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Groups of laboratory animals were exposed repeatedly for up to six months to either
500, 200, 100 or 50 ppm vinyl chloride in air. Detectable changes 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 importance. It is used in
the preparauion of polyvinyl chloride resin, as
a copolymer in saran and other plastics, aa a
chemical intermediate and as a solvent. Be-
cause of the flammability of vinyl chloride, it has
been generally assumed that the greatest hazard
associated with vinyl chloride is that due to its
flammability rather than its toxicity.'

The toxicity of vinyl chloride has been re-
viewed by von Oettingen’ 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 the use of vinyl chloride as a surgical
anesthetic. However, its effect on the circulatory
system has discouraged exploitation of this prop-
erty. No doubt the hazard from flammability has
also hindered this use. Only limited repeated
exposures which were reported by Schaumann‘
were discussed by von Oettingen. These repeated
exposures indicated little or no chronic effects
even from anesthetic concentrations.

Mastromatteo et al’ also discussed the pub-
lished dats and reported the results of single
exposures of mice, rats and guinea pigs which
confirmed the low acute toxicity of vinyl
chioride. Mastromatteo reported chat only two
human fatalities due to vinyl chloride had been
reported.

It can be concluded from the published toxi-
cological data that anesthesia is the only sig-
nificant effect of acute exposure. Sufficient re-
peated exposures have not been reported to
draw conclusions about chronic toxicity. The
Threshold Limit Value of 500 ppm suggested by
the American Conference of Governmental In-
dustrial Hygienists (ACGIH)® is reported by
Smyth® to be based on single animal exposures
and human experience.
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The following report summarizes the results
of repeated exposures of laboratory animals to
either 500, 200, 100 or 50 ppm of vinyl chloride.
The significance of the resuits is discussed and
recommendations for a threshold limit value are
made.

Experimental Procedures

Materials Tested

Vinyl chloride, CH==CHClI, is a colorless gas.
It has a boiling point of —13.35°C (+7.93°F)
and a freezing point of —154°C (—244.82°F).
The material polymerizes readily and hence is
sometimes inhibited with phenol or tertiary
butylcatechol. Viny! chioride is very flammable,
its flashpoint being —78°C (—108°F). The ex-
plosive limits are from 4% to 22% by volume.
It has little odor although high concentrations
may smell faintly sweet.

A gingle, uninhibited sample was used in these
studies. [t was shown by mass spectrographic
analysis to be essentially pure CH~=CHCI, air
being the only impurity detected in gas phase
samples.

Source and Feeding of Animals

The rats and rabbits used in this study were
obtained from the stock colony of thig labora-
tory, the guines pigs were obtained from a
commercial grower’ and the dogs were purebred
beagles obtained from a local kennel. The rats
and dogs were fed Purina Lsboratory Chow'
or Famo Laboratory Ration.! The rabbits and
guines pigs received Famo Rabbit Breeder
Ration. The guines pig diet was supplemented
with carrots.

Experimental Protocol
The experiments were conducted in three
phases. In the first phase, groups of 10 male
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and 10 female rats were exposed seven hours per
day five days per week to 500 ppm for 4.5
months. Exposures were given in a 160-liter
chamber previously described.”” Momhty' and
growth records were kept. Final organ wen;hta
were obtained and tissues were saved for micro-
scopic examination. Five male and five female
rats served as unexposed controls.

The second phase consisted of repeated 7-
hour daily exposures of 2024 male and 24 fe-
male rats, ten male and eight female guinea pigs,
three male and three female rabbits and one
male and one female 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 a chamber similar
to the one used for exposures to the chemical.
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 each were exposed to either 200
or 100 ppm for 4, 2, ! or 0.5 hours per day.

The procedures and equpiment used were bas-
ically the same as reported previously.” Growth
and mortality records were kept on all groupe.
The livers of the dogs were biopsied prior to ex-
posure and after 3% months of expasure, hence
the liver of each dog served as its own control.
Pre-exposure and terminal hemastological 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 were starved
overnight and then these and all the guines pigs
and rabbits were killed by decspitation on the
day after their last exposure. 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 phospha-
tase, serum-ures-nitrogen (SUN), serum-giu-
tamie-pyruvic-transaminase (SGPT), and se-
rum-glutamic-oxalacetic-transaminase (SGOT).
The organs were weighed and tissues fixed for
histopathological examination. The rats which
were not killed the day after exposures were
stopped were pastured for eight weeks and then
sacrificed in the previously described manner.

The third phase of this experiment consisted
of repeated daily 7-bour exposures of 24 male
and 24 femnale rats, 12 male and 12 female guines
pigs, 3 male and 3 female rabbits and one maie
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and one female dog to 50 ppm vinyi chloride.
Equal matched groups served as unexposed and
air-exposed controis. Three additional groups of
10 male rats each were exposed for 4, 2 or 1 hour
per day to 50 ppm.

The procedures followed were essentially the
same as used for exposures to 200 and 100 ppm
except that hematological examinations were
made on the dogs after three months and liver
biopsies were made only prior to exposure. Urine
was collected from the rabbits as well as the rats
and dogs. The rats which were not sacrificed at
the end of the exposures were pastured for six
weeks and then sacrificed.

Equipment Used

The exposure equipment used bas been de-
scribed previously.* However, in order to gain
additional dats about the results of repeated
short daily exposures, it was necessary to devise
a method of introducing additional groups of
rata. This was done without opening the doors
of the chamber by dropping the rats through
chutes made of 325-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 a 45°* an-
gle, ended in covered, screened cages inside the
chamber. The additional groupe were started 3,
5, 6 and 6.5 hours after the 7-hour exposures
started. Since all animals were removed after the
7-bour exposure was completed, this routine re-
sulted in exposures lasting 4, 2, 1 or 0.5 hours.

The vinyl chloride was metered from 2 saran
plastic bag which served as a reservoir for the
gas. Metering of the gas was dooe by Dual
Syringe Pumps.® Total air fiow through the
chambers was measured by means of calibrated
flow meters.

Analynis of the Chamber Atmospheres

Analyses of the air were made by direct com-
bustion of a known volume of air in a heated
quarts tube. The resuiting chioride was trapped
in 1% sodium formate—1% sodium carbonate
solution and subsequently titrated by s micro-
Volhard technique. The results of the individual
analyses were within 15% of the theoretical con-
centrations during the exposures to 200, 100 and
50 ppm. The sverage concentrations recovered
were 197, 1005 and 48.7 ppm respectively.

Results of Repected Exposures
Ezposure to 500 ppm Vinyl Chloride

The rats exposed repeatedly at 500 ppm for
4.5 months, grew normally and no changes were
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TasLe I
Summary of Terminal Aversge Body and Organ Weights of Male Rats Receiving Repeated Exposures

to Vinyl Chlonide

5 Days per Week

Moaths Dl“nl):::lym Ratio of lel?x‘;"- Organ Weights, £/100 ¢ Body Weight
P on| o uo 14 'y
Concentration ia ppm E:;mre Exposute, | Survival '&m:, :
hours g Lung | Heart | Liver 1 Kidaey | Spleen | Testes
Unexposed control.... . 0 [} 4/8 304 0.4 0.33 2.52 o.n 0.15 0.89
500 4.5 H 7710 2 0.36 0.33 3.00% 0.73 0.17 0.95
Unezposed eontrol.. ...... 0 [} 11/12 a3 0.5 0.32 2.4 0.60 0.14 0.80
Alir exposed ocontrol ... ... (] T 10/12 58 0.52 0.32 3.53 0.70 0.18 0.76
200 L} 7 9/13 ul 0.52 0.12 2.88% 0.88 0.17 0.4
200 [] 4 /8 U 0.47 0.9 2.80° 0.64 0.18 0.8%
200 [] 2 /8 M1 0.58 | 0.30 2629 | 0.8 | 018 | 0.8
200 [} L 8 350 0.48 0.24 2.48 0.61 0.13 0.78
200 | [ 0.8 4/8 339 0.51 0.29 1.38 0.67 0.14 0.98
100 s T 712 383 0.51 | 0.29 2.61° | 0.83 | 015 | o.88
100 [] [} /8 3% 0.51 0.28 3.02 0.68 0.18 0.74
100 [} 2 /8 £~ 0.83 0.31 2. 0.67 0.18 0.83
100 (] 1 /8 k14 0.4 0.38 3.5 0.64 0.1% 0.78
100 [} 0.4 /8 183 0.4 0.% .42 0.84 0.16 0.78
Unexposed® control 0 0 10/12 354 0.49 0.3t .4 0.64 0.1¢ 0.8
Air axposed® coatrol. . . ... [} ? 8/12 353 0.5 0.3 2.4 0.63 0.15 0.78
200* (] 7 8/8 58 0.47 0.29 3.59¢ 0.6¢ 0.15 on
100* [} 7 87 e 0.47 0.31 3.53¢ 0.5 0.14 0.78
* Pastured {or § weeks aftar exposures ceased.
(a) P=0.001
(b)Y P = <0.001
@ P= 007
(P= 0.1
(o) P= 0,02
(D P= 0.12

apparent grossly at autopsy. Microscopically
their livers showed increased central lobular
granular degeneration and the kidneys showed
interstitial and tubular changes. The average
weight increase of the livers of the male rats was
statistically signifieant (P = 0.001), Table I. The
average weight of the livers of the female rats
was above that of the controls but not statis-
tically significant, Table II. SUN, SGPT, S-
GOT, and alkaline phosphatase determinations
were within normal limits (Table III).
Ezposure to 200 ppm Vinyl Chloride

All groups exposed seven hours per day 138
144 times in 204 days were normal in appearance,
mortality and growth. Hematological, SUN, S
GOT, SGPT and alkaline phosphatase values
(Table III) and the results of the urinalysis
were within normal limits. Groes pathology
was normal in all species. Micropathology was
normal in the rats, guines pigs and dogs, how-
ever, adverse effects were noted in the livers of
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rabbits of both sexes. In the male rabbits this
was characterized by central lobular granular de-
generation and necrosis with some foamy vacuo-
lation. In the female rabbits the changes noted
were central lobular granular degeneration and
necrosis with periportal cellular infiltration. All
organ weights were normal exeept for the livers
of the male and female rata which were in-
creased significantly after repeated daily 7-
hour exposures (Tables I, IT, IV, V, VI, and
VII). In the males this increase was still appar-
ent eight weeks after exposure ceased, although
the liver weights appeared to be decreasing and
returning to normal.

The male rats exposed to 200 ppm of vinyl
chloride for either four or two houry per day for
six months had elevated average liver weights
(Table I). However, the small sise of the ex-
perimental groups made the finding statistically
insignificant (P = 0.07 and 0.1). The groups ex-
posed for either 1 or 0.5 hours per day were en-
tirely normal.

(0454



337

Tasis II
Summary of Average Body and Organ Weights of
Female Rats Receiving Repeated 7-Hour Ex-
posures to Vinyl Chloride 5 Days per Week

- Organ Weights,
g 5 I/WJ‘E"‘Y
= e¥ | |83 Weight
Zg s3l_g(s3
ga é! :E :§ < - g -}
gs 3|3 (3mmols| ¥ 2 (2
3 & E 3|5 a B
Unaxposed con-
trol . . 0 §/5 [ 184 (0.82(0.411 3.06 | 0.80 10.19
500 4.5 9/10( 195 ({0.88/0.38 3.22% 0.81 10.20
Unexposed con- i
wol ...... ] 107121 202 !0.68{0.38] 2.82 | 0.82 !0.17
Air exposed
control. .. . (] 9/12] 223 (0.86(0.39{ 2.990 | 0.81 (0.18
200 [} 10/12{ 208 (0.630.38{ 3.39% 0.8 {0.18
100 [} 11/12) 221 (0.59(0.39 3.35° 0.79 [0.20
Unaxposed® |
control .. .. 0 8/13( 228 {0.61{0.37} 2.47 | 0.32 |0.18
Air  exposed*
control .... [} 9/12} 240 [0.58(0.37( 2.97 | 0.83 [0.18
200* § 12/12] 233 {0.61j0.38] 3.08 | 0.82 |0.20
100* 8 12/12) 235 {0.6310.40{ 3.17 { 0.83 (0.22
Unaxpased con-
wol.. . 1o 11713 211 (0.5610.39! 3.02 | 0.83 10.20
Air exposed
control. . ] 13/12] 203 (0.58(0.38] 2.93 { 0.84 l:.n
50 ¢ 9/12{ 206 (0.61(0.37{ 3.02 { 0.5¢ 10.20
U naxposed **
convrol....... 0 11/12] 195 {0.66(0.40! 2.88 | G.91 (0.32
control®. ... [} 9/12| 221 (0.63(0.40{ 3.01 | 0.87 (0.8
0 [} 11/13{ 233 {0.63(0.38{ 2.83 | 0.53%0.20

* Pastured for § wesks altar exposures ceased,
** Pastured for § weels alver axposures ceased.
) P=2017
M P=00
(¢) P = 0,01
(d) P = 0.08

Ezxposure to 100 ppm Vinyl Chlonde .

All species exposed to 100 ppm of vinyl chio-
ride, seven hours per day, 138-144 times in 204
days, were judged normal on the basis of the fol-
lowing criteria: appearance, mortality, growth,
bematological examination, SUN, SGOT, §8-
GPT, alkaline phosphatsse determination, uri-
nalysis and gross and microscopic examination of
tissue. However, slight increases 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
in the average weight of the livers of the male
rats exposed to 100 ppm for either four or two
hours per day. The groups exposed for either
1.0 or 0.5 hour per day were entirely normal.

Ezxposures to 50 ppm Vinyl Chlorde

The increase in weight of the rat livers, the
only significant finding in animals exposed to 100
ppm, did not occur in rats exposed repeatedly to
50 ppm of vinyl chioride, 130 times in 189 days.
All groups of animals were judged normal in all
other respects. See Tables II, V, VI, VII, VIII
and IX. A statistically significant decrease in
kidney weight which was seen in the female rats
(Table II) was considered to be an artifact since
it was not seen at higher concentrations.

Discuss;

Repeated exposure to vinyl chloride at con-
centrations considerably below the level that has
been considered safe for buman exposure has
been shown to have an effect on the liver and
kidney of laboratory animals. Histopathological
changes and increased liver weights in male and
ferale rats were noted after repeated exposure
at 500 ppm. Repeated exposure at 200 ppm for
six months resuited in an increase in the average
weight of the livers of male and female rats and
micropathological changes in the livers of the
male and female rabbits. The only effect noted
after repeated daily 7-hour exposures to 100 ppm
for six months was a slight increase in the aver-
age weight of the rat livers. Repeated 7-hour
exposures to 50 ppm for six months had no effect
on any species studied. Hence, the highest con-
centration without detectable effect on any spe-
cies wss 50 ppm.

It is interesting to speculate on the apparent
discrepancy between the effects obeerved at 100
ppm in this experiment and the lack of reported
injury in humans using a threshold limit of 500
ppm. Several factors may be contributory. First,
the effects noted in animais at 500 ppm were only
slight to moderate; growth, mortality, and gen-
eral appesrance were unaffected. Hence, it is
possibie that if humans were exposed repeatedly
at 500 ppm slight injury might occur but due to
the lack of subjective symptoms the injury
would escape detection. Secondly, the injury was
apparently reversible. The liver weights of both
male and female rats which had shown definite
imereases after exposures at 200 and 100 ppm
were normal or approaching normal after 8-
weeks of recovery (Tables I, II and VIII)
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921001 ROWV“K L e



Tasre III

Summary of Average Biochemical Values Determined for Animals Receiving Repested Exposures to
Vinyl Chloride § Days per Week

| ! { Alkaline | SGPT | SGOT
! DM Duration | Phos- | Blood i
) ] o onths ¢ o Daily - Number | phatase i Ures \
Species and Dog No. Sex :Concentration in ppm ! on | Exposure. | -~ | Nitrogen,
. :Exponuu‘ bours . Aoimals | Am-  mg/100 .
‘ strong it Sigma-Frankel
T e
1{ i !
Dog s101...... .. ....... M Unaxposed coatrol ] ! 0 ! 1 vo12.2 U 18 3
enz o Air exposed control [} 7 1 ¢.1 19 19 7
s4l... L 200 [} 7 1 8.6 i 18 4
298 ... ... .. 100 ] ? 1 [ ) 18 2 e
Dog #5108 . . o F Usnexposed control 0 0 1 5.1 1 10 28
107 ... .. R Alir exposed control [} ? 1 71 20 14 17
s . 200 [ b 1 7.9 14 18 20
s110 .. ... . 100 ] ? 1 5.6 to 10 14
Rat . ... ... .. M Unexposed control [ 0 ] 32.9¢ 20.6* 10
- 500 .5 7 1 18.9 13.8 3
200 [} T H 17.7 16.2 h )
200 [ 4 4 18.4 18.2 32
200 [] 3 3 20.2 11.7 42
100 [} 7 4 19.4 15.0 b1d
100 (] 4 3 14.7 16.3 38
100 ] [ 3 9.0 18.3 30
Rat............ ... F Unexposed controf 0 0 4 12.1 20.5 38
500 ] 7 3 16.1 2.3 28
200 ] 7 ] 13.6 2.3 18
100 ] ? § 9.8 2.3 b}
Rabbis.... ... ... ... M Cantrol [] 0 5 4.0 8 36
200 [ ] 7 3 5.3 2 a
100 [] 7 2 5.9 ] 28
Rabbis. . ..... ......... F Coatrol [] 0 (] 4.9 3 i
200 (] 7 3 5.0 ” 3
100 ] T 3 4.0 2 38

¢ Because of two uousually high individual values in this group these average values are elevated and do not correspond with the
values obtained on sunular control groups 1o our lab. y. Normal | values are in the same ranges aa those of the experimental
groupa Lated in thus table.

Tasrz IV

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

; {
| {Months H
. : - |_on | No.of | B®mO | gopyy \wBC X|Newtro-| LY™ | Mano- |Eosine-
Species or Dog # Sex |Concentration in ppmgs;zz:i_ Aniraale l‘/lm tocnt | 108 phils m Cyies k
Air sxposed control ] 4 4.5 51 15.8 8.8 7.2 1.5 0.8
200 ] 8 14.4 [ 16.7 18 77.8 0.2 3
Alr sxposed control ] 4 14.0 9.5 13.8 2.8 74.8 0.2 2.
200 [} 8 13.8 7.4 12.8 .8 70.2 1.0 ]
Unaxposed coatrol i 0 1 - - - - - - -
TUoexposed control [] H 15 a .2 % i [ 3
Air exposed cogtrol 9 1 14.5 80 13.8 [ 1} 3 3 1
Air exposed cogtrol [] t .8 & 13.2 L} U ¢ 4
200 0 1 13 47 163 | 4 3 3 13
200 (] 1 18.8 » 5.8 L} 41 ] H
100 0 i 15.8 .+ 19.8 % “ 4 4
100 [} 1 18 ] 5.8 [} 30 9 ]
Unesposed coutrol 0 i 14.8 81 1.8 42 ” 3 1]
Unexpased control § 1 15.8 | 5 [ { % B 41 1 )
Air axposed control [} 1 15 [} 6.4 | & n 4 s
Air exposed coatrol [ 1 18 87 uwr | e -] [ 7
200 0 t 14 5 11.5 “ L ] 3 1
200 ] 1 10 1) 17.3 “ a 0 3
100 [ 1 126 | 4 103 | & n 2 0
100 [) 1 15.5 | 54 e | © 0 1 0
358
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Tanre V
Summary of Terminal Average Body and Organ
Weighta of Guinea Pigs Receiving Repeated
Daily 7-Hour Exposures to Vinyl Chloride §
Days per Week for 6 Months

a ua w H 100
3 s |iE O oy el ™ ¢
- - >
G TR
3| & |3 3 |E| 2 |3|8]E
¥ | Unaxposed | 8710 927 | 0.8¢ [0.28( 3.32 |0.70/0.18/0.48
coatrol
M | Air expoeed] 5/10| 1030 | 0.52 [0.28] 3.38 [0.61/0.10(0.48
control
'8 200 7/10| 1044 | 0.33 [0.27] 3.01 {0.60/0.09(0.44
M 100 7/10| 1089 | 0.52 {0.25| 2.79{0.58]0.11{0.47
M | Unesposed | 8/13| 918 | 0.60 {0.29] 3.24 [0.68{0.12[0.53
control
M | Air exposed | 11/12| 938 | 0.61 (0.27} 2.31 (0.84]0.12/0.50
control
M 0 10/13( 1001 | 0.63 |0.28{ 3.14 [0.81/0.13(0.48
F | Unexposed | 6/8| 899 | 0.82 {0.27] 3.20 |0.83(0.13
coatral
F | Air axposed | 7/8 | 867 | 0.68 [0.25] 3.28 [0.670.11
controt
F 200 1/8 | 897 | 0.74%10.27] 3.60°/0.68/0.13
F 100 7/81 949 | 0.58 {0.26| 3.50 [0.84{0.13
F | Unexposed | 9/13] 728 { 0.78 (0.34] 3.41 o.uo.u{
ecatrol
F | Air exposed | 8/12( 884 { 0.65 [0.28] 3.84 |0.65{0.1¢
coatrol
F 50 11712) 908 | 0.89 {0.28] 3.44 [0.64}0.1¢
(a) P = 0.08
(b) P = 0.2¢
() P= 023
TasLz VI

Summary of Terminal Average Body and Organ
Weights of Rabbits Receiving Repeated Daily

Industrial Hygiene Journal

Tasrz VII
Summary of Final Body and Organ Weights of
Dogs Receiving Repeated Daily 7-Hour Ex-
posures to Vinyl Chloride 5 Days per Week for
6 Months

8 w | Organ Weights, ¢/100 ¢
Z = 2= Body Weight
s g -2 3=
20 % ESEILT:i.Tizic
.‘ - Sa ‘S 3 e HIERERERR] E
3 & &* .:”’z?s-:-lifﬁ}g.:
M | 101 | Unexposed | 1/1f 13.0 o.u[o.uiz.«.’oufo.n;o.1s
control || o
M | 113 | Air exposed { 1/1{ 8.5 [0.88/0.77'2.8310.47/0.19/0. 14
ocontrol ’ |
M| 200 1/1] 10.2 (1.03.0.96/2. 50i0.52:0.25.0.13
M| s 100 1/1) 13.0 10.86{0. 802.500.42.0.26:0.13
M | 153 | Unazposed | 1/1] 13  0.80(0.75(2.69{0.530.23:0.11
ooatrol ) l f
M | 156 | Air axposed | 1/1] 10.6 [0.7710.87}2.05,0.45(0.38(0.14
control
M| 18 30 171 9.6 |0.89(0.78{2.40/0.45(0.23'0.12
F | 108 | Usaxposed | 1/t| 9.8 [0.71/0.88(2.07(0.43/0.21
coatrol
F | 107 | Air axposed | 1/1} 8.7 {0.77/0.50{3.15{0. 43!0.33
control
F | 103 200 1/1] 10.5 {0.78(0.71]1.88{0.45{0.23
F| 10 100 1/1] 11.9 [0.90]0.78(2.14/0.43/0.31
F | 151 | Unexpossd | 1/1] 8.6 (0.99(0.83{¢.10{0.45/0.43
ocontrol
F | 188 | Air exposed | 1/1 11.3 [0.70{0.84/3.31/0. 40(0.28
control
F | 181 50 173 7.4 [0.87]0.78{3.48j0.¢7]0.33
Tasre VIII

Summary of Terminal Average Body and Organ
Weighta of Male Rats Receiving Repeated Ex-
posures to Vinyl Chloride 5 Days per Week

7-Bour Exposures to Vinyl Chioride § Days per a »5 =
a 28 3| We
Week for 6 Months - -E 34| ; 5%,' Ora-M e":ih :t/um
a -.a Wei s - [} S
T IR A 54
= -s |2 9 2 5 .3 »
= | o
o I BERE JE EEa Ed
- oo 2 3 - -
& 3 -~ .a:.aué‘,'ll- a s 1olol salamle
coutrol
M | Userposed | 3/3 | 3.01 [0.3910.21i2.37]0.43}0.0300.18
M | Alr «xposed | 2/3 | .90 (0.3110.18i2.410.48{0.02)0.18 “m::‘"‘ ' 0-81
ecomatral
M 20 3/3 | 3.68 [0.3200.19{2.34l0.54/0.02/0.15 :: : 0.
M 100 3/3 | 3.88 (0.33(0.18}2.640.49(0.02(0. 15 o . oo ah
M | Unexpossd | 2/3 | 3.0 |0.32(0.17{2.33)0.45/0.02)0.18 -4910.33.
poam 0w | .
M| A aposed | 1/3 | 397 [0.57)0.1812.1800.53{0.0300.14 U::::"’ 0 0.
comtrol o
M ”° /3 | 1.70 0.38(0.2012.s8j0.a7l0.03i0.17 A :’:“ ¢ -830.
F | Unexposed 3/3 | 4.13 (0.31/0.17}2.2310. 40}0. “'w . o
¥ | Air  «xposed | 3/3 | 3.9t 0.30{0.18{2.180. 41{0.0¢ -
comatrol
Fd 200 373 | 410 J0. L1883 _ﬂ * Pastured for § wesks after exposures cessed.
r 100 373 | .12 |o.2%0. 1801, X . . . ]
P | Unempossd | 3/3 | ¢.31 j0.200.171. .04 Thirdly, it is doubtful whether it would be possi-
control ble for humans to be exposed continuously at 500
F | Air  axposed | 3/3 | 3.96 [0.3010.17]1. .08 ppm in production ph.nta since this hlgh a gen-
P "",," 373 | .31 lo.32l0.17l2. ™ eral concentration would indicate severe leaks in

the equipment and extremely high concentrations
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TasrLe IX

Summary of Average Hematological Values for Dogs Receiving Repeated 7-Hour
Exposures to Vinyl Chloride

i
Months Hemo- l Lym- ‘
S on | No. of 10- | Hems- {WBX X |Neutro-i Y™ i
Dog 8 Sex |Concentration in ppm Experi- Amumais| ‘l}m tocrit | 108 | pails c‘;",: | s:y.,: E::ﬂ:'

M Unezposed control 0 1 1 [~ 12.9 M a1 1 ]
M Unexposed coatrol 3 1 18 8 1.4 4 0 4 4
M Unaxpossd control (] 1 18.8 M 18.4 L] L] 5 3
M Air expaosed control 1] 1 - - - - - - -
M Air exposed coatrol 3 1 14.8 30 13.4 & 50 3 3
M Air exposed control [ 1 14 50 1.1 88 0 1 12
M 50 0 1 10.§ n 13.8 “ “ 2 2
M 80 3 1 14.5 £ 13.7 [ ] 48 3 1
M 50 [ 1 18.5 L4 11.2 () 50 [ 3
F Unazposed control 0 1 11 48 13.3 » 0 3 [
F Unexposed control 3 1 14.8 [+ 3.6 o7 s 0 []
F Unexposed control [ 1 15.8 &8 15.8 % 42 3 []
F Air exposed control 0 1 13 4 14 61 37 (] ]
F Air exposed control 3 1 16 9 18.2 [} 3 5 3
F Air exposed coutrol [} 1 15.8 L] 17.0 [ 31 5 11
F 80 [ 1 10.5 33 18.3 88 40 5 V]
F ] 3 1 18.8 38 13.4 ] 42 ] 0
F 50 [} 1 8.8 [ 12.3 < [+ 3 11

adjacent to the leaks. The flammability of vinyl
chloride precludes such severe leaks if this haz-
ard of vinyl chloride is to be controiled.

Industrial Hygiene Standard

The data presented indicate that little like-
lihood of injury would be expected if 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 are not serious, hence this level seems
reasonable.

A time-weighted average for all expoeure
should probably not exceed 50 ppm.

Summary

Vinyl chloride (CHa=CHCl) is a monomer
used in very large quantities in the production of
plastics. Repeated exposures of laboratory ani-
mals to several concentrations of vinyl chloride
in air were conducted to determine the chronic
toxicity of this material towards animals in or-
der to assess the hazard to humans. Vinyl chlo-
tide was found to have a slight capacity to cause
liver and kidney injury on repeated exposures.
Male and female rats showed micropathological
changes after repeated daily 7-hour exposures at

921001 RowVerkK -

500 ppm for 4.5 months. Repeated 7-hour ex-
posures at 200 ppm for six months resulted in
micropathological changes in the livers of rab-
bits and statistically significant increases in the
average weight of the livers of male and female
rats but no detectable changes in dogs and
guinea pigs. Repeated 7-bour exposures at 100
ppm resulted in slight increases in the average
weight of rat livers, the other species 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-hour exposures at 200 and
100 ppm of vinyl chloride were without effect,
longer exposures caused a slight increase in liver
weight.

The standard for evaluating regular daily 7-
to 8-hour exposures 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 exposures not to
exceed 50 ppm.
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