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The Toxicity of Vinvl Chloride as Determined
bv Repeated Exposure of Laboratory
Animals

T. R. TORKELSON, M.S.. F. OYEN, and V.

K. ROWE, M.3.

Biochemical Research Laboratery, The Dow Chemwcal Company. Midland. M chigan

Creoups of laboratory antmals were exposed repeatediv ior up to »ix month: to sither
300. 200, 100 or 30 ppmu vinyi chloride in air. Detectable changes occurred at .l but
the lowest concentranion. The results are discussed and handling precaunions sugzssted.

Intraduction

'\.TI.\'TL chipride (CH.=«CHCl) is a chemical
of great industnial umpoertance. It 12 ueed mn
the preparation of polyvinyl chlotide resm. as
a copoiymer 1n saran and other phastics, ai i
citemical intermediate and 3 2 solvent. Be-
cause ot the Hammability of vinvl chloride, st kas
been generaily assumed thac the greatest hazard
azsociated with vinyl chloriie 15 that due 1o 1ts
Hamouabslity rather than tts toxeity!

The toxeity of vinvl chloride has been re-
viewed by von Oettingen® and more recentiy by
Mastromarteo ¢t al’ von Oetungen conciuded
that the gas was anesthetic in lugh conrentra-
tion: and that considerable interest had been
shown m the use of vioyl chloriie a: a surgical
anestietic. However, its efiect on the circulatory
svitem has dixcouraged expioitation ot this prop-
erty. No doubt the hazard rrom dammabiliey las
also lundered this use. Ounly Tinuted repeated
exposures witch were reporred by Schaumann'
were discussed by von Uettinzen. Theze repeated
exposures Indicated little or no chrounic efects
even ITom anesthetic concentrations.

Mastromatteo et ol® also scusted the pub-
lished data and reported the results of single
exposures of ralce, rat: and qwnea pigs wiich
conarmed the low acute tomeity of vinyl
chioride. Mastromatteo reported that only two
humae faralinies due to vinyl chioride had been
reparted.

It can De concluded from the published tox-
colomieal data that anesthesa iz the onlv sig-
ntricant erfect of acute exposure. Sufficient re-
peated exposures have not been reparted 10
draw conciusions about chronic toxestv. The
Threshold Limit Value of 500 ppm sugzested by
the Amencan Conference of Governmental In-
dustnal Hygensts 1 ACGIH)® i: reported by
Smyth* to be based on sinele animal exposures
and lman expenence.
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The foliowing report sumnurz= the resuits
of repeated exposures of laborator: amimais to
either 300, 200, 10U or 50 ppm of iavl chloride.
The significance of the result: 15 -ascussed and
recommenditions tor a threshold Lmetr vaiue are
made.

Experimental Procedures

Materials Tested

Vinyi chlonde, CHaCHCI. is s -olofiess gas.
It has a boiling point of —1335°C (+7.95°F:
and a freeztng pomnt of —134°C - —2H.32'F).
The marerial polvmerizes readily :ad hence is
sometume: tnhibited with plenc. or tertiary
butyleatechol. Vinyl chioride 15 ver Bammabie.
its flashpoint being —73*C (=10%'F1. The ex-
plosive liutrs are from 4% 10 227 by volume.
It has little odor aithough bigh -:ncentrations
may smeil faintly sweet.

A single, umniubited sample was sed in these
studies. It was shown by mus: i-ectrograpine
anaiyaz to be essenuiaily pure CE.=CHCL. air
betng the only mmpurity detected :n guas phase
samplez.

Sonrce and Freding of Anonals

The rats and rabbit: used in tzs study were
obtmned jrom the stock colony ¢! this labora-
tory, the guinea pigs were obruped from 2
commerciat grower’ and the dogs ~ere purebred
bexgles obtained frorm a local kexzel. The rats
and dogs were fed Purina Laborirory Chow!
or Famo Laboratory Ration! The rabbits and
quites pigs received Famo Puhbit Breeder
Ration. The guinea piz ciet was :upplemented
with earrots.

Erpenmental Protocol

The experiment: were conduc-ed in three
phazes. In the first phase. grours of 10 male
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.nd 10 femaaie rats were exposed seven hour: per
aav Bve davs per week 10 300 ppm for 43
wonths. Exposures were given 1 1 16U-hter
chamber previousiy Jeseribed.” Mortaiity and
erowth records were kept. Final organ weights
were obtained and tissues were saved ior micro-
scopic examnavon. Five maie and nve jemule
rats served as unexposed controis.

The second phase consited oi répeared 7-
hour daily exposures of J0-24 maile and 24 fe-
male rats. ten male and eight 1emaie ruinea pigs,
three male and three jemale rabbits and one
maie and one female dog to either 200 ppm
or 100 ppm of vinvl chionae. These ammals ana
two groups of controls were carefullv seiected
and matehed on the basis of age. condinon and
weignt. The Nrst group ol controls received
no exposure and served 3 unexposed ronirol:.
The wecond group recetved repeaxted daily -
hout exposures to room ar In a chamber sumlar
to the oue used for exposures to tie chemncai.
This group 1z referred to a5 the air-exposed con-
-rol group. In addition to the ammals receving
7-hour daily expozures, exght separate groups o}
five male rats each 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-
rcaliv the same as reported previousiy.* Growth
and mwortaiity records were kept on all groups.
The jtvers of the dogs were biopsied prior 10 ex-
posure and afier 3'-2 monthz of exposure. hence
the liver of each dog served as 1ts awn control.
Pre-exposure and ternupal hemutological deter-
minations were made on all dogs und termuinal
determinations On representanve Croups of rats.
Urine sampies were coliected {row 1he dogs and
representative groups of rats. At the termunation
of the expeniment. part of the rats were starved
overnight and then tiiese and all 1he guinea pigs
and rabbits were kilied by decapitation on the
dav after their last exposure. The dogs were
killed bv exsanguination after apesthexia with
thiopental. sodium 1Pemothal. Abbort). Samplez
of biood were taken of representative groups of
amumal: for determunation of alkaline phospha-
tage, serum-urea-mrogen (SUNI. serum-glu-
tamic-pyruvic-transaminase (SGPT). and se-
rume-glutamrc~oxalacetic-transaminase (3GOT).
The organs were weighed and tissues fixed for
histopatholomcal examination. The rate which
were not killed the dav after exposures were
stopped were pastured for eight weeks and then
tacnficed in the previously descnibed manner.

The third phase of thit experiment consisted
of repeated daiiv T-hour exposures of 24 wale
and 24 fernale rats, 12 maie and 12 iemale guinea
mgs, 3 male and 3 female rabbits and one male
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and one remaie dor 10 30 ppm vinvl chionde.
Eauai motehed wroups servea as unexposed and
ar-exposed controls. Three addimionai groups o1
10 muaie rats each were expo=ed 1or 4. 2 or 1 hour
per day to 30 ppm.

The procedure: jollowed were essenmailv the
~ame 13 used for exposure: to 200 anu 100 ppm
exeept that bematoiomeal examinations were
made on tie dogs ufter three months and liver
Liapstes were mude onlv pnor to exposure. Urine
was collecred from the rabbirs s well as the rats
and dogs. The rats which were not sucrificed at
the end of the exposure: were pastured jor zix
weeks and then sacnficed.

Equipment Used

The exposure equipment used bas been de-
seribed previousiv.¥ However. in order to zam
addittonal data about the results of repeated
<hort dailv expeosures. 31 was necessury to devize
a1 method of introducing additional groups of
ratz. This was done without opeming the door:
af the chamber by dropmng the rats through
chuter made of 323-inch stamnies: <1ee] tubine.
These chutes were closed with 2 rubber stopper
except during the hnet tume it took 10 imsert the
rats. The chutes, which were sloped ut a 453° an-
gle, ended In covered. screeped cages inade the
chamber. The additional groups were started 3.
5. 6 and 6.5 hours after the T-lLiour exposures
started. Since all anmal: were removed ajter the
7-hour exposure was compieted, this rounne re-
<uired in exposures lazting 4. 2. 1 or .3 hours,

The vinvi chloride was metersd 1rom a saran
plastic bag whieh setved as a reservoir for the
cus. Metering of the gas wa: done by Duul
Svnnge Pumps > Total air flow rtirourh the
chambers was measured by means of calibrated
flow meters.

Aunaluysie of the Chamber Atmospheres

Analvses of the air were made by direct com-
bustion of a known volume of air in a heated
quartz tube. The resuiting chlonde was trapped
in 17 sodium jormate—I sodium carbonate
~vlunion and subsequentiy titrated by a micro-
Volhard technique. The resuits oi .the individual
analyses were wthin 157 of the theorevical con-
centrations duning the exposures 1o 200, 100 and

50 ppm. The average concentrations recovered

were 107, 100.3 and 45.7 ppm respectivelr.
Results of Repeated Exposures

Erposure to 500 ppm Vinul Chloride

The rats exposed repeavedly at 500 ppm for
4.5 months, grew normallyv and no changes were
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Tasz 1
Summary of Terminal Average Body and Organ Weights of Male Rats Receiviog Repeated Exposures
to Vinyi Chloride 5 Days per Week

on "."’3.‘:," R . » Finai Aver- Orgua Weights. £100 g Body Weght

. ] ths an Ll U0 o ! Body

Coaceatrsuon is pom Esposurs Emw{. Survavai .&ML _

bours ] Luag . Hesrt  Liver Kidary Spleen Testey

Usnespuosed soptrol .. [ 0 43 04 e I 0N 2.82 40 .28 : 0.%
500 4.3 b Tw 32 0.3 9.1 3.00¢ . or .23

Toerpoeed soawrol [ 0 [URY] W [ ] s 6% 0l 0w

Air exposed control ] b 10 12 a8 0.3 : 032 bR ¥ 0.7 013 , 0.0¢
200 [ T o1 BT 0.52 . 0.32 298 om 01T . 0%
00 s 4 +3 348 0.47 a.% 2.98¢ 0.6 0.1 i 0.8
200 5 2 3 LT 0.3 030 162 o 08 1 O
] 8 I a3 3% o.48 0.>e 4 0.8t 0.3 - 0Ty
B ) A Q.3 43 w9 6.51 0.29 .39 .87 0.14 L]
100 5 b T L133 08l o 18" o0& 0ay 0.8
o9 5 + 13 360 Q.31 [N ] .82 0.4 ¢33 (2]
1w 4 3 - 43 10t 0.5 0.31 b2 DX > 018 ¢ 093
1w é 1 33 T 0.4 D.2s L8 .64 nis at
B 5 0.5 55 363 0.45 030 EXs] [ TR WUREEY BT1

T nesposed * control [ ] 1012 I 0.49 0.31 2.4 0 0.14 U

Adlr expased* control 6 b 112 %3 0% 0.30 LA 1Y 0.8 0.1% 0.79
200 [ H L ] 88 0.47 .0 .3 0.8 018 - ot
100° s : [ 38 0.4 0.31 2530 08 on 0Te

¢ Pastured 10t # weeks aiter axposures crased.
is, a0t

{br P w <iLOUl

{e: Pa 007

(Pe .1

(¢« P a a0

(- Pa 013

apparent grossiv at autopsy. Microscopieally
their hivers :nowed increazed ceniral bobnalar
grasuiar cegeneration ind the kidnevs showed
iptersuutial and tubular ehanges. The average
werght 1ncrease of the bivers of the male rats was
statisticatlv sigmifieant |P = 0.0011, Table I. The
average weight of the livers of the female rits
was above chat of the controls but not statis-
nealy sigmfeant, Table II. SUN, SGPT. 8-
GOT. anii alkaline phosphatase determainations
were within normal hmits (Table III7.

Erposure to 2/ ppm Vinyl Chlonde

All group: exposed seven hours per dav 138
144 umes 1n 204 days were normai in appearance.
mortalitv and growth. Hematological, SUN, &
GOT. SGPT and alkahne phosphatase values
(Table III) and the reszuits of the urnaivss
were within normal limits. Gross pathology
was normal in ail zpecies. Micropathology was
normal n the rats. guinea pigs and dogs. haow-
ever. adverse effects were noted in the livers of

rabbit: of both sexes. In the maie rabbits thws
was tharacterized oy central lobular granular de-
generation and Deerosts wWith some roamv vacuo-
lation. In the female rabbits the changes noted
were central tobular granular degeneration and
necrodls with periportal cellwar infittranon. All
organ weights were normal except for the livers
of the male and female rats which were in-
crezsed sigmifieantly agter repeated dailv -
hour exposures (Tabies I, II, IV, V| VI, ana
VII). In the males this increase was still appar-
ent eight weeks aster exposure ceased, although
the liver weights appeared to be decteasing and
returmng 1o normal.

The male rats exposed to 200 ppm of vinyl
chioride for eirher jour or two hours per day for
six months had elevated average liver weights
(Table I). However, the small zze of the ex-
perimental groups made the findine statisucally
msignuficant (P = 0.07 and 0.1). The groups ex-
posed for either 1 or 0.5 hours per dav were en-
tirely normai.
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Tasur 1!
~ummarv af Average Bodv sud Organ Weighi= of
Femaie Rats Recerving Repeated 7.Hour €x-
posures to Vinvi Chlonde 53 Dave per Week

Orsmn Weients,
-

U nextoumed cob-

trob 0 $5 1w
300 4.5 “ 10 48
Caetpoma con:
ol v 1912 2% 0.850.38 2.92 UE2 017
A eposed
tODIISY & W3 0.660.38 2.9 L&l 0.8
200 L] 1012 2% 0.430.38 3.3%° 0.8 o0.18
100 6 3117 221 0.590.39 3.33° ¢T3 0.20
U nexposed®
control 0 $12 X3 461037 2,67 .52 018
wur *% pomed *
control L] 912 240 0.590.37. 2.57 0.83 0.0
et ) 212 U3 LMD 306 V.M D30
100° L} 1212 235 0.630.40. 3.17 0.53 0.1
Unexposed con+ .
ol a 1112 211 0.360.3% J.02 0.8 0.
e exposed
coatral 6 12012 202 0.590.38 2.9 u. 0N
Ly L] “12 M4 0.81.0.37 302 0.84 0.20
Unexposeg™*
conunl [:] 1112 148 0.840.40 2.5% 0.91 0.22
Air +iDosed
conwoi** 8 4132 221 0.630.40 3.0 087 o180
L 4 112 13 0.53:0.38 283 0.:740.20

* Pastured {ar & weess 5187 rxposures cumsed.
= Pamured for 8 weeis af1er expraures ceased.
@) Pwgls
By P =003
(e) P =001
) P = anb

Erposure to 100 ppm Vinul Chloride

_All species expased to 100 ppm of vinyl chlo-
fide, seven hours per dav, 135-144 umes in 204
daye, were judged normal on the basis of the fol-
lowing criteria: appearance, mortality, growth,
hematological examination. SUN, 2G0T, &
GPT, alkaline phosphatase determination, uri-
nalysis and gross and microscopic examination of
tissue. However, -heht increases were found in

g

P

the average welzins or the ivets of maie an fe-
maie rats 1Tubies I und II). Althaugh not sz
mfcant statstcally, an mcrease wag aiso seen
in the average weight of the ivers of the maie
rats exposed to 100 ppm jor exther four or two
bours per dav. The groups exposed for either
1.0 or 0.5 hour per dav were entirely notmat.

Exposures to 50 ppm Vinyl Chloride

The increase 1 weigbt of the rat livers, the
oniy significant finding 1n ammals exposed to 100
PPm, did hot occur in ratz exposed repeatedly to
30 ppm oi vinyvl chionde, 130 rumes in 139 davs.
All groups of ammais were judged normai in ali
other respects. See Tables II. V', VI, VII VIII
and IX. A stanzteallv sigmificant decrease 1n
kidney wemht which was seen 1n the female rats
(Table II} was considered 10 be an arufaet since
It waz not seem at higher roncentranons.
Discuasion

Repeated exposure 1o vinyt chioride at con-
centrations conaiderably below the level that has
been considered saje for human exposure has
been shown to have an effect on the liver and
kidney of laboratery animals. Histopathological
changes and increazed Jiver weights 1o male and
female rats were noted after repeated exposure
at 500 ppm. Repeated exposure at 200 ppm for
sIx months resulted in ap increase 1o the average
weight of the livers of male and female rats and
micropatholomeal changes in the livers of the
male and iemaie rabbits. The only effect noted
after repeated daily ¥-hour exposures 10 100 ppm
for six months was g slight increase in the aver-
age weight of the rat livers. Repeated 7-hour
expozures to 30 ppm for zix months had no effect
on any species studied. Hence. the hithest con-
centration without detectabie effect on any zpe-
cles was 50 ppm.

It is interesting to speculate an the apparent
diserepancy between the effects observed at 100
Ppm 1n this experiment and the lack of reported
Injury in humans ustng 4 threchold Limic of 300
ppm. Several factors mayv be contributory. First,
the effects noted in arumale at 500 ppm were oniy
shght to moderste: growth. mortatity, and gen-
eral appearance were unaffected. Hence, it is
possibie that if humane were exposed repeatedly
at 300 ppm slight injury might occur but due to
the lack of subjective s\mptoms the mjury
would escape detection. Secondly, the injury was
apparentiy reversible. The liver weights of both
maie and female fats which had shown definite
increases after exposures at 200 and 100 ppm
were normal or approaching normal after 6-3
weeks of recovery (Tables I, II and VTID.
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Taswe III
Zummary of Average Biochemical Values Deterinined for Animals Receiving Repeated Exposures 1w Industra.
i Viny! Chionde 3 Dave« per Week
] Alkatise S
: Pnos.  Bioag SCFT SGOT a .
) Months OD“"D‘:‘?" Number phatase  Lrea "u“,‘nufn ‘
Species 308 Dog No sex  Coacemtranios ia ppm aon Exnnulure. o1 Nigg:  Nitresen. Weights
Exvosure Tppun | AmmaM AT ME 10 e Frasecl Daiby 7.
{ LT Lae Days pe:
! Doag 8101 M Usezpneed soatrol v u 1 12.2 24 1~ 43
il Air expased evatrol L3 : [} 4.1 19 1 1 :
4 it 0 ¢ : t i) n W ®
?_ ™ U ] H t .5 18 i [
) Dog ¥ I8 13 Unexposed control 0 (] 1 st 1 1w ~
B iy Aur expoeed coatrol ) 7 i 1 » i o
o103 00 ¢ T 3 T8 T 16 b
. l10 100 ([} ke 1 3.8 0 w W
Rat... . 3 U nexpoasd enutrol ] [\ s 2 0.6° w ) I
0 1.5 b 1 159 1.4 it} %
e ) H s [ 1.2 i M Uner
v L] 4 L] 174 1.2 » comre
hnl % t i e v @ M Aw e
w ] H 4 (1 5.0 » contr
100 5 1 i W 5.3 in M 3>
10 1] L) I i I 143 e F  Uaewn
= coatr
Rar.. F Unexouveed coatrol i bl ) 124 3 , F Awr ex:
300 kS H (LI} 35 J—
U 4 ' 3 1 4 n 13 a
190 L] * L] 1.5 2 F 1o
F Leoerp
Rsbbit AH Cuoiro] [ 0 3 IRl 28 14 contr
0 L] 7 H 33 21 3 F  Aur exp
I L} v 2 3 29 & coner
F 'S
Rabbut. ... .. F Coutrol 4 ] 4 L] »n 39
o0 4 H ] x 33 18 P e
1+ L] T 3 +.0 4 35 b1 P =i
te) Pen
* Beeause of 1w unusiaily high individual vaiues 18 1hus ¢roup these average vaiyes see elevated xad 4o 90t correspoad with the
values obuiined ua sisular €ONKNO! FTOULM (B CUT lmbOMMLOrY . Nuftfial control vRlues sre 10 [he suiue Sangey s those of The experinvental .
groups iisted 1 tous table Summar
Weighits
TamLe IV T-Hour !
~ummary of Averuge Hemurtological Values for Animals Receiving Week 10
Repeated 7-Hour Exposures to Vinyl Chioride .
Montns
soscwnor Does  sex Concenrauen mppm g 90 No ot ZCUT Hema: WBC x Newso D7 Mume: bowne-
ment FRULE § cyues .
7
Rat M .\ir esposey cunrmol 5 + "3 31 15y 55 T ] " ) M Uaer
Rat M oy A 3 144 k1l T I b | " H ‘ \ A
Rat ¥ Aur expreed conuroh s 4 (AR] .6 3.8 2§ ERN] RIN o By w~e
Rat F w # 3 1.3 v 1 2 o 9] ' T A
Doe w0l A Taespwed cuntrol 4 1 - —_ - - —_ - - Y]
Dog #lul M Unezpused cuntrol ] ' 3] 31 " 4 Si " ' M Upex
Dox # 113 M Atr exposed roatzol n 1 JTS .1 1.8 Al 21 3 1 con
Dog 1 M Aur expneed contral ] i 4.4 L84 3.2 34 34 ‘ i M AL
Dox #111 M 20 v 1 13 IH 1§.2 3 4 3 ] cot
Dog #11) M 200 & H 8.3 kY 135 In it 2 . N\
Dog s94 M w 0 i 15.3 8 [V ] n 44 ‘ ] 3 Loer
Dog s b my [ 1 15 54 LN ] L1 13 “ » v Fooae
Do #1106 V Lnesposed contmi n 1 4.3 51 2 i H 1 on
Dog #1806 13 Unezpoeed control L H 153 H 5.5 54 # 1 4 I
Doe ¢ 147 F \ir expoeed enutrol " 1 15 3 [ER] 53 b i . T
Doxg #1067 F Aur exposed comtmi 4 1 L] 3 ne m n + - ¥ Uae
Dog #1063 ¥ LY " 1 14 5 105 H I B 3 o
Dog siu3 F aw [1 H In M 1”3 " 3 [} : r L)
Dog sllv F 1) n 1 123 " 153 At 3T N it - rar
Dog s!10 F D] 5 1 183 3 1.+ [ kY] i " -
358

S RSV 0016867

e




Lot o -t ———————

e i e

8989100 ASYH

SUONTIIIAUAGS Y311 Njallialixa puT wawdinba a1
UT 3L} JAAIS H1EANPUL PINOM QOLICIIUIZUOI [T
-uad e ydiy s duts nucid gononposd ov widd
00¢ 1T Afsnonunued pIsodsa 3q 01 SUgWNY 10 3y
-tz50d aq Poas 31 13giaa (LIQROP St A(pau ]

PR KANNOAXS J31JP WRALM § 20 PAMIN] ,

NUSIOM OIS I Ost D 0B 202! i -9 -0
tanea

SLOHOMOZHZOEOES0 O T2 I 9 (pamdIa aiy
' tonaor

TS09t 0ds ‘TICOES0 ME 2§ 0 0 ,pewodrag)

PO NEUQASTI IR0 LD QR a1 ¢ t 9

o9l oL 0LeEIEOBEG Z2ZX 01 9 L9

2091 D80 08SICC 0150 st D01 @ L]

Wotos 08T IL00f e oL Tt It 9

109N 0L DAL D 60 T 2T at

SAASUISIeQ IO G AT § Y

- - - - ~
T = T ¥ 2 w3 :
£ FF 312 R iR
L = 2
Fa2 7
v £
14¥a gy Spog En 7
E RO TR TE SSEE & FY oY = £
s

Ny dad sie@ ¢ apuo) [ty o1 sundod
SN pARIdIY Buiai209Yy v1BY IELY Jo sigdteyy
uedi() puc Npofg IVTIIAY [CUIWLIA] }O .ITunuOy

111 3nev]

VR LS Ko C B IS AU B4 o5 it d
: 1anaoy

CE00QITEI 0020 €711 1 [ ow0ax3 1y gg d
fanaad

Er o oQUYLE O Y 9y (0 PwodIIc}  (f) d

IEVCHORI S Ann D B°E0 T I 001 ot E

080050 S0t 1) (1 w El
o900

SLOETOSI'COS 0 D 'S5 [ pwontxa ny  at £
10410

WKRErDIosInIin Be [ ] Paoaxauy Gl 4

SLUESUSHDOF S52 0wk 9 1t o b5 T 8
Qo

WRILDOPPOOTINDIILY Jol 11 pewoded IV 951 U
aneas

AL TT o6 s 00’y B° 1 1 ¢ paedzIn’y 157 K

ST QTP OO IS NRO QL 1 ¢ oot n n

SIOSTNIS 008 OLOl 01 t 1t o uw w
jangos

FIOSTOIP O I LI 00 §5 11 PIodAEa nY  £if [
[onw0a

SINISOBLONITH09 0 Ol 11 pewodidu] (a1 X

WG
[T

U3 4, SPOQ
d ot T TNy ue3)

sYiaagy o
10§ yed gy JHl saw{ © puoy) fAuty oy sagnsod
*NT INOH-r aneg] pedddy Furaiddey s3or)
10 S1udeyy UTI4Y PUT SPOf [TULL }0 AUftUUNG

II\ T1EY]

[+ 3
D
A

MOSosKZ 0RO (T T L [ E S
onaod

nosew 1100t e L peodm  nty £
onuce

MNOHEGE T I¢0C0 T §. ¢ PaodzIe i

oot oIt oRa Y1y B¢ agt E 4

FOOZHORIHNAITL O 0P £ [ E
|anaa

WOOoTHORENTO0ED 16E E£E Pae0dId Ay d

WONVLZIHOIED $1r ¢ powodzea) 4

SOOI UM ZOLOND 02 €8¢ o n

TOEDOETORIENTOILD SE O£

S
SL'OZDOSY AL LI OI0 OBE €

SUDH0AOMLIIOET0 (FE S £
SUDIBAIOIL LB 0ILO §HE £
IUDILIMDITZIIDIEG e £ 3
PLOINOR QLTI OGO 198 £
= e
=ff %

T» i H

3 = *

Wte gy Apog <
F 001 3 YA UeBL)

SQIUOIY § J0f qadyy
13 sAC@ € IPUOE) |SUly O $34NS0dNT oY~
A[lT pateaday Autaiavay snqqguy o sigda g
utdy) put apog 8raaiy (PUMILLA] jO .JPUNUA.

I\ 3evy
S0 =d 2
o= g 'q
§94 = J 9
HUOH0 ME 0 Y8y s TP L 05 1
1011203
U090 NE 9w 90 ki Gl 3 - paedrd sy
LY TH)
SUOSHQ (ME $E°0 S20 531 14 pwodxaml I
SRR ORE 9ID SEH ARR 5 L 001 i
SU09NQ09E Dbl Myl (L1 3
e
N0 ST°E 600 90 93 » o Deeodyd Sty 2
rediany
JINIRH OUE LT 90 mee vy DwodNAM) 2
SEOIUOI8G FUE 00y 1l $L Ol g i
LTS
WHITDMO IT°C :2a 190 Ofs SL 11 pessdssary )
L TRL 7N
LSOO ML sI MO S5 305 pasodzau] v
IALUMIC0 w6 E §T°0 E50 a0 L )] i
0800090 [0 I 50 erOL O L 00T Iy
'Nlﬂu.l

B VOININ0 L TN TEA UEDL vl §  pasodEd oY Iy

SEAGUNO J0°T 9 tea DS

)
noaw'( '
WALy S

)
e

Wy spog
$ant 7 S1gma g U0

LT X |

2

SUOLY 9 JO) Yad gy sadd sat(]
€ spuoy) WUy Ol *dJnsociNT Jnoy-! s[Ie(]
pomadayy Autaiddy ~3f TIwnO 10 SIGIY
1544} PUF APUE] BMIdAY [CUTWIAT JO AIRUWIs

M A Amavy

WULNO L IuNDA Y (0wIsNPif

nwm oo

-
Smaw b em - x

LTS
-outin

[ CEIHIP
LR EIE

Lo~

0y osad”




——— A - - - . -

' - v i
*»
=
360 October, 1961 Indust
- Tone
Taswe IX Somne
Summary 0f Average Hematological Valyes for Dogs Receiving Repeated 7-Hour Tume.
Exposures to Vinyl Chloride King
P - 3. ACC
. "h::” No. of HEMO- fome. WBX X Newtre 1T Moao- Eosine 8. ;nf-:»
Dog » Sex  Concentrstion in pom Erpest- - Anumaly ;Ir;m ' oent [y phaiy b Tvtes  poile Stana
ment £ L] Crim o
—— T Cherr
Dog 8132... M Unezposed coatrol 0 ] n i3 129 L1 IR 1 N 4. Ralst:
Dog 6132 M Unezposed control 1 1 18 52 194 42 > 4 ‘ 9. Ham-
Dog 9153 b Cnanpneed sonirod ] i 133 ¢ N 134 3 & 3 3
Dog 1182 ™ A7 exposed cootrol [} i - - - - - - -
Dog #1348 . M AT exponed soatrol 3 H 4.3 £ 13.4 43 S 2 3
Dog 9158 o Ar exposed soatrol [ 1 14 0 1.1 58 ) s 12
Dog #1582 Al 50 ¢ H .8 3% s 4 o~ 2 2
Dug 8162 .. M 5 1 { 4.3 N e 1] -~ 3 1
Dog #1802 N E] L] 1 15.5 LY .2 43 3 ) 3
Dog #1851 13 Unexposed oontrol ? 1 1 4% 3.3 » W 3 y
i Dog #1351 F L nezposed eontroi 3 1 14.8 s 3.6 [ 35 0 ¥
H Do #13! F U nezpmaea contrel A ! 13.3 3 18.3 Iy 2 3 4
» Dog 3158 . 3 Au expasrd roatrol 9 1 1 i 14 L]l brd b} 2
! Deg 155 f A exposed control 3 I 16 3 15.2 ) 3 3 )
. Dog #1538 F Air exposed ropiral [ t 158 56 178 5 o 3 ]
i Dog stél F LY 0 ] 0.8 « 38 5.3 55 a 5 0
‘ Do s181. .. F ® 3 1 153 .08 1k % 2 s ° |
Dog »i8). ¥ p] ] H 5.3 34 22 43 i 3 1t ;

e L T

|
!
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adjacent 1o the leaks. The flammability of vinyl
chlonle precludes such severe leaks if this huz-
ard of vinyvl chloride 15 10 be controlied.

Industrial Hygiene Standerd

The data presented indicate that little like-
lthood o1 inpury would be expected if repeated
daily 7- to S-hour exposures are immited to 100
Ppm or less.

Although the level of 100 ppm mav not ap-
near to offer any Margin of satety since rats ex-
nosed repeatediv 10 this level were very zhghtly
Affected. the vast amount of human experience
that 15 avanable wiiie operating under an MAC
of 300 ppm indicares that wniury 15 not likelv
Likewise the efiects of even rather evere over-
exposure are not serious. hence this leve| seems
reasonable.

A tine-weighted average for all exposure
should probabiv not exceed 50 ppm

Summary

Vinyl chionde 1CH=CHC 15 2 monomer
used in very large quantities in the production of
plastics. Repeated exposures of laboratory ami-
mals to several concentranions of vinyl chloride
in air were conducted to determine the chrome
toxieity of this matenal towards amimais 1n or-
der 1o assess the hozard 1o humans. Vinvi chlo-

500 ppm for 4.5 months. Repes-+d T-hour ex-
posures at 200 ppm for Six mortas resulted o
miceropathological changes 1 the bvers of rabe
hits and staustically sigmiicant =:reases i the
average weight of the livers of —..¢ and female
rats but no detectable change: 1n dogs and
ruinea pigs. Repeated 7-hour exsosures at 100
ppm resuited 1n sheht inereaszes = the average
weight of rat livers. the other ez were not
affectect. All species studied toi-zated repeated
daily T-hour exposures ro 50 pp cor sIX months
with no detectabie miury,

Repeated duzv l-hour exposur=: at 200 and
100 ppm ol vinyi chloride wers Tthout efiect.
innger exposure:s cau~eq a shght = -rease in liver
weight.

The standard for evaluating r:edar dailv -
to S-hour exposures mav be def==i a: the con-
rentration below which pracuical al! anaivuecal
results must fall. The vaiue of 147 ppm 15 eug-
gested ax this standard for vinv. chlonde. with
a ume-weighved average for all exoosures not to
exceed 50 ppm.
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average Jr.. Ph.D., Secretary-Treasurer: and Edgar C. Barnes, \Wiliam R. Bradiley, Allan L.
were npot Coleman. Hervev B. Elkins, Ph.D.. Lows F. Garber, Thomss F. Mancuzo. M D.,
repeaxfd HKenneth M. Morse. James H. Sterner, N[.D.. and Charles D. Yafie.
< manui*
. .
|-r0(e)ﬁ::3 \ IxprsTRIAL HYGIENE ENGINEERING axD CHEMIFTRY
= liver HE DIVISION OF OCCUPATIONAL HEALTH. Public Health Service. will
) conduct two simultaneous courses Japuary §=19, 1862, at the Qccupational Health
daily 7- Research and Tramung Faciliey, Cineinnati, Ohio, “Industrial Hygiene Enmineenng " is
the con- designed for industnal hyvgenists and enpneers in the field of occupational health who
nalytical have a degree 1n engineening or in the physical sciences. “Indusinial Hygiene Chern-
n e sue- 3 istry” is designed for chemists in this field who have a degree in chemi=try or chemical
ide. with :r engineerning, or in the physical sciences with a minor in cbemistry. During the first
#% ot 10 £ 4 week. trainees for both courses meet together for instruetion in industnial hygiene and
g medicine, toxicology, and principles pertaining to evaigation of 1he environment. For
~ the hygenists, the serond week’'s work covers remperature and bumidity meazure-
3 ments, illymination, noise measurement and coptrol, and industrial ventilation: for
ety Dats the ehemicte, laboratory analyses jor lead, free silica, and #olventz, and Epectroscopy,
drocavbons. poiarography, x-rayv diffraction, electron microscopy, and gas chromatography. Much
nlic Eealth tume in both courses i spent in the jaboratory.
- Tung Offce. It should be poted that applications for the course or requests for infonmation
emE. axB should be addrecsed to the Chief. Training Program, Robert A. Taft Samtary En-
oy Cooos 3 gineening Center, 4676 Columbia Parkway, Cincinnati 26. Ome, or to a DHEIW
aoc. 4. 21- - Regional Office Director.
¥. FirsT. H .' .
i p.

" Y : RSV 0016870




Toxicology, 11 (1978) 45—54
© Elsener/North-Holiand Scientific Publishers Litd.

EFFECTS OF VINYL CHLORIDE EXPOSURE ALONE AND IN
COMBINATION WITH TRYPAN BLUE — APPLIED SYSTEMATICALLY
DURING ALL THIRDS OF PREGNANCY ON THE FETUSES OF CFY
RATS
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Deportments of Experimental Pathology and Chemistry, State Institute of Qccupational
Health, Budapest, H-1450 Budapest P.Q.B. 22 and Inatitute of Experimentul Medicine,
Hungarian Acodemy of Sciences, Budapest, H-1450 Budapest P.O.B. 67 (Hungary)
(Received December 29th, 1977)

{Revizion received May 22nd, 1978)

{Accepted May 23rd, 1978)

SUMMARY

Vinyl chloride (VC) has been shown to be present in the fetal and maternal
blood as well as in the amniotic fluid after the exposition of pregnant CFY
rats to VC at an atmospheric concentration of 5500, 18 000 or 33 000
mg/m® (~2000, 7000 or 12 000 ppm) for 2.5 h on the 18th day of preg-
nancy, indicating the permeability of the placenta to the agent.

Teratological investigation of the offspring of pregnant rats exposed
continuously to VC at sn atmospheric concentration of 4000 mg/m® air
(1500 ppm) during the first, second or last third of pregnancy has shown
that VC has no teratological effect in the rat and has no embryotoxic effects
either, when applied during the second or last third of pregnancy in the
above concentration. Exposition to VC during the first third of pregnancy
resulted in an increased fetal mortality and in the manifestation of embryo-
toxic effects, Fetal losses and induction of central nervous system malforma-
tion due to trypan blue administration were not potentmted by a combined
exposure of pregnant rats to VC and the dye. ;

INTRODUCTION

VC is ranking 23rd from among the 50 most widely used industrial chemi-

Supported, in part, by the Scientific Research Council, Ministry of Health, Hungary.
6-11-040103-1/ MU,
Abbrevistion: VC, vinyl chioride.
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cals. Carcinogenicity of the compound has been reported in rats, mice and
hamsters (1—3]. In man the occurrence of hemangiosarcoma ~— a rare
malignant neoplasm — of the liver has been brought intc possible causal
relationship with VC exposure {4—8]. VC or its metabolite, chloroethyiene
oxide, have been shown to induce mutagenic effects [9—14]. Chromosome
aberrations have aiso been described in plant workers after VC exposure of
various lengths [15—17]. However there are only a few data on the terato-
genicity of VC. The results of the epidemiological studies are controversial.
Infante [18] reported an increase in the incidence of congenital malforma-
tions of the central nervous system among people living near chemical plants
working with VC. Further epidemioiogical study {19] did not confirm this
finding. Infante et al. (20} found higher mortality in families where the
father was subject to occupational exposure to VC. Paddle {21}, however,
questioned methodological aspects of this approach. The only study in
experimental teratology with VC was conducted by John et al. [22]. They
found no teratogenic effect after inhalation of VC at an atmospheric con-
centration of 50, 500 or 2500 ppm for 7 h daily, during organogenesis in
S-D rats, CF-1 mice or N-Z rabbits. '

The large scale’ production of VC and the wide usage of the polymer PVC,
the great number of people exposed, the reported hazardous effects, muta-
genicity and carcinogenicity of the compounad as well as controversial data of
epidemiologic studies of teratogenicity call for a detailed study of experi-
mental teratology of the compound.

The present work was aimed to answer the following questions:

{1} Does VC, inhaled by the pregnant animal, cross the placenta and result
thus in a direct intrauterine exposure of the fetus?

{2) Does VC in itself possess teratogenic or embryotoxic effects?

(3) When given in combination with a known teratogenic agent does VC
potentiate the teratogenic effect of the former compound?

MATERIALS AND METHODS

Female CFY rats of 240—280 g body wt. were mated in a harem system.
The day of finding sperm in the vaginal smear was considered as the first day
of gestation. The animals were kept on a standard rat pellet [LATI*,
Godolld] and tap water ad lib. Body weights were recorded once a week.

Groups of 3 rats were exposed to VC for 2.5 h on the 18th day of gesta-
tion at 5500, 18 000, 33 000 mg/m? (~2000, 7000, 12 000 ppm) atmospheric
concentrations. At the end of the exposure the animals were sacrificed and
maternal and fetal blood and amniotic fluid samples were collected for VC
determination performed by the method of L8rincz {23].

Allocation of other pregnant rats to experimental groups can be seen in
Table I. Groups 1A, IC, I1A and [IA inhaled air in an inhalation chamber for
24 h/day on the days of pregnancy 1~9, 8—14 and 14—21, respectively.
Groups IB, ID, IIB and IIIB were exposed to VC in an atmospheric concen-

* Institute of Laboratory Animals, GdollS.

46

RSV 0016872




£489100 ASH

Ly

TABLK |
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SUMMARIZED DATA OF EXPERIMENTAL GROUPS OF PHEGNANT CFY RATS EXPOSED TO VINYL CHLORIDE, TRYPAN BLUE OR BOT#

Treaimuent Daya ol No. af Mauternat No. of fctuses Fﬂ‘l Mean Mean Mean Weight Lives Liver wt.j
T4 hday Pregnancy litters  weighl aw Nitter fetal placental retarded® wi.oody reduced
saln® Live  Desd Resorbed (%) aize welght  welght fetuses wi. entia body wid
(%) n {¢) %) (%) ratio (%)
(L8]
A Alr inhalation 1—9 13 64.66 ¢ 171 1 2 1.7 1316+ 3Bt ¢ 083: 23 B B BK 1 4.41 2
Phys. 1al. 5.c.® T-8 2.18 0.64 002 0.008 0.09 0.13
8 VC inhatationt -9 9 65.18 ¢ 223 1 12 5.5 11.60: 3741¢ 0.68 ¢ 6.7 4.25 1% 492 14
Phiys, sal, 5.c.¢ 7-8 2.09 0.38 0.03 0.006 0.09 0.09
C Alr inhalstion 1-9 13 56.08 ¢ 131 3 2 21117 10162 31711 067 3, a2 4.18 1% 470 24
Trypanblue scé 18 286 0.6% 0.03 0.008 0.08 0.08
D VC inhulattonl 1-9 18 6E1.12 ¢ 198 3 a4 16.7%F 3100¢ J7B 1t 0.64 ¢ 10.6 461 1*% 631 a4
Trypan blue sc® 7-8 263 0.88 D03 0.006 0.14 011
un
A Air Inhatation a—14 14 42.38 1 187 - b 318 31.29¢ aPE1 0.65 : 6.3 4.051 467 ¢
108 0.81 0.0¢ 0.007 0.08 0.08
B VC inhslstion! 8-14 28 61.70 ¢ 374 H 16 454 13386: 398 0.62 ¢ 3.21 4268612+ 5.03:*
.12 0.37 0.02 0.004 006 0.07
mn
A Alr nhelatlon 14—-21 18 b2.72 ¢ 212 1 12 5.8 1174t 365 2 0bB2: 108 3.76 1 4.20
2" a.84 003 0.007 o.08 0.1)
8 VC inh«lationf 1421 22 40.83 ¢ 244 - 14 5.4 11181 J.641: 057 ¢ 12.3 3.601¢ 4.12 ¢
1.67 0.74 0.03 0.007 0.0% 007
vy
Untreated control - 28 52.46 ¢ 315 1 10 3.37 11.26¢+ 3.83¢ 0.51 ¢ 29 .89 1 4.60 ¢
1.23 0.54 0.02 0.008 0.08 0.09
S in per cent of starting body welght.
Y n per cent af total implantation sites,
€ Per cent of Hving fetwies welghing less than 3.2 g.
Maternal weight -- (lotat weighl of letuses + placentas)
90.5 mlj100 g body wi./day
{ 4000 ngim® (1500 ppm)
£0.5 m1/100 g body wt./day of 1% (w/v) solutlon.
P <005 % P <0.0); (f-vesi)
TP <0051 P <0.0]; (Mann Whitney U tleat); t S EM.
e e P fer_T04
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tration of 4000 mg/m?> (~1500 ppm) for the same length during the same
periods of gestation as their respective controls. The volumes of the inhala-
tion chambers were 0.13 m®, the vertical flow rate of the air 2 m*/h at a
regulated temperature of 24—25°C and 50—55% relative humidity. VC
cancentration in the inhalation chamber was determined by means of a type
5840 A Hewlett Packard digital gaschromatograph [24]. The rats in groups
IC and ID were given subcutaneously 2 injections of 50 mg/kg body wt.
trypan blue (1% solution) on the 7th and 8th day of gestation. Group IV
was kept in the animal quarters during the whole period of gestation.

On the 21st day of gestation the animals were anesthetised with ether.
Abdominal wall and uterine horns were cut open and the number, position
of fetuses living, dead or resorbed were noted. Fetuses and placentae were
excised, weighed and macroscopic investigation was carried out. Half of the
fetuses of each mother were put into Bouin's fixative and dissected after
fixation under the stereomicroscope [25]. Organs with macroscopic abnorm-
alities were embedded and hematoxylin-eosin stained sections were studied
further. Histological investigation of representative other organs was also
carried out. In order to investigate the skeletal system the other half of the
fetuses were fixed in alcohol and stained with alizrin-red-S [26]. The
mothers were dissected and their livers were processed in routine histology.

Arithmetic means and standard errors were calculated, Student's f-test
was used for statistical comparison. The litter was regarded as the experi-
mental teratological unit [27]; affected over total fetus ratios were
calculated. Mann-Whitney U-test was used for the statistical comparison of
the ratios obtained.

RESULTS

Cansiderably high VC concentrations were found in the blood of pregnant
Tats as well as their fetuses, when the mothers were exposed to VC at an
atmospheric concentration of 5500, 18 000 or 33 000 mg/m® (~2000, 7000,
12 000 ppm) for 2.5 h on the 18th day of pregnancy. The presence of VC in
the amniotic fluid was alsc detectable (Table II).

Maternal loss was not encountered in the experiments. No difference in
the weight gain of pregnant rats expressed as percentage of the starting body
weight was found with the exception of group IIIB exposed to VC during
the third week of pregnancy. The weight gain in this group was lower, than
in the other groups (Table I).

The maternal liver weight and liver weight/body weight ratio increased in
response to trypan blue as well as to VC applied in the first or second week
of pregnancy (F < 0.01 and P < 0.05, respectively) while no difference was
seen in these parameters after VC exposure during the third week of
pregnancy (Table I). No pathological change was observed in the liver of VC
treated mothers at the light microscopic level. There was a marked periportal
histioeytic reaction in the liver of trypan blue injected animals.

The number of resorbed fetuses as well as the fetal loss taken as percent-
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TABLE D

VINYL CHLORIDE LEVELS IN MATERNAL AND FETAL BLOOD AND AMNIOTIC

FLUID OF CFY RATS ON THE 18TH DAY OF PREGNANCY AFTER 2.5 H OF
EXPOSURE

inhalation chamber Maternal biood Fetal biood Amniotic fluid
mg/m?) (ugiml) (ug/m)) {(sg/ml)
/] 020 0=z0Q 00
5500 19.02 2 1,70 12.80 = 2.92 4.27 2 0.42
(~2000 ppm) _
18000 32.40: 212 22.67:2.75 493+ 0.18
{~7000 ppm)
33000 48.43 £ 195 30.52 £ 3.77 13,560 + 2,99
~12000 ppm)
=, S.EM.

ige of the total number of implants was significantly increased in the group
»xposed to VC during the first 9 days of pregnancy (P = 0.05); there wasa
:endency of increased resorption and fetal loss, though not significant in the
.7roup exposed to VC during the second week of pregnancy (P < 0.1) and no
lifference in the parameters was seen after an exposure to VC during the
:hird week of pregnancy. There was an increase in the number of resorbed
‘etuses as well as fetal loss in the group injected with trypan blue (P < 0.01).
Jombined trypan blue administration and VC exposure was not more
sffective than the dye injection alone. The number of dead fetuses was
ncreased by the trypan blue treatment (Tablie I).

A slight tendency of increase in the ratio of retarded fetuses was seen in
he groups exposed to VC during the first 9 days of gestation or injected
vith trypan blue, but no significant change in the mean weight of fetuses or
’lacentae and in the ratio of fetuses with weight retardation (less than 3.3 g)
vas seen no matter during which time of gestation the VC exposure occurred.
\lthough the ratio of retarded fetuses was higher in the groups inhaling air,
it VC in the inhalation chambers during the third week of gestation, this
‘ifference was not significant and probably may be due to the stressor effect
-f novel environment.

The findings of the dissection and skeletal investigation of fetuses are

hown on Table III. None of the malformations or anomalies could be
ttributed to VC.

") ISCUSSION

Continuous exposure of rats to VC results in a permanent elevation of its
lood level [28]. A permanent increase in blood level and the low molecular
reight of VC facilitate a rapid extravascular distribution of the chemical

'28]. One can assume, that during a continuous exposure of pregnant rats

49

RSV 0016875



9189100 ASH

0g

TABLE It

FINDINGS OF DISSECTION AND SKELETAL INVESTIGATION OF FETUSES

Treatment

Inhalation 24 h/day of pregnancy

Air veb Air ver Air vce Air vct -

1-9 1—9 1-9 1—9 8—14 8—14 1421 1421 -

8.c. injection days of pregnancy

Phys. sal® Phys. sal  Trypan b® Trypan bt - - - - -

T8 7-8 78 78 - - - - -
No. of litters examined 13 19 13 18 14 28 18 22 28
No. of live fetuses 171 223 131 198 167 374 232 244 316
Externa) malformations
Exencephaly - - 2 Bt - - — - -
Umbilicat hernia - - e 1 — - - - -
No. of fetuses dissected 83 106 63 95 76 1856 102 117 166
ternal maiformations
Inlernal hydrocephaltus - - 1 1 1 - 1 — -
Anophthalmis - 2 2 - - - - -
Microphthalmia - - 2 — - - — -
Poiycysiic lungs - - 2 - — - a i —
Thymus with pracessus 4 6 9 9 (] 9 9 9 -
Pyelectasia 2 4 5 2 6 20 8 - 3
Dilatation of urinsry bladder 3 8 1 7
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to VC the fetuses like the mothers are also permanently exposed. Owr
detection of VC in the amniotic fluid and in the blood of fetuses of
pregnant rats exposed on the 18th day of gestation (Table II) justify this
assumption.

In order to study the possible teratogenic and embryotoxic effects of the
compound, rats were exposed to VC at 4000 mg/m’ (1500 ppm) atmos-
pheric concentration continuously during the first, second or third week.
of pregnancy. In spite of the exposure at this very high level of concentra-
tion no obvious alteration in the behaviour of experimental animals was
observed; their food and water consumption and weight gain did not differ
from that of the controls and activation of self protective mechanisms {29}
was not seen either.

Although our study of the great number of fetuses gave essentially
negative results, some tendencies found — not reaching the level of signifi-
cance - might deserve further attention. :

There was an increzse in the number of resorbed fetuses in the groups
subjected to VC during the first and second week of pregnancy. Though the
increase in the number of implantations and higher birth rate might explain
this difference in the group exposed during the second week; no increase in
the number of implants was seen in the rats exposed during the first week.
Thus it is most probable that the toxic effects of VC might explain the
increased fetal loss close to the level of significance (P =~ 0.05). This is all
the more probable, because toxic agents independent of their chemical
nature have been shown to resuit in similar embryotoxic effects, when
applied during the first third of pregnancy {30].

Among the offspring of mothers exposed to VC during the first week of
pregnancy one case of microphthalmia and an other case of anophthalmia
occurred. In spite of the fact that this was not consistent with a significant
increase in the incidence of congenital malformations, these cases deserve
further attention for the following reasons. None of these malformations was
observed in the group exposed to air in the chamber, or in the untreated
controls. Both malformations are related to the central nervous system, and
an increased incidence of congenital malformations of the central nervous
system have been brought into causal relstionship with VC exposure by
Infante [18].

On the basis of our results VC exposure in itself has no teratogenic effect
in CFY rats, but an embryotoxic effect of VC exposure during the early
stages of pregnancy at high atmospheric concentrations should be taken into
consideration.

A similar lack of teratogenic effect of VC has been reported by John et al.
[22]. Their conclusion is based on studies of the effect of VC applied during
arbitrarily chosen short periods of organogenesis. One could emphasize here
that it is a minimal requirement of experimentsal studies aimed to reveal the
teratogenic effect of any particular chemical that the pregnant mothers are
exposed to the chemical in such a way as to provide continuous exposure of the
fetuses during the whole period of organogenesis. The fulfilment of this
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requirement is particularly important with VC and other toxic agents taken
up by inhalation and exhaled rapidly. In our view the teratogenic effect of a
chemical cannot be excluded in studies using shorter exposure times than the
whole period of organogenesis.

We are not aware of any data on the effect of VC in early pregnancy. Evenif
the results of our animal experiments cannot be applied directly to the
human and considering that an exposure to VC at 250 ppm atmospheric
concentration would result in the saturation of the metabolizing capacity of
VC {31}, the hazards of an occupational exposure of women in the fertile
age requires thorough consideration.

Infante {18} claims that the high incidence of congenital malformations

of the central nervous system in the neighbourhood of PVC producing plants
is due to VC. Edmonds et al. [19] were not able to confirm this view. In this
context we studied the possibility that even if VC has no teratogenic effect
to induce malformations of the central nervous system it might potentiate
a teratogenic effect of other agents. Trypan blue has been reported to be
embryotoxic and bring about maiformations of the nervous system [32—34]}.
Negative results have been obtained in this respect; a concomittant exposure
;0 VC did not affect either the teratogenic or the embryotoxic effects of
rypan biue, as no higher incidence of congenital neural malformations
exencephaly, anophthalmia, microphthalmia, aplasia of the arbit) or higher
ztal losses were encountered in the group with combined VC and trypan
lue treatment.
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