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introduction

IRST prepared in 1833, vinyl chlorkie has

come into incrensed use in the last decade in
the production of polyvinyl chloride resine. The
fire and explosion hazard of the mononicr and its
natcotic propertics on acute exposure arc well
known. As an industrin]l material, however, it hus
been regarded as of moderate toxicity, A Thresh-
old Limit Value of 500 ppm was established by
the American Conference of Governmental In-
dustrial Hygicnists.

Na industrial fatalitics agsociuted with its usc
have previously been reported. It was therefore
of speeinl interest when two fatalitics occurred in
a plant handling vinyl chioride. This plant is en-
gaged in the polymerization of the gascous mona-
mer with the aid of catalvste. One worker died
while cleaning aut n polymerization veseel and the
other while working in a pit. Details of these two
fatalitics have lween reported by one of the au-
thors?

Published informustion on the acute taxicity of
vinyl rhloride ta experimental animals proved
seanty. Patty, Yang and Waite? in 1930 reported
on the acute rvsponse of guinen pigs to vinyl
chloride. They found that exposurce to 20 to 40
per vent in air killed guines pigs in o short time;
exposure ta ten per cent was endunsl for seversl
houry, Congoestion oud edenms of the lougs with
hypernania of the fiver and Kidneys were notesd,

Peopleg and Leake® fouid the minimal anes-
thetie moge of vinyl ehlonde in mice exposed for
ten minutes wis § ta 12 per cont in air; 23 to 30
per oent was Fatal in ten minutes, Dogs and rab-
bits were anesthetized within one minute when
exposed 1o a coneentrtion of about 1S per vent
in nir. Recovery was very rapid with no apparent
untoward effect even after prolonged anesthesia,

Lehmann and Fluryt noted that vinyl ehloride
was highly narcetic but hed a wide margin In-
tween its nurvotic and lethal coucentrutions, Jts
Jueal irritating offeet and its toxicity wene de-
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scribed as very slight. Elimination {from the bog
was very rupid. These nuthors quoted the
of Schaumann® with experimental animals,
rats and dogs were nble to endure repastad
cosis without any pathological cvidence of liv
ur kidney dumage. According to Schaums
coucentrutions of seven to ten per cent in W
would be narcotic to humans in a short tu'ne
12 per cent would be slangerous. ‘
Vinyl chloride hins been studied as a possl
anesthetic ugent. Oster and associntes® noted
incoordinated muscular activity of the &

us an uzwsl.hctw agent.
Two cares of vinyl chiloride guseing occu:nd ]
a fuctary in Grent Britain where polyvinyl chlor.

zation \v:uu'l m«l washing it with a water stream.’
After ten minutes of this he suddenly collapsed
acrost the open manhole. Artificia] resuscitation
was muccesefully applicd. Subsequent sym
experienced by this worker were: tightncss of the 2
ehest, nausen, atedominagl (sin wnd bondache. The 5
secotn] rase oreurrd in 1 maintenance worker -
whu wne un-n-umc while n-puiring 1 vinyl chloride

\-Imw hiuis  wore m«-ulcnmll\ spruyed wi
viny) chloride liguid under pressure developed
burn. This latter case was reported by Harris.SRe
Such hurns may wecur with other hu:hl) \olatih -
materials when spraved onto the hunds as a lig id ¥
under pressure,
Filatova and Gronsherg!® in 1957 reported of
hygicnie comditions in a palyviuyl proce i
plant in the USSR, The plant was engaged in
the pulvmerization of vinyl chloride by means Of
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s entadyst. Air sampling was done and the con-
centrution of vinyl chloride was found to vary
from about 20 ppm to about 313 ppm. (USS.R.
Threshold Limit Value: 1 mg/liter or about 400
pen). A spuatic type blood vessel disvrdee was
deseribed in workers from this plant.

Becnuse of the recent fatalitics mentioned
above it wus decided to undertako acute inhala.
tion studies in labomatory animuls with commer-
cially available vinyl chloride. This was done both
for comparison with earlicr work and to provide
information on the acute response and pathologi-
cal rhnlnm in more than one specics of laboratory
3!“1“!\

Experimental Materials and Procedures

Vinyd Chloride: The vinyl chloride was sum.\lled
it # metal cylinder under pressure. A commercial
grade with the following specifications was used:

Spraifie gravity at 20°C 4.003-¢. 088
Waser sontent Noes
Boiling raags °C -1l 0 =08
Hydropea chioride sontent Nose

Acrtylene 10 ppm maxisvum
Acetaldehyde 20 ppa masimums
[am Essentlally Srwa (rve
I'uricy (per cond) "5 maxiovum
Impuritios (gor semt) 4.5 naximem

I'ure vinyl chloride is a coloricss gns at room
temperature; its boiling point is —13.9°C. It has
a swectish odor. 1t flash point is given at —78*C
and its cxplosive limits in air from 4 to 22 per
évnt. It has the molecular formula CHy:CHCIL

.Inimals: Mice, ratx and guinca pigs were used
in the study. Test and control animals were taken
irom the same labaratory stock. All were fod &
stacland commervial diet and housed in the same
way. All were of the same stage of development.

Fquipment: The inhalation chamber capacity
was 56,8 liters. It was equipped with & viewing
window and an iulet tube. Vinyl chloride was re-
lexad in gnecous form throagh an adjustable
valve on the top of the containing cylinder, then
through counccting rubber tubing and a reeali-
bmted Fisher flow-meter. Fresh air was pumped
i\ motor at an adjustable controlled rate through

n meter. The strenms of air and vinyl chloride
were rombined at sppropriate rates of flow by a
glnes Y-tube leading through further rubber tub-
ing to the animal chamber inlet, to deliver &
cantinuing stream in the denmd proportions.
Calculations and adjustments were made to pro-
duce the I'ollo!nn; flow concentrations of vioyl
chloride in air for <clivery: 10, 20, 30 and 40 per
cent. All concentrations are exprcued in this re-
port as per cent by volume in air. No determina-
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tions of vinyl chloride concentmtions were dong
in the test chamber during the experiments.

Ezperimental Procedurcs: Different groups of
five mice, five mts and five guinem pigs were
piaced in the chamber nnd exposed for thirty
minutes to concentrutions of 10, 20 and 30 per
cent vinyl chloride in sir. Similar groups of con-
trol animals were maintained but not exposed to
vinyl chloride. At the end of thirty minutes cx-
posurc the tcst animals were immediately re-
moved to fresh air. An additional group of five
guinea pigs was exposcd to a concentration of 40
per cent vinyl chloride in air. In all 65 experimen-
tal animals were involved. Observations were re-
corded on the animals during and after exposure.

The snimals which died either during the ex-
posure or after a delay period were autopsied soon
alter death. Two weeks after the exposure sur-
viving test animals and controls were sacrificed
by @ blow to the head with the exception of four
control rats which were killed by exsanguination.

All animals were examined for gross pathalogi-
cal changes. Tissuca were removed from all ani-
mals for microscopic examination. The lungs,
liver, kidney and hcart were removed in all
cases, The brain, sdrensl, spleen, traches, lymph
nodes, and the eye mmovedlmmmpmen
tative animals in each group for study. The timues
were preserved in formalin and sections made for
staining with hematoxylin-cosin, Special stains
were made where indieated.

Observations

Control Antmolz: No symptoms were exhibited
by the 15 contral avimals and no deaths occusred.
Ten Per Ceat Vingl Chloride: The response of
animals expnecd to this concentrution is recorded

below in summary form: .
Time
oo Respoase

1 Shight irritation in miee and mta.

$ Incressed muoone activity frst in mior,
thaem s and guines pigs.

10 Increased motwe antivity in all spetire;
wiuhi- of extremnition in miea

s Pr tandy guit nad

dination is all spech
» )lm-ldnlnhmkm um
and

of extremmilios in guikes piga.

% Miee and s woeumicovs, guines Digs
vory aweteady but stilf standing.

g Mios sad mw in dep ssremis; guines
pig im side with one
uBroRMEOus.

- Exposurc was stopped and the animuls removed
to fresh air. All recovered within five minutes.
Twenty Per Cent Vinyl Chloride: The response
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of antmaly exposd to this coneentrtion is re-
cordeel below in summary form:

Enpewure Time

Iminutest Respoase
1 Tmnsedinte irritation in suiee and rats
2 Miweuinr incvordineting is Jnice and
e,
3 Mins and ruts on their sides with marked

trenrors and 1witehing of 1he Fxtreni.
ties; waatendiaves wnd inusenlar o
ordjnation is guises pigy.

1" Micw and M unconsrious with rapd
irregular bremthing; guinewm pigs un.
conscions but showing trarked 1wiveds-

ine.

1) All animaie is dets) Rareosa; respiretsns
brremuine und rejud.

k) Deeps sarveris: beomihing vl and abnl-
lowr.

k-] Brasthing cvased i ohe widuse; frothing
st meuth aud nastrili in micw sad rew.

» All nnimals in deen aarwosis.

Exposure was stopped and the animals removed
to Jreeh air. Mice and rats reeovened faster than
the guinea pigs and appeared normal within five
minutes except for one mpuse which was dend.
The guines pige continued to show museulur in-
coordination, unsteadiness on their feet until 20
minutes after removasl from exporure,

Thirty Per Cent Vinyl Chloride: The responss of
animais exposd to this concentration i revorded
helow in summary form:

Exposure Time
(minutes) Response
- Miar sharwind irvitation ithmefintely and
the m™mis sluwred irtiwmon  guickiy
therraites,
| Musenlnr incuotdination in miee and
™.

Mice ami faws in nid pwwition with
nmtked 1rvnon and twitehing of the

in meinen pies with developing puraly-
vig of Lhe Fxtrenmitire.

] All umiseinle ueennarioue; rapidd irregiler

Prapiratinfe M Mioe xod mets with

frnhing shout mwee nnsd  mougth;

twiteliing of FuIewition sUll reeirnel
- accamonally in guines pizs.

19 Renpiraripns stogwmd in miee; Drutbing
siow and shallow in ryte: gruines phigs
stil) rakibited  orvanional twitehing
mnvewenta W the extrenaties

(1] Preathing meopywd ia mua: nepimiions
alow and siwlbvwe in xuime pige;
twilchiag of entremities sLll prement
in anines pigs.

» Mice and rats sull; guines pige in deep
narrosie with siow almliow Gireathing

Exposure wis stapped and the aninals emaved
to fresh sir. The mice and mts were dewd, The
guinea pigs took 23 minutes to nturn Lo their
vorn) appeamnee amd aetivity, One guines pig
from this group died within 24 hours following
Cxposare.

. Pathologicol Findings

srvived] this expesare, They wene sacrificed tw

Octaber, !

Tanre |

Number of Deathe tn Diflerent Groups of 704
Mive, Iuts aad Guinea Pigs Expased for 1
Minutes to Varving Coneentratinona of Vig' :.
Chloride in Air

Nt B A A L 4 e e wt -

Vinyl chhoride | Laboratney animal
concenteatu |
tet e by 0 T ST
valumg in mv) Mice e I(m.-n [
- [
1 T os | ¢
» A (7 B
7] I s i iowe
»n s - s
Tow! Poens s | ww

“A Mml&-thmeumﬂ“ hours [ellowing

BV

Farty Per Cent Vingl Chloride: Only five
pigs were exposed to this concentration. Si
irritution were imadintely spparent. M
ineoondination appeared within seconds.
five minutes all the gujnea pigs were uncon
with slaw shallow hrathing. At the end of¥
expumin periend canne zum(‘n pig wna desd and
n-nmllung four were in deep nareosis. Thﬂt
vivors took 30 minutes to return to their
apprarnee snd activity, but one died l‘lﬁ:ﬂ‘
following 24 hours,

The pumber of deuth= (eeurring in diffe
groups of five laboratory animals exposed
thirty minutex to varving concentmtions of vt
chioride in air 12 hown m Table 1.

Grross prathological aud histologieal studics we
carried vut. The findings are summanzed beloy

Coutrol Animals: These animals showed: 28
groes o microseapie evidenee nf damage,

Ten Per Cont Vingl Chivrvde: All text animald
winks luter, On gross exsoination there was i
denee i miee of s[ighl hyprremin of the lungg
Thix was less marked in rate. Guinez pigs sho
no difference fram conteel aaimalx, On histolog
examination the mive siowoed very slight engo!
ment of the pulmopare  vessels. One  mows
shiawed degencrative changes in the tubular epg
thelium of the kidiey with hydropic swellingg
The ruta showed shight cunm-snun of the capillsfy
jes in the lung. Lungs in the guinea pig were
stightly more hypereitic than thase of the controg
anitmals, K

Tuwenty er Cent Vingl Chloride: One mo
divdd 5 g nesult of 30 minutes exposure to U
voneentration. Pulmonaey congestion was evideg)
it gross examination. .\!i('ﬂn.«'"piq-nll.\', there w2 Kt
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et corgenent of the blood venselsin the lung with
o iy areas of ateleetasis and minimal edema.
Tie Kidoeys  shawal minimal — degencrative
changes i the epathelivm of the convoluted ta-
aales,

The test animals surviving this exposure woere
gerificed o two weeks, (O gruss examination,
cogzestion of the luiggs was present inall spoecics,
It it was mon marked iu the nive and rats than
i the guinen pige. Histologieatly, there was ovi-
e of pulmonary congextion in exposed ani-
wals, Nome futty infiltmtion wns present in the
1 of one rat, Ml other tissues studied appenred
nernal,

Thirty Per Cont Vingt Chloride: Gross examing-
tim of the animals which died as a result of this
exporure revenled congestion of the lungs with
hemorrlugie arens, The mice and ruts in addition
shewed comgestion of the liver and kidney. The
o geisinen pigg death was delsyed. In this animal
thers was marked congestion of the Jungs with
Yemorrhages and the liver wae distended and very
irieblel The microseopie clupges in the animals
v died inehided markel engorgement of the
vutnemary blol vessels with odema and hemor-
thiages in the lungs. The trachen of one rat showed
superficial desguamation of the epithelium, Con-
wstion was alwe evident in the liver and kidney
of the mice and rats, The liver of the guinea pig
whirh had the delayed death showed severe fatty
degenemtion of the liver confirmed with fragsen
et Staitied with Sadan 111,

The four surviving guinea pigs were saerificed
1o werks later. Marked pulowmary congustion

< peesent with emorrlinmie sreas sl odema.
Lot case there was evidenee of secondury teve-
terl infiltration. The liver in these guines pigs
wive the appearanee of fatty infiltmtion but no
“at wag demonstrted on frozen svtion.

Forty Per Cont Vingl Chlvride; (e of fives
i piggs exprean] o this concenteation died
aarmug thee expesare sl another died within 24

hanrs, The two whieh died showed marked con-

wetion of the lungs with lwmortduges on grons
mination. Thix wie adso evident on micero-
ie examination, The liver of one of these gave
e appearanee of fatty infiltrtin, but o fat
et e denmmstrated on frozen section.,

The thae surviviag guinea pigs were saerificed
twie wiwks later. Marked congestion of the lungs
with hemorrhage wie evident on both the gross
aml mieroseopic exanination, In one guines pig,
the trachen] epithelinm was completely alwent.

thobigaeal studies whivh were made of the
B, heaet, sploen, adrenal=, lymph todes and
T eves showed wo difference botween controls

«f animals dying s n result of exposare oe be-
Caeen conteols and the surviving animals saeri-
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Heed twe wieks after exposure, There wias o
tendeney for the blood (o remain anclotted in the
anitealy dyving durimg oxposure, This feature wax
noted i the two hunn Datalitics mentioned enre-
fier Dut it ix not u specifie chameteristic of vinyl
chiloride,

Discussion

The rexponse of guinea pigs to inhalation of
vinyl chloride was similar to that reparted by
Putty, Yant and Waite. The guinea pigs in our
atudy, however, totermtel a greater exposure dur-
ing the experitentsl period than cither the mive
or mta. The remuits in mice ogrecd closely with
thoae reported by Peoples und Loake, Rats were
similar Lo mice in their response.

The pathologien] changes in animals which
died ue a result of exposure were mainly those of
vascular engorgement of the lungs with hemor-
rhagen nnd cdema. The severity of these changes
varied with the severity of exposure. In the higher
concentrtions, puimonary chunge was marked
with severe damage to the tracheal epithelium,
Congestion of the liver nnd kidneys also occurned
in test animals. These changes are similar to
thaee reported hy "atty and swiciaten.

Evidence of pulmonary cougestion was still
present in rurviving antnals sacrificed two weeks
after expovure, IPatty and samociates reported that
such changex had disappeansd in about cight dayx

Dgenerative ehsges in the tubulsr epithelium
of the Kidmy wene noted in one mowse dying us a
result of exposare and in one mowse sacrificed
twe weeks after beimge expomsl,. Such changs,
however, were minimal amd ot shown by other
animals its the group. :

One of the guines pigs with delaved death fol-
lowing expewure showed severe futty infiltmtion
af the liver. Chnnges sugigestive of fatty infiltm.
tivnn woere olmerved i other expeeasd anitials bt
it sonfinmed by frozen seetions stained with

Nudan 111,

Summory

Separte groups of kibortory aninnls com-
prising five auiee, five mts and live guinen pigs
were expreend in an inhalstion chumber to coneen-
trations of 140, 20 and 30 per cent vinyl chlorile
in air for 30 minutex. An additional five guines
pigs were expeeed to n H per cent concentmtion
for u ximilar perisd of time. The response by cacls
of the three spevies to thewe concentrtions is
noteel,

Inhalation of these relatively high concentea.
tions producet nureosis and desth. Mice were the

© must susceptible with guinen pigs considermbly

more resistant, [ats were similur to mice in their

2054€004
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respouse. Exposure ta ten per cent vinyl eblotide
in air prdduced deep narcosis in mice and rats
but no denths; 30 per eent concentrutions killed
mice and rats. Exposure of guines pigs to X per
cent produced deep narcosis; but three of five
guinea pigs suevived exposure to 40 per cent con-
centration,

Animals dying as a result of cxposure were
autopsied shortly after death. Susvivors and con-
trol animals were mucrificed two wecks later.
Grom pathiclogical and microscopic studics were
done and thiese finxlings are described.

The principul pathological chunges in animals
dying 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 was also observed. One of the
three guincs pigs which died following exposure
showed savere fatty infiltration of the liver.

Survivors sacrificed two weeks after exposurc
showed little difference from the control animuls.
Puimonary congestion was still evident but liver
and kidney congrstion was not.
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