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Introduction -

IRST prepared in 1833, vinyl chloride has

cotne into increased usc in the last decade in
the production of polyvinyl chloride resins, The
fire and explosion hazard of the monomer and its
narcotic properties on ucute exposure are voell
hnown. As an industrial material, however, it has
been regarded as of moderate toxicity. A Thresh-
old Limit Value of 500 ppm was establis* #} by
the American Conference of Governmentai in-
dustrial Hygienists.

No industrial fatalities associated with 15 use
have previously been reported. It wag therefore
of special interest when two fatalities occurre | in
a plant handling vinyl chloride. This plart ¢, cn-
gaged in the polymerization of the gaseous r: ono-
mer with the aid of catalysts. One worker dizd
while cleaning out a polymerization vessel and the
other while working in & pit. Details of these two
fatalities have been reported by one of the au-
thors.!

Published information on the acute toxicity of
vinyl chloride to experimental animals proved
seanty. Patty, Yant and Waite? in 1930 reported
on the acute response of guinca 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 minimial anes-
thetic range of vinyl chloride in mice exposed for
ten minutes was 8 to 12 per cont in air; 23 to 30
per cent was fatal in ten minutes, Dogs and rab-
bits were ancsthetized within one minute when
exposcd to o concentration of about 18 per cent
in air, Recovery was very rapid with no apparent
untoward cfiect cven after prolonged ancsthesia.

Lehmann and Fluryd noted that vinyl chloride
was highly narcotic but had a wide margin be-
tween itk narcotic and lethal concententions, 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 Schaumann,
concentrations of seven to ten per c nt in air
would be narcotic to humans in & short time and
12 per cent would be dangerous.

Vinyl chloride has been studied as a possible
anesthetic agent. Oster and associates® noted that
incoordinated muscular pctivity of the extremi-
ties and cardiac arrythmins 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
as an anesthetic agent.

Two cases of vinyl chioride gassing cecurred in
a factory in Great Britain where polyvinyl 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 a water stream.
After ten minutes of this he suddenly collapsed
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 case occurred in o maintenance worker
who was overcome while repairing a vinyl chloride
leak. Both men were hospitalized. Another worker
whose hands were accidentully sprayed with
vinyl chloride liquid under pressure developed a
burn. This latter case was reported by Harris.?
Such burns may oceur with other highly volatile
materials when sprayed onto the hands as o liqui
under pressure, ’ :

Filutova and Grousberg!® in 1957 reported on
hygicnic conditions in a polyvinyl processing
plant in the USSR, The plant was engaged in
the pulymerization of vinyl chloride by means of
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a eatalyst. Air sampling was done and the con-
centrmtion of vinyl chioride was found to vary
from about 20 ppm to about 315 ppm. (U.S.8.R.
Threshold Limit Value: 1 mg/liter or ubout 400
pput). .\ spastic type blood vessel disorder was
deseribed in workers from this plunt.

Becawse of the recent fatalitics mentioned
abave it was decided to undertake acute inhala-
tion studies in laboratory animals with commer-
cinllv available vinyl chloride. This was done both
for comparison with earlier work and to provide
information on the acute response and pathologi-
el changes in more than one specics of laboratory
animal.

Experimental Materials and Procedures

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

Specific gravity st 20°C 0.983-0.988
Water contets Nona
Boiling range °C . =110 —0.8
Hydrogen chloride eortent None

Acetylene 10 ppm mazimum
Acetaldehyde 20 ppm mazimum
Iron Emsaptially {ron tres

9.8 maximum
0.5 maximum

Purity (per cent)
Impurites (per cent)

Pure viny! 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 explosive limits in air from 4 to 22 per
cent. It has the molecular formuls CH.:CHCL

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
wav, All were of the same stage of development.

Equipment: The inhalation chamber capacity
was 36.6 liters. It was equipped with a viewing
window and an inlet tube. Vinyl chloride was re-
leased in gascous form through an adjustable
valve on the top of the containing cylinder, then
through connecting rubber tubing and a recali-
brated Fisher low-mcter. Fresh air was pumped
by motor ut an adjustable controlled rate through

a meter, The streams of air and vinyl chloride’

were combined at appropriate rotes of flow by a
glass Y-tube leading through [urther rubber tub-
ing to the animal chamber inlet, to deliver a
continuing stream in the desired proportions,
Caleulations and adjnstments were made to pro-
duee the following flow concentrations of vinyl
chloride in air for delivery: 10, 20, 30 and 40 per
cent. Al concentrations are expressed in this re-
port us per cent by volumie in air. No determina-
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tions of vinyl chlorile concentrutions were done
in the test chamber during the experiments.
Erperimental Procedurcs: Different groups of
five mice, five rats und five guinca pigs were
placed in the chamber and cxposed for thirty

‘minutes to coneentrations 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 was exposed to a concentration of 40
per cent vinyl chloride in air. In all 65 experimen-
tal animals were involved. Observations were re-
cotded on the animals during and after exposure.

The animals which died cither during the ex-
puaure or after a delay period were autopsied soon
after death, Two weeks after the exposure sur-
"iving test animals and controls were sacrificed
v; a blow to the head with the exception of four

control rats which were killed by exsanguination. -

All animals were examined for gross pathologi~
+al changes. Tissues were removed from all ani-
n.als for microscopic examination. The lungs,
liver, kidney and heart were removed in all
cases. The brain, adrenal, spleen, traches, lymgh
noes, 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-eosin. Special stains
were made where indicated.

QObservations

Conirol Animals: No symptoms were exhibited
by the 15 control animals and no deaths oceurred.

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

X ure
E (m“‘g"" Ruspooes
] Blight irritation in mice and mts.
3 Increased motor activity fimt in ‘mies,
then rats sod guites pige.
10 Increased motoe activity in ell species;
twitching of extremties in mice.
15 Pr d . dy gaiv and
lar incoords, io all spec
20 Mice and rats in side position; musculsr
dination, ¢ and twitehi

of extremitien in guines pigs.

b1 ) Mice and rats unconscioua, guines pige
very unstendy but still standing.

0 Mice and mts in deep narcoss; guises
pigein side powition with )
PLT TS T

Exposure was stopped and the animals removed
to fresh air. All recovered within five minutes,
Twenty Per Cent Vinyl Chloride: The reaponse
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of animals exposed to this concentration is re.
corded below in summury form:

E re Time
mutu) Response
1 Immediste imtation in mice and rate.
H Muscular ineoordination 1n mics and
s,
[ ] Mios and rats on their sides with marked

tremors and twitching of the extremi-
Ches tondi sad lar i1nco-
ordination in guinca piys.

b ] Mice and rats unconacious with rapid
irregular bresthing, giuncs pige un-
sonssous but showing marked twiteh-
ing.

Allanimals in deep narcosis; respirstions
trregular and rapid, .

Deep parcosis; bresthing slow and shsl-
low.

Breathing ceased 1n one mouse; frothing
at mouth and nostrils in mice und rata,

] All animals in desp narcoms.

e s '-_;4

Exposure was stopped and the animals removed
to fresh air. Mice and rats recovered faster than
the guiréa pigs and appeared normal within five
minutes except.for one mouse which was dead.

- The guinea pigs continucd to show muscular in-
coordination, unsteadiness on their fect until 20
minutes after removal from exposure..

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

Ex(‘::i‘n‘::;};‘m' R upom.e
- Mide showed irritation immediately snd
ba fmts showed imtauon gquiekly
theren(ter.
1 Muscular inepordination in mice and
rats,
2 Mice and mts in side position with

marked tremors and twitehing of the
extremities; muscular ncoordination
o guines pigs with developing paruly-
ois of the extremitics,

] All animals unconscious; mpid irreguler
redpirations in mice and rate with
{rothing about nose and mouth;
twitching of extremnitien still oceurred
occasionally in guinea piga.

10 Hespinuons stopyed 10 mice; breuthing
slow and shallow in ruts: guinen pigs
still exhibited occamonal titching
movements of the extrenitics

1§ Breathing s1oppesd in rata;, respimtions
slow and shallow 1a gitinea pige;
twitehing of extrémities sull present
in guines pixs.

30 Mice and rats st:ll: guinen pigs 1n deep
uarcosis with slow slaliow breathing

Exposure was stopped and the animals removed
to fresh air. The mice and rats were dead. The
guinea pigs took 25 minutes to return to thoer
normal appearmnee and netivity, One guinea pig
fromn this group dimd within 24 hours following
espostre,

.
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Tascg 1
Number of Deaths in Different Groups of Five
Mice, Rats and Guinea Pigs Exposed for Thirty
Minutes to Varying Coneentrations of Vinyl
Chloride in Air

Vinyl chloride Laborstory animal
concentration
(per cent by Tomt
volume in air) Mice Rats |Guinea pigs
10 0/3 0/8 c/3 0/1%
20 1/6 /8 /8 1/18
30 .8/8 5/8 178 1/1%
© - - 3/8° s
Total 8/18 ins /0 . 14/30

* A delayed denth occurred within 24 hours following exposure.

Forty Per Cent Vinyl Chloride: Ouly five guinea
pigs were exposed to this concentration. Sigrs of
irritation were immedintely apparent. Muscuiar
incoordination appeared within seconds. Afier
five minutes all the guinea pigs were unconse. ous
with slow shallow breathing. At the end of the
exposure period one guinea pig was dead and the
remaining four were in deep narcosis. Thes. sur-
vivors took 30 minutes to return io their norinal
appearance and activity, but one died within the
following 24 hours, .

‘The number of deaths occurring in differen
groups of five laboratory animals exposed for
thirty minutes to varying concentrations of viny)
chloride in air is shown in Table 1.

Pathological Findings

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

Control Antmals: These animals showed no
gross or microscopic evidence of dumage.

Ten Per Cent Vinyl Chloride: All test animals
survived this exposure. They were sacrificed two
weeks later, On gross examination there was evi-
dence in mice of slight hyperemia of the lungs.
This was less marked in rats. Guinea piga showed
no difference from eontrol animals. 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 kidney with hydropic swelling.
The ruts showed slight congestion of the capillar-
ied in the lung. Lungd in the guinea pig were also
slightly more hyperemic than those of the control
animuls,

Twenty Per Cent Vingl Chloride: One mouse
diedd ns a0 result of 30 minutes exposure to this
concentration. Pulmonary eongestion was evident
on gross excemination, Micrseopically, there wais

BOR 009674



. »-

Ind.strial I_{_ygzéize Journal

engorgenment of the blood vessacls in the lung with
patehy areas of ateloetasis and minimal cdema,
The kidnevs  showed minimal  degenerative
changes in the epithelium of the convoluted tu-
bules,

The test animals surviving this exposure were
aerified in two weeks, On gross examination,
congestion of the lungs was present in all species,
hut it was more marked in the mice and rats than
in the guinea pigs. Histologically, there was evi-
denee of pulmonary congestion in exposed ani-
mals. Some fatty infiltration was present in the
Hiver of one rat. All other tissues studied appeared
normal.

Thirty Per Cent Vinyl Chloride: Gross examina-
tion of the animals which died us o result of this
exposure revealed congestion of the lungs with
hemorragic areas. The mice and rats in addition
showed congestion of the liver and kidney. The
one guinea pig death was delaved. 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 ineluded 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 and rats. The liver of the guinea pig
which kad the delayed death showed severe fatty
degeneration of the liver confirmed with frozen
sections stained with Sudan III,

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-
teriul infiltration. The liver in these guinea pigs
gave the appearance of fatty infiltration but no
fat was demoustruted on frozen section.

Forty Per Cent Vinyl Chloride: One of five
xuines pigs exposed to this concentration died
during the exposure and another died within 24
hours. The two which died showed marked con-
gustion of the lungs with hemorrhuges on gross
vxamination. This was also cvident on micro-
scopic examination. The liver of one of these gave
the appearance of fatty infiltration, but no fat
could be demonstrated on frozen section.

The three surviving guinea-pigs were sacrificed
two weeks fater. Maoarked congestion of the lungs
with homorrhage was avident on both the gross
and microacopic examination. In one guines pig,
the trucheat epithctium wns completely-ubscat,

Pathologicnl studies which were made of the
brain, heart, spleen, adrenals, lymph nodes and
the eyves showed no difference between controls
andd animals dying na a result of exposure or be-
tween controls and the surviving animals saen-
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© fieed two weeks after exposure. There was a

tendeney for the blood to remain unclotted in the
anmals dyving during exposure, This feature was
noted in the two human fatalitics mentioned ear-
licr but it is not a specific characteristic of vinyl
cl.loride. ’

Discussion .

The response of guinea 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 period than cither the mice
or rats. The results.in mice agreed closcly with
those reported by Peoples and Leake. Rats were
similar to mice in their response.

The pathological changes in animals which
died as a result of exposure were mainly those of
vascular engorgement of the lungs with hemor-
ruages 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 tracheal epithelium.
Congestion of the liver and kidnevs also occurred
in test animals. These changes are similar to
*hose reported by Patty and associates.

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

Degenerative changes in the tubular epithelium
of the kidney were noted in one mouse dying as &
result of cxposure 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-
lowing cxposure showed severe fatty infiltration
of the liver. Changes suggestive of fatty infiltra-
tion were observed in other exposed unimals but
not confirmed by frozen scctions stained with
Sudan II1.

Summary

Separate groups of laboratory animals 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 guines
pigs were exposd to o 40 per cont concentration
for n similar period of time. The response by each
of the three species to these concentrations is
noted.

Inhalation of these relatively high concentra-
tions produced marcosis and death. Mice were the

most susceptible with guinea pigs considerably

more resistant, Rats were similur 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 deecp narcoss; but threc of five
guinea pigs survived exposure to 40 per cent con-
centration.

Animals dying as a result of exposure were
autopsied shortly after death. Survivors and con-
tral animals were sacrificed two weeks later,
Grows pathological and microscopic studics were
done; and these findings are deseribed.

Tue principal pathological changes in animals
dung from exposure were congestion of the lungs
witn pulmonary edema ond hemorrhages in some,
su. congestion of the liver and kidnevs. Fuilure
of the blood to clot was also observed. One of the
three guines pigs which died following exposure
shorved severe fatty infiltration of the liver.

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

October, 1960
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F‘QR 18 YEARS THE AIHA QUARTERLY was the publieation of ATHA, then
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of four. Now limitation of storage space is forcing us to dispose of all back issues of
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available as we go to press. Some issues are reprinted without cover. The cost is
$1.50 per issue (31.00 each when more than three issues are ordered) from Volumes
7 through 18,

From 1940 to 1946 AIHA Quarterly appeared as a section in Industrial Medicine
and Surgery, however these issues of these sections have been reprinted and are
available as a unit. The complete reprint, Vols. 1-7, costs $10,00 to members, and
$50.00 to companies or departments of government, Handsomely bound, complete
sets of Vols. 1-18 with cumulative index are available for $250.00 per get.

Address all orders to: George D. Clayton, Executive Secretary, ATHA, 14125
Prevost, Detroit 27, Michigan.
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