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I) INTRODUCTION

I1)

The history of viny
presented a highlight
the lessons it gave, ai
rience for all people
experimental and epidej
the scientific evidenc
International Agencies
regulatory measures an

The aim of this rep
marize the present sta
carcinogenicity, give

measures which have be¢

and comment the major

GENERAL INFORMATION

|l chloride (VC) carcinogenicity re-
Lln the field of carcinogenesis for

hd it was a unique, exciting expe-
involved: scientists engaged in
niclogical research, who produced

p, and representatives of Governments,
Industries and Unions, who prompted
i preventive actions.

brt is to review that history, to sum
e of our scientific knowledge on VC

Eome references about the preventive

b1 taken, and finally to underline

lessons we have learned.

Exhaustive reviews are available on the chemical and phy

sical characteristics,

VC, the exposed popula

production, uses and occurrence of

Cions, the pathological effects of

the monomer on humans fnd on experimental systems, and the

regulatory preventive i

1978; IARC, 1979; Malt

ral information is givg

heasures (Milby, 1978; Warren et al.,
pbni et al., 1984). Some basic, gene-
kn in Taples 1-5.
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III) RESULTS OF VINYL CHLORIDE CARCINOGENESIS STUDIES

VC has been prod

twenties, and it is

hced commercially since the end of the

one of the most important compounds of

the plastic industry, and one of the petrochemical products

synthetized in the largest quantity. However, for more than

forty years, neithej
gical and clinical 1

and assess its poss]

1) Viola's pioneerit

" experimental research, nor epidemiolo-
lnvestigations were undertaken to study

ble carcinogenic potential.

g findings and other early observations.

A considerablsg
end of the fiftig
ance of a unique
gaged in cleaning
reaction vessels,.
(osteolytic and g
mainly of distal
joints), skin ch{
king vascular chg
non.

In 1967, P.L.
factory of Rosigrn
lysis on experimg

le Ar/IRE Wistar

number of studies were published at the
s and in the sixties, reporting the appear
syndrome, acro-osteolysis, on workers en-
polivynil chloride (PVC) polimerization
This syndrome consists of bone changes
clerotic lesions of the bones of the hands,
phalanges, of larger bones and sacroiliac
nges (scleroderma-like lesions), and stri-

nges associated with Raynaud-like phenome

Viola, a doctor at the Italian Solvay
ano (Italy), attempted to produce acro-osteo-
ntal animals. A group of 26 3-month-old ma

rats was exposed to an atmospheric concen-

tration of 30,00( ppm commercial grade VC (99% pure), for

4 hours/day, 5 dgys/week, for 12 months; the experiment was

terminated at 54

weeks.
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The outcome of] this research was a surprise. 3Skin tumours

developed in the
17 surviving rats
moid carcinomas,
developed in 7 ra

re observed 1in 2%

submaxillary parotid region in all of the
(14 epidermoid carcinomas, 2 mucoepider-

1 papilloma); in addition, lung tumours

ts and osteochondroma in 5. No tumours we-

controls killed at un unstated time.




2)

In his first rep

re, Viola (1970

ort on the results of 12 months of exposu

a) described metaplastic changes in bones,

which he considse
The data on cardg
the first time Y
national Cancer
sively published
At the same 4
the cytological
PVC industry, sh
cells of the reg
Immediately 4
with Professor V
manuscript of hi
veral slides of
and material, we
described as cufy
Zymbal glands,
kely metastases
stic lung lesion

Zymbal gland car
bearing Zymbal g

The Bentivoglio

red to be similar to human acro-osteolysis.
inogenic effects of VC were disclosed for

y Viola (Viola, 1970 b) at the 10th Inter-

Congress (Houston, 1970), and then exten-

in 1971 (Viola et al., 1971).

ime, at the Bologna Institute of Oncology,
examinations of sputa from workers of VC-
owed a high incidence of atypias of the

piratory epithelium (Maltoni et al., 1974 ;.

fter the Houston report, we communicated
iola, who kindly put at our disposal the
s extensive report, then in press, plus se
the tumours. On the basis of his results
reached the conclusion that the tumours

aneous were carcinomas originating from

and that the pulmonary tumours were most 1i

from Zymbal gland carcinomas. The neopla-
s were in fact morphologically similar to
cinomas, and all were observed in animals

land tumours.

(BT) Project SP1-00350

On the basis
observation on s
experiments was
Laboratories of

The project w
Bologna Institut
peén Industries:
ce),

Solvay (Bel

1971 and lasted

of Viola's results and of the cytological
puta, a systematic and integrated plan of
started.at the Bentivoglio (BT) Research
the Bologna Institute of Oncology.

as sponsored by the Administration of the
e of Oncology, and by a Consortium of Euro
Montedison (Italy), Rhdne-Poulenc (Fran-

cium) and ICI (Great Britain). It began in

for twelve years.
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nistered by dif
and for differel

various species

follows:

1)

2)

3)

4)

5)

6)

7)

8)

The project

The finalitig¢

to detect the

to

on different

to detect the

carcinogenic

to provide 44
VC and the nd
ferent concer

and number of

to quantify 4

ticular refer

to study the
tion of the ¢
which are the
sure, as well

and transplac

to investigate

of the animal

to provide in
important tum

giosarcoma;

to produce an
standing of t

nogenesis.

ferent routes,

ht periods,

evaluate 1t

Is

Ftudied the carcinogenic effects of VC admi

at different dose-levels,
to animals of both sexes, and of
strain, and age.

s of the BT project may be summarized as

possible carcinogenic effects of VC;

he full carcinogenic potentialities of VC

organs and tissues;

most specific target organs prone to the

effects of VC;

ta on the relationship between the dose of
oplastic response, with reference to dif-
trations or daily dose, length of treatment,

treatments;

he carcinogenic potential of VC, with par-

ence to low doses;

effects of different routes of administra-

ompound, namely: inhalation and ingestion
two main potential routes of human expo-
as intraperitoneal, subcutaneous injection,

ental (prenatal) exposure;

the effects of species, strain, sex and age,

s on VC carcinogenicity;

formation on the natural history of the most

burs, with particular refererce to liver an

; information, impertant towards the under-

e pathogenetical mechanisms of VC carci-
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The plan of
7,000 animals,
Information
All the anim
to control for
kept under obse
Full necrops
histopathology
and, whatever t
(Table 15).
VvC, on the b
multipotential
producing a var
in animals of b
rent doses, wit}
by different roj
stion and via p]
subcutanecus in
In the three

lated tumours v§g

an ample range d

~ in rats (Sprag
tumours (parti
cinomas, nephr
broangiomas of

phalic neurcbl

w

the BT Project, which included more than

is shown in Tables 6-13.

on the test compound is given in Table 14.

als were periodically weighed and submitted
the detection of gross lesions. They were
rvation until spontaneous death.

y was made on each animal, and systematic

Wwas performed on major organs and tissues,
ne site, on all the pathological lesions
bsis of the BT Project, appeared to be a

rarcinogen (affecting different organs and

iety of tumours in all the tested species)

bth sexes and of different ages, at diffe-
h different schedules of treatment, and
htes of administration (inhalation, inge-

acenta, and possibly intraperitoneal and
ection).

treated species, the spectrum of VC corre
ried from species to species, and included

f neoplasias, namely:

ue-Dawley and Wistar): malignant mammary
cularly adenocarcinomas), Zymbal gland car
oblastomas,

angliosarcomas, angiomas and fi

liver and of other sites, hepatomas, ence

astomas, forestomach papillomas and acan-

thomas, lung adenomas, and possibly cutaneous epithelial

tumours;

in mice:
adenomas (at h
giosarcomas, a
other sites, a

14ial

AR lastaRITE SR~

mamma

2
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ry carcinomas (adenocarcinomas), pulmonary

igh percentages with cellular atypias), an
hgiomas and fibroangiomas of liver and of

hd possibly hepatomas, cutaneous epithe-

h ~ fArmaemc+rmmank ~mAar i YT A~ -~ -~
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- in hamsters: angjosarcomas of liver, forestomach papillo-

mas and acanthom*s, acustic duct epithelial tumours, and

possibly extrahegatic angiomas and fibroangiomas, cuta-

neous epithelial {tumours, melanomas, and lymphomas and

leukaemias.

The range of theg observed tumours, the relative incidence

of the different tylpes of tumours, the incidence of single

and total neo

type, plasias varied by changing different expe

rimental factors suych as: concentration or daily dose of VC,

schedule of treatment with particular reference to the length

of exposure, age, S
and routes of admin
The data are sum
There was a good
response, particula
mals were considere
The results of t

are shown in Tables

train, and species of the animals used,
istration of VC.

marized in Table 16.

correlation between dose and neoplastic
rly when total malignant tumours/100 ani

H (Table 17).

ne experiments testing VC by ingestion

18-23.

When VC was giver

produced by the comj

L by ingestion,

the range of the tumours

pound was narrower than following inhala-

tory exposure. The #arcinogenic effect was mainly expressed

by the high incidengd

As shown followirn
neoplastic response
{in the range 50-3.]
when the compound wg

The results of ¢tHh
treated with differd
weeks, and with diff]
weeks, have been sub
Fisher exact probabi

correspondenc= analy)

lg inhalatory exposure (Table 17),

s administered by ingestion

e of liver angiosarcbmas (Tables 18, 21).

the
was clearly correlated to daily doses
mg/kg body weight) (Exp. BT 11), also
(Table 20).
e experiments on Sprague-Dawley rats

nt concentrations by inhalation for %2
erent daily dcses by ingestion for 52-59
mitted to statistical analysis, using the

lity test (Maltoni et al., 1980) and the

sis (Tassignon, 1980).
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3)

Following statistical analysis using the Fisher exact

probability test (p <

0.05):

a) the total number ¢f cancer bearing animals per group

were in excess at

b)

treatment, in the
(mammary adenocard
phroblastomas, 1li

sarcomas, hepatoma

lomas and acanthomas,

tumours), six appe

inomas,

S,

the doses indicated in Table 24;

of the nine tumoufs considered to be correlated to VC

statistically analyzed experiments

Zymbal gland carcinomas, ne-

er angiosarcomas, extrahepatic angio

neuroblastomas, forestomach papil-

and possibly cutaneous epithelial

Pr significantly in excess, at least

at one dose level fnd in one sex (Table 24).

The Fisher exact p

probably not "sensitiy

o

tal conditions. In ou
doses which must be c¢
VC treatment (Table 2%

In the experiment &
mours were observed ir
0.03 mg/kg bw by ingefd

would correspond to 2.

Other studies

Subsequent experime
the results of the BT
Groups of 100 male
unspecified) were expo
unspecified) in air fo

months and were observe

lowing 8 month's exposyre,

Tumours,

(100 females,

nts,

meanwhile no

and 100 n

robability test at 95% confidence is

e" enough, under the tested experimen
opinion, there are tumours at lower
nsidered biologically correlated to
).

T 27, no specifically VC related tu-
animals that were administered

tion {which, on body weight basis,

100 mg in a man of 70 kg).
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on a limited scale, confirmed
project.

hnd 100 female CDI Swiss/ChR mice (age
200,

sed to 2,500, 50 ppm VC (purity

7 hours/day, 5 days/week for 9
bd for an additional 9 months. Fol-
49 untreated animals died with
umours were observed in 200 controls

ales), VC was found to produce lung

adenomas, liver angiosqrcomas, and mammary carcinomas. A

dose-related carcinogen

ic effect was evident

(KPQ\ inger et

y




Two groups, each of 12 male and 12 female, 3 month-old,
NMRI outbred Albing mice, were exposed to 500 or 5C ppm VC
in air for 6 hours/fday: 5 days/week. The 500 ppm group
was exposed for only 25 weeks (due to the poor condition of mice)
and the 50 ppm group was exposed for 52 weeks, at which
time the experimenty was terminated. Groups of control ani-
mals were included |in the experiments. Under these experi-
mental cconditions, [VC caused, at high and low concentrations,
pulmonary adenomas, extrahepatic angiosarcomas, and, at
higher concentratidqns, an increase in mammary carcinomas,

and one liver angigsarcoma (Holmberg et al., 1976).

Groups of 36 malle and 36 female, 2-month-old, Albino CD mi-
ce were exposed to [1,000, 200 and 50 ppm VC (99.8% pure) in
air for 6 hours/day|, 5 days/week for 52 weeks; at that ti
me, 70, 52, 46 and 88 animals respectively were still alive.
Control animals were available. VC was found to cause lung
adenomas, angiosarcpmas of liver, extrahepatic angiosarcomas,
and mammary carcinompas. A dose-related carcinogenic effect
was evident for lung adenocmas and liver angiosarcomas (Lee

et al., 1977, 1878)|

Groups of 36 malg and 36 female, 2-month-old, CD rats were
exposed to 1,000, 20, 50 and O ppm VC in air (99.8% pure)
for 6 hours/day, b days/week for 12 months, at which time
the surviving animals (72, 70, 58 and 51 respectively) were
killed. Liver and ldng angiosarcomas occurred in rats treated
with 1,000 and 250 ppm. A dose-related carcinogenic effect

was evident (Lee et|al., 1977).

SPi-00355

Groups of 62 malg and 62 female Wistar rats were exposed
to 5,000 and O ppm \C in air, 7 hours/day, 5 days/week for
52 weeks. Tumours wgre observed in liver (hepatocellular car
cinoma and angiosarqoma), brain, ceruminous glands, and na-

sal cavities (Ferongptal., 1979 b: Feron and Kroes, 1979).




Small groups of
exposed to 6,000, 2
5 days / week for
conditions the anim
following the end o
lung adenomas in 2©
tumours were found
croscpic studies su

from type II alveol

*

5 and

f the treatment.

male, S-week-old, CD1 Swiss/ChR mice were

500 and 0 ppm VC in air for 5 hours/day

6 months. Under these experimental

als were sacrificed between 2 to 37 days

VC was found to cause

of the 27 treated animals. None of these

in the 16 controls. Light and electron mi
cgested that neoplastic cell originate

ar epithelium via its hyperplastic form

(Suzuki, 1978, 1981).

Hehir et al. (19B1, and Unpublished Report with limited
circulation) studiefli the effects of the exposure to several
concentration (50,00, 5,000, 500 and 50 ppm)} of VC vapour,
administered 1 hour}| once, on Fischer 344 rats, and in ICR
mice. The same total dose, 5,000 ppm, was delivered in 10
(x 500 ppm) or 100 {x 50 ppm) times, for 1 hour/day, 5 days

per week, on Fische)
both sexes were useg
varied from 8 to 21
vation up to 24 mont
Interim sacrifices ¢
experimental bicphag
Products Safety Comn

The most importan

the enhancement of

10 and 100 1- hour

the clear-cut enha

tumours in ICR mig

for 1 hour;

the enhancement of]

(also of adenccarc
To

exposures 500 p

1.

L 344 rats, and in A/J mice. Animals of

The age of the animals at the start
weeks. The animals were kKept under obser
hs (rats), and up to 20 months (mice).
ere performed at different periods of the
e. This study was sponsored by the Consumer
ission (CPSC) (USA).

t results of this study are

total tumours in Fischer rats, following

exposure to 500 and 50 ppm respectively;

ncement of pulmonary tumours and of total

e, following the exposure to 50,200 ppm

SPI-00356

total tumours and of pulmonary tumours

inomas) in A/J mice, following 10 l-nour

pm, ancd of total tumours, following 100




l-hour exposures to

Groups of male and

ages (6, 18, 32 and|5

inhalation, 7 hours/jd
age group there werd
femzales.

Control grdgu

of the same number Jf

1981). All

or were kjE

r

et al.,

moribund,
after initial expocsu

as follows: "“The old

=3
=

sed, the greater the
of angiosarcomas in t
in the exposed males
0/37 (0%); 0/44 (0%)

for the females, thes

23/49 (47%); and 11/4
P

Onl

highly anaplastic,
zed to the lungs.
trol rats; that occun
demonstrated that old
ages) and females are
ducing effects of vin
males, respectively."
Four treatment gro
were treated as follo
5 days / week for 52
ethanol in drinking-w
begun four weeks prio
life or termination o

regimen, and filtered

two and one-half years

of VC induced liver an

50 ppm.

female Sprague-Dawley rats:of different
2 weeks) were exposed to 940 ppm VC by

5 days/week for 24 weeks. In each

ay,

110 to 128 males, and the same number of

ps, which were not exposed to VC, consisted

males and females, in each age group (Groth

imals died spontaneously, were sacrificed
led at schedule times (3, 6 and 9 months
e). The Authors summarized their results

r the rats were when they were first expo-
incidence of angiosarcomas. The incidence

he four age groups (from youngest to oldest)
in the non-schedules sacrifice groups were:
3/45 (6.7%); and 13/55 (24%).
2/38 (5.3%);

Most of the angiosarcomas were

Similarly,
e incidences were: 7/47 (15%);
4 (20%) .
imary tumours in the livers that metastasi-
y one agiosarcoma was seen in all the con-
red in subcutaneous tissues. This study

er adult animals (in the studied range of
more susceptible to the angiosarcoma-in-

vyl chloride than young adult animals and

SPI-00357
ips (80 male Sprague-Dawley rats per group)

vs: inhalation of 600 ppm VC, 4 hours/day

weeks; VC, with the same regimen, and 5%

g

ﬁter (V/V) (the ingestion of ethanol was

* to inhalation of VC, and continued for

f the study); ethanol, with the same

air; and filtered air. The study lasted
from the first VC exposure. Inhalation

giosarcomas in 23% of the exposed animals;




IV) EPIDEMICLOGICAL EVIDEN

ethanol in addition
to 50%; concomitant

produced an excess

comas. Ethanol, wit

effect on the endoc

appears to potentia

et al., 1981).

h or without VC,

rine system.

to VC inhalation increased the incidence
administration of VC and ethanol also

f hepatocellular carcinomas and lymphosar-
had a strong tumorigenic
In this model system, ethancl

e the carcinogenic response to VC (Radike

CE

1) Liver angiosarcoma

Following the ed

BT project (Maltoni

rly 1973 results of the experiment of the

1974 2; Maltoni and Lefemine, 1974 a, b),

b

in 1974, more than

in industry, Creech

forty years after the introduction of VC

and Johnson (1974) reported for the first

time an association
Three cases of live
were employed in VC
tion plant in the U
showed that in prev
exposed to VC had d

of experimental ind

and not correlated

In the same and
records and patholo
observations, K and by
logical
were

exposed to VC

Countries (Forman e

investigatid

of exposure to VC with cancer in man.
r angiosarcoma were reported in men who
-PVC industry, in a single VC polymeriza-
BA. Further retrospective investigations
ous years (precisely since 1955), workers
in absence

led for liver angiosarcoma, but,

lcations, these cases were misdiagnosed
/ith VC exposure.

the following years, by reviewing medical

dical material, on the basis of clinical

systematic medical screening and epidemio
ns, other liver angiosarcomas in workers
reported in the USA, as well as in other

4 al., 1985).

At present 119 liy
ferent countries (zéble 26).
The high majority

VC-PVC polymerizatio

~Alirma s o~ A s

nf Pvr

i~

erangiosarcomas have been reported in dif

SPI-00358

of liver angiosarcomas were observed in

N plants, and particularly among cleaners

e



2) Other tumours

An excess of tumoufrs involving different organs and diffe-
rent histotypes (other than liver angiosarcoma) has been
correlated to VC occupational exposure, starting from 1974

(Maltoni et al., 1984}.

These tumours incliyide: angiosarcomas of the duodenum,
heart, kidney, and other sites, tumours of the brain and cen
tral nervous system (glioblastoma multiforme), large-cell
undifferentiated carcinomas of the lung, lymphomas and leuke-
mias, carcinomas of the biliary tract, carcinomas of the pancreas, mammary car
¢cinomas in the women, carciinomas of the urinary tract, hepatocarci-
nomas, and malignant melanomas. The degree of evidence varies
from tumours to tumouns. The most evident correlation is
found between VC expogure and tumours of the brain and central ner-

vous system.

V) THE MILESTONES

The most important stegps towards the knowledge of VC carcino
genicity, including speci|fic oncological research and toxicolo-

gical pertinent contributlfions, are listed in Table 27.

VI) THE MEASURES OF CONTROL

1) Work environment SP1-00359

Until 1973 the Threhold Limit Value (TLV) (ceiling) for
VC in work-place was 5PO ppm or 1.300 mg/ma. It has been
claimed that TLV was ih fact reduced to 250-200 ppm in Ameri
can and European factofies some years before. It must be poin
ted out, however, that| during that periocd the concentration
in work-place was not pubmitted to systemic controls, mean-
while, many engineers,|workers and medical doctors reported
that frequently the cophcentration level of VC in PVC polyme-
rization unit reached the olphactory level (the not unplea-
sant odor of VC can be|detected by someone at concentrations
as low as 30C ppm, but|other people cannot detect it until

the gas reaches much higher concentrations).




2)

The Occupational Safety and Health Administration (CSHA)

issued for the USA an
vel to 50 ppm, followy
logical investigationg
the Maltoni's report 4
were observed in animg
250 ppm. This standard
ge (TWA) of 1 ppm, fol

sarcoma in animals dow

ni and Lefemine,

At present in the U

sure to air contaminan

to VC not exceeds an e}

mg/m3 (1 ppm) in the wq
shift of a forty-hour ¥
employee's exposure may
limit of 13 mg/m3 (5 pp

minutes or less (US Ocq

1975)L

emergency standard limiting VC air le-
ng the first experimental and epidemio
that VC causes liver angiosarcoma and
t OSHA (1974 b) that liver angiosarcomas
1l exposed to VC at the concentration of
was then lowered to Time-Weighed-Avera
lowing the report that VC causes angio

h to a concentration of 50 ppm (Malto-

5A, OSHA's health standards for expo-
Es require that an employee's exposure
ght-hour time-weighed average of 2.6
rk-place air in any eight-hour work
ork week., During any work shift an
not exceed a ceiling concentration
m),

averaged over any period of 15

upational Safety and Health Administra-

tion, 1974).

In August 1877, the
the European Communitie
over one year, for exis
"alarm-value" of 15 ppm

Technological improv

sible to fulfill the re
Food.

The Commission of th

vel of 1 mg/kg (1 ppm)

value proposed by the Commission of
5 for the member Countries was 3 ppm
ting and future plants, with an

ement in VC-PVC factories made it pos-

fuired standards.
SPI-00360

4 European Communities adopted a le-

as the émount of VC which can be pre-

sent‘in packaging, and

in PVC

5
4

(Commission of thle European Communities, 1977,

.01 mg/kg {(ppm) in foodstuffs packed

12787,

The levels of the re

ckaging and beverage con

slidues of VC in PVC used for food pa-

tainers, and therefore the possibili

ty of migration of the mpnomer from‘PVC containers to food

and beverages,

in the las® ten

vreara

have been

progressively and sharply decreasing




In 1674 and 1975 zthe ccn<ent of VC in the PVC walls ¢

~

ty

!

i a -

fu

wine and edible ci|]l containers and in the conzainecd liguids wa

Ui

determined by Wolflf (Clichy, France) and other (Doxyl, BAP,
BAP-Solvic, Rhone-Poulenc) laboratories. The sensitivity limit
of the analytical methods was 5 ppm for VC in the walls of the
containers, and 0.P5 ppm in the ligquids. The results of the
analyses showed a [fevel of VC in the walls ranging from not de
tegtable level to L3 ppm. The content of VC in the liquids were
below the level of| the sensitivity of the methods.

In 1875 the conktent of VC in the walls of mineral water, wine
and edible oil containers was agéin determined by Wolff Labora-
tories, with a method whose sensivity 1limit was in the order of
0.2 ppm. The results of these analyses showed that the VC con-
tents were ranging|from not detectable level up to 0.7 ppm.

In 1876 Wolff L#boratories analyzed the content of VC in se-
veral liquids (ediple oils, vinegar, wine and mineral water)
stocked in PVC (1975) containers, after 6 months of stockage.

' The sensitivity limit for VvC in oil was 15 ppb and for VC in
aqueous liquids 2-3 ppb. The content of VC varied from 15 to
30 ppb in oils, wag 9 ppb in vinegar and wine, and varied from
2 to 3 ppb in minefal waters.

In 1985, with the same analytical method*gn the same Wolff
Laboratories, no VQ@ was detected in natural mineral water (of
different origins dnd types), spring water (of different sour-
ces), soft drinks qf different types, red wines and edible oils

of different types.

VII) CONCLUSIVE REMNMARKS

~

The experimental HT project, and the entire body of research
(experimental, epidenliological, pathological, clinical, environ-
mental) which followeld cr. V7 zarcinogenicity, have brought for
important specific infformaticn, progress, decisions and facts
in the field of VC carcinogenesis and of occupational and envi-

ronmental carcinogene|sis in general. SPI1-00361

As specified by the EEC Commission DIRECTIVE 81/432/CEE,
April 29th, 1981




1)

2)

3)

4)

5)

5)

The studies on V{
VC exposure, and

0of VC related dis

They demmonstrated

lated to human pa

They have constit
field of studies

genesis,

Gocd Laboratory Practice Acts,

biocassays.

hted &

15

carcinogenicity have led to the control of

hopefully the avoidance of additional cases

cases.

that experimental findings can be extrapo-

thology.

model for research protocols in the

@

b1 environmental and occupational carcino-

including a large part of the ones enclosed in the

for long-term carcinogenicity

They have promoted carcinogenicity studies of numerous che-

mically correlated

They have stimulaf
and acts for the @

passing the ones 1

They have contriby

mechanisms in canc

Finally, VC carcin

lesson: the studie
pational carcinoge
countries, must no
lary research, but
component of the d

the developmental

compounds, to assess their potential risk.

ed national and international regulations

ontrol of environmental toxic agents, encom
equiring pre-production testings.
ted to the basic knowledge of factors and

erogenssis.

ogenicity has brought forth an important
s in the field of environmental and occu-
n=sis, particularly in industrialized
longer be considered a retroguard ancil-
rather they must represent an important

pcision making processes which regulate

trends of society.
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VvC

structural

Table 1

and molecular -formulae

and molecular weight

Cl
\\ 4
C = C\
d H
CzHSCl
wt.: 62.5
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Table 2

VC :| production

Methods of productioh: VC is produced commercially
by

- halogenation of ethylene

- addition of hydrogen chlo
ride to acetylene

World production (1976): 10 million tons per year

Major geographical areas of production: Western
Europe, USA, Japan, Eastern
Europe
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Table 3

VC : uses

Major uses:

Other uses:

Miscellaneous uses (in

production
chloride (P
vinyl chlon

ride-vinyli

production

of the homopolymer, polyvinyl
VC) and copolymer resins (mainly
ide-vinyl acetate and vinyl chlo-

dene chloride copolymers)

bf methyl chloroform

the past): as a refrigerant, as

an extracti
terials, in
dehyde, as
gredient of

in medicine

pn solvent for heat-sensitive ma-
the production of chloroacetal-

n aerosol propellant, as an in-
drug and cosmetic products, and,

as an anesthetic

SP1-00368




vC

Table 4

bccurrence (1)

Natural sources:

Workplaces

Water

Food and drink

- effluent

- finished

it is not

duct

where PV(E

R

known to occur as a natural pro-

VC copolymer resins and VC, and

other products containing VC are produced,

used and

VC-PVC

- raw waterp

(stocked f{

stocked

general atmosphere around the plants of

- around inpcinerators

discharged by chemical plants

drinking-water

n PVC containers)

Other

- butter ar

edible o

alcoholiaq

new automn
cigaretts

mari juang

d margarine
ls

beverages

obile interiors
s and little cigars

cigarettes

(1) IARC,

1979;

Maltoni e

t al., 1984
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BT Project on VC car

- 32 -

Table 14

cinogenicity: test compound

Test compound: A) Supplier

B)

Purity

Vinyl chloride
H20

acetic aldehyde
acetilene
allene

butane
1,3-butadiene
chlorophene
diacetylene
vinyl acetylene
propine

methyl chloride

Montedison, Italy

99.97%

100

10
10

10

100

ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm

ppm

SPI-00379
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BT Project on VC carc

able 15

lnogenicity: histopathology

brain and cerebellu
pular brown fat, sa

mus, lungs, liver,

pancreas, (esophagu
segments of intesti
nads (tissues at th

and any other organ

Histopathological exampination was performed on

m, Zymbal glands, intersca

| ivary glands, tongue, thy

kidneys, adrenals, spleen,
) (1),

stomach, various

he, bladder, uterus, go-

b site of injection)(2),

with pathological lesions

(1)

(2)

Only in the experime
ed by injection.

Only in the experime
ed by injection (su

nts in which VC was administer-

hts in which VC was administer-
bcutaneous and intraperitoneal)

SP1-00380

[



e

‘
L4
H

-
© :
a4 '
o '

o
- .

o

2]
!
i
) - {+) (*) . * (+) . FEETL I :

A.v - A‘u on + + - ISNOK
'
(*) . . + + - - + 4 + jey
!
§8315 .
Jayre Jo  sewotbue -
sewo1bue ouqry pue (sewouiaue
sJnowny sewoyy tugiy pur sewotbue Afures)

Selwaeynay ILABEI'P sJnowny - ueIR pue SRWo3S sewoibue ‘sew sJnown) -
put ~1d2 3anp [e119y31da sewou seso[]10ed  -eyQounaUL ‘sewos  oouesorh Sewoys SEWOUTOJRD Jveubiyen !
seyoud 118Ny sesoue |3y snosueln) -ape  buny yoeso3sasoy orjeydadruy sewojeday -Jesotbuy ue 43817 m_ao.:_nuz pueib (equiy hsewoey s59129d¢ H

$3109dc [RWIUR PIISIY 2aJYy) yy ul 'UNSOOX? JA 0] P3AL[9JJ0D aQ 0} umoys suncwal :hjtajuabourdses jp vo 333fosg 3g

91 31q¢e) '



p

|
W
w
1

[able 17

BT Project. Exp. BT 1 : incidence of total malignant tumours in
Sprague-Dawley rats, in relation to concentration
of VC administered by inhalation, for 52 weeks

Experiment Concentration Tumours/100 Animals

(ppm) Malignant tumours

M F Total

BT 1 10,000 80.0 83.3 81.7

6,000 46.7 73.3 60.0

2,500 53.3 73.3 63.3

500 23.3 80.0 51.7

250 23.3 36.7 30.0

BT 1 50 6.7 23.3 15.0
Control

BT 1 0 - 26.7 13.3

SPI-00382
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Table 19

BT Project. Exp. BT1l : exposure by ingegtion (stomach tube) to VC in olive oil at 50.00,

16.65 and 3.33 md/kg body weight, once daily, 4-5 days weekly,

for 52 weeks.

Rsults after 13§ weeks (end of the experiment).

Distribution of the different types of miscellaneous ("others") tumours

Group Sex Animals bearing other tumours
No.
Benign Malignant
- - . - 3 B - - Total
No. Distribution of histotypes No. Distribution of histotypes
1 M 3 2 adrenal gland cortical adenomas 2 carcinoma of the parotid gland 5
1 pheochromocytoma pulmonary adenocarcinoma
F 4 2 cholangionas 0 4
2 pheochromocytomas
11 M 0 - 1 pheochromoblastoma 1
F 4 ! skin acanthoma 0 4
1 cholangioma
2 adrenal gland cortical adenonas
111 M 1 1 bladder papilloma 0 1
F 9 1 subcutaneous lipoma 2 dermal fibrosarcoma 11
3 adrenal gland cortical adenomas osteosarcoma
4 pheochromocytomas
1 polypus of the uterus
Iv M 4 4 pheochromocytomas Z adrenal gland cortical adeno- 6
carcinoma
bladder carcinoma
F 6 subcutaneous lipoma 0 6

1

1 auditory tract papilloma

2 adrenal gland cortical adenoms
2

pheochromocytomas

SPI-00385
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Table 22

BT Project. Exp. BT 27: exposure by inlgestion (stomach tube) to VC in olive oil, at 1.0,
0.3, 0.03 mg/klg body weight, once caily, 4-5 days weekly, for

Distribution of the different {

59 weeks.

Results after 136 weeks {end of the experiment)

ypes of miscellaneous (Mothers™) tumours

Aninmals bearing other tumours

Group  Sex
Benign Malignant
No. - - - - - - Total
No. Distribution of histotypes No. Distribution of histotypes
1 M 3 3 dermatofibromas 0 - 3
f 9 1 dermatofibronma 3 1 kidney fibrosarcoma 12
1 Zymbal gland adenoma 1 peritoneal fibrosarcoma
2 cholangiomas 1 adenocarcinoma of the uterus
1 duodenal fibroma
1 caecum lipoma
1 pheochromocytoma
1 thecoma
1 odontonma
11 M 10 1 dermatofibroma 0 - 10
1 subcutaneous lipoma
1 adrenal gland cortical adenond
7 pheochromocytomas
F Y - 3 1 pelvis carcinoma 3
1 adenocarcinoma of the uterus
1 leiomyosarcoma of the uterus
111 M 10 4 dermatofibromas 0 - 10
1 Zymbal gland adenoma
1 subcutaneous fibroma
1 subcutaneous lipoma
3 pheochromocytomas
F 5 1 skin acanthoma 3 1 fibrosarcoma of the uterus 8
1 adrenal gland cortical adenoma 1 leiomyosarcoma of the uterus
1 pheochromocytoma 1 arrhenoblastoma
1 fibromatous polypus of the utelus
1 fibroma of the uterus
SP1-00389
v M 3 | adenoma of exocrine pancreas 0 - 3
2 cheochromocytomas
f 5 ! 9landUIar stomach polypus 3 1 kidney adenocarcinoma 8
I cholangioma ! adenocarcinoma of the uterus
1 agrenal gland cortical adenoma | fibrosarcoma of the uterus
2 pneocnromocytomas
- - - - RN [FURO—
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- 44 -~
Table 24
BT Project on VL carcinogdnicity: tumours significantly in excess
(Fisher exact pfobability test : p <0.05)
Total cancer bearing animals M 30,000; 10,000; 6,000; 2,500 500;
250; 200; 50 ppm.
50 mg/kg b.w.
F 30,000; 10,000; ©6,000; 2,500; S00;
200 150; 50 ppm.
50 mg/kg b.w.
Mammary gland carcinoma F 150; 50; 25, 10; S ppnm.
Zymbal gland carcinoma M 30,000; 10,000 ppnm.
F 30,000; 10,000 ppm.
Nephroblastoma M 2,500; 200; 1%0; 100 ppm.
F 500; 250 ppn.
Liver angiosarcoma L] 30,000; 2,500; 200 ppm.
50 mg/kg b.w.
F 30,000; 6,000; 2,500; 500; 200;
150; 50 ppn.
S0; 16.65 mg/kg b.w.
Neuroblastoma F 10,000 ppm.
Forestomach papilloma and acanthoma M 30,000 ppnm.
F © 30,000 ppm.
SP1-00391



[able 25

BT Project on VC carcimogenicity: tumours considered

as VC correlateld, at the lowest doses

at 25 ppm ;. over 12D animals 5 liver angiosarcomas,
4 Zymball gland carcinomas and 1 nephro-

blastomg.

at 10 ppm : over 120 animals 1 liver angiosarcoma,
2 extralepatic angiosarcomas and 2

Zymbal gland carcinomas.

at 1 mg/kg : over 15Q animals 3 liver angiosarcomas,
1 extralepatic angiosarcoma, 1 hepatoma

and 5 Zymbal gland carcinomas.

at 0.3 mg/kg : over 150 animals 1 liver angiosarcoma

and 1 hepatoma.

SP1-00392
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Table 26

Distribution by countrly of 119 cases of angiosarcoma
of liver among| workers exposed to VC

Country No.of cases
United States 35
W Germany 26
France 18
Canada 10
United Kingdom 9
Sweden 5
Italy S
Yugoslavia 4
Czechoslovakia 2
Japan 2
Belgium 2
Norway 1
All countries reportijng cases 119
SP1-00393
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The history of

Table 27

V{ carzincaenicicy

4)

10)

1970

1970

1971

(July)

1972
{August}

1973
(april)

1973
1973
(December)

1974
(February)

1974
(February)

1974

1974

1974-75

1976

: lymbal gland carcinomas were repor

(Viola et al., 1971)

: An increase in atypias in respitat

to VC (Maltoni et al., 1974 a)

: A vast project of long-term cardin
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