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ABSIRACT

Carcinogenicity of Vinyl Chloride and Vinylidene Chloride.
Lee, C. C., Bhandari, J. C., Winston, J. M., House, W. B., Dixon, R. L., and

Woods, J. 5. (1977). Toxicol. Environ, Health 00:00-00. Exposure of mice to 50,

250 or 1,000 ppm of vinyl chloride (VC) in the air, 6 hrs/day and 5 days/uk,
caused a high incidence of bronchiolo-alveolar adenoma, mamnary gland tumors
and hemangiosarcoma. Mammary gland tumors occurred only in the female and in-
cluded ductular adenocarcinoma, squamous and anaplastic carcincmas with meta-
stasis to the lung. Hemangiosarcoma occurred in the liver, and, to a lesser
extent, in various other organs. The incidence and severity of these tumors
increased with the VC level and the length of exposure. Malignant lymphema
involving various organs was observed in several mice. Rats were more te-
sistant to the carcinogenic effects of VC. Exposure of rats to 250 or 1,000
pprt of VC caused hemangiosarcoma in the liver. Many rats with hepatic hemangi-
isarcoma also developed hemangiosarcoma in the lung, Extrahepatic hemangi-
osarcoma also occasiorally occurred in other organs. Exposure to 55 ppam of
vinylidene chloride (VDC) caused hepatic hemangi.<ircoma and prabably bron-
chiolo-alveolar adenoma in mice. llemangiosarcors .iso occurred in the me-

senteric lymph node or subcutancous tissue in two rats exposed to 55 ppm

%]

of VbC.
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INTRODUCTION

In 1971, the carcinogenic effect of vinyl chloride (VC) was firsc
reported in animals (Viola, et al.). Male Ar/IRZ rats exposed to 30,000 ppm
of vC, & hrs/dgy, 5 days/wk for 12 months, developed epidermesid carcinomas,
papillomas and mucoepidermoid carcinomasvof the skin, adenocar¢inomas of the
lung, and osteochondromas of the metacarpal and metatarsal regions of the.
limbs. Hepatic angiosarcomas and other tumors were observed in rat; expeosed
to 20,000, 500 or 50 ppm of VC (Caputo et al., 1%974; Winell et al,, 1976).
Tumors of the skin and lung were also reported in rabbits exposed to 10,000
ppm (Caputo et al., 1974). Exposure to VC as low as 50 ppm, with the same
exposure times, induced angiosarcomas inthe liver and other tissues of Sprajue-
Dawley and Wistar rats, Swiss mice and Golden hamsters (Maltoni and Lefemire,
1973). 1In addition, other tumors were seen including tumors of the zymdal
glands and skin, nephroblastomas, hepatomas and neuroblastormas in tats; tes=ors
of the lung and skin in mice; and tumors of the skin and lymphomas in hamszars.
These results were further confirmed, and in addition, dose-time and carcivo-
genic response relationships were established (Maltoni, 1977),

In 1974, four cases of hepatiec anglosarcoma were reported in poly-

‘vinyl chloride workers (Creech and Johnson). The firstc case of hepatic

2

ansiosarcoma occurrad in 190D (tleath et al., . "2). TFurther czse oL hepa-
tic angivsarcema arnd other hepatic discases, notably poreal fibrosis and
portz. ' rpertgnsion, were identified among VC polymerization worwmers (2lool,

1974 Fall, et al., 19741 Tee and Moroe 1074 vall ap Al 107 e s




tumors at multiple sites developed in VC and polyvinyl chloride workers
(Monson and Peters, 1974; Tabershaw aad Caffey, 1974; Nicholson et al., 1975;
Byren et al., 1976; Waxweiler et al., 1976). This Teport sumrmarizes the car-

cinogenic effects of 50, 250 or 1,000 ppm of VC in rats and mice and com-

pares the effect of vinylidene chloride (VDC) at concentraion of 55 ppa.
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METHCNS

Inhalation Chambers and Aiy Sunolv: TFive stainless steel cubical

3 volume were used. VC or VDC was intro-

type exposure chambers of 3.5 m
duced through the top of the chamber. Each chamber contained a plenum, a
diffusion plate and two small squirrel cage fans (2.85 m3/min), mounted on
opposite sides of the top cone above the diffusion plate, to ensure com-.

- plete mixture of the gas with air. The outside air supply passed t;rough

a coarse filter, over coils for heating, ccoling and dehumidifving, and then
through an absolute filter (99.97-99.997, retention of 0.3 p particles) in-o
the plenum of the chamber. Air flow rates were measured initiallv at che
inlet side of the chamber with a pitot tube connected to a magnahelix gauga
and later at the exhaust outlet with a orifice plate and magnahelix gauge.
The orifice plate was calibrated with an air flow transducer (Autotronics
100-55X). These measuremants indicated air flew rates of about 12 chamber

volumes (0.70 m3/min) per hour.

Genecration of VC and WVBC Vasor: VC gas (99.8% pure, Matheson

Products) was metered with rotameters into the chiwber air supply. \DC
(99% pure, Aldrich Company) was heated to 37°C te :nerate the vapor. All
VDC lines and the rotameter were heated to %40°C to prevent condensation.

Chambher “onitorine and Sarpline: I ::her concentmations waere

il

monitored tsing a gas chromacograph (Varian-2700) with a flame fontzation

-

deteczor. A 6 ft x L/8 in. stainless stecel column packed with 0.47 Carboax

A

1500 on Carbopak A was used with a nitrogen carrier flow rate of 80 ml/min.




The injection, column and deteetor temperacures were 135°C, 65°C, and 170°C,
respectively. VC standards at dilutions of 10, 50 and 100 ppm were obtained
in lecture bottles (Supelco, Inc., Bellefonte, PA{, and a 1,000 ppm primar:y
standard was obtained from Matheson Gas Products (Joliet, IL). VDC scardards
were prepared by a serial dilution (weight/volume) of VDC im carbon tetra-
chloride.

Each chamber was fitted with 10 sampling ports on two sidcs.
Polyethylene tubes were positioned through the ports at the center and near
the periphery of the chamber. Samples were withdrawn with a syrirge and
introduced into the gas chromatogrzph. A valid sample could be withdrauna
by pumping the syringe three times on the short sampling lines and fiva
times on the long lines, All sampling was performed in triplicate. Dis-
tribution studies at all parts of the chomber were comparod with a refercnce
point in the center. The results indicated that average chamber councentra-
tions were 3% of the desired concentration and the reference point averages
were 98.47 to 100.47% of the chamber averages. During the study, chambers
were routinely sampled from the refereuce point three to four times a dav.

An automatic sampling system was used later during the expeviment,
A polyfluroethylene (Teflon?d, DuPont) line (1/4 i . diameter) connccted cach

1

chcmber to the aurtomatie sampler. These 1: :- were purged @onstantcly.

,.
i
s
Jon

od.cally, a sawple was directed to the gas chromatograph where it was in-
Jecn .l wia a sawpling valve with twin l-ml sampiing loops. Tlhu readout

was precessed by a Varian CDS 111 electronic integrator. The integrater




;a8 programmed to measure peak area aad to calculate ppm by an extaznal
standards program. A chart recorder connected to the integraccr was oc-

casionally used to visualize the chromatogram.

Experizen-al Desizn: Albino CD-1 aice and CDE rats (Charles River

Breeding Lab) about 2 months old were used. For each species, a total of
360 animals were divided into five groups, each consisting of 36 males and
36 females. Each group of both species was exposed to 50, 250 or I%OOO‘ppm
of VC, 55 ppm of VDC, or uncontaminated air for 6 hrs/dayand 5 days/wk. All
animals were kept in the same stainless steel cages with wire bottoms both
during exposure and when outside of the chambers. Mice were housed six

to eigcht/cage and rats two/cage. During exposure, the-position of cages was
constantly rotated throughout the study, Pulverized or bluock laboratory chow
(Wayne Lab Blox) was provided except during exposure. Water was available
ad libitum. A 12-hr light cyc}e was maintained. The temperature in the
chamber and in the room averaged 24 + 1.3°C,. Thé relative humidity ranged
from 25 to 60% at the start of the experiment and was later regulated a:

50 = 10%.

Four animals of each species, sex and exposure level were termi-
nated for various laboratory tests, and greoss and histopathologic examina-
tions at the end of 1, 2, 3, 6 and Y mont! e surviving animals were
tz 'nirated 1t :he end of 12 monthsl

Taborarer - Bvaluations: All anwmals vere observed throusion:

the sty for adverse signs. TFood consumption was recorded weekly and body




weight biweekly at a uniform time of day. Various clinical laboratory tests

and specific studics were performed as described elsewherc (Lee et al., 1977).

When moribund or at terminations, all animals were euthanized for necropsv

after the collection of blood. Gross examinalion, especially for anv appear-

ance of abnormal growth or other lesions, was carefully performed on all

tissues including the brain, pituitary, thyroids, respiratory tracr, ali-
mentary canal,.urogenital organs, thymus, heart, liver, pancreas, sbleen?
mesenteric lymph nodes, and other tissues with pathological lesions. Tumors
with adjacent normal tissues and the other tissues without tumors were fixed,
processed, sectioned, and stained for microscopic examination.

All external

and internal tumors were cavefully examined and identified histologically,

CMA 010899




RESIT TS

Chamber Concentracions: For VC, the average weekly concentration

in ﬁhe 1,000 ppm and 250 ppm chambers did not vary more than %5, from the
desired concentratiors except during the third week when the averagze con-
centrations were about 107% lower. The variations in the 50 ppm chamber were
slightly greater during the second, 7th and 8th weeks. With a few exceptions,
no sample varied more than 10% from the desired concentration. 1I: ;as planned
that the exposure concentration for VDC would be 50 ppm. However, the slighely

higher concentration of 35 ppm was obtained and maintained throughout the experi-

ment,

General Counditicn: A few mice exposed to varicus levels of VC

started to exhibit toxic signs including rough hair coat, lechargy, ancorexia
‘and rapid weight loss during the 6th month. Some mice died or were terminacaed
before their imminent death. Thereafter, the general health of the remaining
mice exposed to VC deteriorated, Abdomiral disteution and/or external tumor
rasses, especially mammary tumors in the females, _ccurred. All male and
female mice exposed to 1,000 ppm and all females exrosed to 250 ppm died or
wére terminated during the 10th through 12+% -onths. Of the mice exposed to
55 ¢pm of "DC, two males were terminated during che 9th month and one female

2
during the 10th moutl., Most mice that died or :érc terminated ahead of

schedule and many mice that were termirated on schedule at various times

developed one or more types of tumors., In the control group, two males

8




died during the 8th or 9th month., One death was due to injury frona fightiag,

the other mouse was found dead with autolysis. No obvious mass was observed

in any controls,

Gross Lesiprs: Gross lesions were observed in severzl organs of

,

some mice. In the lung, there were raised, tan to greyish white nodules

of pinhead size to 0.5 cm or larger. In the liver, there were moderate_
mottling and small dark hemorrhagic spots varying in size from petgchiae

to 1 em in diameter, or dark nodular masses filled with blood or ruptures

in several animals. Spleens were slightly to markedly enlarged. Subcutane-
ous masses occurred at various locations, varying in size frem 1 to 3 cm or
larger, moderately firm and greyish-white to dark in appearance,

Bronchiole-alveolar Adenoma: Bronchiolo-alveolar adencomas were

found during the second month in the mice expused to 1,000 or 250 ppa of
VC and during the third month in the mice exposed to 50 ppm. The adenema
was characterized by focal areas of acinar or papillary growth, forming
simall solitary nodules which were well demarcated but-not encapsulated
(Plate 1). The incidence (Table 1) and severicty of the tumor were in di-
rect proportion to the level of VC and to the io- *h of exposure. In more
severe tumors, there was an increase in number ac. tn size of rodules by
expﬁnsion and coalescing to cause consolidation of the affected lobes.
There was no sex difference. A total of 12, 22 and 48 miccaexposed to
50, 230 or 1,000 ppm of VC, respectively, developed broachiolo-alveolar
aderoma, This tumor was found in only one male control during the 9th

month. In the group exposed to 55 ppm of VDC, a few small nodules of




Sronchiolo-alveolar aderoma were fourd in one male durirg the %:h month, two

males during the 9th month, and three males duriag the 12l mo-zh,

Hemanciegaveoma: Hemangiosarcomas were found in the livers of mica

exposed to 1,000 or 250 ppm of VC starting the 6th menth. The hemangio-
sarcoma was characterized by moderate to severe proliferation of endothelial
cells lining the sinusoids, dilation of the sinusoids, focal hemorrhage
forming small to large cavernous blood spaces, invasion of the hepqﬁic
parenchyma with neoplastic cells, and mild to severe necrosis (Plate 2)
depending upon the VC level and length of exposure. The incidence of he-
patic hemanglosarcoma was also related to the VC levels and to the leng:h
of exposure (Table 2), A total of 3, 23 and 31 mice exposed to 50, 250 or
1,000 ppm, respectively, developed hemangiosarcema in the liver. Hepatic
hemangiosarcoma appeared to occur more in females than in males exposed ta
250 or 1,000 ppm of VC. However, the differences between saxes were na:
statistically significant. Extraliepatic hemaunigosarcomas occasionally oc-
cured in marmary gland, heart, gastroiuntestinal tract, paucreas, kidauy,
epididymis and testis, mesenteric lymph nodes and skeletal muscle, The
incidence of extra hepatic hemangiosarcoma was r.- related to the VC level
or to the length of exposure. Hemanigosarcoma wi. not found in any con-
trol mice. In the mice exposed to 55 ppm of VDC, hemangivsarcomas occurred
in the livers of two males and one female. ‘Ihere were also heman_icmas i
the mediastinun of c¢ne female exposed to 50 ppm of VC and in the connective

"

tissue adjacent to the salivary glacd of one male exposed to 1,000 ppa.

010902
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Marmary Temors: Mammary sland tumors were observed in females

exposed to various levels of VC starting the 6th or 7th month, The tumors
consisted of adenocarcivoma, squamous and anaplas;ic carcinvemns (Plate 3).
The adenocarcinoma was characterized by proliferation of ductular epitheliuva
with a marked anaplastic and squacous cell metaplasia; the squamous carciromz
was characterized by marked proliferation of stratificd squamous epithielium,
marked keratinizaticn, marked purulent inflammation and necrosis; and the
anaplastic carcinoma was characterized by marked proliferation of undif-
ferentiated cells in large sheets, irregular cords, and packers. These
tumors occurred in 9, 3 and 13 females exposed to 50, 250 or 1,020 ppm,
respectively (Table 3), Most of these mice had a combinatien of the various
tunors. Metastic clusters of squamous and/or anaplastic carcinromas were
also found adjacent to the pleura and/or in the lung of most of these fe-
males (Plate 4). These primary and metastic wmammary glaund tumors were nore
severe in the mice exposed to higher levels of VC and in the mice that digd
or were terminated at later date. In the group éxposed to 1,000 or 250 pon,
the females developed these tumors earlier. Mawmmary gland tumors were vot

found in any control mice or mice exposed to 53 1 of VDC.

Malignant Lwmohoma: During the 6th mo: . , a malignan® lymphora

characterized by marked disseminaced or diffused izZiltration of lympho-
reticular cells in the epicardium and myocardium, perivascular and inter-
stitial arcas of the lung, liver, spleen and kidney was found in oune fumale
mouse exposed to 50 ppm of VC. There was loss of spleanic architecture

(Plate 5)., 1In addition, a malignant lymphoma characterized by a large mass

H CHA 010903




of lympho-reticular cells and ncecrotic debris, Infiltrating the cervical tis-
sue surrounding the trachea, bleced vessels aud esopbagus was forrd in one mate
exposed to 1,000 ppm. During the 9th month, maligﬁant lymphiomas irnvelving
spleen, liver, lungz, heart, subcutaneous ctissue in the cervical area, and/or
mammary gland were found in two females exposed to 250 ppm and one male and
three females exposed to 1,000 ppm. Malignaat lvmphoma was not found in

any control mice or mi;e exposed to 55 ppm of VDC at any time. -

Hepztora and Other Tumors: A total of three mice exposed to 55 ppx

of VDC developed hepatomas. This tumor was fourd in one male when terminaced
during the 9th month, in one male and one female duriag the 12th month. The
hepatoma was characterized by a marked proliferation of hepatocvtes with a

loss of the lobular pattern, except in the male mouse terminated at the 12¢h
month, This mouse had only a tiny focus of the neoplastic cells. lHepatoma

was not found in any control mice or mice exposed to any levels of VC. There
were a hepatic cell carcianoma, and a reral adencma in one mouse each exposed

to

{ee

to 50 or 1,000 ppa of VC, and skin keratcacauthemas in two mice expose

55 ppm of VDC,

General Coanditiong: A number of rats huac rough hair ceat, lost

nuscular cone and weight, and were lethar:iz aftar 7 mouths. Eichs males
[=] ? - 2

e
-~
ha

and 132 fermales exposed to 1,000 ppm of VC died or were termindted curin
- -

8th through the 12zh months, Four males and 10 f_:ales expos2! zo 220 pom

dicd or were terminated during the same period. 1Two females exposed to

12




50 m died. No deaths occurzed in the control group. One female rat go-
PP g p

posed to 55 ppm of VDC was terminated during the 9th month.

Hemanoivsarcoma: All the rats that died or were termipated abezd

of schedule and a number of the rats that were terminated on schadule during
the 9ch through 12th months developed hemangiosarcomas. During the 9th month,
hemangicsarcomas were found in the livers of two rats exposed to 250 ppa of
VC and of four rats exposed to 1,000 ppm. By the end of the 12t iuuihl
hepatic hemanigosarcomas were‘found in the livers of 12 and 21 rats exposead
to 250 or 1,000 ppm, respectively. Three of these rats exposed o 250 ppm
and thirteen of these rats exposed to 1,000 ppm also had hemangicsarceras in
the lung (Plate 6). As shown in Table 4, herangiosarcomas in the livar oc-
curred more in the females than in the males at 1,000 ppm. HemargioSarcomas
also occurred in two rats (subcutanvcous) exposed to 50 ppm of VC; two rats
(omentum or mesentery) exposed to 250 ppm; one rat (omentum) exposed 1o
1,000 ppm; and two rats (mesenteric lymph node or subcutancous) exposed to
55 ppm of VDC. Hemangiosarcomas were not found in the liver, lumgs or any
other organs of any control rats. There were alse hemangioras in the ad-
renal glands of two rats exposed to 1,000 ppm oI T,

Other Tumors: A few other tumors occ.. ~rully oceurred in cne or

several rats. The tumors included: a small nedule of bronchiclo-alveoiar
adenoma; reticulo-endothelial cell carcinema or hepatoma in the liver;
ductular adenocarcinoma or fibroadenoma in the pammary glamd of the female:

malignant lymphoma in the spleen or other organs; adenoma in the kidnewr;

13
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squamous carcinoma, keratoacanthoma or fibroma in the skin; adeiocarciroma in

the sebaceous gland; and chromophobe cell aderoma in the pltuicary. 1These oc-

casional tumors were not related to VC or VDC.

CMA 010906




DISCUSITON AT CANCIURTIAONS

Exposure to 50, 250 or 1,000 ppm of VC,'G hrs/ day and S days/wlk,
was highly carcinegenic in mice. Bronchioleo-alveolar adenomas, mammary
gland tumors, and hemaugiosarcomas developed in these mice. The ircidence
and severity of these tumoré were related to rhe level of VC and to the
length of exposure. A few mice exposed to VC also developed malignant lymph-
ormas. The total incidence of various tumors would probably be con%iderably
higher, 1{f some of the mice had not been terminated at early intervals.

Bronchiolo-alveolar adencmas were observed starting the second
month, Breonchioleo-alveolar adenoma, bronchiolar adenoma, or pulmornary
adenomatosis, has been reported to occur spentaneously in aging mice, mostly

over 1l vear of age (Amaral-lendes, 196%9; Baillif and Jones, 1973; De=rser

U]

et al., 1974). However, in the preseat study, larze numbers of nice ex-
pesed to various levels of VC develeped this tumor. In addition, the tumors
were abserved at a very early age; the incidence and severity were related to
the VC level and the lenzth of exposure. On the other hand, only a few small
rodules of this tumor occurred at later times in one control and several mice

treated with 55 ppm of VDC. 1Its significance i.. °C mice is questionable.

‘r
o
C

Hemanigosarcomas, primarily in the Liv .. wvere observed stas
the 6th month especially the mice exposed to 250 oz 1,000 ppm of VC. luopa-
tic hcmangiosarcomas also occurred in three mice exposed t? 55 ppm of VDC.
The severity of these tumors and the mammary gland tumors in females ex-

posed to VC protably contributed to the decaths of most of the mice.
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Mammary gland tumors were obscrved only in female mic:

4]
1
-

the 5th meuth and consisted of ductular adenccarcinoma, squamous and anaplascic
carcinomas. The mammary gland tumor was the most complex. Observa*ions on
several stages and sizes of this tumor sugzested that the tumor originaced

as ductular adenocarcinoma and then in a very early stage underwent an ana-
plastic and squamous cell metaplasia. The turor at this stage appeared

quite maligrant and invasive. In many cases, there were metastases of tha
anaplastic and squamous carcinomas in the lung. 1In addition, the ductular

or alveolar involvement seemed to be only minimal except in the early stazes

of scre swmall tumors. This type of pattern is very different frem the spon-

taneously occurring masmary gland tumors in mice,

The incidence and severity of the mammary gland tumors cpeonared
to be greater in mice exposed to higher levels of VC and in those mice cx-
posed for the longest periods of time. This may explain the hisher inciderca
of mammary tumors in the group exposed to 50 ppm as compared to the groun eu-
posed to 250 ppm. All females exposed to 250 ppm died by the end of the Vb
month, while many females exposed to 50 ppm surv.. | bevoud this time. 7This
incrcﬁsed exposure time in the latter group mav =l account for the greater
number of tumors.

The significance of hepatomas in throz mice as related 7o the ou-
posure of YDC was considered questionable. Those twrmors have beer wesortad

Lo 0cc.T spontaneously in small numbers ac this age (Andervoung, 1950; Percy

CHA
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and Jovas, 1971; Shen, 1974), even though thev did not occur in any of the

8
animals.  The other occasiovral tumors observed in mice were not re-

-

lated o exposure of VC or VDC.

Rats were more resistant to the carcinogenic effecrs of VC or VDC.

Hepatic hemangiosarcomas were observed in rats exposed to 250 or 1,000 pom

of VC starting the 9th month. In contrast to the mice, many of the rats with
hepatic hemangiosarcomas also developed hemangiosarcomas in the lunﬁ. vC

did not cause any other tumors in the rat. 1Two rats exposed to 55 ppm of

VDC developed hemangiosarcomas in the mesenteric lymph node or subcutane-

ous tissue; these tumors were probably caused by VDC. The rats were also
found to be more resistant to the acuta or other chronic effects of VC

or VDC than mice as reported elsewhcre (Lee et al., 1977).

CMA 010909
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TABLE 1

INCIDEICE OF BRONCUTOLO-ALYFOLAR ADENOMA TH MALE (M) AND
FEMALLE (i) MICE EXPOSED TO VC QR _VNC

YC {(ppm) VDC {(ppm)
Fxposure Time &) 50 250 1,000 55

(1tonths) 1 F H F M F H r M F
-3 0/12 0/12 1/12 0/12 2/12 0/12 3/12 3/12 0/12 0/12
4-6 0/4 0/4 - 2/5 0/5 1/4 4/7 ©6/6 475 1/4 0/4
7-9 1/6 - 0/4 217 4/14 5/11 " 8/15 13/15 19/19 2/6 0/4
10-12 G/4 6/16 3/5 0/3 2/2 0/0 0/0 0/0 3/13 G/15
Total 1126 0/36 8/29 4134 10/29 12/34 22733 26/36 6/35 0/35

Entries indicate {lo. of incidence/!lo. of mice examined.
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TABLE 2

TRCIDENCE OF HEMANGTOSARCOMA TH MALE (M) AMND
FEMALE (1) MICE EXPOSED 10 VC OR VDG

VC_(ppm) VDC (ppm)
Exposure Time O 50 2540 1,000 55
{onths) H F M F M F H F 3 F
In liver
6 0/16 0/16 0/17 0/17 0/16 2/19 2/18 3/17 0/16 0/16
7-9 0/6 0/4 1/7 0/ 14 5/11 14/15 11/15 15/19 1/6 0/4
10-12 0/4 0/16 2/5 0/3 2/2 0/0 0/0 0/0 1/13 1/15
Total 0/26 0/36 3/29 0/3  73f29 168434 133/33 18/36 2/35 1/35
In Other Orpans
6 0/16 0/16 0/17 0/17 0/16 6/19 0/18 2/17 0/16 0/16
7-9 0/6 0/4 1/7 o/14 1/11 3/15 0/15 7/19 0/a 0/4
16-12 /4 (il 415 1/3 1/2 0/0 0/0 0/0 0/13  0/15
Toral 0/26 0/36 5309 1/34 2/29 3/34 0/33 93:2f36  0/35 0/35

Entrices ipdicate llo. of incidence/ilo. of mice examined.

a/ Significantly diffcerent from incidence in cantrol group by Fisher exact probability test (Sicgel,
1956), p <0.05.

b/ Significantly different {rom incidence in opposite sex exposed to same congentration by Fisher
exact probability test (Siegel, 1956), p < 0.05. b
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TABLE 3

INCIDINCE OF MAMMARY GLAND TUMORS AND METASTASIS
IN THE TUNG T FIENLE MICE EXPOSEDRD 10 VG

Exposure Time VC Concentration {(ppm)
{(Months) 0 50 250 1,000
Mammary Gland Tumors
6 0/t6 0/17 1/19 /17
7-9 0/4 7/14 2/15 10/19
10-12 0/16 2/3 0/0 c/0
Total 0/36 9/34 1/34 13/ 36
Metastasis in the Lung
6 0/16 0/17 1/19 3/17
7-9 0/4 2/14 1/15 5/19
| TURRIN 0/16 0/3 0/0 0/0
Total 0/36 2/34 2/34 8/36

fotries indicate No. of incidence/Ho. of mice examined.




TABLE 4

NIGBFR OF MALE AMD FIRMALE RATS EXPOSED TO VC OR VDC

WHICH DEVELOPED HIEMAMI JTOSARCOMA
VC {ppm) vhC m
ex 0 50 250 1,000 55
In the Liver
Male 0/35 0/36 2/36 6/34 0/36
Female 0/35 6/36 108/ /34 152:b7/ /34 0/35
In the Lungs
Male 0/35 0/136 0/36 4734 0/36
2 Female 0735 0/36 3734 9a/ [ 0/35
In Qther orpans
Hale 0/35 1/36 2/36 0/34 2/36
Peo:l. 0/35 1/36 0/34 1/36 0/35

Entries indicated lo.of incidence/No. of rats examined.
Significantly differceat from incidence in control group by Fisher

o a/
eract probability test (Siegel, 1956), p < 0.05.
b/ Significantly different from incidence in oppusite sex exposed to
same concentration by Fisher exact probability test (5legel,

(1955), p < 0.05.




Title

Bronchiolo~alveolar adenoma in nice extesed to VC.
Top: Showing twe srmall nedulas, one with a focus of
metastatic squamous c¢ell carcinoma (A) fros thez
mamzary gland. H&E x 25,
Bottom: Higher magnification, showing Papillary Prolifera-
tion. H&E x 160.

Hegatic hemangiosarcoma in mice exposed to VC, showing endothelial
prolilaration (A), invasion of hepatoaovecaes (B) and hemorriage (C).
H&E = 100.

Mammary gland tusors in mice exposad co VC.
Top: Ductular aderocarcinema (A) and anapslastic carcinoma
(B). ST ox 230.

Bottom: Squamous cell carcinema. HE

I

x 100.

Metastatic mammary gland carcinema in the lung of mice exposed
te VDC.

Top: Anzplastic carcinoma, wmitotic figures (A). HaE = 250.

i
Bottom: Squamous cell carainoma, keratinizatien (A), strat
fied squamous epizhelium (3). H&E x 230,

-
s
fa

=

ly=oh

iznans poma In the splesn of mice ewxposed to VC, showing
proliferation oI lymphocytes and loss of splenic archizectura.
HiZ = 150.
Hemangiosarcoma in rats exgesed to VC,
Top: Liver, sheowin

2 endothelial proliferzticn (A), invasien
of hepatocytes (3) and hercrrhage (C). HIE x 100.

Bottom: Lung, showingy endothelial pr-lifa i invasion
of alveoli (3) and hemorrha;. ). H&E x

CMA 010914
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