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Introduction

IRST prepared in 1833, vinyl rhlnndc has
coine into increased usc in the last deeade in

the production of polyvinyl chloride resing. The

fire and cxplosion hazard of the monomer and its
narcotic properties on acute exposure are well
known. As an industrial material, however, it has
been regarded ns of moderate toxivity. A Thresh-
old Limit Valuc of 500 ppm was established by
the American Confercnce of Governmental In-
dustrial Hygicnists.

No industrial fatalities associated with its use
have previously been reported. It was therefore
of special interest when two fatalitics occurred in
a plant handling vinyl chloride. This plant is en-
gaged in the polymerization of the gaseous mono-
mer with the aid of eatalysts. One worker died
while eleaning out a polymerization vessel and the
other while working in a pit. Details of these two
fatalities have been reported by one of the au-
thors.!

Published information on the acute toxicity of
vinvl chioride to experimental animals proved
scanty. Iatty, Yant and Waite® in 1930 reported
on the acute response of guinea pige to vinyl
chloride. They found that exposure to 20 to 40
per cent in air killed guinea pigs in a short time;
exposure to ten per eent was endured for several
hours. Congrstion and cdema of the lungs with
hyperemia of the liver and kidneys were noted.

Peoples and Lenke? found the minimal anes-
thetic mnge of vinyl chloride in mice exposed for
ten minutes was § to 12 per cont in air; 23 to 30
per cent was fatal in ten minutes. Dogs mud rab-
bits were ancathetized within one minute when
exposcd to a coneentration of about 18 per cent
in air. Recovery was very rapid with no apparent
untoward effect even after prolonged anesthesin.

Lehmann amd Flury* noted that vinyl chloride
was highly nancotic but had a wide margin be-
tween its nanotic and lethal concentrations. Its
loeal irritating effect and its toxicity were de-

scribed as very slight. Elimination from the buds
was very rapid. These authors quoted the wad
of Schaumann? with experimental animnlks. M,
rats and dogs were able to endure repeated s
ensis without any pathological evidence of e
or kidney damage. According to Schaumasa,
concentrations of seven to ten per cent in =
would be narcotic to humans in a short !mud
12 per cent would be dangerovs. ~ _ ‘

Vinyl chloride has been studied as a p-ﬂﬁ-
ancathetie agent. Oster and associates® noted that
incoordinated- muscular activity of the extrem
ties and cardine arrythmias of a serious oabow
were observed in all six dogs used in their exped:
ment. Carr and others” found that vinyl chiom
produced sensitization of the myoﬂtdmﬂ. =
three of seven dogs in which it was adminitam
as an anesthetic agent.

Two cares of vinyl chloride. gusmg oml‘ld [
a factory in Great Britain where polyvinyl chbs-
ide resin was being made. These were teported by
the Chief Inspector of Factories. In one case s
process worker was standing outside a polymen
zation vessel and washing it with a water stroa
After ten minutes of this he suddenly collspasd
across the open manhole. Artificial resuscitatio
was successfully applied. Subsequent symptae
cxperienced by "this worker were tightness of de
chest, nausea, “sabdominal pain and headache. Ttr
sccond case oceurred in a maintenance worar
who was overcome while repairing a yinyl chdors
lcak. Both men were hospitalized. Another workz
whose hands were accidentally spryed wab
vinyl chloride liquid under pressure developed s
burn. This latter case was reported by Hamn!
Such burns may occur with other highly vebti
mauterials when sprayed onto the hands asa Ligad -
undler pressure.

Filatova and Gronsberg' in 1957 npodul-
hygicnic conditions in a polyvinyl processog
plant in the U.S.S.R. The plant was engaged =
the polymerization of vinyl chloride by means
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A ¥aatalyst. Alr sampung wa: € BUU Wie cuns
Bimtion of vinyl chloride wus found to vary
about 20 ppm to about 315 ppm. (USS.R.
et rwshold Limit Value: 1 mg/liter or about 400
Eim). A spastic type blood vessel disorder wos
fageribed in workers from this plant.
Because of the recent fataht.ma mcnuoned

on studies in laboratory animals with commer-

y available vinyl chloride. This was done both
or comparison with earlier work and to provide
ormation on the acute responsc and pathologi-
il changes in more than one spevies of lnborutory

e}imental Materials and Procedures

ﬁnyl Chloride: The vinyl chloride was supplied
“Ftn a metal evlinder under pressure. A rommerrvial
-gmde with the following spevifications was used:
e

-..""""..'-au gravity at 20°C 0.961-0.945
‘T ¥ater content None
\hhu raugs *C -1l to =8.§
:;lrdmmm chlotide content Nom
_rdltrk'm 10 ppm maximum
7 Asetaldehydo M ppn luaZitoum

Fassentially iron (roe
90,3 inaxitmum
0.5 maximum

e "
mihllty (per cent)
Fimpuritics (per cunt)
» -

-“r' Purc vinyl chloride is a colorless gas at room
hlnpcnmn- its boiling point. is =13.9°C. It has
;awweetish odor. 1t flash point is given at —78°C

-f zand its explosive limitz in air from 4 to 22 per

: " tent. 1t has the molecalar formuln CH.:CHCL

—'x Amimals: Mice, mts and guines pigs were used

the study. Test and contrul animals were taken

‘.%ﬁm the same laboratory stock. All were fed a

*-"lhnd:\rd commereial diet and housed in the same

t y. All were of the sume stage of development.

Lqmpmcnl The inhulation “chamber capacity
% 36.6 liters. 1t wus cquipped with a viewing
ow and un inlet tube. Vinyl chloride wus re-
in gaseous form through an adjustable
selve on the top of the contaimnyg cylinder, then
j2adtrough connecting rubber tubing and a recali-
'.'- ed Fisher flow-meter. Fresh air was pumped
WY motor at an adjustable controlled rate through

FeTe combined at appropriate rates of flow by a
i Y-tube leading through further rubber tub-

mng stream in the desired proportions.
Mlculations and adjustments were made to pro-
e the following flow coucentrations of vinyl
2aride in air for delivery: 10. 20, 30 and 40 per
All concentrations are c\pn-.su-d in this re-
WEL as per cent by volume in air. No determina-

: -to the animal chamber inlet, to deliver a

uuua Wb YAM YA Gl b -uvs-—
in the test chamber dunngx.... axperiments.
Ezpu'munlal Procedures: Different groups of
five mice, five rats 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. S8imilar groups of con-.
trol animals were maintained but not exposed to
vinyl chloride. At the end of thirty minutes ex-
posure the test 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 gll 65 experimen-
tal animals were involved. Observations were re-
corded on the animals during and after exposure.
The animals which died either during the cx-
posure or after a delay period were sutopsied soon
after death. Two weeks after the exposure sur-
viving test animals and controls were saerificed
by a blow to the head with the exception of four
eontrul rats which were killed by exsanguination.
All aninls were examined for gruss pathologi-

- val chunges. Tissues were removed frum all ani-

mals for microscopic examination. The lungs,
liver, kidney and heart were removed in all
cascs. The bruin, adrenal, spleen, truchea, lymph
nodes, and the eve were yemovid from represen-
tative animals in each group for study. The tissues
were preserved in formalin and sections made for
staining with hematoxylin-cosin. Specinl stains
were made where indieated.

Observations

Control . nimals: No zymptons were exhibited
hy the 15 control animals and no deaths oceurred.

Ten Per Cent Vingl Chioride: The veaponse of
animals exposed to this concentration is recorded
below in summary form:

Exposars Tiee Respone
1 Slight irriwtion in mice and rats.
5 . Increased motor activity first in niice,
then rnts and guines pigs.
10 Increased motar sotivity in all species;
wuchnu of extremitics m Mite.
15 P d tremor, dy it snd
muscular inegordination in ull spccies,
20 Nnu and m in side position; mmhr
di snd twitehi
of axtrediities i Do pige.
1] Mioe and rats unconscious, guites pigs
taady but still standi
30 Alioe and rats ip deep nareoww; guioes
. - pigs in side position with one
u N

Exposure was stopped amd the animals removed
to fresh air. All recovercd within five minutes.
Twenty Per Cent Vinyl Chloride: The response
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of animals exposed to this concentmation is re.
corded below in summary form:

(ictober, MR

Tanr 1 )
Number of Dentha in Different Groupn ol Frw

Exposurs Time Retponse Miee, Rais and Cuinen Pige Exspose) for Thens
{minutes) Minutes 1o Varying Coneentrativgs of Vignt
1 Imeamdinge irvitation in e and mes. Chloride in Air .
2 MUuserilar incvwrdination in naee and ] - — - i
rate, .
5 Mice and rats on their sides with marked  sorsennronme | ; Laborators anieal .
tremora nnd twitehing of the extremi. (wr cent by . - i '
tww; unstendiness aned mnseulng inen.  VONUMe in 3ied (’ Mice i Rats  Guinea puas: s
ordinmtion in guinee pigs, | T 4
10 Mice andd rats wnronstous with mpid ) i [ ) l s 4 €8 I3 IS
itvvaular bresthung; gainen pigs un- 0 ! ra 05 ; o3 ' pa S
conspnus but showing marked twitels- w i l L5 TR T W A I
ing, 0 i T - ¥ L §
13 Al {4 in deep nareoria; respimti .
irregular and mpid, Towl | oas | osme 0 am 1 ouw S
o] Drep narroms: imenthing show and ahal- ! ! ; e ey
fow, ® \ddeinved denth occurred within 24 hours follosing vy
2% Breathing cvmamd in one mouse; frothine ..

at mouth wnd noatrilsin myre and muc
n Al is in deep i

Exposure was stopyx«t and the animuls removed
to fresh air. Mice and mt= recoversd faster than
the guinea pigs and appearcd nomal within five
minutes except for one mouwse which was dead.
The guinea pigs continued to show muscular in-
coordination, unstenciness on their feet until 29
minutes after removal from exposure,

Thirty Per Cent Vingl Cldoride: The response of
animals exposed to this concentration is revorded
below in summary form:

E!(M!-, i “1;"“' Response
— Mioe ahowed irrisation i linvely mnd
the ms ol «+ irmtasi wickly
tiwtemiter.

1 Musenilar incoordination in mice and
™.

2 Mice and rats 1n mide (wsition with
marked tremors amd twiching of the
exstrrniles; usctlar incoordination
in gines puge with developing puruly-
sis of thwe exvretmties.

1} All animal wns: tapid ir

FeRINrAtinns 1 mice amd rate with
frathing about nowe el mouth:
teitelung of sxtrenuties aull oreureed
orratwnally in grinea ugs.

10 Renpnimunas stoppeml in ineee; bireathing
shm ael shallw in rats: ginnen pigs
stull oxhitmil orensional twitching
movements of the extrenmties,

15 Breathing stoqyusl sn rats; reup
slow and siwilow 10 guien  pigs;
twitching ol evireenition atill present
in unes s

0 Miew and rata suil: geunen pigs 1n diwp
Barroas With slom shallow hrewshing

Exposure was stopped s the animals removed
to fresh air. The mice and rats were demd, The
guinea pigs took 25 mnutex to return to their
normal appearance and aetivity, One guinea pig
from this group dimd within 24 hours following
exposure,

Forty Per Cent Vingl Chloride: Only five ecwi:,
pigs were exposed to this concentrution. Sceel s
irritation were immediately apparent, Musrdle' >
incoordination appeared within secomls. Mg
five minutes all the guinen pigs were uncoscios; ., .
with slow shallow breathing. At the e Wl the:
exposure period one guinen pig was dead and e} P
remaining four were in deep narcosis, Thow ae- 5
vivars took 30 minutes to roturn to their ooed”,
appearance and activity, but one died withis |h
following 24 hours, 53

The number of deaths occurring’ in difered
groups of five laboratory animpis expead k-
thirty: minutes to varving concentrutions of vqi
chloride in air is shown in Table l

Pathological Findings

Gruss pathological and histologicul studis sesr
earried out. The findings are summarized friow. -
Control Animals: These animals showed ')
£ross or micrascopie evidence of damage. . - 3,

Ten Per Cent Vingl Chloride: All test acimesh .
survived this exposure, They were raerifiend v’ .
weeks later. On gross examination there was et
denee in mice of slight hyperemia of the lusgs
Thiz was less marked in rats. Guinea pigs sbwosed
no difficrence from control animals. On histkgy -
examination the mice showed very slight cugeree 3
ment of the pulmonary vessels. One mowe - -
shawed desenerative changes in the tubwlar gt
thelium of the kidney with hydropic sweilag | ;
The rats showed slight congestion of the ra;u.h
ies in the lung. Lungs in the guinea pig were aise 1
slightly more hyperemie than those of the eeted
animals.

Tiweenty Per Cent Vingl Chloride: One mees:
died ns 2 result of 30 minutes exposun to te
concentration. Vulmonary congestion was evidest .
on groas examination, Microscopically, there we 4
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wugorgement of the blood vesselz in the lung with
fatchy ars of atelectasis and minimal «lema.

* The kidueys showed minimal  degenemtive

changex in the epithelium of the convoluted tu-
imles,

The test animals surviving this expesure were
sacrificedd in two weeks, On gress examination,
emggestion of the junge was present in all spevies,
bt it wias more marked in the mice and rats than
in the guines pigs. Histologieally, there was evi-
denee of pulmonary comgestion in exposed ani-
mals, Some fatty infiltmtion waz present in the
liver of one mt. Al other tissues stadied appeansd
aormal.

Thirty Per Cent Vimgl Chloride: CGiross exnmina-

* tm of the animals which died ax a result of this
".exposure revealed congeztion of the lungs with

bemorrhiagic arens. The mice and rts in addition
showed congestion of the liver and kidney, The
one guinea pig death was delaved. In this animal
there wag marked congestion of the lungs with

. hemorrhages and the liver waz distended and very

friable. The microscopic changes in the animals
which died included marked engorgement of the
pulmonary blood vesselz with cdema and hemor-
thages in the lungs. The trchea of one rat showed
sperficial derquamation of the epithelium. Con-
gestion was also evident in the liver and kidney
of the mice und rats. The liver of the guinea pig
whivh had the delayed death showed severe fatty
skgeneration of the liver confirmed with frozen
reetions stained with Swdan I,

The four aurviving guines pigs were sacrificed
two weeks luter. Markad pulmonsry congestion
was present with hemorrhagie arens and edema,
In one ease there was evidense of aeondary Ine-
teria] infiltration. The liver in these guinen pigz
wve the appearanee of fatty infiltmtion but no
fat was demonstratad on frozen section,

Forty I'er Cent Vinwd CMoride: One of five
guinen pigs expossd to this coneentmtion died
durings the exposure and another died within 24
bours, The two which died showed marked con-
gestion of the lungs with hemorthages on groes
eximination. This was alse cvident on micro-
wupie examination. The liver of one of these gave
the appetranee of fatty infilteation, but no fat
enuld be demenstmted on fruzen seetion.

The three surviving guux= pigs were saerifieed
twa weeks later. Marked eomgestion of the lungs
with hemorrhage was evident on hoth the grwss
amd micruseopic examination, In one guines pig,
the tracheal epithelium was comypletely aleent.

Pathological studis which were made of the
brain, henrt, spleen, adrenals, lvmph nodes and
the eves showed ne difference between contmils
and animals dving as a nwult of exposure or le-
twevn controls and the surviving animals sieri-
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ficeel two wooks after cxposure. There wis a
tendeney for the blood to remain unclotted in the
animals dying during exposure. This feature was
noted in the two human fatalities mentioned ear-
lier but it is not a specific characteristic of vinyl
chloride.
Discussion

The nexponee of guinen pigs 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 perid than cither the mice
or ratg, The results in mice agreed closcly with *
thase reported by Peoples and Leake. Rat.s were

similar to mice in their response.
The pathological changes in animals which
diedd ax 2 result of exposure were mainly those of

vascular engorgement of the lungs with hemor- :

rhages and cdema. The severity of these changes
varied with-the severity of exposure. In the higher
concentrations, pulmonary change was marked
with severe damage to the tracheal epithelium. -
Congestion of the liver and kidneys also occurred.
in test animals. These changes are similar to
those reportecl by Patty and associates.
Evidence of pulmonary congestion was still
present in surviving aniinals sacrificed two weeks
after exposure. Patty and associates reported that

“such changes had disappeared in about, eight days. :

Degenerative changes in the t.ubula;eptt.helmm i
of the kidney were foted in one mouse dying as a;
result of exposure and in one mouse 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-
lawing exposure showed severe fatty infiltration
of the liver. Changes suggestive of fatty infiltra-
tion wore observed in other exposed animals but
not ronfirmed by frozen sections stained mt.h
Sudan II1.

Summary *

Sceparate groups of laboratory animals com-
prising five mice, five rats and five guinea pigs
were exposcd in an inhalation chamber to concen-
trations of 10, 20 and 30 per cent viny! chloride
in air for 30 minutes. An additional five guinea
pigs were exposed to a 40 per cent concentration
for a similar period of time. The response by each
of the three specics to these. concentrations is
noted.

Inhalntion of these relatively high concentra-
tions procdluced narcosis and death. Mice were the
most suxceptible with guinca pigs considerably
more resistant. Rats were sinfilar to mice in their
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