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VINYIIDENE CIORITE and
VINYLIDENE CHICPIDE~VINYL CELORITE COPCLYMERS

Vinylidene chlorida

1. Cemical and Phvsical Data

1.1 Svnenvms and <rade names

Cem. Abstr. Services Req. No.: 759'35-4
2

Cem. Abstr.
1, 1-Dichlorceshylene;

Sctnatex
Structiral and molecular formilae and weight

Name: 1,l-Dichlorcethens
asym=—dichlorcethylene

“x,.-«’..tu./:a.n..

1.2

~

57.0

CZHZC]'Z Mol. wt:

Chemical and ohvsical properties of the oure substance

1.3

From Weast (1976), wiless ovhwrwise specified

(a)

1

e et o am

Descrirtion: Clear liquid with a sweet odour (Hardie, 1964;
Windholz, 1978)

 Boilinc-voint: 37°¢

Meltingwmoint: -122.1°%

Density: a0 1.218; vapour density ke3¢, 3.4 (air = 1)
(Anen. , 1972)

Refractive index: na 1.4249

Spectzoscopy data: A vapour <200 rm;  infra-red, muclear
magnetic resonance, and mass spectzal data have been tabulated
(Grasselli & Ritchey, 1375)

Solubilitv: Insoluble in water (0.04% wt/wol. at 20°C);
miscible with most organic solvents (Hardie, 19_64)
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(@) Volatilicy: Vapour pressure is 400 mm at 14.3% (Ferzy &
Cilton, 1973)

(i) Stabilizy: Flash-point (clesed cup), -17°C (Anon., 1972);
easily oolymerized at tarperatures above 0°c in e oresence
of cxygen or othar catalysts (Windholz, 1976)

(7) Conversion factor: 1 gmm in air is aporoxdmately 4 mg/m’

1.4 Technical oroducts and irpurities

Vinylidene chloride is commercially available in the US with che
following typical specifications: vinylidene chlorida, 99.6 wt &;
acetylere, 25 mg/ky max.; other chlorinated hydrocarbons, none exceeding
0.25 wt %; acidity (as hydrogen chloride), 10 mg/kg max.; percxide
(as hydrogen peroxide), 10 my/kg max.; water, 50 mg/kg max.; and
inhibitar (mencmethyl ether of hydroguincne), 180 4e 220 mg/kg (FPG
Industries, 1975),

Typical specifications for vinylidene chloride produced in Japan
are as follows: specific gravity (@20), 1.2129; melting-point, -122.1%C;
poiling-point, 33.4°C; and refractive index (n2)), 1.4249.

2. Production, Use, Ooourrence and Analysis

2.1 Production and use
(a) Production
Vinvlidene chloride was first prepared by Regnault in 1838 Ly the

reactican of trichlorcethane amd alcoholic potassium hydroxide (Reinharde,
1943).

Although vinylidene chloride may be prepared by several methxds, it is
cammercially procduced in the US and Japan by the dehydrochlorination (using
sodium hydroxide or limm) of 1,1,2-trichlorvethans, derived frvm ethylene
dichloride. The resulting crude vinylidene chloride is purified by washing,
crying, and fracticmal distillation. Inhibitors are normally added at
this point (Wessling & Edwards, 1971).
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The camescial production of vinylidene chloride was depencent on the
develomrent and conmercialization of vinylidene chleride copolymers, and
was Zirst reported in the US in 1940 (TS Tariff Carmissicon, 1941).

It is estimated that Two US companies produced a canbined total of
70 million kg vinylidene chlaxide in 1976 and that cne of these carpanies
menufacoured an additional 30 million kg for captive use as an unisolated
intermediate in vhe production of 1,1, l-trichlorcethane. US inports and
exgores of vinylidene chloride are negligikle,

Vinylidene chloride has been produced commercially in Japan since
1951. In 1976, <hree companies produced a canbined «otal of 28.1 millien
kg. Japanese imports and expores of vinylidene chloride are negligible.

© Use

Excluding the anount used as an unisolated intermediate in the
production of 1,1,l1-trichloroethane, more than 90% of the vimylidene
chloride produced in the US and Japan is used in the production of
copolymers of high vinylidene chloride content, the cther major monomer
usually being vimyl chloride. For a discussion on the uses of vimylidene
chloride-vinyl chloride copolymers and other vinylidene chloride-pased
olyrers, see p. .

T™he remaining 10% or less of the vinylidene chloride produced is used
in the mamifacturs of medacrylic fibres, which are larcely basad on
acrylenitrile with small amounts of vinylidene chloride and other moncmers.
Ebradiséussimmj&nusesofttnsefihres,see"muéandmdac:ylic
fibras®, p. .

The American Confersnce of Goverzmental Industrial Hygienists (ACQGIH)
recoomends that an amployee's exgosre to vinylidene chloride does not
excoed an eight-hour time weighted average of 40 mg/m’ (10 ppm) in the
workplace air in any eight-howr werk shift of a forty-hour work week.
During any £ifteen mimrte period, the ACGTH proposes an absolute ceiling
concentration Limit of 80 mg/m’ (20 prm) provided the daily threshold
limit value (in terms of eight-hour time weightad values) is not exceeded

(ACGIH, 1976).
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4.2 OccwzTence
Vinylicdene chloride is not known %o oocur 2s a natural zroducst.

{a) Air

workars Dwelved in manufacturing Zacilities using vinyl chleride
in polymerizazimm srocesses (e.g., polyvinyl chloride) have oeen reporsed
t2 be expesed to vinylideme chlaride concentations (Jaeger, 1976; Ot:
et zl., 1975) in amounts of less than 20 mg/m’ (5 oom) and most frecuently
o trace amounts (Xramer & Mutchler, 1972). Vinylidene chloride at
lavels of 8 mg/m’ (2 rpm) has also been revorted to b a contaminant of
summarine and at levels of 0-2 pom of spacecras atmospheres (Altman &
Dittner, 1966).

Emissions of vimylidene chloride in the US in 1974 have been estimatad
at 1.52 millicn kg Srom monomer synthesis cpevations (reduced to 277 thousand
kg by new control technology in late 1975), 308 thousand kg f£rom molymer
synthesis coerations, and 13.8 thousand kg £rom polymer fabrication opera-
tions (Hushon & Kormreich, 1976).

(b) Water

Vinylidene chloride has been detectad in effluent discharged frm
chemical ranufactring plants in The Netherlards at a concentration of
32 ug/1 (Burccop~Cost, 1976) and in effluent discharged by chemical and
latex manufacruring plants in the US. It has also been identified in
wall, mver, and raw water in the US (Shackelford & Reith, 1976). The
highest reparted concentzation of vinylidene chloride in the US finished
drinking water was 0.1 ug/l (US Envicormental Protection Agency, 1973).

() Other

Vinylidene chloride has been found as an impurity in trichlorcethylene
(retention volume: 0.192) & Bodyagin, 1970), in vinyl chloride
mnaner (Limit of datection, 5 mg/ky) (Riezel et gl., 1975; Sassu et al.,
1968), and at a level of 0.011% in commercial chlorcprene (Rurginyan &
shirinyan, 1969). “

Camercial household and j.rﬂ.zstrﬂk saran films have beent analyzed for
residual vinylidene chloride momomer, Six rolls of household £ilm had
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rororer coneentrations ranging fxom 6.5 20 10.4 mg/Kg, with an average of
8.3 mg/kg. There were no signilicant diffsrences in sarples taken from the
beginning (cutside) o the end (insife) of each roll. The industzial Silm
showed lsvels ranging from 10.3 9o 26.2 mg/ky with levels increasing Srom
the beginning o the end of the rcll (Birckel et 2l., 1977).
2.3 Analvsis

Vinylidene chloride has been identified in aix Dy trapping in pyridine
ard oolorimetyric detavmination of the cyanine cbtained by reaction with
barbituric acid or aniline. The limiz of detection was 10 mg/m® (2.5 cmm)
(Gronsberg, 1975).

Gas ch:cnatagfaphy has been used to determine vinylidene chloride as
an impurity (1) in trichlercethylene (Viasov & SBodyagin, 1970) and (2)
in vinyl chloride monemer (Sassu et al., 1968) with a limit of detection
of 5 mg/kg (Kiezel et al., 1975). The same thod has been applied to the
detection of free vinylideme chloride in latex (Bollini et zi., 1974).

Sampling techniques using activated carban as aisorbeg with subsequent
solvent ar thermmal desarption and gas chrumatographic analysis have been
evaluated to determine vimylidene chloride in industrial atmespheres
(Severs & Skorv, 1975). A sampling technique for concent=ation of air
pollutants including vimylidene chloride on diffarent gas chrumatogzandty
has been evaluated., The compowurds were thewmally desorbed and analyzed by
gas chromatography using £lame icnization detectien:; the limit of detection
is 4 ug/m® (1 pob) (Russell, 1975).

‘}i::ylidmduln:ddehasbeendetecmdidsaranfilmbygaschrmatn»
graphy with elect—on capture detection and mass spectrumetry confi-maticon,
The limit of detaction of the method is 5 mg/kg (Rirkel et cl., 1977).
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3.

Biological Cata Relevant <o the EBvaluaticn
of Carcinmcenic Risk +o Rumansg

3.1 Carcnocenigisv and rmlacad studies in anirals?

(a) Cral acministration

Rat: In a creliminary report of an ongoing study, srowps of 50 male

ard 50 fsmale Sprague-Cawley rats were administered 5, 10 or 20 mg/kg ow
vinylifene chloride in olive oil by stamach ke once daily, 4-3 days/week,

for 32 weeks; 1 carcinam of the Zymbal gland was ckserved in a rat

Ceated with <he 10 mg/kg bw dcse. A control ¢roup of 100 male and 100
ferale rats were given clive cil alcne. At the time of repartisg, the
rats had been cbserved for 93 weeks after the start of 4reatrent (Maltoni
et al., 1977).

(b) ZInhalation exposure

Mouse: In an experiment still in progress at the time of repcrting,
groups of Swiss mice, 9 or 16 weeks of age, were exposed 4 hours/day,
4-5 days/wesk, to vinylidene chloride vapours in air at concentrations of
800, 400, 200, 100, ar 40 mg/m® (200, 100, 50, 25 cr 10 pom). Due &
toxdcity, mice treated with 200 (60 males and 60 females) or 100 tem

(30 males and 30 famales) were exposed for only 2 days and these treated

with 50 prm (30 males and 30 females) for cne week only . At the 25 ppm

level, 30 males and 30 fermles were initially exposed ard a fizther grouwp
of 120 male and 120 femmle mice was startad at the same exposure lsvel
and treatment of both groups continued for 52 weeks; at the tima of
reporting, 98 weeks, 24/150 males and 1/150 females had daveloped adeno-
carcinaras of the kidney, often bilateral. (ne male had a kidney adenc—
carcinama in the grap treated with 50 ppm for ane week., No such tumours
had ocourred in mice exposed to 10 pem for 52 weeks or in 380 controls

(both groups cbserved until 98 weeks of age) (Maltoni, 1977; Maltoni
et al., 197h.

“& yc.'ﬁjgchw~
"n'emrkmqm“smreofammgsuﬁiesmassassthecarm-

genicity of vinylidene chloride in mice by skin application' and in mice
and rats by oral administration (IARC, 1978). The Working Group was also
aware of cngoing cral (drinking-water) and inhalation studies using rats
in which the data analysis was not complete (Rampy et al., 1977). PFurther
inhalation studies on two strains of rats were also incarpleta (Viola &
Caputo, 1977).
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A group of 36 male and 36 fezale (D=1 mice, 2 months of age, were
exposed to 220 mg/a’ (55 ppm) viaylideme chloride in air 6 hours/day, 5
days a week for 12 months, at which time the experiment was terminated.

Two males diad early in the experiment and were replaced by healthy =zice;

2 zmales were killad in the 9th month of treatment and one female duriag

the 10th zomth of treatmant. 3ronchioclo-alveolar adenomas occurred in 6
mice and angiosarcomas of the liver oceurred in 3 mice treated with vinyli-
dene chloride; no such tumours occurred in controls. Three hepatcmas and
2 skin keratoacanthomas wera alse reportad to oceur in treated mice (Lae

et al., 1877, 1978) [The Working Group noted the short duratcionm of the
experimentc].

Rae: A group of 36 male and 36 female CD racs were exposed to vinyli-
dene chloride in air at a concemtracion of 220 mg/m’ (55 ppm) 6 hours/day,
5 days a week for up to 12 months, at which time the experiment was termini-
ated and all survivors killed. Two rats developed angiosarcomas, one ia
the mesenteric lymph node and one in the subcutaneous tissue. Such tumours
did not occur in controls (Lee et aql., 1977, 1978) [The Working Group unotad the

short duration of the experiment].

One group of 60 mala and 60 female Sprague-~Dawley rats were exposed to
800 reduced to 600 mg/m® (200 reduced to 150 ppm), and 4 groups of 30 female
and 30 male Sprague~Dawley rats were exposaed to 40, 100, 200 or 400 mg/m’
(10, 25, 50 or 100 ppm) vinylidene chloride in air for & hours/day, 4-5 days
a weak for 52 waeks and obsarved for up to 82 weeks (cime of reporting).
The animals were 16 waeks old ar the start of treatment. An increased
incidence of mammary fibroadenomas and carcinomas (40-60%) was reported when
comparad with 100 male and 100 female controls (327). No dose~response
relation vas found. In addition, one Zymbal gland carcinoma was seen in one
rat treated with che 100 ppm doss (Maltouni et gl., 1977).

Hamstar: In a study still in progress, no tumours had cecurraed at 74
veeks among a—group of 30 male and 30 female Chinese hamsters, 28 weeks of
age, exposed to 25 ppm vinylidene chloride in air 4 hours/day, 4=5 days a
veek for 52 weeks (Maltomi et al., 1977).
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3.2 Other relevant biological data

The adverse biological effeczs of vinylidene chloride have been
reviewed (EZPA, 1976; Haley, 1975; Wwarrem & Ricci, 1978).

(a) Experizenctal svscems

Toxiz e

~
[

M

$

Results reporced for acute toxicity studies on vinylidenme chloride
have been highly variable, the lethal concentrations are dependenc on the
dietary parameters (fed or fasted animals) and on the heparic glutathiome
content which exhibited sigunificant variariens in diurmal rhythm (Jaeger
et al., 1972a, 1974). The LCsy by inhalation for a 4 hour exposure was
40-60 mg/l (10,000~15,000 ppm) in fed rats and 2-10 mg/l (500-2500 ppum) in
fasted rats (Jaeger et al., 1973b); the zinimum lechal concentracion was
10,000 ppm for a 24 hour exposurs for fed rass (Jaeger et zl., 1974). The
LCsy of vinylidene chloride for rats following exposurs for 4 hours and
observation for 2 weeks was 25.4 mg/l (6350 ppm) (Siegel et al., 1971).

The oral LDs; in mice was 200 mg/kg bw (Jones & Hathway, 1978a). The

oral LDsy was 1500 m=g/kg bw in normal rats and 80 mg/kg bw in adrenalecto~

mized rats (Jemkins et al., 1972). In dog, the oral minimal lethal dose was
750 wg/kg bw and the i.v. minimal lethal dose was 225 og/kg bw. The s.c.

minimal lethal dose in rabbics was 3900 mg/kg bw (Barsoum & Saad, 1934),

Death was due to vascular collapse and shock (Jaeger et al., 1973b).

Inhalation studies using rats, guinea-pigs, dogs, rabbics and monkeys
with exposures at mean level of 189 mg/m® (48 ppm) for 90 days produced
significant mortality and liver damage but no changes in haematological
parameters (Prendergast &t cl., 1967). Inhalation of vianylidene chloride
for 20 6-hour exposures at 2 mg/l (500 ppm) caused nose irritation, reduced
weight gain and hepatic histopathological changes in rats (Gage, 1970).

In fagted rats exposed to 0.8 mg/l (200 ppm) for 4 hours, liver parenchymal
cell injury was obsarved (Reynolds et al., 1975).

Minimal liver changes characterized by an increase in cytoplasmic
vacuolization of occcasional individual hepatocytas were noted in Sprague~-
Dawley rats treated with 6-8 mg/kg bw/day for 90 days vinylidene chloride
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given at a concentTaticn of 200 mg/l in their drinking-water. If a status
reoort on a two-vear study with male and female Srrague-Dawlev mats
receiving 16-40 mg/Kg w/day (200-230 mg/1), 8-20 mg/kg Sw/day (100-120
mg/L) ard 3-12 mg/Kg ow/day (60~70 mg/l) in their drinkinc-wataw, ro
soxdeologizal effects were noted except Sor 2 nan~dose related deccease in
suzvival of male rats only at 18 and 24 momths. Rats exposed for 30 or 90
days =0 doses ¢f 0.1-0.3 mg/1 (2575 om) in air showed minimal toxicologi-
cal effscts in ¢he liver (Norxis, 1877).

Vinyliders chloride affects the activity of several liver ensymes,
notably it decrsases hepatic glucese—6-phosshatase and increaseg sesum
alanine o-ketogliutarate transaminase (SAKT). It increases the liver con-
tent of triglycerides and deczeases that of glutathisne. Decreasad hepatic
glutathione concentrations increase the lethality and hepatotoxicity of
vinylidene chloride (Jaeger et z2l., 1973a,c). The microsaml enzyme
inducers, phenobarbital ard 3-methylcholanthrene, increased the lethality
of vinylidema chloride inhalation (Carlson & Fuller, 1972).

Vinyl chlorife, when administered similtapecusly with vinylidene
chloride, prevented the injury asscciated with vinylidene chloride inha-
lation in fasted rmats (Jaeger, 19795).

Variocus epcpddes (1,1, l-trichlorcoropane-2,3-oxide; 2, 3-epoxyprocan-—
l-ol; styrene cxide: butadiene monoxide; and cyclohexdhe cxide)
enhanced the hepatoxicisy of vinylidene chloride in male rats and decreased
the acute oral ID” (Andersen & Jenkins, 13977).

Erbrvotoxicity and teratogenicisy

Rats were given vimylidene chloride either as 200 mg/l in the drinking-
vater or as 20-160 pom (80~640 my/m’) 7 hours/day by inhalation an cays 6~15
of gestation. Rabbits werm given the same dose by inhalation on days 6-18
of gestation. No taratogenic effect was seen both in rats or rabbits. Scme
evidence of emcryorocdceity or foetotoxicity was observed in both rats and
rabbits exposed to vinylidene chloride by irhalation; these effects were
associated with rmatermally toxic levels of exposure (Norris, 1977).
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Absoration, discribution, exctetisn and zetabolism

Ia rats, as the dose level of radicacsive vinylidene chloride is
increased from 1~30 mg/kg Sw oral, or from 0.04-0.8 mg/l (10-200 ppm)
inhalacion, the =mecabolic pathway becomes saturated so that percentage-
wise, less of the dose administered is mecabolized and more is eliminared
v+: the lungs as viaylideme chloride. Ar the 1 mg/kg bw oral dose and the
10 ppm inhalacion dose, there was no difference in eliminacion by fed
versus fasted racs. At 50 mg/%g bw oral or 200 ppm innhalacion, there was
a significanc increase in the excretion of vinylidene chloride »ia the
lungs and decrease in urinary excretion of radioactivity in fed versus
fasted rats (Norris, 1977). The maim eliminative route for '“C-vinylidene
chlovide after intragascric, i.v. or i.p. administrarion to racs is pul-
monary; both unchanged vinylidene chloride and relacted CO; are excreted
by that route and other vinylidene chloride metabolites vig the kidneys.
Biotransformation of vinylidene chloride gives thiodihydroxyacetic acid
and an V-acetyl-S-cysteinylacetyl derivative as major urinary metabolites
together with substantial amounts of chlorsacetliec aeid, dithiohydroxyacetic
acid and thiohydroxyacetic acid (Jonas & Hathway, 1978b).

Mice metabolize a greater proportien of an oral dose of 50 mg/kg bw
vinylidene chloride than rats. Mice (but not rats) excrete a4 small amount
of V=acecyl=S~(2-carboxymethyl)cysceine and they excrete mora V-acetyl-~S-—
cvsteinylacetyl derivative than do rats (Jones & Bathway, 1978a).

Metabolic conversion of vinylidenme chloride into an epoxide which can
rearrange to the correspondant acyl chloride has been proposed (Henmschler,
1978; “Jones & Hathway, 1978a,b).

Mutagenicity and octher short-term tests

Vinylidena chloride at concentrations.of 2% and 20% (20,000-200,000 ppm)
in air produced reverse mutations in Selmonella typhimuriwm TAL00 and TA 1530
in the presences of 9000 g supernatant from liver, lung and kidneys of mice and
rats (Bartsch ¢t al., 1975) and in one human liver specimen (Bartsch et zl.,
1976)., At a conceatration of 52 (50000 ppm) im air, iz is mutagenic io
S. typhimuriwm TA153% in the presence of a 5-9 mix of liver or kiduey from
mice and rats pretreated with Aroclor 1234. It was weakly mutagenic in the
presence of a 5~9 mix of liver from a human subject who had been receiving
long-term phenobarbital medicacion (Jones & Bathway, 1978¢c). Reverse mutacions
were induced in Zschgrichia coli K 12 by vinylidene chloride solutiom in the
presence of liver microsomes from urine pretreated with phenmobarbital (Greim

at al., 1975). CMA 015626
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vinylidene chloride was not metagenic in the dominant lethal <est
in male -1 mice exposed by inhalation <o 40, 120 and 200 mg/m’ (10, 30
ax 50 mrm) for 6 hours/day for 5 days (Andersen et zl., 1978).

(B) Hrens

Acute expeswye to high concerntrations of vinylidene chloride in air
resulss in centzal rervous syste.n# depression ard narcosis. Repeated
exposures o low concentrations is associated with liver and remal
dysfunction. Skin contact with vinylidene chleride causes irritation
whiich may be par:tly due o the hydroquircre momomethyl ether inhibisor.
Contact with the eye causes conjunctivitis and transient corneal injury
(Izish, 1963).

3.3 Case revorss and enidemiological studies

oLt et cl. (1976) irvesticated the cancer risk among a cchors of
138 workers exposed to vinylidene chloride whers vinyl chloride was not
used as a copolymer. The authors reported that there were no findings
statistically related or individually attributed to vinylidene chloride
exposure in this cohort [The Working Group noted that because 27 workers
were lost to follow-up but considered alive in the analyses, and thas
because 55 pecple had less than 15 years since first exposure and only 5
deaths were cbserved, these factors preclude any judcement on the findings].

Vinvlidene chloride~vinyl chleride comolvers
l. Chemical and Physical Data

1.1 Swmavms and Sade names

Chem. Abstr, Services Reg. No.: 9011-06-7
[ -

Cem, Abstr, Name: 1,l-Dichlorcethene tolymer with chloroet.hl'am
Mc’z:cethylem-l,l-ﬁdﬂomeﬂzylm polymer; 1,l-dichlorethylene—
ronerchlorcethylene polymer: 1,l1-dichlorcethylene polymer with
chlorcethylene; vinyl chloride copolymer with vinylidens chloride;
vinyl chloride-l,l-dichlorcethylene copolymer:; vinyl chloride—
vinylidene chloride copolymer; vinyl chloride—winylidene chloride
polymer; vimylideme chloride-vinyl chleride polymer
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Breen 202; 3reon CS 100/30; Daran; Daran (R 6795H; Dow 874;
Dow Latex 874; ET 67; Geon 222; Geon 652; IKhS 1; KhS 396;
Kurehalon AQ; Laplem; Lacex SVKh; Polyco 2611; QX 2168;
Saran 683; Saran 746; Saran Resin 683; SP 489 SVEh 1;

SVXn 40; U2 925; Velon; VIKh 63; Vinidan 60; VKhVD 40;

Wiaiden 60

Structural and molaecular formulae and molecular weigh

P

in combination with

(CZHZClz)x- (CZB3C1)y Mol. wt: 10,000 to 100,000

1.3 Chemical and ohysical properties of the copolymer

(a) Descriptionm: Crystalline or amorphous powder depeanding upon
the content of vinylidene chloride (Amon., 1973)

() Melting-noint: 183-195°C (Wessling & Edwards, 1971)

(c) Solubility: Soluble in tetrahydrofuran, 1,4-dioxane,

cyclohaxanone, cyclopentancne, chlorobenzene, and dichloro-
benzene (Wessling & Edwards, 1971).

(d) Stability: Resistant to sunlight and weathering; Y-rays
cause cross linking and chain sclssion (Wessling & Edwards, 1971)

1.4 Tachnical products and impurities

Vinylidena chloride-vinyl chloride copolymers are commercizlly
available in the US in several forms: resins, latexes, films, and fibres.
The ideatity and amount of impurities in these products are not available.
In general, products cbtained by emulsion polymerization (i.e., latexes)
have varying amounts of additives used in the polymerization process,

such as initiacors, activators, and surface-active agents.
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T vinylidene chlaride-vimyl chloride copolymers corrercially
available in Japan are believed <5 be based ont 80-30% vinylicene chloride
uniss,

2. Zxcducticn, Use, Cocurrence and Analvsis

2.1 Prducticn and use

(@) Erocucsien

The polymerizaticon of vimylideme chlaride was first cbserved by
Regnault in 1838. During the 1930's in the US, the camerical develcpment
of the polymer becqan. The pure hamcpolymer is difficult to fabricate
because its softening point is very close to its decorpesition point.

The discovery that inclusion of small amounts of other moncmers lowered
the softening point led o the commercial introducticn in 1940 in the US
of the family of vinylidene chloaride copolymers now known as saran (Gabbert
& Smith, 1964). The copolymers presently of commercial interest in the US
are: vinylideme chloride—vinyl chleride (Saran B), vinylidene chiloricde-
alkyl acrylate (Saran C), and vinylidene chloride—actylemitrile (Saran F).
Because saran has now came to be a gereric tearm in the US for copolymers
of high vinylidene chloride content, and because these copolymers are also
often referred to as sinply 'polyvinylidene chlaride', the camosition of
the coxolymers described in the literature is not always known.

Vinylidene chloride-vinyl chloride copolymers are presently produced
in the US by f£ree radical processes emilsion or suspension. In Japan,
ﬂveyargpmducedbymamlsimms. The emilsicn process produces
a polyrer latex which can be used directly (usually with additional
stabilizing ingredients) or the polymer can be recovered, usually by
coagulaticn with an electrolyte, followed by washing and drying. The
amlsimmshastbnadvmtaqecfprcimingahighe;mlecularweight
polymar than the suspension process ard the disadvantage of the relatively
high concentration of additives which may affect sare of the properties
of the polymer. Suspension polymerization is usually used Zfor copolymers
used as moulding and extruding resins.
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Four (S ranuiacturers now produce vinylideme chloride-vinyl chloride
coxolymer resins, latexes, and films, and cne manufactursr produces vinyli-
dene chloride—vinyl chleride Zibpe. (5 zroducsion of vinylidere chloride
copolymers in 1977 has been estimarzed at 68 million kg (Anen., 1977).

Vinylidene chiaride~vinyl chloride copolyrmers were £izst produced
camercially in Japan in 1951. In 1976, four Japanese campanies produced
an estimated 31.9 milliconm kg vinylideme chloride-vinyl chloride comolymers,
2.7 million kg of which was firre and the remainder, latex and £ilm.

(&) Use

Vinylidene chloride-vinyl chloride copolymers have gained wide use due
to their barrier mroperties to water and gases, their resistance %o oil,
grease, chemicals, and sunlight, their flexdbility, ard their heat seal-
ability. In additcion, the high chlorine contemt imparts fire retardancy
to the product. ‘

Vinylidene chloride~-vinyl chloride copolymers are used in the form
of Zilms for food packaging (the largest use); ceatings for cellophane,
raper and other surt ; fibres; and tubes and pipes.

Applications for vinylidene chloride-vinyl chloride copolymers in
food packaging inclide: household food wrapr industrial food wrap for
énmm lirers, cheese, luncheon meat, and sausage; shrink film for beef,
poultry, and cheese; ard in laminationms for cap liners, cosmetics, and
luncheon meat. A relatively new use is in a coextruded multi-layersd
£ilm of polyethylens on a vinylidere chloride~vinyl chloride copolymer
core (Roth, 1976).

Vinylidene chloride=vinyl chloride copolymers are used as coatings
in many applications, and as such are used in two forms: solvent-soluble
resins, and water dispersicns or latexes,

The solvent-soluble resins are used to coat other polymer films such
as cellophane (the largest single applicaticn), paper drinking cups
ard plates, and paperfvard cartoms. Other uses include interior coatings
for ship tanks, railroad fank cars, and fuel storage tanks, coatings for
steel piles and structures, binders in coatings for magnetic tapes, audio
tapes, video tapes, and computer tapes (Roth, 1976; Wessling & Edwards, 1971).
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The latexes are used Ior ccating paper Sor use in rackaging potato
chips, pretzels, cereal, and caka mixes, for ccating molysrovylene and
cther plastics for sackaging and for single serving containers: and for
ccating paperboard for packaging cardy, haked goods, and frozen and refri-
gerated itamws., Other applicaticns include use as birders for saints and
narwoven Z2brics and as an additive £o cement to make hich-strencth moriars
and cancetes (Roth, 1976; Wessling & Séwamds, 1971).

Exmmded Siltres made from vinylicdene chloride~vinyl chloride comolymer
resins ave used in a wide variery of aprlicaticns where resistance o
sunlight and chemicals is sequired (e.g., automtive seat covers, ousdoor
Sfumniturs, agricultural shade cloth, and filter fakrics) (Wessling &
Edwards, 1971).

Vinylidene chloride—vinyl chiloride copolymer resins are also extruded
into tubes, rds, dipes, and pipe liners for use in contact with chemicals
ard other corrosive media (Wessling & Edwards, 1971).

The multi-layered £ilm of polyethylere cn a core of vinylidems chloride~
vinyl chloride copolymer reportedly has found use in ostomy devices (Roth,
1976).

In Japan, appreximately 8% of the virylideme chloride-vinyl chloride
copolymers produced are in the form of fibres used for fishing nets,
interior furnishings, and construction appliances. Approximately 75% are
used in £ilm applications, 13% in latex applications, and 4% in othex
unspecified applications,

Te US Food and Drug Administ-ation permits the use of vinylidene
chleride copolymers (including the copolymers with vinyl chloride) as
corpenents of the following products when they are interded for use in
contact with food: (1) achesives; (2) resincus and polymer ¢oatings;
(3) paper and paperboard; (4) rigid and semirigid acrylic and rodified
acTylic plastics; (5) polyethyleme phthalate polymers; and (6) packag-
ing material for use during the irmadiation of prepackaged Zfocds (US Food
ard Drug Administration, 1977).
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2.2 rouzrance

Vinylidene chlaride-viry! chloride copolymers are not known <o occur
as natural croduces.

2.3 Aralvsis

The analy=ical chemistry of vinyl polymers, including vinylidene
chloride-vinyl chiloride copolymers has been reviewed (Cobler et zi., 1968).
Methods of detecting surface finishing agents, such as vinylidene shiloride
polymers, on paper have been reviewed (Pruksch, 1569).

Methods of idencifying polymer films, including vinylidesne chlorid
copolymers, basad on physical and chemical properties have been described
(Briston, 1974; Van Gleson, 1969).

3. BERinlogical Cata Relevant to the Evaluation
of Carcinegenic Risk o Bmans

3.1 Carcinocenicity amxd related studies in animals

No data were available to the Werking Group.
3.2 Cther relevant hiological data

(@) Exterimental systars

Rats fed a diet containing 5% |vinyl chloride-vinvlidene chloride
copolymer for two years showed no toxde effects. Two dogs fed a diet
mnamiung 5% c?f t."_a‘e c:polymg _,“f?; a;].fo without evidance of toxdc effects
fWilson & ‘dcc:nm.ck 1954).
~

Rarkits treated for three months i.v. with 1 ml/kg bw 1% solution of
vinylidene chloride-—inyl chloride copolymer exhibited hypertrophy of the
reticulo-endothelial cells of the spleen, bone marrow, liver, lymphatic
tissue and lungs (Miyasaki, 1959).

(b) Bumans

Cne case of contact dermmatitis, limited to the area of its applicatiom,
has beent reported from the use of Saran Wrap (a vinylidene chloride-vinyl

chlaride copolymer). A positive patch test to the copolymer was also
obtained (Csbowurm, 1964).
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Twvo workers developed persistent cranial nerve disovrdetrs afrer
¢leaning-out tank cars in which an aqueous dispersion of viaylidene
chloride copolymers had been transported. These ware atcributad to trace
reaction products found in the copolymer (L.e., monochlorcacetylene and/or
dizhlorcacstylene). The trigeminal nerve was principally invelved, and to
a lesser degree the occipital aurigular and cervical cutaneous nerves as
well as the muscles of mastication, the eye muscles and the hypoglossus

(Henscnler e zl., 197Q0).

3.3 Case reports and epidemiclogical studies

No data were availabla to the Working Group.

4, Summary of Data Reported and Evaluation

4,1 Experimental dara

Vinylidene chloride has been tested by oral administration in rats
and by inhala:ion exposyre in mice) rats and hamsters. When given by
inhalation in rats and mice, it induced malignant tumours, including angio-
sarcomzs. The preliminary results of another inhalation study in rats and .
mice indicace the induction of maligpant tumours of the kidney in mice,
mostly males, and of an increased incidence of wmammary ﬁumours in racs.
No carcinogenic effect was obsearved in an on-going study in hamsters
exposed to vinylidene chloride by inhalation. The oral study in rats is

still underway and cammot be evaluated.
Vinylidene chloride is mutagenic.

¥o data om the carcinogenicity of vinylidene chloride-vinyl chloride
copolymer wers available to the Working Group.

4.2 Human data

The production volume of vinylidene chloride is high, and the
macerial is utilized almost entirely in the productica of the copolymers.
This suggests that occupationally exposed groups wmight be identifiad for
epidemiological investigation. Production of the vinylidene chloride-
vinyl chloride copolymer is extensive, and its use in consumer products
(including food packaging) indicaces the possibility of widespread human

expasure.
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The only epidemiological study available zo the Workinog Group
reported no tumours asscciated with exposure to vinylidene chloride, but

the data were not adequate to permit an assessment of carcinogenicicy.

No case reports or epidemiological studies relevant to the carcino-
genicicy of vinylidene chloride-vipnyl chloride copolymers were available

ts the Working Group.
4.3 Evaluation

The single epidemiological scudy on vinylidenme chloride available

to the Working Group was not adequate to permif an assessmant of human

carcinogeniciry.

Io view of the substantial volume of vinylidenme chloride manufactured,
the use of this compound in copolymers, the identificacion of the macerial
in industrial emissions and in drinking wacer, and its presence in some
trichlorgechylene, some chloroprena, and in household materials, the lack
of human epidemiological studies is serious.

The available experimental evidence of carcinogenicity of vinylidene
chloride indicatss that iz produces malignant tumours in ulce and rats
and that some of the tumours are similar to those produced by vinmyl chloride.
This evidencae is, however, limited by the fact that it is partly based on
studies which were still im progressa. An evaluation of the carcinogenicicy
of vinylidane chloride will be made upon complacion of studies known o be

underway.
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1. Introduction

The present report deals primarily with the rasults of a
project of integrated research designed to study the
long-term effects (toxic and carcinogenic) of vinylidene
chloride (VDC). The project included several experiments,
in which the monomer was administered by different routes
(inhalation and ingestion) at different concentrations,
on three animal species (Spraguea-Dawley rats, Swiss mice
and Chine hamsters). To our knowledge, this project,
sponsored by several European producers of vinylidene
choride =--European Study Group for VDC Toxicity (BASF AG,
. Dow Chemical Europe SA, I1.C.I. Ltd, and Solvay et Cie) --

gg represents the most comprehensive study available in this

area.

Moreover, in this report available studies on long-term
carcinogenicity bioassays, as well as on other biological
parameters concerning the behaviour and effects of VDC,
performed in other laboratories and in ours, are reviewed
for a better understanding of the biological action of
the monomer.

2. Vinylidene chloride

QO Vinylidene chloride (VDC), or l,l-dichloroethylene,
CH2=CC12, is produced in the U.S.A., Japan, and several
Western European countries.

Vinylidene chloride is mainly employed for the productien
of poly(vinylidene chloride) (PVDC) resins and disper-
sions. Examples are Diofano (BASF), Ixan? {(Solvay),
Saran’ (Dow), and Viclan. (ICI). The most important
property of PVDC is its low permeability to oxygen and

moisture.
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The major use of PVDC is in the manufacture of flexible
packaging for food.

The following population groups may be potentially expos-
ed to VDC: (1) workers engaged in the production of VDC
monomers; (2) workers manufacturing and processing VDC
polymers on an industrial scale; (3) residents around
factories producing VDC and VDC peolymers; and, to a much
lesser extent, (4) poeple undergoing contact with resins
made with VDC and with materials containing these resins
and (5) consumers of food preserved in packaging materials
coated with VDC resins.

3. History

Up to 1974 no data were available on long-term effects of
vDC.

In Qctober 1974, at the XIth International Cancer Congréss,
held in Florence, Viola reported that he had observed
cases of abdominal reticulosarcomas in a group of Wistar
rats exposed to VDC by inhalation 4 hours daily, 5 days
weekly, at 200 ppm for 5 months and subsequently at

100 ppm for 7 months. At the "Conference on Comparative
Metabolism and Toxicity of Vinyl Chloride Related Com-
pounds" held at the National Cancer Institute in Bethesda
in May 1977. Viola and Caputo (1977) reported in detail
the results of this experiment and moreover the results
of a further experiment in which VDC was tested on
Sprague-Dawley rats, at 100 ppm and 75 ppm, under the
same experimental conditions. The authors concluded:

"A final statement of the pathological results must
await the completion of the microscopic examination
of the tissues and organs of all animals. Never-
theless, it seems clear that there is no grossly
observable correlation between tumour formation and
VDC inhalation."
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On the basis of Viola's communication in 1974 The Eu-
ropean producers of vinylidene chloride asked our In-
stitute and Tumour Centre to undertake the present pro-
ject of long-term carcinogenicity biocassays on VDC, which
was started in the spring of 1975. From the start of the
experiment it was immediately apparent that mice were
more sensitive to the acute effects of VDC than rats, and
male more than female micae (Maltoni et al., 1975).

At the beginning of 1977, in a series of reports (at the
Accademia dei Lincei, Rome; at the Intarnational PVDC
Seminar of TAPPI, Hamburg; at the Americn Cancer Society,
New York; and at International Agency for Research on
Cancer, Lyons), we reported that under our experimental
conditions VDC produced kidney adenocarcinomas in male
Swiss mice. These early results were then published in
full (Maltoni et al., 1977 a, b).

In 1977 the interim results of a two-year toxicological
study on the effects on rats of vinylidene chloride
incorporated in their drinking water or administered by
repeated inhalation, performec at the Toxicology Research
Laboratory of Dow Chemical (Midland, USA), were given
(Norris, 1977; Ramply et al., 1977).

The research plan and results of the Dow studies were
summarized as follows:

"Male and female Sprague-Dawley rats were exposed to
vinylidene chloride (VDC) orally or by inhalation in
two-year toxicological studies. VDC was given in the
drinking water at mean ! 5.D. concentrations of
zero, 68 ¥ 13 ppm, 106 T2 ppm, and 220 T35 ppm,
which produced mean t s.p. dosage levels of zero,
5.9 % 0.6 mg/kg, 10.0 ¥ 1.2 mg/kg, and 19.3 % 2.7
wg/kg for male rats and zero, 7.5 Y 0.4 mg/kg,
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12.6 T 1.1 mg/kg, and 25.6 = 2.4 mg/kg for female
rats. Forty-eighc rats/sex/VDC level and 8Q rats/sex
in the control group were used in the two year study
with an interim kill of an additional 10 rats/sex/
level at 90 days. In the inhalation scudy, rats were
exposed to 0, 10 or 40 ppm of VDC vapour 6 h/day, 5
days/week for S5 weeks, after which the exposure
levels were changed to 0, 23, and 75 ppm of VDC.
Exposure continued for a total of 18 months and the
rats held for observation and additional é months.
Interim kills occurred at 1, 6 and 12 months. A
separate 90-day study using 20 rats/sex/level was
conducted at 0, 25, and 75 ppm of VDC vapor. There
were 86 rats/sex/level in the two-year portion of
the sutdy. The parameters monitored were: body
weight, food and water consumption (drinking water
study only), haematology, clinical chemistries,
cytogenetics of bone marrow cells (inhalation scudy
only), mortality, terminal organ weights, and gross
and histopathology. Based on interim kills and. gross
pathologic observations, the main conclusions are:
increased dytoplasmic vacuolation of hepatocytes was
seen in the livers of rats given 200 ppm VDC in
drinking water or 25 or 75 ppm VDC vapor by inhala-
tion; based on gross cumor count, tumour incidence
in VDC-exposed rats was not greater than controls."”

In 1977, in two similar articles, Lee et al. (1977 a, b)
reported the results of a study, supported by the Natio-
nal Institute of Environmental Health Sciences (USA), on
the carcinogenicity of vinyl chloride and VDC in Albino

CD-1 mice and CD rats. In this project, mice and rats of

both sexes were exposed by inhalation to 55 ppm of VDC, 6
hours daily, 5 days weekly. Similar groups of animals
were kept as controls. The study lasted 12 months. In
this experiment the authors reported that they had ob-
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Toxicity and carcinogenicity bicassays of
vinylidene chloride. I1. Chronic toxicity and
carcinogenicity.

by €. Malctoni, G. Cotti, L. Morisi, and P. Chieco

Institute of Oncology and Tumor Centre, Bologna, Italy
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served 6 lung adenomas among 35 treated male mice versus
1l among 26 controls, 3 liver angiosarcomas (2 in males
and 1 in females) and 3 hepatomas (2 in males and 1 in
females) from 70 treated mice, versus none from 62 con-
trols. Two haemangiosarcomas (1l of the mesenteric nodes,
and 1 in subcutaneous tissue) were found in two of 71
treated rats versus none of the 70 c¢ontrols. Concerning
the bronchiolar adenomas and the hepatomas in mice, the
authors concluded that their significance is questionable,
: since the tumours may accur also in untreated animals
(and probably in consideration of the small number of
tested animals). As far as angiosarcomas are concerned,
on the basis of our experience with long-term effects of
VDC, this result was unexpected by us (Maltoni et al.,
1377 a, b). The possibility of unwanted exposure to vinyl
chloride used in parallel experiments was discussed at
Bethesda "Conference on Comparative Metabolism and Toxi-
¢izy of Vinyl Chloride Related Compounds" (1977).

The compatibility of a prolonged inhalatory exposure of
mice to 35 ppm of VDC with a long survival does not
parallel our experience on the acute toxicity in several
strains of mice (Swiss, Balb/C, C3H, CS57 Black), and on
the chroniec toxicity in Swiss mice, which appeared to bw
much more sensitive to toxic effects of the monomer.

Planning, materials, and methods

The chambers for inhalation exposure were basically builc
of stainless steel and glass, The determination of VDC
concentrations was carried out by gas chromatography.

For the ingestion experiments VDC was administered in
olive oil by gavage with a stainless steel stomach tube.
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VDC was supplied and analyzed by the Central Laboratory
of Solvay (Brussels). The impurities and their levels in
the VDC employed were as follows:

1,1-dichloroethylene (VDC) 999.3 g/kg
1,2-trans-dichloroethylene 0.4 v
acetone 0.1 "
methylene chloride g.95
mono and dichlorocacetylene 0.02 "

As stabilizer p-methoxyphenol at 200 ppm was used.

The experiments utilized Sprague-Dawley rats, Swiss mice
and Chinese hamsters. All the animals, except the ham-
sters, had been bred in our Institute for years, and,
whatever their use, were all examined at death by complece
autopsy, giving us extensive information concerning their
current pathology.

The animals were weaned and clagsified‘by sex when 4-5

weeks old, at which time they were numbered by ear punch
and divided into groups by litter distribution. After
weaning, the animals were given drinking water ad libitum
and an adequate commercial diet. The animals were kept in

aMakrolon* cages with tops made of

groups of five in
stainless steel wire, but during the period of inhalatory
treatment they were housed in groups of ten in stainless
steel wire cages with a solid bottom of the same metal. A
shallow layer of white-wood shavings served as bedding.
The animals were kept in a ctemperature-controlled labora-

tory at 19-20 °C.

Five experiments were started around the same period. The
plan of the experiments is given in tables 1 to 3.

*Polycarbonate

CHA 015647
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Experiment 1 (BT40l) studied the effects on rats of
inhalation exposure to 200 (then reduced, after two
éxposures, to 150 because of the strong toxic effects),
100, 50, 25, and 10 ppm of VDC, & hours daily, 4-5 days
weekly, for 12 months. One group of animals served as
control. 150 ppm was the highest tolerable dose by
Sprague-Dawley rats for long-term exposure. From time to
time the treatment was reduced from 5 to 4 times weekly
because of early toxic effects in animals exposed to

150 ppm.

Ixperiment 2 (BT402) started with groups I, 1I, IlI, 1V,
Vv, and VI, and it was planned to study the effects on
wmice of inhalation exposure to the same range of VDC-
doses as BT40l. 25 ppm was found to be the highest
tolerable dose by Swiss mice for long-term exposurs.
Doses of 200 and 100 ppm for 2 days, and of 50 ppm for &
days (4 hours daily) caused death of a proportion of
animals. When it appeared that exposure to 200, 100, and
SO0 ppm had to be withdrawn because of high mortality and
severe toxic effects, the number of animals exposed to 25
ppo was enlarged by adding a supplementary group (IV/2),
with its proper controls (group VII). In conclusion only
two dose levels (10 and 25 ppm) were selected for this
long-term study.

Experiment 3 (BT403) was designed to evaluate the effects
of VDC on Sprague-Dawley rats by ingestion, at three dose
levels: 20, 10, and 5 mz/kg body weight, once daily, 4-3
days weekly, for 52 weeks.

Experiment 4 (BT 404) was started to complement experiment
BT403 with a lower dose (0.5 mg/kg body weight) once
daily, 4-5 days weekly, for 52 weeks,.

CMA 0154648
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Experiment 3 (BOT4035) was included to study the effacts
of VDC in Chinese hamsters at 25 ppm, which is the
highest possible concentration for long-term exposure of
mice and also one of the exposure levels of rats,

The animals were examined weekly, and weighed every 2
weeks during the period of treatment and monthly after
the treatment was over. All the detectable gross patho-
logical changes were recorded during the examination. All
the animals were kept under observation until spontaneous
death., Moribund animals were isclated, in order to avoid
cannibalism.

A completce autopsy was carried out on each animal. Histo-
logical examinations were performed on the Zymbal glands,
interscapular brown fat, salivary glands, tongue, lungs,
liver, kidneys, spleen, stomach, different segments of
the intestine, bladder, brain, bone marrow (sternum) and
any other organs with pathological lesions. Furthermore,
cytological examinations were carried out on the bone
marrow of the femur. Histological sections were stained
routinely with hematoxylin and eosin and, in particular
cases, with Papanicolaou, Van Gieson, Mallory, and Gomory
stains, silver stain, and Congo red. Cytological smears

were stained with Giemsa and Papanicolaou stains.

Part of the results have been evaluated by statistical
analysis (see Appendix).

5. Results
5.1, Chronic¢ toxicity
The toxic¢ effect was studied by histological examination

of tissues and organs in animals that had died spontaneoqus-
ly. Therefore the observed changes had to be considered
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as partly due to the treatment and partly due to spon-
taneous pathology and to immediate causes of death,.

5.1.1. Rats

Regressive changes, such as hepatocytes vacuolisation,
cloudy swelling, fatty dezeneration (Fig. 1), necro-
biosis, and necrosis were found in some animals, in
treatad as well as in control groups.

These changes were observed more frequently in rats
exposed to 200-150 ppm by inhalation (57.6 %) than in
controls (20.5 %).

5.1.2. Mice

Pathological changes were found in the liver and in the
kidneys, both of control and treated animals.

The most frequent findings were regressive changes (hepa-
tocytes and vacuolisation, c¢loudy swelling, fatty degene-
ration, necrobiosis and necrosis) and amyloidosis in the
liver, and regressive changes (cloudy swelling and necro-
sis of tubular cells), amyloidosis of glomeruli, and
chronic nephritis in the kidneys. The incidence of these
lesions in the groups of animals treated with doses
compatible with long survival (25 and 10 ppm) and c¢on-
trols is given in Tables 6 and 7. From these results no
correlation emerges between the abovementioned changes
and exposure to VDC,.

A higher incidence of more pronounced regressive or
phlogistic changes was found in residual parenchyma of
kidneys with renal adenocarcinoma. In this situation it
is not clear if these changes were due to treatment or to
the presencé of the tumor.
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Areas of fibrosis, with or without calcium deposits

(Fig. 2), were found in the liver of some of the few
animals which survided treatment at the high doses of
VDC. Such lesions were not noted in control animals. They
should be interpreted as reparative scars, following
severe necrosis of hepatic cells.

5.1.3. Hamsters

No particular changes were found in hamsters, neither in
treated nor in control groups.

Carcinogenicity
5.2.1. Rats

Different kinds of tumours were observed in rats treated
by inhalation and ingestion and in the control groups,

the mammary ones being the most frequent,

The incidence of the different types of neoplasias, and
the distribution of the different histotypes of mammary
tumours and of some biological parameters related to
them, are given in Tables 8-22,

In rats exposed to VDC by inhalation (Tables 8 & ll), and
increase in the incidence of mammary tumours in general,
but not of carcinomas, was observed among treated animals
when compared with the control. Within the treated groups
no- dose/response relationship effect was found. No in-
crease of mammary tumours was observed among rats to
which VDC has been given by-stomach tube (Tables 13, 16,
18, and 21) (see statistical evaluation appendix).

This phenomenon has been noted in other experiments
studying compounds chemically related and also related to

"
Sun.°” - o 337 N
| CMA 01565
B IRy ; oL “aurt
1c:%lh Jsiwu Parish, Louisiand
alc




_/:»-—_:7,"‘:/

[}
I+
b
L]
o

VDC, suggesting that this increase of mammary tumours may
be due to some "non-specific factors" connected to inhala-
tion (such as olfacrory stimulation with consequent
stimulacion of pituitary gland).

No other relevant findings have been recorded.
5.2.2. Mice
Because of the high early mortality in the groups treated

with 200, 100 and 50 ppm, the results are mainly based on
the groups treated at 25 and 10 ppm and on controls.

&

Various types of tumours were observed in mice, the most
frequent ones being kidney adenocarcinomas, mammary
tumours, pulmonary adenomas and leukemias.

The incidence of these different types of tumours, and
data on the histotypes of mammary neoplasias are given in
Tables 23-25.

5.2.2.1, Kidney adenocarcinomas

The most important finding was the onset of kidney
adenocarcinomas in mice exposed to 25 ppm of VDC. This
(:; kind of tumour was also observed in one Of the surfivors

of the 50 ppm group. Such tumours wef?*found neither in
the 10 ppm group(gam:nmaghe control groups, and they have ro=
been noted in untreated Swiss mice of our breeding.

,pb" o 0b1sH Aeden ,

f u‘ The tumours of the kidneys were almost exclusively in
males (29 of the 30).

The kidney adenocarcinomas were found in left and right
kidneys. In some cases they were bilateral (Fig. 3).
Often in the same kidney they appeared to be multi-
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centric. At the autopsy the tumours were often quickly
detected as nodules of different sizes. Often they were
observed in uniformly enlarged kidneys, and also in
kidneys without any peculiar gross change.

Following different histological parameters, these tomours
could present all the patterms occurring in current human
pathology. The three different basis classical histotypes
were observed, i.e. c¢lear, granular and dark cell carcinomas;
in dark cell carcinomas, the dytoplasm could be basophilic
or strongly eosinophilic (Fig. 4-12). While some tumours
were rather monomorphic, others presented pleomorphism of
different degree: large cells with very voluminous nuclei
were frequently found (Figs. 13-15). The adenocarcinomas
were found to show tubular, papillary, cystopapillary,
solid, and uniform arrangements (Figs. 16-18). Several of
these different patterns in different combinations could
be found in the same tumour., Two of these tumours were
found with metastases, one in the lung, and one in the
liver.

Hyperplasia and dyspiasia of tubuli were fcund in the
kidneys of some treated male mice (Fig. 19 & 20).

5.2.2.2. Mammary tumours and lung adenomas

Manmary tumours, almost exclusively carcinomas, were
found both in treated and in control groups. They were of
the type usually observed in the untreated animals of our
breed of mice. A higher incidence of these tumours was
observed in the treated groups, without a dose/response
relationship (Tables 23 & 25).

Pulmonary adenomas, some with cellular atypias, were
found in treated and in c¢ontrol animals, with a higher
incidence in the treated ones, without dose/ response
relationship (Table 23).
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Statistical analysis was performed to assess the signi-
ficance of the differences in the incidence of mammary
tumours and pulmonary adenomas in mice exposed to 25 and
10 ppm and in controls, also in relation to sex and age.

The important of analyzing these factors emerged from the
following considerations:

(1) the spontaneous incidence of these tumours varied in
the two sexes;

these tumours were age-correlated, as are many other
spontaneous Cumours;

in experiment BT402 the survival of mice exposed to
25 and 10 ppm was higher than survival of the con-
trol groups.

The data on mortality rates and the results of statisti-
cal analysis are fully reported in the Appendix. They
show:

(1) There were some significant higher rates of mammary
and pulmonary tumours in VDC-exposed groups when
compared to the controls.

When the incidence of these tumours was adjusted for
survival rate, the significance of the difference
between treated and control groups was reduced.

No dose/response relationship c¢ould be calculated,
either during the total time of the experiment or in
different time intervals,

Overall there was a clear fluctuation and imbalance
of this trend in the different groups.
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In conclusion the direct relation of this effect to VDC
treatment remains open.

5.2.2.3. Leukamias

No correlation between leukemias and VDC treatment was
found.

5.2.3. Hamsters

Tumours (mainly uterine carcinomas) were found in treated
as well as in the control groups. Their incidence was not
increased by VDC treatment.

6 Related research in our and other laboratories
6.1. Acute toxicity

In acute experiments, when VDC was administered at rela-
tively high doses to rats, it caused changes in the liver
and plasma enzymes (Jenkins et al., 1972; Jiger et al.,

1972 and 1973).

In rats exposed by inhalation to 200 ppm of VDC, Jiger et

‘al. (1975) observed a massive mid-zonal hepatic necrosis

) In‘.;
niatT
Parish.

with hepatic¢c thrombosis and chromatolysis within 2 h
after a 4-h exposure. Serum transaminase and sorbitol
dehydrogenase were greatly elevated at 6 h., This effect
in unfed rats was associated with glutathione (GSH)
depletion.

An extensive study of acute toxicity was performed in our
Institute (Maltoni et al., 1975, in press), on Sprague-
Dawley rats and 4 strains of mice (Swiss, Balb/C, C3H,
C57 Black). From this study it emerged that mice are more
sensitive than rats, and that Swiss and Balb/C mice are
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more sensitive than C3H and C57 Black mice. Apart from
C3H mice, females appeared to be more resistant than
males. Among the various effects observed the most pro-
minent was necrosis, with cariorexis, in liver and in
kidney. Such lesions appearad very marked and extensive
in Swiss and Balb/C male mice.

6.2. Mutagenic effects

Greim et al. (1975) and Bartsch et al. (1975) obtained
positive results with the Ames test. These authors point-
ed out some species-specific differences. VDC given alone
showed no mutagenic effects on Salmonella strains. In
adding a metabolic system of rat liver enzymes, small
mutagenic effects could be seen., Using mouse-liver micro-~
somes, the effects were several times greater,

These results parallel certain metabolic differences in
the animal species. The ability of monoxygenases to form
epoxides is twice as high in mice as in rats. In one of
the further metabolic steps the epoxides can be trans-
formed by means of epoxide hydratases to diols or other
compounds: this enzyme system is seven times more reac-
tive in rats than in mice (Oesch and Gléc:. 1976); there-
fore, mice seem to produce much higher concentrations of
reactive epoxides or their subsequent products of meta-
bolism, which are postulated to be the possible direct
active toxic components.

6.3. Cytogenetic effects

Balmer et al. Dow/MCA, 1975) could not detect any cyto-
genetic effects in rats exposed 6 weeks by inhalation to
VDC in air at concentrations of 25 and 75 ppm. This was
confirmed by BASF (1977), where in Chinese hamsters,
exposed 5 days by inhalation to 100 ppm VDC, no increase
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of chromosome aberrations in the bone marrow test could
be found. After long-term exposure of 12 months to a
concentration of 535 ppm Lee et al. (1978) could not find
changes in the cytgenetic analysis of bone marrow test on
rats as well as mice,

After a single oral dose of 217 mg/kg b.w. of VDC no
statistically significant increase of the chromosome
aberration rate was found (BASF, 1978).

On the basis of these results no cytogenetic effect of
VDC could be found, either by long-term or by acute
application of a high dose, in inhalation and oral stu-
dies with rodents.

6.4. Pharmacokinetic¢ and metabolic studies

Jaeger et al. (1974) reported that the hepatotoxic effect
of VDC is much higher in unfed rats than in fed rats, and
that there is an inverse correlation between hepatotoxi-
city and the concentration of glutathione. These findings
led to the hypothesis that the detoxification of VDC is
primarily dependent upon the glutathione concentration.

Jaeger et al. (1977) pointed out that in unfed rats and
fed rats exposed by inhalation to high doses of l“C-VDC,
14C radioactivity was found in various organs, particular-
ly in kidney and in liver. The largest amount of total

radiocactivity was detected in the kidney of unfed rats.

1"C activity in liver cells was detected in mitochondrial,

microsomal, and cytoplasmatic fractions. Significantly
more radiocactivity was found in all liver fractions of
unfed rats. The administration of trichloropropane epoxide,
an epoxide hydrase inhibitor, seemed to increase the
toxicity of VDC significantly in unfed rats, the enhance-
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ment of toxicity being proportional to the concentration
of the inhibitor. This last result supports the hypothe-
sis of the role of epoxide derivatives in toxicity of
VDC.

McRenna et al. (1977) showed that in rats and mice expo-

lAC-VDC, ll‘C was covalently bound to mac-omole-

sed to
cules in liver and kidney of both species. The ‘&C acti-
vity was higher in liver and in kidney of mice, in compa-
rison to rats. The authors concluded that these data
indicate an enhanced production of reactive metabolites

of VDC in mice.

The data of Jaeger et al. and McKRenna et al. bring further
evidence that VDC toxicity does not correlate directly
with the exposure per se, but is reflected in the balance
of the amount of toxic metabolites and detoxification
processes, which in turn are dependent upon many biologi-
cal factors.

— P — e e i e e . ——. JE—

6.5. Epidemiological studies

In a recent study, published in November 1976, Ott et al.
examined the mortality and the health control findings
among 138 employees exposed to measured levels of VDC,
ranging from 5 ppm to 75 ppm TWA (time weighted average),
where vinyl chloride was not used as a second monomer.
There were no findings in that study significantly rela-
ted to VDC.

Hepatic damage was observed in 2 individuals with a
positive history of ethamol consumption. The authors
recommended "that additional epidemiologic data should be
developed where exposure has taken place, with careful
consideration given to obtaining an accurate history of

alcohol consumption”.
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In a similar study Thiess et al. (1977) reported mortali-
ty rates and health control findings of 629 employees
exposed to VDC as well as to vinyl chloride and acrylo-
nitrile. The VDC working-area concentrations were about
50 ppm (1955-1965), about 10 ppm (1965-1975), and 5-10
ppm after 1975, No significant increases in mortality or
tumour incidence were found. Two lung carcinomas occurred
at a very young age but with an exposure period of 14 and
25 monchs only (smoking habits unknown).

Conclusions

Kidney adenocarcinomas were observed in Swiss (almosg
exclusively male) mice exposed by inhalation to VDC

at 50 and 25 ppm. Under our experimental conditions,
50 ppm VDC was already a near lethal dose, and 25

ppm was the highest dose compatible with long survival
of the treated animals.

No renal tumours were observed in mice exposed to 10
ppm VDC or in controls.

Kidney adenocarcinomas were not observed in rats
exposed to VDC by inhalation at doses from 130 to 10
ppm, or by ingestion (gavage) at doses from 20 mg to
0.5 mg/kg b.w., or in hamsters exposed by inhalation
to 25 ppm.

The increase of mammary tumours in rats exposed to
VDC by inhalation was not dose-related, and there-
fore it is difficult to evaluate its specific rela-
tion to the administration of the monomer. This
phenomen has been observed in other long-term inha-
lation biocassays.
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The dependence of the increase of mammary tumours
and lung adenomas in mice on VDC treatment still
remains open and needs further clarification.

In our experiments we did not observe liver angio-
sarcomas, either in treated rats or in mice, The
animals used were of the same breed that is highly
susceptible to induction of angiosarcomas by vinyl
chloride.

Qur results have failed to confirm Viola's prelimi-
nary findings, which suggested that VDC was causing
reticulosarcomas in rats.

Under our experimental conditions, adenocarcinoma of
kidney in mice was the only tumour specifically
linked to VDC exposure.

As far as this effect was concerned, there was a
strong host influence: mice were more susceptible
than rats and hamsters, and male mice much more than
female mice.

There was a clear cut direct relationship between
the degree of susceptibility to acute toxid and
carcinogenic effects in the different animals spe-
cies and sexes studied.

As a result of in vivo and in vitro studies it is
probable that VDC is metabolized into more reactive
compounds responsible for the toxic, mutagenic and
carcinogenic effects of the monomer. The rate at
which the actice metabolic compounds are formed and
metabolized depends on the concentration of admini-
stered VDC and on the metabolic pathways in the

tested animals, which appear to be strongly influenced
by species and sex, as well as by other factors.
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(11) The mice used had the appropriate metabolic condi-
tions for indicating the oncogenic potentiality of
VDC.

(12) From a scientific point of view, the rasults of the
studies on toxic¢, mutagenic, and carcinogenic effects
of VDC and on its metabolism represent an exceptional
integration of experimental multidisciplinary infor-
mation.

(13) wWe think that further investigations are needed in
biological, biochemical, epidemiological, and medi-
cal fields, in order to

]

(a) further investigate the roles of species, strain,
and sex on the pathological effects of VDC;

(b) learn more about the metabolism, with particular
regard to active metabolic compounds, and the bio-
logical factors influencing the metabolic pathways;

(¢) collect all possible epidemiological and medical
data on occupationally exposed groups, which to-
gether with experimental results will provide the
background for risk assessment.

8 Summary

The present report deals with the results of a wide array
of correlated and integrated experiments aimed at the
study of the long-term effects of VDC, with particular
regard to carcinogenicity. The monomer is employed in the
production of polymers whose major use is in the manu-
facturing of flexible packaging for food.
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The monomer was tested by inhalation, in Sprague-Dawley
rats (200-150, 100, 50, 25, 10 ppm), Swiss mice (200,
100, 50, 25, 10 ppm), and Chinese hamsters (25 ppm), and
by ingestion in rats (at the doses of 20, 10, 5, 0.5
mg/kg body weight, in olive oil, by stomach tube).

The treatment was carried out 4-5 times weekly, for 1
year, with the exception of the groups of mice, treated
by inhalation, az 200, 100 and 50 ppm, in which it was
withdrawn after a few days, because of the excessive
acute toxicity. 23 ppm is therefore the highest tested
, dose, compatible with a long-term treatment, by inhala-
ia tion in mice. .

The most important result was onset of kidney adenccar-
¢inomas in mice exposed by inhalation at 50 and 25 ppm.
Male mice appeared to be more susceptible than females.
This tumour was not observed in mice exposed by inhala-
tion at 10 ppm VDC or in the other treated animal species.

Increase of mammary tumours in rats and mammary tumours

and lung adenomas in mice were found following inhalatory

exposure to VDC. The lack of dose/ response relationship,

the results of statistical analysis, aond biological

information from these as well as from other correlated

O experiments‘ leave the problem of the correlation betw en
these tumours and inhalation exposure to VDC or other
monomers still open.

The available data based upon the studies performed in
our and other laboratories show good correlation among
the results of studies on carcinogenicity, toxicity,
mutagenicity, and metabolism of VDC.

On the basis of our present knowledge on VDC toxicity and
carcinogeniéity. the need for further experimental and
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epidemjiological investigations for risk assessment has
been suggested.
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Exposur2 by inhalation to Vinylidene Chloride {YDC)
10 ppm, 4 hours daily,
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in air at 25 ppm, 4 hours daily, 4-5 days weckly,
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GROUPS

ANIHALS

"o COKCENTRATION {Chinese hamsters, 23 weeks old at start)
o* Q Total
! 25 ppm 30 30 50
I No treatment 18 17 35
{Controls}
Total 48 47 95

CONTIDNTUTI Y

.

Subjact o>

)

Janana,

[P %

Ross v.

1

7=

14+=

Loaioiana

- o rmay

faicaslew Ia

o

CMA 0154671

o

Lo




TABLE 6
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Experimant DTAO! t Exponure by inhalation to ¥inylldenn Chlorlde (VYD) in nir at 150, 100,
50. 25, 10 ppn., 4 hours dmlly, 4-% dcyo wookly, for 52 wooks,
Reaults after 137 weoks [end of experimont},
DISCRINUTION OF [NE DIFFEREAT TYPES OF MAMIARY TINOURS
\ ~
MAMTZARY TURGURS (%) r~
RIEALS - — ~0
{sprague-dawtcy rete, 16 I m5501"&1“311)"':“’:::-;;!1 B 2
- viooka old et stort) avorace |lo. of Mo t b
"RCUF3 | COHCEX- To-~ latzney |tusoure/! T Fibromas and Carelnaras Snreomny Carcindsurecnss
Ko. | TAATION tal| £ { time [tumours | yov fibroadenoras <
* * . Corrected) y, {weeks) [baori tal % Average Avorago Average xr
Sox Ho .at nunter | (o) jimockeljbooring | o, loteney latency latency (&)
gtart (;’ {(4) |janimnle {e) po.! £ | tinme ﬂ"o' < (tlm ‘ Yo. . .(tir.a : .
= T {rcata) r moa'ts T Y
(1) [tesar (r) [troa (1) | trac
o | €0 §0 3 11.3[9131: 1.0 8 o0 6§ 75.0f1092 8| 1t fr12.5]2s o - -
1 | 1so pp2 ? 50 60 | s fniajeery] s 0 [97.7[33 [ e8.2| 83+ 3| 9J209[182 8} ¢ - - o[ - -
-
Cand g 120 170 st::Z IR R ENI R EB I BN R E - e .
o sz e s R Fomiese. e ma s eeact L e p ST L L X T WAl e S Uy - * —_— L Ty unz-n.‘_;.-n-n—.-ml R
i o 0 v 5 )15.2]t04: 9| 1,0 s hoo.o| 5 {1coofions glof- § - o |- - lecij-i - .
13 160 ppm 2 Jo o |25 J6).| B2 4] 1.7 2y [9z.032t | 91.3]831 s| 3it3.0n02tr0]| 0 | - - - - P
O nat g 40 Lo 10 j50.0{ A5+ A 1.6 28 |9).3]|26 {92.8| w72 «| > |07 |o2t10]| 0 | - - - - ;
A ] 7 o b w |S7ivefeces| 1.0 | 7 lwoo| 7 |roo.ofess s[o| - | - o |- - - z
13 53 pen| 9 3 1w boaalresfrsaal i 22 J95.6}2t | 95,4822 4§ 1] 45 |€8 o |- - e - - 8
g a-a g co &0 1 kool D5t 4 1.7 29 | 96,7128 | 96.5{ 080+ a| 1| 3.4 ]88 o |- - c 1 - - ] A
o | e 29 [\ 4 [14.3]103810 ] t.0 ¢ |ros.o| 4 rooofroysrote] - | - °1- - °o1- - §
i 23 pra 9 30 10| 21Jn.0f 86+ 4| 1.6 20 | 95.2 |20 |100.0] BT+ 4] 4 j20.0(B82¢10 ] 0 | - - o 1. - 'i ]
. v and @ 9 il 25 £23.0] €8 4} 1.5 2¢ | 96.0|2¢ Y1000 90t & | . a jr6.7 82210 0 |- - c]- o
9 o | o | 2 [Nalwaferayj 1.0 y poo.o] 3 hooofers2afof - | - o |- - Jo - - .[;
iy 10 ppn o 30- 30 93.3| 81t ¢ | 1.6 24 | 85,7 )24 [too.olBs: a5 fzo8f90215] 0 |- - e | - - .
) , O s g 60 59 Y525  8e 4 1.5 | 27 |e1.r {27 |rwo.0lasse 4] s |5 fo0erafo |- - Jo - - }
T lsotreaw ¢ [ w0 | 81 | D [12.6[115t 6| 1.0 11 [to0.0 | 11 icoofiist o - | - o |- - jo}- - 1
v “('::::- 9 1o 99 61 |s1.6] BT 2} 1.5 56 |91.8 |44 [ T8.6| 082 3 [16 |20.6]332 %5 ] 0 | - - o | - - )
troia) | o nud 0 200 186 f T2 )18.T) 912 ) ‘a4 61 91.0|5% ] 02,193 ) |16 |23.9]95+ 3% ] - - o - -
RAhamdeandd B o b ¥ W = e . "
Telnl . 560 5‘3 “7 4 r l
Ailve enlmnle after 10 weeko, when the firet tumour (a lewraemia) was {d) Average age at ths oneet of the first mammary tumour pour animnl, detectet
ohoarved, i at the periodio control or at autopery.
(n} Two cr more tumourns of ihe same and/or differeat types {ficvoadenomas, (¢) The porcentages ore referret to total number of mnimals bearing :nn.-:nry
careinozae, earcomas, esrcinosarcoras) may be pressnt in ths ssams mnimal. ( tumoure.
£) The porcentages are referred to total number of aninals bearing neszery tu-
{c} Ths parcentares ars refecred to the gorreoted mrsber, ) nourg, hl-tuﬁdean! expmined. i’ ¢ y
L]
!

BURTEINOT ‘yer oey

Mafporn:
201 LR ,.)[ga

Q Z.S‘.'" Lo e mrt

ey

Uy i A ssog

3

J{)

Lradyng




Tanre 12

B

Expariment BTA01 : Exposure by Irhalation te Vinyliderne Chloride (¥DC) in air at 150,
N 100, 52, 25, 10 ppm, 4 hours dally, 4-5 dayy veckly, for 52 waeks.

Resulty after 137 weeks {und of the experiment}.

BIGLOGICAL PARAMETERS RELATED TO MAHVARY TIDURS
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P Zxiosera Dy {ageztion (stimach tute) to Vinylidene Shlerida (07C)
9, 5 mg/Ty body veigrr, once 3dai1ly, 4-5 days
for %2 vecks.
Foculzs afier 147 vecss (end of tne zxperirment).

DISTRIBYTICH 2F TUE BIFSIITYT TYFTS CF HTSCSLLANEOUS (:C".'!-.‘"E,‘R") TUMAURS
\

ANIMALS 3ZARING QIHER TUKGURS

GROUPS| oy Benign Maligmant
NQ. Tatall
No. Distribution af histatypes Yo. ‘Distribution of histotypas !
a4 2 1 skxin acanthoma a 1 subcutancous 32ICOMA 4
1 dermatofibroms 1 intestinal adenocarcinera
1 -
- -
9 3 3 forestomach papillomas 2 1 avary carcinoma 5
1 carcinoma of tha uterus
d" | 2 |3 dermatofibremas 4 |4 subcutanecus sarcomas -7
II I—
1 hepatoma 1 intrabdeminal sarcoma
a 2 1 adrapal cortical adanomas 3 1 adenccarcinoma of the uterus 5
v 1 pericytosarcoma of a lymphnode
. 0" | 2 |2 dermatofibromas 1 |1 thymus pericytosarcoma 3
11z .
' 1 adremal corcical adenoma 2 subcutanaous 3arcomnas
. e 1 4 |1 adrenal cortical carcinoma s
1 adenocarcinoma of the utTrus
; 1 skin sebacecus adenoma 1 subcutinsous sarcomis
2 deraatofibrocuss
. "] 7 |1 subcutaneous lipoma 3 10
. 3 2 Forestomach papillomas
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v
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N 1 lejomyotarccoa of the uterus
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Zvgeriment BT403 : Sxposure by ingestion (stomach tube) to Virylidene
Chloride (VDC) in olive oil at 20, 10, 5 mg/[g body
T 3

wveight, once daily, 4-5 days weekiy, fo weeks, 3
Results after 147 weeks (end of the experiment). ;g
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NO CONCENTRATION
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) 2 I 4 B
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F- l ET)
N Ny T1 10 wg/Xg ¢ . 50 50 o - £,
' \ o ard @} 100 928 3 3.1 LA '
Q == - 3 : I-r (j.‘-
4 o* 50 49 1 2.0 ::n &
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. cand o | 1o | 99 8 €. L ]
' Qe - :
: . d 100 100 4 4.0 ) 54‘13 (']f o [
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1CO A
w {Controls) 9 ket 9 9.1 o\.- : a k
o and 9 | 200 199 13 6.5 : Ol 9 3
[&] 5] v
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{a) Alive animals after 14 woeks, when the flrst tumour (a mammary E’; 5-3 ’
carcinoma) was observed. e e e e e ae e - 32 g\r‘-
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Exporiment BT403 1 Exrosurs by ingestion {stomnch tubo) to Vinylidono Chloride (¥NC) in olive
oil nt 20, 10, 5 mz/Kz body wolght, once daily, 4-5 days woouly, for 52 wcoks,
Rendis after 127 vecka (end of exporiront},
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Experiment ATICS : Txdcsare by Ingestion (stomci\ tube) to ¥inylidene Chioride (vOC) in olive
oil at 20, 10, % mg/Yg body welght, onca dafly, 4-5 days waelly, For 32 reeks.
Fesults arter 147 vecks (end of the experiment]}.
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Experiment BT404 1 Exnosure by irnrestion (stomach tubs) to ¥inylldeno Chloride (VDC) in olive

nozn.
] o0n.,

ATy .'-'r.,,;a oll at 0.5 mz,\g body weight, once dally, £-5 dayw woekly, for 52 weeke, «
= o, Revulis aftor 136 waohs {end of experimont}, 3
T omictm & n
” £ DISTRIBUTION OF THE DIFFERENT TYPLS OF TUKOURS g
}’.r ¥ <
\'—57 T x
I ( AATHALS AWINALS WITH TUOURS [ 4]
. Spragae-Dawley raty, 10 . nn
Poaewzs | concme- week: old at ssart} Hesmnry temours (b) zé::ﬂngi;f . loukaenina Othor tumoure Totzl (f} 3
! an AL i AveriZo Averora Ararnga 1 ' 1:!: S T
w3 - ; [% ot [oorvectes :o; < l::&r_c)’ ‘1‘0; f latancy ‘ro; tsi) Lrtenzy ) Total Y3oslgn JaMy: - i:a:m: tt:.-
Jdo. w ‘ ne h11 time t ¢ timo anl et U, omoaray” ke
| I EEU o ) BRL [t D oo U (S DT o (reoo) | Toe | omor sl 3T tehinel v ass
. . ot o _fo An) 1 Sl
f 'l lia [ 50 5 l 2 Ae1 ) 10550 o - - 2 4.1 ans & 2 1 ' ?2 i-: i Ter
] 1 - " R ".' e TTyTTTTTRE T TP T ey “"’_';"‘" T
1 i ¢ 2¥, | sz | 4531 8e2 ) o |- - 1 2.1 1 4 v | LR v
T : |
, ! wad 0t 97 24 | 24.T ) BGE: & L] - - 3 3.1 10027 6 ] | ?8.‘-!_ 1,2
: ,;.._ R — - e 1= * o= S Ehe b £ 3E FEEG LT R T it
} i booSe ) W » 2.5 1 7581} o |- - A 4,9 8E213 1 » 1! ﬂ__1 e i !
' Olive sil B 1 ’ Vo ‘.-._ S S
11 | teomerainy| @ Tt 1) 32 a2 | 0323 1 (13| oo 2 | 2.6 | 82420 A R g_;y,_l‘ "
— i S
I Oand Q| 159 158 36 1228 833 1 Jo.6 | <0 ] 3.8 | 6521 5 2 | 3 45|:5.-‘ 141 :
it & B, Ly T _— i L gl 4 4 St - T 41 b~ 1] 12'_'1.12"‘&‘4."_-::2‘: he e - A W : . !
?ntnll Ai 255 255 . - [ b
_ —i
{a) Alive antizala afier 70 woe'ts, when tha first tumour {m loukaonia) wne obrorved. L'
(V) T 6r rare turcurs of the care and/or different typss {z’brosdencons, corcinomss, saroomas, csroinosaroomas) nay be pressnt in tha sate suteal. 4

{2 Tho parcentapges ara roTerred to ths corrected number, 3
(d) “verazo mge At s oncat of the first mamrry tumour per animal, detected at ths periodio oontrol or st sutopey. ‘

{0} averczs time Irom the start of the oxpsriment to the dsteotion {at the periodic ocontrol or at autopay). )
{£} So-arai aninale with two or mors tumscurs. . , ﬁ
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TADLE 19

: Cxposur2 by ingestion {stomach tube) to Vinylidene Chloride (YDC) in olive

oil at 0.5 mg/¥g body weignt, once daily, 4-5 cdays woekly, for 32 weeks.

Resukrs alter 136 veeks (end; of the cxperiminty,

—— . i et < i e w0 - —— e nm - -

15U PCK_OF TR DIFFEKINT TYPES_OF MISCELLANEOUS ("OTILR") TUMGURS

i
AVIMALS PPLEING OwlER TUEIGRS i
CEQUPS P
rvo 52X Beaign Malignant )
e - Totel
He. No.
. 1 skin carcinoma .
st 1o 2  Skin careinoma 2
1 I 1 subcutanscus sarcema !
' t subcutanzous sarcoma
Q 0 4 1 liver angicsarcoma 4
v ) 2 intrabdominal sarcomas
g 1 1 adreaal cortical adenoma 0 1
I1
1 Forcstomach papilloma 1 kidney adenocarcinoma
0 1 ’ 3 1 adenocarcinoma of tke utorus 4
¥ 1 fibrosarcoma of the uterus .
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TABLE 20

Experisent BiM04: Exnosura by ingesticen (stemach tub

£} to Vinylidene
Chloride {vDC) in olive o0il at C.5 m

J/%q body weight,

~3
once dsily, 4-5 days waekly, for 52 woeeks. %
Results afFter 136 woeks (end of the experimmt) W
esu’ts 0
e
IECIRANCE OF _PITHITARY ADSRLUAMINS GROY T €
- - - .. . Qo
) AHTIENS i T
{spreguc-itavley rat., 10 PIUEETGRY LA
+ [3] L% 1] L4 el L A
GROUPS CONCINTRATION waeks old at start) WHOU3 GROYIH
RS |, [ Correztea | ! X ' :
-~ ) no.2t . . 1
Sex stapt | rurber Xo. l %
(a)
o 50 49 o -
oI 0.5 mg/Xg ¢ | s0 | 4 6 | 125
d"ard Q| 100 97 6 6.1
M
\ 0" 82 81 0 - ,
\\ Olive oil | 9 2 ¥
( H {Controls) | _ ? 77 7 i €
N _ Tand @ 159 153 2 1.3 ' L
(a) Alive animols after 20 weels, when the first tumour (a leukaemia)
was obeerved,
[
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Experinont PTA04

D18 21

t Fxvosure by ingastion (stomech tube) to Vinylidens Chloride {¥DC} in olive
oil at 0,5 mz/Ily body weight, onco dz2ily, 4-5 days reskly, for 52 woaks,
Resulte after 116 wooks [end of expariment),

DISTRIEUTION OF THE DIFFERTHT TYPES OF MAYHATY TROURS

!

' ANINMALS Hivtolegically oxanined
- . ~I {SpraTue-Dauley ratw,- = T - Hietotyvres
! ! 10 wrzeky #14 at ztavt) Piteomey ol i~ -
180 P31 CONCT- D Ta- Arorceaitio, of I :"*-'t-:-onz-r"g;':\-) Cercinenas sarsse
) ,! . : I tal | ¥ [latoney|tusournd To- =4 aits H T
T MIIe P .ot [COTTerted Mo, ey | 1= tunours| tal 3 :V:“’I" ;":?350 :‘::'—'u:
Sox ;:‘::-;t nuner {ween)|terring| Ho, | (o) wo.| ¢ rl::or Yo . r:‘e‘r:o.r o " :-.-:c‘
BT . ’ 1 o - ’ L4 5 L4 " ! Sl ug .
' ! (a) I (¢} lanimals () Hroousd (£} } (rortnd ] (8} (o]
RO N 1 — - — - SO LA LU SROC BN et
: T e 12 rlailwsan| 1 2 pov,o b 2 hooohiostai] o - - s | -7 -
] It‘-.s Aw/Fy ¢ 1 50 19 22 5.0 ) 8423 1,3 22 020 21 [95.4] 844 3} 2 |2.v] B39 0 ! - -
; Jciantq oo | 57 l2y paales=s| a3 24 [00.0 | 23 ss.s[ 8es 4] 2 |9.2] 83210 - - ;
e mimti_e memosmnsas -':-.-_—_-:—,::-: ,—.-_-A.-._—_‘,:_--::'-:r&-"'--—--;-_-_ smmmrea i e poaes = - Er_ % L T AR Y S
)
l o 3z g1 | 2z |2.5] 1523 1.0 2 poo,o| 2 }oo.o| 15¢13f 0 |- - o | - - ol -1 -
tilva
1 oll @ 7 i1 )4 (34,2 952 ) 1.0 Ja 00,0 ) 29 |65.)) 842 3| T ;20.5 180 ] 0 - - v - I - !
Pimzesle)d : -t -
! Pormag | s 1 ¥ 228 €523 1.3 % poo.o| 31-fes.tt 042 3} 7 lig.ef qeeeln | - I P -
T TS M AR P T r e I g sy e e ST 'rz—r-—: rasr ™ v TR WL W UE R, Ty WY TR SR e WEFTFRTETASL I PN T ST e e vl
Tntatd 259 | 255 | | | 1]
ot - L |

RAISAARY TUNOURS {b)

{7 &live e1imala «fter 20 weeks, whan the flrat tugour (s loukaewin) was oboerved.

(Y]
fe)
"}
(e}

{f) Tne percentcges are referrcd to

Avarnpge ncs At tha onsst of the

Tne pereontngas are referred to

the corraotod nunber,

first xamnary tumour per anirml, dstectsd at the poriodie control or at autopay,
totnl number of animalas bear.ng marrmary tumoure.

total rumbor of animals boaring mammary tumours, histologioally examined.

Tm3 or mert twiours of the samo end/er diflerant typss {fibroadenomar, carcinomas, sarcomas, ocarcincenrcomns) may be present in
[28 pergentagaa cre Telarred to »

P

the cams animal.
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TADLE 22 i

Trperireat UPIGE 1 faponirg by Fefestion (stomach twta) to Vinylid.ne Ci'orfde fYIZY fa cliva

o0
w11 2% D.% o /Fp budy welpht, once datly, 4-% duys vaokly, For 52 yeoaxs, o
Esiaten aft~r 135 wooks {ttd of the crpoerieans ;?)
i
<
BINWC ICAL PARIRSTERS IELATED T2 HAMLABRY TUMCGES <
i x
3
T LD PRI () :
“ { 1 mer tha : v Atk s 12 months '
Tibre e —t ’
rotar |aneny | CTEL pSaveafearel banivatt| Anfeals e trale fanimls fentecdef minatef wirk i
: ' vag | MO (mam omas| eish without] with [wlteout] vith Jeienac)yoira) visoere 1|
w tumours| tumonr e |tumsurs | tuncurs {tureure| tumoury .
L] B .
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i¥ivs anisale aftor 20 weoke, when the first tumour (a leukaemia) was obeerved. . " . 3
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B e e Thilaride (Voo
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o o (ors X 3 Yarmar; tuemou
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n < - T -
o = old raa.
A G -
s e | & oo PE-DU E I
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3 Sex ?: a ; I
R T S =
NI .1
- 5 -
I 200 |2 °
}-51 days - 53 1 1.9
o' and ¢ - 59 1 1.7
100 |2 7 - 2 ° -
Iz PR3 dnys L ? [ - 253 3 10,7
@ ant 9 - 49 3 &1
: 50 1 o Tés 27 0 -
E 1334 o | week 9 - 28 2 7.1
. o' and 9 far 55 2 3.5
o Pizs | 29 Q -
! 1v 2’ 52 1 . o — s,
Ppm regica 9 - 9§ 4 L0133
2 o ard 59 T | 8.8
[ 4 117 1 a3
: v nea| 23 (32 -
i P | weaks ? ki 118 12 | 10.2
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g . 10 0 :
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» o e i i iy
Vi trear o - 8o 0 <
1 ment”
(Con- ¢ - 83 1 K
trols) ¢ and - 188 1 0.6
= b Ao T T S
Total L
» (a) Alive animals rizn tha firct tmove Fma etceoved Lo oty Signnsarsinosz 55 wakks)
BATTRArY tumOur : X7 wezks; -, : £ 4, gy Yauthueatg 112 weera,
The poresntaAsen sro roferro? Lo
The per=entaven of Latal = m on.sly Wil a2t the 12th vaek
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gpavimens NTLNQ g pnorTive by fife'toiaz t3 Viaylidene Chluride (VD) 1a avs ar 257
aLLEA Aty 4-5 daya weekls, for 32 weeqs
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TADLE 25

Experiment BT402 1 Exposurc by inkalation to Vinylidene ~hloride {voC) in alr at 200, "

120, 50, 25, 10 ppm, & hours daily, 4-5 days weokly, For 32 veel;).
Results after 121 weeks {cnd of the ewperiment).

ST PTEN

Yag;

DISTRIBUTION OF THE DIFFERENT TYPES OF NAMMARY TUFOURS

{firecr pare)

de.,

HARMARY TUnOURS {b)

EATMINT AUTUALS [Swiss nice 16 distologically examin:d

veoxs old {Grs 1,132,117,
Piv,¥,v1) ard 9 veeks old AverageiNo. of . Histotype !
{Gre IV bis, YIT} at Fibromas and . - N
start) latency| tumours/] fibroadanomas carcinomas Sercomas farcirosarcor.s |

timo tumours
’ Avarage Average Average Avararnas
ko.at | COTTacted (veeks) bearing To+ latengy X Iatengr . latengy e flatendy
Rev i nutber (d) janimals tz) tina tine ey tinn ( Jtra
start (2} Ho (wecks) {weals) | (weare) LIPS PO 3

2 fd} o (<) {8y ) i
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Experiment BT402 : Exnocure by inhalation to Vinylidene Chloride {vp}) in air ot 200,
100, 59, 25, 10 pprt, 4 hovrs d=ily, 4-5 dayy wreelly, for 52 waeks,
Bosultc after 121 woeks {end of the experim:nt),

TABLE 25

]

H

 DISTRIBUTION OF THE DIFFERENT TYPZS OF MAMEARY TCXOUNRS

(cavond pars)

oeserved,

Mea or more fvmcvre of the zime sndfor different typs» (fivrozdenomes, cercirnomas,
€

arcomas 2ad carcinosarcowas) may bo prosent in tho eome enimel,

The percontegee aro referved to

Averar
A

r2 av the onaet of the
pexiod .

¢ sonirol or et eutopsy,

= (9

The percantoges a“a.referred to

The percoeatezss are referred to
histologicdliy examined,

tha corrected number,

first

total mmber of animals bearing mammary tumours,

total

ruwnrery tusour per enimel detacted at the

numoer of enimals beering mamrary tumours,
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Expariment BT405 :

TABLE 26

. Results aftor 157 weeka (end of tho oxperiment).

Exposure by inhalation to Vinylidens Chloride (VDC), in air
at 25 ppm, 4 hovras dalily, 4-5 days weskly, for 52 weeks,

(Chinese hoamsters, 28
weeks 0ld at start)

ANIUMALS

ANIMALS WITH TUMOURS

Carcinomas of the uvterus |Others Total
GCRCUDS tumours
NO CONCENTRATION _ Averare Mean No,. of
* No. at [Corrected 1 rag different tu~
atency
Sex . Nos - # Noe. No. %  lmours/tumcurs
start number time
. (\veeks)(c) bearing anl-
{a) (v) (b} [mals
¢ 30 17 _ o o - 0
1 25 ppm Q 3o 22 6 27.3 18 +8 |2(a) | 7 |38 1.1
dana | 60 39 2 7 |19 1.1
é 18 16 0 0 - 0
No treatmeni :
I (Controlr:) 9 17 1" 6 545 | 95 £ 12 {1 (e) | 7 |[63.6 1.0
Sana @f 35 27 | 1 7 _125.9 1,0
Total 95 66

a) Alive animalo after 63 weecks, when the first tumour (e carcincma
b} The percentazes are rderred to the corrected numbers
¢) Autopsy firdinz {from start of experiment to death).

d) 1 skin carcinosarcoma; 1 ovary thecoma.

e) 1 skin carcinoma,

T T RS2
LEVL 06 o e s U s s BBOY
up Jepdp JALQ??Q‘ J o 1~arqns

of uterus) was observed.
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Professor
Cesare 'laltoni

Mr,
Dr.

Direttore Istituto di
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Sarrett

Statistical evaluations of the VDC studies

Dear Professor Maltoni,

as determined at our latest meeting we are now enclosing the
statistical evaluation of the exveriment 2 (BT 402). This paper

has heen discussed with Dr.

Paddle from ICI.

The tables start with number 24 up to 39; additionally, the
tables 30 up to 39 (survival curves) are enclosed on a film-strip.

Your3s sincerely

BAST Axktiengesellschaft

. L 2NN
” 2 A Dcwi»cq._,_\r"
i / |

Elsentriger Bakemeier

copy to:

Dr. Paddle,ICI Socuth
Cheshire SK9 1QB

todge PO 3Box 3, Fulshaw Hall, Wilmslow

Dr.T.D.3rowne,ICI Castner Kellnef Jorks, Runcorn Cheshire WA7 4JE
or.J.H.Wilson,ICI Plastics Division,Welwyn Garden City,Hertfordshire

Dr.A.Collard,SOLVAY & Cie.S.A.Administration General ,Rue du
Prince Albert 33, B-1050 Briissel
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APPENDTIX

STATISTICAL ANALYSIS OF THE EXPERIMENT 2 (BT 402)*

Material and Methods

The data available for statistical analysis ars to be seen in
table 23. That is, for each group, the numker of

- animals alive after 12, 27, 36 and 55 weeks

- animals with mammary adenocarcinomas (=MA)

- animals with pulmonary adenocarcinomas (=PA)

are known. In addition to this, the age {in weeks) at death
and for MA the time of tumour occurrence were kxnown for each
animal in the groups IV, IV bis, V, VI and VII. These figures
are available upon request. The conditions at the beginning
of the experiment are listed in table 2.

Using these data the following statistical evaluations were
carried ocut.

1. The survival rates at the intervals given in table 23,
and the mean values of life time were calculated to
evaluate differences between treated and control groups.

2. Tumour incidences at the end of the experiment were calculated.
Additionally tumour incidences in different time intervals of
the experiment were calculated to see if there are significant
effacts which depend on survival rates.

3. Calculations were carried out to test if a dose response
relationship can be found.
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The comparison of mean was made with a rank test of Krauth (/1/).
Incidences were examined with the “Exact Test by Fisher" (/2/)
and the Logrank test (/3/). For calculation concerning dose

respense raelaticonshiy see /4/.

All statistical tests were carried out with type 1 error a of
0.05 and Q0.0l. A significance for & = 0.05 is marked with *,
a significance for a = 0.0l is marked with x. Because of two
control groups a C identifies the group (either VII or VI)
with which the dose groups are compared.

Analysis .

1.1 Survival rates for 12, 27, 36 and 55 weeks after start of
treatment

The comparison of survival rates of dose groups to control
groups VI and VII shows that only the groups I, II and III
have significantly lower survival rates {(table 24). This
indicates a strong toxic effect of VDC dt these doses.
Therefore, the further evaluation does not include groups
I, IT and III.

The survival ratas of the remaining dose groups are generally
higher in comparison with the control groups VI and VII.

1.2 Mean value of life time

As expected from the results of the survival rate evaluations,
the mean of life time of the animals in the treated groups
(both male and female) is greater than in the control groups
(table 25). With one exception, significant differences

are only to be seen between groups which began their exposure
at different ages, for instance the mean value of groups IV
and V is sigmificantly greater than the mean of the control
group .VII. Even when commaring the means of grouns IV bis and
1V (which have the same concentration but different ages at
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the beginning of the exposure), there is a significane
difference. For these reasons, the grougswere divided
into two sets for Zurther statistical evaluations:

dose groups IV, V and control VI,
dose grouws IV bis and control group VII.

The survival functions of different groups are plotted
in tables 30 up to 39. These diagrams show that there
exists an interval for each set where the graphs have

the same shape. In particular these are the intervals:

male female
grdups Iv, v, VI 90 onwards 30 onwards
groups IV BIS, VII 72 onwards 93 onwards

The tables 26 and 27 include the statistical results of a
comparison of the mean value of life time as well as the
incidences of MA and PA separated for each interval. The
intervals above reflect the same mean value of life time,
but the earlier intervals show a lower mean (significant
as a rule) for the control groups in comparison with the
dose groups due to an increased incidence of early deaths.

Comparing tumour incidences, two tests were carried out:
The Exact Fisher Test and the Logrank test. The first
tast compares the tumours frequencies at the end of the
experiment; whereas the second test takes into account
differences in the survival curves.

Tumeur incidences at the end of the experiment
The number of animals with any tumours in dose groups are

significantly greater than in the corresponding untreated

groups {(table 28).
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The tumour incidence for male animals wi=h PA is
significantly greater in all dose groups than in the
correszonding control groups. In female animals there
is only a significantly higher tumour incidence in *the
two 23 2pm groups. The tumour incidence for female
aninals with MA 1s significantly greater in all treated
groups than in the corresponding control groups.

Turmour incidences in different intervals of the experiment

At each interval the incidences of MA or PA respectively in
deose groups are greater than the corresponding incidences
in control groups, at some intervals significantly greater
(tables 26,27).

Relationship between tumour incidence and survival times

Fewer of the differences between dosed and control groups
are significant when the incidences of tumours are compared
with the Logrank test (tables 28, 29). However the continued
existence of several significant differences shows that
the increases in tumour incidences in dosed animals cannot
be wholly attributed to their increased life time.

Evaluation of dose response relationship

The PA rate of male group V (10 ppm) is higher than both

25 pem groups IV and IV bis, in fact, in comparison to group
IV bis the PA_rate of male group V is significantly greater
with a = 0,01. For that reason, a reliable dose response
function cannot be established. A similar result holds for
female animals concerning the MA incidences.

For female PA incidences a dose response relation (probit
model) could be established for the groups IV, V and VI -
but there is the following limitation that at zero dose
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there is an effec: which must be considered (key-word:

Abott's formula; see /4/). That means three parameters
have to be fitted to three points so that the validity

of the relationship cannot be tested.

Summarey

There are significantly higher pulmonary tumecur incidences in
male and female mice in both of the 25 pom dose groups. At

10 pem only in male mice a significantly higher pulmonary tumour
rate can be found with no corresponding significance in females.
There are significantly higher mammary tumour incidences in
female mice exposed to 10 or 25 ppm VDC.

As the dosed animals survive, on tha whole, longer than the control
animals, these c¢onclusions based on crude total percentages

could give a misleading impression of the effect of exvosure.

The use 0f techniques which allow for tumour incidence being
age-related showed that the effects of exposure are exaggerated

by the crude pezcentagzs, but that significant effects still
exist between dosed and control animals.

In general no dose response relationship can be established for
either the increased mammary or pulmonary tumour incidences.

THe lack of a clear cut effect of VDC either in different intervals
of exposure or at the completion of exposure underlines the lack
of a dose response relationship.
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male

female

Antmals
at start

Alive animals after (week)
12 27 r 36

Animals

at start

Alive animals after (week)

12 27

16 55

90

87 C 80 C 13 C
99 C 92 C 8o

io 3c 28

90
100

30

89 C 88
98 C 97
30 10
118

30

28

28

e C 85
Cc 13

16

112

26

14

13

X

X

X

Table 24: Survival rates after

CTOLSTO WWD

36 and 55 weeks after start of treatment {(Lxact

Fisher Test,

one-sided)
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Animals Life time

Animals
at start Mean

Life time
Stand.Dev. at start

-Mean Stand.Dev.

90 70.7 C 22.58

90 81.0cC . 18.51

100 15.4 C 22,08

gurIeTno’ sysTIEd nexs??T

83.1 Cc 20.32

30 83.7 x * 15.77 87.5 & 12.97

15.0 15,85 84.3 17.41

17.03 90.0 x & 18.40

Table 25:Mean and Standard Deviation (in weeks)of life
(Test of Krauth, one - sided)
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male female
Group VI v v vI v 1V
Animals at start 100 30 30 100 -. 30 30
interval (.1, 89} (.1, 89)
N 63 19 20 54 15 13
N.MA o o o] 2 4 = 2
N,.PA , 2 7 x 3 4 3 1
Mean 61.5 74.9x T1.1x 69.0 77.5x 73.1
interval .(90,150} {90,150)
N 37 11 10 46 15 17
N.MA o 0 o 0 2 2
N.PA 1 4 x 4 x o 0 6 x
Mean $9.0 98.8 96.7 99.6 97.4 102.9

Tahle 26: Mean of life time and tumour incidence for MA and PA for spectiatl

intervals;

N.MA (respectively N.PA)is the number of animals wi ST
(Exact Fisher test one-sided for tumour incldence, Test of Krauth

for mean)

N ist the number of animals died in the interval;

th MA (respectively PA)

one-sided
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male 5 female

| Group vII IV bis | VII IV bis
| | |
| Animals at start 90 120 - 90 120
! f ;
. interval i (1, 71) : (1, 710 |
| | |
t
N 40 51 .25 31 !
'z |
| NJMA 0 1 { 0 3 1
i i
i ! |
E N.PA 1 -3 ;0 2 !
| | %
-:Mean | 50.8  60.0 x ' 60.4  63.1
o ! E :
| t ' |
; i )
interval ! (72,150) : (72, 92) ;
| i | |
| N : 50 69 4 56 !
N.MA i 0 0 b0 5 !
i : H
i } '
N.PA P2 13 a1 3 f
' , !
Mean : 86.7 86.1 ! 80.4 84.5 x
i i 3
interval | i (93,150) ;
: i ? |
N i i 24 33 :
i : :
N.MA . 4 : 0
L
l ; ™
i : : n
N.PA i fol 6 ; S
-
Mean j103.7 103.8 | ©
| E

Table 27:Mean of life time and tumour incidence for MA and PA
for special intervals; N is the number of animals died
in the interval; N,MA (respectively N.PA) is the number
of animals with MA (respectively PA) (Exact Fisher Test
one-sided for tumour incidence, Test of Krauth one -~
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Table 28: Tumour incidence for MA and PA at the end of experiment;
N.TU (respectively N.MA, N.PA) is the nunher of animals with

tumours (respectively .MA, PA) (Exact Fisher Test, one - sided}.
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’ | |
l male | female

t
!
|
|

{ Group Aninmals Animals i
i at stare N, vA N.PA at start N, ma N,Pa
! | ; ',
| VI 100 0 3 100 2 4 !
| i | i
K : 30 o) 11 x 30 6 x 3
; |
LIV ’ 30 0 7 x i 30 4 7 2
l T
VII .90 o] 3 90 1 2
IV bis 120 1 16 # 120 12 % 11

Table 29: Tumour incidence for MA and PA at the end of
experiment; N.MA (respectively N.PA) is the
number of animals with MA (respectively PA) -
(Logrank test)
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SURVIVAL-RATE (VOC)
Tahle 31 0 @ emmeem -
GROLP @ VI FrME = SoCENAGE Yy A

F7aq7 cagaifvanr gpnst . A
aimas AT §TEA? ;e

Y

: ' , .
3 ! ! TH“11J !
2 L
CONFIDENTIAL
Subject to T L 4y
Ross v Toma.2. Lo 257
14+r L .3-) Iezintot T .

Cooalni ey Toeteh, g CMA 015709




SURVIVRL-RATZ (VOC)
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SURVIVRL-RRTE (VCCQ)
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SURVIVAL-RATE (VOQ)
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