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IRST prepared in 1833 vinyl chlonde haa :

' come into increased use in the last dvcade in

-';he-pmducuon of polyvinyl chloride resins. The-

fireand e\plo~1on hazard of the monomer and its’
narcdtic propertivs on ucute exposure sre well
known. As an industrial material, however, it has:

been regarded us ol moderate toxicity. A Threshs

. old Limit Value of 500 ppm was established by

the American Conference of Governmiental’ In-,
dustml Hygienists.

<')f.~'Vi;1yl Chloﬁde

s

,A_icnbed oL sery slxght El‘l.mxnatmn froma the bodr.’

was very rapid. These authors quoted the worsk
of Schaumanad with experimental snirmuls. Mice,

- rats ‘and dogy were sble to endure repeazed nar-

Jodis wifoout any pathological evidence of liver

. or kidoey damage. According to 'bt.hnum:mz.

) would be narcotic t6 humans in a shost time and

-

. nfresthidtic ngent. Oster and nssociztes® noted thas

.Na mduatrnl fatalities nssociated with its use

have previously been reported. 1t was therefore -
of special interest when two fatalities oceurred in

a plant handling vinyi chloride. This plant is en-
gaged i the polymerization of the guseous mouno-

mer with the aid of catalysts. One worker died .-

while cleaning out & polymenization vessel and the

other while working in s pit, Details of these two

fatalities have been repo:ted by one of the au-
thors.!

Publishesl information on the acute toxicity of-

vinyl chleride to experimental animals provect

scanty. Patty, Yant and Waite® in 1930 reported -
on the acute response of guinea pigs to vimyi -

chloride. Tlicy found that exposure ta 20 to 40
per cent in air killed guines pigs in u sliort time;

toncentrations of seven to ten per cent in air

12:per-cent wouid be dungerous.
+Vinyl chloride has been studied a3 a possible

incoordinated moscular activity of the extremi-

ties:and cardiae urrythmias of a serious naturer
were obzerved in nll six dogs used in-their experi-

ment. Catr and others’ found that vinyl chioride
produced sensitization of the myocamiium ia

thice of eéven dogs in which it wus administersd

a3 an anesthetic agent.
- Two cases of vm:,l chloride gassing oceurred in

a iactory in Great Britain where polyvinyl chior-.
. "ide resin'wus being made. These were repottes by

the Chief Inspector of Factories.* In one case a

‘provess worker was standing outside a poiymer-

zation vessel and washing it with a water stream.

After ten:minutes of this he suddenly coliapsed.

across the open manhole. Artificial n.su..-ut.u.cn
was successiutly applied. Subsequent sy mpiors

_experienced by this worker were tightness of tie

exposure to ten per cent was endured lor several -

hours. Congestion and edema of the lungs with:

hyperemia of the liver and kidneys were noted.
Peoples and Lenke? found the minimal anes-
thetic range of vinyl chioride in mire exposed for
ten minutes was S to 12 per cent in air; 23 to 3U
per cent was futal in ten minutes. Douzs and rgb-
bits were anesthetized within one minute when
exposed to n concentration of about 15 per cent
in air. Recovery was very rapid with nu apparent
untoward effect even after prolonued wnesthwsia,
Lebmann and Flury® nuted that vinyd cldoride
was highly narcotic hut had a wide margin be-
tween its narcatie and lethal concentrations, Its
local irritating etfect and its toxicity werw de-

. elest, nausen, abdominal pain und headache. The

T .

second case occusred in a4 maintepance worker
who was overcome while repairing a vinyl chiorids
Jeak, Both men were hospitalizedd. Another worier
whouse hunds were accidentally sprayed sith
vinyl ehloride liquid under pressure developed 3
burn, This latter case was reported hy Hams?

i Such burns may oceur with other highly volacue.

materials when sprayed outo the hands a3  liquid
under pressure,

Filatova and Gronsberg®® in 1957 repocted 08
Ty gwmc eondifions in 1 polyvingl processing
plant in the USSR, The plant was cogaged
the polymerizatign of vinyl chluride by meaus of
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i1 catalyst. Air sampling was doue and the con-
cutration df vinyl chloride was found to vary
«om about 20 ppm to about 315 ppm. (US.5.R.
Threshold Limit Value: 1 mgyliter or about 100
apm). A spastic ty pe bload vessel disorder was
Jeseribed in workers from this plant.
Bocause of the receot [utalities mentioned
* bove it was decided to undertake acute inh:ulu.

", -rion studies in laboratory animals with commer-

_ vially availabie vinyl chloride. This was done both
for comparison ‘with earlier work and to provide
‘information on the acute response and patholozi-
val changes in more than one speue: of laboratory

1 apimal,
§ e

Experimental Materiais and Procedures

Vinyl Chlaride: The vinyl chloricie was supplied
n 3 metal cylinder under pressure. A commereinl
srade with the following specifications was used:

Specific gravity at 20°C ¢ 0.953+0.983
Nster content Nozne

x Riling range °C —=1t to =9.5
fylroken ciloride content Noas

\cetylene 10 ppm maximum
\cetaldehyde 20 ppm maximum
iroa Essentially iron free

Purity (per cent)
{mpunties (per cent)

$3.8 maximum
0.5 macmam

5

¥ - CES G w oom
: tempemture 1ts boiling point is —13.0°C. It hus
| 1sweetish odor. It3 ﬂ.\.h point is eiven ut =78°C
{ and its explosive limits in air from 4 to 22 per
.ent. It has the moleculur formula CH.:CHCL
Animads: Mice, rats and guinew pigs were nsed
‘athe study. Test and control uninals were taken
rom the same laboratory stock. All were fed o
; ‘tandard commercial diet and housed in the sume
way. All were of the sume staxe of development.
Equipment: The inhalation chamber capacity
x13 36.6 liters. [t was equipped with a viewing
vindow and an inlet tube. Vinyl chloride was re-
“ased in gaseous form throush an adjustable
zulve ou the top of the containing cylinder, then
“lrough connecting nubber tubing und a reculi-
ated Fisher flow-meter. Fresh air wus pumped
' motor at an adjustabie controtled rute through
v meter. The streams of air and vinyl chloride
wre combined at appropriate rates of fow by a
s Y-tube leading through turther rubber tub-
ng to the unimal chamber inlet, to deliver o
'-ntmum;, stream in the dusiied proportions.
Caleulutions and adjustments wore mude to pro-
Hee the following Aow concentratinas of vinyl
horide in air for delivery: 10, 20, 50 and 40 per
“it. AN coneentrutions s \'.\pn-w-d in this re.
“ort ag per cent by volume in air, No dutermina-

1
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tions of vinyl chloride concentratinng were done A

in the test chamber during the experiments. :
E.rperimental Procedures: Different groups of "
five mlcc, five rats and five guinea pigs were
placed in the chamber and exposed for thirty :
minutes to concentrations of 10, 20 and 30 per oA
cent vinyl ehlorice in air. Similar xeups of won- '
trol animals were maintained but nht exnosed to H ‘
vinyl chloride. At the ead of thirty miinutes ex. B, 1
posure the tost animals were immediately re-
moved.to fresh air. An additional zroup of five :
auinea pigs was exposed to a concentration of 40
per cent vinyl chloride in nir. In il 65 experimen-
tal animals were involved. Ohservations were re-
rded on the animals during and after exposure, S0
The animals which dicd cither during the ex- S
phsure or after a delay perind were antapsied soon b
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 PR
equtrol rats which were killed by exsanzzuination. L
All animals were exaniined for gross pathologi- P
L changes. Tissues wers removed from all ani- R
ils for microscopic examination. The lungs, B
liter, kidney and henrt were removed in ull .
c:bses. The brain, adrenal, spicen, traches, lymph . Rt
nddes, and the eve were removed from represen- v
talive animals in cach group for study. The tissues _—
£re preserved in formalin and sections made for P
staining with hematoxwlin-cosin, Special staing :
were made where indicated.

oL

Observations

habadibc 03

Control Animals: No symptoms were exhibited
by the 15 control animals nud no deaths occurred. s
Ten Pcr Cent Vinyl Chloride: "The response of .
animals exposed to this concentration is recorded

below in summary form:

Exposure Time

(minutes) Respanse N B
1 Sligbt ieritation in mice und rals. ) N
[ 3. Increased mator scuvity first in mies, HE vt
then ruts aod guinia pigs. SR ,'
19 Inerexsed motor acuvity in all species; : ™ 4. !
wwitehing of extremitivs in mice. : o
18 Prosounced tremor, unitesdy it und ol
museular incoordination in all spreies. .
20 Mice and rats in aidde poation: musculsr , .
jocpordination, ticiiuo and twitching : 'l
of estremities in guinra pigs. Lt
23 Mice and rits uaCNAIrioLS, KuiTes Pigy : con
very utateady hut stll standing.
30 Mice and mts ia drep narcusis; cuinea

pixs in sicle pnsition with tremocs=ose i
ynconscivug, ‘

Exposure was stopped and the animals removed
to fresh air. All reenvered within five minutes,
Twenty Per Cent Vinyl Chluride: The response

s o au s 2d o) TRy

Kabaadil 1t 4
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of animals exposed to this concentration is re-

Tasir {
corcled helow in =umniary form:

engorgement of the blond vesacls in
Number of Deaths in Differeat Groups of Five

patehy areas of atelectusis aud 1n
Exposute Time

haian 2 ) g

Response Mice, Ruts and Guinea Pigs Expored for Thiry The Kidneys showed mininul
(minutes) Minutes to Varving Concentrations of Vinyl changes in the epithelium of the «
1 Tmediate irrtation in mice and rats. Chloride in Air bules.
Musenl linuti i . , . .
2 l:::.;u ar incoonlinstivn in mive uod S l — — : The test animals survivinz tll!.j
. g b Avri i v 00t b , -~
] Mice and rats an their sides with marked ce::)éelsu::ilu: \ Aoey and I Totat - . l y S\Lﬂﬁct‘.d i tWo weeks., Ut wiu
tremora aad Lwiicoiaf of the exuremis LF cent BY | i Rats |Guinea pigs ot - congestion of the lunus was nresewe
Y1 1 Sr i v Mice- 18 v | H . ‘.
) S:m::i‘::‘ ‘l-ls"::’..l: (:i':swu'" aeer ! ' e o but it was more riarked in the mien
212 . - . . . . . ..l\.
10 3ice snd rats uvacunscious with rapid 10 ' '8 o/8 ¢/3 ons ., . . m‘ th? guinea pigs. ”"tnl“‘i“:”-. .
irtexulur Lreatling; guines pizs ume 1 ) “ors 08 s +  dence of pul.monu;_v“con:c.-;uon u
eonacious but shewing murked twiteh- 30 5/8 3/ 1/8° uis . mals. Some fatty wmAitiation wia
ing. 10 - - 2/8° Y3 - liver of one rat. All other tissues st:
15 Allanimals in deen narcosis: respiratioas | normnl
{rregular and rapid. Totsl ] 8/18 5/18 3/20 } 1413 Thi ‘ P I Llorirle: ¢
20 Deep narconis; b'ulhiuz stow sod shal- : : . l"-' y rer Ccnt wy'l C;{gm £
low. * A delryed death oceurred within2{ bours following expoaure. 1 tion of the animals which dird as
113 Breatbing eeuedm one mouse; {rothing . R et exposure revealed conzestion of
st mouthsad nostnlsia mm.mdnu. N X . ' morr! . T T
30 All agimuls ia deep nurcosis. Forty Per Cent Vinyl Chloride: Only five guines hemorrhagic areas. The mive and »

Exposure was stopped und the animals removed
to fresh air. Mice and rats recovered fuster than
the guinea pizs and appeared normal within five
minutes except for one mouse which was dead.
The guinea pigs continued to shaw muscular in-
eoordination, unsteadiness on thwir feer undl 20
minutes after removal from exposure.

Thirty Per Ceat Vingl Chloride: ‘The response of
animals exposed to this concentration i3 recorded
below in sumunary form:

Exposure Time

(minutes) Response
- Mice showad irritation irarnedliately and
the rats abowed irritation quickly
thereulter.
1 Musenlur ineoordination in mice and
rata.
2 Mice and rsts in side position with

marked tremors wad trwitching of the
extremities; muicular inconrdinstion
in guines pigs with developing paruly-
sis of the extremities.

$ All snimals unconscious; rapid irrexular
respirations in mice and rts with
frothing ubout noss and mouths
twitching of extremities siill cceurred
oceusionally in zuines pigs.

10 Respirations stopped i mice; brenching
slow and shullow in rats: guices pics
still exhibited occavional twilching
movements of the axtremnities.

18 Breathing stopped in rats; respirations

o olow aad stallow in guines pigs;
twitching of extremities still present
in guinea pigs.

30 Mice and mito stil; guinea pics in desp
nnrcosis with slow shullow breathing

Expnsure was stopped and the animals removed
to fresh air. The mice and ruts were dead, The
guinea pigs touk 25 minutes ta return to theic
normal apprarance and activity, Que guinea pig
from this group dicd within 24 hours following
exposure,

pizs were exposed to this concentration. Sigos of
irritation were immediately apparent. Muscular
incoordination uppenmd within seconds, Aiter
five minutes all the guinea pigs were unconscious
with slow shallow bre.;thmg. At the end of the
exposure period one guines pig was dead and the
remaining four were in deep narcosis. These sur-
vivors tonk 30 minutes to return to their normai
appearance and activity, but one died within the
following 24 hours,

The number of deaths oceurring in different
groups of five lauborutory unimals expuzed for
thirty minutes to varying conceatrations of viuyi
chloride in air is shown in Tuble .

Pathological Findings

Gross pathological and histological studies were

carried out. The findinuzs are summarized below.
Control Animals:
gross or micrascopic cvidence of damage.
Ten Pcr Cent Vinyl Chloride: \)l test animais
survived this exposure. They were sucrificed tvo

‘weeks later. On gross examination there was evi-

dence in niice of slicht hyperemis of the lungs.
This way less marked in rats, Guinez pius ~hump
no difference from control antmals. On hiswiozie
examination the mice showed very slizht eagonge-
ment of the pulmonary vessels.  One mouse
showed drgenerative chatiges in the tubular epi-
thelium of the kidney with hydropic sweiliag.
The mts showed slizht conzestion of the capiilas-
ies in the lung. Lungs in the guinea pig were a0
slightly more hyperemic than those of the conteel
animds.

Tweaty Pcr Cent Vingl Chloride: One mouse
dicd as o result of 30 minutes exposire to this
coneentration. Pulinonury congestion wis »iwicud
on gross examinition. Microscopically, there was

Lir atuad Rht i taiang o
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«uzorgement of the blood vessels in the lung with
patehy arcas of atelectasis and minimal edema.
The kidneys  showed minimul  degenerative
hanges in the epithelium of the convoluted tu-
hules.

The test animals surviving this exposure were
acrificed in two weeks. On gross examination,
vongestion of the lungs was present in all species,
but it was more marked in the mice and mts than
in the guinea pigs. Histologically, there was evi-
dence of pulmonary congestion in expused aui-
mals. Some fatty infiltration was present in the
liver of one rat. All other tissues studied uppeared
gormal.

Thirty Per Cent Vinyl Chloride: Gross examina-
tion of the animals which died as a result of this
exposure revenled congestion of the lungs with
hemorrhagic areas. Tlie mice and rats in addition
showed. congestion of the liver and kidney. The
vae guinea pig death was delayed. Ia this animal
there was marked conzestion of the lungs with
hemorrhages and the liver was distended and very
friable. The microscopic changes in the animals
which died inciuded marked engorgement of the
ruimonary blood vessels with edema and hemor-
rhages in the lungs, The tracheu of one rat showed
superficial desquamation of the epithelium. Con-
gestion was also evident in the liver aud kidney
of the mice and rats. The liver of the guinea pig
which had the delayed death showed severe fatty

degeneration of the liver confirmed with frozen
sections stained with Sudan IfI.

The four surviving guinea pigs were saerificed
tvo weeks later. Marked puimonury congestion
was present with hemorrhagic areas and edema.
In one case there was evidence of secondary buc-
terial infiltration. The liver in these guinea pigs
zave the appearance of fatty infiltration but no
iat was demonstrated cn frozen section.

Forty Per Cent Vinyl Chloride: One of five
swnes pigs expused to this concentration died
Jduting the exposure and anuther died within 24
hours. The two which died showed marked con-
jestion of the lungs with hemorrhazes on gross
*samination. This was also evident on micro-
«opic examination. The liver of one of these guve
the appearance of fatty infiltration, but no fat
uld be demonstrated on frozen section.

The three surviving guines pigs were sacrificed
two wetks luter. Marked consestion of the lungs
¥ith hemorrhage was evident on both the gro~s
md miicroscopic examination. [n one guinea pig,
*he tracheal epithelium was completely ubsent.

‘ lt:\tlmlozicnl stadies which were made of the
min, heart, spleen, adrenals, lymph godes and
the eves xhowed no difference between controls
el anintals dying us a result of exposure or he-
tWeen controls and the surviving unimals sacri-

P

Sar

ficed two weeks after exposure. There was o ! .
tendeney for the blood to remain unelotted in the '
animais dying during exposure. This feature was L '
noted in the two human fatulicies mentioned ear.

lier but it is not a specific charaeteristie of vinyl :
chloride. '

Discussion . f

The response of guinea pigs to'inhalation of o
vinyl chloride was similar to that reported by SR
Patty, Yant and Waite. The guinca pigs in our
stiddy, however, tolerated a greater exposure dur- .
ing the experimental period than either the mice : L
or rats. The results in mice azreed closely with Cn
those reported by Peoples und Leake. Ruts were Lo
similar to mice in their response. I -

The pathological changes in animals which .
died as a result of exposure were muinly those of '
vaseular engorgement of the lunes with hemor-
rhuges and edemu. The severity of these changes .o
varied with the severity of exposure. In the hivher o
concentrations, pulmonary change was marked ‘.
with severe damare to the tracheal epitheiium. et
Congestion of the liver and kidneys also occurred SRR
in test animals. These chunzes are simiiar to o
those reported by Patty and associates. e

Evidence of pulmonary eongestion was still N
present in surviving unimals sueniticed two weeks L
after exposure. Putty and associates reported that L
such chanzes had disappeared in about cighe days '

Degenerative changes tn the tubular epithelium
of the kidney were notwi in one mouse dying us o
resuit of exposure and in ore nwuse sacrificed

two weeks usiter being exposed. Such changes, AR
however, were minimal und not shown by other S
animals in the group. PSSt

One of the guinex pigs with delayed death fol-
lowing exposure showed zevere futty infilteation
of the liver. Chanues suzzestive of fatty infiltru-
tion were observed in other ¢xposed animals but

not confirmed by frozen sections stuined with : :

Sudan II1. . Y N 5 i
v

Summary i

Sepurate groups of laboratory animals com-
prising five mice, five rats and five ouinea pigs
were exposed in an inhalation ¢luunber to ¢oneen- !
trations of 10, 20 and 30 per cent vinyl chiloride S
in air for 30 minutes. An additional five guines _
pigs were exposedd to o 40 per cent coneentration ;
for a similar period of time. The response by each
of the three species to these concentrations is ‘
notedd.

Inhalation of these relatively high concentra-
tions produced narcosis and death. Mice were the
maost susceptible with gunen pizs congiderably
more resistunt, Rats were similar tu mice in ther

-
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response. Exposure to ten per cent vinyi chloride
in air produced deep narcosis in mice and rats
but no deaths; 30 per cent concentrutions kilied
mice aud rats. Exposure of guinea pius to 20 per
cent procluced deep narcosis: but three of five
guinea pigs survived exposure to 40 per cent con-
centration.

Animals dyving as o result of exposure were
autopsied shostly after death. Burvivers and con-
trol animals were sacrificed two weeks later,

. Gross pathological and microscopic studies were
done and these findings are described.

The principal pathological changes in animals
dying from exposure were couxestion of the lungs
with pulmonary edema and hemorrhages in some,
and congestion of the liver and kidneys. Failure
of the blood to clot was also observed. One of the
three guinea pigs which died following exposure
showed severe {utty infltration of the liver.

Survivors sacrificed two weeks after exnasure
showed little diference from the control animals.
Pulmonary congestion was still evident but liver
and kidney congestion. was not.

‘M\-.AW.L'- P At

October, 1989
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The Toxicity of Vinyl Chloride as Determined
by Repeated Exposure of Laboratory
Animals

T. R. TORKELSON, M.S,, F. OYEN, and V. K. ROWE, M.S.
Biochemical Rescarch Laboratory, The Dow Chemical Company, Midlarnd, Michigan

Groups of laboratory animals were exposed repeatedly for up to six montbs to either
500, 200, 100 or 50 ppm vinyl chloride in air. Delectable ehanges occurred at all but
the lowest concentration. The results are discussed and handling precautions suggested.

Infroduction

INYL chloride (CH=—CHC!) is a chemical

of great industrial iraportance, It is used in
the preparation of polyvinyl chloride resin, as
& copolymer in caran and other plastics, as a
chemical intermediate and as & solvent. Be-
cause of the flammability of vinyl ehloride, 1t has
heen generally assumed that the greatest hazard
asyociated with vinyl chloride is that due to its
flammability rather than its toxicity.!

The toxicity of vinyl chloride hag been re-
viewed by von Oettinzen® and more recently by
Mastromatteo et al® von Oettingen concluded
that the gas was anesthetic in high concentra-
tions and that considerable interest had been
shown in tbe use of vinyl chioride as a surgical
anesthetic. However, its effect on the cireulatory
system has discouraged exploitation of this prop-
erty. No doubt the hazard from flammability lias
also hindercd this vse. Only limited repeated
exposures which were reported by Schaumann!
were discussed by von Oettingen. These repeated
exposures indicated little or no chronic effects
cven from anesthetic concentrations.

Mastromatteo et al’ also discussed the pub-
lished data and reported the results of single
oxposures of mice, rats and guinca pigs which
canfirmed tho low acute toxicity of vinyl
chloride. Mastromatteo reported that only two
human fatalities due to vinyl chloride had been
reported.

It can Le concluded from the published toxi-
cological data that anesthesia is the only sim-
nifieant effect of acute exposure. Sufficient re-
peated exposures have not been reported to
draw conclusions about chronic toxicity. The
Threshold Limit Value of 300 ppm susgested by
the Ameriean Confcrence of Governmental In-
dustrinl Hygienists (ACGII)® is reported by
Smyth® to be based on single animal exposures
and human experience.

The following report summarizes the results
of repeated exposures of laboratory animals to
either 500, 200, 100 or 50 ppm of vinyl chloride.
The signifieance of the results is discussed and
recommendations for a threshold limit value are
made,

Experimental Procedures

Materials Tested

Vinyl chloride, CH,==CHC], is a colorless gas.
It has a boiling point of —13.35°C (+7.93°F)
and a freezing point of ~154"C (—~24482°F).
The material polymerizes readily and hence is
sometimes inhibited with phenol or tertiury
butyleatechol. Vinyl chleride is very flammable,
ita flashpoint being ~78°C (—108°F). The ex-
plosive limits arc from 4% to 229% by volume.
It has little odor although high concentrations
may smell faintly gweet.

A single, uninhibited sample was used in these
studies. It was shown by mass spectrographic
analysis to be essentially pure CH,=CIICI, air
being the only impurity detected in gns phase
samples,

Source and Feeding of Animals

The rats and rabbiis used in this study were
obtained from the stock colony of this labora-
tory, the guinea pigs were obtained from o
commercial grower” and the dogs werc purebred
beagles obtained from a loeal kennel. The rats
and dogs were fed Purina Laboratery Chow®
or Famo Laboratory Ration.! Tho rabbits and
suinea pigs received Famo Rabbit DBreeder
Ration. The guinea pig diet was supplemented
with carrots.

Ezperimental Protocol

The oxperiments were conducted in three
phases. In the first phase, groups of 10 muale
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and 10 femule rats were exposed seven hours per
day five days per week to 500 ppm for 4.5
months. Lxposures were given in o 100-liter
chamber previously deseribed.™ Mortality snd
growth records were kept. Final organ weights
were obtained and tissues were saved for micro-
scopic exmmination. Five male and five femnle
rats served as uncxposed controls.

The sccond phase consisted of repeated 7-
hour daily exposures of 20-24 inale and 24 fe-
male rats, ten male and eight female guinea pigs,
threo male and three female rabbits and one
male and ona ferale dog to either 200 ppm
or 100 ppm of vinyl chloride. These animals and
two groups of controls were carefully selected
and matched on the basis of age, condition and
weight. The first group of controls received
no exposure and served as unexposed controls.
The second group received repeated daily 7-
hour exposures to room air in & chamber similar
to the one used for exposures to the chemieal.
This group is referred to as the air-exposed con-
trol group. In addition to the animals receiving
7-hour daily exposures, eight separate groups of

- five male rats cach were exposed to either 200
or 100 ppm for 4, 2, 1 or 0.3 hours per day.

The procedures and equpiment used were bas-
jeally the same as repaorted previously.® Growth
and mortality records were kept on all groups.
The livers of the dogs were biopsied prior to ex-
posure and after 312 months of exposure, hence
the liver of each dog served as its own ¢ontrol.
Pre-exposure and terminal hematologieal deter-
minations were made on all dogs and terminal
determinations on representative groups of rats.
Urine samples were collected from the dogs and
representative groups of rats. At the termination
of the experiment, part of the rats swere starved
overnight and then these and all the guinea pigs
and rabbits were killed by decapitation on the
day after their last exposurc. The dogs were
killed by exsanguination after anesthesia with
thiopental, sodium (Pentothal, Abbott). Samples
of blood were taken of representative groups of
animals for determination of alkaline phoespha-
tase, serum-urea-pitrogen (SUN), serum-glu-
tamic-pyruvic-transaminase (SGPT), and se-
rum-glutamic-oxalacetic-transaminase  (SGOT).
The organs were weighed and tissues fixed for
histopathological cxamination. The rats which
were not killed the day after exposures were
stopped were pastured for eight weeks and then
sacrificed in the previously deseribed manner.

The third phase of this experiment consisted
of repeated daily 7-hour exposures of 24 male
and 24 female rats, 12 male and 12 female quinea
pigs, 3 male and 3 female rabbits and one male
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and onc female dog to 50 ppm vinyl chloride,
Lqual matched groups served as unexposed and
air-exposed controls. Three additional groups of
10 male rats each were exposed for 4, 2 or 1 hour
per day to 30 ppm. .

The procedures followed swere essentially the
same as used for exposures to 200 and 100 ppin
except that hematological cxaminations were
made on the dogs after three months and liver
biopsies were mado only prior to c.\'p‘nsurc. Urine
was eollected from the rabbits as well as the rats
and dogs. The rats which were not saerificed at
the end of the exposures were pastured for six
weeks and then sacrificed.

Equipment Used

The exposure equipment used has been de-
seribed previously.® Towever, in order to gain
additional data about the results of repecated
short daily exposures, it was pecessary to devise
a wmethod of introducing additional groups of
rats. This was done without opening the doars
of the chamber by dropping the rats throngh
chutes made of 3.25-inch stainless steel tubing.
These chutes were closed with a rubber stopper
except during the brief time it took to insert the
rats, The chutes, which were sloped at & 456° an-
gle, ended in covered, scrcened cages inside the
chamber. The additional groups were started 3,
5, 6 and 6.5 hours after the 7-hour exposures
started. Sinee all animals were removed after the
7-hour exposure was completed, this routine re-
sulted in exposures lasting 4, 2, 1 or 0.5 hours.

The vinyl chloride was metered {rom a saran
plastic bag which served as a recervoir for the
gas. Metering of the gas was done by Dual
Syringe Pumps™ Total air flow through the
chambers was measured by means of calibrated
flow meters.

Annlysis of the Chamber Atmospheres

Analyses of the air were made by direct com-
bustion of a known volume of air in a heated
quartz tube. The resulting chloride was trapped
in 1% sodium formate—1% sodium carbonate
solution and subscquently fitrated by a micro-
Volhard technique. The results of the individual
analyzes were within 15% of the thearetieal con-
contrations during the exposures to 200, 100 and
50 ppm. The averace concentrations recovered
were 197, 100.5 and 48.7 ppm respectively.

Resulis of Repsated Exposures

Ezposure to 500 ppmn Vinyl Clloride

The rats exposed repeatedly at 500 ppm for
1.5 months, grew normally and no changes were

AP00023582



357

Tanrw II
Summary of Average Body and Qrgan Weights of

Femule Lats Reeviving Nepeated 7.Hour Dx-
posures to Vinyl Chloride § Days per Week
2 Orpan Weights,
s §'§ $/100 g Body
= el - |7 Waght
SE el 2 uF
TRy e
< L T! ¢
:ST‘_': EXIZE 2R . i3 £ 3 -g'
- [ KRR W |
Unexpused son-
trob. e [ 8§75 ) 194 10,82:0.41) 3.08 | 0.6D [0.19
300 4.5 | 9/10) 198 10.08,0.38] 8.22%) o.81 J0.20
i
Unexposed con- .
trod. s 0 10/12¢ 202 [0.63,0.28 2.92 ! 0.82 {0.17
Air oxposed
control. ... ... 8 9/12; 223 lo.no.aw 2.9¢ | .81 l0.18
00 6 | 10/12° 208 |0.83)0.38) 3.39%! 0.84 [0.18
100 € |11z, 221 }0.86/0.80} 3.35% 0.79 10.20
Uneaposed® )
control........ 4 8/12) 228 10.6110.37) 3.47 ¢ 0.32 {0.18
Alr  expased*
eontrol........ 1 9/12f 240 0.58!0.37 2.67 i 0.83 0.13
200 ] 12713} 233 10.61 O.J&l 3.06 1 0.81 ;0,20
100¢ [ 12/13 235 10,63]0.40] 3.17 | 0.83 [0.21
Urexpeaed con-
trol...ovnines 0 11713 21l [0.8810.39) 3.02 | 0.33 (0.20
1] 12/12] 202 10.5910.88) 2.93 | 0.81 l0.20
50 [ $/12] 296 10.01{0.37} 3.02 | 0.8% (0,20
Uszexpoted**
control........ [} 117120 195 0.06{0.40] 2.63 | 0.51 |0.22
Air exposcd
sontrolee . .. [ $/13] 231 |0.93;0.40] 3.0L | 0.87 (0.1¢
50 ] 11/13) 133 o.aaio.aal 2.83 | 0.8240.30

*Pasturcd for 8 wecks aftar exposures censed.
** Pastured for 6 weeka wufter exposures ccased.
) I? = 0.7
) 1 = 0.02
©) P =001
(d) P = 0.05

Ezposure to 100 ppm Vinyl Cllovide

All species exposed to 100 ppm of vinyl ehlo-
ride, scven hours per day, 135~144 times in 204
days, were judged normal on the basis of the fol-
lowing eriteria: appearance, mortality, growth,
homatological examination, SUN, SGOT, 8-
CGPT, alkaline phosphatase determination, uri-
nalysis and gross and microscopic examination of
tissue, Ilowever, slight inereases were found in
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the average weights of the livers of male and fe-
male rats {Tables I and II). Although not sig-
nificant statistically, an increase was also seen
 the average weight of the livers of the male
rats exposed to 100 ppm for either four or two
hours por day. The groups exposed for ecither
1.0 or 0.3 hour per day were entirely normval.

Exposures to 50 ppm Vingl Chloride

The increase in weight of U,\g rat livers, the
only signiticant finding in animalk exposed to 100
ppn, did not veeur iu rats expo.ed repeatedly to
80 ppm of vinyl cliloride, 130 times in 189 days.
All groups of anitals were judged normal in all
other respects. See Tables 1, \', VI, VI, VIII
and IX. A statistically significant decrease in
kidney weight~whieh was scen in the female rats
(Table IT) wus considered to be an artifact since
it was not seen at higher concentrations.

Discussion

Repeated exposure to vinyl chloride at con-
centrations considerably below the level that hus
been considered safe for human exposure has
been shown to have an eficet on the liver and
kidney of luboratory animals. Histopathalogical
changes aml mereased liver weights in male and
female rats were noted after repeated exposure
at 500 ppm. Nepeated exposure at 200 ppm for
six months rcsulted in an mcerease in the average
weight of the livers of male and femnale ruts and
micropathological changes in the livers of the
male and female rabbits. The only effect noted
after repeated duily 7-hour exposures to 100 ppm
for six mouths was a slight increase in the aver-
age weight of the rat livers. Repeated 7-hour
exposures 10 30 ppm for ix montls had no effect
on any species studicd. Hence, the highest con-
centration without detectable effect on any spe-
cies was 50 ppm.

It is interesting to speculate on the apparont
discrepaney Letween the effects observed at 100
ppm in this experiment and the lack of reported
injury in bumans vsing a threshold limit of 500
ppm, Several factors may be contributory. First,
the effects noted in animals at 500 ppm were anly
slight to moderate; grawth, mortality, and gen-
eral appearance were unaflected. Ionee, it is
possible that if humans were exposed repeatedly
at 500 ppin slight injury might oceur but due te
the lack of subjeetive symptoms the injury
would eseape deteetion, Secondly, the injury was
apparently reversible. The liver weights of both
male and fomale rats which had shown definite
increases after exposures at 200 and 100 ppm
were normal or approaching normal after -8
weeks of recovery (Tables I, II and VIII).



TasrLe III
Summary of Average Biochemical Values Determined for Animals Receiving Repeated Exposures to
Vinyl Chloride 3 Duys per Week

Alkaline
Monhy | Duntion | e, | Fho8 | Blood | SOFT | 8007
Month, Hing T o o b2
Species aod Dog No. Sex  Coaccntration in ppm an ' ]‘;" U“l_y u(T ' px-{r::_e ,.\'"rl;f:,_.m
g Expoasure “l‘m"r':“' Avimals Arm- mg/100 | ..
. strong mi Sigma-Frankel
Units Usit
Dog M Unexposed eontrol 0 0 1 12.2 24 18 43
Ait expured eontrol [ 7 1 ¢.1 19 19 17
200 ¢ T 1 3.5 n 13 48
100 [] 7 1 +.5 16 b 21 19
F Unexpaged eontrol "] 0 1 5.1 1 10 26
Air expused control L] 7 1 1 20 1 17
200 [ 7 1 .9 M} 18 2
100 8 7 1 5.8 H 10 4
M Unexposed control 0 [ H 32.9° 20.6° 30
4.5 7 4 18.9 13.8 3
200 8 7 5 17.7 16.2 36
200 & 4 L] 18.4 16.2 b1
200 [] 1 3 20.2 7.7 42
100 8 7 4 19.4 15.0 27
100 ] 4 3 14.7 16.3 38
100 [} 1 3 19.0 6.3 30
Rabt.ooiiiiiiiiiiiannn F Unexposed control 0 0 4 121 20.8 ®
S00 [ 7 3 16.1 22,3 26
200 6 7 § 13.8 2232 2
100 [} 7 8 .5 22.8 23
Rabbit......oo.Ll M Control L] 0 § 4.0 25 36
200 ] 7 3 5.8 A 23
100 [ 7 2 5.9 28 2
Rabbit....cooviiiiiiniannas F Control 3 [} [ £9 EH] 38
200 6 7 2 5.8 14 b
100 6 7 3 4.0 28 35

* Beesuse of two unusually high individual valuosin this groun theus averuge vulucs are clevated and do not corcceapand with the
values obitained on sitnilur control groups in ourlaborutory. Nurial centrol valuea are in thesarme ranges as those of the experimental
groups listed in this tuble,

TaBre IV
Summary of Average Hematological Values for Animals Receiving
Repeated 7-Hour Exposures to Vinyl Chloride

]
Months !
- A on | No.of | HEMO-} proy weme sineutro- Lym- 1 \tono- Eosino-
Species or Dog ¢ Sex | Concentrution in ppm En::»’el{i- Animals g/[;’:‘;"" tocrit | lub | phils 3’&‘ cytes | phils

M Adr exposed control ° 4 1.5 1) 15.8 20.8 .2 1.5 0.8
M 200 [ 5 4.4 50 16.7 19 17.8 0.2 3
F Alr exposed control (4 4 4.0 9.5 | 1%.5 22.5 4.5 0.2 2.8
F . 200 ] 5 13.5 7.4 12.8 248 0.2 1.0 4
M Unexposed sontrol 0 1 - _ —_ - — —_ —_
M Unexposed control ] 1 15 53 4.2 40 8t 0 3
M Air expused control 0 t 14.5 5¢ 13.5 61 2 5 1
M Ait exposed control [} 1 4.5 82 13.2 33 b2 4 4
M 200 0 1 13 47 16.2 56 28 3 13
M 200 ¢ 1 16.5 & 15.8 30 {1 2 1
M 100 0 1 18.8 52 19.8 46 46 [ 4
M 100 8 1 16 54 18.8 81 39 0 0
F Unexposed control 0 1 4.5 81 2.8 {2 37 3 18
I Unexposed control [ 1 15.8 54 1.5 | 54 41 1 4
ol Air exposed cuntrol 0 1 15 53 H.¢ 35 13 4 8
® Air exposed control [} 1 18 57 1.7 68 23 4 7
¥ 200 0 1 " 50 7.8 9 43 3 §
oy 200 [} 1 16 1) 17.3 14 51 0 3
r 100 0 H 12.5 (1) 16.3 8l 37 2 0 .

Doug #110....... cevees r 100 L] 1 15.8 54 4.4 44 50 1 [}
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TanLe V
Summuary of Terminal Average Body and Organ
Weights of Guinea Pigs Receiving Repeated
Daily 7-Howr Exposures to Vinyl Chloride 3
Days per Week for § Months .

1
!‘,,
£ _EE | Owmplriduenes
g si 5%
HE T FIYHE
® 2 37 152 £
3 & R £ ‘ SBEIEAL:
M | Unexposed 8/102 27| 0.84 10,28 3.32 «0.70'0.1G0.(8
control i {
M| Air exposed] 5/10; 1030 | 0.52 10.28' 3,36 |0.6110.100.48
control 1 !
M 200 7/10] 1044 | 0.53 10,25 3.01 2.60'0.090.44
M 100 7710, 1083 | 0.53 10.25; 2.79" 0.580.11{0.47
M | Unexposed | 87120 418 | 0.60 [0.29, 3.24 |0.68'0.12]0.52
eontrol
M | Alr exposed | 11712 936 [ 0.81 {0.37; 3.31 ,0.04:0.120.50
control ] l ‘
M 50 10/12] 1001 | 0.63 |0.281 3.14 l0.61:0.12,0.48
¥ | Unexpoaed | 8/8 | 09 ] 0.62 |0.27] 3.20 |0.¢30.18
control
F | Air exposed | 7/8 | 867 | 0.86 [0.25! 3.25 10.67,0.11
coptrol
F 200 78 1 syt | 074510, 27 3.60¢0.46'0.13!
¥ 100 /8| w19 | 0.58 [0.26i 3.50 jo.64'0.12
T | Unexposed | o/13 723 | 0.78 Jo.3¢} 3.u1 jo.solo.ss
coateol l
T | Alr exposed | 8/12] RS4 | 0.68 [0.2¢! 3.8¢ {0.65}0.14
eontrol
F 50 11/12} 008 | 0.69 o‘ax( 344 [0.c40.14
(8) P = 008
(b) P w= 0.2¢
(c) P =023
Tapre VI

Summary of Ternvinal Averuge Body and Organ
Weights of Rabbits Receiving Repeated Daily
7-Hour Exposures to Vinyl Chloride 5 Dnys per
Week for 6 Mouths

8 '”.-‘5 1
5 _ BB | ol g
£¢ 52 152
i S 1S, T XA
L R PR OE
X S8 a7 QRS2 & &
M | Unexposed 33 | 3.6t [0.30:0. 21]2 270 43‘0 03‘0 1
M | Alr  exposed | 273 | 8.00 Jo.31)0.13:2.410.40/0.02'0.18
coptrol '
M 200 373 § 3.48 |0.32j0.1v°2.34 0. 540. 020 15
M 100 3/3 13.68 0.33 0.18 2. Gi 0. {90 0"0 15
M | Unexpoaed 23 | 3.80 {0.33,0. 17.2 33; 0. 150 02:0.15
control ‘ '
M | Afr  cxposed | 1/3 | 3.87 |0.37{0. 18 3.1810.53.0.03)0.14
control | '
M 50 3/3 1 3.70 10.360.20 2.46,0.47,0.63.0.17
F | Unexposed 3/3 | 4.8 Jo.arj0.17i2.22 0.40,0.03
F | Air  exposed | 3/3 | .91 10.30,0.18.2.15.0.41/0.0¢
control
¥ 200 373 1 4,10 10.320.16i2.20 0. 420 [
F 100 3 | 4.12 jo.20fo.18lh. 540350 03
F | Unexposed 3/3 | 4.31 10.30,0.1711.94'0,48'0,04
control
F | Alr  exposed | 2/3 [ 3.05 (0.30{0.1711.83,0.3¢°0 04!
control l I !
80 3/3 ] 4.31 0A3!l0.17i2.40i0.$9’0.01
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TanLe VII
Summary of Final Body and Organ Weights of
Dogs Receiving Repeated Daily 7-Hour Ix-
posures to Yinyl Chloride 5 Days per Week for

6 Months
|
o ‘el
£ B R Wbt o A
. - | P
% .ég.‘ 3225 Pleiep
(2 B ghEEilyalflild
4 a 5 PO & || @ 1 &Y
M 101 | Upexpoaed /1 130 0 66’“ 6212. 40‘0 38!0 32‘0 18
eontrol ‘ l
M ] 18 | Air exposed | 1/1] 8.8 O €8,0.7712. 03}0 470, lll 1,14
control l |
M1 200 /1] 10.2 l 03/0.96,2.50.0.52° 0.25.0.13
M 1) 100 171 12.8 ©. SG 0. 80'2 500 12'0.20: 0.13
M | 152 | Unexposed { 1/14 13.3 0. 80'0 7513, 69 0.530.21.0.11
sontrol i ] |
N | 156 | Air exposed | t/1] 10.8 8.77)0.87/3.05,0.43 0.38°0. 14
control | i
M| o162 50 /11 9.8 30.8910.782.(0;0.4510.!310.)2
F | 6 | Unexposed [ 1/1] 9.6 .0.710.68(2.670.43.0.21
control
T 1 107 } Air exprsed | 1/1] 8.7 0.77/0.80:3.150.430.23
control 2
r 103 200 1/1) 10.5 t0.78’0.71 1.83,0.450.28
F 110 100 1/1] 11,9 0.06;0.78,2.14 0.43.0.3)
F | 151 | Unexposed | 171{ 8.8 ;0.99)0.82/4.1010.45/0.43
eontrol
F | 188 | Air exposed | 1/1{ 1£.3 10.70,0.8413.3110.40.0,25
control -
F 160 50 171 7.4 ;\181 0.78 2.43i0.(7|l‘),33

TasLe VIII
Summary of Terminal Average Body and Organ
Weights of Male Iats Raceiving Repeated Ex-
posures to Vinyl Chloride 5 Days per Week

\ £
I
’s ~"'_§ 2 3 Organ Weights. g/lucg
3 g s T = Body \Weight
“ atmt g |EF
3 EE] § U2 ez
Be (2R T s T TR Ee
5& 5alfRl ¢ ES FlE(S121E 3
8% BFMET R T E|Ea1E15]d
] .
Unexpased | 0 { 0 | 8/8| 319 [0.500.33)2.67,0.75.0.15.0.08
contrel { ’
Alr exposed| 6 | 7 | 127127 347 }0.51j0.32)9.43)0.70;0.100.81
ocuntrol
50 § | 7 [12/12] 535 [0.50.0.31(2.40{0.650.17.0.87
50 [ 2] 87101 248 0.51;0.33 2.590.62.0.16,0.81
50 [} §/10) 321 0.4”'0.3212‘57 0.70,0.16; 0 %0
50 [ 9710 348 0.4710.322.510.75 0. II‘O 81
Unexposed® | 0 1 0 | §/8) 330 ]0.53]0.32]2.37(0.72 0.16.0.83
contrat ]
Air exposed®| 8 { 7 1 t1/17] 370 (0.53.0.2012.4) D.fA 0.14,0.78
control | ;
s6* 6| 7 | 12/12] 300 iﬂ.(?IO.SS 2.81 0.65]_0.!5’0.31

* P'ustured for 8 weeks alter cxposures ceased.

Thirdly, it is doubtful whether it would be possi-
bie for humans to be exposed continuously at 500
ppm in production plunts since this high a gen-
cral concentration would indieate severe leaks in
the equipment and extremely high concentrations
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Tasre 1IN
Summary of Average Hematological Values for Dogs Receiving Repeated 7-Hour
Exposures to Vinyl Chloride

. Nonths
L on | No. Hemo- | e g [WBX X[Neutro-| L™ | Mana- |Essino-
Dog # Sex  |Coacentratiun in ppm Erpeci-|a S S, tocrit | 1o | phils g;}&:; e | phin
Dog #132.... Ugexposed oonirsl ] 1 1n 5] 13.¢ 54 41 1 4
Dog %132, Tnexposed erntrol 3 1 15 52 19.4 42 3 4 4
Dog £152.. Unorposed control § 1 15.5 54 15.4 52 40 5 3
Dog %138.. Air exposcd conteol ) 1 —_ -— —_ - _— - -
Dog #158... Air exposed control 3 i 1.8 30 14 (5 50 2 3
Dog #1358.. Air sxposed control [ 1 14 5 i1 21 28 3 12
Dog s162.. s [ t 10.5 k] 13.8 43 43 3 )
Dog »102.. ) 2 1 14.5 51 12,7 43 48 3 i
Dog $162.. 50 8 1 13.3 53 1.2 43 & 4 3
Dog ¥151.. VUnexposad eontrel 1] bt n 48 13.3 3 30 3 °
Dog s151.. Unexpased eosirol 3 1 4.5 33 23.8 14 28 1] 8
Dog 15!, Uoexrosed coatrol [ 1 15.5 58 15.5 48 42 3 9
Dog #155.. Air exposcd control 0 1 13 i) 14 81 37 0 2
Dog #155.. Alr cxposed contral 3 1 1) 53 14,2 [1] b5 5 2
Dog #155.. Alr exposed control [ 1 5.5 58 17.0 8 3t & u
Dog #181.. 50 L] ] 10.5 k1] 5.8 53 10 $ o
Dog ¥16L.. &0 3 t 15.§ 8 13.4 i€ 42 2 0
Dog ¥10l.... 50 [} 1 1.5 I3 12.3 1 a3 3 11

adjacent to the leaks. The flammability of vinyl
chloride precludes suel severe leaks if this haz-
ard of viny! chloride is to be controlled.

Industrial Hygiene Standard

The datx prosented indicate that little like-
lihood of injury would be expeeted ii repeated
daily 7- to 8-hour exposures are limited to 100
ppm or less.

Although the level of 100 ppm may not ap-
pear to offer any margin of safety since rats ex-
posed repeatedly to this level were very slightly
affected, the vast amount of human experience
that is available while operating under an MAC
of 500 ppm indicates that injury is not likely.
Likewise the effects of even rather severe over-
exposure arce not serious, hence this level scems
reasanable, °

A time.weighted average for rll exposure
should probably not exceed 50 ppm.

Symmary

Vinyl chloride (CH,=<CHCI) is & monomer
used in very large quantities in the production of
plasties. Repeated exposurcs of laboratory ani-
mals fo several concentrationg of vinyl ehloride
in air were condueted to determine the chronie
toxieity of this material towards animals in or-
der to assess the hazard to humans, Vinyl chilo-
ride wag found 1o have a slight eapacity to eause
Tiver aund kiduey injury on repeated exposures.
Male and female ratz showed mieropathologieal
changes after repeated daily 7-hour exposures at

500 ppm for 4.5 months. Repeated 7-hour ex-
posures at 200 ppm for six months resulted in
mieropathological changes in the livers of rab-
bits and statistically significant increases in tha
nverage weight of the livers of male and female
rats but no detectable changes in dogs and
guinea pigs. Repeated T-hour exposures at 100
ppm resulted in slight increases in the average
weight of rat livers, the other specics were not
affected. All species studied tolerated repeated
daily 7-hour exposures to 50 ppm for six months
with no detectable injury.

Repeated daily 1-lour exposures at 200 and
100 ppm of vinyl chloride were without effect,
longer exposurcs caused a slight inerease in liver
weight.,

The standard far cvalusting regular daily 7-
to 8-hour exposurcs may be defined as the con-
centration below which practically all analytical
results must fall. The value of 100 ppm is sug-
gested as this standard for vinyl chloride, with
a time-weighted average for all cxposures not to
exeeed 50 ppm.
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