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Introduction

F[RST prepared in 1833, vinyl chloride has
come into increased use in the last decade in
the production of polyvinyl chloride resins. The
fire and explosion hasard of the monomer and its
narcotic properties on acute exposure are well
known. As an industrial material, however, it has
been regarded as of moderate toxicity, A Thresh-
old Limit Value of 500 ppm was established by
the American Conference of Governmental In-
dustrial Hygienists,

No industrial fatalities sssociated with itz use
have previoualy been reported. It was therefore
of special interest when two fatalities occurred in
s plant handling vinyl chloride. This plant is en-
goged in the palymerization of the gascous mono-
mer with the aid of catalywts. One worker dicd
while cleaning out a polymerization vessel and the
other while working in a pit. Details of these two
fatalitica have been reported by one of the nu-
thors.!

Published information on the acute toxicity of
vinyl chloride to experimental amitnale proved
~anty. Patty, Yant and Waite* in 1930 reported
on the acute response of guinea pigs to vinyl
chloride. They found that exposure to 20 to #)
per cent in air killed guinea pige in a short time;
vxposure to ten per cent was endured for several
hours. Congestion snd edema of the lungzs with
hyperemia of the liver and kidnevs were notuwl.

Peoples and Leske! found the mnimal anes-
thetic range of vinyl chloride in mice expused for
ten minutes was 8 to 12 per cent in air; 25 to 30
per ceot was fatal in ten minutes. Dogs and rab-
bitsa were anesthetized within one minute when
exposed to a concentration of about 18 per cent
in air. Resovery was very rapid with no apparent
untoward effeet even after prolonged anesthesia.

Lehmann and Flury* noted that vinyl chloride
was highly narcotic but had s wide margin he-
tween its narcotic and letbal concentrations. Its
local irritating eflect and its toxicity were de-
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seribed s cere s zit Binnnahon e the
wite very rpel Uese anthors guioteg the s
of Sehaunnn? Lt eaperanentad aniusis
ratd el does wes abide to endure retuento o
cosis withoat o e hodogieal v pee i
or hidnev o Aeoneding to S
concentrations o souen to ten et cent L
woulil be mareotie e bdtaes inca =bort nine
12 per coent would ta o bager s

Vinvl chlonde as been studied as o presid
atiesthetic agent, {rer and assnpstes" noted 10
incoordinated muscular activty of tie et
tiew and enrdine arevthmuos of o serous notn
were obes rved sy dogs dsed e ther e
ment, Cars and others found thar el chlon
produced snstizaton of the sy oenrdinn,
three of «wsen dog- m whueh 1t was adbunistio
a3 an ane-thete agent.

Two rases of viny| chloride gassing oeeurn
a factory m Great Britain where polyaanyi #Lo
icde resan was being miade. These were reportin
the Chief [nspector of Factories® In one s
prcess worker wis ~tunding outside a paly
2ation vessel and washing it with o water strea
Ater ten nuputes of this he suddenly coflap:
aeross the open manhole, Artificial resuseitid
was sueeesstully apphed. Sulmequent sympto
experienced by this worker were tightness of 1
chest, nau=ea, atwlominal pain and headache,
seeond case ocenrsed o8 maantensnee wegh
whe wis ov ereome while repriring a vinyi chlor
leak. Both men were hospitalized, Another wort
whose hands were aceidentally spraved w
viny] chioride howd under pressure develojus
burn. This lutter enze was reported by Harr
Such hurns muy weeur with other highly voln
materials when ~praved onto the hands ns a iy,
under pressure.

Filatova and Gronsberg! in 1957 reported
hygienic ronditions in a polyvinyl proees
plant in the U SRR, The plunt was engune
the polvinerization of vinvl chluride by mean-
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catulyst. Air sampling was done and the con-
cutration of vinyl chloride was found to vary
-om ubout 20 ppm to about 315 ppm. (URS.R.
*hreshold Limit Value: 1 mg/liter or about 400
pn). .\ spastic type blood vessel disorder was
vseribed in workers from this plant.

Because of the recent futalitim mentioned
bove it was devided to undertake weute inhala-
wn sturdies in laborutory animals with commer-
wlly available vinyl chloride. This was done both
w comparison with earlier work and to provide
rormation un the seute response and pntholog-
al changes in more than one spevies of lnboratory
nimal.

.

xperimental Materials and Procedures

Vingl Chloride: The vinyl chloride was =upplied
1 a metal eviinder under pressure. A venmtereial
rade with the following apeeifientions was wsit:

fehe gravity at 20 e uky
‘nter content e

whing mnge " T I PR

ivdroren chiorule conteat None

cetyviene LU IRIET, LS VTP
cetaljebyde Hppe ussan an
wn Easenniniy 1ron free
WAty -per cent) 985 Laav am
upunities (par orot) N8 nsae o

Pure vinyl chloride is o coloress gas at room
smperature; - bhoding potnt 1+« 100% {t bus
wwirtish odor, Tes flash poant gy enoat =78°C
wd ots onplosive Tints inomr toan 4 1o 22 per
ait. 1t has the moleewlar formule CHCHCL

ntmalss Miee, ats and guinen ples were used
ythe study Test and eontrol amimals were taken
o the same laboratory stock, Al were fed
aneband commerciad diet and housedon the <ame
v AL were of the samge stage ot development.

fopmopments The inhalanion chamler capacity
as W0 Diters TE wae cgquipped wath o viewaing
apdon and anmibet tubes Vipa D chiorde was re-
cel 1y gteenmis torm through an sedjustable

Ave o the top of the contiunaeg «vimder, then

gl conneeting rubber tubing ol o reeali-

Ve Pishier Howemeter, Frosie e was pimped

thtor gt an adgustable cantrotbed rate through
petir The stremins of ae and vond chilornde
reonghumed it appropriate eades o How by a
Y tobe degding through furthe = didyer tub-
ree the ond chamber it o deliver w
i b g e desied paopeartions,
wrdations ared djustnents were agede to pros
I Cohowany How comer ptitrags G NN

Cruneat o tor delvery T G0 an B ter
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tions of vinyl chloride concentrations were done
in the test chamber during the experiments.

E.rprrinmud Procedures: Dillereat groups of
five mice, five rats snd five guines pigs were
plared in the chamber aad expused for thirty
minutes to roncewtratione of 16, 20 and 30 per
rent vinyl chlovide in sir. Binllar proups of con-
trol unimals were maintainsd Wt got exposed to
vinyl chioride. At the wood of thirky minutes ex-
povure the test snimals were mmosediately re-
move 4 to frew air. Aa sdditioaal group of five
guittea pigs was vxpowed (o g concentratioa of 40
per eent vinyl chioride i air. In 2B 65 experimen-
tal animals wese involved. Observations were re-
wrded on the animals during sad after exposure.

The aoimals which died either dering the ex-
posier or after & delay peried were sutopsied soon
after death. Two weeky after the exposure sur-
viving test animals and coutrols were sactificed
b u blow to the head with the exception of four
cuntrol rats which were killed by exsangaination.

All animals were examined for gross pathologi-
vl (.h:mgn Tiasuss were ramoved from all ani-
nuls for microscopic exarimstion. The lungs,
lver, kidney and heart were removed in all
cuses, The brain, adrenal, spleen, traches, lymph
noden, and the eye were removed from represen-
tative animals in each group for study. The tissues
were prescrved in formalin and sections made for
~taining with hematoxylin-eosin. Bpecial stains
were made where indicated.

Observations

Control Animals: No symptoma were exhibited
by the 15 control animals and no deaths occurred.

Ten Per Cent Vinyl Chlaride: The response of
animals exposed to this concentration is recorded
below 1o summary form:

E"-mnmln'l)““ Renpouse
1 Blight irvitation in mice and m.
5 Iperennd motor astivity first 1o mice,
then raw aid peines pige.
10 Incressed motor astivity in all apecies,
t.-nghu of axwemitios m tnice.
15 Pro d tremor, dy gt lbd
lar inscordisatuion in all
0 I.lnladmil-dop-m muscular

tre and twiteh
o(uhnm- D FUIDES Dign

25 Mior und rsts unnacious, fuihca PIKs
very unsteady but stiil standing

w Mies and rats in deep narcoma; guince
e b side jon with t o
RO DR

.ot omnre wag stopped and the animals nemoved
v tre=n e, Al peorverad within five minutes
o 2er Cent Vingd Chloride: The pospuipiae
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of animals exposed to this conventrtion - o
vopded below in summary form:

b xposure Time

minutes! Response
1 Immedinte irntauon it e sl s
] Muscular jnenordination .t aer am!
mts.
H Mios and rews on their sides Wit ried

sremom and twitching of the « st
tias: unsteadiness and musenut 1nro.
ordinetion in guines pigs.

10 Mice abd rats unoonemous with raped
irragular bresthing; guites pugs un
consnious bus showing marked twitch

ing.
13 AU nnimale in deep waroosia; respirations
wragular and mpid.
» D-p waroosis; breathing slow and shal-
» Mun-d in oo mouse; frothing
ok manith aod roatrile in e and juty
0 AR animngls o deep naArcons.

Exposure waa stopped and the animals removed
to fresh air. Mice and rata recovered faster than
the guines pigs and appesred normal withmn five
miputes exoept for one mouse Which was dend.
The guinea pigs continued to show muacular in-
coordination, unstesdiness on their fect until 20
minutes after removal from exposure,

Thirty Per Cent Vinyl Chloride: The response of
animals exposed to this concentration is recorded
below in sunmary form:

e T Rewpoms

- Mowm showed irmati liately and
the U showed 1tmwton quickiy
_Slmruntoer,

] Mwmin: inoeordipation 10 mice anl
s,

2 M snd row 18 mde pEmton with
marked wrewan snd tntching v the

i guinse pyE wirh drvelopuas parai v
e of the axiremytw
§ Al apicnals wwoonsrwam; rapil irreg iine
mspirniioue 18 e snd AL with
fouhing Abowt mase amd uwuts,
. uvieching of sutormsitios 118 Aerurrd
Somnamally (@ swis D
L n Faageentisen shorvgued 4 rmsor; Lernthing
: ol v and shmllvw A e uinee [has
. anlt suiilsited satmaiomal twitehing
- b the o
. l-d-mu—' M el apIwLORS
\ dow sad guiiow B fuism pugs;
wanbing o rewesmtuss Rl preernt
B KW P
» - ey amf rate sl griinah vaw & deep
' _ werewie with sbvw shaliow brrathing

Ewmnvunm-&md the apimals removed
to freel uir. The mior and ata were desd. The
guinen pige tonk 28 minutes to return to their
normsl appesrance and activity. One guineu pig
from this group died within 24 hours following
exposure.
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Forty 'ce €ont Vinad Chloride: Only five 2
mEs were exiweanl to this roneentratom, S
irritation we e apnedately apparent. Mu-
weoordingation sppearsd within seronds,
five minttes o the guines pigs were aneops.
with slow <bdiow breathing. At the end o
exposune [eread one gninen pig was dend wne
repuainune tr wers i deep nareosic. Thes
vivors tosh 1 panutes to retarn to their w
appearnen and acreoty, bat one died withr
followime 21 houps

The nwaniber ol Jdeaths oceurring in diff
group= of Hye kteratory animals expome
thirty minutes to v arving copeentrations of
chlorude 1 mie 13 xhown in Table |

Pathological Findings

Cifvps |l:l|hu‘nﬁ'i¢':ﬂ and hiﬂhl'ﬂ“i('ul studdio-
varrual out The indings are sunimarized be

Control  Vniwale: These animals show
groms ot iterseapie evidener of damage.

Tew Fer Cont Vingl Chloride: Al test an
survivesd this cxposure Thev aere saerihee
weeks Inter. Un groes cwimination there wi
denee an miee of slight hyperemia of the
This wus les~ marked in mata Guinea pigs =i
no diffeeence from coptrol animads On hist
examnation the tnice sbowed very <light v
ment of the pulmonary  vessels, One
showed degenerntive changes in the rubul:
thelium of the hidney with hvdropic w
The ruts showed ~light congestion of the va
ics in the lung. Lungs in the guinea pig we
slightly more hyperemic than those of the
animaix.

Tuenty Per Cont Vingl Chdomide: Oune
died ws u rerult of 30 minutes cxposure t
concentration. ulmonary congr<tion wus
on grws examination, Microseopicealdly, the
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ngorpement of the blood vessels in the lung with
mtehy arens of atelectasis and minimal edema.
Uhe  kidneys  showed minimal  degenerative
hatges in the epithelium of the conveluted tu-
niles,

The test animals surviving this exposure were
acrificed in two weeks, Om gross examination,
ungestion of the lungs was present in all xpecies,
mt it was more marked in the mice and rats than
1 the guinen pigs. Histologically, there was evi-
bnes- of pulmonsry congestion in exposed ani-
nals. Some fatty infiltration was present in the
wver of one . All other tissues studdied appeared
wraal,

Thirty Per Cent Vinyl Chloride: Giroms cxamina-
ion of the animals which died a» a result of this
posure evealed congestion of the lungs with
wmorrhagic arens. The mice and eats in addition
howel congestion of the liver and Kidney, The
wme guinea pig denth was delayed. In this animal
here was marked congestion of the lupgs with
wmorrhages and the liver was distended und very
riable. The microscopic changes in the animals
el died included marked engornzement of the
nilmonary blod vessels with edema and hemor-
hage= 1 the lungs. The traches of one mit showed
uperticial desquamation of the epithelinm, Con-
sstion wiw alwo evident in the hver and kidoey
+ the mice and ratz. The hver ol the guinea pig
vhieh had the delayed death showed severe fatty
wgeneration of the hver contirmed with {rozen
cetons stwined with Susdan [

The tour surviving gumea pazs woens saerifiesd
wa weeks ter, Marked padpioteary etgzestion
vie present with hemorrhagic areus anel edema,
n ane ease there was evidenee of sconndary bae-
erad onhltration, The liver m these guinen pigs
ave the appearance of fatty nfiltration but no
At was demonstrated on frozen section,

oty Prr Cent Vingl Chloride: Ome of five
e prgs eaposed to this eoncentintion died
urine the oxposute and another dicd within 24
ait= The twa which dicd showed markesd con-
eatien of the hupes with hemorthagos on grms
ainnnation This was alw evident on mero-
Crre eaahinhaton, The hver ot ane o these guve
Ceppentae of ettty filteiton, but o fat
St B demonstrated on frozen —echon

T three sueviving ginnese pags were saerfiesd

worechs bt r o Varked conre=tien o) the Junes

th ceorrl e Wi cvadent on teth the wross

b Tecnbie exabnnbon I one 2avnven foa,

et hesnccmtheowin wers cangdete b abeent

I ahotogu al <tihes winch wore sande ot the

i bt apdeen, ashienals, o nesdes Lael
com shenbend (e JiTerr e s ot

l [R2RR3V l;"- VAN s l'v-llll ol s N Tdasiyte o in

o cont s el the stirveome e - s et

ficed two wecks after exposure. There was a
tendency for the blood to remain unclotted in che
animals dying during exposure. This feature was
noted in the two human fatalities mentioned ear-
lier hut it is not a specific charncteristic of vinyl
chloride.

Discuss;

The response of guines pige to inhalation of
vinyl chioride was similar to that reported by
Patty, Yant and Waite. The guinea pigs in our
study, however, toleratad a greater exposure dur-
ing the experimental period than either the mice
or rats. The results in mice agreed closely with
those reported by Peoples snd Leake. Rats were
similar to mice in their respopee.

The pathological changes in animals which
dicd as s result of exposure were mainly those of
vascular engorgement of the lungs with hemor-
rhages and edema. The severity of these changes
varied with the severity of exposure. In the higher
concentrations, pulmonary change was marked
with severe damage to the trucheal epithelium.
Congestion of the liver and kidneys alsa occurred
in test animals. These changes sre similar to
those reportad by Patty and sasociates,

Evidence of pulmonary congestion was still
prerent in surviving animals sacrificed two weeks
after exposure. Patty aod associstes reported that
such changes had disappeared in about eight days

Degenerative changes in the tubular epithelium
of the kidney were noted in ape mouse dying as a
restilt of exposure and in ome mouse sacrificed
two weeks after being exposed. Buch changes,
however, were minimal and not shown by other
animasls in the group. .

One of the guines pigs with delayed desth fol-
lowing exposure showed severe fatty infiltmtion
of the liver. Changes suggestive of fatty infiltra-
tion were observed in other exposed animals but
not confirmed by frosen sections stained with
Sudan 111

Summary

“eparute groups of laboratory animals com-
prisiug five mice, five rata and five guinca pigs
wene exposed in an inhalation chamber to concen-
trations of 10, 20 and 30 per cent vinyl chloride
in air for 30 minutes. An additionnal five guinen
puts were exposed to a 40 per cent concentration
tor a similar period of time. The response by each
ol the three species to these concentrations iz
nestond

luhsdution of these relatively high concentra-
tiwns prosiueced narcosis and death. Mice were the
it ~usceptible with guines pigs consideribly
aor neststant. Rats were sumilar to nuee i ther
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respotise. Exposure to ten per cent vinyl chiorud
in wir produced deep narcosis in mice sl rats
but ne deaths; 30 per vent eoncentmtions kbl
miee am rats, Exposure of guines pigs to 20w
vent produced deep narcosis; but three ot tive
wuine: pigs survived exposure to 40 per cent con
ventration.

Animals dying as & result of exposure were
sutopuied shortly after death. Survivors and con-
trol animsals were sacrificed two weeks later.
Gross pathological and microacopic studies were
done and these findings are described.

The principal patbological changes in animal»

dving from exposure were congestion of the lungs

with pulmonary edema and hemorrhages in some,
and congestion of the liver and kidneys. Failure
of the blood to clot waa also observed. One of the
three guines pigs which died following exposure
showed severe fatty infiltration of the liver.

Burvivors sacrificed two weeky after exposure
showed little difference from the control animals.
Pulmonary congestion waa still evident but liver
aud kidney congestion was not.
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