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Acute Inhalation Toxicity of Vinyl Chloride 
to Laboratory Animals

E. MASTROMATTEO, M.D., A. M. FISHER, Ph.D.,
H. CHRISTIE, B.Sc., and H. DANZIGER, M.D.

Divition of Industrial Hygiene, Ontario Department of Health, Toronto, Ontario; 
Department of Phytiological Hygiene, School of Hygiene, Vnivereity of Toronto, 

Toronto, Ontario; and Welland County General Hospital,
Welland, Ontario

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 hasard of the monomer and its 
narcotio properties on acute exposure are well 
known. As an industrial material, however, it lias 
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 fatalities associated with its use 
have previously been reported. It was therefore 
of special interest when two fatalities occurred in 
a plant handling vinyl chloride. This plant is en­
gaged in the polymerisation of the gaseous mono­
mer with the aid of catalysts. One worker died 
while cleaning out a polymerisation vessel mid the 
other while working in a pit. Details of these two 
fatalities have been reported by one of the au­
thors.1

Published information on the acute toxicity of 
vinyl chloride to experimental animals proved 
scanty. Patty, Yant and W&ito* in 1930 reported 
on the acute response of guinea pigs 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 cent was endured for several 
hours. Congestion and edema of the lungs with 
hyperemia of the liver and kidneys were noted.

Peoples and Leake* found the minimal anes­
thetic range of vinyl chloride in mice exposed for 
ten minutes was 8 to 32 per cent in air; 26 to 30 
per cent was fatal in ten minutes. Dogs and rab­
bits were anesthetised within one minute when 
ex|K)eed to u concentration of alxiut 18 |>cr cent 
in air. Recovery was very rapid with no apparent 
untoward effect even after prolonged anesthesia.

Lehmann ami Flury4 noted that vinyl chloride 
was highly narcotic but luul a wide margin lw- 
tween its narcotic and lethal concentrations. Its 
local irritating effect and its toxicity were de­

scribed as very slight. Elimination from the body 
was very rapid. These authors 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 Scluiumann, 
concentrations of seven to ten per cent in air 
would lie narcotic to humans in a short time and 
12 per cent would be dangerous.

Vinyl chloride hus been studied as a possible 
anesthetic agent. Oster and associates* noted that 
incoordinated muscular activity of the extremi­
ties and cardiac arrythmias of a serious nature 
were observed in all six dogs used in their experi­
ment. Carr and others7 found that vinyl chloride 
produced sensitisation of the myocardium in 
three of seven dogs in which it was administered 
as an anesthetic agent.

Two cases of vinyl chloride gassing occurred in 
a factory in Great Britain where polyvinyl chlor­
ide resin was being made, These were reported by 
the Chief Inspector of Factories.1 In one case a 
process worker was standing outside a polymeri­
sation vessel and washing it witli a water stream. 
After ten minutes of this he suddenly colli»|>*c<l 
across the open manhole. Artificial resuscitation 
was successfully applied. Subsequent symptoms 
experienced by this worker were tightness of the 
chest, nausea, abdominal pain and headache. The 
second cose occurred in a maintenance worker 
who was overcome while repairing a vinyl chloride 
leak. Both men were hospitalised. Another worker 
whose hunds were accidentally sprayed with 
vinyl chloride liquid under pressure developed a 
burn. This latter cose was reported by Harris.* 
Such burns may occur with other highly volatile 
material* when sprayed onto the hands as a liquid 
under pressure.

Filatova ami Gronslterg1* in 1057 re|)ortcd on 
hygienic conditions in a polyvinyl processing 
plant in thu U.S.S.K. The plunt was engaged in 
the )Hilymcrixutiou of vinyl chloride liy means of

m
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a catalyst. Air sampling was done and the con­
centration of vinyl chloride was found to vary 
from about 20 ppm to about 315 ppm. (U.S.S.R. 
Threshold Limit Value: 1 nig/Hter or about 400 
ppm). A spastic tyi>e blood vessel disorder was 
described in workers from this plant.

Because of thu recent fatalities 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 earlier work and to provide 
information on the acute response and pathologi­
cal changes in more than one sjiociu* of laboratory 
unimul.

\
Experimental Materials ond Procedures

Vinyl Cldoride: The vinyl chloride was supplied 
in a metal cylinder underpressure. A commercial 
grade with the following specifications was used:

Specific gravity at £0*C
Water content
Boiling raoge *C
Hydrogen chloride content
Acetylene
Acetaldehyde
Iron
Purity (per cent) 
Impuritiec (per cent)

0.M3-4.M8 
None 

— 11 to —S.S 
Nom
10 ppm maximum 
SO ppm maximum 
Ftttnrially iron free 
00.S maximum 
0.S maximum

Pure vinyl chloride is a colorless 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 explosivo limits in air from 4 to 22 per 
cent. It has the molecular formula CHj:CHCI.

Animals: 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 same 
wuy. All were of the namo stage of development.

ktjuipm&U: Thu inhalation chamber capacity 
wus 56.6 liters. It was equipped with a viewing 
window aud 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 flow-moter. Fresh air was pumped 
by motor ut an adjustable controlled rate through 
a meter. The streams of air and vinyl chloride 
were combined ut appropriate rates of flow by a 
gloss Y-tubc loading through further rubber tub­
ing to the iiniinal rhainlmr inlet, to deliver a 
continuing stream ill the desired proportions. 
Calculations aud adjustments were made to pro­
duce thu following flow cuncuntrutions of vinyl 
chloride in air for delivery: 10, 20, 30 and 40 per 
cent. All concentrations are expressed in this re­
port as per cent by volume in air. No determina­

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

Experimental Procedures: Different groups of 
five miec, 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. Similar 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 wus ex|K>sod to a concentration of 40 
Iter cent vinyl chloride in air. In all 05 experimen­
tal luiimuls were Involved. Observations were re­
corded on the animals during and after exposure.

The animals which died 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 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 
cases. The brain, adrenal, spleen, trachea, lymph 
nodes, and the eye were removed from represen­
tative animals in each group for study. The tismies 
were preserved in formalin and sections made for 
staining with hematoxyHn-eosin. Special stains 
were made where indicated.

Observations

Control Animal*: No symptoms were exliibited 
by the 16 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 
(minute*} RropooK

1 Blight irritation In n|n ud rmta
ft Ineraeaed motor activity first la mice,

than rata and guinea pigs.
10 Incroaaad motor activity ia all rrtrin;

twitching of oxtmuiliss ia mica.
1ft Pronounced motor, umtoady gait

muscular incoordination In all irmlf
90 liioo and retain aide position; muaoular

incoordination, trainers and twitching 
of extremities in guinea piga.

9ft Mioe «nd rate unconscious, guinea pigs
very unaUwrly but elill atanding.

90 Mice aud r»u In deep nareoaiai guinea
piga in aide position with tramors—os* 
imoonactou*.

Ex)>osure wus stopped und the animals removed 
to fresh air. AH recovered within five minutes. 

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

Ei|M»ure Time R**p.m*r
(minulca)

1 Immetlwle irritation in mice and r»U.
t MueouW iacoordinalion in mice and

rata.
I Mice and raU an tlteir ai»U» willt marked

tremora and twitching of the exlraini- 
liea; unateadineaa and muacuUr inco­
ordination in mint* i»igs.

JO Mioa and ntU imoonacioua with rapid
irregular breathing, guinea irijta un- 
mnacioua but allowing marked twitch­
ing.

|g AllanimnU in «W|> naroMaia; Mt|iir»tH>n«
irregular and rapid

20 Deep narcuaia; breathing alow and •lutl-
low.

SI Breathing omumhJ iu one mouae; frothing
at mouth and nuatrib in mice and ntla.

20 All aaimab in deep narauaia.

Exposure was stopped and the animals removed 
to fresh air. Mice and ruts 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 on their feet until 20 
minutes after removal from exposure.

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

Exposure Time 
(minute*) Reaponie

llioe abowed irritation immediately and 
tha rata allowed irritation quickly 
thereafter.

MuacuUr incoordination in mice and

2 Mice and rata In aide |>oeition with
marked tremora and twitehing of the 
eatreiuitiee; iiitieeiiUr incoordination 
in guinea piga with developing peraly- 
lii of tie estreiiiitiee.

< All animeb unconacioue; rapid irregular
reepimiiona in mioe and rata with 
frothing about ooae and moutii; 
twitching of extremitiee aliU occurred 
oocaaionaliy in guinea piga.

10 Rea pi ratio na • topped in mice; breathing
alow and ahallow in rata: guinea piga 
•till aahibited oceaakwai twitehing 
move menu of the axtreimtiee.

11 Breathing a lopped in rata: reapirmUoru
alow and ahallow in guinea piga; 
twitehing of evtreinltiea atiil preoant 
In guinea piga.

10 Mioa and rata atiil; guinea piga in deep
nareoeia with alow ahallow breathing

Exposure was stopped and tlw animals removed 
to fresh air. The mice and rata were death Tltc 
guinea pip took 25 minutes to return to their 
normal appearance and activity. One guiucu pig 
from this group died within 24 hours following 
exposure.

T/tBLg 1
Nuiulmr of Death* iu Different (Jroujw of Five 
Mice, Hals ami (inittea Fig* KxjMwcti for Thirty 
Minnie* to Varying Concentration* of Vinyl 

Chloride in Air

Vinyl iiilnrirtc laboratory animal
concrniration
(nef cent by 

volume in air) Mice RaU Guinea pixa

IU 0/S 0/6 C/6 0/16
2U i/a 0/S 0/6 1/16
W l/» S/S »/*• 11/16
40 — 3/6* 2/#---- ----- .............. -------— — — .

Total e/i* S/IS 3/20 14/60

* A delayed death occurred within 24 bourn following expoaurt.

Forty Per Cent Vinyl Chloride: Only five guinea 
pigs were exposed to this concentration. Signs of 
irritation were immediately apixuvnt. Muscular 
incoordination uppeured within seconds. After 
five minutes all the guinea pigs were unconscious 
with slow shallow breathing. At the end of the 
ex|>o8ure period one guinea pig was dead auti the 
remaining four were in deep narcosis. These sur­
vivors took 30 minutes to return to their normal 
apiK'uruucc and activity, but one died within the 
following 24 hours.

The number of deaths occurring 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 «

Gros* pathological and histological studies were 
curried out. The findings are summarised Imlow.

Control Animals: These animals showed no 
gross or microscopic evidence of damage.

Ten Per Cent Vinyl Chloride: All test unimuis 
survived this exposure. They wore sacrificed two 
weeks inter. On gross examination there was evi­
dence in mice of slight hyperemia of the lungs. 
This wus less murkod in ruts. Guinea pigs showed 
no difference from control unimuis. On histologic 
examination the mice showed very slight engorge­
ment of the pulmonary vessels. One mouse 
showed degenerative changes in the tubular epi­
thelium of the kidnoy with hydropic swelling. 
The rats showed slight congestion of the capillar­
ies in the lung. Luugs in the guinea pig were also 
slightly more hypcrumic than those of the control 
animals.

Twenty Per Cent Vinyl Chloride: One mouse 
died us a result of 30 miimtcs exposure to this 
concentration. Pulmonary congestion was evident 
on gross examination. Microscopically, there was
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engorgement of the blood vessels in the lung with 
patchy amis of atelectasis and minimal edema. 
The kidneys showed minimal degenerative 
changes iu the epithelium of the convoluted tu­
bulin.

The test animals surviving this exposure were 
sacrificed iu two weeks. On gross examination, 
congestion of the lungs wus present in all species, 
but it was more marked in the mice and rats than 
in the guinea pigs. Histologically, there was evi­
dence of pulmonary congestion in exposed ani­
mals. Some fatty infiltration wus prexent in the 
liver of one rat. All other tissue* studied itp|>eurnl 
normal.

Thirty Per Cent Vinyl Chloride: Gross examina­
tion of the animals which died as a result of this 
cx|>oHurc revealed congestion of the lungs with 
hemorrhagic arcus. The mice and rats in addition 
showed congestion of the liver and kidney. The 
one guinea pig dcuth wus delayed. In this animal 
there was marked congestion of tiio lungs with 
hemorrhages and the liver was distended and very 
friable. The microscopic changes in the animals 
which died included marked engorgement of the 
pulmonary blood vessels with edema and hemor­
rhages 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 und rats. The liver of the guinea pig 
which hud the delayed death showed severe fatty 
degeneration of the liver confirmed with frozen 
sections stained with Sudan III.

The four surviving guinea pigs weru sacrificed 
two weeks later. Marked pulmonary congestion 
wits present with hemorrhagic areas and edema. 
In one cose there was evidence of secondary bac­
terial infiltration. The liver in these guinea pigs 
gave the up|)cumncc of fatty infiltration hut uo 
fat was demonstrated on frozen section.

Forty Per Cent Vinyl Chloride: One of five 
guinea pigs c\|>oscd to this concentration died 
during the exposure and another died within 24 
hours. The two which died showed marked con­
gestion of tlw lungs with hemorrhages on gross 
examination. This was also evident on micro­
scopic examination. Tho liver of one of these gave 
the appcumnco of fatty infiltration, but no fat 
could be demonstrated on frozen section.

Tho three surviving guinea pigs were sacrificed 
two weeks later. Marked congestion of the lungs 
with hemorrhage was evident on both the gross 
and microscopic examination. In one guinea pig, 
tlie truehcul epithelium was completely absent.

1’uthoiogicul studies which weru inude of the 
bruin, heart, spleen, adrenals, lymph nodes and 
the eyes showed no difference between controls 
and unimuis dying us a result of exposure or be­
tween controls und the surviving animals sacri­

ficed two weeks after exposure. There was a 
tendency for the blood to remain unclotted in the 
unimuis dying during exposure. Tills feature was 
noted in the two human fatalities mentioned ear­
lier hut it is not u specific cliar&ctcristic of vinyl 
chloride.

Discussion

The nis|xmso of guinea pigs to inhalation of 
vinyl chloride wus similar to that reported by 
Putty, Yunt und Waite. The guinea pigs in our 
Mltirly, however, tolerated a greater oxfKMurt! dur­
ing the ex|*Tiirieiitul |x'ri<xl than either the miee 
or rat*. The results in mice ogrued closely with 
those rc|X)rtod by Peoples and Leake. Rats were 
similar to mice in their response.

The pathological changes in animals which 
dicxl us a result of exposure were mainly those of 
vascular engorgement of the lungs with hemor­
rhages und edema. The severity of these changes 
vuriod 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 reported by Patty and assoc iates.

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

Degenerative changes in tho tubular epithelium 
of the kidney were noted 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 
animate iu the group.

One of the guinea pigs with delayed death fol­
lowing ex|Mwurc showed severe fatty infiltration 
of the liver. Chungcs suggestive of futty infiltra­
tion were observed in other exposed animate but 
not confirmed by frozen sections stained with 
Sudan ill.

Summary
Separate groups of laboratory animate com­

prising five mice, five rats and five guinea pigs 
were exposed in an inhalation chamber to concen­
trations of 10,20 and 30 per cent vinyl chloride 
in air for 30 minutes. An additional five guinea 
pigs were exposed to a 40 per cent concentration 
for a similur period of time. The response by each 
of the three species to these concentrations is 
noted.

Inhalation of these relatively high concentra­
tions produced narcosis and death. Mice were the 
most susceptible with guinea pigs considerably 
more resistant. Rats were similar to mice in their
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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 exj>oeurc to 40 per cent con­
centration.

Animals dying as a result of exposure were 
autopsied shortly after death. Survivors ami con­
trol animals were sacrificed two weeks luter. 
Gross pathological and microscopic studies were 
done and these findings are 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.

Survivore sacrificed two weeks after exposure 
showed little difference from the control uniniuls. 
Pulmonary congestion was still evident but liver 
and kidney congestion wus not.
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Introduction

THE element thallium wus discovered by 
Crookes in 1801 by spectroscopic techniques 
und isolated chemically one year later by A. 

Lamy. There are no Urge industrial uses for 
thallium und its production has been limited. 
The principal uses of thallium have been related 
to its rodenticidul properties and it was formerly 
used us u depilating agent. Tiudlium salts arc 
also lim'd in the production of certain typos of 
optical glass und in the manufacture of scintilla­
tion counters.

An examination of the literature reveals a 
number of published reports and reviews1- *• * of 
thallium toxicity following ingestion of rodenti- 
cides containing thallium compounds, A con­
siderable amount of work has been reported on 
the depilating action of thallium compounds on 
laboratory unimuls und man.4, *• *•7 The dis­
tribution und excretion of isotopic thallium 
(Tl,#4) has been reported by u number of inves­
tigators.1' •• *® Recently, Stavinoha and co-work­
ers11 have demonstrated that certain compounds 
containing sulfur uct us protective agents against 
acute tiudlium im'isoning in mice.

Tiie work rc|>»rted l>elow is concerned with the 
acute toxicity of tlmllous acetate (TA) and thallic 
oxide (TO) following the administration of these 
compounds to several species of animals by sev­
eral routes. The ingestion toxicity of these com­
pounds was also investigated for periods up to 
three months.

Experimental Methods and Materials
The two thallium compounds studied were ob­

tained from the American Smelting und Refining 
Co., Denver, Colorado (tludiic oxide) and Chem­
ical Commerce, Newark, New Jersey (thallous 
acetate). The purity of these compounds was 
relatively high (99.A-99.8% Tl).

This |«|wr is bused on work performed under contrast with 
llte United SUU* Atomic Energy Commission si the University 
of Rochester Atomic Enemy Projeot, Rochester, New York.

The thallous acetate was prepared as an aque­
ous solution at concentrations of 1, 2 or 5 per 
cent. The thallic oxide was suspended (5%) in 
distilled water containing 0.8 per cent carboxy 
mcthylcelluloso.

Young adult, female and male albino rats, 
originally of the Wistar strain (1923) and bred in 
the Project Colony were used. The rabbits were 
young, mature albinos obtained from local breed­
ers. Guiucu pigs were young mature animals of 
mixed sex und obtained from local breeders. The 
dogs were bcagle-type mongrels obtained from 
local sources.

Single doses of thallous acetate and thallic 
oxide were administered by intravenous injection 
to rabbits, by intrapcritoncal injection to rabbits, 
guinea pigs and rats, and orally to rabbits, guinea 
pigs, rats and dogs. Groups of 2 to 5 rats received 
single oral or intrapcritoncal doses of the oom- 
|Mmnds. Generally only one rabbit, guinea pig or 
dog was treated at each dose level. The LDM 
values, their confidence limits, and the slope 
function of the regression line, were calculated 
by the method of Litchfield and Wilcoxon.tt AU 
unimals were held for a 14-day period of observa­
tion following injection.

The ingestion studies were conducted using 
weanling (50-80 gin) albino rats. TTie basal diet 
was Purina Fox Chow Meal. The rats were kept 
in basket-typo cages aud were permitted to take 
food and water ad lib. The experimental diets 
were prepared by the admixture of the thallium 
compounds to the basal diet using an electric 
mixer. Uody weights and clinical data were re­
corded.

At termination of the ingestion study all of 
the surviving rats were sacrificed by decapitation. 
The nits were examined grossly and the heart, 
liver, kidneys, lungs, spleen, testes and femurs 
were removed and their weights recorded. Sec­
tions of the liver, kidney, brain, lung, spleen, 
heart, stomach, testis, skin, and adrenals were 
fixed in Uouins and stained with hematoxylin 
and eosin for histological study. Portions of the
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