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Introduction

IRST 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
nareotic properties on acute 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 Ameriean Conference of Governmental In-
dustrial Hygienists,

No induastrial fatalitios associnted with its use
have previously heen reported. [t was therefore
of special interest when two fatalitios occurred in
a plant handling vinyl ehloride, This plant is en-
enced in the polvinerization of the gascous mono-
mer with the aid of catalysts, One worker died
whide eleaning out o polymerization vessel and the
other while warking in o pit. Details of these two
fut:dities have been reported by one of the -
thors!

PPablished iuformetion on the acate toxicity of
vinvl chloride to experimental animals proved
seanty. Patty, Yant and Waite? in 1930 reported
on the aeute response of guines pigs to vinyl
cldoride. They found that exposure to 20 to 40
per cent i air killed guinea pigs in o short time;
exposure to ten per cent was endured for zeveral
hours. Congestion and edema of the tunes with
hyperemin of the liver and Kidneys were noted.

Peoples and Lanke? found the minimal anes-
thetie range of vinvl ehloride in mice exposed for
ten intttes was S to 12 per cent inoarg 235 to 30
per eentwns futal in ten minutes. Dogs aod -
bits were anesthetized within one imnute when
extosed to s coneentration of about 1S per eent
s, Hecovery was very mpid seith no apparent
antow:rd effeet even after profonged anesthesia,

Pehmann and Flaeyt noted that vingd elidoride
wir= highy nercatie but had o widde margin he-
tween its nareatie and lethal comeentrations, (s
loead preitating effect mmd 318 tosteity were de-

scribed as very slight. Elimination from the b«
was very rapid. These authors quoted the w. -
of Schaumann? with experimental animals, M
rats and dogs were able to endure repeated -
cosis without any pathologieal evidence ol
or kidney damage. According to Schanne
concentrations of seven to ten per cent i
would be narcotic to humans in w short time o
12 per cent would be dangerous.

Vinyl ehloride has been studied as a pooss
anesthictic agent. Oster and assoeiates® noted ©
incoordinated muscular activity of the extee
ties and cardiae arrythmins of @ sertoas nats
were observed in all six dogs used i their exper
ment. Carer and others? found that vinvl ehibor
produced  sensitization of the myocadios
three of seven dogs in which i wis admonester
as an anesthetic agent.

Two cases of vinyl ehloride gassing oceure
a Factory in Gireat Britain where polyyined oo
tles resin wis being made, These were reporte £
the Chiel Inspector of Factories ™ o one oo
process worker was standing outsiche @ polyn.
zation vessel and washing it with w water <o
After ten minates of this he suddenly col
across the open manhole, Artificial resuseits
was successfully applicd, Subsequent sy
experieneed by this worker were tightness o0 °
chest, nausen, abdominal pain amd hewdache.
seeond ease occurred ina maintenanee w
who was overcome while repairing s vinyiei s
ek, Both men were hospitalized, Another e
whose hands were aeeidentally sprayed
vinyl ehloride liguid under pressure deselon
burn, Phis lntter ense was reported by i

Tor

Sieh brrns nay oceur with other highty
necteriads when spraved onto the hands o
ticder pressure,

Filatova and Gronshergt® jg 1957 venees
Ivgienic conditions in g polyvvinel proe
plant in the USSR The plant was voas '

the polvmerization of viovl ehloride byowes
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catalysto Nir sampling was done and the con-
atration ol vinyl ehloride was found to vary
aeabout 20 ppi to about 315 ppi. (USSR,
Jueshold Limit Value: 1 mg/liter ar about, 400
an. A spastie tvpe blooad vessel disorder was
wribed in workers from Lhis plant,

Peeniise of the reeent Tatalities mentioned
ove it was deeided to undertake acute inhala-
astudies i nhorntory animals with commer-
Jv available vinyl ehloride, This was done hoth
reomparison with carlier work and to provide
Sriation on the nente response and pathologi-
Aehanges in more than one #pecies of laboratory
sl

qperimental Materials and Procedures

Uiyl Chloride: The vinyl ehloride was supplied
ametal eylinder under pressure. A commercial
_ole with the following speeifications was used:

-Lene grvity ay 20°C 0.983-0.985

L er enntent None
“ag range °C -1l to —9.5
izouen chloride content None
vlene 10 ppm maximum

saldehivde 20 ppm wakitmum
FY Fssentinlly iron free
v T cent) 99.5 maximum
santies (per cent) 0.5 maximum

Pure vinyl chlovide is o colorless gas at room
_perature; its boiling point is —13.9°C. 1t has
ceectish odor, Tts flash point is given at —78°C
Cits explosive limits in air from 4 to 22 per
1t has the moleeular formula CIHL: CIICL
cimade: Mice, ruts and guinea pigs were used
“e study. Test and control animals were taken
~a the same laboratory stock. All were fed a
dard commereial diet and housed in the same
- Al were of the =ame stage of development.
Seapment: The inhalation chamber capacity
<66 Jiters, [t was equipped with a viewing
v anel an inlet tube. Vinyl chloride was re-
< In gusecous form through an adjustable
wo an the top of the containing cylinder, then
qzh conneeting rubber tubing and a recali-
“i Ficher flow-meter. Fresh air was pumped
wotor at an adjustable controlled rate through
-ter. The streams of air and vinyl chloride
“combined at appropriate rates of flow by a
< Y-tube leading through further rubber tub-
2w the animal chamber inlet, to deliver a
wring stream in the desired  proportions.
siutions and adjustments were made to pro-
- the following flow concentrations of vinyl
side in air for delivery: 10, 20, 30 and 40 per
.. All concentritions are expressed in this re-
= as per cent by volume in air. No determina-

tions of vinyl ehlovide concentintions were done
i the test elmmber during the expreriments,

Ereperimental Procedures: Different, groups of
five miee, five s amd live guines pigs were
placed in the elimmber and exposeid for thirty
minutes (o concentendions of 10, 20 and 30 per
cenlo vinyl eliloride i air. Similar groups of con-
Lrob animals were maimtained but nat exposed to
vinyl ehloride. At the end of thirty minutes ex-
posure the fest ammals were immediately re-
maved to fresh wir, An additional group of five
guinea pigs was exposed to i concenteation of 40
pereent vinyt ehlovide inoair Tocall 65 experimen-
tal animals were nvolved. Observations were re-
corded on the animals during and after exposure,

The animals whiel died either during the ex-
posure or after a delay period were autopsicd 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
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, Iymph
nodes, and the eye were removed from represen-
tative animals in caeh group for study. The tissucs
were preserved in formalin and seetions made for
staining with hematoxylin-cosin. Special stains
were made where indicated.

Observations

Conlrol Awnimals: No symptoms were exhibited
by the 15 control animals and no deaths aceurred.

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

Exposure Time

(minutes) Response
1 Slight irritation in mice and rats.
5 Incressed motor activity first in mice,
then rats and guinea pigs.
10 Increased motor activity in all species;
twitching of extremities in mice.
15 Pronounced tremor, unsteady gait and
muscular incoordination in all apecies.
20 Mice and rats in side position; muscular
incoordination, tremors and twitching
of extrcmities in guinea pigs.
25 Mice and rats unconscious, guinea pigs
very unsteady but still standing.
30 Mice and rats in decp narcosis; guinen
pigs in side position with tremors—one
unconscious.

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

Exposure Time

(minutes) Response
1 Immediate irritation in mice and rats.
2 Muscular incoordination in mice and
ity
5 Mice and rats on their sides with mnrked

tremors nnd twitching of the extremi.
ties; unsteadinesy and muscular inco-
ordination in guinen pigs.

10 Mice nnd ruts unconscious with rupid
irregulnr breathing; guinea pigs un-
conscious but showing marked twiteh-

ing.

15 Allanimals in deep narcosis; respirations
irregulur and rapid.

20 Deep narcosis; breathing slow and shal-
fow.

25 Breathing ceased in one mouse; frothing
at mouth und nostrilsin mice nnd rts.

30 All animals in deep narcosias.

Exposure was stopped and the animals removed
to fresh air. Mice and rats recovered faster than
the guinea pigs and appeired normal within five
minutes exeept for one mouse which was dewd.
The guinen pigs continued to show muscular in-
courdination, unsteadiness on their feet until 20
minutes after removal from exposure,

Tlarty Per Cent Vinyl Chloride: The response of
animals exposed to this coneentration is recorded
below i summary form:

Exposure Time

(rinutees Response

— Mice showed irritation immedintely wnd
the rats showed drritation quickly

therenfter,

1 Musenlns ineoordinntion in mice and
s,

2 Mice und rats in side position with

murked tremors nnd twitching of the
extremities; muscular incoordination
in gnines pigs with developing paruly-
sis of the extremities.

5 Al nnitnnds uncr)n:‘ciuus;.mpid irregular
respirations in mice and rats with
frothing about and mouth;
twitching of extremities still occurred
occasionally in guinea pigs.

10 Respirntions stopped in inice; breathing
slow nad shndlow in rats) goinen pigs
sl

tnovernents of the extrermition,

nose

exhibited  ocensionnl twitehing

15 Rrewthing stopped in rtss respitations

alow  nnd shinflow o guinen

twitehing of extrention sGll present

TN BCR DigA,
30 Mice wnd rata sl gainen pigs i deep
mareosin with slow Shallow beeathing
laxposure was <topped and the animals removed
to freshe air, The ndece and ends were dead, The
shinen pigs took 25 mimutes to return to ther
nortal appearanee and aetivity, One guinea pig
from this group dicd within 24 hours following

CXposure,

October, 1

TasLe I

Number of Deaths in Different Groups of Jn.
Mice, Rats and Guinea Pigs Exposed for Thir-
Minutes to Varying Concentrations of Vim!
Chloride in Air

Vinyl cliloride |

Laboratory animal
concentration

(per cent by Ty TTT T - Total
volume in air) | Mice Rats  |Guinea pigs

1 | 0/8 0/5 5 E

20 1/5 0/5 0/5 L3

30 5/5 5/5 1,5* 1,13

40 - — 250 23

Total 6/15 ’ 5/15 ‘ 3/20 . 1/

* A delayed death ocetirred within24 hours following exposure

Forty Per Cent Vinygl Chloride: Ouly five guine.
pigs were exposed to this concentration. Nigns o
irritation were inmediately apparent. Muscular
incoordination appeared  within sceonds.- it~
five minutes all the guinea pigs were unconseiens
with slow shallow breathing, At the end of the
exposure period one guinea pig wis dead and G
remaining four were in deep narcosis, These sur
vivors took 30 minutes to return to their norm
appearance and activity, hut one died within t
following 24 hours.

The number of deaths oceurring in different
gronps of five laboratory animals exposed s
thirty minutes to varying concentrations of viny,
chloride in air is shown in Table |

Pathological Findings

Gross pathological and histologieal studies werr
carried out. The findings are summarized below.

Control  Animals: These animals showed no
gross or microscopie evidenee of damage.

Ten Per Cent Vingl Chloride: Al test aninuis
survived this exposure. They were sacrificed twe
weeks later. On gross examination there was vt
dence in mice of slight hyperemia of the lung-
This was less marked in rts, Guinea pigs showe!
no difference from control animals, On histologe
examination the mive showed very slight cogorae
ment of the pulmanary Oue _
showed degenerntive elianges in the tubuolar opr-
thetium ol the Kidney with hydvopie swelling,
The rats showed shight congestion of the et
ies i the Tung. Luongs i the gainea pig were ;x';u‘-
shightly more hyperemie than those of the contre
animals,

Twenty Per Cent Viagl Chloride: Oue ot
died ax aresult of 30 minates exposare to this
concentration, Pulimonary congestion wis cvident
on gross exaumination, Microscopieally, there was

vessels, ot

BFG31174

[/11{'.1.‘

Lol
sateh
e
hane
bogles.
The
et
O
tart 1t
n e
At
nal=.
Nver
norni
Th
tion
\‘\‘l(h
L
RETN
N e
ther
Len
Irial
whi

: puin
i rhae
\lll)l
vt
of U
whis

:l\':«

et

1

two

Wies

In «

tetl

: JISTAN
: It
' I
. it
da

Lot

=

an

T EOOZYYYZ



Costrial Hygicne Jowrnal

Qf‘ cvgenient of the blood vessels in the lung with
& rely arveax of atelectasts and minimal edin,
O o kidnevs showed  mimimal degenertive
O oo in the epithelim of the eonvoluted ta-
& The test animnls sieviving this exposire weye
sfieed i two werks, On grass exainination,
N szestion of the langs was present in all species,
ot was wore warked in the miee and rats than
e mninea pigse Histologieatly, there was evi-
s of pulmonary eongestion in exposed ani-
axcSome fatty infiltration was present i the
7of one rat. Al other tissues studied appeared
sanl
Teirty Per Ceul Vingl Chloride: Gross examina-
ool the animals which died as o result of this
soaire revealed congestion of the fungs with
sorthagie areas. The miee and rats in addition
awed copgestion of the hiver and kidney, The
caiinea pig death was defayed. Tn this aniial
joowas murked congestion of the Jungs with
vorrhages and the liver was distended sind very

W The meroseopie changes i the auinals
Sdied metaded mavked engorgement of ihe
monary Blood vessels with edeng and hemor-
ars i Lhe Jungs. The teaehen of one rat showed
wrficinl desquamation of the epithelinm. Con-
caion was also evident i the liver and kiduey
“the muee uud pds, The Biver of the gainea pig
ahhed the debayed death showed severe futty
sneration of the liver confirmed with frozen
- tions stained with Sudan 111,
The four surviving guinea pigs were saerficed
cweeks nter, Marked pulimonary eongestion
<present. with hemorrhagie areax and edema,
s ense there was evidenes of sceomdary bae-
s mfiltration. The Bver in these guinea pigs
o the appenranee of fatty ainfilbration but no
“wis demonstrated on frozen section.
futy Per Cent Vingl Clhloride: One of five
swn pigs exposed to this concentration died
ani the exposure and another died within 24
1< The two which died showed marked con-
e of the hungs with bemorrhages on gross
mnation. This was also evident on micro-
aie exarmination. The liver of one of these gave
“appearance of fatty imfiitration, but no fat
A be demonstrated on frozen gection.,
The three surviving guinea pigs were sacrificed
rweeks fater. Marked congestion of the Tungs
S bemorrhame was evident on both the gross
P microscopic examination. In one guinen pig,
taehend epithelinm was eompletely absent.
Pathological studies which were made of the
an, heart, spleen, adrenals, lymph nodes and
vves showed no difference between controls
canimals dying as a result of exposure or be-
- eontrols and the surviving animals saeri-

¢L11£944
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fieed two weeks after exposure. There was o
tendeney for the blood to remain unelotted in the
aninmls dving during exposire, This feature was
noted an the two lnnman Bitahities mentioned ear-
Her but itos not o speethie ehareteristio of vinyl
1'!!}nl‘itll‘.

Discussion

The vespense of wainea pigs o inhadation of
vinyl eldoride wax o similar to that reparted by
Patty, Yant and Waite, The guinea pigs in our
study, however, tolerated a greater exposure dur-
ing the experimental period than either the mice
or rats. The results i miee agreed closely with
those reparted by Peoples and Leake, Rats were
sipsilar to mice i their response,

The pathologicat changes in animals which
died ax a result, of exposare were mainly those of
vasedlar engorgement of the longs with hemor-
rhages towd ecdemna. The severity of these elanges
varied with the severite ol exposure. Ty the higghor
eoucententions, pubmonnry change was marked
with severe Jdmmage to the traehend epithelinm,
Congestion of the Hver and Kidpess nlso oceuremd
- test animls, These changes are similar to
those reported by Patty and associates.

Exvidenee of pulmonary congestion was still
present in surviving animalds saerificed two weeks
alter exposure, Patly and associntes reported that
stteh ehanges hadd disnppeared in about eight days

Degenerative ehanges in the tubwar epitheliuin
of the kidney were noted in one mouse dying as o
result of exposure and inoone mouse saerificed
two weeks after being exposed. Such changoes,
however, were minimal and not shown by other
auimals in the group,

One of the guinen pigs with delayed death fol-
Jowing exposure showed severe fatty infiltration
of the Hiver. Changes suggestive of fatty infiltra-
tion were observed in other exposed animals but
not confirmed by frozen scetions stained with
Sudan [I1.

Summary

Separate groups of luboratory animals com-
prising five mice, five rats and five guinen pigs
were exposed i an inhalation chamber to coueen-
trations of 10, 20 and 30 per cent vinyl ehloride
in awr for 30 minutes. An additional five guinea
pigs were exposed to a 40 per cent concentration
for asimilar period of time. The response by eanch
of the three species to these concentrations is
noted.

Inhalation of these relatively bhigh concentra-
tions produced narcosis and death. Mice were the
most susceptible with guines pigs considerably
more resistant. Rats were similar to mice in their

o pn g
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response. IExposure to ten per cent vinyl chloride References
in air produced deep narcosis in mice and rats
but no deaths; 30 per cent concentrations killed

—

. Danziger, H.: Accidental Poisoning by Vinyl Chluede -
port of Two Cases, Canadian Med. Assoc. J. §2: sn .

mice and rats. Exposure of guinea pigs to 20 per 1960).

cent produced deep narcosis; but three of five 2 Party, Fo A, W.P. Yanr, axp C. P Warrs: Acute R
rinea pies survived exposure to 40 per cent con- of Guines Digs to Vapors of Soine New Commercinl (*:;
s t t:( r su p ¢ ! ent ¢ Comipounds V. Vinyl Chloride, Pub. Health Lopt. .- :
centration.

(August 1930).

Animals dying as o result of exposure were 3. Prorwes, A. 8., anp C. D, Lraks: The Anesthetic Actu :
autopsied shortly after death. Survivors and con- Vinyl Chloride, J. Pharmacology {8: 234 (113).
t yEoanim [‘ ) acrifice I tw we ‘k 1: te 4, Lenmann, K. B, & I, Youwy: Toxicology and Hy s
rot anumais \YCI’C sacrd _(’( a W (? ce _S ater. Industrial Solvents, Trunslated by I Ning und H. ¥ =
Gross pathological and microscopic studies were Jr., Williams & Wilkins, Baltitore (1943,

o

done and these findings are deseribed. . Sciaumany, O.: Cited by Lelunnnn, K. B wnd F. Flure
- Oster, R.1L, C.J. Cann, J. C. Kraxrtz, axp M J.osv s

.lhc principal pathological ch:u.u_;(‘s in animals WALD: Ancsthesin XXVIL Narcosis with Vieyl ¢ - .
dying from exposure were congestion of the lungs Anesthesiology 8: 359 (1947). Introd
with pulmonary edema and hemorrhages in some, Cam, J., R M. Bunatson, J. F. Vircna, axp J. C. K

nd congoesti f the liver : 1 kidnevs. Failure JR.: Anecsthesin XXIV. Chemicul Constitution of 1y ! l 11
and « gestion o ¢ rand aneys. carbons and Cardine Automuticity, J. Pharm. and E:3e- C

=3

~

of the blood to clot was also observed. One of the Therap. 97: 1 (1919), anl
three guinea pigs which died following exposure 8. Annual Report of the Chief Inspector of Factortes for the Y- Lo
. Coge . . 1951, London : H.M 8.0, Cind. 8772 (March 1953). o
showed severe f:l,tt’,)' infilbration of the liver. 9. Hanan, D Kot Henlth Problems in the Munufsctoee = . thath
Survivors sacrificed two weeks after exposure Usc of Plustics, Brit. J. Ind. Med. 10: 255 (1053). T Phen
showed little difference from the control animals.  10- Fiuazova, U. 8, avo i § Groxsukna: Hygienic Rerdig -y s
Pulmonary congestion was still evident but liver %ﬁ"‘;l':",‘:"r"sm':yllﬁ’,ls‘7;"'\yll’sg:::f::'(;hml';Zafl’;'f"f‘;'l;q'\,'f, tsend
and kidney congestion was not. 69 (July 1957). also e
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Back Issues oF AIHA QuaRrTERLY Lot
{OR 18 YEARS THE AlIIA QUARTERLY was the publication of AIIIA, then ;: ‘(fl‘.‘l{,\‘
in 1958 it was changed to be the AIITA Journal with six issues per year instead e

of four. Now limitation of storiage space = foreing us 1o dispose of all back issues of
the Quarterly. For individua! issues quantities on hand vary from a low of 8 upward. g

All i=autes except March 1946 (Vol. 7, No. 1) and June 1956 (Vol. 17, No. 2) are et
available ws we go to press. Some issnes are reprinted without cover. The cost i |
S1.50 per i=sue (510U cach when more than three izsues are ordered) from Volumes .
7 through 18,
From 1940 to 1946 AIHA Quarterly appeared as 2 scction in Industrial Medictne .
~and Surgery, however these issues of these scctions have been reprinted and are 'l_'.‘li
avidlable as a unit. The ecomplete repring, Vols. 1-7, costs $10.00 to members, and “
25000 10 companies or departments of government. Handsomely bound, complete ;‘1”,‘.
sets of Vols. 1-18 with emmnulative index are available for $250.00 per set.
Address all orders to: George D, Clayvton, Iixeeutive Sceretary, ANTA, 14123 Exp
P'revo<t, Detroit 27, Michizan, ; .
(Beek i==nes of ATHA Jowrnal ) 1958 to present, mav be obtained direetly, from our ‘ L
publizher, The Williams & Wilkins Company, A28 B Preston, Badtimore 2, Maryland, tany
at [150 eneh issue)) g . ¢ "
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