..
.
-

Qe

€. M. 192,

Effccts of Single and Repeated Exposures of -
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Introduction .

THE TOXICITY of vinyl vhuoride has
been reviewed recently.'*3 Because the
threshold limit value of 500 ppm is based
on limited data‘ using vinyl chloride less pure
than that aow obtaisable* the offces of
scute exposure in man and raus and long
tenm exposure in £ats was investiguted by us
in 1939 and i desribed here. Our data
do not support the conclusion of Turkelson.

et al.? that the threshold limit value should
bc:cduccd ten-fold; indeed tlicir dawa indi-
cate 8 need for further studics prior w0 any
revision of the threshold limit value.

Material

‘The vinyl chinride mononier was supplied
by the Porking Plant of Solway Procew Di.
vision, Allicd Chemical Corporation, in four
100 . cylinders with the characieristies
shown in Table 1, presinnably differing ma-
wrially from the vinyl chloride uwd by
Torkelwn, ¢t 6l ouly in the prewence of
60 ppm af the inhibitor, plenal. Gas chro-

Jmatgraply of the figquid phan- iralicated the
'pmee of mare than 9%

vinyl chiloride,
M-vd ot the TVactrg.thired Anawsal Meeting of t;o

together with a uvace of air and carbon

dioxide. .
Tase 1
Analysie of Vinyl Chloride Mon mer
prietio i
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Methods
Experimental

Desired concentrations were obmm:d by
metering air and vinyl chloride dirough flow-
meters ealibraved for these gases and pass
mx.. the appropriate flows tirough a 2.liter
mixing chamber The eomrmratm was.
alw ¢ itored by a thennal
conductivity weter ealibrated for vinyt chle-
rile versus air. The dosired enacentration
of vinyl chioride was mainiained with less
than 5%a deviation. The wwal gas flow
was about 50 fiers per minute {ljan) in all
but one of the experiments.

Five experiments were condurted: (1) a
fiv e exposure of lumman lr.mgs 1
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concentrations of vinyl chioride ranging from
0.0 10 2.0% ; (2) an exponure of ra1s (Sher-

-~ wan stiain gats fram Rockland Fann, New

City, N. Y.} for as_long as twn houes with
concrntrations up tw 15%%; and (3 4,and §)
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"30% lor 15 days, 5%

of rats to concontrations of 8 to
for 19 consceutive
days and 255 for 92 days.

Pathological

. The experimental and control- animals
were killed by ether inhalation aficr expos
ures 10 2, 5 and 8 1o 10% vinyl chioride

* were completed. Each animal was autapsied

according to standard practice. In addition
to the grow examination of all animals, all
the l'vu:, Lidacys and spleens were examined
microscopically and swne anitualy reecived
a compicie wicToacopic eausination. lleart,
hung, liver, spleen, urinary bladder, testes,
prostate, ovary, beain, spinal covd, ;nuumy,

pancreas, uemarh. smali anC large
intestine, adrenals, kidneys, uterus, (allopian
tubes, thymus, thyroid, parathyreid, cve, kace
joint, bone marrow, skuletal muscte, salivary
glands and skin were removed from each
snimal and preserved in 105¢ buffersd for-
malin, All tisues were examined grosly
both at autopsy and after formalia ixation.
Following fixation, representative sampics of
all tissues were processed according 19 stand.

_ard histological proccdure and stained with

hematoxylin and cesin; separatc spetimens
of Biver were stained for fat with the Flame
ing Red twchnique. The animals recciving
such 8 complete cxamination of the tisucs
listed included two 1uales and onc female rat
that had been exposwd 15 times and one
fonale rat exposed ten times 1o the 8 1o
10% level; cight experimental and nine
control snimals surviving the 5% expowwre;
and 20 randomiy scleeted rass, equally di-
vided as o mmnmmu\l and control groups
and 0 xcx, exposcd 0 2 ,e vinyl ehiloside.
The marked increuws in liver weight ac-
eompanying the expuowures 10 294 and 5%
of the gas, the decrease in spleen weight in
the 2% expoure aml the reponcd kidoey
chanpts in expoarr 10 500 ppu® bed s 1o
eamine these particular tisaws with a blind
technique, thus exchuding the operation of
any bias or pwrjudice from the jickewnts
All dides, inchuling duplicates, were ran.
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dides of the Tver, :pleen and kidncy werr
cxamined and clawified), then recoded and
reexamined; in this m3anacr o meaane of
the consistence and seliability of the patiwd.
ogsx‘t technique was obtained. This cnne

was nearly perfect in the ease of
Ever slides, and only slightly lesy 30 for spleen
and kidncy. The rosults of these examinae
tions are reporied in the appropriste follow.
ing sections. . -

Results *
Experiment 1

Recawse the main nhjective was the dcter.
mination of the cficct of long 1wrm expouire
to vinyl chlaride, the maximum concentra.
tvon of the gas to which humans migin
conccivably be exposed without any imwe.
diate seuw: eflcers was determined; this cou-
centration then became the basis for deter-
mining the concéntration used during the
92-day exposure of rats.

Three men (26, 35, 50 years; 86, 78, 73
Kg.) and three women (25, 40, 55 years;
64, 52, 61 Kg.) were exposed twice cach
day, scparated by a 6-hour interval, for
three successive days to six dilferent cone
centratiens of vinel chioride: 0.0, 0.4, 0.8,
1.2, 1.6 and 2.07. The concentrations were
pm.:med fn a different order to cach sub-
jeet 1o make it pomsible to factor out any
pouible adaptation w either the gas ar the
expurimental situation; the 0.07¢ concentra-
tion was included 30 that some asscsunomt
al sugzestibility could be made.

Unitil its conclusion, the sibjrets were 1nld
ncither the cffeets to expect from 1he exposs
ure nor the purpose of the experiment; nor
was infermation veuchuifed as o the cone
centrations that wore wsed at any time. “The
subjects cach 3t in a chair separated fon
the gas unxing equipnwnt by a screen, @
simple plasie hreathing mask afixed onver
the face, covering the wouth and nose, $he
rate of sir or air-gas mixture: pased throngh
the wad was suflicient (50 Jpm) o frevent
any dilution effects froin the atnoplere,
Alter five it of beeathing the mivune.
the expoure was teeminatedd aixl tee sl

doenly numbnred s thay it wan inpesibl
10 distimguinhs, withwun the code, whith lad
been expurimemal and which contil. The

Fets were ashesd t0 comgaae their fovlines
at this time W the time inonediaely
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peior to putting on the mask; no suggestions
of any Lind were made. Thelqnmncf
the subjects are sununarized in Table IL.
I is apparent that the maximum concentra.
buamgmcﬂmmanyubmﬁube-
tween 0.8 and 1.2%. From the responses it
# cvident that vinyl chloride causs cleare
cut intoxicating symptomns which can serve
88 sdequate wamning signs of its praence

Tasis 11
° Responses of 1luman Subjects 16 Varying
mw“:: ol Vu:ﬂ Chietide
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Experiment 2

To gain further insitht into the intoxicate
ing eflects of vinyl chloride rats were -
posed to varying concentrations of vinvl
chloride for periods up 10 two hours. The

cffuent gas Irom the mixing chamber, at

the desired concentration, was paeund through
8 10-liter all-glus exposure chammber cone
taining two rats. At 3 3% concentration ine
toxication is mnderate but the rigiting re-
flex is Imt; intoxication is mere intense at
6% but the righting ecflex is il prosent,
“This veflex is lost at a roncentration of 7%4;
the corneal reflex disappears at a concentra.
vion of 10¢¢. On reenal from the chauer,

. the animals return o the pre-ceposure state

rapidly. Onc animal wae sacrificed alur ex.
posure to the 1072 coneeutration and showed
no visible grome patlology. Expowire 10 a
concentration of 1355 rosulied in deep anes-

* dhwesia within five winntes. Effusion of fluid

fronn the mouth pueveded respiratory failure
in one rat aflter 12 winntes: matapsy reveahd
sddern and comgeation of the fungs., The s
ond 7at was nintainet wauher shis derp anes-

-

thesia for two houn; onmn\'a!uur,

there was aa uncventful and prompt recon -
Y.

Experiment 3

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

Tbmy-nx Tats, equa!ly divided as 10 sex,
were divided randomly into an experimental
and & control group; the 18 cxperinental
rats were exposed to the gas in 3 1100-liter
stee! chamber. The concentration was initiale
ly raised rapidly to the desired leve! by ad.
mitting vinyl chloride without admixtuee
with air until the cfluent from the chamber
atwdined the desired el as noted on the
thermal conductivity meter. A fan within
the chamber, connected by a flexible cable
to an clectric motor outsidé of the chamber
(thus avoiding the harard of an explosion),
mixed the vinyl chloride with the air with-
in the chamber. Thereafter, the eflluent

from the 2-liter mixing vessel was admitted.

to the chamber; 1o conserve gas, the thiroush.
put of this highest concentration was 20
ipm.

The experimental rats were expascd daily
from 0830 to 1630 hours while the control
animals were exposed from 0000 o 0800
hours. At this concentration, 23 alrcady
noted, rats lnse conscinusnem, regaining it
five 1 un mmmes afier retnoval o air.

Alter two consceutive B-hour exposires, how-
ever, thc appearance of the animals sg-
gested that there would be no survivors if this
concentration wuere mmaintained for the con-
templated 15-day peried; consequently, be-
ginning with the third cxposure, the cone
contration was reducd 10 8%, The test
was interrupted for one day after the seve
enth daily expowre becanse of a mechanical
breakdown. Of the group expoard in this
fashion, three female rats dicd, after the sce-
ond, iflth aml fourtvuth expuwures; the two
animals that dicl rarliat were replsced with
substisutes fur the remaining oxpesire pes
ried; vight fende mts were thas alive at
the end of the Glteenth expowre, Fomale
rats expostd 10 and 15 times were auntopuicel

.

.
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. ploural adhesions which were interpreted as
at the termination of the cxposure; the re»  representing regions of healed pncumonia
waining six rats  were autopsicd 15 days Al other organs and tissues werz within
hlcﬁ\tddumhavmgheuw nonnal limits, with no differences between

+ 13 tmes and the sixth rat 13 times. The experimental and contrel animals.
Ll mortality was greaicr among the male rats: Tiw experimental animals sacrificed at the
only two mals survived 15 exposures, the termination of he esposure reccihvey A cont-
- femaining males, and their replacoments, plete hisiologic examination. The levioms in
surviving only an average of cigh. ~xposures.  the lungs of the three animals in this group
The two male rats exposcd 15 nmes were  showing gress pleural pathology were wen
autopsicd at the termination of the. ~xpowsre. 1o be due to acute focal necrotizing pneu.
* There was no weight gain in the initial monia in varying stages of organization.
days of the exposure to this concouiration, al-  Some pulmonary edema was present a3 well
though alter the ninth day some resumption  ag diffuse infilirates of mononuclear cells
of growth seemed to occur, possibly an ine  in the alveolar septac. Some arcas of meta-
S dication of the develepment of teierance 0 plasia were present in and near the regions
3 < the efferss of the gas a5 the exg.2ure con-  of pneumonis and were interpreted as secon-
tinued. Upon termination of the exposurs, dary to the pneumonia,
growth rcsumed prompuly at the same rate The parasitic liver cysts seen grozsly were
a3 the control animals. Both at the 16th  confirmed microacopically. The liver sections
and at the 30th days, there appeared 10 be  grained for fat revealed individual variation
po differences in liver: body weight satios  of some degree but no significant deviation
betwren experimiental and control rats, 2l  from normal. The coded slides of the livers
though 100 few livers were wrighed at the  were claped acconling to the descriptions
. termination ol’dxe experinent w.cmake mean- i Table 111 while kidney and spleen wiwe
Ingful comparisons of this ratin, judged according 10 the criteria in Tables
The external appearance, coat and i, v and V; Figures 1, 2, 8, 4, and § arc
: of all the animals was within normal Fmite
. - :‘:m a third n{dll};e aninals had parasitic Tams V
: s. No differences in appcarance,
. coloe, vomdstency o degree: ol eomgestion Cloaihning o Seyhvigie Ciaages a pien
. were obacrved betwern the livers of experie G Dewrvistiom
; wental and control animale The lungs af 1 Arvsee sior foffic b, btcle av m-:.‘b-l.:;v
three expuvimental animals sacrifierd  ime winia Vounr. "
mediately npon crvation of the cxpoure 2 “'f':"....".:'.:":...‘:‘ predegl ot i
had numecrius facal fileinous pleural exne 5 ZToho bawerss o ol 38 prei
o .. dates overlaying meadular yellowdnown pae  phned hewle e, seeir caeruee.
eenelpinal kesione which had the appearance rmmsl comres lewowt than Saluer o preherad
of regions of arute ncermizing focal pneve 3 Ao inpmplnias T clown of Jmberyies (112
monia. Of the six experivenial animak bty e Hkgpreiyydiarirgr ol st
. © aaefilicet] tno wirhs afier (e expovire, The 6 Treia ey b o oot 40 iavludls muat
by lungs of twu revealid a fow adbenut Gl ot st
[ N - . -
i .
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illustrative of the class descripiions in Table
111. There were no signiiicant difTerences

in the scoring of the groups, “sithough there .

was a’‘class *5” and no claws “3” in the raus
killed at the termination of thx expmure,
whereas there were no livers in class “3”
awmnong the control animal. There were no
clasg “S5” livers among the experitental rats
kitled two weeks after the exposure; the
slides were cvenly divided between scores
of 3 and 4.

Ridney slides from the experimental ani-
mals were not graded differently than from
the controls but all splecn «licdies from ex-
perimental  animals  reccived - the  highest
score, differing significantly from the con.
trol splecns, although some controls alw
seceived such high scores

i 1

Experiment 4

L]

These preliminary tests seennd to indicate
that vinyl chlmile was an anthetic gas
which mizght alw act as a lung isritant. In
order to aswes this featare of its action, 0
highlight siznificant patholeegical featases aand
o avaid the praentiality of danuige aising
froan anesthenia abwse, five fensle andd five
male rats, satchod with contials, wee exe

posdl for cight hows daily 10 five per cont

:g:.v\""‘.sw - wan. fe T %,
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vinyl chloride in air for 19 consecative days.
The experimental animals were p'aced with-
in the chamber at 0330 and removed at 1630
and the control anitnals from 0000 10 0HOO
hours. To prevent conaaminatior. of fowd
or water, both groups of animais vere piaced
within the chamber in emply cages; lhicnee
experimental and coatrol animals were de-
prived of food and water for eight hours
daily. The requisite concentration of the
vinyl 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 decrcased initially, this trend was
reversed hy the fourth exposure, the raze of
growth thereafier being no dilTerent than the
controls. The drop in weight at the start
and the subsequent rewumption of growth
was paralicled by an appseent increasing tol-
erance to the gas as the exprres continued.
At the stant, the intoxication of the rats was
warked, instability of the hind legs being a
provvinent feature of e exppnare. With
sachy exposune, however, there was an olnious
iminmion of thews spmplonin, s that by the
Gl o sisth exprnare, it was oot pesible
o dlistingninh any evident syuiptens af acu-
rodogieal diticit.

Henwmbabin determinations during the ex.

-
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posure period reveaked no difference between
experimental and control groups.

On the twen:ieth day experimcntal and
control animals were ancsthetized. with di-
ethyl cther, blood was drawn by cardiac
puncture and 1/9 volume of i\ sodium
oxalate was added to the bloed. The ani-
mals were then killed with an everdose of
the anesthetic and ausopsied. Messurements
of hemoglobin, prothrombin time hemato-
erit, red cells, white cells, differential white
cells and serum transaminase were perionned
on ths blood drawn. Scwa transa:ninase,
hematocrit values and prothromiin tines
were normal for both groups. Table VI

" Tists the values for some of tie formed cle-

ments of the bload. Moeuncytes and cosino-

phik.{ormed oaly a small proporuon of the
white cells; no differences betwe:n contml
and experimencal aniinals occursed. The rod
cells were somewhat elevated and the white
cells lower in the experimental groun. Table
V11 shows that the liver: body weight ratio
of the experimental animals was significantly
clevated.

All five male experimental animals ex.
posed to 5% vinyl chloride had coats which
were somewhat thinner than normal: the tils
of these animais were sealy. The three fe-
male experuncntal sanimasls and all the con-
trol animals had normal coats and tails
One male experimental animal had Abrous
plcural adhiesions on the lelt side: the fibrous
nature of these adbiesions suggesied that the

: Tane V11
Liver and Spleen Weights of Rau Expoued to Vinyl Chleride
. % of Redy Weight
. Yaper Deve Numiwr of
Cravp ?;-u" - Auimele Seu Liver Suleen
Meosn &LD. Mesn D
w [ ] Lol " r .85 9.3 (X o.1%0
] L =4 4 4 T 4.6 [ ¥ ] .30 9.088
Contel [ = 12 M an .19 o :m .03
Lapid. ] »” 113 N 4.9¢ .2 .33 .88
Contout K J " 1 ] r s.10 .23
| 2YN s " ] 4 4.9% L ¥ .
Cantest ] 19 4 N 317 o.48
Sapel, 1 1 [ - .. 0.48
Cmntonl® [ ] 4 [ 4 4.9 o
Kamt® L X1 ] Fow Trat s r [N .35
Cantnde - 8 () 8.4% ®. 53
Kagte ae fow Trat 4 3 s.ov ]
e At it gt —ae we
fo L] pmgn oy
Ll T} ® put
. . N . ® .ee - . «eee comsgm
¢ .
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" process was several wevks old and probally

oot related 1o the expmure. RBoh exparie
mental and control aninwls had arasitic
&ver epsw No dilferences in appearance,

" color, consisicney or degree of congestion

were noted butween the livers of the two
groups. The other organs and tissucs were
withia normal fimits in their gross appear-
ance, with no diffcrences between experi-
senual and contrel groups.

With the cxeeption of the pleural adhe.
sions in one animal, the microscopic appear-
anee of all the organs and tisuws was noc-
mal The gros obsenvation of parssitie liver
cystes in all animals was confirmed miero-
scopiaally. Liver sections from all animals
were stained for (ac, but none revicaled evie
denee of increased [at nor were there any
differences in intracellular fat between the
twe groups. .

Classification of the liver slides for the
morphological designations of Table " 111
showed differences between the control and
experimental groups. The mean score of the
control group was 2.93 and what of the
experimental group was 436, with only one
control animal being graded “4* and no
experimenial animal being graded less than
“4™. The differcnces betwern the means
was thus highly significant, yiclding a “p*
of less than 0.001.

No differences in Lidney or spleen slides
between experimenial and contrel animals
were

Experiment §

Beeause human exposure to vinyl chlorids
seems unlikely at eoncentrations of the gas
much greater than the concentration cousmy
signs of intoxication, that is, at 1.2 w0 1.6%,
the long term expasure of rats was conductid
at 8 concentration of 2.0%5.

Sixty rats, cach wrighing about 75 grams,
were scparated randownly e two groups of
15 males and 15 females and placed in eight
separate cages. In the week before the ex-
posure was started, the rats were obnerved,

. weighed twice and blood withdrawn for

homoglobin dewermnination.  The experimens
tal animals were exposcd in the 1100-itcr

N n

chamber to 2075 vinyl chloride fur eighe
bwurs per day (080 10 16W) on Mowlay
through Friday for a periud of three montlhs,
The contrnl animals were experxd to 0.0%
of the tot gas, that is, to a flow of 50 lpm
of air, in the aume chamher as the experie
mental group for eight hours per day ea
the ame days of the week. No food or water
was preent in the cages during cither ex-
poture.  All rats were weiglicd at approxie
mately weekly intervals; hemoglobin deter-
minations, from il bLlnod, were made at
monchly intervals In neither body weight
nor in hrmoglobin values were the.v any sig-
nificant differences botween the contrel and
experinental groups.

During the course of the expeure, there
were five deaths; of these, four oceurred in
the control group. No data fromu these ani-
mals are included in any of the tables

On the 89%th day blood was withdrawn
from the control animals under anesthesia
as previously descrided (Esperiment 4) ; these
animals were then killed with ether and
autopsied. A similar procedure was followed
on the 92nd day for the experimental ani.
mali. The livers and spleens of all animals
were weighed prior to fixation in formaling
The mean values of the tissue: Lady weight
ratios are shown in Table VIL The dif-

ferences in the means were in all instances

siguificant, the livers larger and the spleens
sinalier in the exprerimental as compared with

.the control. animals. No significant difTer-

ences between the groups appeanad in the
values for hematoerit and prothrombin, The
serum trapaminase was not  detenuined,
Motiscytes and eosinaphils showed no dif.
ferenees between the groups; values for the
other hload clements are shown in ‘Table VI,

The esternal appearance of all animals
was nonnal.  Parasitie liver cysis were pres.
ent in all animals. There were no diler-
enees in appearance, color, comsistency or
degree of congestion between Hwe livers of
the wo geaups. All other organs and -
sues were siwilasly nonmal, no diifcrences
between the groups being apparent.

All the organy and tivauey esamined histo-

Jugically were withip nonual linits, so path.
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ology being evident in cither exprerimental
or ¢control animals

The parasitic liver cystx sern grouly were
confinned microscopically. Liver sections
stained for fat reveakd normal variation, hut
20 animals had increawcd intmeellular fat nor
were there differences Letween the experis
mentsl and control animak Graded in
accord with the moampholesy in Tahle JII,
the liver slides rrvvakd diffcrences Inctween
the groupt. The mncan scare of the control
group was 158, that of the experimenwal
group 361 No liver in the control group
scored more than 2 and none in the ex-
perimental group scoved ews than 3; one five
er scored 5. Becawse there was no overlap
the diflcrences between dse mcans are high-
Iy significant.

‘l'bmuuemd-m-tmmmm for the

spleens in the two groups, but the kidney
slides of the experimental animals scored

" . significantly less than thcir controls.

Discutsion

The data fromn the present investigation
confirm the acute effccts to be expreted from
various concentrations of vinyl chloride:
eoncentrations below 147, whea exposire

" ja limited t0 five ininutes, cause no ole

servable mmung effects; five minutes,
however, is shorter than the time recosary
to reach an equilibrium level in the circula-
tion; from bchavieral abservations in the
nt, it may be estitnated that in five niinutes
some two-thirds of the equilibrium level is
reached; conscquently a concentration of 0.6
to 0.755, il long continued would not pro-
duce intoxication. As the concentration riscs
above this level the intensity of the intexicat.
ing signs increases until at a concentration of
7% the righting reflex it o at 1055 the
corneal reflex dicappears and at eonermtra.
tions of 1574 and abewr respirainry failare
takes place. Vimyl chloricde thus acts as an
ancthetic gas, its dqmsnm actiom fncreusing
with increasing  concentration of the gas in
the air Ieeathusd, e comrequnding inmecaw
ng neuralogical deficitn ending in death at
concentrations givater than 1%, Vlw por.

in expiming faty W0 Vnkentration G

ancsthoia (# 10 105%) was an attangi

Wy . [P S - . . -

Aay-June, 1'961

tr produce some singular or charaeterintic
pthology, It cannot be said 1hat this gaal
was achicved, the results being questinnalile
and uncertain, Lung losions were ceruinly
present but those cnuld not be ascribed with
cerwainty to any irritant properties of tie gas
since they might well have ariven from the
long-continued anesthesia; there was an ap-
parent regression of these lesions in mas al-
lowed a 14.day recovery period. The pres-
ence of pncumonia certainly raivcs the pose
sihility of an acute toxic effcct on Jung tis
sue at these concentrations; however, the
pocumonia could just as well be caused by
secondary infection during the severe cen-
tral nervous sysiern and respiratory deprese
sion, an intcrpretation favered somewhat by
the diffuse lesions and o, the irregular oc-
currence of the pacumania,

The kidncy and liver changes deseribed
by Mastronatteo, ¢t al.’ in rats expocxd for
30 minutes 0 20, 36 and 405 4 vinyl
chloride, were not observed here, :‘theugh
13 repeated 8-hour exposures to 3a anesthe-

- tic concentration is also a relatixcly severe

stimulus, The findings in the Iu 7= agree
with the relative lack of effect feand by
Masiromasieo ot ol in mau for 30
minutes to 1076 vinyl chloride, exe.m that
continued exposure, for days, dovs vsult in
moraality. The relative lack ef pathelngy as
the rosult of 30 minute cxposure at 10%
found by Masutromattco ef sl woull seem
10 support the view that lung lesion: found
afier repeated exposures could well arise
from the anesthesia and not from some ac-
tion peculiar o vinyl chloride. There was
no indication at cither the 2% or 50 level
of any untoward or other eflccts upon the
jung tissue.

As an overall measure of general health,
body wright and rate of growth are sensitive
indicants, Even ity the exposure t0 2 con.
centration of 577 which at first produees a
marked and severe jstoxication, the sharp
dmp iu the weight of nake experinental
anissals wen at the start of the expature was
seomt severwed an that by the end of the 19
iy expumure there was o dilfevenee Ins
twoeen  experinnatal and  contenl  rann of
cither swx, My weight and sane of growth
similarly showed ne differvnees betwan the

80085502



AN

Indusisial Hygienr Juurnsl

[N
™'y R Lo
et ami e Bl s W e e

L

: C 223

poups in the 295 exposire, 1t nunst be ene viow of the wide range that the Tiver: rdy -

phadnd miin that the snmith of the mts’
during the 378 exposae sppoct the olaceniae
tion of thr rat's Inhavior which indicawd
that there was 8 rapid development of okt
snce to the intoxicating cifects of this con.
sentration.

Neither the 265 not the 555 coacentrations
caused changes in the prothrombin time,
hematocrit or hemoglobin values. At both
the 2% and the 555 cuncutrations, the
white ccll count was lowered significantly,
although still well within the noral range.
The increasc in red eully, althevph signifie
aantly elevaud in the 35 cxposure, was not
correlated with changes in the lLamoglobin
contznt, The incrrase in concer tration of
the vinyl cliloride is amsaciated with a greater
fall in the whitc ceils and a greawer {and
significant) increax in the rod cclls at the
3% levell Aldwough hinphocytes and nou.
trophils are increased, only the change xt
the 26 concentration unlike the previous
cell changes, reaches the saisticaily signifi-
eant Ipvel. It is difficult 10 bnow if these
changes have any toxic significarce, since no
timue changes were seen upon micrescopic
examination that would acrount or be 2y
socisted with a drop in the whit~ ¢clls o7 an
increase in red cells. The decrease in spicen:
body weight ratio is in a direction oppesite w
that usually assaciated with a severe drop-
in white eclls; although the white ecll coumt
did not sulfer & scvere drop, the deerease was
sulstantial at the tenuination of the ox.
posure, .

The only finding wgeesting 3 spesific
toxic action of viny! chloride is the increase
in liver wright on exposure to 3% for 19
days and to 2¢% over 92 dayy The increase
in liver weight b not only highly significant
stavistically but i abio substantial, amountimg
0 8 30% increase over the control. It is
unlnrtutiate that no informiation is available
as 10 wihether this increase s reversed on dise
continuing the exposure. The increasc in

" fiver weight may he interpreicd ad indieating

slterations in water, clectrolyies amd protin
content of the liver parenchivma, but that
such changes presage the develpunen: of
scial histalogic Iesions i not cuitain in

weigit ratis nay encompos (Table VII),
Rather this mcicuse may sbmify a meeses
rihe 1y wn metdulic derangenents oc.
casianad by onild and mmbrate iinxication
foe daily 8-hour prrunis. From the dats ob-
tained licre, it is not cortain that histopatho-
logrical change would have ocoirnd had ex-
posurcs been carvied out for longer times.

In the paper by Torkehon et al, histo-
pathological changes in the liver and ine
.creased  fiver:hody weight ratios are re.
poried in mak rats capowd w0 500 ppm
vinyl chikwide for 4.5 wontn, Tha there i
no ranyl refation het: om the reporied his.
topathology and the inevenses i Fver:bndy
weight ratio is cvident from the extonsive
data gathercd by these investigutons. Female
rats exposed to 500 ppm vinyl chlride for
45 months showed no statistical) * signilicant
increase in Hver weight but arc reported to
have histopathiological changes in the liver.
Female rats exposed to Jower ¢ n-entrations
(100 and 200 ppm) for six men*is had sig.
nificantly increased liver:body wuight ratios
but ne patholopy. On the other hand, rab-
bits of both sexcs exhibited Jve: pathology
without shewing any increase in Jver weight
after esporwure for six months to 3 concen-
tration af 200 ppm. The anthors correetly
point aut that erganthody wright ratios may
well be amclactual, ihmrating the peint by
the sgmiiicant decreas: in Midney  weight
foundd in franale ms exposd 0 50 pyan (or
six months: such rats exhibitd oo changes
wiun exposd 0 higher eoncemrations. ity
the mme token, bt everlnoked by te
suthors, the inervaswed liver:body wright
raties i {emale rats at 100 and 200 pan s
with equal reson artefact iraine no sta.
vstically sixnificant increase occurved at 500
ppon. Appanenily, alo, specics dilferences are
of impurtance in the reactivity to vinyl
chloride, male guines pigs slicring a3 signi-
ficamt deercase in thwir liver tbody woight
ratio when cxposed o 100 ppm for six
wonths,

There ane six powible comhinations of the
presnce o abeewce of pathelogy and ine
craws, deercaws and no change in liver
‘weight. The one cumbination nat sbwrved

e
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by Torlchon, rt ol i lisuustholozical
change awsciated with a docicawe in Bvry
weight, Obviowsly, if five of the six prsdbie
combinations have been olnenad in & wbs-
tively unall mmple, no eaval conncrtien
can be said w0 exist Letween tiwie two
measures,

. Changes in the Jiver:body wcizht mtie
may well have some toxic significance, but
il they sre unaccompanicd by histopathe-
logical alterations, increased fat content or
serumn tranaminase changes it is impomsilide
%0 conclude that talen alone they signify
much. Reference o Table VII will show
that the [iver:body wiight raties of the rats
uied as control animals in the ¥ exposure
were significantly higher than tiv experi-
mental animals in the 295 exposure. This
llustraes well the fact that trugh control
animals are uwd, unknown 35:d nonepecific

in the environtuent, tink of the year,
temperature, diet, ete, may “be rexponsible
for changes in organ:body weigh' ravo withe
sut a1 the same tine producing nathological
alterations in the organ.

Similar considerations apply w the dee
crease in spleen weizht: lure. nol only was
pathology not obscrved, hut thire was no
difference in the morphological claracter at
‘either the 2% or 3% level between the
experimental and conual groups.

Unlike the intenstitial and tubular changes
in kidneys of rats expossl 10 500 ppun of
vinyl chloride reparted by Torkelon, 2 al,

was the lack of any pathobey in our aginals .

expascd 0 2% and 575 and the fact that
the enly morpholagical alicration in which a
significant differenee hetween control and
experimental animials cecurred  (kidney at
255) indicavd thut the conuvl anumals were

- further freen “normal™, NBecawse it is une

seasonable 0 attach toxie significance 10
changrs avociand with a routrol air exe
posure, it is our badicl tlu e weorpsluoloni-
cal alwrations we lave ainenasd shoakd ot
be inwerpncwd as numilestations of Jabal.

oLy,
The cvtwenirations o whiel the ety were
subjeried in e expraiments were at has

v .. May]ene, 193

40 times those used by Torkehon, e2 of. 1§
any relianec ® o In pl:m-d. in a doecflen
relationsdiip, pathnlony of soaxe cveridealilde
degree should have boen found in our v
periments, Yet oaly morphological aliva.
tioms of the characier already deeribed uwd
pictured wore scen, which, in our knowhalpe
and experience, arc of no pathelogical signi-
ficance. Whetlwer the explynation resides in
a dilfesence between the mat stains und by
us and by Toskelson r2 ol or chcwhere b
not known, but witwut additienal data it
° is impossible o resolve the contradietion.

Ou the basis of the present data, and the
weming unimportanc. of the liver wright
changes seen by Torkehon of al, s0d withe
out further cvidence, a change of the pres-
ent threshold limit value of 500 rpm scens
unwarranted. .

Summary

From S-minute exposures of “uman .

jeets to conerntrstions of vinyl °. loride rang.
ing from 0.0 w 2.0%, it is estimared chat a
prolonged e w0 8 kevel of .uore than
"0.6% is necemary to producc minimant
symptome of intoxication. Ras sxposcd for
up 3 two hours s higher concentrations ox-
hibited moderate intosication 31.5%, lust
their righting veflex at 7¢6 and wie rorneal
reflex at 10¢2. Rapiratory failurs oceurred
at 15¢¢. 1f the exposure to 1072 was long
continued (iwo B-hour daily cxposurcs),
mortality increascd; death was apparently
caund hy a preumenic process, but it was
iinpossible 10 decide whether this was the
result of a primary action or weondary o the
anethesia,

Rats exposed eight hours daily tn 56 for
19 days or to 2% over 92 days did not show
any lung involvement. These levels had no
cffeets upon grwth rate, heweglobin, homae
tocrit or prothrombin time. At bath cone
eontrations Ur1e were incseaws in e liver:
bucly weight mtio and deencawes in tlue white
eulls; at 2% the splovn:baly weight mtie
decreansl and at 5% dwre was an increase
in red eclis )

No grm or mienwonie clinigs wene
found in any thaw that was corrclansd with
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the chianges ia the foriued elenients af the

‘liand. ‘Ple ineveaes in livee:lendy weight

At wrrr aswciated with moraleibersieal

. alteraticon in the Fhar which apprand

have an pathudazical significanee, while no
meaningful morphological alterations were

. evident in cither Lidneys or splecns.
. _ Becauc, in the long term exposures, it was

impomsible to atach any tosie simmificance
‘to the changvs nated or o obwerve any hise
topatholozy, and hecause other aypxets of the
animals’ reactions, such as growth rate, were
uninpaired, the presently accepied threshold
Bmit value of 500 ppin for vinyl chioride,
one-forticth of the concentration tested here,
scems to alfer an adequate margin of slety
for bunun exposure.
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Sources and Use of Toxicological Infonuation

The New York University Afedical Center in epoperation with the American
Industrial Hygirne Asnciav~n will present 3 course on Sources end Use of
Toxizalczizal Injormatian, The course will be given October 14-18, 1943, at
the Oncliota Confzience Center, Steriing Forewt, Tuxedo. New York.

The courss is dusigned 1o acquaint those concerned with advanced methods
of sccuring and interpreting jertinent toxicolozital infernation. Apnlication
and principles will be stressed rather than detils of oxperimental toxicology.
The design of the caurse ciitninates the need for speeinlized scientific back-
frwnd 30 that all sdiwinistrative and teehnical persons having responsibilitics

or us: of toxiroloical inforination can benefit. Guest lecturers who are ape-
cialists in selected ficlds will suppivinent the sall of N.Y.U. Institute of [nduse
trial Mudicine for presencation of the sulyject muterial. Arcas 0 be covered
are: hinlogical principles mvolved, seurces of wixicolonical infontuation, appli-
eations to in-plant problems, Fuderal regulations, and requircients of various

agencies.

Inguiries and negisratians shonld be dinceted to New York University Modical
Center, Institute af Industrial Medicine, 530 Fire Avenue, New York 16,
New York. The registration fie ¢ $150 with a depesmit of $235 vewpuited.  Ae-
conunndlations (double aceupancy) at e Onchiota Conlerenee Center for
the evening (dinner) Oczober 13 thrmch luneh Ovtdbier TH are available at
$21 per day inclicling meals (payabic w the Center va departure),
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