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Introduction

IRST prepared in 1833, vinyl chloride has

come into increcased usc in the last decade in
the production of polyvinyl chloride resins. The
fire and explosion hazard of the monomer and its
narcotic propertics on acute exposure arc 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 Hygicnists,

No industrial fatalitics associated with its use
have previously been reported. It was therefore
of special interest when two fatalities oceurred in
a plant handling vinyl chloride. This plant is en-
saged in the polvmerization of the gascous mono-
mer with the aid of eatudysts, One worker died
while cleaning out a polymerization vessel and the
other while working in i pit. Details of these two
fatalities have bheen reported by one of the au-
thoms.t

Published information on the scute toxicity of
vinyl ehloride to experimental animals proved
seanty. Patty, Yant and Waite? in 1930 reported
on the acule rexponse of guinen pigs to vinyl
chioride. They found that exposure to 20 o 40
per cent in air killed guinea pigs in o short time;
exposure to ten per cent was endured for several
hours. Congestion and edema of the lungs with
hy peremia of the liver and Kidneys were noted.

Peaples and Taake? found the mimimal anes-
thetic rnge of vinyl chloride in miee exposed for
ten minutes wis 8 to 12 per cent inoaie; 25 to 30
per cent was fitad in ten minutes, Dogs and edy-
bits were anesthetized within one winute when
exposel Lot concentration ol ahout IS per cent

b air, Recovery was very rapid with o apparent
untowird effeet even aflter profonged anesthesin,
Laobimemn aod Flurvt goted that vinyl ehilonde
wis Dighly mereatie but led so wide margin bes
tween its maercotie aond lethal concentrations, s
locud trvitating cllect el its toxtenty were de-

scribed as very slight. Elimination from the bais
was very rapid. These authors quoted the west
of Schaumann® with experimental animals. M,
rats and dogs were able to endure repeated nes-
cosis without any pathological evidence of live:
or kidney damage. According to Schauma
concentrations of seven to ten per cent in
would be narcotic to humans in « short time
12 per cent would be dangerous.

Vinyl chloride has been studied as a pussit
anesthetic agent. Oster and associatess noted ties
incoordinated museulur activity of the ext
ties and ceardine wrrythmins of & serious natus-
were observed in all six dogs used in their expen-
meut. Carr and others” found that vinyl chlorid
produced  sensitization of the myocardium i
three of seven dogs in which it was ndministens:
as an anesthetic agent.

Two eases of vinyl eliloride gassing oceurrad
 factory in Great Britain wheee polyviny] ehbee
ide resin was being made, These were reported b
the Chiel Tuspectar of Factories® ln one ce &
process worker was standing outside a polyners:

After ten minutes of this he suddenly collap~
across the open manhole, Artificial resuscitas
was suecessfully applied. Subsequent sympt-z -
expericneed by this worker were tightiess of ©

chest, mausea, abdominal pain and hesdache. 55
second case occurred in a maintennes wers

who was overcome while repairing n vinyl ehler
leak. Both men were hospitalized. Another w
whose hands were aceidentally  sprayved
vinvt ehloride liquid under pressure develope:

Burin. This latter ense was reported by
Steh buros may oceur with other highly v

meaterids when sprayved onto the hands s ol
under pressoare,

Filatovn and Gronshergt9 in 1057 reported o
Tyvgieoic conditions in n polyvinyl procest 2
plant i the PSS The plant was cns !
the polyvmerization of vinel chilorude by e
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centalyst, Air sampling was done and the con-
adration of vinyl ehloride was found (o vary
ant about 20 ppm to about, 313 ppm. (LSS,
fheeshold Limit Value: 1 myg/liter or about 400
).\ spastie type Bload vessel disorder was
weribed in workers from this plant.,

Because of the recent fatalities mentioned
dove it was deeided to undertake seute inhalia-
“on stuclies in faboratory animals with commer-
Ay available vinyl chloride. This was done both
Lr comparison with carlicr work and to provide
aformation on the acute response and pathologi-
Al changes in more than one species of laboratory

imal.

txperimental Materials and Procedures

Vinyl Chloride: The vinyl chloride was supplied

na metal eylinder under pressure. A commercial

sade with the following specifieations was used:

s.edific gravity at 20°C 0.083-0.985
3ster content None

3iling range *C ~11 to —9.5
Zidrogen ehloride content None

tvtylene 10 ppm maximum
vetaldehydo 20 ppm maximum

~a Fasentinlly iron free
*sity (per cent) 90.5 maximum
“spuritics (pdr cent) 0.5 maxitin

Purc vinyl chloride is a coloriess gas at room

mperature; its bailing point is —13.9°C. It has .

_aweetish odor, Its flash point is given at —78°C
-l its explosive limits in air from 4 to 22 per
4. 1t has the molecnlar formula CI1.:CHCL
Amimads: Mice, rats and guinen pigs were used
the study. Test and control animals were taken
= the same aboratory stock. All were fed a
-mdard commercial diet and housed in the same
"y All were of the =ame stage of development.
Equipment: The inhalation chamber capacity
5 36.6 liters. It was cquipped with a viewing
auidow and an inlet tube. Vinyl chloride was re-
sed in gascous form through an adjustable
Ave on the top of the containing cylinder, then
wough connecting rubber tubing and a reeali-
-ted Fisher flow-meter. IPresh air was pumped
“motar at an adjustable controlled rate through
caeter. The streams of air and vinyl chloride
e combined at appropriate rates of flow by a
s Y-tube leading through further rubber tub-
s to the animal chamber inlet, to deliver a
“tinuing stream in the -desired proportions.
culations and adjustments were made to pro-
¢ the following flow concentrations of vinyl
wride in air for delivery: 10, 20, 30 and 40 per
-1 All concentrations are expressed in this re-
:tas per cent by volume in air. No determina-

394

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

Erperimental Drocedures: Different groups of
five miee, five rts and five guinen pigs were
placed in the chunber and exposed for thirty
minutes o concententions of 10, 20 and 30 per
cent, vinyl ehloride in air. Similar groups of con-
trol animals were mudntained buat not exposed to
vinyl eldoride. At the end of thirty minutes cx-
posure the test animals were immediately re-
moved to fresh air. An additional group of five
guinen pigs was exposed to o concentration of 40
per eent vinyl ehloride in air. In all 65 experimen-
tal animals were involved. Observations were re-
corded on the animals during and after exposure.

The animals which died cither 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 cxamination. The lungs,
liver, kidney and heart were removed in all
cascs. The brain, adrenal, spleen, trachea, lymph
nodes, and the cye were removed from represen-
tative animals in cach 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 occuirred.

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

Exposure Time

{minutes) Response
1 Slight irritation in mice and rats.
$ Increased motor activity first in mice,
then rats and guinea pigs.
10 Increased motor activity in all specics;
twitching of extremitics in mice.
15 Pronounced tremor, unsteady gnit and
m lar incoordi inall sy
20 Mice and rats in side position: muscular
incoordination, tremors and twitching
of extremitics in guinea pigs.
25 Mice and ruts unconscious, guinea pigs
very unsteady but still standing.
30 Mice and mts in decp narcosis; guinea
pigain side position with tremors—one
unconscious.

Exposure was stopped and the animals removed
~to fresh air. All recovered within five minutcs.
Twenty Per Cent Vinyl Chloride: The response
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3
of animals exposed to this concentration is re- TasLe I i engorg:
corded below in summary form: Number of Deaths in Different Groups of Fi E putehy
Exposare Time Response Mice, Rats and Guinea Pigs Exposed for Thins < 11
. 4 . .. ; e i
{minutes) Minutes to Varying Concentrations of Vinyl 4 chung
1 Immediate irritation in mice and rats. Chloride in Air 3 bulesx
2 Muscular incoordination in mice and - i The
. mis, . . Vinyl chloride Laboratacy animal ; serifl
5 Mice and ruts on their sides with marked concentration T P COLTCs
tremors nnd twitching of the extremi- (ver cent by - . - otal conges
ties; unsteadiness and muscular inco- volume in ait) |  Mice Rats  [Guinca l"'“l lut it
ordinxtion in guinca pigs. - - in the
10 Mice and rats unconscious with rapid 10 0/ 0/ /5 i 015 L denee
irregular breathing; guinen pigs un- 20 1/8 0/8 0/8 118 £ als
conscious but showing marked twitch- 30 5/5 5/5 1/5° ' 11715 ‘!“ N
ing. 10 - - s 1w liver «
15 Allanitals in deep narcosis; respirations . norny:
irregular and rapid. Total o5 | 505 yo 1 wm
. ! ‘¢
20 Dcep narcosis; breathing slow and shat. : tion «
low. ¢ A delayed death occurred within 24 hours following exposure. i
25 Breathing ceased in onc mouse; frothing exXpos
at mouth and nostrils in mice nnd mts. ,. . . T
30 All animals in deep narcosis. Forty Per Cent Vinyl Chloride: Only five guine= how
. Y .d , - - o show
. igs were exposed to this concentration. Signs of -
Exposure was stopped and the animals removed pigs w XDost . oo ane ¥
. . irritation were immediately apparent. Musculse there
to fresh air. Mice and rats recovered faster than g NETEN < \D
. : A incoordination appeared within sceonds. After heme
the guinea pigs and appeared normal within five . . . . -

. . five minutes adl the guinea pigs were unconseions friah

minutes exeept for one mouse which was dead. " . . . ‘,
“ . . . . with stow shallow breathing, At the end of the 3 (i
The guinea pigs continued to show musealar in- o . . . )
v . . L exposure period one guinea pig was dead and the § puln
coordination, unsteadiness on their feet until 20 e : L A

. remaining four were in deep narcosis. These sus- hae
minutes after removal fraom exposure. R .. : . . ) e

P 5. 7 .. e vivors took 30 minutes to return to their norne supe

Tlirty Per Cent Vinyl Clloride: The response of .o . PR ;

. : Lo appearance and activity, but one died within te aest
animals exposed to this concentration is recorded om0 Lours ' =T
below in summary form: " - b T 5 ol ¢

) S The number of deaths oceurring in different whie
"";',;?.:’th_:)"“"' Response groups 13( five l:nlmr:nltux'y unimals .(‘N[xvst'«[.f"l" deys
. ey . contr: s ST e
- Mice showed irritution immediately and tllll‘t.\. I“!““t.‘ \.t() vary llf;.{ ('(‘)II( entrations of viny $ st
the riws showed iritation quickly  Cloride i airis shown in Table 1 ! 1
therenfter. . two

1 Musculur incoordination in miee and . . e ) 5
e e ¥ Pathological Findings Wit
2 Mice und ruta in ride position with . . . . . . I
1nrked tremors und twitching of the ("“'s"' |’ut'l"("lﬂgl‘!'“l'""d histologicul .'N‘tll(ll(‘.\' were i ter
extromition; museulr inooordinution  carricd out. The findings wre summarized below. i e

) in guinen pics with developie paraly- Cuontrol Animals: These animals showed o {at
sis of the extremitios, gross or microscapic evidenee of damage. : f

$ All xnitmaly unconscious; rupid irregular Ten Per Ce Vinud Cl ides . I :

respimtions in mice and mts with (_'"' er N ent Viny C"lor“(' Al t(‘.\'t-.:llllllhl- ¥ o
frothing nbout mose and mouth;  survived this exposure, They were sacrificed twe Au
twitching of extremities still occurred  weceks later. On gross examination there was evie he

occasionally in muines pigs. . dence in mice of slight hyperemia of the lunz-. "

10 Respimtions stopped in mice; breathing This was loss K l Lo G T = =
slow sl shadlow in s gaines pigs s was lessomarked ineats, Guinea pigs show o

Mill enhilited ocemionnl twitehing 1o dilference from control animals, On histolos <

ovenwnts of the esteenitios.

18 Brenthing stapga-d in et respatutions
alow  wod  Shedlow i gininen pigs;
witeling of estremition sull present
U AT (s,

30 Mice wied rats

stilly guinen pigs in deep

seaensis with stow shindlow leeenthing

Expastre was stopped s the andmads removed

to fresh adr. The meiee and mats were dead, The

puinea pigs took 25 minutes to retarn to ther

normal appearanee and aetivitye, One suines pig

from tis group died within 24 Tunes following
exposire,

exatination e mice showed very slight engorze
ment. of the pulmonary vessels. One mowss
showad degenerntive changes in the tuludar epd-
thelium of the Kidney with hvdrapic sweltin.
The rats showed slight congestion of the eapiitar

jes i the lie, Lungs in (he muinen pis were aise
slightly more hy perenie thaa those of the contnn
animals,

Twenty Per Cont Vingl Cldoride: One mowss
died s resudt of 30 minntes expostie to e
concentration. Palmomry cong

stion was evident
an gross exainntion. Microscopiealy, there wes
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Survivors sacrificed two weeks after exposure
showed little difference from the control animals.
Pulmanary congestion was still evident but liver
and kiduey congestion was not.

10.

. Hawns, D, K.t Health Problemns in the Manufucture s
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setx of Vals, 1218 with enmulative index are available for $250.00 per set.

Adidress adl orders 1oz George D), Clayton, Txeentive Seeretary, ATTA, 14125
Prevost, Detrowt 27, Michigsn,

(Back fssnes of A1 Jowrnal, TOIR (o present, may e obtuined diveetly, from our
publisher) Che Willinns & Wilkins Company, 428 . Preston, Baltimare 2, Maryvland,
al R1.50 caelt i=sne)
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