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Dear 8(e) Coordinator:

This letter is to inform you of a publication that recently came to our attention concerning
inhalation carcinogenesis studies of six halogenated hydrocarbons in rats and mice
(methyl bromide, carbon tetrachloride, chioroform, tetrachloroethylene, 1,2-
dichloroethane and p-dichiorobenzene) conducted by the Japan Bioassay Research
Center.

Enclosed please find a copy of the published article and an abstract of these studies,

Sincerely,

0 Wt dip

A. Michael Kaplan, Ph.D.
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LONG TERM INHALATION TOXICITY STUDIES
OF FIVE CHLORINATED HYDROCARBONS N
F344 RATS AND BDF1 MICE

i NISH d Seigo v,
Japan Bicassay Research Center, Jgpan
mdustrial Safely and Heaith Asscciafion
2445 Hirasawa, Hadano, Kanagawa 257, Japan

tong term inhalation loxicly studies of fve
chicfinated hydrocarkons were conducied by >
exposure groups (three dose groups) of 50 maje
and 50 fernaje F344 rats and BDF1 mica, 8
hoursperday.5daysperweekfor104weeics. /;
to air containing each chemicals. o
Carbon tetrachicride induced hepatoceiiular s
carcinomas/adenomas in rats and mica and aiso
induced phecchromocyiomas In mice adrenai
glands. Chicroform induced renai-cell
crcinomas/adenomas  in rale  mica and
hepateceliutar  carcnomas in  female  mice.
Tetrachioroethylene inducad mononuciear ceil y
ieukemias in both sex of rats, hepatccelluiar ;
carcinomas/adencmas in both sax of mics and
Harderian gland adencmas in male mica,
*:2-Dichicroethane induced fibroadenomas  of o S
“the mammary gland and fibrcmas of the subes 0 C © T o
in’ both sex of rafs, adenocarcincmas/adenomas
in femaie rats mammary gland, mesothefiomas .
in male rats peritoneum, hemangicsarcomas in 7
male mice liver, apd hepatoceiluiar adenomas,
bronchiolar-alvestar carcinomas/adenomas of the
lung, adenccarcinomas of the mammary gland
and andometsial stromat pelyps of the uterus in
female  mice. p-Dichiorobenzene induced
hepatecsilutar  carcinemas  and histiecytic i
sarcomas in male mice. and hepatcceiutar : o
carcinomas/adenomas  and branchiciar-ajvesiar
carcincmas in female mice.
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Inhalation carcinogenesis studies of six halogenated
hydrocarbons in rats and mies

Kasuke Nagana, Tomoshi Nishizawa, Seigo Yamamoto and Tayjixo

Matsushima
Japan Bioassay Research Cansr, Japan Industyial Safety and Health Associaion, Xanagawa, Japan

Abstract. Inhalation carcinogenesis sradies of six halegenaced hydrocarbons wers conducted by
exposurs to air contrining sach chemical of three dose groups of 50 male and 50 feraale F344 rars
and BDF1 mics, § b ver day, 5 days per week for 104 wesks. Methyl bromide did not fnducs geo-
plasms, but prduced damages in the nasal cavity of rate and mica. Carhon tetrachloride induced
hepatocelhular carcinomas/adenomas in rars and mics and also induced pheochromocytomas in
mice xdrenai glands. Chioroform induced renal cslf carcinomas/adenomas in male mice and hepa-
tocellular carcinomas in female mice. Rtrachiorethylene induced mononuciear cell leukemias in
both sexes of rats, hepatoccllular carcinomas/adenomas in both sexes of mice 3od Harderian giand
adepomas ia male mice. 1,2-dichloroethane induced fibroadenomas of the mammary gland and
fibromas of the subcutis in both sexes of rats, adenocarcinomas/adénomas in the mammary giand
of female rars, mesotheliomas in the peritoneum of male rats, hemangiosarcomas in male mics liver,
and hepatocsliular adenomas, bronchiolar-alveolar caminomas/adenomas of the lupg, adenocarci-
nomas of the mammary gland and endometrial stromal polyps of the utezus in female mice. Hepa-
tocelluiar carcizomas and histiocytic sarcomas were induced by p-dichlotobenzene (a male mice,
and it induced hepatoesilnlar careinomas/adenomas and bronchiolsr-alveslar Qrinomas in female

mice.

- Keywol.:d;; 1.2;§€:blordcgﬁ'znq carbon*tetr;ciio-tﬁic;, ﬁomﬁdnn.‘memyi SEEE&;‘;E@L'mm- o

zens, tetrachioroethyiene.

Introdnction

The Japan Bioassay Rescarch Center was established by the Ministry of Labour
in 1982 with the object of supporting private companies in researchmg the toxic-
ity of new chemicals prier to their industrial application and with the aim of
examining the adverse effects of axizsiag chemical substances under an effort of
the Ministry of Labour. The Japan Bioassay Research Center is the only facility
in Japan to perform carcinogenicity studies by means of inhalation. This method
is required as harmful substancas in the work place are generally inhaled into
the body through respiration. Thirty chemicals in the past 15 years have been
tested or are curreatly being tested for carcinogenicity by inhalation or by oral
administration in both rats and mice. In this presentation, we introducs the resuit
! 3\

Address for correspondence: Xasuke Nagano, Japan Bioassay Research Canter, Japan Indust)@al Safety
and Health Asseciarion, 2445 Hirasawa, Hadang, Xanagawa 2570015, Japan.
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of the inhalation carcinogenesis studies of six halogenated hydrocarbons con-
ducted at the Japan Bioassay Research Center under contract with the Ministry
- -of Labour.

Materials and Methods

Chemicals and animals

Methyl bromide (purity >99.9%) was obtained from Saako Chemical Co., con-
tained in compressed-gas cylinders. Another five chemicals were obtained as
special grade (Japan Industrial Standard, 9% {(gc)) from Waio Pure Chemical
Industries, Ltd. (Purity: carbon tetrachloride, chloroform, tetrachioroethylene
and 1,2-dichloroethane > 99%, p-dichlorobenzene > 99.9%) as a liquid in 500-
g bottles) Male and female F344 rats (SPF) and BDF1 mice (SPF) were obtained
from Charles River Japan Inc., at 4 weeks of age. After 2 weeks acclimatization,
the animals were randomly allocated to each group,

Exposure chambers and animal maintenance

Chambers for rats (vol.; 7,600 I) and mice (vol.: 3,700 1) were used throughour the
duration of the exposure period. The temperature (24 + 2°C), the relative humid-
ity (55 + 10%), air flow rate (rat: 1,900 I/min, mouse: 740 V/mir) and pressure
(=5~ —15 mm H;0) of the chamber were monitored each day at 1-h intervals
for each group. Animais were housed individually in wire mesh cages. Feed
- ==~ (CRF-1, Oricntal Yeast Co., Ltd) and water were available ad libimam. = ...

Gensration and monitoring of chamber concentration

Methyl bromide gas was generated from the cylinder and was made by dilution
with fresh air in the line mixer to the target concentration of each exposure
chamber. The vapor of the other five chemicals was generated from the reservoir
by heating with the constant temperature circulator and at the same time bub-
bling with fresh air. The vapor was stabilized by cooling to the dew point and
again heating, and was made by dilution with fresh air in the line mixer to the
farget concentration of each sxposure chamber. The concentration of chemicals
in cach chamber was moanitored at least every 15 min by gas chromatography.

Experimental design

A maximum tolerated dose was selected as the highest dose level for each study
based on the 2-wesk and 13-week preliminary studies. The target concentrations
of each chemical were shown in Table 1. Groups of 50 male and 50 female rats
and mics were exposed to air containing chemicals 6 h per day, 5 days per wesk
for 104 weeiks. Groups of 50 rats and SO mice of ach sex, serving as coxtrols,
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; Zhble !. Summary of necplastic lesions in 2-year inhalation studies of six halegenated hydrocasbons
’ in F344 7ats and BDFI mice.
Test Species/ Resujes®
substances  sexes
: Methyl . Raws Dease (ppm) 0 4 20 166
P, bromide Male Pituitary gland adenoma 16/50  -23/58 19/50 30750
l‘ : Female No increase in wmor incidenca
L3 1 Mice  Dose (ppm) 0 4 16 &
E :-' Male No increase in tumor insidenee
L Female No increase in tumor incidencs
ra Carbon Rarts Dose (ppm) ) 0 5 25 125
bt tetrachloride  Male  Hepatoceilular adenoma 0/s¢  1/50 1/50  21/50
{gg&. = Hepatocsfiriar carcisoma 1150 0/56  0/30  33/50
'% " Female Hepatocellufar adenoma 0/50 0/50 0/50  40/50
Lo Hepatocellular carcinoma 0/50 0/50 3/50  15/50
el Micc  Dese (ppm) 0 5 25 125
mﬁ.ﬁ; Male Hepatocellufar adenoma 9/50 10/50  27/56 16/50
g@:’-,-; Hepataceilular carcinoma 17/50 12/50  44/5¢ 47/%0
P Adrenal gland pheachromocytoma  0/50 . 0/50 16/50 131/5¢
oA Female Hepatocellular adenoma 2/50  B/48 1750 5/49
A E Hepatocellular carcinoma 2/50 1/49 33/50 48/49
Adrenal gland pheochromocytoma /50 0/49 0/5C  22/49
Chlomform  Raws Dose {ppm) ] 10 30 90
Maie No incrsase in tumar incidence
Female Na increase in mimor incidence
- Mice Dose (ppm)~ - - - - R - 5. --30 - 50.
Maie Renal call ademama 5/56 /50 3736  1/48
Renal cel! carcinoma 0/50 1750 4/50  i1/48
Female Hepatwocsliular carcinoma 1/50 1/50 0/56  3/50
Rewachlorce- Rar Dase (opm) 0 50 200 £00
thyleae Male Mononuciear aeil leukemia 11/50 14/50 22/50 27/50
Female Mononudciear call leukemia 1o/50 17/50 16/50 18/50
Micz Dose (ppm) 0 10 - 50 250
Male Hepatocailular adenoma 7/50 13750 8/50 26750
Hepatocellular carcinoma 7/50 8/50 12/50 25/50
Harderian gland adenoma 2/50 2/50 2/5¢  3/50
Female Hepatoceilular adenoma 3/50 3/47 7748 26/49
Hepatecellular carcinoma 0/50 0/470  0/49 1449
{continued)

were exposed to clean air in chambers. Animais were observed daily for clinical
signs and for mortality once a day. Animals were weighed wesily for the first 13
weeks of the study and every 4 wezsks thereafter. At week 105, all surviving ani-
mals were killed, and a complete necropsy was perionaed on each animal. A
thorough Decropsy was also performed on animals that were found dead or

283£238372! 7 ~SSERFACLERED . 753105 -y 2
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Table 1. Contigned,
Tt Species/ Rewults*
substancas sexes
1,2-Dichloro~- Rats Dose (ppm) 0 10 40 160
ethane Male Mammary gland fibroadenoma 0/50 0/50 1750  s/59
. Subcutaneous tissas fbroma 6/59 9/50 12/50 5750
Peritonenm mesothalioma 1/50 1750 1/50  s759
" Female Mammary gisad adegoma 3/50 5/50 5/50 11750
Mammary gland fibroadenoma 4/50 1/50 §/50 |3/s0
Mammary gland adenacarcinoma /50 2/5 0/50 ss3p
Subcutaneous tissue fibroma 0/50 g/50 1/50 5750
Mice  Dose (ppm) 0 10 30 g
Male Liver hemangiosarcoms 0/50 4/49 6/50 s/59
Female  Hepatocellulsr adenoma 1/49 1750 1750 6/s50
Bronchjola~alveolar adenoma 4/49 1/50 3/5 3/50
Bronchiolap-alveolar cardinoma 1/49 0/50 1/50 3759
Mammary glaod adenccarcinoma 1749 2/50 1750 ¢/s0
Utes us sndometrial stromal polyp 2/48 0/50 1158 /50
p-Dichioro- Rau Dese (ppm) ) 20 75 300
benzene .
Male No increase in tumor incidence
Femals No increase in tumor incidencs
Mice  Dose (ppm) 0 20 75 300
Male Mepatoceilular carcinoms 12/49  17/49 16750 33/49
(with hepatoblastoma-like feature) (0/12) (/ 17y (/18 (¥ 38)
Liver histfocytic sarcoma 0/49 3/49 1/50 6748
Female  Hepamceilular adenoms 2/50 10/50  6/49 20/s0____
TTTIUTT 'Hepatocellulgy darsinezag AT T 4rsn apas 3

(with hepatoblastoma-liks featurs)  (0/2) 079 (0/2) (6/41)
Bronchiolar-alvediar carcinoma 1/50 1/50 - /a9 450

were killed in moribund condition during the study. All organs and gross lesions
were fixed in 10% neutral-buffered formalin, cmbedded in paraffin, sec.oned
and stained with hemaroxylin and eosin for histopathological examination.

Statistical method

Neoplastic lesions at histopathology were analyzed by Peto test {1}, Cochran-
~ Armitage linear trend rest, and the Fisher exact test.

Resuiss
Mathyl bromide

Rac
Although increased incidence of adenoma in the pituitary glands was observed in
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males, this finding was considered to be secondary due to hormonal disturbance
or enhanced aging caused by methyl bromide. No increased incidence of neo-
plasm was indicated in famales -

Mouse
The incidence of neoplastic iesions in both exposed males and exposed femaies

Wwas considzred to be comparzbie to that of the contyol,
However, necrosis of the oifactory epithelium in the nasal cavity was observed
in both sexes of rats and mics.

Carbon tetrachloride

Rar
Hepatocellular adenomas and carcinomas were induced in both sexes.

Mouse .
Hepatocellular adenomas and carcinomas, and pheochromocytomas of the adre-
nal gland were induced in hoth sexes,

Chloroform

Rat
No increased incidence of neoplasms ocenrred in either sex.

W e

- Adorics v _ . - : R
Renal cell adenomas and carcinomas were induced n males, and a slight
increase in hepatoceilular carcinamas was cbserved in females.

Tetrachloroethylene

Rai
Monocnuciear czll lenkemias were induced ia both saxes.

Mouse
Hepatocellular carcinomas and adenomas were induced in toth sexes, and ade-
aomas of the Harderian gland were induced in males,

1,2-Dichiorcethane

Rar
Fibroadenomas of the mammary gland, fibromas of the subcutis and mesothalio-
mas of the peritoneum in males; and adenomas, fibroadenomas and adenccarci-
nomas of the mammary gland and fibromas of the subcutis in females occurred
as 2 positive trend in exposed groups.
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mal polyps occurred as a positive trend in exposed groups.
p-Dichlorobenzene

Raz
No increased incidence of neoplasms occurred in either sex,

Mouse B
Hepatocallular carcinomas were induced in males, and hepatocellular adenomas
and carcinomas in females. Furthermore, some of the hepatoceilular carcinomas
in the exposed groups had hepatoblastoma-like features. A siightly increased inci-
dence of histiocytic sarcomas of the liver in males, and a marginally increased &
incidence of bronchiolar-alveolar carcinomas in females were also indicated.

Conclusions h
Evidence of carcinogenicity was revealed by inhalation exposure to carbon tegra- j
chloride, tetrachloroethylene and 1,2-dichloroethane in rats and mice, snd to )
chloroform and p-dichlorobenzene in mice. 3
Referenee L L E

L. Peto R, Fike MC, Dey NE et al, Guidelines for simple, sensitive siatie ace test for carcino-
genic effects in Jougeterm animal &xperments. In: Long-Brm and 5horte,m Screening Assay ;'
for Carcinogenesis: a Critica] Acpraisal. Iyon: IARC Monographs, (Suppi 2): International KR
Agency for Researeh on Canesr, 1980;311—426, 2

%

s /3 3 098g2324p3: v CHAEBRLLINRE 313Lis -y -0
3 /3 232903



A 12

CERTIFICATE OF AUTHENTICITY

THIS IS TO CERTIFY that the microimages sppearing on this mlcraného are accurate
and complele reproductions of the records of U.S, Environmental Protection Agency

Dala produced. @) C]

. documants as delivered in the regular course of business for microfilming.

1< O/l

{Month)

Place Syracuse

(Oay) (Year) era Operator

New York

(City)

{Stale)

FEVE S i

corp




