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Introduction

1IRST prepared in 1833, vinyl chloride has

come into increased use in the Iast decade in
the production of polyvinyl chloride resins. The
fire and explosion hazard of the monomer and its
narcotic properties on acute cxposure are well
known. As an industrinl material, however, it has
been regarded as of moderate toxicity. A Thresh-
old Limit Value of 500 ppm was vstablished by
the American Conference of Governmental In-
dustrial Hygicniste.

No industrial fatalitics associated with its use
have previously been reported. It wus therefore
of special interest when two fatalitics occurred in
a plant handling vinyl chloride. This plant is en-
gaged in the polymerization of the gascous mono-
mer with the aid of eatalvsts. One worker died
while eleaning out a polymerization veasel and the
other while working in a pit. Details of these two
fatalitice have bwen reparted by one of the an.
thors.!

Published information on the acute taxicity of
vinyl ehloride to experimental animalz proved
seanty. Patty, Yant and Wiite? in 1930 reported
on the acute response of guinen pigs to vinyl
chloride. They found that exposure to 20 to 40
per cent in air Killed guines pigs in a short time;
exposure 0 ten per cent wag endured for several
hours, Cemgestion and edema of the Jungs with
hyperemia of the liver and Kidneys were netesd,

Peoples and Leake? found the minimal anes-
thetic range of vinyl chloride in mice exposed for
ten minutes was 8 to 12 per cent in air; 25 to 30
per cent was fataf in ten minutes, Dogs and rab-
bits were anesthetized within ene minute when
exposed to a concentration of abwout 1S per cent
in air. Recovery was very rapid with no apparent
untoward effect even after prolonged anesthesia,

Lehmann and Flury? noted that vinyl chloride
was highly mareotic but had a wide margin he-
tween its narcotic and lethal concentrations. Jts
local irritating offcet and its toxicity were de-
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scribed as very slight. Elimination from the bog
wus very rupid. These nuthors quoted the wy;
of Schaumann® with experimental animals. Mig
rats and dogs were nble to endure repeated
cosis without any pathological cvidence of I
or kidney dnmage. According to Schaums
coucentrutions of seven to ten per cent in
would be narcotic to humauns in a short time
12 per cent would be daugerous.
Vinyl chloride has been studied as & po
ancsthetic ugent. Oster and associutes® noted
incoordinated muscalsr activity of the extrem:
tics und cardiac urrythmias of u serious naty

produced sensitization of the myocardium -,
three of seven dogs in which it was admini
us un anesthetic agent, '

Two cases of vinyl chloride gassing occurred
a8 factory in Great Britain where polyvinyl chlor-

zation vessel awd washing it with a water stream.
After ten minutes of this he suddenly collapsed
acrose the open manhole. Artificial resuscitation
was successfully applicd. Subsequent sym
experienced by this worker were tightness of the 2
chest, nanses, abdominal pain and headache. The 1
seeotd ease oceurred inoa maintenance worker
who was overcome while repairiug u vinyl chloride
feak. Both men were hospitalized. Another workes,
whose hands were accidentally sprayed  with,
vinyl ebtoride liguid under pressure developed s3¥%
buru. This latter ease was reported by HarrisS3%
Such burns may aceur with other hu.hl) volstile ¢
materials when sprayed onto the hands as s liquid$
utider pressure. -
Filatova and Grousberg'® in 1957 reported ooy
hyv gxomc conditions in a polyvinyl processing¥e
plant in the USSR, The plant was engaged in
the polvmerization of viny] chloride by means ol
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a entalyst. Air sampling wns done und the con-
centrution of vinyl chloride was found to vary
froi about 20 ppm to about 315 ppm. (USS.R.
Threshold Limit Value: 1 mg/liter or ubout 400
ppw). A spastic type blood vessel disorder was
described in workers from this plant.

Because of the recent fatalitics mentioned
above it was decided to undertake acute inhala-
tion studies in laboratory animals 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 changes in more than one species of laboratory
animal. ’

Experimental Materials and Procedures

Vingl Chloride: The vinyl chloride was supplied
in n metal cylinder under pressure. A commercial
grade with the following specifications was used:

Specifie gravity at 20°C 0.983-0.968
Water soatent Noas

Boiling raage °C =il =03
Hydroges chloride sontent Nooe

Actylews 10 ppm maximum
Acetaldehyde- 20 ppms mazimem
Inws Essentially bon fres
Purity (per cent) 9.5 masimum

Impurities (per eeut) 0.5 mazimem
Pure vinyl chloride is a colorless gas at room
temperature; its boiling point is =13.9°C. It has
a swectish odor. Its flash point is given at =78°C
and its cxplosive limits in air from 4 to 22 per
éent. 1t has the molecular formula CH,:CHCL.
Animals: Mice, rats and guinea pigs were used
in the study. Test and control animals were taken
irom the same laboratory stock. All were fed o
~tulard commercial diet and housed in the same
way. All were of the same stage of development.
Fquipment: The inhalation chamber capacity
was 56.6 liters. It was equipped with a viewing
window and an inlet tube, Vinyl chioride was re-
lcased in gnscous form through an adjustable
valve on the top of the containing cylinder, then
through connecting rubber tubing and s recali-
bruted Fisher flow-meter. Fresh air was pumped
by motor at an adjustable controlled rate through
» meter. The streams of sir and vinyl chloride
were combined at appropriate rates of flow by a
ginss Y-tube leading through further rubber tub-
ing to the animal chamber inlet, to deli\'.er s
continuing stream in the desired proportions.
Culeulations and adjustments werc made to pro-
duce the following flow concentmtions of vinyl
chloride in sir for delivery: 10, 20, 30 and 40 per
cent. All concentrations are expressed in thia_ re-
port as per cent by volume in air. No determina-
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tionz of vinyl chloride concentrutions were done
in the test chamber during the experiments.

Ezperimental Procedures: Different groups of
five mice, five mts and five guinea pigs were
placed in the chamber and exposed for thirty
minutes to concentrations of 10, 20 and 30 per
cent vinyl chloride in air. Similar groups of con-
trol animals were mnintained but not cxpoeed to
vinyl chloride. At the cnd of thirty minutes cx-
posurc the tcst animals were immediately re-
moved to fresh air. An .additional group of five
guinca pigs was cxposed o a concentration of 40
per cent vinyl chloride in air. In all 65 experimen-
tal animals were involved. Obecrvations were re-
corded on the animals during and after exposure.

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

All animals were exnmined for gross pathologi-
cal changes. Tissucs were removed from all ani-
mals for microscopic examination. The lungs,
liver, kidney and hcart were removed in all
cases. The bmain, adrenal, spleen, trachea, lymph
nodes, and the eye were removed from represen-
tative animals in each group for study. The tissues
were prescrved in formalin and sections made for
staining with hematoxylin-cosin. Special stains
were made where indicated.

Observations
Control Animala: No symptoms were exhibited
by the 15 control animals and no deaths occurred.
Ten Per Cent Vinyl Chloride: The response of
animals exposed to this concentrution is recorded

below in summary form: .
Time
g~k Repoms
1 Slight irritation ia miee and rats.
s Increwsed motnr activity first in mice,
thwm rmis and guines pigs.
10 [ncreased motor agtivity in ail species;
twitching of extremition ia mice.
18 Pro d uemer, umstendy gait and
bar i dination in all spect
20 Mice and rete in side position; muscular
N P and twitchi
of extremition is guines pigs.
B Micr and rsts uncoassious, guines pigs
vary dy but still di
E Mios and rats in deep marwosis; guines
pigs in side pasition with tremore—one
UBCORSEIOUS.

- Exposure was stopped and the animals removed
to fresh air. All-recovered within five minutes.
Tuwenty Per Cent Vinyl Chloride: The response
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of animals exposyl to this coneentration is re-
carded below in summary form:

Expwwure Time

(minutes) Respanse
1 Tnnediate itritation in miiee and rats
2 Muscular incuordinmauion in inice and
™.
s Miseand muon tfmr sides with m-rlml
and twi g of the

ties; unetradinees -nd tnascuiar inco-
ordination in guises pige.

10 Mice and rats uncomcious with repid
irregulur bresthing; guincs pigs un-.
conecious Lut showing tnurked twitch

nae.

18 Allanimale in deey nareoris; respirutions
irvegular and rapid.

20 Dieepr nnreoris; hraathing show nnd shinl-
low.

2% Bresthing cvasrd in 0ne 1ouee; frothing
st mouth and montrild in micesnd .

» All unimuls in deep naroosis.

Exposure wus stopped and the nnimals removed
to fresh air. Mice and rats recovered fuster than
the guinea pigs and appeared normal within five
minutes except for one mouse which was dend
The guinea pigs continued to show muxcular in-
coordination, unsteadiness on their fict until 20
minutes after removal from expusure.

Tiirty Per Cent Vinyl Chloride: The respons: of
animals exposcd o this concentration s reorded
below in summary form:

minm}; Resnonse

-~ Mion showed jevitation ittsedintely and
the mis sinmed irmitation  quichly
thereuiter.

1 Muscuint incovedinntion in nmice and
mts.

2 Mice and raws in side jwwition with
masked trenons and twitching of the

L. L s o

in pvines pes with developing parly-
sie of the mtrensities.

3 Al unirvale unconseinus; mpid irregualar

respirntions in e wned mts with

feothing mimut e wif  nontd

1witehing of evtrretor still crenreed
occesionally in guites pigs.

1 Renpimtions stommsd in miew: bristhing
show and ahaline in mte: guines pies
still exhibited acrmmional twitrhing
mavements of the extrenities.

13 Rreathing stonyned in reta; resprirations
siow and slsllow in guinea pigs;
twitching of extremition atill prewent
in guinas pige.

30 Miee and mts still: guines pign in deep
aureosis with slow simliow hrenthing

Exposure wus stopped and the animals removed
to fresh air. The mice and mts were dewd. The
guinca pigs took 23 minutes to retum to their
narmal appearee and aetivity. One guinea pig
from this group died within 24 hours follawing
oxposure,

Tansy | .

Number of Deaths in Difierent Graups of 2

Mice, Ruts and Guinen Pigs Exposed for

Minwtes 1o Varving Concentrations of V‘
(¢ Mnrul«- in Air

Vinyt (hlund- ¢ Labarsiney animal
roncentration ,
tpercent by 0T "’—""" (
volume in airl :  Mice l Rats  iGuines pixes ¥i
—_ i .
§ i ™
10 Y i o5 [ ¢ }
2 Lous 0/8 o8 /i
3 Eoas | e [ un
“ ' - i = us 3/5¢H
Toul | #18 l s i am 1l

* A delayed denth occurred within 24 hours foliowing sxpay

Forty Per Cent Vingl Chloride: Only five
pigs were exposed to this concentration.
irritation were imtiediately apparent. My
ineoordination ;mmm-d within scconds
five minutes ail the gujnes pigs were unco
with slow shallow brenthing. At the end d
exposure period one guinea pig was dead and
remaining four were in deep nurcosis. Thess
vivors took 30 minutes to return to their porm

appearance and aetivity, but one died vnt.hh’ i

following 24 hours,
The number of deaths oveurring in diff
groupe of five lubomtory animals cxposed
thirty minutes to va r\'mg concentrations of
chlnride in air is shown i Table |

Pathologicol Findings

Girors pathological and histological studies
carried out. The findings are summarized b
Control Antmals: These nnimnls showed b
Eross o mieroscopie svidence of dumage.
Ten Per Cent Vingl Clloride: Al test anin

strvived this exposure. They were wierificed two!

wirks later, On gross exsmination there was
dence in mice of slight hyperemia of the Jw
Thix waus less marked in ruts. Guines pigs sho

. . . -1 ’
no difference from control animals. On histologi

examination the mice showed very slight engo
ment of the pulmonary
showed degenerative cuinges in the tubular

thelium of the kidney with hydropic swellingg

The ruts showed slight congestion of the espil

ies in the Jung. Lungs in the guinea pig were sisd

slightly mare hyperemic than those of the contrg
animals, i

Tuenty Mer Cent Vingl Chloride: One mous
died as a1 result of 30 minutes expasure to thig
concentration. Pulimonary congestion was evidesh
o groms examination. Microscopically, there wil
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erzorgement of the blood vessels in the lung with
et e arens of atelectasis and minimal edeon.
Tiv Kidneys showed  minimal  degenerative
clanges i the epathelinm of the mn\ulut(‘d tu-
bules.

The test animals surviving this exposure were
scrificed in two weeks, O gross examination,
congrestion of the fungs was present in all specics,
hut it was more marked in the mice and rats than
i the guinea pigs. Histologieally, there was eovi-
denee of pulimonary congestion in exposed ani-
notss Some fatty infiltmtion was present in the
Lo of one rat. All other tissues studied appeared
mrmal,

Thirty 1’cr Cont Vingl Chloride: Gruss exumina-
tien of the animals which dird us o result of this
exposure revealed congestion of the lungs with
hemorrlaggie areas, The mice and ruts in addition
showed congestion of the liver and kidney. The
one guinea pig death was delayed. In this animal
there was marked congestion of the lungs with
Lemorrhages and the liver wus distended and very
irihle. The microscopic changes in the animals
viich died ineluded marked engorgement of the
vaanonary blood vessels with edema and hemor-
rhawes in the lungs. The traches of one rut showed
supwerficial desquamation of the epithelium. Con-
gestion wax also evident in the liver and kidney
of the mice and rats. The liver of the guinea pig
whieh had the delayed death showed severe fatty
degeneration of the liver confirmed with frozen
~otions taimed with Sudan 1.

The four surviving guines pigs were saerificed
1o weeks later, Marked pulmonary congestion

- present with hemorrlggie areas and edema.
Boone ease there was evidenee of secondury bac-
terad infiltration. The liver in these guinea pigs
give the appearance of fatty infiltration but no
it was demonstrated on frogen section.

Faorty PPer Cont Vingl Chlueide: One of five
e pigs expesed to this concentration died
Auring the exprmure and another died within 24

Shoues. The two which did showed marked con-

weation of the lungs with hemurrhages on gross
mination, This was alse evident on miero-
st examination. The liver of one of these guve
faappearsnee of fatty infiltrution, but no fut
“ould be demonstrated on frozen section.,

The three surviving guinea pigs were sacrificed
twa, weeks [ater. Marked congestion of the lungs
with hemorrhage was evident on both the gross
and microseopie examination, In one guines pig,
e tracheal epithelium was completely absent.

Pathobgical studies which were made of the
Fian, heart, =pleen, adrenals, lvmph nodes and
“ueeves showed no difference Ietween controls

o animuds dying us o result of exposure or be.
Useets controls and the surviving animals saeri-
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fired two weeks after exposure. There was 2
tendeney for the blomd to remiain unelotted in the
animualy dying during exposure, This feature was
noted in the two human fatalities mentioned ear-
lier but it i= not a speeific chameteristic of vinyl
chloride.

Discussion

The response of guinea pigs to inhalation of
vinyl chloride waz similar to that reported by
Patty, Yant and Wuite. The guinen pigs in our
study, however, toleruted a grenter exposure dur-
ing the experimental period than cither the mice
or rate, The rexults in mice agreed clodely with
those reported by Peoples and Leake. Rats were
similar to mice in their response.

The pathologicnl changes in animals which
died an a result of exposure were muinly those of
vasculur engorgement of the lungs with hemor-
rhagea 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 trueheal epithelium.
Congestion of the liver and Kidneys also occurred
in test animals. These changes are similur to
those reported by Patty nnd mwociates.

Evidence of pulmonary congestion was xtill
present in surviving animals saerificed two weeks
after exposure. Patty and associates reported that
such changes had dwnmx-\ml in about cight duys

Degenerative changes in the tubular epithelium
of the Kidney wene noted in one mouse dying ax a
rexult of exposure and in one mote sacrificed
two weeks after being expossl, Such changes,
however, were minimal and uut. shown by other
animals in the group.

One of the guinea pigs with delayed death fol-
lowing exposure showed severe fntt\' infiltrtion
of the liver. Changex suggeestive of f:m.\ infiltrs-
tiem were observed in other exposed simimalx but
not contirmed by frozen sections stained  with
Sudan 111

Summary

Separte groups of Liboratory aninmls com-
prising five mice, five mts and five guinea pigs
were expesed in an inhalation chamber to coneen-
trutions of 10, 20 and 30 per cent vinyl chloride
in air for 30 minutes. An additional five guinen
pigs were exposed to a 40 per cent coneentmtion
for a simikur period of time. The response by ench
of the three spevies to thuse concentrutions is
noted.

Inhalation of these relatively high coneentra-
tions produced narcosis and death. Mice were the

“most suseeptible with guinea pigs considerably

more resistant. Rats were similar to mice in their
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response. Exposure to ten per cent vinyl ¢hloride
in air produced deep narcosis in mice and mts
but no deaths; 30 per cent concentrations Killed
mice and rats. Exposure of guinen pigs to 20 per
cent produced deep narcosis; but three of five
guinea pigs survived exposure to 40 per cent con-
centration.

Animals dving as a result of exposure were
autopsied shortly after death. Survivors and con-
trol animals were sacrificed two weeks later.
Gross pathological and microscopic studics were
done and these findings are described.

The principul pathological changes in animals
dying from exposure were congestion of the lungs
with pulmonary edema und hemorrhages in some,
and congestion of the liver and kidneys. Failure
of the blood to clot was also obeerved. One of the
three guinea pigs which died following exposure
showed severe {atty infiltration of the liver.

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