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£ aposure of mice to HERE ppren of sims ] chloride (1VC1 0 he day o S days week, catsed sotme acute deaths
with texic hepatitic and marked tubular gecrosis of the renal cortes. Starting the sivth month. mice
caposed ta TOMY, 230, or 20 ppm of VO became lethargic, fost weight quickly. and died. Only a few mice
eaposed 10 30 ppm survived foe 12 moaths, Polmonars macrophuge count was clevited in some mice.
fhere was o high incidence of bronchiolo-alhveolar wdenoma, mammars gland temors including ductular
adenocarcinoma, squamous and anaplastic cell carcioomaus with metastusis to the lung. and heman-
giosurcoma in the liver, and, (o 3 lesser eatent, in some other organs. The incidence of these tumors
yuichly increased, amd the severity was in direct proportion 1o the levels of VO and the fengith of exposure
NMadignant hmphoemy tavolving surioms organs was observed in a few mice.

Hats were more resistant to the tonie effects of VO Exposure to 1K) ppm slightly depressed the body
weipht of the Tfemales, Exposures of 220 or 1008 ppm cansed @ number of deaths and hemangiosarcoma in
the liver starting the ninth month, Most rats with hepatic hemangiosircoma also developed hemangionar-
coma in the lung. Hemangiosarcoma oceasionalls occurred in other tissues of one or two rats exposed to
20 ppmoor higher fevel of VO

Eaposure of mice to 552 ppm of vinylidene chioride ¢V DO alo caused o few acute deaths and o fe
hepatic hemangiosarcomss, InMammators, degeneratise, and mitotic changes occurced in the liver. No
monse eaposed o VHC delupod any nummars pland tamors, Several mice had broachiotoalveolar
adeaanta, Faposure of ruts to 85 ppm of VOO dighty depressed the hody weight, Hemangpiowarcoms

accurred in the mesemteric hmph node or subcutaneous tissue in two rats,

Introduction

Mo chiornde « VO ywas fiest prepared more than

acentury auo, and g fiee and eaplosion hazards e
of VO was first re-

well hnown, Acute tonicihy
ported i gtimea pigs (78 A g puwihlc anesthetic
agentin dues, VO was found to cnese mcoordinated
muscular acthivity of the extremities. cardine ar-

SPreturenany results were presented to the 1978 Ball meehing
of the Amencan Soveny o Pharmacology and Eapenumentadd
Lhernpeutios, August 1519, 1976, Tulune University, New Oy
feans, T omntang, publhished in the Pharmacologisg, 18 N, 2, 248

Pl 19T and toorhe Pt Intemational Congress on Povical-
opy, Aach WA pnl 20197 Toronto, Canada tABstracts, 1977
PRI
Pharmacology and Toveology, Midwest Reseurch Instnute,
425 Volher Bodevard, Kansas City . Missouri /3110,

SEmvireamental Tovicology Branch, Nautonal Institute of En-
vironment: | Health Sciences P, O, Box 12233, Research
ranele Paeh, North Carolia 27709,
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thythmias 123, and seositization of the myocardmum
th Relatively high concentrations of VO (10— 7
i aae) tor 20 min produced narcosis andsor deathoin
mice. rals, and gumea pigs (4). The guinen pigs
wete found to be more resistant. The miun lesions
were congestion of the lung with pulmonary edema
and hemorrhages tn some animals, and congestion
of the liver and kidaey. Failure of the blood to clo:
was ilso observed. Detectable injury of the fiver
and or kidney occurred i rats exposed 1o 100, 250,
or 300 ppeea bul not 30 ppm of VC. 7 hreday and £
daysiweek. for up o 6 months (3). Changes in liver
and splecn weights, @ decrease in leukocvies, and
an incrcase inervthrocvies were observed in rats
evposed 10 2% VO, 8 hrediy for 3 months (6),
Carcinogenic avtion of VO wus first reported in

1971, Male rats (Ar/IRE) exposed o 30.000 ppm of

V. 3 hridav and * days/week for 12 months. de-
veloped tumors of the skin, lungs. und bones (71
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.!‘m(hcnnuw. Ayvibal cland carcinomas. nephro-
Plastonin, hepativ and extrabepatic angtosarcomas
were observed an oot and pulmonany tumoss,
nhmmLay carcmomis. and hver angiosarconues
were obsenved in mice eaposed toas fow s 30 ppm
of VO 4 hrding. 3 dis s weeh, after 7- 12 months
(). Angiosarcoma of the Iiner and other hepatie
diseises, notabhy portal Gibrosis, were wdentified
among VO polymerization workers (49-120 An
epidemiclogical study (/31 indicated that cancers
multiple sites might be developed in VC and
potvivinvl chloride) workers.

[he present stindy was undertaken to determine
the tovie and carcinogenic effects of 20, 250, or 1000
ppm of VO in raas and mice and to defline any possi-
ble biochemical changes relating to any histological
amd neoplastic fesions, o addition. one exira
chamber was avaifable and used 1o compare the ef-
tects of 35 ppm oof vinvlidene chloride (VDCL

Material and Methods

Inhalation Chambers and Monitoring

{he whatation chambers are cubical 1ype and
made of stimless steel, with o volume of 3.5
Three chambers weie tsed for 30, 230, or 1000 ppm
of VO one chamber was used for 55 ppm of VDO,

. and one chamber was used for uacontaminitted
arr as control, VO gas (99877 pure, Matheson
Products) was melered with rotameters into the
chamber air supply. VIO (995 pure. Aldnich
Compiunyy was heated 1o 379C 1o generate the
vapor. The VRO lines and rotameter were heated
to A0 C to prevent condensation. Chamber i wis
initiad v wampled with a syringe and monitored using
a gas chromatograph (Vartn-2700) with o flame
ionization detector, An automatic sampling system
was later used. Periodically, @ sample was directed
to the was chromatograph and the readout was pro-
cossed by o Varian CDS 1T electronic integrator,
The integrator was programmed 1o meinure pesk
aren and to caloulate chamber congentrations by
external stundards,

Experimental Design

Albino CD-1 mice and CD rats (Charles River
Breeding Lab) about 2 months oki were used at the
start in these studies. For each species. 360 animals
were divided into five groups. each consisting of 36
males and 36 females. Each group of both species
wits exposed to 80, 250, or 1000 ppm of VC, 55 ppm
of VIZC, or uncontuminated air for 6 -hriday and §
daya/week, Al animals lived in the same stainless
stee] cages with wire bottoms during exposure and

0.

otdaide of the chumbers. Mice swere hosed four 1o
sy per cage and rats o per cage. Pulverized or
Wock laboratorny chow (Wayne Manutucturing

Compmyy wits pn)\.ldcd ab ] times eaeept dm‘ing '

eaperstire, Watet wins available ad tibiteeen, A 12-hr

ekt cvole was mamntimed at il tes. The temper- ”

atnre in the chamber and in the room ineraged 24 2,
13 ¢ FPhe reiative humidity ranged 236607 at the
<tart of the experiment and was later regulated a1 50
- WL Four animals of cach species. sex, and ex-
posure level were terminated for various laboratory
tests. eross and histopathologic examinations «t the
end of 1. 2.3, 6. and 9 months: the surviving ani-
mals were terminated at the ¢ad of 12 months,

Laboratory Evaluations

Al animalds were obsenved thioughont the study
for adverse signs. Feed consumption was recorded
weekly and body weight biweekly ot o uniform
time of day. Heart tmouse) or sortic (raty blood
from fow males and four females of cach group of
cach species was collected under anesthest (ether
for mice and sodium pentobarbiad for ritsy at in-
terim and finad terminations, Hematology (RBC . re-
teufocvie, plaelet, WBC and Jdifferential connls,
nucleated  RBOC. hemutocrit. hemoglobin,
methemoglobing and Heimnyz bodiesy and clinical
blood chemintry (SGPT and BUNY were performed
on all samples, For rals. prothrombin tme, SGOT,
alkaline phosphatase, bilirubin, creatinine, LI,
o-HBDH. immuanoglobin TgAL [gB-AL TeB-B. and
TeM /41 wowd protein (15). albumin 176). globulin
(by difference). and collagen contents in liver and
lung (17. 18) were also measured. Macrophage
counts of pulmonary wishings and ¢vtogenie
anahysis of bone marrow cultures t/9) were per-
formed on the control, and animals receiving 1000
rrm VO and 35 ppm VD C animals, Limbs from the
fongest exposed animals were enamined tor os-
eoporosis or malact using i senograph A-ray
machine. Fhey were examined for the presence of
amy hone tumors, any changes in bone density . cor-
teal thickness or strintions within the bone cortes.
amy loss of bone corten, or any unusually trabecular
pattern ot the bone. Other specific swdies including
HC-thymidine incorporation inta DNA (2. he-
pativ. aminolevulinic acid (ALAY synthetase (21,
urinary ALA sy s (22) and aetetoprotein (23)
were performed inomice and or s,

When moribund or at terminazion. all animals
were euthanized for necropsy after the coilection of
blood. Giross examination, especiully for any ap-
pearunce of abnormal growth or other lesions, wis
carefully performed on all tissues including the
brain. pituitary. thyroids, respirntory tract, ilimen-
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tary canal. uregenitd vrgens, thumus. heat. hves.
pancrens, spleen. mesenteric omph nodes, and
Pody cavinies, Phe boamn inver. kudney s, spleen and
vomads were removed and waeighed Tamors wath
adieent normal tissues and the w hole o portiions ot
the vinens Insues were iwed. processed. secs
tHoned., amd staned tor microscopic examination,
Al exteimag and imnternad mors sere Gty ey
amined nd wdennilied histologically .

Results

Mice

Ceneral Obsercations. Vhere were five carly
deaths apparently due to the acute effect of the test
compounds. Two males and one female exposed to
the highest Tevel of VO were found dead between
the third and ninth days of exposure: two males
exposed 10 VDC dicd on the 13th day. They were
replaced wath healthy mice from the same shipment
tor the renuinder of the experiment. Thereafter, all
mice appearcd in good health.

Durmyg the sinth month, a few mice exposed to VC
died or were terminated betore their imminent deith,
The chnical ~igns included rough hair cout,
fethargy . anorest and rapid weight loss. No death
cccunied m the control group or the group exposed
10 VDO, During the seventh through the ninth
months. the general health of the mice exposed to
VO deternorated. Additional chinical signs were ab-
dominul distention and/or the appearance ol exter-
nal tumor masses, especiuatty mammary gland
twmoa s 1 the females, As shown in Tabfe 1. there
were numerous deaths or unscheduled termina-

Table L Number ot deaths and unscheduled terminations of mice
enposed o VC or VDC,

Deaths o1 terminations
dunng exposure month

[teatment YOI [ n 8 2N (VA A e
Cantrol M — 1 1 U —
b B
\A'CL S0 ppm hS | t t 1 1 | SR
|3 1 2 B 4 -— 2 1
VO, 2530 ppm M 1 4 2 N |
i T4 e e e —
VO, 1000 ppm M 2 ki A k) —_ - =
I 2 4 (4} —_— — -
V. 55 ppm M — — e ) =
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tions, proportional toexposite levels ot VO, By the
end of the mnth month, of! males and females in the
croup exposed to 1000 ppmoand all temades exposed
o 250 ppm died or were termimted. Additionad
mice exposcd o 230 or 50 ppm died or were termi-
nated during the toth through 12th months, In the
control group, two males died during the eighth and
minth months. One death was dne to injury frone
fighting. the other mouse was found dead with -
tofy sis andd the canse of deith was unknown. Of the
mice exposed 1o 35 ppm of VDO two males were
terminated during the ninth month and one female
during the 10th month. They al] had tumors in the
liver.

Body Weight. The weight gains of the male and
female mice exposed 1o 1000 ppm of VC or 35 ppm
of VDO were comparable 1o those of the respective
controls during the first 8 months (Fig. . Although
not ~hown, the bady weights of the mice exposed to
20 o 2530 ppmoof VO were also not significantly
different from the controls, During the ninth month.
the body weights of both the males und the females
eaposed to 1000 ppm began to dechne. tollowed by
sudden death,
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Fierwr 1. Body weights of male and female mice exposed to VC
or VDC: te) conttol: (A)Y 1000 ppm VC:(2) 55 ppm VD(;.

Laboratory Tests, No persistent change was
found in the following laboratory results of the male
and female mice exposed to VC or VDC as com-
parcd with those of the respective. controls:
hematology. clinical ‘blood chemistry. cytogenic
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. analvais of bone natow cufhutes, v-ran vt

tions of extienuties  amd seram o a-ieiopioiem
However, thy polmonay i
male e exposed o 100 ppmy of VO but nol ol
lower leveis, was greater thap
mice ot the end of the mnth month
maetise 1y the 250 0 1000 ppm ot VO sroup that was
exammed at the end of the ninth monh dso bad an
clevation of pulmonany mactophage count. At the
12th month, onc of two males exposed to 50 np
abvo had an elevated macrophage count. T here was
no survinval i the group exposed to 230 o H)
prom. The mice with elevated macrophage coumt
abo had bronchiolo-alveolar adenoma.

A atudy of DNA senthesis was undertahen to
determine it the observition of aninereased numhc ;
of mitotic Nigeres i the liver of afew mice exposed
to VO or VDO could be continmed at the biochemi-
DN A svnthesis, as measured by
Wus sig-

wictophave count an the

o the control
The anty temale

cal levell
UCathvmiding incorporation into DNAL
nificanthy increased in the livers of niale mice ex-
pused 1o 30 ppm oof VO for H months Cluble 20
However, the hvers of these mive did not show any
increise in the number of mitotic ligures or any
evidence of neo- or prencoplastic lesions.

ML Thymidine Incarparation into Hepatic DN A of male
mice exposed to VO Tor 11 months,

Tabie 2.

PO agtivaty
dpm e PDNAY

i) IRKEG ¢ 2a0%
0 4232 2 A6}

AN S \L\\J PP

“Mean N tnumber of obseivationse,
Fagnficanthy ditfterent from the controd {two-sample tank test
129,

festons in FEarly Deaths. Microscopic exami-
nation: of the five unscheduled deaths (two mades
and one fenale exposed to OO ppm of VO for 3 to
9 day soand two males exposed to 55 ppm oof VDO
for 13 davs) revealed o number of lesions. These
mcluded an acute wxic hepatitis, characterized by
focal to marked congestion. and nuuked diffused
coagulation type necrosis of hepatocvies beginning
in the contrilobular area, Marked tebular necrosts
chasncterized by pyknosis and cosinophilic granula-
tion of the evitoplisma in the renal cortex was also
observed.

Lesions in Late Death. During the cighth o
ninth months of eaposure. several mitotic figures
were observed in the liver of & number of mice ex-
pased to 50 or 1000 ppm of VC. This observation
wits ot apparent in mice terminated at other times.
Mice exvposed to VO for 6 1o 12 months had sev-
eral chunges in the liver. There were enlarged and
basophilic hepatocytes with entarged nuclei. many
of which had large

28

nutetse Hgutes op polyplords . imcretod

mononacienr cells, toca! decenetation and necro-,
the mentence and seserity ot these testons s
ereased with the lengths b ovposire Sonme ol it
abvo had hemangiosarcoma,

Neatly alf the mce that ied o een
and many e e

micy
Trmors.
tetmuiied shead of schedole
were terminated on schedule af vanons mes
seloped one or more types of tumois, Bronchiol
alveohy adenomi fiest occurred momice cxposed G
LD or 230 ppm of VO during the sccond month:
I he adenotma wis characterized by papillary profif
cration of alveobn epithchum formmg small and
well-demarcated. but not capsulated. round
nodules. The incidenye (hig, 21 and severity of this

tumor increased in direct proportion 1o the Jevel of

NV amd o the fength of exposuie. Only one control
made moase had o bronchiolo-alvealiu adenoma
during the ninth month. A few small nodules of
bronchiolo-alveolar adenoma occurred 1n sy mice
evposed o 35 ppm oof VDO,
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Fieewrr 2. Incidence of bronchiolo-alveolar adenoma in male und
female mice eaposed 10 VC or VIIC: (e) 1000 ppm VO ()
250 ppm VC10O) SO ppm VC: () 55 ppm VIDC 1 1z) controls,

Hem :m&im.nxom.x occurred in the livers of mice
exposed to 1000 or 250 ppm of VC starting the sixth
month. The hcmani_m.\.uuom.l was charucterized
by moderate to severe proliferation of endothelinl
cells lining the sinusoids. dilation of the sinusoids.
focal hemorrhage forming small to large cavernous
blood spaces. invision of the hepatic parenchyma
with neoplastic cells, and mild 10 severe necross,

\ J nu n “In addition. ht_m.m;,m\.\rcom.t was occasionally
round cosinophilic inclusions:

found m olher uwuex mdudms. mammary Ll.‘.nd

En\"iro\hment'ai Health Perspectives

828520 S¥H

S S UV

b bl i e




heart, gastromtestingl tract, pancieas, kidney .
epididymis, testis, mesenteric lvmph nodes and
skeletal musele. The incidesnce and severty of the
hemangiosarcoma in the Iner and the ovend] mct-
dence in other tissues were related e the fevel off
VO and the length of exposure 18, 30 Hepatic
hemangiosarconi occurred i three mwe exposed
o S5 ppmoof VDO, This tiamor was not found in
any cantrol mice. There were idso henuangomas in
the mediastmum of one female exposed 1o 30 ppm
of VO und m the connective tsue adjscent 1o the
salivary gland o6 one male exposed 1o 10 ppm.

Fuoke 30 Incudence o hemaneiosarcomio e male and femade
e exposed 1o Vo VD (e TO00 ppm VO U0 280 ppm
VOite) Soppm VO 185 ppm VDO io— d bver -2 othes

urgans

Fhe third migor type of tumor was found m the
mammary gland of the females. Mammary gland
tumors started 1o occur during the sianth or seventh
month. The incidence incteased with increases in
VO levels wndror length ot exposure (Fig. ). These
tumors were composced of ductulir adenccar-
cinoma, squamous cell carcinoma., and’or amplis-
tic celt carcinoma. The severity of these tumors in-
creased m mice exposed to higher levels of VO and
in mice that died or terminated at later dates, 1Tn
addition, the squamous and/or anaplastic cell cur-
cinomis metastinized to the lungs of o number of
mice. This type of tumor was not seen in any con-
trol mice or mice exposed to 35 ppm of VIDC,

Malignint lymphoma wis seen in one femile ex-

posed to 50 ppm and one male exposed to 1000 ppm

during the sixth month, in twao femules exposed to
250 ppm during the ninth month, and in one male
and three females exposed o 1000 ppm during the
ninth month. The malignant lvmphomas involved

the spleen. liver, lung, Kidney, heart, subcutaneous -
- were comparable to the controls.,

tssue, and/or mammary gland. This tumor wus not

December 1977

found i any control mice or mice esposed to 55
ppm of VDO Three mice exvposed to VDO de-
veloped liepatoma. Hepatic cell carcinoma, renal
adenomit, or skin keratoacanthoma, was observed
in vne or two mice exposed to 50 or 1000 ppm of VC
or 55 ppm of V(. :

M'[

LR LATINE Y

CEORMCE

Y

Frerwr 30 Incidence of manmatars gband tamors amd metastises
i the oy i temale mrce expo ed o0 VO fa TN ppm 02y
250 ppor; (L) SO ppm. bty ghand tumoe s (oo

metastasts Ly lunge,

Rats

General Observations.  No remarkable ad-
verse signs were seen inany rats during the first 7
months. Thereafter, & number of rats died or were
terminated before their imminent death, In the
group exposed ta 1000 ppm of VO, eight males and
13 females died or were terminated durning the
cighth through the 12th months. In the group ex-
posed 1o 250 ppm., four males and 10 females died or
were terminated during the same period. Two
females exposed o 50 ppm died. No death oceurred
in the control group. One female rat exposed to 53
ppm of VDO was terminated. Before death, these
rats had rough hair cout. lost muscular tone. were
lethargic and lost weight.

Body Weight.  The body weights of the female
rats exposed to 100 ppm of VC or 33 ppm of \'DC
were generally less than that of the female controls
after the 4th week and those of the males exposed o
55 ppm of VIO were generally less than that of the
male controls after the 24th week thip. 5 The body
weights of the male and female rats exposed to Mor
230 ppm of VC. although not shown in Figure 3.
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Laboratory Fests. o persasient change was
Tound in the tollowme Libotitory resulis of the male
and femade rats exposed o NCoor VPO oS coins
hared with those of the tespectine controls:

Chemitology L chimcal blood Chennstoy . pulmonan,

"ln't:lcmphuyc count. Oy togeme analy sis of bone muat -
row culture, \-rav examination of extremties, col-
lagen contents in Hiver and lung, scrum AL A s

urinary AL A Jevel, and  serum

T aefetoprotein.

Tumaors,  Hepatic and or pulmonary hemange-
sarconut occurred morats exposed o 250 o 1000
ppm of VO during the minth through the [2th
months: the inadence increased with increises in
V' levels and length of exposure thig, 600 VMost of
these rats died or
schedule. The rs with hepatic henumgiosarcoma
usually developed pulmonary hemangiosarcoma, In
addition. hemangrosarcomir occisionally occurred
in other tissues moluding omentinm, mesentery o o
subcutaneous tissue of gt eaposed o 30,0 230 or
1000 ppm of VO, Two mts exposed o0 33 ppm of
VRO developed hemangiosireomi in the mesen-
teric Ivmph node or subcutineous tissue, Heman-
giosarcomit wits not found 1 the liver, lung or any
other argans of any control rats.,

A few other tumors occasionally oceurred in one
or several rats, The tumors inctuded sosmall nodule
ol hronchiolo-alveolar adenoma: reticulosen-
dothelial cell caucinoma ot hepatoma in the Iiver:

fuctular adenogcarcinoma or fibroadenoma in the
mammary uland of the female s malignant lvmphoma
in the spleen or other orgins: adenoma in the kid-

30

were terminated chend of

'

fe et aninetts coll carctmonne koetatoadinibonu or

e g the <Py adehiocarcinom g n the b

e oand . ad chiromophobe ced oandnoma e the

P he~o vocasona] Damors were not rebated

AN Bt

e and fonis e

Other \icroseoapic Changese N mid 1o mark-
cdbv severe tovall dissenmmeded vacuohization.,
profudhiv taty chinge, was observed i dners of
most of the rats treated with VDO Tew controls
amd g tew rads reated with VO shoveed this change

but 1o milder degree.

Discussion and Conclusions

Mice

Papostre e VO or VDO caused some carly
deaths. Among atotad of 36 mice of each sexv two
mades and one femaie exposed o 10 ppm of VO
died Between the third and mimth din <o and two
mades exposed to 22 ppm of VDO died on the 13th
Jdiy . Histopathology revealed acute tosie hepatitis
and marked tabualar necrosis of the renal cortes.
Thereatter, all mice appeared in good health, Dur-
g the ~sivth month, a few mice exposed to varnous
concentrations of V'O had rongh huir coat. became
letharaic, and Tost weight quichIv, They died or
were terminated hetore therr imminent death, After
the ~serventh month, the general health of the mice
enposed 10 VO deteriorated. A large number of
mice had abdominal distention and external tumor
misses, especially mammaryegland tumors in the
temades. By the ninth month. boih the male and

Environmental Health Perspectives




CUL e oy, oeaed Ty BRI e 0 N et o
forides svpesed o 330 ppn ed e were Teing
T O B 3 S R R A N S L TR AR Y

) - . e
O o S S LRI SR N

bor 1T monthe :
TH e and o :L"f‘-i:‘\.' C\?‘:'\‘.‘\' R AR A DI
icd dunme the eapenunen

Pabmona s morophase coant wes ddevided an
some noce exposed to VO T he mactophage vount
wors clevaded carher i micg exnposed to T o 230
PP L IO e posed o S0 ppeg e ice wih
cloevated muaciophage count adso had hronchiolo-
abvendnt adenema, Howeven noi afl miwce with
bronchimlo-alveolo wdenoma had the clevation of
mactophace count 1 he relaionship u:'m':cmph'zuc
ot and s polmonars T needs tarther an-
oSt o,

A moderate number of mpone fizutes were obe-
senvedan the Iner ofnice eyposed to M C durng the
puch o month DN A svnihesis as omeasured by
DO thvmndme moorpescton ante DNV was sy
pbcanth ncreased o the Iners of made mice e
posad o S ppm o of VO S T maonths, Howeves,
the ot Detnres were not obsenved mthe Iners o
thes s mice. ior was there am evadence of neoplas.
Ueoamd prencoplastic fesions urther studies are
nndenwen o determme i the histopathological ob-
corvation could beorelated to changes ot the
rochiconent e

A nrmbet of feswons ogcurted i the hver of mce
eapused Lo 3% ppon of VDO Fhe lesions included

enlatued and basophibe hepatocytes. enlargzed nu
cicr with cosmophihie incinsions, natote figures or
polyploidy , aicratocr of monenucenr celis, tocad
desenciation, and necrosis. The siemificance of
these lestons as related o the hepnmaiosarcomi o
other Tver tumors may be of o " prencoplasiic ™ m-
tre Smee onhe g few e o compared o the
mrnber of those with those | rencopdastic fesions,
developed the detmiie neoplasms, further stady
wth nee exposed 1o heh devels of VDO S peeded
wooestnbhich a1y detimite conclustons

Poaposare to St 20 ar T ppm ot VO o hie day
and S davs weeks coused bronchiolo-ady cobn
adenomas, mamomany ghaod tamors, and hemao-
crosateumias. The squamons and anaplastic eell
cardmomas of the mamnery slund metiastiasized o
the hene. Hemangiosatcomas first occurred in the
Piver and then i other oreans,
these timors quichly increased, ospecially in mice
crvposed 1o 00 or 230 ppm, The severity was m
duedt proportion to the tevels of MO and the fength
ol evposiee. by addibon, a f'ew mice eaposed to VO
Ao developed madignant hhmphomas, Bron-
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