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Introduction

FIRST 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 hazard of the monomer and its 
narcotic properties on acute exposure arc well 
known. As an industrial material, however, it 1ms 
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 fabilities associated with its vise 
have previously lieen reported. It was therefore 
of special interest when two fatalities occurred in 
a plant handling vinyl chloride. This plant is en­
gaged in the |Hjlvmerization of the gaseous mono­
mer with tint aid of catalysts. One worker died 
while cleaning out a polymerization vessel and the 
other while working in a pit. Details of these two 
fatalities have lx*en rcjMjrlcd by one of the -au­
thors.1

Published information on tin; acute toxicity of 
vinyl chloride to exi>eriinentnl animals proved 
scanty. Patty, Yaut and Waite2 in 1930 reported 
on the acute response of guinea pigs to vinyl 
chloride. They found that exjjosurt; to *20 to 40 
per cent in air killed guinea pigs in a short time; 
ex [insure to ten )>er rent was endured for sev eral 
hours. Congestion and edema of the lungs with 
hyi>orcinia of the liver and kidneys were noted.

Peoples and Ijcake/1 found the minimal anes­
thetic range of vinyl chloride in mice exposed for 
ten minutes was S to 12 per rent- in air; 25 to 30 
]>er cent was fatal in ten minutes. Dogs and rab­
bits were anesthetized within one minute when 
exposed to a concentration ol aUmt IS per cent 
ill air. Recovery was very rapid with no apparent 
Untoward effect even after prolonged anesthesia.

D'hmann and I'hirv4 noted that- vinyl chloride 
was highly narcotic hut. had a wide margin 1m*- 
tween its narcotic and lethal concentrations. Its 
local irritating e|]cc(, ami its toxicity were de­

scribed as very slight. Elimination from the body 
was very rapid. These authors quoted the wen 
of Sch&um&nn* with experimental animals. Mi •, 
rats and dogs were able to endure related iu: 
cosis without any pathological evidence of !iv. : 
or kidney damage. According to 8cluuinin:i:.. 
concentrations of seven to ten per cent in :-:r 
would lie narcotic to humans in a short time an-: 
12 per cent would l>o dangerous.

Viny l chloride has lieon studied as a pussilv 
anesthetic agent. Oster and associates6 noted t 
incoord mated muscular activity of the oxtn-nd- 
ties and cardiac arrythmias of a serious nature 
wore observed in all six dogs used in their exp-ri* 
incut. Carr and others7 found that vinyl clilnr;*!'* 
produced sensitization of the myocardium m 
three of seven dogs in which it was administer* 
as an anesthetic agent.

Two eases of vinyl chloride gassing occurred 
it factory in Great Britain where |»oly vinyl div­
ide resin was 1 K*iug made. Those were rc|»*irt«*d h> 
the Chief lusjieotor of Factories.K In one can- : 
process worker was standing outside a imlvim-r: 
zation vessel and washing it with ;t water stri *::;- 
After ten minutes of this lie suddenly collai^ 
across the open manhole. Artificial resuscitate ■’ 
was successfully applied. Subsequent sympt*~ ' 
experienced by this worker were tightness ul t 
chest, nausea, abdominal pain and headache. * 
.second case occurred in a maintenance 
who was overcome while repairing a vinyl chi"”-' 
leak. Both men were hospitalized. Another wor-.* 
whose ha mis were accidentally sprayed 
vinyl chloride liquid under pressure develops 
hum. This latter ease was reported hy lhr~-~ 
Sueh Imnis may'occur with other highly vo1:-T 
materials when sprayed onto the hands :ts a bl­
under pressure.

Kdatovn and Gronsherglu in 1957 rejtorteo 
hygienic conditions in a -jHilyvinyl pmce.''” - 
plant in the IbS.S.R. 'The plant was cng:i.-''‘- 
the polymerization of vinyl ehloridc hy
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.. Air sampling was done and tin* con-
.ntraiion of vinyl chloride was found to vary 
r.mi about. 20 ppm to alnmt. 2la ppm. (W.S.S.It. 
Threshold Limit- Value: l mg/liter or about 4(H) 

A spastic type blood vessel disorder was
Scribed in workers from (.bis plant.

because of (be recent fatalities mentioned 
■;Uive it was decided to undertake acute inhala- 
•itm studies in laboratory animals with com mor­
ally available vinyl chloride. This was done l>otb 
;.r comparison with earlier work and to provide 
^formation on the acute response and pathologi- 
il changes in more than one s|>eeios of lal>or:itory 

,nimal.

experimental Materials and Procedures

Vinyl Chloride: The vinyl chloride was supplied 
r.a metal cylinder under pressure. A commercial 
:m<lc with the following specifications was used:

gravity at 20*C 
iitrr content 
r-Uinc range *C 
dragon chloride content 
wtyWnc 
‘■^taWcliydo 
Nn
‘ jity (per cent)
. purities (pdr cent)

0.9S3-0.9R5 
None 

-II to -9.5 
None
10 ppm maximum 
20 ppm maximum 
Essentially iron free 
99.5 maximum 
0.5 maximum

Pure vinyl chloride is a colorless gas at room 
:iiporaturc; its boiling point- is — 13.9°C. It has 

>\ivctish odor. Its flash point is given at — 7S°C 
A its explosive limits in air from 4 to 22 per 
:it. It has the molecular formula CIb:CHCl. 
Wiimo/s: Mice, rats and guinea pigs were used 

.;he study. Test ami control animals were taken 
•'in the same lalxuatory stock. All were fed a 
*.in<lnrd commercial diet and boused in the same 
■y. All were of the same stage of development. 
Equipment: The inhalation chamber capacity 

5G.G liters. It was equipp'd with a viewing 
:nlow and an inlet tube. Vinyl chloride was re­
nd in gaseous form through an adjustable 

ire on the top of the containing cylinder, then 
rough connecting ruhlx'r tubing and a recali- 
atid lusher flow-meter, 1'rcsli air was pumped 
; motor at an adjustable controlled rate through 
meter. The streams of air and vinyl chloride 
re combined at appropriate rates of flow by a 

Y-tul)e leading through further nihlier tub- 
; tu the animal chamber inlet, to deliver a 
.tinning stream in the ■'desired projxirtions. 
^illations and adjustments were made to pro- 

. c the following flow concentrations of vinyl 
"hdc in air for delivery: 10. 20, 30 and 40 per 
\t. All concentrations are expressed in this re- 
rt.is per cent by volume in air. No determina­

tions of vinyl chloride concentrations were done 
in the test chamber during the experiments.

J^.r/H'rinirriial Procedures: Different groups of 
five mice, five rats and five guinea pigs were 
placed in the chain)>cr and excised for thirty 
minutes to concentrations of It), 20 and 30 per 
cent vinyl chloride in air. Similar groups of con­
trol animals were maintained but not cxjioscd to
vinyl chloride. At the end of thirty minutes ex­
posure the lest animals were immediately re­
moved to fresh air. An additional group of five 
guinea pigs was cxi>oscd to a concentration of 40 
percent vinyl chloride in air. In all fi5 exi>erimeii- 
tal animals were involved. Observations were re­
corded on the animals during and after exposure.

The animals which died either during the cx- 
I insure 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 exsanguination.

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

Observations

Control Animals: 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 concentration is recorded 
below in summary form:

Exposure Time 
(minutes) Response

5

10

15

20

25

30

Slight irritation in mice and rats.
Increased motor activity first in mice, 

then rats and guinea pigs.
Increased motor activity in all species; 

twit chine of extremities in mice.
Pronounced tremor, unsteady gait and 

muscular incoordination in all species.
Mice and rats in side iKwition; muscular 

incoordination, tremors and twitching 
of extremities in guinea pigs.

Mice ami rata unconscious, guinea pigs 
very unsteady but still standing.

Mice and rats in deep narcosis; guinea 
pigs in side position with tremors—one 
unconscious.

Ex]>osurc was stopped and the animals removed 
to fresh air. All recovered within five minutes. 

Twenty Per Cent Vinyl Cidoride: The response
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of animals exposed to this concentration is re­
corded below in summary form:

Response

Immediate irritation in mice and rats. 
Muscular incoordination in mice and 

mts.
Mice and ruts on their sides with marked 

tremors and twitchinR of the extremi­
ties; unsteadiness and muscular inco­
ordination in guinea pigs.

Mice and rats unconscious with rapid 
irregular breathing; guinea pigs un­
conscious but showing marked twitch­
ing.

All animals in deep narcosis; respirations 
irregular and rapid.

Deep narcosis; breathing slow and shal­
low.

Breathing ceased in one mouse; frothing 
at mouth and nostrils in mice and rats. 

All animals in deep narcosis.

Exposure was stopped and the animals removed 
to fresh air. Mice and rats recovered faster than 
the guinea pigs and appeared normal within five 
minutes except for one mouse which was dead. 
The guinea pigs continued to show muscular in­
coordination, unsteadiness <m their find, until 20 
minutes after removal from exposure.

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

Response

Mice showed irritation immediately and 
the ruU* allowed irritation quickly 
thereafter.

Muscular incoordination in mice and 
rata.

Mice und ruta in aide position with 
marked tremorn arid twitching of the 
extremilicH; muscular incoordination 
in guinea pigs with developing paraly­
sis of the extremities.

All animals unconscious; rapid irregular 
respirations in mice ami nits with 
frothing til>out nose ami mouth; 
twitching of extremities still occurred 
occasionally in guinea pigs. 

Respirations atnpiicd in mice; breathing 
•stow mid ahullow in ml*; guinea pig» 
Mill c\liilul<d oeen.iiohal twitching 
moia-iMciit* of the eMrcmilic*.

1 ti'i-aihing M<i|i|n*d in rut*; respirations 
sluiv and -hallmv in guiin-ti pigs; 
twitching id cMii-uiilic* still present 
in guinea pigs.

Mice aud mts si ill; guinea pigs tu deep 
linicii.-u* with sluw shallow breathing

Exposure* was stopped and the animals removed 
to fresh air. The mire and rats were dead. The 
guinea pigs took 2f> minutes to return to their 
normal appearance and activity. (hie guinea pig 
from this group died within 21 hours following 
exposure.

Kximxurc Time 
f minutes)

1

2

5

10

15

30

Exposure Time 
(minutes)

1
2

5

10

15

20

25

30

October, !&<

Table I
Number of Deaths in Different Groups of Kin 
Mice, Rats and Guinea Pigs Exposed for TUiuv 
Minutes to Varying Concentrations of Vinyl 

Chloride in Air

Vinyl chloride 
concentration

Laboratory animal
Total(l>cr cent by 

volume in air) Mice Rats Guinra [ti^s

10 0/5 0/5
I

C/5
1

0/15
20 1/5 0/5 0/5 1/15
30 5/5 5/5 1/5* 11/15
40 “ — 2/5* 2/5

Total 5/15 5/15 3/20 | H/M

* A delayed death occurred within 24 hours following expos err-

Forty Per Cent Vinyl Chloride: Only five guim-= 
pigs were exited to this concentration. Signs 
irritation were immediately apparent. Muscuhr 
incoordination ap]X'ared within seconds. Alb: 
five minutes all the guinea pigs were imconscimu 
with slow shallow lava thing. At the end of tin* 
c.\|Mismv period one guinea pig was dead and ti c 
remaining four were in deep nareosis. These sur­
vivors took 30 minutes to return to their normal 
ttpjH’arance and activity, but one died within the 
following 24 hours.

The mnnlHT of deaths occurring in different 
groups of five laboratory animals exjKised i"f 
thirty minutes to varying concentrations of vinyl 
chloride in air is shown in Tabic 1.

Pathological Findings

Gross pathological and histological studies wen' 
carried out. The findings are summarized Ixrltnv.

Control Animals: These animals showed n» 
gross or microscopic evidence of damage.

Ten Per Cent Vinyl Chloride: All test animal' 
survived this exposure. They were sacrificed t«'" 
weeks later. On gross examination there was evi­
dence in mice of slight hyperemia of the Uing' 
This was less marked in rats. Guinea pigs sinned 
no difference, from eontrol animals. On histol"--1 
examination the mice showed very slight engorge- 
inetit of the pulmonary vessels. One 
showed degenerative changes in the t id mlar epi­
thelium of the kidney with hydropic swrlhag. 
The ruts showed slight congestion of the rapdia'- 
les in (he lung. Lungs in the guinea pig were a 
slightly more hyperentir than those of the nmtm. 
animals.

Tu'enty Ptr ('ent 1 tityl (Itlaride: (hie meiev 
died as a result of .*10 minutes exposure to th'> 
concent ration. I hilmouury l ongest iou was evaicta 
on gross examination. Microscopically, there wie
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response. Exposure to ten per cent vinyl chloride 
in air produced deep narcosis in mice and rats 
but no deaths; 30 per cent concentrations killed 
mice and rats. Exposure of guinea pigs to 20 per 
cent produced deep narcosis; but three of five 
guinea pigs survived exposure to 40 i>er cent con­
centration.

Animals dying as a result of exposure were 
autopsied shortly after death. Survivor's and con­
trol animals were sacrificed two weeks later. 
Gross pathological and microscopic studies were 
done and these findings arc described.

The principal pathological changes 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 guinea pigs which died following exposure 
showed severe fatty infiltration of the liver.

Survivors 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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