaldehyde, 2~Chloroetharol and Chloroacetic Acid,
Conceivable Metabolities of Vinyl Chloride,” Chem. Biol.
Interact. 12 (3-4), 251-263, 1976,
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Chlorafetlic Agid
References)-, Continued

’Bartsch, H., et al., "Human, Rat and Mouse-Liver Mediated
Mutagenicity of vinyl Chloride in S. Typhimurium Strains,”
Int. J. Cancer, 15 (3), 429-437, 1975.

Svalaveille, C.. et al., "Mutagenicity of Viryl Chloride,

Chloroethyler:.oxide, Chloroacetaldehyde and Chioroethanol,”
Biochem. Biophys. Res. Comm. 63 (2), 383-370, 1975.
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Chlordane

Chlordane has been found to be a1 carcinogen to micc'l "
conducted by thoe National Cancer Institute'. It is 1?56 Srudy
mutéqcn 1in te=ts like the enhancem2nt of viral cra;s;or:a?xo )
It 18 cons: ere.! a probable carcindcen for this proj;ct: en

Production and iersistance

It 15 estimated thatl.i x 107 KXo : .
b ' . K¢ ver vear of ¢ 4 s
produced . } f chlordance 1s

1'51045:&{ of Ch'nrdane for Possible Carcinogenicity. (CAS No.
;;;};;z) , National Technical Information Service Number PB 271

7Person;1 communication wiih B. C. Casto on 9 February 1378.

r Pollu-

JFuller, B., et al., "Preliminary Scoring of Organic Ai ol

tants", National Technical Information Service Number PB

442; 197s.
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Crusils‘(p i a ~cresol) have been shown'to b promoteds o
carcinogen el given'with 1n1txatoy suea as 3,4-benz-

py1 :y"xﬁ % thylbenzant‘tpcene or in compleximixturds* .}
on rmal adults 'excrete about 30 mq of volatile
phenols per day of which 90% is p-cresol". Thus, cresols are
prebably not carcirocens but could be promoters.

‘Rakke, O. M. and Midtvedt, T., "Iafluence o Ger~=-FTreoe Sta-us
on the Excretion of Simple Phenols of Poss:zle Siunificance :n
Tumor Promotion", Experimentia, 26 (5), 519, 1970.

‘Beok, r. G., €t al., "Comporsi1tion studies on Tobacce. XLIV,
Taaor-Promoting Activity of Subfractions of rthe Weak Acid
Fraction of Ciqarctie Smoke Cendrnsate”, T, Nat, Tancer last.,
47 (2), 429-436, 1971.

‘Ishustcva, M. N. and Samiolovich, L. N., "Blastomocenicity of
Neutralized Soots from the Sulfate Shop of a Coke Plant", Gig.
Sanit., 36 (7), 103-104, 1971.

“Bone, E. S., &+ al., "The Production of Urinary; Phenol! by Human

Gut Bacteria®™, (Meeting Abstract), J. M2d., Microbiol. 9 (), vi,
1376.
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Chloroberzilate

Chlotmoenzilate (GhS No. 5%
.

0-:5-6; has been found to piveduce heptomas in muoe
when administered orally‘

, and is listed by the U. s, Commission
on Pesticides and ‘Their Relationship to FEnvironmental Health as
a croup B chemical (positive rosults in one or more animal
species at G.0) significance level) . Several short term tests
lave been negative for Chlorobornzilate®. For this project, it
1s considered a probable carcinocgen,

Production and Persistance

A 1976 reference’ cites a prodiczion of 3 x 10

3  Ka ver year and
1t 15 said’ that the 1371 nrodecttion was L ox 107 Kg.

‘innes, J. R. M., et al., "Bioassay of Pesticides and Industrial
Chemicals for Tumorigencity in Mice. A Preliminary Note", J.
Nat. Cancer Inst.. 42, 110}, 1969.

J“Evaluation of Carcinogenic, Teratogenic, and Mutagenic Activities
of Selected Pesticides and Industrial Chemicals", National
Tecnnical Informacion Service Jumber PB 223 1S5, 1968.

"Chlorobenzilate™ in IARC Monographs on the ivaluation of
Carcii.wyenic kisx of Chemicals tc Man, Volume 5, 75-81, 1974.

“Jurek, A., "Carcinogenicity of Pesticides",

Roczn. Panstw.
Zakl. Hig. 22 (5), 563-576, 1974.

SFahrig, R., “"Comparative Mutagenicity Studies with Pesticides”,
in Chemical Carcinogenesis Essays,. IARC Sci. Tub. No. 10, .161-
181, 1974,

*Fuller, B. et al., "Preliminary Scoring of Crganic Air Pollutants”,
National Technical Information Service Number PB 264 442. 1976.
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Chloroform

Some of the current literaturel!~* indicates that chloroform 1is

a carcinogen. Fven though more data is reaguired before a final
Jetermination i1s made, the positive data on mice and rats
suggest that chlaroform be plac:d on the probable carcinogen iist

for this project.

Production and Persistance

It 1s estima=ed that 1 x 10° Kg chloroform 1s emitted per year'.
Another estimate 1is 1.7 x 107 Kg per year’ emitted. Production
estimates are 1.3 x 10% Kg per ymar®, 1.1 x 10% Kg per year?,
and 1.1 x 10% Kg per year'. About 96% of productisn is con-
verted to chlorodifluoromethane. 1In the troposphere chloroform
degrades slowly with a 10 year half life’. It reacts with HO
radical with a t 1,2 of 13 hours’ and hydrolyses with a t 1.2

of 3000 years®:”. The log partition coeficient is 1.97 for
chloroform®¢. It has a vapor pressure of 160 mm at 20°C and a
boiling point of 62°C?. It takes only 18-25 minutes to evavorato
50t of the chloroform from a 1 ppm solution at 253°C?.

'IARC Monographs: Evaluation of the Carcinogenic Risk of
Chemicals to Man, "Chloroform", Volume 1, 61-65, 1972.

‘powers, M. B. and Yoelker, R. W., "Evaluation of the Oncogeric
Potential of Chloroform by Long-Term Oral Administration in
Rodents" (Meeting Abstract), Toxicol. Appl. Pharmacol. 37,
179, 1976.

‘Renne, R. A. et al., "Pathology of Long-Term Jral Administra-
tion of Chloroform in Rodents” (Meeting Abstract), Toxicol.
Appl. Pharmacol. 37, 179-180, 1976.

“"Chloroform Tagged as Carcinogen in Mice”, Chem. Eng. News 541,
e, Lioo.

SMRC Source Assessment Data Base. July 1977,

SBrown, S. L., "Research Program on Hazard Priority Ranking of
Manufactured Chemicals", National Technical Information Service
Number PB 263 163, 197S.

7Radding, S. R., et al., "Review of the Environmental Fate of

Selacted Crem.cnls”, National Technical informationgService
Number PB 267 121, 1977. :
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chloroforn
Re ferences - Conatinued

8Fuller, B., et al., "Preliminary Scoring of Organic Air
Pollutants", National Technical Information Service Number

PB 254 442, 1976.

%Verschueren, K., Handbook of Environmental Data on Organic
Chemjicals, Van Nostrand Reinhold Co., N.Y., 1377.
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Chloxoprene,

Cchloroprene (2-chiorva-.,-butadine, CAS N, 17¢-99-3) althouqh
known to be toxic was not considered to be 2 sussected carcino-
gen until three Ru::: papers 1i rked obxa‘atic.al oxposure of

chloroprene to skin i lan cancers - . Since that time, a
short-term viral cnliam emeat™test at 123 .t =i and 8. typhi-
murium (Ames) test:' hove been positive, whn:ile lerc-term rat
and mouse studies have Lecn 1c,a:1\e +TL Lrevrew of acalen
records and death -or-.t:czates for DuPunt Ceorpciation employecs
exposed to chlorounsc cronvinced 1“ves-.:z-o:s ~hat no excess
of any dxsease simi.ar to that se for wirvi chlzraide had been
observed’ However, s-me ;ncreaso in lin: cancer has been seen
in this populatxon . It has also been fc.nd to accelerate the

growth of transplanted Crocker murine sarc:-ia in ~he rat’ .
Thus, chloroprene lies o5r +<he border betwevn a possible and a
probable carcinogen. It will be classifed as a icssible
carcinogen for this cgrojecet.

Production and Persis=ance

It is estimated that ~.5 x :0° Kg chloro: s omitted per
vear!'. Another -:s: 18 2.7 x 10 H:ovear .eased‘~. Some
estimates of prcduciit- are azour 1.8 o i,
1.6 x 108 Kg/year ', and :.3 x 127 Kz ani 1.5 x Kg in 1974
and 1975 with 431 ann_al <rowth predicted throuch 298i-°.

Because of its low sciuzabiiity and hich wo.atil:zty, 1t will socn
migrate to the atmosphere- . In the ahmbs‘hera i1 18 said to
have ‘an atmospheric half 1life of less thar 10
OH radical reac:ion: . 1ts boiling point i: 5

a vapor pressure of 270 mm at 20°C %,

»‘ o

IS because of
.«+°C ancé 1t has

ikhachatryan, E. A., "The Role of Chlororrene 1~ =he Process of
Skin Neoplasm Formaticn”, Cig, Tr. Prof. Zabol. 16, 54-35, 1972

‘Khachatryan. E. A., "Tne Occurtence of Lunc Cancer Among People
.Wotking with Chl-rogrene”, Problems in Oncoicgy 13, 85, 1872,

Ixhachatryan, E. A., "Lung Cancer Incidence among Chloroprene
Handling Workers®, Ycpr. Onkol. 18. 35-86, 197..

“Casto, B. C. et al., "Assay of Industrial Chemicals in Syrian
Hamster Cells for Enhancement of Viral Transformation®”, Proc.
Am. Assoc Cancer Ras. 18, 155, 1977,

SPersonal Communicat:ion with B, C. Casto oi. 9 Fekruary 1978.
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Chicoroprane
Re forencaes, - Continued

‘Bartsch, H., et al., "The Predictive Value of Tissue-Mediated
Mutagenicity Assays to Mscss the Carcinogenic Risk of Chemicals™,
TARC Sci. Pub. No. 12, 467-491, 1976.

“Zilfyan, Y. N. et al., "Experimental Study of Chloroprene for
Carcinngenicaty”, Yopr. Onkol. 52, 61-65, 1977. .

*21lfyan, V. N. et al., "Results nof a3 Study of Chloroprene for
Carc:inogenicity”, Zh. Exksp. Xlin. Med. 15, 54-57, 1975.

‘Lloyd, J. W., "Cancer Risks Among Workers Exposed to Chloro-
rrerne", "Ann. N. Y. Acad. Sci. 271, 91-93, 1976.

“-Brown, S. L., et al., "Research Program on Hazard Priority
Ranking of Manufactured Chenicals”", National Technical
Information Service Number PB 263 164, 1975.

' MRC Source Assessment Data Base, July 1977.

‘‘Fuller, B., et al., "Preliminary Scoring of Organic Air
Pollutancts®, lational Technical Informaticn Service Number
PB 264 -442, 1976.

l*Radding, S. 8., et al., "Review of the Znvironmental Fate of
Se¢lected Chemicals”", NTIS No. PB 267 121, 1977.

T“Allport, J., et al., "A Study of Industrial Data on Candidate
Chemicals for Testing", National Technical Information Service
Number PB <74 264, 1977.

!Sverschueren, K., Handbook of Enviroamental Data on Organic
Chemicals, Van Nosgrand Reinhold Co...N..¥.a.1977.
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g?ﬂowggopa ne

No refercence to carcinogenic Oor mutagenic sction of chloropro-
pane could be found in Toxline, Cancerlince, or any of the othe:
references consulted. It is probably a non-carcinogen and will
be considered as such for this project.

3s

o MONSANTO RESEARCH CORPORATION o

MONS 021948




Chrysenc

Chrysene (benz (a) phconanthrene, CAS No. 218-01-9) is fairly
well cstablished as a weak carcinogoen. 1t has produced skin
tumors in mic2 f{ollowing repeated painting and 2-20 mg injected
subcutaneously in m:ice produced tumors after a long inducticn

perrod!. It 1s also a mutagen causing 147 revertants per
microgram*. lt 1s considered a vrobable ctarc:inogen for this
project.

Froduction and Persistance

Although chrysene 1s not a manufactured chem:ical, it is a
product of combustion and found widely dispersed in the environ-
ment. In one test of automobile exhzust, 12 micrograms were
found after one minute of operation‘. 1In the atmosphere, 150-
490 .g chrysene has been found per gram orcanic particulate
matter-. It has a boiling point of 488°C’.

lvchrysena™ in LARC Monuyraphs on the Evaluation of Carcinc-

ganic Risk of the Chemical to Man, Volume 3, 159-177, 1973.

McCann, J., et al., “"Detection of Carcinogens as Mutagens in

the Salmonella/Microsome Test: Assay of 200 Chemicals”,
Proc. Nat. Acad. Sci., USA, 72 (12}, 5135~5139, 1975.

erschueren, L., Handbook of Enviroumental Data on Organic
Cheditals, Van Nostrand Reinhold Cc., N. Y., I977.
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Zumene iydrdpeyxo xide

Cumene hvdroperoxide (dimethylbhenzyl hr*-npcrnxlde' is ci1tod as
Do ongoa carcinogen but oat 34 anad 90 mag e Jdyid not \uurn statis-
tically sianiyficant dominant lethal o ffe:ts in mxcn « .  Cunmnene
hedvoperoxide is osaid o cause neoplasins in mice boath e vnhala-
Lo at 304 mgfkq‘ and subcutanenusly ar 10 g/K¢°, on tﬁv Lasis
c? the wvwe snzmal studies, 1t 18 censidered a possible farcinnqgen
for "his uraject.,

Production and Persistance

It :s estimated  thas the 1974 produce

Another estimate of production’ 1s 9.1 :

production less factor of 0.9i5 =»r 1.3 x 10  Kg/vear. It has a
vager tressure ¢of 1 omm oat 70°CT . Because of its low volat:ilite
ang ncderate solubility in water, 1t is -o%t iikely to rema:in 1n
the atmosphere”. Photochemical and 0 ridical reactions ar

likely pathways for transformaziorn of pcroxides in the atmosphcre
with a half-li1fe of less than 2 few hours’,

Muzaaens in o thie

13c3.

m.l3. NMitagens DooTne
Arvol. Pharmazal. 13,

‘From NIQ Suspected Carcincaeons - Racdiz2tion Research

~ T

mant e LI N

“From NIQSH Suspected Carcinegsens - T, Naw, Cancer Tneset. 37, 82%,
1566.

SRadding, S. B. et al., "Review of the Environmentil Fate of
Selected Chemicals”, National Technical Information Service
Number PB 267 121, 1977,

‘fuller, 8, et ai., "Preliminary Scorina of Organic Air Pollutants”,
National Technical Inforration Service Numnbev P3 264 442, 1976.
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DDT

DDT (1,1,1-trichloro-2,2-di-(4-chlorophenyl)-ethane, CAS No.
50-29-3) has both positive and negative in vive and 1in vitro
data. It was negative in feeding studies of dogs and monkeys'!
and 1n a difrerential ¢rowth E. coli (pol A) mutagen test .
Given orally, it produced liver cell tumors in several stralns
o: mice and scme cf 1ts metavboiites preduced lung tumors in
mice’. It is positi:ve in arccessive lethal Drosophila test:®.
All things considerei, :: 1s probably a carcinoger and will be
classified as one for this project.

Production and Persistance

In 1971, 2 x 107 Kg was the estimated production:. In 1971 1+

was found in the air in concentrations of 0.1 ng/m’ to 1.56
.g/m?. The soil half life is estimated to be 15 years!. 1t
has a vapor pressure: of 1.9 x 10"7mm at 20°C and a melting
point of 74°C.

*"DDT and Associatec¢ Substances” in IARC Monographs con the
Evaluation of Carcinogenic Risk of Chemicals to Man”
volume 5, $3-.24, 1974,

“Fluck, E. R., et al,, "Evaluation of a DNA Polymerase-
Deficient Mutant of E. Coli for the Rapid Detection of
Carcinogens”, Chem. Biol. Interact., 15, 219-231, 1976.

vogel, E., "The Relation Betwecn Mutational Pattern and
Concentration by Chemical Mutajens in Drosophila”™. IARC
Sci. Pub. No. 12, 117-137, 1976.

38

o MONSANTO RESEARCH CORPORATION e

MONS

021951




DY -kert-ButyltPe¥rdxide

Di-tert-butyl peroxide (bis(l,l-dimethylethyl) peroxide, Cas
%o. 110-05-4) has been found to induce malignant lymphomas in

3/35 mice which inhaled 100 mcM™ of this chemical!. Skin
applications on mice did not prove to be carcinogenic-’. (Tert-
butyl hydroperoxidn has also been found negative by skin
application tests on miceir~.) Di-tert-butyl peroxide is on a
list of "suspected carcinoccns” studied for enviror.nental

fate . Since the positive micec test results were by the
inhalation route which has {ewer false pecsitives than injectio:r,
di-tert-butyl peroxide will be considered a possible carvinogen
for this project. Consider:nc the tywe and date (1963) ¢ the

fositive tests, however, necative shor:t term in vitro mutuageni-
city data would probaply chance 1ts classification to a j'robabic
non~-carcincgen by the criteria used for this project.

production and Persis.ance

Production 1s estimated to be 3 million pounds per year . It
1s only slightly volatile but mederatly soluable in water.
Thus most of the Jdi-tert-butyl percxide will remain in the

water svstem. In the water the prosence of >1 ppm Fe " and
Mt leads to Jdecompesiticn tc acids ané alcohols with ¢ 2
~10 hours®. In the atmosphere photochemical and HO radical

decomposition lead to a =j,2 cf 79 hours-.

‘Kotin, P. and Falk, H. L., Radist. Res. (Supp. 3), 193-211,
1963, (From PHS-149; Surveyv of Compounds Which Have Beern
Tested for Carcinogenic Activity.)

“saffioti, U. and Shubik, P., Nat. Cancer Inst. Monog., 10,
489-0v/, 103, (Frewr DPHC-145%.)

’Hoshing, H., et al., Gann 61 (2', 121-124, 1970. (From
PHS-1465.)

“van Duaren, B. L., et al., J. Nat. Cancer Inst., 39, 1217-
1228, 1967. (From PHS~149.)

5Radding, S. B., et al., "Review of the Environmental Fate of
Selected Chum _als", National Technical Information Service
Number PB 267 121, 1977.
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Di(2-Ethylhekv1)PhtHalate

Dy (2-cthylhexyl)phthalate (BEMP, dioctyl phthalate, DOP, CAS No. 117-81-7
is a high wolur plasticizer which had in the wvast been considered
virtually non-toxic as judeed by various acute and chronie
tests', AU ough eoarly animal tests (dog, euinea via, rat) were
negrtive , 3t least ane scarce how cites neanlastic effects in
3L oorally gruen 43,2 ko (96 woeks) dyl2-eshrlhexvl)phthalate.
Altlouch this dose 1s rather high, there ire also several ref-
orencens which show this chemical *» be bot™ mutacenic and t.ra-
toG NI T, I 1s therefere classed 45 2 pess:cle carcinocen
for this project at loast unt:l the oresent rarcinocen bxoaésay
being conducted is -cencluded!’.

Production and Persistance

It 15 estimated that 2.6 x 10% Ko DEHP is emitted per vear fronm
staticnary sources'®. Other cstimates are 2.0 x 137 Kg produced
and released*’ and 1.8 x 107 K¢ produced :n 197¢°%. It 1s said
te bilodecgrade rap:dly 1n water and sludge-

‘nothe ailr 1t reacsts with the HO rajical wrtn a nalf-life »f one
. 3% has 3 beoiling peint of 385°C arnd 2 vacor pdressure of
~ av 200°C-".

‘Decementation of the Thresno.d '
wor«<room Alr, American lonference
b I A UL I -

dycienists, P. 96-97, 1976.

1t Values Inr flnstances :in
of SovernTenza. .n~custrial

“Shubix, P. et al., "Surwvey of Compounds Wiich Hiave 32en Tested
for Carcinogenic Activity, Supplement ", Nat:crnal Technical
"nformation Service Number P8 216 248, 1957.

‘Fuiler, B., et al., "Preliminary Scorinc of 2rzanic Air Pollu-
tanis”, National Technical Information Service Nurber P3 264
443, 1%/0.

“Singh, ). R., et al., “Mutagenic and Anti‘ertility Sensitivies
of Mice to Di-=2-~Ethylhexyl Phthalate (DEHP) and Dimethoxyethyl
Phthalate (DMEP)," Toxicol. Appl. Pharmacol. 23 (1), 35-46, 1974.
“Mathur, S. P., "Respirometric Evidenze of the Utilization of

, DiOctyl and Di-2 Ethylhexyl rFhalate Plasticizers®, J. Environ.
Qual. 3(3% 207-209, 1974.
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Di (24Exhylhexyl) Phthalate
References - Continue !

GPeakall, D, B., “"Phthalate Bsters: Qcerrence ang Bﬁolocxcal
Fffects”, Residue Peviews 534, 1-91, 1775, {177 refercnces.

Plast:rcivror s

TMReceont Proaress s S ot Tegloatnoon e :
Fnviren, oyl w

and Plastics ana e Iontr Pledl (soovn
Perspec. 17, 2 3-17¢

“Singh, AL oL, : Fortilite Senwltivitices
of Mice to N , . SnaT, 3ci., 38(1), 218,
1974. o

*taylor, . F. °
Acids and EbEstiu: , 3
of Env. Health Sci., 19

, . 2drnradation of Phthalac
t No. PS-M13-92 from Natiornal !nst.

YAvtain, J., "Tomisity and Healtn Threass of Phihalate Estors”
Review of the "1ver 2 112! Perspec. 3, 3-26,

1973,

HERE .. e
TraAdl, ., VLGl

Estor™, Teratolioaa,

and Cell:

“'Landon, J. T., "Carcincoenes.s Bigass, oF 2iU2=gthvlhexsl)
Phthalate”, Uon-ract from Nat:icnil Tancer Institute ¢ Tracor
3=

Jitco, Inc., 10/76=-% 77, 1277,

AL -~ o - > -
‘ "MRC Source Assessnen: Data Rase, Julw (677
‘*Brown, S. L. et al., "Research Prozram on Hazard Priority Rankinc

of Manufactured Chemicals", Naticnal Technical Informat:on Ser-
vice Numbeyr P2 273 ' 1275

pvoriian, J. et al., “"Creliminary Scoring of Selected 2raanic air
Pollutants”, N1*ion<i Technical Isf.rmatisn Service Number PB 264
444, 1976.

17saeger, V. W. and Tucker, E. S., "Biodegradation of Phthalic Acid
Esters in River Water and Activated Sludges™, Appl. Environ.
Microbiol. 31 (1), 29-34, 1976.

i8yergchueran, k., "aadbnok of Enviroarental Zata on Organic Chem-
icals, Van Nost:und Reinhold Co., New York, 1977.
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2,¥-Di'aminbanisole

2,4-DMiaminocar.isolc ‘4-methoxy-m-phenylenediamine) was non-
mutacenie in the L51178Y mouse lymphoma cell test- and negative
on rat skin- (in combinatiorn with other chemicals) and mouse
s«an’ (the sulfate tornm) carcinogen tests. It d:d no' produce
Zomirant loethal mutat:ions in rats®

It has been shown to be mutacenic in §. tyohiruriem'™ usually
with 5-9 activat:icn. It oalsn induced sev-l:nkvd recessive
lethal mutations 1n Urcsophila malanogaster® (sulfate form) with
peak activity in the active cerm cells (sperrat:ds and spermato-
cytes). Preliminary results from an NCI study indicates that
rats anc mice fed this chemical (0.12 - 0.24%) nad an excess

of site specific (thyroid ard sxin) malignant simors” '’ . Also
two cpidemiologic studies Suggest excess cancer among cosmeto-
logists. Diaminoaniscle 15 on the NIOSH Safety Alert list for
1ts carcinogenic potentiai‘ and will be considered a probable
carcinogen for this preoect.

froduction and Persistinit

NIDRH .s unawar: oI any corrant domestic product:ilnh but cites

that 1t 18 1mported on the order 2f 23,000 seounis cer vear: .
-Palmer, K. A., ©t al., "The Mutagenic Assay 0 Scne Hair Dye
Conpornents Us.ino the Thyrmidine RKinane Locus oY 151178Y Mouse
Lwmphoma Cells", (Meet:ng Abstract), Tox:col, Aprgl. Pharmacol

37 (1), 108, 1976,

Xinkel, H. J. anc Holzmann 4 "Study of Lonz-term Percuta-
neous Toxicity and larcinawenicity of Hair Dves (Oxidizing
Cyes) in Rats", Food Cosme:. Toxicol. 11 (4), 631-648, 1973.

3urpazt, . ot al., “jong-Term Toxicity Studies on Cxidation
iHair Dyes"”, Food Cosmet. Toxicol. 31 (3), 353-357. 1975.

surpett, C., vt a2al., "Cominant Lethcl Mutacen:icitv otudy On
Hasr Dyes”, J. Toxiccl. Environ. Health 2 (3), 657-662, 1977.

‘pybing, E. and Thorgeirsson, S. S., "Metabolic Activation of
2,)-Diaminoanisole, a Hair~Dye Component”, Biochem Pharmacol.

26 (8) 729-734, 1377.

“Tbybing, E. and Aune. T., "Hexachlorobenzene Induction of
2,4-Diaminoaniscle Mutagenic’+v In Vitro", Acta Pharmacol.
Toxical. 40(5), 575-583, 197.. (24 references)
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2!, 3-Diaminoanisole
Re ferences - Tontinued

“Ames, B. N., et al., "Hair Dyes are Mutagenic. Identification
of o Viiae'y 2F Mucag2nic JIngredients”, Proc. Natl. ~cad. Sci.
tU.S.A.) T2(6), 2423-2427, 1975.

fplijlever, W. G., "Mutagenicity of Four Hair Dyes in Droso-
phila Melanogaster", Mutat. Res. 48 (2), 181-185, 1977.

9"Health Hazards; 2,4-Diaminoanisocle", Occupational Safety and
Health Reporter, 7 (35), 1331, 1978. '

102, 3-piaminoarisrzle (i~methoxy-m- phenylenediamine) in Hair
and Fur Dyes", Current Intelligence Bulletin 19, January 13,
' 1978
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plai groy

is1azinon has oeen tported to be slightly teratodacnic in rats
when given on the clueonth day of gestation:'. An increase in
chromatid breaks has bwen noted in the lvmphocytes of humans
after ingestaicn of :nespaate insecticides including Diazinon®
and 1n cultivate! lvmphocytos

On the otherhand, 1n0n has been ound Loy oo non-mutagenic in
Salmonella typhor::om omutation tosts .

arions a: the 5-%T g.coli test
t.colr tests

D1azinon also Jdoes -
the WP2 TRY - &+, 1+ ©° .00 test
or a 5. cerevis.as o~

rndicates that Diazinon is prob-

Tre najority cf wiwe .
ably not a carciac-orn,

‘Rimbrough, R, .
cus Compounds a:n.ld
Lnaviron. Heal:n,

.hes,

Qrcanic Phosphor-
Fetus”, Arch.

ating

Trinh=\an-Bac, -~u .l., "Chroroscme Aberrax in Patients
Suffering Acute ctic.ide Intoxication”,
Humangenetix ;

‘Tzoneva-Maneva, *, 7. o= al., "ianfluence of Diazinon and Lirdane
on the Mitotic Act:iwiev and the Carvotyoe of iHuman Lymphocytes,

Cultivated "= -'- - ", 3ibl, iiaematol. Basel, 38 (1) 344-347, 1971.

“Marshall, T. t. e« "Screening of Pesticides tor Mutagenic
Potential Usirng Salmcneila Typhimuriwn Mutants”, J. Agric. Food
Cherm. 21, 56J-563

“Mohn, G., "S5-Methyltryctophan Resistance Mutations in Escherichia
Coli K-12%, Mutat. Research 20 (1), 7-15, 1973.

‘Ashwood-Smith, M. J., et al., "Mutagenicity of Dichlorvous",
nature 240, 418-419, :972,

’Fahrig, R., "Comparative Mutagenici“y Studies with Pesticides",
in ChemicalsCarcinogenesis Essays, IARC Sci. Pub. .Noa 10, 1974,
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o-Dichlorobenzecne

A negative animal study of o-dichlorobenzene {(CAS No. 95-50-1)
has buen conducted!, but it was a short term (-6 months) study
which would not be expected to show carcinoagenicity. A few
positive case studies have been reported, but with insufficient
supporting evidence to thow causv and effect’ . A few v 7y
tests have been conducted™ ‘., 1 Aspercillus nidulans, 290 may
ml for 60 minutes causes an incroase in reversion to metnionine
prototropy from 2x10° to 3x19° revers:ions' . It was nrecat:ve in
a §. typhimurium spot test at 1-7 ul in eight strains’. Be-
cause of the limited positive test data oan svstems wh:ich have
not been extensively evaluated, u-dichlorobenzene will be
considered a probable non-carcincgen {with some signirf.cant
positive data) for this project.

‘Survey of Compounds Which Hawve &
Activaty, NCI, PHS-149, Voiurme .

Tested T-r Carcinccer:io

~"0Ortho~- and para-Dichlorobenzz:e

s”, 1t o
Evaluation of Carcinogenic Risk ¢f Chem:icaiz %o Man, ol
7, 231-244, 1974.

IARC Monegraihs orn the

JGuerin, M., et ai., "Inhibitory Acticr of Chemical Carci-ccens
on Mitoris of Rat Lung Cell Cultures. 2. Cormparative Study of

Carcinogenic and Noncarcinogen:c Substances," C. R. Soc. Biol.
165, 2255-2258, 1971.

‘Prasad, I., "Motavenic Effecrts of the derbioide 3, 4'-
Dichloro-prcpionaniiide and its Degradalion Products,"” Can.
J. Microbiol. 16, 369-372, 1970.

SPrasad I., 2nd Pramer, D., "Mutagenic Activity of Some

Chloroanilines and Chlorobenzenes," Genetics, 60, 212-213,
1968.

6Allport, C., =t el., "A Study of Irdustrial Da.a on Candidate
Chemicals for Test.ng,” National Techni~cal Information Service
Number PB 274 264, 1977.
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E:!&n&rQOnz!nc

Many negative animal studies of p-dichloruhunzenc (CAS No. 106-
46-7) have been condugted!, but all of them have been short term
(<9 months) studies which would not he expccted to show
carcinogenicity. A f{ew positive casv studies have been reported
but with insufficient supporting evidence to show cause and

effeci-. A few . 7:iys tests have been conducted s T. It is
reported that p-dichlorcbenzene is o nutazen to hicher plants
and causes chromoscrial breaks’. In Aspcruillus nidulans, 200

mg/ml for 60 minutes causes an increase 15 reversion to rothi-
onine prototrogy from 3x10° to 11x10° reversions™. Because of
the limited pousitive test data on systems which have not been

extensively evaluated, p-dichlorcbhbenzene will be considered a

Frobable non-carcirncgen {(with some significant positive data)

for this prolect.

Psurve of Ceruounis which Have Be
Activity, NCI, PHS-149, Volumes 1, I, zan

er. Tested for Carcinogenic
. “oreho- and ;ara-Z:chicrcbenzenes," o IARC Monozraphs on the
Evaluation ¢ Carcinogenic Risk of Chemicals to Man, Volume

T, 231-244, 19374,

e

Guerin, M., <t 2.., "Izhibitery acticn of Chemical Carcirogens
on Vitosis of Rat unz Cell Cultures. 2. Comparative Study of
Substarnces,” C. R. 50c¢. B:iol.

Carcinogenic and Ncncarcinogenaic
165, 2255-2238, 1971.

- prasad, I., "Mutagenic Effects of the Herbicide 3', 4'-
Dichloro-propionanilide and its Degradation Products,” Can. J.

4icrobiol. 16, 36°-372, 1970,

“prasad, I., and Pramer, D., "MutaceniC Activity of Some

Crlorocnilines and Chlorcbenzenes,” Genetics, €0, 212-212, 1368

€ Brown, 5. L.. et al., "Research Program on Hazard Priority
Ranking of Manufactured Chemicals,” National Technical Infor-
mation Service Number PB 263 162, 1975.

’Aliport, J., et ai., "A Study of Irdustrial Data on Candidate
Chemicals for Testing,” National Technical Information Service
Number: PB. 274r264. 1377.
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{1454 dpbdnk idkna

3,3'-Dichlorobenzidine (CAS No. 91-94-1) has been found to be
carcinogenic in the rat following oral and subcutanrecous admin-
istration and in the hamster after oral administration .

Many other positive .responses are noted in Toxline and Cancer-
line and it is considered a probable carcinocen for i}

H1s
project.
Production and Persistance
It is estimated that 2.1 x 10% Kg is produced per year with
4.5 x 10’ Kg per year released' Other estimates of Lroduction
are 1.6 x 10 K¢ in 1971! and@ 2.1 x 10° Kg per vear-. Dichloro-
benzene is somewhat reactive towards RO: (t ],2 = 4C Zays) and
very reactive cowards HO and O; (t 3,7 = 1 day) . i:s mrlting

point is 133°cl!

1%3,3'-pichlorobenzidine"” in IARC Monographs on the Ivaluation
of Carcinocenic Risk of Chemicals to Man, Volume 3, JI3-35, 7374.

‘5tule, E. F., et a)., "Experimental Necplasia in Rats ‘ron
Oral Administra’ion =f 3,3-Dichlorotbsnzidin~. . .", Toxicol.
Appl. Pharmacol. 31 (1) 159-176, 1975.

3Brown, S. L., et al., "Research Program on Hazard Priority

Ranking of Manufactured Chemicals™, National Technical Informa-
tion Service Number PB 263 163, 1975.

“Fuller, B., et a1 , “Preliminary Scoring of Organic Air Pollu-

tants”, National Tbchn1c¢l Information Service Number PB 264
442, 4976.
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Dich Topoigteny

1,4-Dichlorobutine-2 is a mutagen of Salmonclla typhimurium with
microsomes enhancing the effect!, 3,4-Dichlorobutene-1 is also \

a mutagen in that system with or without NADP, giving 490 reverts/
mol with NADP and 345 reverts/.mol without NADP!., Trans-1,4-
dichlorobutene=-2 has bheen found to be a wecak carcinogen to ICR/HA
Swiss mice when ¢iven by subcutansous inleccion or by interparental

injection but not by skin application. It was found not to be

a tumor initial r in a Lwo-stage tes. . Kecausc of the carcino-
aenic and mutaoe i data, 1t has Zec :lwed on the probable car-~
cinogen Jast fer this project.

Production and Pcrsistance

It is estimated that 8,7 x 10° Kz 1s emitted per year in the manu-
facture cf polychiororrene’, and has 3 boiling point of 158°C*,

‘3artsch, H. ot al., "Alkylating and Mutagenic Metabolites of
Halogenatzd Olefins Produced by luman and Animal Tissues”, Prnc,
Am. Assoc. Cancer Res. 17, 17, 1976.

van Duuren, B. L. et al., "Carcirocenic Activity o. Di and Tri-
functional a -Chloro Ethers and o€ 1,4-Dichlo:obutene~2 in 1 CR/
HA Swiss Mice", Cancer Research 35, 2553-2557, 1975.

IMRC Source Assessment Data Base, July 1977,

“verschueren, K., Handbook of Enviroamental Data on Organic

Chemigals, van Nostrand Reinhold Cc., N. L., M
48

® MONSANTO RESEARCH LORPORAMINSe'

wons 02196t



Pichlorpdi¥Ruopgne thage

Dichlorodifluoromethanc (Freon-12) has been shown to be non-muta-
genic in S, typhimurium tests! but may cause some (mutagenic?)
changes in conidia formatijon in Neurospora crassa?. More infor-
maticn is needed on the mutagenic and carcinogenic potential of
No other information could be found on Tancerline or

Frecons.
At the pres-'nt time, it appears as if Freons are non-

Toxlinc.
carcinogens.

‘Ancdrews. A, W,, et 31., "The Identification of Endocenous and
Exogenous Mutagernic Coapounds”®™, 4th Carcinogenesis 3icassay
Progyram, Orlando, Florida, February 1976.

iStevens, S., et al., "Phenotypic and Genetic Effects in Neuro-
spora Crassa Produced by Selected Gases and Gases Mixed with
Oxygen", Develop. Ind. Microbiol., 12, 346-353, 1971.
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4/1-Dichlromthane

The primary reference cited for (,l-dichlorcethane (CAs No. 75-
¥423)Yin the NIOSH Suspected Car(angen list! shows very minor
teratogenic effects even at the highest concentration used

(6000 ppm). Although there are many references to 1,2-dichloro~
ethane, Toxline and Cancerline provided no significant references
on the mutagenicity or carcinogenicity of 1,1-dichloroethane.

A recent report from the National Cancer Institute? disclosed
findings indicative of a possible carcinogenic potential for
this compound but could supply nc conclusive evidence. They
found dose related margiral increases in mammary adenocarcinomas
and in hemangiosarcomas among female rats and a statistically
significant increase in the incidence of endometrial stromal
polyps amonc dosed femaie mice. For this project it will be
classified as a possible carcinogen.

Production and Persistance

It is estimated that 2.6 x 10° K¢ of dichloroethane is emitted
per year from stationary sources . 530% of the 1,l-dichloro-
ethane will evaporate from 3 1 ppm water solution at 25°C in
22 minutes"® It has a btoil:nc point of 57.3°C and a vapor
pressure of 180 mm at 20°C-.

'Schwetz, B. A., et al., "Embro- and Fetotoxicity of Inhaled
Carbon Tetrachloride, 1,1-Dichloroethane and Methyl Ethyl
Ketone in rats", Toxicol. Appl. Pharmol., 28, 452~464, 1974.
“vatinnal Cancer Institute Draft Summaries of Bivassay Repcrts,
1,1-vichloroethane”, Chemical Reg. Rep. 1 (45), 1597-1598,
1973.

IMRC Source Asscssment Data Base, July 1977.

“Verschueren, K., Handbook of Environmen
Chemicals, Van Nostrand Reinhold Co., N. Y., 1977.
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Dichloronapthoquinone

Dichloronapthoquinone (Dichlone) did not cause point mutation in

a microbial test system'. It has, however, been found to cause’
reticulum cell sarcomas (Type A) in 9/64 mice when injected sub-
cutaneously in B6C3Fl or B6AKFl strains of mice compared to 14/613
reticulum cell sarcomas for the subcutaneous controls . This

was significant at a .0l confidence level. Because of the limited
number of mice involved, and the lack of other references on
Cancerline and Toxline, dichloronapthoguinone will e considered

a possible carcinogen for this project.

Production and Persistance

It is estimated that 900 Kg/yvear are emitted {rom stazionary
sources?. Dichloronapthoquinone has a melting point of 193°C
and a 7.84 vapor density"“,

lAnGetsene K. J. At al., "Fvaluation of Herbicides for Possible
Mutagenic Propert.ies”, J. Agr. Food Chem. 20, 649-656, 1972,

“Evaluation of Carcinogenic, Teratogenic, and Mutagenic Activities

of Selected Pesticides and Industrial Chemicals", National
Technical Information Service Number PB-223 153, 1968.

IMRC Source ASsessment Data Base, July 1977.

‘verschueren, X., Handbook of Environmental Dats on Organic
Lhemicals, Van antrnna Reinhold Co., N. Y., 1977,

Sl
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DicHlérophendl

Nothing was found in Cancerline to indicate that dichlorophenol

is a carcinogen or a mutagen. A 1959 reference' (1) cited'in the
N10SH Suspected Carcinogens list shows 2,4-dichlorophenol may be

a promoter ov co-carcinogen when applied to the skin of mice in
corbination with benzene and dimethylbenzanthracine. Other than
the above reference, cdichlerophencl is not listed in the "Survey
of Compounds which have been Tested for Carcinogenic Activity",
d3ccause of the lack of data, dichlorocheno! has been placed on the
urobable non-carcinogen l'ist as a possible promoter.

'Boutwell, R. K. and Borch, D. K., "The Tumor-Promoting
Action of Phenol and Related Compounds for Mouse Skin®,
Cancer Research 19, 413-427, 1959,
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Dichloropropene

I,J—Dichloropro€ene at 1 ppm for six months has shown to have no
adverse effects!. Both the cis.and trans isomers are'mutagenic
to TA1535 and TAlO00 S. typhimurium strains without activa-
tion?=%, [t will be considered a possible carcinogen for this
project. .

Production and Persistance

It 15 estimated that 6 x 107 pounds of a dichloropropane/
dichloropropene mixture is manufactured a vear®. Assuming 50%
dichlorcpropene, 3 x 107 pounds is released a vear. It is said
to react with OH and O, with a t}/2 = 3 days, and in water

t1,2 = 7 daysS. It has a boiling point of 104°C and 50% of a

1 ppm water solution will evaporate in 31 minutes®.

Irorkelson, T. R. and Oyen, F., "The Tosicity of 1,3-Dichloro-
propene as Determined by Repeated Exposure of Laboratory
Animals”, Am. Indust. Hyg. Assoc. J., 3B (5), 217, 1977.

peLorenzo, F., et al., "Mutagenicity of Pesticides Containing
1,3-pichloropropene” Cancer Res., ll (6), 1915-1917, 1977.

3gignami, M., et al., "Relationship Between Chemical Structure
and Mutagenic Activity in Some Pesticides: The Use of Salmo-
‘nella Typhimurium and Aspergillus Nidulans”, Mutat. Res. 46
(3), 243-744, 1977.

“4yeudecher, T., et al., "In Vitro Mutagenicity of the Scil
Nematicide ., 3-Dichloropropene”, Experiesntia, 33 (8), 1084-
1085, 1977.

SBrowr., S. L., et al., "Research Program on Hazard Priority
Ranking of Manufactured Chemicals", National Technical
Information Service Number PB 263 162, 1975.

Sverschuerer, ¥., Handbook of Environmental Data on Organic
Chemicals, Van Nostrand Reinhold Co.. N. Y.. .1927.
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.Dichloropropionic Acig,

Dichloropropionic acid (Dalapon) is a herbicide which has been
found non-mutagenic {n a S. typhimurium test!. No other signif-
icant data have been found, so it has been placed on the probable

non-carcinogen list.

landerson, K. J., et al., “Evaluation of Herbicides for Possible
Mutagenic Properties”, J. Agr. Food Chem., 20, 649-656, 1972,
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Dichlorovinyl Dimethyl Phosphato (Dichlorves) -

Dichlorovinyl dimethyl phosphate (DDP) has boen shown to be muta-
genic in many differcnt short-term tests', including S.typhimurium
tests', but has been shown tn be non=carcincgenic by oral and i(n=-
halation studies in rats and mice’, Becausc of the mutagen studies
DDP is to be listed un the possible carcinogen 1li1st for this pxojeéé

Production and Persistance

It is c§timated that 200 Kg/year is emitted from stationary
sources”. It has a boiling pcint of 120°C at 14 mm’ '

‘Fahrig, R., “Comparative Mutagenicity Studies with Pesticides”,
1n Chemical Carcinoaenesis Fssays, IARC Scientific Publication
No. 10, p. 161-181, 19°4.

-Shiraser, Y., et al., "Mutagcnicity Screening of Pcsticides in
the Microbial System®, Mutat. Res. 40, 19-30, 1976.

'niocassay of Dichlorvos for Possible Carcinoyenicity, CAS No. 62~
73-7", National Cancer Institute NCI-CG-TR-10, National Technical
Information Service Number PB-270 9377656, 1977,

. .S‘ . r b Yt

MRC Sburce Assessment Data Base, July 1977.

Sverschueren, K., Handbook of Environmental Data on Organic Chem-
ucalss Ven Nostrand Re:paold Co.. N. %.., 1977,
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Dimethylacetamide

Dimethylacetamide was negative in an mitotic index test for
epidermal hyperplasial. It is cited in the NIOSH Regiitry of
Toxic Effects of Chemical Substances as being teratogenic to
rats after I.P. injection. One reference was found in the
Survey of Chemical Substances Which Have Been Tested for
Carcinogenic Activity (1948-1969) in which rats were given the
chemical intergastrically at 0.1 - 30 mg/d. for 260 doses?.
The tumors found do not appear to %e related to dose. No other
references could be found in Cancerline or Toxline which wouyld
suggest that dimethylasetamide is a mutagen or a carcinogen,
so it will be classified as a probable non-carcinogen for thas

project.

‘Rieger, M. M., "Cosmetic Science: 1975 Litarature Survey”,
Cosmet. Perfum., 91 {4), 25-36, 1976.

‘Hadidian’, 2., et al., °J. Nat. Cancer Inst., 41 (4), 985-1036,
1968.
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Dimethylamine

Dimerhylamine (methanamine, N-methyl) has been reported to com—
binc with nitrates or nitrates both {n vitro and {7 vivo (by
saliva or intestine flora) to form the carcinogen called dimethyl-
nitrosamine or nitrosodimethylamine (more than 20 references in
Toxline). Dimethylamine may also combine with ozone and nitrogen
tetroxide in the atmoschere'. In Toxline and Cancerline there

are “+5 and 16 references respectivel which deal with mutagenic

or carcinoaenic aspects 3¢ dircethylamine. These references,

along with those 1n cheomical Abstracts apoear to indicate that
although dimethvlam:ine 1s a potent co-carcinogen, it is not by
itself carcinogenic. For this vroject, it will be considered a
non-carcinogen but w:ill be considered wher cofactors are e-ialuated.

‘dusnutin, X. XK. and 3:ach, D, Z., "rhe Role of the Reaction of
Dimcthylamine. with Nitrogen Tetroxide and Ozone in Atmospheric
t114-13,:2976.

Pollution®, {Gig.i Sahit. (7,
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Diethylhydrazine

1,1-Dimethylhydrazine (CAS No. 57-14-7) has been found to be
carcinogenic in mice after oral administration!. 1t also causes
tumors of the colon in rats (but not swine, dogs, or guinea pigs -
perhaps because of toxicity) fed 30 mc kg dimethylhydrazine?.

Many other positive references are found in Toxline and Cance-line
and it is considered a probable carcinocen for this project.

Production and Persistance

Production is estimated at <5 x 107 Ko :n 1973°, 3%, with a ).7!
fraction of dispersion“. Since it 1s poiar, non-volatile, ang
soluble in water, there would not be a siynificant transfer <o
the atmosphere’. [t reacts with oxidizing materials in the at-
mosphere® and has an expected half lifc of 2.1 hours by react:inn
with the HO radical'. Dimethylhvdraz:=e has a boiling point c¢f
63.3°C and a rapor pressure of 157 - at 25°C*.,

*=1,1-Dimethvinydrazine” in lARC Menoora:

fvaluaz:-
Carcinogenic Risv of Chemicals =o Vvarn, :

137-137,

‘wilson, R. B., "Species Variat:cn .n Fi.pense to Dimethyihirazine
Toxicol. Appl. Pharmacol. 38(3), s+7-%3), 1376.

3padding, S. B., et al., "Review of the :nvironmental Fate of
Selected Chemicals”, National Technical Information Service
Number PB 267 121, 1977.

“pdrigan, J., et al..;‘Ptirt inary Sccring of Selected Organic
t:r Pollukints‘.‘&ationi Tzéhaical Informatiow Service Numdef

64,4447 1976
58
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Dinitrotoluene

2,4-pinitrotoluene has been found by the National Cancer Insti-
tute to be non-carcinogenic to mice but carcinogenic to rats!,

It has been placed on the probable carcinogen list for this
wroject.

Production and Persistance

It 1s estimated that 400 Kg dinitrotoluene 1s emitted per gear
frm stationary sources-. It has a boiling point of 300°C3,

" National Cancer Institute Graft Sumraries of 2

ocassay Reports -
2,4-Dinitrotoluenc”, Chen. veg, Rep. 1 (4%,

1598, 1978.

MRC Sohiide AssesBment Data sase, July 1977,

Yerschueren, K., Handicox of Tneironmental Zata on Organic

Chemicalg, Vap Npstrand RCAnncld CO., rile 1720 9 81 e

1]
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Dioxane

1,4-Dioxane (CAS No. 12391-1) has been shown to be carcinogenic to rats!:?
and quinea-pigs? by oral administration. It produced malignant
tumors of the nasal cavity and liver in rats and tumors of the
liver and gall bladder in guinea-pigs . It was also active as

a promoter in a two-stage skin carcinogenesis study in mice

but Eroduced no carcinogenic effect in one inhalation study in
rats For this project, it is considered a probable carcinogen.

Production and Pers.istance

The 1972 production has been estimated %o be 6.3 x 10% Ka'»' /%
ard the 1973 prodection of 7.4 x 127 ¢’, with most of this
being released to the environment . In the atmospheres it reacts
with the HO radical with a half-li1fe of 3.6 hours . It has a
boilina point of 101°C and a vapor pressure of 30 mm at 20°C

andé 37-39 mm at 25°C!.5. 7,

R. J. e: al., "1,d4-C:icxane: Cnrrelation of the Recsu.:s

Xoc:ha,

2f Chronic Ingesz:0n and Innalat:-n Studies with its Dose-~
Dependant Fate 1n Rats®, dercsy. Mod. Res. Lab. .Tech.Rer.) AMRL-
TR-125, 345-1354, 1978,

‘Arszus, M.F., et 3i., "Dcse-Pespcrze ant U
natives 1n Dioxane Carcinccenes:s”, Zur.
243, 1973,

trastructura. Alteo-
. Cancer 3 1), 237~

)
v
-

he Evaluation of Carcino-
, 247-256, 1976,

""l.,4-Dioxane”, 1a IARC Monosrarhs on
genic Rigk of Chemicals to Man, ‘o..

3
1
-

>

‘Torkelson. T. R. et al., "i,i-Dicxane. II. 2-Year Inhalation
<tudy in Rats®, Toxicol. Apgl. Fharmacel. 30 (2}, 287-298,
1324,

ng 0f sc.octed Orcanic

‘Dorijan, J. et al., "Prelim:inary in
Information Service Number

Air Pollutants®, National Techn:cal
PB 264 444, 1976.

‘Brown, S. L. oy ‘y‘garch Projram on Hazard Prjo ‘ity
tu €

Ranking of Hanuf micals®, National Technical !nfor-
matxon SQIVLCQ Nusber PB 263 164, 1975

e schiu , i’ ' &4 (3] ;mu::r.:nent.:l «Data on Organic
ida Sc “O A, Bel theldi cow 2 New Yokkd 1377.
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piphenyl Oxide = ~—-

No positive or negative data could be found for diphenyl oxide
(phenyl ether, CAS No. 101-84-8) on Toxline, Cancerline, or in
the Survey of Compounds Which Have Beer. Tested for Carcinogenic
Activity (vVolumes 1-7). It is, therefore, listed as a probable
non-carc:nogen for this project.

61
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Disodium Methanearsonate

Disodium methanearsonate has Luen cited as being carcinogenic,
but no further data is g:iven 1n this reference!. 1t has been
found to be non-mutagenic when tested with S strains of §.
typhimurium, mitotic recombination of S. cerevis:io und relative
toxicity assays in E. coli and 8. subtilis’. In all tests
except the B. subtilis, the chemical was tested usinc the $-9
microsome activation. Methanearsonates have also been tested
for mutagenesis by other authors’+-. The lack cf confirminc
data from Toxline or Cancerline andi a’l orher 1nd:caticns other
than the f{irst reference demonstrate that this chemical is
probably a non-carcinocen.

‘Fuller. 8., e+ al., "r
Pollusants®, National
PB 264 <42, 1976.

‘Sirmon, V. F., et al.,
Pesticiles”, Toxicol,

'shiresu, Y., et al., "Muzagen:.c::y Sereening of
the Microbial System", Mutat. Res., 39, 19-30, @

*.Jerson, K. J., et al., “Fviluation of Herpicides for Possible
Mutagenic Properties”, J. Acr. Fcod Chem., 20, 649-656, 1972.

"2
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Pursbhan

Dursban has been shown to be more toxic to the repair deficient
strains of B. subtilis and E. coli than in repair proficient
strains ©of these organisms. 1t was not, however, found to be a
mutagen on S, typhimurium assays or on the mitotic recombination
of S. cerevisiae!., 1t is considered a non-carcinogen for this

project,

!simmon, vl r., ed al., "In Vitrc Mutagenic Studies of Twenty
Pesticides™, .Toxicol.1Appl. Pharmacol. 37 (1), 109, 1976,

! a3
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Endosul fan has been found to marginally increase (P = 0.05) the
total number of tumors and the pulmonary -denomas in mice given
the compound orally!. Endosulfan has been found to be non-muta-
genic in three different E. Coli mutajen tests-. In a National
Cancer Institute study’, endosulfan was found to be non-carcino-
geric to mice and non-carcinogenic to rats, Because of the
limited amount of positive carcinogenic data and the manv nega-
tive studies, endosulfan has becn placed nn the probable non-
carcinogen list.

l*Evaluation of Carcinogenic, Teratc:enic, and Mutagenic Activ-
ities of Selected Pesticides and Industrial Chemicals®™, RJational
Technical Information Sarvice Nurber TB 223159, 1768,

?rahrijf R., "Comparativq Mytdgenic Studies with Pesticides®™ in
Chemical Carcinogen Essays, IARC Sc:. Pub. No. 10, 1974,

FSJtiqpa: Cancer Instituge siifa Sfarrarvies of Bicassay Feror.s”,
Chem{ Reg. Rep. 1 (4% hiekab16094 1278,
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Endrin

Endrin (CAS No. 72-20-9) has been reported to cause chromosome
breakage in cells!. Endrin was non-mutagenic by a S.typhimurium
test using mouse liver micronomes and has tested negative on
several E. coli tests3. Rat feeding studies (up to 100 ppm)
showed no increase in tumor incidence“. Endrin will be considered
a probable non-carcinogen for this project. ‘

‘Grant, W. F., "Cytological Effects of Environment:l Mutagens-
Pesticides,” Mutat, Res. 21 (&), 221,222, 1973,

‘van pytk.'P. and Van de Yoorde, H., "Mutagenicity Versus
Carcinogenicity of Organochloride Inpectacides”, Meded. Fac.
Landbouwwet., Rijksuniv, Gent., 41 (2), part 2, 1491-1498, 1976.

'rahrig, R., "Comparative Mutagenicity Studies with Pesticides”,
in IARC Sci. Pub, No, 10, 161~-181, 1974.

“"Endrin® in IARC Monographs on the Evaluation of Carcinogenic
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Epichlorohydrin

Epichlorohydrin (chloromethyl oxirane, l-chloro-2,3-epoxy-
propane, CAS No. 106-89-8) has been reported tn be carcino-

genic in mice by subcutaneous injection and active as an initij-
ator in a two-stage skin carcinogenesis study in mice'. Epichlo.o-
hydrin is also a >)phimuriuﬂ causing chromosome aberrations,
mutatine S, typhxmur)un in a host mediated assay and E. colij,

and Neurospera crassa‘. It will be considered a probable car-

cinogen  for this projcec=t.
h L5

Production and Persistance

It is estimated that 2.2 x 10‘ hq.is emitted per Xear Pro-~
cuction xn 1973 was estxmated +* to be 1.6 x 10° Kz,

1.5 x 10* Kg and 8.2 x K on another recent estimate® of
2.2 x 10° Kg. The production :s expected to grow 4-5% a
year-. In the atmosphere ecoxides have a half life of 3 o0
1. hours- Epichlorohydrain has a boxlan point of 117°C and
a vapcer ressure of 12 mm a+ 2rc<C’

-“Epichlorohydrin” in IARC Morocsrarhs on the Evaluat:on of
carcinogenic Risk of lChemicals 1o Man, Volume 11, 131-129,
1976.

ZAllport. .. et al., "A Study cf Industrial Data on Candidate
Chemicals for Test:ng”, National Technical Information
Service Number PB 274 254, 19°77.

MRC Source Assessment Data Basc, July 1977.

“Radding, S. B., et al., "Review Oof the Cnvironmental Fate of
Selected Chenicals®, National Technical Information Service
Number PB 267 121, 1977.

SFuller, B., et al., "Preliminary Scoring of Organic Air
Pollutants”™, National Technical Information Service Numbear
rs 6& 442, 1976. -

fver ehﬁcron. K., Handbook 0f Environmental Data on Organic
\ Clabichis, Vah No&trand Reiohold: Con, N, ¥, 1977.

&€
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Eptam

Eptam {ethyl di-n-propylthiocarbamate, CAS No. 759-94-4) was
negative in a bone marrow chromosomal aberration test when fed
to rats at 1/5 LD50 (LDSO = 1€30 mg/Kg)!. Eptam may have had an
effect on Vicia faba?., It is cited as belonging to the C4
classification of pesticides? (negative, but in only one
species of animal) but also referenced as being a neoplastic
agent®., Neither of these primary references could be found on
Cancerline, Toxline, Medline, or the entire collection of the
"Survey of Compounds Which Pave Been Tested for Carcinogenic
Activity"., For this project it will be classified as a non-

carcinogen.

‘Kur:nnyi, A. 1., "Mutagenic Activity of Scme Pesticides,
Serivatives of Urea, Carbamic and Thiocarbamic Acids”, Tsitol.
Sernet. il (4), 357-359, 1977.

‘Hakeck, H. and Shehab, A., "Cytolocical Effects of Eptam and
lotoran on Vicia Faba®", Egypt. J. Bot., 16 (1-3), 1303-1311,
1974,

*Jurek, Av, *"Carcinogenicity of Pesticides”, Roczn. Panstw.
Zakl. Hig.,,35 (8), 561576, 1974.

“Dorigan, J., et al., °Preliminary Scoring of Selected Air
Pollutants, Appandixg IL", National Technical.Information
Sexvige Number EB 168 4444 1976
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Ethanol

Much has bfen written about the mutagenicity or carcinogegicity

of ethangl™ (87 references in Toxline) with both positive” and
negativg” results. It has been tested extensively in animal
systems . In general it is considered a non-carcinogen and

non-muti 3en and has been removed from the latest NIOSH Suspected
Carcinogers list. It will be considered a probable non-carcinogen
for this project. )

1R-,-dber;, U. and Skerfuing, S., "The Toxicity of Etharol. A
Tentat:ve Risx Evaluation,” Adv. kxg. Med. Biol., 85B,
423-419, 1977. (S7 references’

2Braun. R. and Schoeneick, °. "Infiuences of Ethanol and Carbon
Tetrachloride on the Mutacunic Effectivity of Cyclophosphamide
1n the Host-Mediated ASsay with Salmonella Typhimurium,” Mutat,
Res. 31 {(3), 191-194, 1975.

?Cha;bcy. R.C., et al., "Evaluation of the Effect of Ethanol on
the Frequency of Nicronuflei 'in the Bone Marrow of ,Swiss, Mice,"
Mutat, Res. 43 (3), 441,444, 1977,

:S;rvcv 27 Com
Activaty, NINZ PASF TR,

unds Which ilave Been Tested for cCarcinogenic
’lL'lau 35 “Il 5.. 6': ‘ndl 7.
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Ethyl Benzene

No data have been found to indicate that ethyl benzene is a muta-
gen or a carcinogen, A review of its use as a fracrance is noted!.
Ethyl benzene has been found non-carcinogenic to rats, guineca

pig, rabbit and monkey by inhalation and to rats orally?, 1t is
negative on the viral enhancement of hamster cell =ransformation’
It is therefore classified as a non-carcinogen for this project.

lopdyke, D. L., “'Honéqraphs on Fragrance Raw Mater:als Ethyl-
henzene”®, Eood Cospet. Toxicol. 13, Suppl., B803-324, 1975,

imrown, S§. D., et al., "Research Program on Hazar:s Priuvrity

Ranking pf Manufactured Chemicals', National Technical Infor-
mation,Serwice Number PB 2293 161, 1975.

2Persanh¥ cdmmarbcationg trom B4 ¢ chston on9 Februarv 1378.
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Ethylene

No data was fourd to indicate that ethylene is a mutagen or a
carcinogen. It is also a normal metabolite of the human body.
It is therefore classified as a probable non-carcinogen for this

project,
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Ethylene Dibromide

tthylene dihromide (1,2-dibromoethane, ethylene bromide, CAS

No. 106-93-4) has been found to pruluce squamous-cell carcino-
mas of the forestomach in mice and rats after its oral
adminstration!. It has also been reported to be mutagenic in
Salmonella typhimurium, Escherichia coli, Neurospora crassa,
Saccharomyces cercvisiae, Tradescantia, Serratia marcescens, and
Orosophiila melanogaster test systems?+.3.%, Ethylene dibromide
will be considered a probable carcinogen for this project.

Production and Persistance

It is estimated that 8.9 x 10° Kg of ethilnne dibromide is
emitted per year from stationary sources- Another reference
cites a production of 1.43 x 103 Kg with 1.38 x 108 Xg
ruleased’: Other references cite production of 1.5 »~ 109 kg
(19743 7, 1.4 x 10° Kg¥ , and 1.5 x 103 Kg, 1.2 x 10% Kg for
1974 and 1275°. The use of ethylene dibrpmide in gasoline is
predicted to drop by 10% a vear through 1980 while its use as
a fumigant may be terminated by EPA action in light of the
above animal studies-. Its a.r pollution pctential has been
assessed”, Atmosphere oxidation of alkyl halides is reported
to have a half life of less than_20 hours while the half life
of HO radical attack is 234 days’ It boiling point 1s 131.6°C
and 1t has a vapor pressure oI 11 mm at 25°C

‘“Ethylene Dibremide", in IARC Monographs or the Evaluation of
the Carcinogenic Risk of Chemicals to Man, Volume 15, 195-209,
1977,

“Allport, J., et al., "A Study of Industrial Data on Candidate
Chemicals for Testing"”, National Technical Information Service
Number PB 274 264, 1577.

‘Fishbein, L., "Industrial Mutagens and Potential Mutagens I.
Halogenated Aliphatic Derivatives", Mutat. Res. 32, 267-308,
1976.

-Johns, R., "Air Polliution Assessment of Ethylene Dibromide”,
National Technical Information Service Number PH 256 736, 1976.

IMRC Source Assessment Data Base, July 1977.

6Brown, ;L. L., et al., "Resea ifoqram on Hazard Priority
Ranking of Manufactured Che cai National Technical ‘Infor-
mation Service Number PB 263 161, 1975.

7 N LAl . f
“fadding, S.;B. t al., ev 3§ he ,Environmental Fate .o
selected G m\'a ‘, Nat& n ; Enformation sedvide

Vuwber.PB'267112¥.‘l9J7.
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Ethylene Dibromide
Re ferances - Contirued

Sruller, B., et al., “"Preliminary Scoring ‘'of ‘Organic Air
Pollutants”, National Technical Information Service Number
BB 264 442,,1976.
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gthylene Dichloride

Ethylene dichloride (1,2-dichloroethane, ethylene chloride,
CAS No. 107-06-2) has been found in preliminary results to be
carcinogenic when fed to male and female rats by the National
Cancer Institute!. Ethylene dichloride fed rats had a signi-
ficant excess of site-specific malignant and non-malignant
tumors. In other studies its has been regative by inhalation
in rats, guinea pigs and monkeys but mutagenic to fruit flies?.
Because of the positive animal studies, it is included on the
probable carcinogen list for this project.

Production and Persistance

It is estimated that 6.7 x 107 Kg ethylene dichloride is
emitted per year from stationary sources?. Other references
cite a production of 3.9 x 10? Kg produced with 2.1 x 107 Kg
released”, 4.2 x 10°> Kg {1973}° produced, and production of
4.2 x 107 Kg, 3.6 x 107 Kg, and 3.6 x 107 Kg in 1974, 1975,
and 1976°. An air pollution assessment of ethylene dichloride
"has been made®. Ethvlene dichlor:de reacts slowly with
provides wi.4 a half life of 1000 days and is resistant to
photochemical degradation-. The HO reaction half life has
beer estimated to be 234 hours . 1t has a boiling point of
83.5°C and a vapor pressure of 61 mm at 20°CY,

‘“New Findings on Two Carcinogens Reported to Subcommittee by
NIOSH", Occupational Safety & Health Reporter 7 (35) 1331,
1978.

2Johns, R., "Air Pollution Assessment of Ethylene Dichloride”,
National Technical Information Service Number PB 256 733, 1976.

IMRC Source Assessment Data Base, July 1977.

“Brown, S. L., et al., "Research Program on Ha.ard Priority
Ranking of Manufactured Chemicals", National Technical
Information Service Number PB 263 161, 1975.

Sporigen, J., et al., "Preliminary Scoring of Selected
Organic Air Pollutants®™, National Technical Information
Service Number PB 274 264, 1977.

6Radding, S. B., et al., "Review of the Environmental Fate of
‘Selectad cnmi‘:a*?,’g ational Technical Information Sel vice
Number PB 267 121, 1977,

7verschueren, K., Handbook 0f Env:roumental Data on Qrganic
Chemicals: vanh N@st3aed Reinhold Co., N. Y., 1977.
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Ethylene Glycol

Although ethylene glycol (l,2~ethanediol) has been reported to
give neoplastic effects at 4 gm/kg on mouse skin!, no other con-
firming reports of carcinogenicity or mutagenicity have been found.
Many reports indicate that ethylene glycol is non-carcinogenic in
different species by various routes of administration. These in-
clude 1B tests reported in 8 articles before 1950 on rats, mice,
and rabbits in food, drinking water, interveneously, subcutaneous-
lv, intermuscularly, and via inhalation - all with negative re-
sults:*.

Morce recently, tests have been neqat1ve for ethylene glycol® in-

cluding subcutaneous rat tests“, subcutanecus ncwborn mice tests®
and i1nhalation tests using rat, guinea pig, rabbit, doq, and
monkey®. 1t is also negative in the Salmonella test for mutagens™ 8

All in all, ethylene glycol wiil be considered a non-carcinogen
for this project.

tuller, B, et al., "Preliminary Scoring of Qr:an:ic Air Pollutants”
v2i1onal Technical Information Service Number PB 264 444, 1976,

-dartwell, J. L., "Survey of Compounds Which ilave Been Tested for
Carcinogenic Activity", National Technical Informational Service
Nurker PB 216 478, Page 36, 1951.

‘Momburger, F., "Carcinogenicity of Several CJom;ounds”, Nationa!l
Technical Information Service Number PB 183 027, 26 pp., 1968,

-Masen, M. M., "Toxicology and Carcinogenesis of Various Chemicals
Used in the Preparation of Vaccines”, National Techn:ical Infor-
mation Service Number PB 195185, 55 pp., 1969.

“Defse, P. H., "Injection of Newborn Mice with 3even Chemical Agd-
juvants to Help Determine Their Safety", National Tochnpical In-
formation Service Number P3 195 153, 135 pp., 1969,

$Conn, R., et al., "Animal Inhalation Studies on Ammonia, Ethylene
Glycol, Formaldehyde, Dimethylamine, and Ethanol”, Toxicol.
Appl. Pharmacol, 16(3), 646-645, 1970,

"McCann, J., et al., ."Detection of Carcinogens as Mutagens in the
Salmoncllalnicro-omq Test: Assay of 300 Chemicals", Proc. Nat.
Acad Sci. (USA) 72 .(12), 51135-3139, 1975,
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Ethylene Oxide

Ethylene oxide (oxirane, l,2-epoxyethane, CAS No. 75-21-8) has
been found ncgative on skin painted mice and subcutaneously
injected rats!. Short term inhalation tests (6 months) on dogs,
mice, rats, rabbits, guinea pigs, and monkeys were negative!,

An excess of tumors were found in mice exposed to ethylene oxide
treated ground-corncob bedding as an experiment not designed to
test for carcinogenicity of ethylene oxidel. Ethylene oxide

18 a mutagen 1n Salmonella typhimurium, Neurospora crassa and
Drosphila melanogaster tests!’”, It will be considered a
possible carcinogen for this project based on the in vi:r-
mutagenicity data.

Production and Persistance

It is estimated that 4.5x10%kg ethylene oxide is emitted per
year from stationary sources’. Other estimates of production
includes 1.8x10° kg produced with 4.5x107 kg released“,
1.8x19%5 produced”, 1.8x107 kg produced in 1974%, 1.9x10° k<
produced 15 1973°, and 1.8x10° and 2.0x10?® produced in 1974
and 1975°. its primary use as an intermediate is expected to
grow at 4.7-5,2+ per jyear until 1980-. Dispersed in the
atmosphere, epcxides would be oxidized by HO radicals with a
3~11 hour nalf life ¢ 1Its reaction with HO radicals has also
been estimar2A to give haif lifes of 1.6 days" and 23 hours®.
It has a_boilina point of i1°C and a vapor pressure of 1095
mm at 20°C°,

"Ethylene Oxice"” in IARC Monograchs on the Evaluation of
Carcinogeric Risk of Chemicals to Man, Volume 11, 157-167,
1976.

Allport, J., et al., "A Study of Industrial Data on Candicate
Chemicals for Testing,” National Technical Information Service

Number PB 274 264, 1977,
} MRC Source Asscssment Data Base, July 1977,

“ Brown, S. L., et al., "Research Program on Hazard Priority ]
Ranking of Manufactured Chemicals," National Technical Service
Number. PB 263 164, 1975.

Dorigan, J., et al., Preliminary Scorinqlof!Se;dbtJd Organic
Air Pollutants,™ National Technical Information Service
Number PB 264 444, 1976

w

o [MONSANY T RESHARCH ICORPORR TIQNE «

MONS 021988




Ethylene Oxide -
References - ContiNued

®Radding, S. L., et al., "Review of the Environmental Fate of
selected Chemicals,” National Technical Information Service
Number PB 267 121, 1977.

’versenueren) K., Handbook of Envifonmental Data on Ongadic
Chemicals, Van Nostrand Reinhcld Co., N. Y., 1977.
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Ethylenimine

Ethylenimine (Aziridine, CAS No. 151-56-4) is well documented as
being a potent mutagen, and is used as a mutagen in many plant
studies {S$33 refercnces on Toxline to its use as a mutagen or
carcinogen). It has also been found to be carcinogenic in at
least two strains of mice following oral administration and pro-
duciny liver-cell and pulmonary tumors'. Subcutancous injection
of single doses in suckling mice produced increased incidence

of lung tumors in males. Subcutaneous injection in oil produced
local tumors in rats'. It is considered a probable carcinogen

for this project.

Production and Persistance

It 1s estimated that 2.7 x 10° Ka is released to_the environment
per vear®. Estimates of production are 2.3 x 105 Kg, 1.4 x 108
K, 2.2 x 10® ®q (1374), and 2.3 x 10® Kg per year”,". Ethyleni-
=1no infinitely soluble 1n water?, basic, and polar, and could
therefore be expected to te very slow to escape from water to

the atmosphere . [ts reacticn with HO in the atmosphere has

teen found to have 3 nalf-life of 1.5 days?, 47 hours* and 56
hours™. It has a bciling point of 56°C and a sapor pressure

of 160 mm at 20°C*.

‘“Aziridineé"™ in I1ARC Mcnographs on the Evaluation of Carcino-
cenic Risk of Chenmistry to Man, volume 9, 37/-46, 1976.

“Brown, S. L, et al., "Research Program on Hazard Priority Rank-
ing of Manufacturvd Chemicals”, National Technical Information
Service Number PB 263 164, 1975.

»Allport, J. et al., "A Study of Industrial Data on Candidate
Chemicals for Testing®, National Technical Information Service
Number PB 274 264, 1977,

“Raddlirlg, 1st B., et ai., “Review of ,the Environmental Fate of

Selected Chemicals”, National Technical Information Service
Number PB 267 121, 1977,
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Fluoranthene

Fluoranthene (CAS No. 206-44-0) was tested for carcinogencity in
1935 and 1938 on mice by skin (0.3% in benzene for 501 days)

and oral (10 mg for 18 months) routes of administration with
negative results !. Arcos and Argus reported in 1974 that in
1963 or 1964 others had found fluoranthene negative by sub-
cutaneous tests in XVII nc/Z strain of mice®, and is generally
considered non-carcinogenic?. Recent tests of mouse skin
application, alone or followed by croton oil, were negative
after 15 months and 20 weeks respectively3. It has been tested
on TA98, 100 and 1537 strains of S. typhimurium for mutagencity-.
It is considered a probable non-carcinogen for this project.

lsurvey of Compounds Which Have Been Tested for Carcinogenic
ctivity, ’ = P g I.

Zarcos, J. C. and Argus, M. F., Chemical Induction of Cancer,
.Volume IIA, Academic Press, New York, 1974, pp. 26, 237.

4offman, D., et al., J. Natl. Cancer Inst. 49, 1165-1175, 1972.

“Rao, %.. K., et al., “Environmental Mutagenesis of Energy-
Related) EAfluedtsl, Genetics, 83, S60, 1976

EA: S

HANSANCOIRESEARCH CORPARATION fo

MONS 02199]1



Formidshyde

Formaldchyde (methanal, formalin, methyl aldelyde, CAS No. 50-00-0)

has becn tested for carcinogenicity with begative results on many animal
species in short term{usually less than a year) tests!. However, 1300
mg/kg (65 weeks) caused neoplastic effects in rats? and 1 il of 0.4%
formaldehyde solution caused spindle cell sarcomas and fibrosarcomas at
the injection site of 4/10 rats evaluated at least 649 days’, Formal-
dehyde has been shown to be a mutagen in Drosophila melanogaster, E. coli,
barley, Vicia faba, yeast, and viral transformation enhancement tests"'®,
but negative on the mouse dorunant lethal test’. For this project
fonnaldehyde will be corsidercd a possible carcinogen.

Production and Persistance

It 1s estimated that 4.1x107 kg formaldehyde is emitted per year from
stationary sources with §2% of t'_.'\..s beina from charcoal ranufactur.: and
catalytic crackmc in petroleum refinin,”. Other estimates oA production
mcluce 2.6x107 ko produced and 2.4x10° k¢ released?, 2.6x10° kg groducsd
and €.4x10 kg released”, 2.6x19" ky ._roducud (1974) 7, and 2.9x10° kg ad
2.6xd0 " k¢ produced in 1972 and 1975¢ The pmducuon of formaldehyde i=
projected to grow by 4-3% per year in *_m_ next five years:-'. In solution
it is esscatially non-volatiie, bu: 1 the air it will react with HO
radical with a half life of 2.6 nours’ or 1.2 hours®. As a cas it has a
boiline point of -21°C and a vauor pressure of 1946 mm at 25°C:  Its
environmental fate, biological, axd environmental effects have been
studied

‘Srovey of Chemicals Wkuch Ha'e Booen Tested for Carcmoge:uc Activity,
Natioral Cancer Institute, va 149, vol'zes 1, 2, 3, 4, and 5.

‘Dor:zan, J., et al.,"Prelimirary Scorini of Selected Organic Air Pollutant,”

National Technical Infarmaticn Service Number PB 264 445, 1976.

Watanabe, F., et al., Gann 45, 451~452, 1954. (From Survey of Chemicals .
- Refercnce 1, Volure 3)

*Broen,S. L., et al., "Research Program on Hazard_Prioritg Ranking of Manu-
factured “hemicals,” National Technical Information Service Number PB 263
164, 19757

SSuxcki; E., "Chemical Canposition and Potential Genotoxic Aspects of
Polluted Atmosphere,” in IARC Sci. pub. No. 16, 127-157, 1977.

Spersonal Cormunicaticn with 3. C. Casto on 9 Febrvary 1978.
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Formaldehyde
References - Continued

‘Epstein, S. S., et al., "Detection of Chemical Mutagens by the Dominant
Lethal Assay in the Mouse," Toxicol. Appl. Pharmacol. 23. 299-325, 1972.

‘MRC Source Assessment Data Base, July 1977.

JRadding, S. L., et al., "Review of the Envirommental Fate of Selected
Chemicals, ® National Technical Infarmation Service Nurber PB 267 121,
1977,

'RAllport, J., et al., "A Study of Industrial Data on Candidate Chemicals
for Testing,” National Technical Information Service Number PB 274 264,
1977,

llatlanpic Research Corp., "Investigation of Selected Potential Envirom
foan Contaminants: Formaldashyde™ !Prepared for EPA), National
Information Service Number PB 256 839, 1976.
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Guthion

Guthion has been found to be mutagenic in that it induced chromo-
some breaks in WI-3§ cells and in HE_-2 cells!, Guthion also in-
creased mitotic recombination in S, &erevigiae?, However, it did
not prove tn be a mutagen in S. typhimurium assays? or in E. coli
or B.subtilis systems? and did not induce dominant lethal effects
in mice’. For this project it is considered a non-carcinogen,

lAlam, M. T. and Kasatiya, S. S., "Cytological Effects of an
Organic Phosphate Pesticide on Human Cells in vitre,” Can. J.
Genet. Cytol. 18 (4), 665-671, 1976.

2simmon, V. F., et al., "/n i:tr. Mutagenic Studies of Twenty
Pesticides”, Toxic‘l. Abpl. Pharmacol. 37 (1), 129, 1976,

’Jorq.n.on, T. A, &P, "In Vive Muélgcnests Investigations
of Ten Commercial Resticides”, Toxicol. Appl. Pharmacol. 137 (1)
894 197,
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Heptachlor.

The IARC monograph on heptachlor (heptachloro-tetrahydro-
methanoindene, CAS No. 76-44-8) shows this compound to have
both positive and negative data, with more negative than
positivel!. It is a mutagen as tested by the enhancement of
viral transformation?. Recent NCI tests? with rats and mice
aemonstrated that heptachlor is a carcinogen for the liver

in mice under the conditions of their bioassay. It 1s considered
a probable carcinogen for this project.

Production and Persistance

It is estimated that 1.1 x 10“ Kg heptachlor is emitted per
year from stationary sources". Estimates of production
1nclude 2.7 x 106 Kg (1971)! and 2.7 x 10% Kg produced®. It
has a melting point of 95°C and a vapor pressure of 3 x 10-°
mm at 25°C!.

I*Heptachlor"” in IARC Monograph on the Evaluation of Carcino-
genic Risk of Chemicals to Man", Volume 5, 173-13%,
1974.
-Personal communications with B. C, Casto on 9 February 1978.
I"Bioassay of Heptachlor for Possible Carcinogenicity, CAS No.
76-55~8", National Technical Information Service Number PB
271 967.
“MRC ‘Source Assessment Data Base, July 1977.
Svorigan, J., et al., "Preliminary Scoring of Selected Organic

Air Pollutants®, National Technical Information Service
Number PB ;264 445, 1976.
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Hexachlorobenzene

Hexachlorobenzene (benzene hexachloride, CAS No. 118-74-1)
induces microsomal enzymes!, is only slightly teratogenic? and.
tests positive/negative? and negative? on the dominant lethal
test in rats. When fed to rats it was non~carcinogenic“, ard
by S. typhimuriun tests {using mouse liver microsomes) it was
negativeS,

Hexachlorobenzene was, however, mutagenic when tested with
Saccharomyces cerevisiac at 100 ppm® and when fed to 6 week old
Syrian golden hamsters at concentrations up to 200 pum it
induced heptomas, hemangiomas and thyroid adenomas in a dose
response manner’. It is therefore considered a possible
carcinogen for this project.

Production and Persistance

It has a t} 2 = 2 days in the air reacting with OH to form
pentachlorophenal. Its production is estimated to be 1.3 x 106
pounds per year and 0.3 x 10° pounds is used in a dispersive
manner as a fungicide for a total of 0.5 x 10%® pounds released$.
It has a boiling point of 322-326°C”.

‘Dybing, E. and Aune, T., "Hexachlorcbenzene induction of 2,4-
Diaminoamide Mutagenicity in Vitro", Acta Pharmacol Toxicol.
40 (5), 575-383, 1977,

‘Khera, K. S., "Hexachlorobenzene: Teratogenicity and Dominant
Lethal Studies in Rats", Toxical. Appl. Pharmacol. 29 (1), 109,
1974.

!Fpstein, S. S., et al., "Detection of Chemical Mutagenes by
the Dominant Lethal Assay in the Mouse", Toxical. Appl.
Pharmacol. 23, 288-325, 1972.

" Boyland, E., et al., "Kidney Tumors in Rats Following Treatment
with 2-Acetylaminofluorene, Tryptophan and l4-Saccharolactone
and the Failure of Substances Which Cause Porphyrinuria to
Induce Tumors", pp. 5R-59 in British Empire Cancer Campaign
1965 - Part 2: Scientific Report, 707 pp., 1963,

5Van Dijeck, P. and Van de Voorde, H., "Mutagenicity Versus
Carcinodenicity of Organochloride Insecticides", Meded. Fac.
Landbouwwet., Rijksuniv. Gent, 41 .(2) part 2, 1491-1498, 1976.

S Guearzoni, M. E., et al., "Mutagenic Activity of Pesticides"”,
l‘.t.vtekl.: Tecnol. Alimenti Nutr. Um. (Ital) 6 (3), 161-185,
276
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Hexachlorobenzene
References = Continued

’Cabral, J. R. P., et al., "Carcinogenic Activity of Hexachloro-
benzene in Hamsters", Nature 269 (5628), 510-511, 1977.

fgrown, S. L., et al., "Research Program on Hazard Priority
Ranking of Manufactured Chemicals", National Technical
Infommatidn Seryice,Number PB 263 161, 1975. ,

’Vo:nchnorcn;&l., Hafdbook of Environmental Data on Organic

Chemfcal, i vah iNpgtrand . Reinhold Co., New York,, 1977.
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HexachlIorvbhutgddiene

Hexachlorobutadiene injected I.P. in mice apparently caused no
lung adenomas! .. A two year study with rats on diets contain-
ing hexachlorobutadiene showed no effects at 0.2 mg/kg/day or
less, but renal tubular adenomas and adenocarcinomas at 2 and
20 my/kg/day?, 3. A reproduction study also showed no effects
at 0.2 but effects at 20 mg/kg/day. At the high doses some
toxicity was also evident. A 90 day feeding study (0.3-30 ppm)
non Japanese quail showed little effect »f this chemical .

NIOSH has a safety alert out on the bhasis of the above tests
and it is considered a possible carcinogen for this study.

Production and Persistance

It is estimated that 8 x 10 pounds 1s produced in thz USA
with 7.3 x 10° pomids being released per year . It reacts with OH
and O, with a t1,’2 of less than one day und has a low water-
scluability ., The boiling point of hexachlorobutadiene is
210 C with a vancor rressure of 22 mm at 100°C .

‘Test for Carcinocenicity of Organic Contaminants of United
States Drinking vaters by Pulmonary Tumor Response in a
Strain of Mice," Cancer Res. 37 (8), 2717,2720, 1977

‘Results of a Two-year Chronic Toxicity Scudy with Hexa-
chlorobutadiene in Rats (Meeting Abstract) Toxical. Appl.
Pharnmacol. 41 (1), 204,1977.

‘Keciba, R. J., et al., "Results of a Two-year Chromic Toxicity
Study with Hexachlorobutadiene in Rats,"” Am. Ind. Hyd. Assoc.
J., 38 (11}, 589-602, 1977. .

'"Reproduction Stucdy in Japanese Quail Fed Hexachlorobutadiene
for 90 days," Toxical. Appl. Pharmacol. 30 (2}, 255-265, 1974.

SBrowr_\, S. L., et al."” Research Program on Hazard Priority
Ranking of Manufactured Chemicals," National Technical Infor-
mation Service Number PB 263 161, 1975.

‘verschueren, K., Handbook of Esnvironmental Data on Organic
Chemicals, Van Nostrand Reinhold Co., N.Y., 1977.
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Hexamethylenetetramine

Hexamethylenctetramine (CAS No, 100-97-0) has been extensively
tested in both rats and mice!. Almost all of these tests show
that this chemical is non-carcinogenic when given either orally
{up to 5% of drinking water) or subcutaneously (25 gm/Kg)?. It
has oeen tested on E. coli differential growth (pol A) test witn
positive results which was considered a false positive?, It has
also been reported to be non-mutagenic to Drosophila, positive in
oral mouse dominant lethal test, negative in an interperitoneal
mousc dominant lethal test, and positive on a chromosomal aberra-
ation test in cultured lyphocytes™. Hexamethylenetetramine will
be considered a non~carcinogen (with some positive data) for this
project because of the extensive negative animal data.

‘"Survey o¢ Compounds Which iave 3cen Tested for Carcinogenic

Activity", PHS-149, Volume 1 - Number 1230, Volume 3 - Number
847, volume 4-Number 1234, Volume S5 - Number 704, Volume 6 -

Number 533.

‘Della Porta, G., et al., "Non-Carcinogenicity of Hexamethylcnete-
tramine in Mice and Rats", Food Cosmet. Toxicol., 6 (6), 707-
715, 1968.

3Flucl., E. R. et al., “Evaluation of a DNA Polymerase - Deficient
Mutant., of E, Coli for the Rapid Detection of Carcinogens”,
Chem. Biol. Interact. 15, 219-231, 1974.

“Allport, J. et aF., "A Study of Industgpal Data on Candidate
Chemicals for Tesgting®, National Technical Infprmation Service

Number .PB.274 264,4 X997,
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liydrazine

Hydrazine (diamine, CAS No. 302-01-2) has been shown to be carcinogenic in
mice after oral and interperitoneal administration amd in rats following
oral administration'. It was negative in hameters after oral administra-
tion!. Hydrazine is considered a probable carcinogen for this project.

Production and Persistance

It is estimated that 3.5x10%kg hydrazine is emitted per year®. In 1966,
production of hydrazine was 7x10° kg per year with more than 70% of this
goung toward rocket fuels!. 1In 1971 it was estimated that production was
1.4x10°% kg and 1.7x107 kg in 1974}*%. The demand for hydrazine is
expected to increase 15-17% a year until 1985". Hydrazine is polar, non-
volatile and water soluable suggesting tnat it will not transfer to the
atmosphere at significant rates’. Oxidation by HO radicals in the gas
phase is reported to be rapid with a half life of less than one hour?,

It has a boiling point of 113°C and a vapor pressure of 16 mm at 20°CJ.

I"liydrazine” in IARC Momographs on the Evaluation of Carcinogenic Risk of
Chemicais tc Man, Voluwe 5, 127-136, 1974.

‘MRC Source Assessment Data Base, July 1977.

‘Radding, S. B., etal., "Review of the Environmental Fate of Selected
Chemicals,” National Technical Information Service Number PB 267 121, 1977.

“Allport, J., €tal., "A Study of Industrial Data on Candidate Chemicals
for Testing,d Netjongl.Technical Information Service Number PB 274 264,
1977.

vearsciveren, K., Handbook of Brirormental Data on rcanic Chemicals,
Van Nostrand; Reinbold Cos .. N.1Y., 1977.
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Hydroquinone

Hydroquinone is listed on the NIOSH Suspected Carcinogen list, but it
is apparently there by mistake. The 1955 reference cited! shows
20 mg of hydroquinone applied to the skin of mice (in benzene)
developed only one tumor out of 22 surviving mice as compared
with onc tumor out of 22 surviving micc for the croton oil con~
trol. A more recent reference cites hydroauinoune as a bladder
carcincgen when implanted in cholesterol pellets producing 3Z%
tumors vs. 12% for the cholesterol control? Hydroquinone 1s
said to be an inhibitor of 3,d4-benzpyrene carcxnoqenesxs3 in-
active as a promoter", and slightly antive as a promoter® of
carcinogenesis.

llydroquinone has been reported as more toxic to repair deficient
E. coli (pol A ) indicating that it mav induce DNA damage”, but
negative in inducing antibiotic resistance in :licrococcus oyrogens®.
Chromosome aberrations have been noted i1n sc¢veral plant systems
after treatment with hydrocuinone”. These mutagenic references
almost place hydroquinone on the possible carcinogen list, but
they i1nvolve test systems wnich have not been cvxtensively eval-
uated. ivdrogquinone will be cons:iderc! a rrobable non-carcinogen
(with some sign:ificant positive daza)l !'nr this pro-ect.

‘Roe, F. J. C. and Salaman, M. ¥,, "Further Studies on Incomplete
Carcinogenesis”, British J. of Cancer, 3, 177-203, 1955,

‘Bovland, E. et al., "Further Experiments on Implantation of
Materials into the Urinary B8ladder of Mize”, British J. of
Cancer, 18, 575-581, 1964.

*yan Duuren, B. L. and Goldschmadt, B. M., "Cocarcinogenic and
Tumor-Promrting Agents in Tobacco”. J. Nat'l. Cancer Inst.,
1237-1242, 1976.

56.
“"Study of Tobacco Carcinogenesis. X1II. Tumor-Promotina Sub-

fractions of the Weakly Acidic Fraction”, Toxline.

SInteraction between 5{droquinone and Cigarette Smoke Condensate
in Short-Term+Skin Tdets forrCarcinogenicity®, Toxline.

SAllport, J., et al., "A Studv of Industrial Data on Candidate
Chemicals for Testing”, National Technical Information Scrvice
Number PB 274 264, 1377,
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Kelthane

Kelthane has been found non-mutagenic to E. coli