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FlBSTpupuedmlBas vinyl chloride has
come into mcreased use in the last decade in
the production of polyvinyl chloride resing. The
fire and explosion hazard of the monomes and its
parcotic properties on acute exposure are well
hnwn Ax an industrial material, however, it has

rzprded s of moderate toxicity. A Thresh-
old Limit Value of 500 ppm was established by
the American Conference of Governmental In-
dustria! Hygienists,

No industrial fatalities associated with its use
have previously been reported. It was therefore
of special interest when two fatalities occurred in
a plent handling vinyl chloride. This plant is en-
gaged in ‘he priymerisation of the gnseous mono-
mer with ﬂwudofuhly:h.Onemtkudnd
whils elesinng out & tion vossel and the

mhu&lmStolzpucenﬂnﬂr 25t030- .
per cent was fatal in ten minutes. Dogs and mb-

bits were ancsthetized within one minute when
exposed to a concentration of about 18 per cent
in sir, Recovery was very rapid with no apparcnt
untownrd ~lect even after ancwthesia,
Lehniann amd Flury* ninted that vinyl chloride
was highly narvotic but had a wide murgin he-
tween its narvotic and lethal coneeictrutions. 1ts
local irritating offivt nud its toxici de-

scribed as very slight. Elinination from the body
s very rapid. These sathors quoted the work
of Schaumann? with tal animals, Mice,
nhmddopnmnbhtomdmuputedw-
cosis without sny pathological evidence of liver
or kidney damage, According to Schaumann,
concentrations of seven 0 tan per cemt in air
would be narcotic to humanas in a short time and
12 per cent would be dangerous,

V‘mylchlondehubemswdndu:pm'ﬂe
anesthetic agent. Oster and sssociates® noted that
incoordinated muscular activity of the extremi-
ties and cardine arrythmiss of a serious nature
were observed in all six dogs vsed in their experi-
ment. Carr and others’ found that vinyl chloride
produced sensitization ot *te myocardium ia
three of seven dogs in which it was administered
as an anesthetic agent.

Two cascs of vinyl chloride gaming occurred in
a factory in Great Britain where palyvinyl chlor-
ide resin was being made. These were reported by
the Chief Inspector of Factories? In one cass »
process worker was standing outside s polymeri-
sation vessel and washing it with a water stream.
After ten minutes of this Yo suddealy collapesd

bumn. This latter case was repc.ted by Harria?
Such burns may occur with other highly volatile
materials when sprayed onto the hands as a lquid
Filatovs aixi Grousherg!® in 1957 reportedd on
hygicnie conditions in a polyvinyl procesdog
piant in the USSR, The plant was enpiged in

the pelymerization of vinyl chloride by nwaus of -
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s catalyst. Air samapling was done and the con-

centration of vinyl chloride was found to vary
from ahout 20 ppm to uhout 315 ppm. (MU.8.8.R.
Thnshold Limit Value: 1 n.g,/liter or about 400
pom). .\ spastic type blood vesael disorder wos
Jdeseriled in workers from ‘this plant.

Beeause of the recent fatalitics mentioned
above it wus decided to underizte acute inhala-
tion studics in laboratory animals with commer-
cially avnilable vinyl chloride This was done both
for comparison with earlier work and to prov-id.e
infurmation on the acute responsc and pathologi-
¢} changes in more than on# specics of laboratory
animal

Exparimental Matericls and Procedures

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

Epecifie gavity st W°C 0.983-0.908
Water sowtont Noss
Beiling mage °C . =11 b0 —88
Bydrogen shlorlds cormut Nows

Asrtywsn 10 ppm Masimum
Arsalishydn 2 ppm maximen
Tran Emeutially tron tres
Puity (par cond) "L maximem
Imparities (por eent) 5 maximum

Pure vinyl chioride is a coloriess gas at room
temperature; its boiling point is ~13.9°C. 1t has
& sweetish odor. Ita fash point is given at ~78°C
and its explosive kimits in air from 4 to 22 per
cent. It has the molecular formula CH,:CHCL

Animals: Mice, rats 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 diet and housed in the same
way. All were of the same stage of development.

Equipment: The inhalation chamber capacity
was 36.8 liters. It was equinped with a viewing
window and an inlet tube, Vinyl chloride was re-
lezsed 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 meter. Fresh sir was pumped
by motor at an adjustable controlled rate through
a meter. The streams of air and vinyl chloride

were combined at appropriate rates of flow by o

glass Y-tube Jeading through further rubber tub-
jug to the animal chamber inlet, to defiver &
continuing stream in the desired proportions.
Caleulations and adjustments werc made to pen-
duce the following flow concontrations of vinyl
¢hloride 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-
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ticns of vinyl chloride concentmtions were done
in the test chamber during the experimenta

Ezperimental Procedures: Differcnt groups of
five mice, five mts and five guinca pigs were
placed in the chamlicr and cxposed for thirty
minutes to concentmtions of 10, 20 and 3 per
cert vinyl chloride in air. £imilar groups of con-
trol animals were maintained but not exposed to
vinyl chloride. At the end of thirty minutes ex-
posure the test animcls were immedistely re-
moved to fresh air. An additional group of five
guinea pigs was exposcd to a concentration of 40
per eent vinyl chloride in air. 1n a') 63 xperimen-
tal animals were involved. Obecrvations were re-
corded on the suimals during and after expusure,

The animals which died cither during the ex-
posure or after 3 delay period were autopsied soon
after death. Two wecks after the exposcre mir-
viving test animals and controls were macrificed
Ly a blow to the head with the exception of four
control rats which were killed by exsanguinstion.

All anirrals wese examitied for gross pathologi-
cal changes, Tissues wero remeoved from all ani-
mals for microscopic examination. The hungs,
liver, kidney and heart were removed in all
cases. The brain, adrenal, splecn, traches, tymph
nodes, and the eys were removed from represen-
tative animals in each group for study. The tssuss
were preserved in formalin and sections made for
staining with hematoxylin-ecaic. Special staion
were made where indicated.

Observations -

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

Ten Per Cent Vingd CMoride: Tha response of
animals exposed ‘o this concentration is recorded
below in summary form:

Expommre Time
(misuten) Rusprsen
| Sight krimtion in mim and min
=ronsed marbor setlvity Gt In mie,
Jum rats and guisun pigs.
10 surwased sotor aativity ke o apuser;
twriwhing of extemmition bn mise
u r d , unstandy galt and
mwrnler incosrdisstion ia sll species.
] Mine and rats Ip slde pemition: fswmenler
inconrdination, tresmces sad turtiahing
of sxtremition in guiney plgs.
5 Niae and rots wossnecious, guis plge
very wastmndy but still stesding.
» M and rot i dasp marocsis; guinen
plge In side prithon with tonnses—eue
L

Exposure was stopped and the animals removed
to fresh air. All recovered within five minutes.
Tuwenty Per Cent Viayl Chloride: The response
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k treduction
prepared in 1833, vinyl chloride has
come into inerensed use 1o the last decade in
the production of polyviny! chloride resine. The
fire and explosion hasard of the monomer and its

No industrial fatalities associated with its use
bhave previously been reported. It was therefore
of special interest when two fatalities occurred in
s plant handling vinyl chloride. This plant is en-
gaged in “he priymerisation of the gaseous mono-
mer with th aid of eatalysts. One worker died

tween ita marvotic amd kethal conceitrutions. Ita
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scribed as very slight. Elin.ination from the body
‘was very rapid. These authors quoted the work
of Schaumann? with experimsntal animals, Mice,
rats and dogs were able to indure repeated nar-
cosis without any pathological evidence of liver
or kidney damage. According to Schaumann,
concentrations of seven to tan per cent in air
would be narcotic to humans in a 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 activity of the extremi.
tiea and cardine arrythmias of a sefious nature
were observed in all six dogs veed in their experi-
ment. Carr and others’ fnund that vinyl 3
produced sensitization ot ‘he myocardim in
three of seven dogs in which it was administered
a3 an apesthetic agent.

Two eascs of vinyl chloride gaming ocewrred i
s factory in Great Britain where palyvinyl ehlor-
jde resin was being made, These wers reported by
the Chief Inspector of Factorien® In one case a
process worker was standing outside & polymeri-
sation vesse] and washing it with s water stream,
After ten minutes of thiz he suddenly collapeed
acrom the open manhole. Artificial resuscitation

materials when sprayed onto the hands as 8 liquid
Filatova and Gmunsherg!® in 1857 reported on
hygicnie conditions in a polyvinyl proecadng
plant in the USSR, The plant was enggett in

the pulymerisation of vinyl chloride by means of *
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n catalyst. Air ranupling was done ard the con-

centration of vinyl chloride was found to vary
from about 20 ppm to ahout 315 ppm. (V.SS.R.
Threshold Limit Value: 1 n.g/liter or about 400
ppm). A spantic type blood vesael disorder waa
deseribed in workers from ‘this plant,

Beranse of the recent fatalitica mentioned
above it was decided to underizte acute inhals.
tion studies in laboratoty animals with commer-
cially avnilable vinyl chloride This was done both
for romparison with earlier work and to provide
information on the acute responsc and pathologi-
¢al changes in more than oo~ specics of laboratory’

animal

Exparimental Materials and Procedures

Yinid Chloride: The vinyl chloride was supplied
in a metal cylinder under pressure, A commercial
grade with the follcm specifications was used:

Epreifis gravity st WC 0.983-0.98
Watey sontent Noas

Builing raage *C . =11 —%
Bydroges shicride sontent Noss

Adrtyleng 1§ pram meximum
Aramidehyds # ppm maximem
Irex Essptially trem free
Puity (par comt) 1 meximum
1mparities (per camt) &4 maxismwm

way. All were of the same stage of development.

Equipment: 'The inhalation charmber capacity
was 50.6 liters, It was equinped with & viewing
window and an inlet tube. Vinyl chioride was re-
leased in gaseous form through an adjustable
valve on the top of the containing eylinder, then
through connecting rubber tubing and & recali-
brated Fisher flow meter. Fresh air was pumped
by motor at an adjustable contralled rate through
a meter. Tho streams of air and vinyl chloride

were combined at appropeiate mibes of flow by a

glazs Y-tube leading through further rubber tub-
m;tothelnimlldnmherinkt.wddlml
continuing stream in the desired

Caleulations and adjustments were made to pro-
duce the following flow concentrations of vinyl
vhloride in air for delivery: 10, 20, 30 and 40 per
cont. A} conventrations are expressed in this re-
port as per cent by volume in air. No determina-
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tions of vinyl chloride concentrutions were done
in the tewt chamber during the experiments.
Ezperimental Procedures: Different groaps of
five mice, five mts and five guinca pigs were
placed in the chamber and cxposed for thirty
minutés o concentrtions of 10, 20 and 30 per
cert vinyl chloride in air. #milar groups of con-
trol animala were maintained but not exposed to
vinyl chloride. At the end of thirty minuies ex-
posure the tost apnimcls were immediately re-
moved to fresh air. An additional group of five
guinea pigs was cxposcd to a concentration of 40
per cent vinyl chloride in air. In &'l 65 xperimen-
tal animals were involved. Observations were reo-
corded on the p:umals during and after expusure.
The animals which dicd cither during the ex-
posure or after a delay period were autopsied soon
after death. Two wocks after the expostre sar-
viving test animals and controls were sacrificed
Ly a blow to the head with the exception of four

control rats which were killed by exmnguination. -

All snirrals wese examined for puw
cal changes. Tissues were remaved fxun ani-
mals for microscopic examination. The lungs,
liver, kidney and heart were removed in all
cases. The brain, adrenal, spleen, u'u:hel,bnph
nodu.mdt.beeye were removed {from represen-
tative animals in each group for study. The tiasues
were prescrved in formalin snd sections made for
staining with hematoxylin-eoair.. Special stainn
were wade where indicated.

Observafions -

Control Animals: No symptoms were exhibited
by the 15 control animals and no deaths occurred.

Ten Per Cent Vingd Chloride: Tha response of
animals exposed ‘o this concentration is recorded
below in summary form:

Expossrs Thms  you—

Right brritatiom ia mism aind min.

‘mremed o ssiivity fevh in =i,
Jon rain and guiaee pigs.

minased mator setivity I ol spesiar;
vwrttahing of extvomitios bn mim.

Prosveseed trevet, wustndy guit and
wusroler feordimstion ke oll apeties.

Wiy nnd rats be side posithes; mussler

vr oess o

pigein side pruitivs with tsiey—ens
L Y

Exposure was stopped and t}.2 animals removed
to fresh air. All recovered within five minutes.
Twenty Per Cent Vingl Chloride: The response
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" of animals exposced to this concentrotion is re-

corded below in summury form:

October, 1960

Tamex 1
Number of eaths in Difierent Groups of -Five

Erpeary Time Mice, Rats and Guinea Pigs Expascd fur Thirty
(minvias) ¢ Mioyles to Varying Concentrations of Vinyl
) Tmmediate irvitation ia mice sad rata. Chloride in Air
Hunhl Inoordisation in mics snd
] Ilnlldnh_ thair sides with marked w
and tudtehing of the § n Towl
g, awloedinews sad mumcniar inco- h“) Mice Rats  [(Colas pig
odlsation in guines plgs.

1 Mice and mty uncomarious with rapid - ] [ 1) V3 [ ) /18
irrguinr brunthing: guinm pige un. » 173 [): } [ Y/} v
eoumbou bat showing merked twitch- » [ 7 ) [7; ¥, o 17, 8

. ing. - - - 1 [y,

w.: Al salmals in dwp be; rewpirati

R Mruduu‘. Total /18 v b we
* A delayud denth ocourted within 24 honre follwwring sy,

- m—.«l in oup mouss; frothing -
ot 1mouth and nowtrils in mice sad et . . .

» AD animaly in deep aarecsia. Forty Per Cent Vinyl CMoride: Only five guines

Exposure 7as stopped and the animals removed
to fresh air. Mice and mts recovercd faster than
the puidea pigs and appeared normal within five
minute} exept.for one mouse which was dead.
The guines pigs continved to show muscular in.
coordination, vnstemdiness on their feet until 20
minutes after removal from exposure.

Thirly Par Cent wMoride: The response of
animals exponed to this coceentration is recorded
below In suimary form:

. Raspoan
- mb-dm-unm.u
e i showed ieritation quickly
Shameniter.

1 Mutwsler lnacordisnt'sn in wicn and
min
] Miw and i In side pasition with

imarbind tremvory and twitching of the
extreimities; musevinr lncoordization

to fresh air. The mice and ruts were dend. The
guinca pign ook 25 minutes tn retum to their
normal appeamnee and activity. One guinea pig
from this group died within 24 bours following
expostre,

pigs were expoard to this concentration. Signs of
jrritation were immoediately apparent. Muscular
incoordination appeared within seconds. After

vivors took 30 minutes to retum to taeir normal
appearance and activity, but ons died within the
following 24 hours. .
The number of deaths occurring in different
groups of five laboratory animals exposed for
thirty minutes to  arying concentrations of vi
chloride in air is shown in Table I.

Pathological Findings

Gaupﬂmhpedlndhhhnulm‘m
esrried out. The findings are summarisnd below,
Control Aximale: These animuls lbomd o
evidence of

£

gross or microscopic Jamage. ‘
Ten Per Cent Vinyd Chloride: Al test animals

survived this exposure, They were saorificed tww
ru-hhtrrOn mmmhontbenmeﬁ-
&miumhdﬂi‘hthypemmhdﬂnlunp.
This was less marked in rats. Gliines pigs ahowed
no difference from sohitrol animals. On hiitologie
mmmmnmkeﬁntdmdﬂw
meat of the pulmoniiry vemels. Ook mouse

M' Per le Vuﬂ cw l')nc mouse
dievl a8 & remult of 30 minutee expreaine to this
concentration. l‘nlmmy g tion was ovident
on groww cxx mination. Micrwenpically, there was

-




L

Industrial Hygiene Journal

cngergement of (he Dl vessels in the Tung with
pateby arens of atelertasic and minima? odema,
e Kidbevs showed  minimal  degenerative
changes in the epithelium of the convoluted tu-
balex,

T test animals surviving this eXpOsure were
sacrifieesd in two woeeks, On gross examinsiion,
congeestion of the lungs was prﬂmt in all specics,
but it was mare. marked ir the mice and rats than
in the guinea pigs. Histologically, there was rvi-
denee uf pulmonary corgestion in ani-
malv, Sonie fatty infiltration was present in the
liver of une rat. All other tissues studicd app.ared
normal.

Thirty Per Cent Vinyl Chloride: Groes examina-
tion of the animals which dicd as a result of this
expasure revenled congestion of the l.mp with
liemaorrhagic areas, The mire and rats in addition

showed congestion of the liver and kidney. The .

une guinea pig death was delayved. In this animal
there was marked congestion of the lungs with
hemorrhages and the liver was distended and very
friable. The microacopic chunges 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
superfieial desquamation of the epithelium. Con-
zostion was also evident in the Liver and kidney
of the mice and mata. The liver of the guinea pig
which had the delayed death showed severe fatty
degeneration of the ‘Hver eonfrmed with frozen
scctions stained with Sudl.n 418

The four surviving guinea pigs were ncrﬁcen
two weeks lster. Marked

could be demonstrated on frosen section.
The three surviving guinca-pigs were sacrificed
twn weeks later. Marked of the lungs
with hemorrhage was avident em both tho gross
a1 microscopic examiriation. !nm‘mnupi‘,
the trucheal epithclium waa completely wbeen
Pathologieal stivlica wWhich were made of un
bruin, heart, splcen, adrenals, lymph podes and
the eves showed po 'diffcrence betwoen controls
an animals dying an & 'result- of exposaro or be-
twirn rontrols and the surviving apimals sacri- -

* lowing

ag7

ficedd {wvo wrvks after exposure. Thore was o
tetdleney for the Dlood to remaia unslnited in the
animals dying during exnosure, This featuro was
noted in the twe human fatalitir mentivne: ar-
terbutitspota spcﬂ‘ir cham& wstic of vinyl
chlonde

D'm“du. .

The response 0. guines pigs -to inhalation of
vinyl chloride was similer v: that reported by
Patty, Yaot and Waite. The guincs pigs in our
study, honever, tolcuted a gr-ater exposure dur-
ing the experimental period than cither the mice
or rats. The results in mice eereed closcly with
those reported by Peoplkes and Leake. Rats were
similar Lo axice in their response.

The prthological chas vs i animals which
dicd as a result of exposure were mainly thcae of
vascular ~ngorgement of the Jurg, with b :mop-
rhages and edema. The severity of thete changes
varied with the severity of exposure. In the higher
concenteations, pulmonary change was marked
with severe damage to the traches! epithelium.
Congetion of the liver and kidneys alaw occurred
in test snimals. These changes are gimilar to
those reportad by Fatty and associates,

Evidence of pulmonary congestion was still
present in sarviving animals saerificed txo weeks
after exposure. Patty and associates reported that
such ~hanges had disappesred in about eight deys.

Deg=nerative changes in the tubvlar epithelium
of the kidney were noted in one mous:; dying as &
result of exposure and in one mouse sacrificed
two weeks after being exposed. Such chunges,
bhowever, were minimal and pot shown by other
animas in the groap.

One of the guinea pigs with delayed death fol.
exposare showed asvere fatty infiltration
of the liver. Changes suggestive of Whﬂtnp
tion were obaerved in other expased snimuls but
oot confirmed by frosen sections stained with
Sudan IIL

Summary

Separate groups cf animals com

. laboratory
pm;ﬁwm.ﬁwuhmdﬁ\t‘umpb

were expossd in an iahalation chamber to concen-
trations of 10, 20 and 30 per cont ving] chloride
in air for 30 minutes. An additional five guinen
pigs were to & 40 per cent concentration
for a similar period of tizme. The roxpouse by each
of the three apecies o0 thewe concontrations ls

Inhalation of these relatively high coocentrs-
tions pmduced narcouis and denth. Miee were the

-Mmqﬁﬂonthm considerably

“more resistant. Rats mmﬂnrbminfhdr




€91820 S%®H

838 October, i360
fa air produced narcosis in mice and wts o N )
bus B0 deaths; 30 per cent concentrations killed L,.,.d“.l'q.... umwu:
mice and rata. Exposure of guines pigs to 20 per ™. . .

cont produced deep nparcosis; but three of five - & Pant, Y. A, W.P. Yoy, axch C, P. Warrs: Avuin Resposen

Animaly dying a8 a result of exposure were 3 Promm, A B,amsC.D. The Anssthatly Astien of
sutopeied shortly after death. Survivors and eon- Vinyl Chiovidn, J. Plarwacelegy §5: 35 (00,

s 4 Lewsaws, K & ¥. honxy: Teslnlug end Neplons of
were mcrificed two weelss later, mm:”umwlm-ilr.m

pathological and microscopic studics were Jr., Wilioms & TAlking, Bultbasere (1940,

& Bcmavmaws, O.: Cited by Lobwans, K. B, sad ¥. Yhary.

e A - R E,C.J Cam,J. 3
The principal*pathological ehu.muc‘m u:x;luh L ;::" ._"’.‘.‘m." x:m “c. t"':a_wl "c:‘u':

- Py 1. N .J.'.' c
o o o 1 o e e Py Lt 07 G e &
of the Blood 0 clot was also obeerved. Ope of the ~  Tawep 7,1 0808, - - AL oud Kop.
mlﬂhﬂlﬁmm‘mw 8. Anwual Repert of the Chiaf Inuguier of Pocterian for thy Towr

1M1, Laaden : HM.8.0. Cand. 5172 (Mareh MER).

showed severe fatty infltration of the Liver. % Hasam, D. K.: Hoolth Prablome iu the Masmdnsturs
Barvivers sacrificed two weeks after exposure Use of Plastian, Brit. 7. Fud. Mad. 18: B8 ONE). -
showed little difference from the control animals. W Prarovs, U 8, axs K & Grtepns: Nyglosie Warking

Polmanary congestion was still evident but liver -0 Gutary 1960, Abvicactnd in Akt of Wold Mokt S8

Conditions ia Polyvisyl Chlerkde T Flante. @pirae pp.

nndhdnqmmmt. 8 Quly 1.
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