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Acut[e 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.

Division of Industrial Hygiene, Ontario Department of Health, Toronto, Ontario;
Department of Physiological Hygiens, School of Hygiene, University 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 pmduct.lon of polyvmyl chloride resins. The
fire and explosion d of the and its
narcotic properties on scute exposure are well
known. As an industrial material, however, it 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 industrial fatalities associated with its use
have previoualy 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 guseous mono-
mer with the aid of catalysts. One worker died
while cleaning out a polymerisation vessel und the
other while working in 4 pit. Details of these two
fatalities have been reported by one of the nu-
thors.!

Published information on the acute toxicity of
vinyl chloride to experimental animals proved
scanty. Patty, Yant and Waite* in 1930 reported
on the acute response of guineu 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 ¢xposed for
ten minutes was 8 to 12 per cent in air; 25 to 30
per cent was fatal in ten minutcs. Dogs and rab-
bite were anesthetised within one minute when
exposed to o coneentration of about 18 per eent
in air, Recovery was very mpid with no appurent
untoward effect even after prolonged unesthesia,

Lehmann and Flury* noted that viny) chloride
wus highly narcotic but had a wide margin be-
tween ita narcotic and lethal concentrations. lta
local irritating effect und its toxicity were de-

scribed as very slight. Elimination from the body
was very rapid. These authors quoted the work
of 8chaumann® 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 eent would be dangerous.

Vinyl chloride hus been studied us a possible
anesthetic agent. Oster und associates® noted that
incoordinated muscular activity of the extremi-
tiea and cardiac arrythmias 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
a8 an ancsthetic ngent.

Two cases of vinyl chloride gussing occurrad in
u factory in Great Britnin where polyvinyl chlor-
ide resin was being made. Theso were repdrted by
the Chief Inspector of Factorics.! In one case a
procesa worker was standing outside a polymeri-
sation vessel and washing it with a water stream,
After ten minutes of this he suddenly collapsed
ucross the open manhole. Artificial resuscitation
woas fully applied. SBubsequent symptoms
experienced by this worker were tightness of the
chest, nausea, abdominal pain and headache. The
second cuse occurred in & maintenance worker
who was overcome while repairing s vinyl chloride
leak. Both men were hospitalizsed. Another worker
whose hunds were uaccidentally spruyed with
vinyi chioride liquid under pressurs developod &
burn. This latter case was reported by Harris.*
Such burns muy oceur with other highly volatile
minterinds when sprayed onto Uie handasas o iguid
under pressure,

Filstova and Gronsherg'® in 1957 reported on
hygicnie conditions in n polyvinyl processing
plant in the USS.R. The plunt was enguged in
the pulymerization of vinyl chioride hy means of
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8 catalyst. Air sumpling was done and the con-
centrution of vinyl chloride was found to vary
from about 20 ppm to about 315 ppm. (U.SS.R.
Threshold Limit Vulue: 1 mg/liter or about 400
ppm). A spastic type blood veasel disorder was
described in workers from this plant,

Because of the recent fatalities mentioned
above it was decided to undertake acute inhala-
tion studics in laboratory animals with commer-
cinlly available viny! chloride. This was done both
for compurison with earlier work and to provide
information on the scute response and puthologi-
enl chiangos in more thin one spocion of luboratory
unimal,

: \
Experimental Materials ond Procedures

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

Byecific gravity at 20°C 0.083-0.985
Water content Nose
Boiling range °C =0 =08
Hydrogen chloride content Nons

Acetylene 10 ppm maximum
Acstaldehyde 30 ppm waximum
Tron Essenially iron free
Purity (per cent) 9.6 maximum
Impurities (per cent) 0.5 maximum

Pure viny} chloride is & colorless gas at room
temperature; its boiling point is —13.9°C. It bas
8 awectish odor. Its flash point ia given at ~78°C
and it explosivo limits in air from 4 to 22 per
cent. 1t hus the moleculur formuly CH,:CHCI.

Animals: Mice, mts and guines pigs were used
in the study. Test and control animals were taken
from the same laboratory stock. All were fed a
standard commercial dict and housed in the same
way. All were of the samo stage of development,

Eywipment; The inhalation chamber capucity
wus 56.6 liters. [t wus 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-
bruted Fisher flow-moter. Fresh air was pumped
by motor ut an udjustable controlled rate through
5 meter. Tho streams of air and vinyl chloride
were combined ut upproprinte rates of flow by a
glass Y-tube lending through further rubber tub-
ing to the animal chmler inlot, to deliver o
continuing strenm in the desing proportions.
Culeulutions uud udjustments were made to pro-
die the following flow concentrutions of vinyl
chloride in wir for ilelivery: 10, 20, 30 and 40 per
cent. All concentrations are expressed in this re-
port as per eent by volume in air. No determina-
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tions of vinyl chloride concentrations were done
m the test chamber during the experiments,
Ezpennwntal Procedures: Different groups of
five mn,c, five rats and five guinea pigs were
placed in the chamber und exposed for thirty
minutes to concentrations of 10, 20 and 30 per
cent vinyl chloride in air. Similar groupe 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
guiten pigs was d ton trution of 40
Ixr cont vinyl chlorido by wir, bn wll 08 exporiinons
tal animuls were Involved. Obwervations were re-
corded on the animals during und after exposure,
The aninuls which dicd either during the ex-
posure or after u delay period were autopsied soon
after death. Two weeka 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 werc 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 bruin, 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. Specu\l stains

were made where indicated.
Observations
Control Animals: No sympt. were exhibited

by the 15 control animals and no deaths occurred.

Ten Per Cent Vinyl Chloride: The response of _

animuls exposed to this concentration is recorded
below in sumimary form:

I
it Response
1 Blight lrritation in mice snd M.
] Incrensed motor aotivity first in mics,
then rats and guines pigs.
10 ncresaed motor aativity in all epecies;
twitohing of extremities in mice.
15 Pronounced tremor, usstesdy gait and
muscular jncoordination in all ipscies.
% llm snd s in side position; museular
treniors and twiteh
of extremities in guines pigs.
25 Mios and ruts unconscious, guines pige
vary ungiaady but sull etanding.
» Mivo sud rais In dewp narcoels; guines
Pigs in side position with tremon—one
unoonacious,

Lxposure was stopped and the animuls removed
to fresh uir. All recovered within five minutes.
Twenty Per Cent Vingl Chloride: The respouse
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of animals cxposed to this voncentration is re-
corded below in summury form:

Exposure Time
dﬂ‘“ﬂ ) Response

1 Tituediate irritation in mice snd rats.

] Musoulus incoordination in mice aad
i,

1] Mice and ruta on their sides with serked
tromors wnd twiiching of the extromni-
ties; unsteadineas and muscular inco-

E ordination in guines pigs.

10 Mice und mts unconscious with rapid
ircegulur brouthing; guinos pigs un-
conscious bit slawing inarked wwitel-
ing.

13 Allanisuinin doep naroowis; sespirations
irreguing wud rapid

0 Deep narcunis; breathing slow and shal-
low.

% Breathing coused iu one mouss; frothing
at mouth und nostrils in mice snd mis.

3 All snimals in desp narovsis.

Exposure was stopped sad the animals removed
to fresh air. Mice and rats recovered fuster 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-

dination teadi on their feet until 20
minutes after removal from expusure.

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

E'(:;:J:“T)‘m Response
- Mioce showed irritation immediately snd
the raws ahiowed irritation quickly
therenfter.
1 Musculas incoordinetion in wicé und
is,
2 Mice and rata In side position with

nwcked tremons und twitching of the

in guines pigs with developing parsly-
win of the uxtcemnities.

] All aniinals unconscious; rapid irregular
respirations in nico and rats with
frothing sbout wnose sad mouth;

itching of ies wtLill 4
occasionally in guines pigs.

10 Respirations stopped in wioe; breuthing
slow and shallow in rats; gninea pigs

October, 1960

‘Tanue |
Number of Deaths in Different Groups of Five
Mieo, Rita and Guinea Pigs Yoxponed for Thiriy
Minutes to Varying Concententions of Vinyl
Chloride in Air

Yinyl chioride Luborutory snimal
——— . Total
(per cent by K
volume in air}|  Mice Rats  [Gainea pigs
1 /8 /8 /5 0/15
A 18 /8 0/8 1716
R (%} 8/8 V/e* 118
4 - - /8 /8
Towl 8/16 8/48 I /50

* A deluyed deuth occurred within 24 hours following exposurs.

Forty Per Cent Vinyl Chloride: Only five guinca
pigs were exposed to this concentration. Signs of
« irritation weee immediately apparent. Musculnr
incoordination appesred within seconds. After
five minutes all the guinea pigs were uncouscious
with slow shallow breathing. At the end of the
exposure period one guinea pig wus dead and the
remaining four were in deep narcosis. These sur-
vivors took 30 minutes to return to their normul
appearance snd activity, but one died within the
following 24 hours.

The number of deuths occurring in different
groups of five lnboratory animals exposed for
thirty minutes to varying concentrations of vinyl
chloride in air is shown in Table [.

Pathological Findings -

Gross puthologienl and histological studies were
enrricd out, The findings are sumnmarized helow,

Control Awimals: Thuse animals showed no
gross or microscopic evidence of dumage.

Ten Per Cent Vingl Chloride: All test animals
survived this exposure. They were sacrifieed two
weeks Juter. On gross examination there wus evi-
dence in mice of slight hyperemin of the lungs.
This was leas marked in ruts. Guines pigs showed
no diff from control animais. On histologic

sull exhibited

tion the mice st 1 very slight engorge-

of the it
] Breathing stopped ia rate; rospirations
slow and shallow im guines pigs;
twitching of extremnities atill pressnt
I gulnes piss,
% Mics snd rats atil; guines pigs in deep
aarcosis with slow shallow breathing

Exposure was stopped and the animala removed
to fresh air. The mice and rats were dead. The
guinea pigs took 25 minutes to return to their
normal appearance and activity. Ono guinen pig
from this group died within 24 hours following
exposure.

B6612652

ment of the pulinonary vessels. One mouse
showad degenerative changes in the tubulur epi-
tholium of the kidnoy with hydropic swelling.
The ruts showed slight congestion of tho eapillar-
ies in the lung. Lungs in the guinea pig were nlso
alightly more hyperemic than those of the control
animuls.

Twenty Per Cent Vinyl Chloride: One mousc
died us » result of 30 minutes exposure to this
tion was vvident
on gross vxamination. Micrescopically, there was

tration. Pul "
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engorgement of the blood vessels'in the lung with
patehy areas of atelectasis and minimal edema.
The kidueys  showd  mininal  degencrative
changes in the epithelium of the convoluted tu-
bules,

The test nnimals surviving this exposure were
swrificed in two woeks. On gross exumination,
congestion of the lungs wus present in all species,
but it was more marked in tho mice and rats than
in the guinen pigs. Histologically, there was evi-
dence of pulmonary congestion in exposed ani-
mals. Some fatty infiltration was present in the
liver of ane rat. Al other tissues sbudied sppernedd
nurnnl.

Thirty Por Cent Vinyl Chloride: Gross examina-
tion of the unimals which died us 8 result of this
exposure revenled congestion of the lungs with
hemorrhagic arcas, The mice and rats in uddition
showed congestion of the liver and kidney. The
one guinen pig deuth was delayed. In this animal
there was marked congestion of the lungs with
hemorrhages and the liver was distended and very
friable. The microscopic changes in the animals
which died incladed marked engorgement of the
pulmonary blood vessels with edema and hemor-
rhages in the lungs. The trachea of one rut showed
superficial desquamation of the epithelium. Con-
gestion was also evident in the liver and kidney
of the mice und ruts. The liver of the guinca pig
which had the delayed death showed severe fatty
degeneration of the liver confirmed with frozen
sevtions stained with Sudan 111

The four surviving guines pigs were saerificed
two weeks Inter. Marked pulmonary congestion
wus present with hemorrhagic aress and edema.
In one cnse there was evidence of secondary bag-
terisl infiltration. The liver in these guines pigs
guve the uppenmace of futty infiltration hut uo
fat was demonstrated on frosen section,

Farty Per Cend Vingl Chloride: One of five
guinen pigs exposed. to this concentrution died
during the exposure and another died within 24
hours. The two which died showed marked con-
gestion of the lungs with hemorrhuges on gross
cxamination, This was also evident on micro-
scupie exumination, The liver of one of these gave
the appenrance of fatty infiltrution, but no fat
could be demonstrated on frozen section.

The three surviving guinea pigs were sacrificed
two weeks luter. Murked congestion of the lungs
with hemortlinge was evident on both the gross
und microscopic exumination. In one guinea pig,
the tracheul epithelium was completely absent.

Puthological studies which were mude of the
beain, heart, spleen, adrenals, lymph nodes and
the eyes showed no difference between controls
and uninwls dying us a result of exposure or be-
tween controls and the surviving animals sacri-
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ficedd two weeks after exposure. There was &
tendency for the blood to remain unclotted in the
unimals dying during exposure. This feature was
noted in the two human futalities mentioned esr-
fier but it is not u specific characteristic of vinyl
chloride.

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
wtudy, however, toleratad a greater exposurs dur-
ing the experimental period than either the mice
or rutw, The results in mice agroed closely with
those reported by Peoples and Leake. Rats were
similur to wice in their response,

The pathological changes in animals which
died us a result of cxposure were mainly those of
vasculur engorgement of the lungs with hemor-
rhages und cdema. The severity of these changes
varied with the severity of exposure. in the higher
concentrations, pulmonary change was marked
with severe dumage to the tracheal epithelium,
Congestion of the liver and kidneys also occurred
in test snimals. These changes are similar to
those reported by Patty und associates.

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

Degenerutive changes in the tubular epithelium
of the kiduey were noted in one mouse dying as a
result of exposure and in one mouse eacrificed
two weeks after being exposed. Such changes,
however, were minimal and not shown by other
animals in the group.

Oue of the guines pigs with delayed death fol-
lowing exposure ghowed severs fatty infiltration
of the liver. Chunges suggestive of fatty infiltra-
tion were observed in other exposed animals but
not confirmed by frozen scctions stained with
Sudaa 111

Summary

Scpurute groups of laboratory animals com-
prising five mice, five rats and five guines pigs
were exposcd in sn inhalation chamber to concen-
trutions of 10, 20 and 30 per cont vinyl chloride
in air for 30 minutes. An additional five guinea
pigs were exposed to u 40 per cent concentration
for a similur period of time. The response by each
of the three ics o these trations is
noted.

Inhalution of these relatively high concentra-
tions produced narcosis and death, Mice were the
most susceptible with guinea pigs considerably
mure resistunt. Rata 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 concentrutions killed
mice and rats. Exposure of guinea pigs to 20 per
cent produced deep narcosis; but threc of five
guinea pigs survived exposure to 40 per cent con-
centration.

Animals dying a8 & result of oxposure were
autopsied shiortly after death. Survivors und con-
trol animals were sucrificed two weeks luter.
Gross pathological and microscopic studics 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. Fuilure
of the blood to clot wus also obscrved. One of the
three guines pigs which died following exposure
showed severe fatty infiltration of the liver.

Burvivors sacrificed two weeks after exposure
showed little difference from the control aniniuls.
Pulmonary congestion waa still evideat but liver
and kidney congestion wus not.

October, 1960
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Acute and Sub-acute Toxicity Studies
of Thallium Compounds

WILLIAM L. DOWNS, M.S., JAMES K. SCOTT, M.D.,
LUVILLE T. STEADMAN, Ph.D,, and
ELLIOTT A. MAYNARD, Ph.D.

Department of Radiation Biology, University of Rochester, School of
Medicine and Dentistry, Kochester, New York

Introduction

HE clement thallium wus discovered by
Crookes in 1861 by spectruscopic techniques
und isolated chemically one year later by A.
Lumy. There ars no large industrial uses for
thallium and its production has been limited.
The principal uses of thallium have been related
to its rodenticidul propertics and it was formerly
used s o depilating agent. Thallium salts are
alwo wied i the production of cortain types of
optical gluss snd in the manufacture of scintilla-
tion counters.
An examination of the literuture reveals a

number of published reports and reviewst: 33 of :

thallium toxicity following ingestion of rodenti-
cides containing thullium compounds, A con-
siderable smount of work has been reported on
the depiluting uction of thallium compounds on
laboratory avimals und mant- ¢ &7 The dis-
tribution and excretion of isotopic thallium
(T13%) by been reported by u number of inves-
tigntors.% - 1¢ Recently, Stavinohs and co-work-
ers® huve demonstrated that certuin compounds
contuaining sulfur act us protective agents against
ucute thullium poisoning in mice,

The work reported below is concerned with the
scute toxicity of thallous acetate (TA) and thallie
oxide (TO) following the administrution of these
compounde to several specics of animals by sev-
eral routes. The ingestion toxicity of these com-
pounds wus nlso investigated for periods up to
three months. .

Experimental Methods and Materials

The two thullium compounds studied were ob-
tained from the American Smelting and Refining
Co., Denver, Colorudo (thallic oxide) and Chem-
ical Commeree, Newark, New Jersey (thallous
ucetate), The purity of these compounds was
relatively high (99.5-99.8% TI).

This paper is bused on work perforined under contruot with

the Unitod Stutes Atomie Encrgy Connmnission at the University
of Rochester Atomic Energy Froject, Rochester, New York,

The thallous ncetato was prepared as an aque-
ous solution at concentrutions of 1, 2 or § per
cent. The thallic oxide was suspended (5%) in
distilled water containing 0.8 per cent carboxy
methylcellulose.

Young adult, female and male albino rats,
originully of the Wistar etrain (1923) and bred in
the Project Colony were used. The rabbits were
young, mature albinos obtained from local breed-
ers. Guines pigs woro young mature animals of
mixed sex and obtained from locul breeders. The
dogs were beagle-type mangrels obtained from
local sources.

Single doses of thallous acetate and thallic
oxide were administered by intravenous injection
to rabbits, by intruperitoneal injection to rabbits,
guincu pigs and rats, and orally to rabbits, guinea
pigs, rats and dogs. Groups of 2 to 5 rats received
single ornl or intrapoeritoneal doses of the com-
pounds. Gengrully only one rabbit, guinea pig or
dog was treated at each dose level, The LDy
values, their confidence limits, snd the slope
function of the regression line, were calculated
by the method of Litchfield and Wilcoxon.® All
unimals wero held for a 14-day period of obeerva-
tion following injection.

The ingestion studies were conducted using
weanling (5080 gin) albino rats. The basal diet
was Purins Fox Chow Meal. The rats were kept
in basket-type cages and were permitted to take
food and water od lib. The experimental diets
were prepared by the admixture of the thallium
compounds to the basal diet using an electric
mixer. Body weights and clinical data were re-
corded.

At termination of the ingestion study all of
the surviving rats were sacrificed by decapitation.
The rats 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, stomuch, testes, skin, and adrenals were
fixed in Bouins and stained with hematoxylin
und eosin for histological study. Portions of the
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