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Eifects of Single and Repeated Exposures of
Humans and Rats to Vinyl Chioride

D. LLESTER, Ph.D.,* L. A. GREENRERG, FPh.D.,* and W. ROBERT ADAMS, M.D.¥

Laboratory of Applied Biodynamics, Yole Un'versity and Depertment of Pathelegy, Sckool of
Medicine, Yale University, New Haven, Conneclicut

& Rats exposcd cight hours daily to viayl chloride at concentrations of 2% for

three months and 5% for 19 days exhibited changes in liver and spicen weizht
and in red and white cell caunss. Except in the case of liver, tioue alterations did
not accompany these chanzes. The altemntions in liver morphology were within
the rormal range and were not pathologic in characcer. Because other facets of
the animals’ respouse, such as rate of growth, serumi transaminass and hemoglobin,
werc unchanzed, it is suggested that the presone threshold limit value of 0.05%

need not be lowered.

Iatraduction

THE TOXICITY of viny! chloride has

been reviewed recently.’®* Because the
threshold Timit value of 500 ppm is based
an mited data’ using viny! chloride less pure
‘tan that now ebtainable® the cffccts of
Mute exposure in man and rats and long
nn exposure in rats was investigated by us
in 1959 and is described here. Our data
2 not support the conclusion of Torkelson.
“t of? that the threshold fimit value should
be reduced ten-fold; indecd their data indi-
a1z 3 need for further studics prior to any
‘evision of the threshold limit value.

Matarial

The vinyl chloride monomer was supplied
i the Terkins Plant of Sohway Process Di-
veon, Allied Chemical Gorporation. in four
"0 0o, cylinders with the characteristics
$hown i Tahle J, presumabiy dilering ma-
rially fromn the vinyl chloride used by
forkehon, et al® only in the presence of
¥ ppm of the inhibitor, phenol. Gas chro-
ratozraphy of the liquid phase indicated the
vesence of more than 995, vinyl chioride,

Preented at the Twenty.third Annual Merting of the
Vmeriean Tedustrial Hygiene Acociation, Washiagton, IV
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together with a trace of air and carbon
dioxide.

Tasee 1
Analysis of Viny! Chloride Monomer

Acid 2.2 pom
o2

; ; 9 poo
[ Pviitiag o "
Salur . 0.0
Thenu! & pom
Nou. Vol, 11 p
Warer 110 ppm
Coninr AW
Avay 99+l

Methods
* Experimental

Desired concentrations were obtained by
metering air and vinyi chloride through flow-
meters calibrated for these gases and pass-
ing the appropriate flaws through a 2-liter
mixing chamber. The concentration was
also continuousty monitored by a thermal
conductivity meter calibrated for viny] chlo-
ride versus air. The desired concentration
of vinyl chloride was maintained with less
than 5% deviation. The total gas flow
was about 30 jiters per minute (Ipm) in all
but one of the experiments,

Five experiments were conctucted: (1) a
five-miinute exposure of human beings to
concentratians of vinyl chloride ranging from
0.0 10 2.06%; (2) an exposurc of rats (Sher-
man strain rats fromm Rockland Farm, New
City, N. Y.} for as long as two hours with
concentrations up to 15%; and (3, 4, and 3)
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“r 10 putting on the mask; no suggestions
tany kind were made. The respouses of

subjects are s:muparized in Table I

** % apparent that the maximum concentra-
it vausing no cffect in any sabject lies be-
wren Q.8 andd 1.26¢. From the responses it

*evident that vinyl chloride causes clear-

ki

intoxicating symptoms which can serve

v adequate warning signs of its presence.

Tasre 11

Respensee of JTmnan Subjeets 1o Varying
Conceatrations of Vinyi Chioride

Fre Cont
~oRtcating Response

“t No diffecences ceported by Subjees 1, 2. 4, 5 and

6. Suhieer 3: “ilhls dizzy™.
o ) icen peported by alf subjects.

R No diffecences prported by Sul )'trn' 1, 2, 4.5

and B Sabieet 3z “sighily heady'.

{ No differprees reported by Subjeen 1, 3. 4 and 5,

Sobieer 3 wneure, somewhat dizey in middle  of
exporure, Subjeet 6, reeling. swimniing headd, “just
Phe wrnting s’

Mo efiect reported by Subjret 5. AU nthers prport
varimss degrees of intosieation with dizziness, Jichie
headecnes, somie nausea, dulling of visual and audi.
ey e these svmptoms disappeared rapidly upon
termination of the expoure.

i
' Al suhjeces peported antoxicating effects, Suhjeet §

separting a headache that persisted for 30 nrinutes.
Thrme simtome appeared earlier in the expmare
thay a5 1.7 snd Lhe sysaptoms were more inteiee
than at 1.6,

e —

Fiperiment ?

1

“ndd o varying concentrations of vinyl.

-uh
4
iy

o gain further insight into the intoxicat-
elicets of vinyl chloride rats were ex-

wide for periods up to two howss. The
wnt gas from the mixing chamber, at
desired concentration, was passed through
fHliter ali-glass expasure chamber con-
W lwe rats. At a 59 concentration in-

“veation is moderate but the righting re.

.-'_,\

i Inst: intoxication is more intensc at
lut tire righting reflex is still present,

{4 . 3 -y
s weflex s lost at a concentration of 703

scneal reflex disappears at a concentra-

et 1000 On remioval from the chamber,

animals return to the pre-exposure state
uliv. One animal was sacrificed after ex-

+~ae ta the 109 concentration and showed

[

“
t
A

.8

sishle wross patholegy. Exposure to a
centration of 1597 resulted in deep anes-
i within five minutes. Effusion of fluid
v the mouwth preceded respiratory failure
e 1ag alter 42 minutes; autopsy revealed
wma and congestion of the lungs. The sce-
et was maintained under this deep anes-
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thesia for two hours; on removal to air,
there was an uneveniful and prompt recov-

ery.
Experiment 3

Some notion of the distinctive and specific
pathoingy that might be caused by vinyl
chloride was our object in exposing rats to
a concentration of 10%.

Thirty-six rats, equally divided as to sex,
were divided randomly into an experimental
and a contral group; the 18 experimental
rats werc exposed to the gas in a 1100-liter
steel chamber. The concentration was initial-
ly raised rapidly to the desired level by ad-
mitting vinyl chloride without admixture
with air until the efluent from the chamber
attained the desired level as noted on the
thermal conductivity meter. A fan within
the chamber, connected by a flexibie cable
to an clectric motor outside of the chamber
(thus avoiding the hazard of an explosion),
mixcd the vinyl chioride with the air with-
in the chamber. Therecafier, the cfluent
from the 2-liter mixing vessel was admitied
to the chamber; to conserve gas, the through-
put of this highest concentration was 20
Ipm.

The experimental rats were exposed daily
from 0830 to 1630 hours while the control
animals were exposed from 0000 to 0800
hours. At this concentration, as already
noted, rats lose consciousness, regaining it
five to ten minutes after removal to air.
Alfter two consccutive 8-hour exposures, how-
cver, the appearancc of the animals sug-
gested that there would be no survivors if this
concentration were maintained for the con-
templated 15-day period: consequently, be-
ginning with the third exposure, the con-
contration was reduced to 8%, The test
was interrupted for one day after the sev-
enth daily exposure because of a mechanieal
breakdown. Of the group exposed in this
fashion, three female rats dicd, after the sec-
ond, fifth and fourteenth exposures; the two
animals that dicd carliest were replaced with
substitutes for the remaining exposure pe-
riod; eight female rats were thus alive at
the end of the ffteenth exposure. Female
rats exposed 10 and 15 times were autopsicd
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_Ficuass
ilustrating the morphnlogi.
¢al classes deseribed in Table
HI: (1) Class 1; (2) Class
2 (3) Class 3: (4) Class 4;
{5) Class 5. H & E stain.
x 200,

“ustrative of the class descriptions in Table
Ml There were no significant differences
™ the scoring of the groups, although there
42 class “5” and no class “3” in the rats
wi at the termination of the exposure,
“arreas there were no livers in class “5°
*wng the control animals. There were no
a1 “3" Jivers among the experiinental rats
< two weeks after the cxposure; the
‘s were evenly divided between scores
*%and 4.
Kidney slides from the experimental ani-
"¢ were not graded differently than from'
- controls but all spleen slides from ex-
animals  received
*me differing significantly from the con-

spleens. although some controls also
~ived such high scores.

“iperiment 4

These prelimizary tests scened to indicate
vinyl chloride was an ancsthetic gas
“wh might also act as a lung irritant. In
1 1o assess this feature of its action, to
" #klight significant pathological features and
- avaid (he potendiality of damage arising
“un ancsthesia alone, five female and five
~a rats, matched with controls, were ex-
wd for eight hours daily to five per cent

L Ss I L

1-3. Rat Jivers,
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vinyl chloride in air for 19 consccutive days.
The experimental animals were piaced with-
in the chamber at 0830 and removed at 1630
and the control animals from 0000 to 0800
hours. To prevent contamination of food
or water, both groups of asimals were placed
within the chamber in empty cages; hence
experimental and control animals were de-
prived of food and water for eight hours
daily. The requisite concentration of the
viny! chloride was attained initially as in Ex-
periment 3, but the chamber was ventilated
at 50 Ipm.

Although the body weight of the experi-
mental rats decreased initialiv. this trend was
reversed by the fourth exposure, the raie of
growth thercafter being no different than the
controls. The drop in weight at the start
and the subsequent resumption of growth
was parallcied by an apparent increasing tol-
crance to the gas as the exposures continued.
At the start, the intoxication of the ras was
marked, instability of the hind legs being a
prominent feature of the exposure. With
cach cxposure, however, there was an abvious
diminution of these ssmptanis, so that by the
ffth or sixth expoture,” it was not possible
to distinguich any evident symptoms of neu-
rological deficit.

Hemoglobin determinations during the ex-

SPI-02611
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1 Pt was several weeks old and probably
' $ Molated to the exposure.  Both experi-
e _:-»"fh'.«l and contro! animals had parasitic
' ; W@ yus. Ne differcnces in appearance,
So T e, consistency or degree of congestion

i naoted between the livers of the two
i :'i’\ The other organs and tissues were
el 1 7w onormal limits in their gross appear-

~§ v with no differences between experi-
i 7l and control groups.

17 & Wit the exception of the pleural adhe-
\wg 1 7vinonc animal, the microscopic appear-
. rol all the organs and tissues was nor-
2+ The gross observation of parasitic liver
SRR % n all animals was confirmed micro-.
I .»‘:r.\ll?-_ Liver scctions from all animals
e stained for fat, but nonc revealed evi-
;‘""'l 3 v af increased fat nor were there any
pe IT T ieenes in intracellular fat between the

.\t:;‘;" Crootaeaps

abie ¢ “

,(:,:;.. *' "f“iﬁ"-'_llion of the liver slides for the
antly b oTmlogical designations of Table 111
’ Wif"l differences between the control and
A eve L “vomental groups. The mean score of the
wheh L Melgrup was 2.93 and that of the
wqaits 1 mental group was 4.56, with only enc
e foo b tuol animal being graded “4" and no
CLen E\'"‘.'""".l'nhl _anilnnl being graded less than
wiih t" The differences between the means

dimoty *?'fhm highly significant, yiclding a “p
o> w than 0.001.

e ! L
b the - Ve dilTerences in kidney or spleen slides
3w experimental and control animals
| TN ""(l'd.
1]
¥
""ir:lr,;f 5
i "o human exposure to vinyl ehloride’
" oo wnlikely at concentrations of the gas

C e «  Maeater than the concentration causing
vof intaxication, that is, at 1.2 to 1.6%¢.

e Lt ter exposure of rats was conducted
* o veawemration of 2.00a,
.
+ S\ rat cach weighing about 75 geam,
s wparated randomly inte two groups of
i I 2l and 15 females and placed in cight

sperte eaces. In the weck before the ex-
ftwe was started, the rats were observed,
t Wahdd (wice and blood withdrawn for
+ Marlohin determination. The experimens

&l minaly were exposed in the 1100-liter
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chamber to 2.0¢¢ viryl chloride for eight
hours per cay (0830 to 1630} on Monday
through Friday for a parind of three months,
The controi animals were expesed 10 0.0%¢
of the test gas, that is. 1o a flow of 30 Ipm
of air, in the same chamber as the experi-
mental group for cight hours per day on
the same days of the week. No food or water
was present in the cages during either ex-
posure.  All rats were weighed at approxi-
mately weekly intenvals; hemogiohin deter-
minations, from tail bloed, were made at
monthly inteivals. In neither body weight
nor in hemogiobin vaiues were there any sig-
nificant difierences benween the control and
experimental groups.

During the course of the exposure, therc
were five deaths; of these. {our occurred in
the control group. No da:a from these ani-
mals arc included in any of the tables.

On the 89th day blond was withdrawn
from the control animals under ancsthesia
as pre\-iou‘sly described (Experiment 43 ; these
animals were then killed with ether and
autopsicd, A similar procedure was followed
on the 92nd day for the experimenta! ani-
mals. The livers and splecns of all animals
were weighed prior 1o fivation in formalin.
The mean values of the tissue: body weight
ratios are shown in Table VII. The dif-
ferences in the means were in all instances
significant, the livers larger and the pleens
smaller in the experimental as compared with
the controi animals. No significant diller-
ences between the graupe appeared in the
values for hematocrit and prothrombin. The
scrum  tranaaminase was not  determined.
Monneytes and eosinophiis showed ro dif-
ferences heiween the grouns: vaiues for the
ather bload elements are shown in Tabic VI

The external appearance of all animals
was normal. Parasitic liver eysts were pres-
ent in all animals, There were no differ-
cnees N appearance, color, consistency or
degree of voagestion between the livers of
the two groups. Al other organs and tis-
sucs were similatly neanal, no differences
between the groups being appareat,

All the organs and tissues examined histo-
logically were within normal limits, no path-

i
i
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Industrial Hygivne Journal

woups in the 260 exposure, Tt must be ci-
viaveed again that the growth of the rats
taring the 3%, exposure support the observa-
ton of the ravs behavior which indicated
that there was a rapid development of toler
s 1o the intoxicating effects of this coa-
SPRtration,

Neither the 26 nor the 5% concentrations
tawved changes in the prothrombin time,
watoerit or hemoglobin values. At both
the 2¢. and the 3% coucentratious, the
white cell count was lowered significantly,
althaugh still well within the normal range.
The increase -in red cells, although signifi-
tantiy clevated in the 5%¢ exposure, was not
wrrelated with changes in the hemoglobin
tontent, The increase in concentration of
e vinyl chloride is associated with a greater
il in the white cells and a greater (and
sgnificant) increase in the red cells at the
¥ level, Although lymphocytes and ncu-
tephils are increased, onlv the change at
e 20¢ concentration unlike the previous
+eil changes, reaches the statistically signifi-
tant level, It is difficult to know if these
hanges have any toxic significance. since no
tmue changes were scen upon microscapic
~uunination that would account or be as
vwiated with a drop in the white cells or an
mercase in red cells. The decrease in spleen:
badly weight ratio is in a direction opposite to
tiat usually associated with a severe drop
1 white cclls; although the white cell count
il not suffer a severe drop. the decrease was
«dstantial at the termination of the eox-
josure,

The only finding suguesting a specific
mwic action of vinyl chloride is the increase
@ fiver weight on exposure to 3G for 19
Twe amd 1o 2% over 92 days. ‘The increase

liver weight is not only highly significant
satistically but is also substantial, amounting
v a 34 increase over the controls. Tt is
unfortunate that no information is available
a0 whether this increase is reversed on dis-
‘itinuing the exposure. The increase in
hver weight may be interpreted as indicating
sherations in water, clectrolytes and protein
watent of the liver parenchyma, but that
vich changes presage the development of
sciual histologic lesions is not certain in
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view of the wide range thac the liver: body
weight ratio may encomnpass :iable VI).
Rather this increase may signify a non-spe-
cific response to metabolic derangements oc-
casionesd by mild and moderate intoxication
for daily 8-haur periods. From the data ob-
tained here, it is not certain that histopatho-
logicai chasnge would have occurred had ex-
posurcs been carried out for longer times.

In the paper by Torkelwon et al.. histo-
pathologicai changes in the liver and in-
creasedd liver:hody weight ratios are re-
ported in male rats exposed to 500 ppm
vinyl chloride for 4.3 months. That there is
no cansal relation hetween the reported his-
topathology and the increases in liver:body
weight ratio is evident from the extensive
data gathered by these investigators. Female
rats exposec to 300 ppm vinyl chloride for
+.5 months showed no statistically significant
increase in liver weight but are reported to
have histopathological changes in the liver.

‘Female rats exposed to lower concentrations

(100 and 200 ppm} for six months had sig-
nificantly increased liver:body weight ratios
but no pathology. On tac othicr hand, rab-
bits of both sexes exhibited liver pathology
without showing any increzse in iiver weight
after exposure for six months to a concen-
tration of 200 poin. The authors correctly
point out that organ:body weight ratios may
well be artefactual, illustrating the point hy
the significant decrease in kidney weight
found in female rats exposed to 50 ppm for
six months: such rats exhibited no changes
when expeted to higher concentrations. By
the same token, but overlooked by the
authors, the increased liver:body weight
ratio in female rats at 100 and 200 ppm is
with equal recason aricfact because no sta-
tistically sizaificant increase occurred at 500
pym. Apparently, alo, species differences are
of importance in the reactivity to vinyl
chloride, male guinea pigs sufering a signi-
fiecant drcrease in their liver: body weight
mtio whes exposed to 100 ppm for six
months.

Ihere are six possible combinations of the
presence o absence of pathology and in-
creascs, decreases and no change in liver
weight. The one combination not observed

oAl <
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e changes in the formed clements of the
Wood. The increases in liver:body weight
mios were associated with morphological
aterations ia the liver which appeared to
ave ne patholegical significance, while no
ewanineiul morpheiogical alterations were
widenr in cither kidneys or splecns.

PBeeause, in the long term exposurcs, it was
wnosible to attach any toxic significance
W the changes noted or to observe any his-
enathology, and because other aspects of the
nals reactions, such as growth rate, were
unimpaired, the presently aceepted threshald
Emit value of 500 ppm for vinyl chloride,
one-forticth of the concentration tested here.
wems to offer an adequate margin of safety
for human exposure.
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Sources and Usc of Toxicological Inforn:ation

The New York University Medical Center in cooperation with the American
Industrial Hygiene Association will present a course on Sources and Use of
Toxicniogical Information. The course will be given October 14-18, 1963, at
the Onchiota Conference Center, Sterling Forest, Tuxedo, New York.

The course is designed to acquaint those concerned with advancea acthods
of securing and interpreting pertinent toxicological information.  Application
and principles will be stressed rather than details of experitnental toxicology.
The design of the course eliminates the need for specialized scientific back-
ground so that all administrative and technical persans having responsibilities
for use of toxicological information can benefit. Guest lecturers who are spe-
cialists in sclected felds will supplement the staff of N.Y.U. Institute of Indus-
trial Medicine for presentation of the subject material. Areas to be covered
are: hiological principles involved, sources of toxicological information, appli-
cations tn in-plant probicms, Federal regulations, and 1equirements of various
agencies, .

Tnquiries and registrations shoukd be divected to New York University Medical
Center, Institute of Industrial Medicine, 330 First Avenue, New Yark {6,
New York. The registration fee is $130 with a deposit of 8§23 required. Ac-
commodations (double occupancyt at the Onchiota Conference Center for
the cvening (dinner) October 13 through lunch Qctober 18 are available at
$21 per day including meals (payable ta the Center on departure}.




