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Introduction

FIRST prepared in 1833, vinyl chloride has
come into increased use in the last deeade in
the production of polyvinyl chloride resins. The
fire and explosion hazard of the monomer and its
narcotic properties on acute exposure are well
known. As an industrial material, however, * 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 industrisl fatnlities associated with its use
have previously been reported. It was therefore
of apecial interest when two fatalities occurred in
s plant handling vinyl chloride. This plant is en-
gaged in the polymerization of the gaseous mono-
mer with the aid of catalysts. One worker died
while cleaning out 5 polymerization vessel and the
other while working in a pit, Details of these two
fatalities have been reported by one of the au-
thars,!

Published information on the acute toxicity of
vinyl chloride to experimental animals proved
peanty. Patty, Yant and Waite? in 1930 reported
on the acute response of. guinea pigs to vinyl
chioride. They found that exposure to 20 to 40
per cent in air killed guinea pigs in o short time;
exposurs to ten per cent was cndured for several
hours. Congestion and edemn of the lungs with
hyperemia of the liver and kidneys were noted.

Peoples and Leake? found the minimal ancs-
thetic range of vinyl chloride in mice exposed for
ten minutes was 8§ to 12 per vent in air; 25 to 30

T cent was fatul in ten minutes, Doga and mb-

ite wero anesthetized within once minute when
exposcd to o concentration of about 18 per cont
in air. Recovery was very rapid with no npparent
untowand effect even after prolonged anesthesia.

Lebmann and Flury® noted that vinyl chloride
was highly narcatie mt bad o wide margin be-
tween ity narcotic amd lethal eoncentrations. Its
local dpritnting cfeet aud its toxicity were te-

scribed as very slight. Elimination from the body
was very rapid. These authars quoted the work
of Schaumann?® with experimental animals. Mice,
rats and dogs were able to endure repeated nar-
cosis without any pathological evidence of liver
or kidney damage. According to Schaumann,
concentrations of seven to ten per cent in air
would be narcotic to humans in a short time and
12 per cent would be dangerous.

Vinyl chloride has been studied as a possible
anesthetic agent. Oster and associatesé noted that
incoordinated muscular activity of the extremi-
ties and cardine arrythmiaa of a serious nature
were observed in all six dogs used in their experi-
ment. Carr and others” found that vinyl chloride
produced sensitization of the myocardium in
three of seven dogs in which it was administered
a3 an anesthetic agent.

Two cascs of vinyl chloride gassing occurred in
a factory in Great Britain where polyvinyi chlor.
ide resin was being made. These were reported by
the Chief Inspector of Factories® In one case a
process worker was standing outside a polymeri-
zation vessel and washing it with & water stream,
After ten minutes of this he suddenly collapsed
across the open manhole. Artificial resuscitation
was successflully applied. Subsequent symptoms
cxperienced by this worker were tightness of the
chest, nouses, abdominal pain and headache, The
second case occwired in a maintenance worker
who was overcome whilo repriring a vinyl chloride
leak. Both men were hospitalized. Another worker
whose hands were accidentally sproyed with
vinyl chlorids liquid under pressure developed a
burn. This latter casa was reported by Harris.?
Such burns may oceur with other highly volatile
materinls when prayed onto the hunds ua n liquid
under pressure.

Filatove and Cironsherg'® in 1957 reported on
hygicnie conditions in a polyviuyl processing
plant in the USSR The plant wax engaged in
the polymerization of vinyl chloride by means of
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o eatalyst. Air <amipling was done and the con-
centration of vinvl elilorile was found to vory
from about 20 ppm ta abont 345 . (USSR,
Threshld Lbnit Value: 1 mg:liter or ubout 400
ppm). A spustic type blood vessel disorder wus
deseribed in workers from this plunt.

Hleenuse of the recent fatalitics mentioned
alene it was decided to undertake acute inhala-

tion studies in laborutory animails with commer- *

vially nvailable vinyl chloride. This wus done both
for comparizon with earlier work and to provide
infurmation on the acute response snd pathologi-
eal ;::;ngcs in more than one species of laboratory
animal, 3

Experimental Materials and Procedures

1 inyl Chloride: The vinyl chloride was supplied
in a metal cylinder under pressure, A commercial
grade with the following specifications was used:

Specific gravity at 30°C 0.983-0.008
Water contenat Nane

Bailing rsage °C —11to =0 .8
Hydrogen chloride content Nova

Acetylene 19 ppm matimpm
Acetaldebyde 20 ppm maximum
Tron Essontially {ron free
Purity (per cent} %4 maximum
Impurities (per cant} 0.8 mazimuym

Pure vinyl chioride is & colorless gas at room
temperature; its boiling point is —13.9°C. It has
a sweetish odor. Its flask point is given at ~78°C
and its explosive limits in sir from 4 to 22 per
cent. It has the molccular formula CH,:CHCL

Animaly: Mice, rats and guinea pigs were used
in the study, Test and control animals were taken
from the same laboratory stock. All were fed a
standard commercial diet and housed in the saroe
way. All were of the same stage of development.

Eguipment; The inhalation chamber capacity
was 36.6 liters. It was equipped with a viewing
window and an inlet tube. Vinyl chloride was re.
lensed in gaseous form through an adjustable
valve on the top of the containing cylinder, then
through connecting rubber tubing and a recali-
brated Fisher fow-meter. Fresh sir was pumped
by motor at an adjustable controlled rate through
2 mcter. The streams of air and vinyl chloride

were combined at appropriate rates of flow by o -

glaxs Y-tube leading through further rubber tub-
ing to the nnimal chamber inlet, to deliver a
eontinuing stream in the desired proportions.
Caleulations :und ndjustments were made to pro-
duce the fullowing flow concentrations of vinyl
vhloritle in air for Jdefivery: 10, 20, 30 and 40 per
cent. AN coneentrtions are expressed in this re-
part as per cent by volume in nir. No determina-
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tions of vinyl chlorille eoncentrations were done
in the test chamber during the experiments,
Eeperimental Procedurces: Diffurent groups of
five mice, five rats and five guinea pigs were
placed i the chamber and exposcd for thisty
minutes to conceatratinng of 10, 20 and 30 per
cent vinyl chloride in alr, Similur groups of con-
trol animals were maintained but not exposed to
vinyl chiloride, At the end of thirty minutes ex-
posure the test animals were immediately re-
moved to fresh air. An wdidditional group of five
guitica pigs wus exposcd to a concentration of 40
per cent vinyl chioride in air, In 2ll 85 expenmen-
tal animals were imvolved. Observations were re-
corded on the animals during and after exposure.
The animals which dicd cither during the ex-
posure or after a delay period were autopsied soon
after death. Two weeks after the exposiure sur-
viving test animals and controls were sacrificed
by & blow to the head with the exeeption of four

control rats which wera killed by exzanguination. .

Al animals were exnmined for gross pathologl-
cal changes. Tissues were removed from ail ant.
mals for microscopic examination. The lungs,
liver, kidney and hesrt were removed in all
cases. The brain, adrenal, spleen, traches, lymph
nodes, and the eye were removed from represen-
tative animals in each group for study. The tiasues
were preserved in formalin and sections made for
staining with hemntoxylin-ecsin. Special stains
were made where indicated.

Observations

Control Animals: No symptoms were exhibited
by the 15 control animals and na deaths oconrred.

Ten Per Cent Vinyl Chloride: The response of
animals exposed to this concentration is recorded
below in summary form; '

iy o
1 Hlight iritation in trice and .
§ Increasad motor sstivity fired [ mise,
ther rets snd quines pics.
0 Increased mator sttivity in all species;
twitching of aztremities i mies.
1§ Pr d wemor, dy mit snd
museular jnecordination in ull specien,
% Nice and rats in side pasition; muscular
inccordination, tn and twitebi
of extremities (o guines pigs.
] Mice and rata usconscicus, guises pige
very uniteady but stilf staudiag.
E ) Mioe eud rats is deep narcouiy; guimen
pigsinaide position with t ony
umonacious.

Exposurc was stopped and the animals removed
to frosh air. All recovered within five minutes.
Tuwenty Per Cent Vinyl Chloride: The response
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a entalyst. Air sampling was done and the con-
centration of vinyl chlorkle was found to vary
from about 20 ppm to abont 313 ppn. (USSR,
Threshold Lisuit Vadae: 1 mg,liter or about 400
prm). A spstic type blood vessel disorder was
deseribed in workers from this pluat.

Beenuse of the recent fatalitics mentioncd
above it was decided to undertake acute inhalo-

tion rtudics in laberatory animals with commner- '

cially uvailable vinyt chloride. This wus done both
for comparison with earlier work and to provide
information on the acute response and pathologi-
=t ehangos in more than one specics of laboratory
animal, .

Experimental Materials and Procedures

Vinyl Chloride: The vinyl chloride was supplied
in a metal eylinder under pressure. A commercial
grade with the following specifications was used:

Specifo gravity st §0°C 0.933-0.945
Water content Noas

Bajling renge ‘'C =il ta =93
Hydrogen chioride content Nona

Aortylecs 10 ppro maximum
Acetaldebyds 40 ppra pazimum
Iron Eagantially {ron free
Purity (per cent) 9.5 maximum
Impurities (pat cant) 0.5 maximum

Pure vinyl chloride is a colotless gas at room
temperature; its boiling point is —13.9°C. It has
a sweetish odor. Its flash point is given at —78°C
and its explosive limits in air from 4 to 22 per
cent. It has the molecular formula CH;:CHCL

Antmals: Mice, rata and guinea pigs were used
in the study, Test and control animals were taken
from the same laboratory stock. All were fed a
standard commercial diet and housed in the same
way. All were of the sume stage of development.

Equipment: The inhalation chamber capacity
was 58.6 liters. It waa equipped with a viewing
window and an inlet tube. Vinyl chloride was re-
leased in gaseous form through an adjustable
valve on the top of the containing cylinder, then
through connecting rubber tubing and a recali-
brated Fisher fow-meter. Fresh air was pumped
by motor at an adjustable controlled rate through
a meter. The streams of sir and vinyl chloride

were combined at appropriate mtes of fow by &

glass Y-tube leading through further rubber tub.
ing to the animal chamber inlet, to deliver a
continuing strenm in the desired proportions.
Culenlntions and adjustments were made to pro-
duce the following flow concentrations of vinyl
chloride in air for delivery: 10, 20, 30 and 40 per
cent. Al coneentrations are expressed in this re-
port as per cent by volume in air. No determina-
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tions of vinxt chloride concentrations were done
in the test chamber during the cxperiments.
Lrperinenial Procedurce: Diffcrent groups of
five mice, five mts and five guinen pigs were
placed in the chamber and expased for thirty
minutes to concentrations of 16, 20 and 30 per
cent vinyl chloride in air, Simsilar groups of con-
trol animals were mmintained but not exposed to
vinyl chloride. At the eud of thirty minutes ex-
posure the test animals were immediately re-
moved to fresh air. An additional group of five
guinen pigs was exposed to a soncentration of 40
per cent vinyl ehloride in air. In all 63 experimen-
tal animals were involved. Observations were ve-
corded on the animals during and after exposure.
The animals which dicd either during the ex-
posure or after a delay period were autopsied soon
after death. Two weeks 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 exsanguinaticn. -

Al animals were examined for gross pathologi-
cal changes. Tissues wers removed from sil anj-
mals for microscopic examination. The lungs,
Yiver, kidney and heart were removed in all
cases. The brain, adrenal, spieen, traches, lymph
nodes, and the eye were removed from represen-
tative animals in each group for study, The tissues
were preserved in formalin snd soctions made {for
staining with hematoxylin-cosin. Special stains
were made where indicatad.

CObservations

Contral Animatle: No symploms were exhibitad
by the 16 control animals and no deaths cccurred.
Ten Per Cent Vinyl Chloride: The response of
animaols exposed to this concentration is recorded

below in summary form:
o Pares
11 Blighs {rrfwtion in mioe and rts.
] Increased motoe setivity Rese in mice,
then rats snd guioes pigs.
10 Incressed motor setivity (n all species;
twitehing of extremitios in mice
1% Pronounsed tremor, qesteady gait und
muaeudar & at In nfl rpecs
0 Uice and mta in wide peaition; muscular
incoordination, tremors and twitching
of extremities in guines pign
o Jine and rata uoconscious, Fuites bize
very unatendy but sl ding,
0 Mite and rata in detp narcosis; quines
Pl lmi_d- position with trexaore—one
UBEORKEOUS,

Exposurc was stopped and the animals removed
to {resh air. All recovered within five minutes,
Twenty Per Cent Vingl Chloride: The response
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of animale exprerd to this concentratinn is re-
corded below in sunmary funa:

Expogure Time

{minutes) Resyonse
1 Irnted.ste rrtation in mice and rats.
2 Muscrlur incoordinsiion in mice and
na,
$ Mioe and mts on their sides with murked

wemory and twitchicg of the extrami-
tias; unstsadiness snd muscular inea-
ordination In guincs pixy.

10 Mice and rate uneunacious with rapid
irvegular bresthing; gitties pigs une
ootsciaus But showing marked twitch.

ing.

iF . All animals in decp nnrcoris; respirations

. irregular and rapid.

- 90 Dwep narcomis; breathing slow and stal-

low.

3% Breathing ceaved in one mouse; froching
et mouth and nastritn in mice wnd mats.

» Al aaimels in desp varovsia.

Exposure was stopped and the animals removed
to fresh air. Mice and rats recoverwd faster than
the guiriea pigs and appeared normal within five
rmnutm except. for one mouse which was dead.
The guines pigs continued to show muscular in-
coardination, unsteadiness on their feet until 20
minutes after removal from exposure,

Thirly Per Cent Vinyl Chloride: The response of
animails exposed to this concentration is recorded
below in eummery form:

Titne
Bivutes) ""’“‘f’
—_ Miea ehowad i ton I diataly nnd
A0 atn showed irritation quiskly
& thareafter.

1 Moscular incoordinatioa in mice nad

rats.
1 Mice aud raw in side position with
. tearked tremore wnd twitching of the
xtramitien; low

in guinse pigs with developing patuty-
ois of the extremitles.

f ] All naitnals unconacious; rapid irregular
respitaticns in mics and rats with
frothing about nose wad mouthy
twitchiiug of axtremitien £tifl oceurred
ooossionally in guines pies.

18 Reapirstions stopted in mice: breathing
slow snd shallow in ruts; minea pign
atill exhibited ocemaional witching
movemests of the extremitics.

! Breathing steppoil in ratst respirstions
slow and shallow in giines pigs;
t hing of irien otill p
o guines pizs

» Mice and rats miill; zuinca pigs in deep

nareosiz with slow shallow bresthing

Exposure was stopped and the animals removed
to fresh air. The mice and rats were ded, The
guinen pgs took 25 minutes to return to theie
normal appeamnee and activity, Oue guinen pig
from this group dieed within 24 hews fillowing
exfrmune.
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Tance 1
Number of Deaths in Different Ciroups af Five
Mice, Ity and Guinea Pigs Exposed for Thirty
Minutes to Varying Concentrations of Vinyl
Chloride in Air

Vinyt c{\lo:_ldc Laboratory animal
concentration
tper cent b Total
volume in aif) Mice ' Rats [Guinea pigs
!
10 /5 | o c/5 018
0 1/8 o8 0/3 1718
30 3,5 $/8 1/8° e
P - - 2/5° 78
Tout ws | s | W

* A delaynd daath oceurred within24 hours followiog expoaure.

Forty Per Cent Vinyl Chloride: Only five guinea
pigs were exposnd to this eoncentration. Signs of
irritation were immudintely apparent. Muscular
incoordination appeared within seconds. After
five minutes all the guines pigs were unconscious
with slow shallow breathing. At the end of the
exposure period one guinea pig was dead and the
remaining four were in deep narcosis. These sur-
vivors took 30 minutes to return to their normal
appearsnce and activity, but one died within the
following 24 hours.

The number of deaths oceurring in different
groups of five laboratory animals exposed for
thirty minutes to varying concentrations of vinyl
chloride in air is shown in Table I.

Pathological Findings

Gross pathological and histological studies were
carried out. The findings are summarized below,

Control Animals: These animals shotved no
gross or microscopic evidence of dumange.

Ten Per Cent Vingl Chloride: All test animals
survived this exposure. They were sacrificed two
weerks later. On gross examination there was evi-
dence in mice of slight hypercinia of the lungs.
This was less marked in rats. Guinea pigs showed
no difference from ‘tontrol animals. On listologic
examination the mice showed very slight engorge-
ment of the pulinonary vessela, Oné mouse
showed degencrative changes in the tubiler epi-
theliwn of the Kidney with hydropic swelling.
The rats showed slight congestion of the capillar.
ies in the lung, Lungs ii the gainen pig were also
slightly more hyperemic than thase of the cantrol
anitnals,

Tuenly Per Cent Vingl Chloride: Oue mouse
dieed ng o result of 30 minutes exposure o this
concenteatinn, Pumnnary enngestion wax ovident
on grase exaunination. Miermaeopicntly, there wis
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engorgrtest of Dns Dlood vesn 2o in 1le i g with
et cha s il gteleetasis et mananl edema,
The Kidieys  showed macuoal deagsnestive
chienges in the vpatlelann of the ranveduted tue
hulex,

Tl test animals surviving this exposure were
sierilioed i twa weeks, (O cross examination,
congestion of the funes was present in all species,
bt it was aore marked in the indee and rats than
in the guinea pigs. Histolegicenily, there was evi-
denee of palunnry congestivt in exposed ani-
mials, Bome fatty infittration was present in the
liver of one rat. All other tissues studied appeared
nermal, *

Thirty Per Cent Vinyl Cldoride: Grosy examina-

tion of the animals which died as a result of this .

expasure revealed congestion of the lungs with
liemorrhagie areas. The mice and rats 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
hemorrhages and the liver was distended and very
frinble. The microscopic changes in the animals
which died included marked engorgement of the
pulmonary blood vessels with ecdema and hemor-
rhuges in the lungs. The trachea of one rat showed
superficial desquamation of the epithelium. Con-
gestion was also evident in the liver and kidney

-of the mice and rats. The liver of the guinea pig

which had the delayed death showed severe fatty
degeneration of the liver confirmed with frozen
sections stained with Sudan ITI.

The four surviving guinea pigs were sacrificed
two weeks later. Marked pulmonary congestion
was present with hemorrhagic areas and edema.
In one case there was evidence of secondary bac.
terial infiltration. The liver in these guinea pigs
gave the appearance of fatty infiltration but no
fat was demonstrated on frozen section.

Forty Per Cent Vinyl Chloride: One of five
yuinea pigs exposed to this eoncentrotion died
during the exposure and another died within 24
hours. The two which died showed marked con-
gestion of the lungs with hemorrhages on gross
cxamination. This was-also "evident on micro-
s-opie exarhination. The liver of one of these gave
the appearance of fatty infiltration, but no fat
cuuld ho demonstrated on frozen scetion.

The three surviving guinca.pigs were sacrificed
two woeeks Jater. Marked congestion of the lungs
with hemorthage was cvident on both the gross
und micromcopic examination. In one guinea pig,
the tracheal epithelium was completoly-ubsent.

Pathological sturtics Which were matle of the
hinin, heart, spleen, ndrenals, Iymph nodes and
the eves showed no difference between controls
wed animaly dying na a result of oxposure or be.
tween controls nad the surviving animals sacri-
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fieed two weeks after expowure. There wis a
tenderey for the blood to remsin unelited in the
animals dving during exposune. Thig fenture was
noted in the two human futalitica mentioned ear-
lier but it is not a specifie characteristic of vinyl
chloride.

Discussion

Tho response of guinea piga to inhalation of
vinyl chloride was similar to that reported by
Patty, Yant and Waite. The guinea pigs in our
study, however, tolerated a greater exposure dur-
ing the experimental period thau cither the mice
or rats. The results in mice agreed clogely with
those reported by Peoples and Leake. Rats were
similar to mice in their response.

The pathologicul changes in animals which
dicd as a result of exposure were mainly those of
vascular engorgemient 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 wus marked
with eevere damage to the tracheal epithelium.
Congestion of the liver and kidnevs also cccurred
in test animals. These changes are similar to
those reported by Patty and associntes.

Evidence of pulmonary congestion was atiil
present in surviving animals sacrificed two weeks
after exposure. Patty and associates reported that
such changes had disappeared in about eight days.

Degenerutive changes in the tubular epithelium
of the kidney were noted in one mouse dying asa
result of cxposure and in one mouss sacrificed
two weeks after being exposed. Such changes,
however, were minimal and not shown by other
animals in the group.

One of the guinea pigs with delayed death fol-
lowing exposure showed severe fatty infiltmation
of the liver. Changes suggestive of fatty infiltra-
tion were gbserved in other exposed animals but
not confirmed by frozen scctions stained with
Sudan IIL

Summary

Separate groups of laboratory animals com-
prising five mice, five rats und five guines pigs
were exposed in an inhalation chamber to concen-
trutions of 10, 20 and 30 per cent vinyl chloride
in air for 30 minutes, An additional five guinen
piga were exposwd to & 40 per cont concentration
for n similar period of time. The response by each
of tho three species to these concentmtions is
noted,

Inhalation of these relatively high concentra-
tions praduced narcosis aned deathy. Mice were the

-most snseeptible with guinea pigs considerably

* more registant. Rats were similar to mice in their
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rezponse. Exposure to ten per cent vinyl chloride
in eir produced desp norcosis in mice and rats
but no draths; 20 por cent concentrations killed
mice ard rats. Expasure of guinea pigs to 20 per
cent produced deep norcosis; but three of five
guinea pigs survived exposure to 40 per cent con-
centration.

Animals dying as a result of exposure were
sutopsied shortly after death, Survivors and con-
trol animals were sacrificed two weeks later,
Groes pathological and mieroscopic studies were
done and these findings are deseribed.

The principal pathological changes in 2nimals
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 guinea pign which died following exposure
showed savere fatty infiltration of the liver.

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