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THE MUTAGEN!C

1Y AND CARCINOGENICITY OF

VINYL CHL

ORIDE:A HISTORICAL

REVIE

AND ASSESSMENT

In 1974 the first evidence that

lead to &
an enormous amount of epidemiol
carried out and a large volume
general public has been collec
publications by numerous authc
one cover a coherent picture o
(with the emphacis on carcinogg

human health at current levels

A brief Introduction
producing VC and its polymer
and types of exposure to VC ar

expcsure are noted, and the ey

Human occupational exposure is
PVC are manufactured and at
fabricated articies. In practi
The cevelopment of methods f
noted, and the histcrical leve
the

Pyl-produr*inn plente, but by

By far highest Tlevels
50 ppr. Prccress in lowering t

a few ppm or lower.

The general public is exposed
ambient air ir urban areas t
amounts in the vicinity of V(
packed in VC-containing pol
resicual VC cer migrate into
smoke (a few ng/person/day).

have been reduced corsiderad

rere type of liver ca

anc Hist

SUMMARY

occupational exposure to vinyl chloride (VC) could
hcer in man, angiosarcoma, was published. Since then
bgical, clinical and toxicological research has been
pf data on occupational exposure and exposure of the
ted. Thic information is scattered in many types of
rs. The purpose of this report is to present under
" the most important aspects of the toxicology of VC
nicity and mutagenicity), and the risk it poses for

of exposure.

Frical Review is given in which the processes for
polyvinyl chloride, PVC) are described; the sources
e given; the vericus diseases arising from excessive
lution of expcsure 1imits s summarised.

predominantly via inhalation at plarts where VC and
factories where PVC is processed to give various
e skin exposure frem the Tiquid phase is negligable.
pr deterrinirg VC concentrations in air is briefly
e of VC at the various types of plants are reviewed.
hundreds of ppm) were experiercec¢ periodically at
mid-1974 they hec been reduced to, typically, erounc

he levels contirued, and since 1978 they have beer at

to very small emounts of VC : i) from inhalation of

ypically in the corder of SHg/person/day with higher

and PVC plants, i) by ingestion of fcod and drinks

bmers as films, cartons or can-linings from which
the packed material and i1ii) by inhalation of tobacce
Since 1978 emissions from VC and PVC producing plarts

bly,

Between mid-1973 and mic-1075 the amount of

SPi-00683




residual VC in polymers wa$
ppm to about 1 ppm, and thdg
to about 2 ppb over the safp

values of 0.1 ppb or less.

The carcinogenic, mutagenig
Twenty-six papen
it
exposure to the high levels
the liver, there is no con

reviewed.

assessed and is conclu

nor is there any evidence
Clastogenicity wes crly seé

before the marked reduction

Various non-carcincgenic ef{
described under the collec
briefly reviewed. There havs
VC after the early 1970s whe

The experimental studies on
VC are also reviewed. From
it
adrinistared by inhalation

Maltoni, is concluded

harster) it induced hepatic
pulmonary and mammary gland

at which compound-related *u

50 ppm for mice ard 50C ppn

orally to rats, the minimumr

administered as a solution in

was 25 ppm.

VC is mutageric and clactoce
pre

the
Chloroethylene oxide appears

vitro but only in

The liver is the prirery sit
effect is duec tc toxic metabol
The fact thd

oxicuase system.

s describing epidemiological
ded that,
of VC experienced in the past can cause angiosarcoma of

L

also drastically reduced, typically from more than 10
concentrations in food and drink fell from around 100
e time period, and data obtained in 1986 show typical

, clastogenic and related effects of VC on humars are

studies are critically
apart from the well-established fact that

incing evidence that it causes cancer at other sites,

bf teratogenic or heritable mutagenic effects in man,

n at higher occupational exposure levels experienced

in exposure in the mid-197C's.

ects of chronic occupational exposure to VC have been
ive heading "Vinyl Chloride Disease", and thece are
been no reports of such effects in workers exposed to

p VC levels were lowered to a few ppm.

the carcinogenicity, mutagenicity and genotoxicity of
the extensive work on carcinogenicity, much of it by
that VC in animals when
r orally.
aemaciosarcomas, Zymbal gland tumours, nephroblastoma,

is a versatile carcinogen

ITr the three species tested (rat, mouse and
tumours, anc forestomach papillomas. The minimum dose
bours were induced by inhalation was !C ppm for rats,
for hamsters. When VC in PV( powder
Lffective dose was 1.7 mg VC/kabw per
water to the same species, the minimum effective dose

was administered
day. When it was

SPI-00684

nic in vivo., It is alsc mutagenic and clastogenic in
sence of appropriate metabolic activating systems.

to be the most potent mutagenic metabolite.

- of structural damage by VC, and it appears that the
lites whose formation i¢ induced by the mixed function

t, in experimental animais, tumours were inducec in




organs which were not adversel)
tumours developed in the Tivey
hepatotoxicity, is consistent w

.3-

affected in acute and sub-acute studies, and that
at. dose levels well below these found to cause
th a genotoxic mechanism of action.

The major pathways in the metabolism of VC have been established. Ir experimental

animals the key metabolic step
chloroethylere cxide. Although

js its conversion by mixed function oxidese into
this process is readily saturable, the ability of

chioroethylene oxide to bind [covalently to DNA at levels which do not induce

saturation probably accounts fdr the induction of tumours at such low levels. From
studies on the clearance ratds of inhaled VC in rats, mice and humans it is

concluded that rats and mice
metabolite per kgbw than do hume

exposed tc VC pfoduce more of the carcinogenic

ns.

As to the current risks, our donclusions are that although it is not pcssible to

set definitely safe levels of

exposure for genotoxic carcinogens, the evidence

presented in this report sugge$ts that occupational exposure at current levels, as

would be achieved when in compli

ance with, for example the EEC limit of 3 ppm, does

nct present any significent rigk to health. At the atmospheric levels to which the
general public is exposed, in|the order of 5 Hg/person/day with higher values in

the vicirity of VC and PVC plgn

ts, and less elsewhere, the risk of adverse health

effects is even less. The content of residual VC in PVC and copolymers in food ard

1iquid packaging materials has|(f
1970's to below 1 ppm in subsequ

allen, typically from more than 10 ppm in the early
ert years. There has been a corresponding reduction

in the VC content of packed fopd and drirk from about 100 ppb, to below 2 ppb from
about 1977 onwards. Conservative estimates have indicated that the current intake

of VC from food and drirk presen

ts a negligible risk of cancer.
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A.INTRODUCTTION

AND HISTORICAL REVIEW

Since about 1974 vinyl chlor
of all industrial chemicals
enormous amount of clinical
large amount of data relating
public has been collected. By
been completed and reported.

de (VC) has become one of the most intensively studied

from the point of view of its toxic effects. An

and toxicological research has been carried out and a

to occupational exposure and exposure of the general
about 1985 many epidemiological or animal studies had
Most of the information necessary to understand the

toxic effects of VC have beeph obtained. As this information is widely scattered it

is difficult to have a cohere

nt view of the results and developments which form the

background of control measurps currently in force. This is necessary for all who

are concerned with the volunt

As a consequence ECETOC set

carcinogernicity and mutagenigity of VC
exposed workers and the genetal public.
mutagenicity because measuref

autoratically minimise, and
VC-related diseases and cond
concentrations. These other |

of completeness.

The report is set out as foll
Chapter is followed by an acd
expesure tc VC on human healt
under the headings: experimen

ary and regulatory control of VC.

up a Task Force composed of experts to assess the
and their significance for the health of
Emphasis was placed on carcinogenicity and
taken to reduce the risk from these effects would
probably the risk of thcse
itions, which develop only after exposure to "high"
C-related diseases are described briefly for the sake

eliminate entirely,

ows. The short historical review which completes this
ourt of human exposure (Chapter B) ard the effects of
h (Chapter C). Experimental studies are ther assessed
tal toxicology (Chapter D), and metabolism and related

studies (Chapter E). Conclusions from the whole review are drawn in Chapter F. It

is emphasised that only thgse publications

considered.

1. VC AND PVC PRODUCTIOM PRCC

relevant to the task in hand are

FSSES SP1-00686

Vinyl chloride (VC) is a col
in water, and soluble in fats

purless, inflammable, explosive gas, slightly soluble
and organic solvents (Appendix 1).

It was first synthecised by Regnault in 1835. Research on the polymerization of VC
wes carried out in Germany fo provice @ substitute for rubber durino the First

Verld wWar,

but it was not urtil a century after its discovery, i.e. in the 1°92(s,




that the production of VC and
developed industrially. After t
and PVC became one of the most
industry. Worldwide annual prod|
tons.

Apart from its use in the produ
monomers such as vinyl acetate
as
monochloroacetaldehyce.

use a raw material “‘or
Certain
since the early days and are

general anaesthesia.

There are two methods for the
from acetylene and hydrogen chlq
used. They are reacted to give
produce VC and hydregen chlor
production is carried out as a
atmosphere.

Descriptions of VC polymerizatiq
(1975), Barnes (1976), B{
the dispersion
adverse evtvects of VC _on hu
menufactured by the dispersion

Cohan
mein precesses

bulk process was introducec only

of this is given.

1.1 Dispersion Process

As VC is a gas at ambient tempen

at 40-70°C. The reaction is exo

the heat is to disperse the mg

quantity of water. The reactio
polymer is precipitated in the m
pouecus phase, Despite more than

prevent a film of PVC forming

interferes with the transfer of

-5-

its polymerisation to polyvinyl chloride (PVC) was

he Second Vorld War production expanded considerably

important synthetic resins produced by the plastics

uction of the polymer in 1985 was about 12 million

ction of PVC and the manufacture of copolymers with
pr vinylidene chloride, VC still retains some minor

of
important uses have been abandoned

the manufacture 1,1,1-trichlcroethane and

of its less

not considered further. eg aerosol propellant and

industrial production of VC. Formerly it was made
bride but nowadays ethylene and chlorine are mainly
1,2-dichloroethane, which is thermally cracked to
de.
continuous process in plant closed to the outside

There 1is very little exposure to VC, since

n processes have been given by Cook et al (1971),
brinefoy (1977) and Stafford (1977). There are two
process and the bulk process. Because most of the
in which PVC was

an health occured at plants

gLocess, this is described in some detail below. The

in the later 1960s and a much shorter description

SP1-00687

atures polymerisation is carried out in autoclaves
thermic, and the most common method of dissipating
nomer in fine droplets in an approximately equal
h takes place in a three-phase system; the solid
onomer droplets, which in turn are dispersed in the
130 years of research, no way has yet been found to

on the This film
heat between the reactor and its contents, and the

inside wall of the reactor.
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process has to be interrupted periodically to allow the reactor to be cleaned. The
impossible to polymerize VC by a continuous process in
a permanently-closed system lies at the origin of the occupational pathology of
autoclave cleaning personne|l.

fact that it is technically

Over the years, the size of the autoclaves has gradually been increased. Whereas
only a few cubic metres, those in current use have a
and even larger autoclaves are being

the first had a capacity of
volume of several tens of
designed.

In a typical process, deipnized water
followed by emulsifiers, cqtalysts, surfactants, buffers, etc. Air is purged from
the reacter, and the liqujd VC is then pumped into the sealed autoclave under
heated to between 50 and 60°C
polymerisation which then continues exothermically. Once polymerisation has ended,
the autoclave charge is emptied into degassing tanks, and the non-polymerized VC is
degassed and pumped into a [gasometer where it is compressed and then stored under
refrigeration in pressurise¢ spheres. The wet PVC is transferred to mixers in which
in order to make the product

pressure. The autoclave is

the charges from several |reactors are combined
uniform, It is then transferred to driers, and the resulting dried powder is sent
either tc bulk storage silog, or to hoppers for bagging. The autoclave, after being
emptied, is opered, rinsed dnd washed either with solvents or by means of automatic

high-pressure water jets.

cubic metres,

introduced

into the autoclave,

in order to

Nowadays, many precautions

involving the complex systgm of piping, tanks, pumps and valves in which the VC

occasionally. A combination
which involve washing between individual, or a limited number of batches, thereby
reducing the formation of cftusts or deposits resulting from polymerisation. In the
past, the autoclaves were clleaned manually ; gloves were worn, whilst the inside of
the autcclave was scrapped
remove the encrusted polymar achering to the walls of the vessel and the mixing
of polymer| often released monomer when broker, resulting in
dangerously hiah cencentratilons in the autoclave. The usual practice up until about
107C vas not to go into thq vessel, in which the atmosphere was still lader with
menomer, until an explosimefler had been used to check that the autoclave contained

less than about 4CC ppm, ip. a safety margin of around two orders of magnitude

are taken to guarantee the best achievable sealing

to the autoclave which only needs to be opened
of technologies are used for autoclave cleaning all of

with a spatula, or sometimes a hammer and chisel, to

SPI-00688




below the lower 1limit of

instruments are used to ensure

level is at or below 10 ppm.

1.2 Bulk Process

Liquid VC under pressure, plu
charged to an autoclave whers

-7~

gxpiosivity of VC. Nowadays much more sensitive

thzt entry into autoclaves occurs only when the VC

S a free-radical catalyst and other additives, are

P pre-polymerisation occurs. When 8 to 12% of the

monomer has been converted into polymer this "seed" material is passed to the main

polymerisation autoclave whe
polymerisation is &llowed to

removed and recovered, and the

In the period between
periods of several davs or we
monomer by diffusion into the

2. PVC CONVERSION PROCESSES

PVC is converted into a wide
blending. Most of which invol
formed into solid articles (b
or rigid or flexible ilm (b
part of the vC
described above can lead to 04

residual is

3. PVC PACKAGINGS FOR FOOD AN

its production and use,

te further VC, etc. are added and the
po substantially to completion. The remaining VC is

dry poiymer is then screened, and passed to storage.

catalyst,

PYC is stored in warehouses for
Pks and can lose significant amounts of its residual

g tmosphere.

rance cf products by various processes, including dry
e heating until it softens or melts. It can then be
y extrusion, thermo-forming, or rotational moulding),
y extrusion or callendering). During the processes,
expelled from the PVC. The industrial operations
cupational exposure to VC.

DRINK

Exposure of the general pub)
foods and drinks in corteirern
in the polymer may migrate
ingested by the consumer.

4. EXPOSUKRE TC VINYL CFLORIDH

An the popu’

steeply-decreasing degree of

inventory of

C can arise from the packaging of a wide variety of
or film made of PVC or VC co-polymers. Residual VC
and mirute amounts can thus be

L4
-

into food or drink

tior oroups liable to be exposed to VC shows a

evposure, in the following crder (Bonnefoy, 1977):

SPI-00689
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1. Polymerisation unit workers - the most heavily exposed because of the many

manual operations, the
installations are often
2. Workers in monomer produd
process under pressure
situated in the open air.
3. Workers in plants where |
have always been very low
resin,
4. People living near plarts|
5. Consumers of food and dr
monomer.

More details
Chapter B,

The concurrent publication |
exposed experimental animals

reduce the expcsure at workplaces.

recduced and atmospheric cond

about the 1lpvels of

frequent opening of equipment and the fact that the
ituated inside buildings.

tion units - only slightly exposed since the continuous
ecessitates sealed systems, and the installations are
VC is converted into manufactured articles. The levels

, as the only source of VC is traces released from the

nk packed in PVC or VC copolymers contairing residual

exposure of these groups are given in

n 1974 of papers on angiosarcoma of the liver in VC
and man stimulated a major technological effort to
The result was that exposure was markedly
entration limits in the workplace were lowered, e.g.

from 500 ppm (ACGIH, 1970) tb a "harmonized" long-term Limit Value of 3 ppm as an

annual average in the Europg¢an Communities (EEC,

time there was a sustained e
ard hence in food and drink
set a limit of 1 ppm of resil
ppb in food or drink resultin

5. EFFECTS OF VINYL CHLORIDE

1678), cf table 1. At the same
ffort to lower the amount of residual monomer in PVC,
packagec¢ in PVC-containing materials. In 1978 the EEC
dual VC in PYC polymers, and a migration limit of 10
c from the packaging (EEC, 1978).

DN HEALTH

There are many reviews of thg

Foa et al (1974), CIRC (1674

Szadkowski (1976), Heuse (1

toxiccleoy of VC, eg. Schottek (1969), Viola (1974),
, Haley (1975), Hublet (1975), Truhaut et al (1975),
h78), (1979) (1980). In acddition

Binns and Veltman

Cavigneaux (1975), Heiman etlal (1975), Warren et al (1975) and Szadkowski et al

(1982), have produced bibliog

Faphic inventories.

Our understanding of the tcxicclogy of VC developed in three historical stages as

set out below.

SPI-00690




5.1 Effects on the Central Ne

During the early period cf th
effects of VC on the CNS,

concentrations, were recognise
symptoms include euphoria, head
manifested in man at concentn
Mastromatteo et al (1960), Cos
(1974), Moulin et al (1974),

(1976) and Delorme et al (1978].

5.2 "Vinyl Chloride Disease"

rvous System (CNS) (roughly from 1930)

b industrial development and use of VC and PVC, the
3t what would now be considered to be very high
i in experimental animals and man (Patty, 1930). The
faches, dizziness and loss of consciousness which are
ations of several thousand ppm. See, for example,
rdier et al (1966), Berod et al (1972), Lange et al
Lilis et al (1975), Truhaut et al (1975), Walker

roughly from 1957)

In the 1950s a variety of other
exposure to VC at concentratig
were first described by Filatg
The effect
tissue of the fingers accompan
of the sp
bere-disease resulting in de-g

chloride disease”,

Tiver tissue and

and affecting largely the

commonly, osteolyvtic lesions an

effects became recognised as resulting from chronic
ns of (probably) several hurdred ppm. Some of them
va (1957) and were later collectively called "vinyl
included a sclerotic condition of the connective
ied by a thickening of the dermis, and from fibrosis

leen. Another effect 1is acro-osteolysis, a rare
alcificetion of the terminal phalanges of the hand
autoclave scrapers" (Cordier et al, 1966). Less

e observed at other sites in the skeleton.

Acro-osteolysis is frequently preceded by a Raynaud-type phenomenon in which there

is a reversible constriction o
pallor, and cyanosis of the fin

£.3 Carcinogenicity (1970 and

While attempting to reproduce 4
Viola (1970) and Viola et 21 (
skin, lungs and bones. A few yj
identified in addition an incr
significant findinc was also m
reported that a search of the
reveeled three cases of death

cancer) amorc the deceased wor

be inhalation at high levels (j

F the artericles cf the fingers leading to numbness,

aers.

onwards ) SP1-00691
cro-osteolysis in rats exposed to VC by inhalation,
1971) found an increased incidence of tumours of the
ears later Meltori et al (1974) confirmed this, and
rased incidence of anciosarcoma of the liver. A most
3de in the same year when Creech and Johnson (1974)
medical files at a Goodrich plant in the USA had
from angiosarcoma of the liver (a very rare form of
ers. It was recognised that the cause was likely to ‘
robably a few hundred ppr) of VC over long periods. l .
-5
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This finding, in combinatiol with results from experimental studies, initiated an

urgent and radical worldwid

e revision of measures for protecting the health of

groups of people exposed to VYC, and simultaneously led to extensive epidemiological

and animal studies which are

6. EVOLUTION OF OCCUPATIONAL

described in the following chapters.

EXPOSURE LIMITS

In parallel with the discovg
technolegy to lower the con
analytical capability, the
summarised in Table 1.

bry of the toxic properties of VC, the development of
centration in occupational atmospheres, and improved
various recommended exposure limits were lowered, as

SP1-00692
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B. EXPOSURE OF HUMA
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N BEINGS TO VINYL CHLORIDE

1. ODOUR THRESHOLD

The odour of VC could be detect

opened and while they were be
have given differing values of
who carried out experiments wi
4000 ppm respectivelv. Cook et |
Bauer (1974) reported that the
and 2000 ppm, while Baretta ¢|
subjects recognised the odour
quickly. Lefevre, quoted by Huf

2. OCCUPATIONAL EXPOSURE

2.1 Locatiors
Occupational exposure tc VC by

- VC producticn plants,
- VC polymerisation (PVC-pr$

!

- PVC processing areas.

It is important to distinguis
correspond, to markedly diffe

incidence of various adversg
PVC-production plants and th
consequently been much more

locations being scarcer,

Skin exposure to VC in its 1ip

the closed manufacturing proces

ed in the neighborhood of autoclaves when they were
irg ventilated prior to cleaning. Various authors
the odour threshold. Viola (1974) and Patty (1966),
th human volunteers, put the threshold at 5000 and
al (1971) put the lower odour threshold at 400 ppm.
range of perceptible concentrations was between 200
t al (1969) reported that one of the experimental
bf VC at 250 ppm, although the sensation faded very
let (1975), puts the threshold at as low as 150 ppm.

inhalation can occur at three different locations :

duction) plants,

between them because, especially in the past, they
VC concentraticns and the

effects undoubtedly highest
e measuremert/monitoring of exposure Tlevels
date from the other

ert levels of exposure,

or health were in

has

extensive at these plants,

uid phase is of no practical consequence ir view of

S.

SPI1-00693
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2.2 Measuring and Monitoring Methods

puring the early industrial manufacture and polymerisation of vinyl chloride only
limited measurements at workplace atmospheres were carried out by simple grab
sample methods based on :

- the halide lamp detector| in which the colour change in a flame was
observed when it was supplied with air containing VC. Workplace air

samples were taken intp a syringe or evacuated flask and tested in the

detection being around 5C0ppm, the ACGIH Threshold

n 1959. The method is not specific for VC;

for the (non-specific) detection of VC in the 1950s
and 1960s. Initially, tWe 1imit of detection was around 200 ppm, but it was
progressively lowered tc|about 40 ppm.
Gradually more sophisticdted techniques became available, such as :

- colour-indicator test tupes cf the [raeger or Gastec type, with a detection
limit of down to 1 ppm

Ve,

laboratory, the limit of
Limit Value established
- explosimeters were used

Hepending on the measurino range. The tubes are not

specific for since other ursaturated or halogenated hydrocarbons

interfere;

- GLC or infra-red absorptfcr techriaues specific for detecting vinyl chloride

in workplace air samples,
" This
detection depends on samp

gas bags". techn

develcped for continuous
- varicus portable direct
absorption at specific
Lavery, 1974; Ketterer, 1
- non-specific direct-read

detectors, or more recd

which were taken into syringes, evacuated vessels or
in the 1960s. Its limit of
e size, but is usually well below 1 ppm; it has been

ique became available

irea monitoring.

infra-red analyzers with
Frequercies has also been described ¢
0745 Thain, 1975).

ing

reading equipment such as

kilkes and

instruments, various flame-ionisation

e.qg.
rtly rchcto-ionisation detectors, used since the

nid-1970s tc determine atmospheric VC a* the ppr level,

Reference has alsc Lbeen n
and Miller, 1974;.

Early measurements of Tine Wei

on the basis of the time spent

grab samples cf workplace air
scphicticated methods had beco
TWA measurements to be made by

Air from the

breathirc zere is

ade to application of paper-tape analyzers (Denbera

SPI-00694

chted Average (TWA) exposures were often calculated
in given areas by the worker and the VC ccntent of
taken supposedly nearby. By the early 1970s more
ie available and were increasingly used, perritting
personal monitoring in the worker's breathing zone.

drawn by a small light-weight pump through a carbon




absorber at a pre-set rate. The
GLC after solvent or thermegl
Rasmusson, 1§74; Ketterer, 1974
1980),
further experience is necessary

(Perkin-Elrer, i.e. wif

1970's
polymerisation plants

In the early location

was dev

measurements at a number of flixed locations

The

many times during each shift,

plants inside a building.

workplace concentration of shift

Since the early 1970s, persona
with portable equipment carried

2.3 Levels of Exposure

~
4

.3.1 VC-production plants

There are little or no publishe
that 8-hour TVWAs for personal 4
The
filling, and levels were subsg

45 ppm for all employees.

hoses tefore disconnection and

filling. From 1977 onwards tH
1985).
In general, exposure levels i

certinuous and the systems clos
where the process is discontinu

be opened periodically.

2.3.2 VC-polymerisation plarts

There are Tew data on the expg
carcinogenic role of VC was dis

et al, 1977) reported workplacy

kloped to give continuously-operating,

providing in addition a near-instant review c¢*

quently reduced by careful purging of the
e 8-hour TWA was below & ppm (Jones,
n VC production plants,

bd, are lower than those in PVC-manufacturinc o *'
bus and parts of the plant (e.g. autoclaves) 2/ 3§

sure oY workers in polymerisation halls befc’

Fovered in 1974, In 1957, Filatova et al (see /'

-13-

absorbec vinyl chloride is subsequently analysz< 1.

desorption (NIOSH, 1975; Hill, 1974; Zac-. onc
; Thain, 1975). Recently, pessive sampling ce..rrs
h no pump, have been used for this purpocz fut

before their performance can be fully valida“z-.

monitoring predominantly in VC producticr &nc

A}
D

sequzr*

in the wcrkplace, particular’. ‘or

ke extensive menitoring systems scan the worrs .r¢

the

, weekly and monthly exposures.,

exposure concentrations (TWAs) have been mezg,rud
on the worker.

d data before the mid-1970s. Oelfke (1974) rez--'#d
1o -

V]
+

xposure at two VC plants were in the range o

highest exposures were asscciated with te-~ KL
g ]

of

T.

better techrioues for warning of the complet--’
1981,

in which the procz:~
' I3

SP1-00695

atmospheric levels of VC of 20 to 315 ppm. '’
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et al (1972) quoted average
exposed to more than 300 ppm
100 ppm in reactors after vg
into the autoclave, but lev
workers' hands during scrap
measurements in 1967 which s
at thet time was in the reg
study carried out by Ott et
exposure profiles were give
po]ymerisatibn units of an

atmosphere had been carried

than those reported above.

-14-

values of 10 ppm and stated that some workers were
TWA. Cook et al (1971) found concentrations of 50 to
entilation, i.e. when the autoclave cleaner went down
b1s of 600 to 1000 ppm could be detected around the
ing. Hublet et al, 1977) carried out
howed that the average exposure of autoclave scrapers
on of the TLV, i.e. 500 ppm. In the epidemiological
| al (1975) (see also section C.1.l.a), very precise
in the

Lefevre (cf.

n for workers carrying cut different tasks
American company where continuous monitoring of the
out Trom 198¢. These values were significantly lower

Several authors estimated avqrage exposure levels prior to the mid-1970s from the

rather 1imited data availabled

1975; 1976;
accurate personal monitoring
et al, 1975; Milby, 1977; Jon
different,
polvmerisation plants were br

al, Barnes,

and there is

gen

Until the mid-1970s,

Hamsteen et al,

peak exposures,

(see Baretta et al, 1969; Ott et al, 1975; Siciu et
1978). By about 1974 onwards, when
became possible, the levels were much lower (Barnhardt
bs, 19€1). The various author's estimates are rot very
bral agreement that historical VC concentrations 1in
badly as in Table 2 (Dewrick, 1974; Barnes, 1976).

probably of greater than 1000 ppm, often

cccurred during autoclave cidanirc. The data in Table 2 are reasonably consistent

with the following staterment

"Since early occupational
effects (dizziness, heacs
peak exposure ievels of s
Air monitoring data ir crn
1959 indicate that & hour
range 120 tc 2% ppr. Thi
plants. Peak exposures p

The made in

polymerisation plants in the

prcgress

This trend hac certinued Lo

plants located

Towerfirg

ir EEC member

by Sittig (1978):

health studies cften reported acute toxic

rhes, nausea, etc.), it can be assumed that
bveral thousand ppr were experienced at times.
group of PVC plants during the period 1950 to
TWA exposures in these facilities were in the
L may not be typical of exposure in all PVC

robably exceeded 1,000 m".
oRenly e PP SPI-00696

the weekly-average VC concentrations 1in c<ever

K during 1974 and 1975 can be seen from Table 3.

the present day, current average concentrations in

states falling well withir thke recuirements of the




A
A
1
4

European Communities Directive [EEC, 1672) on the health of works~: e :-.:¢¢ 10\, ;
i.e. & ppm over 1 h, 7 ppm over] 8 hs, 6 ppm over 1 week, 5 ppm zyvz- : ~onth and 3 !
ppm over 1 year. F
2.3.3 PV(-processing plants : l
{
Atmospheric VC-concentrations aL these workplaces were, even ir z:+= z247ly 19705, M
generally below 2 ppm (Dowrick, |1974; Becker, 1974), although irsgw~—<=+.-" pPErsOna) s

exposures of 60-120 and 1.5-2.2|ppm &t the site of mixing and t z--:- operetions
at 70-110°C and 46-€8°C, respectively, were recorded by Oberg (18~:' w.snavita et S |
21 (1983) mace grab sample measyrements &t 2 single PVC-processing -7a-+ from 1872

onwards, finding atmospheric cqncentraticns cf 5C ppm or more ir 377, falling K

generally to 1 ppm in 1974 (with| cccasional peaks at 10 ppm) and tc Tcwz- levels in
subsequent years with the introduction of cdegassing procedures. ‘: T
)

Because the level of reciduel VL in PVC has fallen to 1 ppm or less order to "'
comply with regulatory requirements, eg. EEC (1978), there car be 1i---- 4oubt that i L
currert levels in the atmosphdres of PVC-processing units are cc--+eponcingly . r
Tower. ) t
. ¢
2.3.4 Discussion 5 .
inyl .‘ L

Although this brief summery ic bflieved to be a true reflection ¢f hf;*,',”ca] v
(,or.ditions

chloride exposures, it must be remembered that at some factories wr---:=
untries

ray heve existed than in those [for which data are given above. lr g-r¢ CO
.‘r-, ol Sma1l

nf hygiene g
were.g;

there i¢ 2 remarkable clustering of cases cof angicsarcoma of the 1¢y=-

number of factories, suggesting| that working conditions anc starcz-<-

varied between factcries. Thug, cases of ASL 1in PV(C-productic- = erts t"l ) ’
restricted to 1 out of 16 Japanese factories end S out of 28 US fag=--~- 5> r23 O:C'Af'
. . . . | t
of 32 ceses were in just 2 plantp). At 2 US chemical PVC plant in Mig z<%» USA,s As
average concentrations were much| Tower than those given in Table 0 (= uefs 1975)1."
icte
a consequence the results of afimal studies by Torkelson et al [-%z% - stric
ras S
in-house c<tandards were introdced, and until now there have bez- -~ ~° et{
. . . . aticy
anciccarcoma of the liver at the plant despite the fact that it stz-=»~ cper
in 1950 (Bennett, 1985),. k-
" (Benn ) . SPI-00697 3
whels
It is clearly difficult to quantify expccures retrospectively, pa=z-- - er vy t" B
' ,es 11938

there are no, or only limited, dontemporaneous observatiors. Ir a-,




attempting to relate the incild
specific exposure data of the

in the above survey.

It can be seen from the fon
exposure of humans, the inhal
up to about 3 ppm (the EEC 1
several thousand ppm for expos

3. EXPOSURE OF THE GENERAL PUS

pgoing review that,

-16-

ence of disease to exposure, it is essential that the

study population be used rather than the general data

in relation to the occupational

ation toxicology of VC is of interest in the range of
year average limit) for current exposures, and up to

ures prior to the mid-1970s,

LIC

3.1 BY Inhalation

The general public may be ex
originating from VC plants,

(1978) measured

residential suburb; at the si

Lahmann et al

the middle of ar industrial an
each site from January to Jul
was between 0.11 and 0.15 ppt

Exposure of the public to VC 3
smoke of a typical 85 mm-long
the analyticel cet: suggesting
determines the armcurt of VC fo
3.1.

1 Plant emission levels

The US Envircrmental
concentration in air around pc
and Meeks (1977) sampled air a

Houstcr, Texas, where 40% of t

106 greb samples, 82 containe
C.CCLl ppm, 2.6 Hg/m?). The hi
x 103 ug/m3).

n
.

1.2 ppm (3

Protectid

posed to VC present in ambient air not necessarily

the concentrations of VC at 3 sites in Berlin - a
fe of a road with a high density of traffic; and in
ea. Fifty samples were taken at 15-min. intervals at
y 1977. The average VC concentration at all 3 sites

C.3 to 0.4 ug/m3).

1s¢ arises from smoking tobacco. In the "mainstream"
cigarette, 12.2 ng of VC per cigarette were fcund,
that the total inorganic chloride content of tobacce

rmed (Hoffmann et al, 19876).

n Agency (EPA, 1976) reported that the average \C
ymerisation plants was 0.017 ppm (44 Ug/ma). Gordon
t randomly-chosen locations in industrial! regions of
he total US viryl chloride capacity is situatec. In
levels of VC beleow the detection limit (probably

hect cencentration in the remaining 18 samples was

g

{

SPI-00698




A survey of atmospheric VC 1
VC-production plants in the UK
inhabitants were exposed (Aror|
that 97% of the readings were bg
0.12 ppm, compared with the UK ¢
time. In a follow up study cong
factory sites (Turner et al, 19
(measured at 100 to 1050 m f

mz1function. For the entire two

Site No, Distance from
emission

point (m)

670
570-1000

680
100-1050
180-540

W o

The datz for Site 4 are not ex
and the only pratical sampling

Dirrick (1981) the
VC-precucing, PVC-producing ang
not very clear, but seems to hs

buildings or area. The finaings

reported

- VC plants the arithmet]
from the piant (the dist
rrm (2.4 dg/m3).
103 Hg/m3), probably in tf

- PVC procuction plants : t
m from the plant was 0.04

- PVC-processing plants 4

plant was 0.007 ppm (17

concentration of Cl4 of ¢

(1.3 ug/m3).

.

actly comparable, production ca

i
The maxi

he arithmetic mean of grab sampi=z==

her was below the limit of detec-

-17-

bvels at housing areas within rr of Ay
was performed to assess the "= = to whiy) "l % 1s
! ! X
1978). Preliminary results frzw <~ = Pplan e

t "'N ‘

Tow 0.034 ppm, and that the higrez- Z2ily v, %
ccupational exposure standard of .1 2om TWA "y i

. t 3
ucted in 1984 when data was obwz- =&< from (|, J‘t 3
84) lower ambient VC levels were -==Zined m“"mr. 1
rom source), except during per- <7 <% Ming '4‘.‘~ <
month sample period details wers ol
Overall 24 hr mean, Highes: <= . 24 M P (n
1976-78 1984 1976-"% 1984 & 1s
i ep
TR e
0.015 <0.005 0.1: 0.011 L
0.028 <0.005 0.2 £.009 : The
0.008 <0.005 0.1¢ 0.038 e
0.020 0.088 0.17 0.84
0.029 0.020 0.37 0.20

B 3

I

e

- it 3

- -

Ty had 1!;("“;
point was close to the plant (1C7 -~ !

B! o

PVC-processing plants. The locz=- =" Of sanfiipy g Sve:
ve been on the factory proper. - .--°ce of 'h'plu!

were as follows: : Ao’

N-

¢ mean of grab samples taken z= =r-7€ thor 106f -

;. el

ce wes not better defined in t-z -ZPer) wat §, 1.
um 24-hour average concentratic- ¢=- -0/ (¢ (B

e direct vicinity of the plant. i~
< more th‘ﬂ’(

¥

z

ppm (11.5 ba/m3). 2
he highest 24-hour average concz"
ug/m3). Out of 313 samples, <74

- cetion arouM:
24-hour pyi
ie, ),

e t N

-
. ?
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n

years despite maf
£ 40 Dutch Ministry

,./e1s of VC in the [N

,.rie van Volkshuisvp
ar.ve Dutch Criteri

.7 the Dutch populatj

$
i e ,lated from the emi
dole ct

he 0t
o

‘q’.rage)'

ghu*t concentrations
,Jose to VC and FV{

(& vg/m3) at a d

; o8 'm reu"'“‘ﬂ maps and popula
001 % of the Dutch populet
!i"ﬂ)' (), 16% to levels of 0
. (s lculated daily expog

average (¢ fmore than 10C lgr f

Rag-har osample ot the reduct
3.3~ ¢ the Cutch Criteria Dg

Ei:::c ! 320 kg VC/hour was
®t,-311, Nas reduced the sun
beloy

pf Physical

-18-

taining capacity, emissions have been lowered, for

Planning and Environmental Housing quote
etherlands to be :

year air emissfon (tons)
1975 4,073
1978 1,340
1981 356

sting, Ruimtelijke Ordering en Milieubeheer, 1984),

Cocument an estimate is given of the inhalation

on. The average cocrcentration in the Netherlands as a

ssion and dispersion data is 0.00001 ppm (0.2 Hg/m3).
ere calculated to be 0.0C1 ppm (2 kg/m3)

(annual
plants calculated average concentration ranges from
stance of about 1Km tc 0.0005 ppm (1 Hg/m3) at a

tion density data it seems rezsonable to assume that
forn is exposed to average levels of 0.0C2 ppm (5-6

0015 ppm (4-5 Hg/m3), and 0.05 % to 0.0013 ppm (3-4
ure therefcre ranges from 4 Hgr per person per day on
or the upper 0.01 % (5-6 Hg/m3) of the pcpulation.

jon measures over recent years can be found on page

cumert :

dramatically recucecd after 1976/77 to 20 kg/hr. This
rounding ambient air ccncentrations, as illustrated

SPI-00700




Year Distance 4
plant
1976-77 > 600
600 m
post 0-200 m
1976-77 200-500 m
>500 m

3.1.2 Legislation regarding i

rom Samples Concentrn! It
g/m3 e
PR
average concentration 210 .
maximum concentration 600 " :
average concentration 86 " ;fi
average concentration S5 : /‘
average concentration 18

-19-

halaticn

The Task Force is not aware

ambient air concentrations for
In The Hetherlands an unoffj
ambient &ir is being used. TH
exposure to 0.001 mg VC/m2 {
risk of 1 in 10% per 1lifeti
Council, 1987).

2
e

3.2 By Ingestion

Mary consumer goods are packags
The general public is thus pot

consumcs cr uses the goods bdcauses residual VC in the polymer or

migrate into the packaged cont

3.2.1 Sources of ingestion

and VC copolymers, are wi

bottles produced by blo

cooking oils, vinegar, etf

rigid film (either calen
chaped containers by subs
¢f butter, rye-bread, swe
flexible film, manufactu
appliec to wrepping so
vegetables and sometimes

coatings in metal cans.

of official and enforceable regulatione f ' '™m :
VC in Western Europe. )
cial target cencentration of maximum ! ¥ rf for » !
is value is based on an estimation tha! L41t1nu$n ;‘
8 ppb) corresponds to an additicnal car’*f ve.alig B .
me for the general population (Nether LG Heait?j4‘f'k‘

/ /,;/’/]yg !

rd in various physical forms of PVC or /©
i’

entially exposed to very small amounts 0!

. !
t /e

prts.

/,‘

fely-used in food packaging in the form
;-moulding for containing liquid foc”’
o)

fered or extruded) which is convertec
bquent vacuum- or pressure-forming, fo-
pts, biscuits, salads, etc.;

red by blowing or calendering, whic*
1id foods meat, <!

Cheese;

, 4/

) 4

il

such as cheese,

SPI-00701




Another
potable water. Ir & number

important use of A

corsists of plastic - mainly

Two other sources of potenti

pharmaceuticels and toys.
mentioned above, hcwever,
negligible.

3.2.2 Ceneral aspects of in

-20-

VC is 1in pipes and auxiliaries for the transport of
of countries a considerable part of the water network
PVC - pipes.

al oral exposure to VC are via PVC-based packaging for
In comparison with the cther areas of application

Migration
Potential health hazards exi
into food in significant qud
wrapped in PVC, migration in
simulants (EEC, 1980, 1981, 1

Ethyl Corporation Inc, in a
cevelopecd a model of the nf
1686).This accurately predi{
from 80 to 330 ppm of VC. TH
PVC sheet contairirg much loy

C.2€ ppm of VC, in contact

cercertrations of 2.4 and 1.f
1977). The model predictes thct

ppm, as coniirmed by the abovd

It hee beer argued that in P
latter is bourd tc ective sit

FDA (1986) did not support thj

3.2.3 Typical values for VC 3

is the mass trang

exposure to VC originating from these sources is
estion via migration
fer of a substance to a medium in contact with it.

st when substances migrate from a packaging material
ntities. Because so mary different types of food are
to food and drink has been established by the use of
9ec, FDA, 1986).

series of reperts to the FDA dating from 1975 have
igration of VC from PVC into food simulants (FDA,
ted the extent of migration from bottles containing
e FDA later confirmed the accuracy cf the model with
er concentrations of VC sheets containing 0.44 and
with 50% agueous-ethanol,for 19 days at 49°C ceve
Ppt in the simulant respectively (Diacherkc et al,
migration will occur even if the VC level is below 1

b figures.

VC containing less than 1 ppm of VC the monomer the
bs and will not migrate (Kontominas et al, 1985). The
s hypothesis,

r PVC articles and in food SPI-00702

Eviderice has been produced sh
influenced by each link in t
content of the newly-preccuced

centent since monomer is lost

powdering blend is

influenced

bwing thet the VC content of a fabricated article is
e production chair (UK-MAFF, 1978). The initial VC
polymer used for blending influences the residual VC
during intermediate storage. The VC presert in the
by the processing conditions, which in turr affect




the VC content of the fabri
simulants has been shown to

material, the storage time, ang

A number of investigations on
and in food or drink in cont
during the past few years (UK
Ehtesham-Ud Din et al, 1977;
1984). Because in this report
VC in food and drink at curr
discussed belew.
a) Levels of VC in polymers.
achieved since 1974, The U
about 2C% of PVC bottles a
early 1977 all contained lg

Substantiation of this re
Society cf the Plastics 1
bottles and from Union Carj

Levels in food and drirk.
shown by the UK-MAFF (197

cooking oil fell from cver

detecticn of the method of

A recent review (Codex Commit
levels in food and drink areg
than some of the earlier valu

have pro
in food

The UK-MAFF (1087)
residual VC levels
anzlysed using methods of ana
2 ppb. VC was detectec in ¢
being 0.04 ppb (sic) in sunf

Kontominas et al (19€f) stud

food simulants; distilled wg

Ps noted above.
vided the results of a three laboratory -survey

Tysis with limits of detection ranging from 0.1 ppb

n
lower 0i1 and 0.74 ppb in orange drink,

ter,

fated article. The amount of VC detected in food

be clearly related to the level in the packaging

the temperature.

the residual VC content in PVC packaging materials
bct with them have been reported in the literature
-MAFF, 1974; Fuchs et al, 1975; Rosli et al, 1975;
UK-MAFF, 1978; van Lierop, 1979; Codex Committee,
we are concerned with the potential cancer risk from
ent levels, only the more recent data on these are

A significant reduction in these levels has beer
FMAFF (1978, 1984) reported that whereas in 1974 only
alysed contained less than 10 ppm of residual VC, by

ss than 1 ppm.

luction has been provided by reports from the U.S.
hdustry (SPI, 16€7) of VC levels of 10 ppb in PV(
ide (1980) on an estimate 100 ppt VC in can coatinge.

These have also fallen substantially since 1974 a%

B, 1984). VC levels in concentrated fruit drink ar

100 ppb in 1974 to less than 2 ppb (the Timit of
analysis) by 1977,

tee, 1984) demonstrated, that in general, residual V/

well below 10 ppb, a maximum value which is hiqhef

I!’

v/l'f’.r

and drink undertaken during 1986. 50 samples

ly 5 of these samples, the highest recorded 1¢V%'g
SP1-00703

ed the migration of VC from PVC bottles into 597”"
acetic acid, n-heptane and olive oil. Lt

o

3%




exaggerated storage conditio
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s (4 months at 35°C), migration of VC from the bottles

containing the highest residual level (121 ppb) resulted in concentrations of 1.8

ppb in n-heptane and 1.7 ppb

3.2.4 Estimated average inta

in olive oil.

ke of VC by ingestion

By considering the typical d
beings, and their VC content,
maximum VC intake/person/day
MAFF, 1978) but less than 0.0

similar values. They calculated the intakes from :

food packed in PYC, or VC-VDC

aily consumption of various foods and drinks by human
the average daily intake of VC can be estimated. The
in the UK thus was calculated to be 0.1 Hg in 1976 (UK
? Mc/d in 1978 (MAFF, 1984). The FDA (1986) arrived at
0oil, liquor and wine bottles;
co-polymer, film, and other sources. The upper limits

of these were surmed to give d total maximum daily intake of 0.025 Hg (25 ng).

3.2.5 Eveluation of risk to

C by ingestion

Til et al (1983) have estimated the cancer risk in humans from the oral intake of

VC, based on the results of a

study in which rats were fed a diet containing VC as

residual monomer in PVC. They|used a linear model to extrapolate their results to

man and estimated that at an
risk cf cancer was 1 1in 106.

bral intake of 0.4 Ug of VC per person per day the
They concluded or the basis intake values at 0.1 Hg

the risk of cancer was further|lowered by a factor of 4. They noted that the linear
extrapelation model is conservdtive arc concluded that :

]

“translated into practical

crme this means that the cancer risk of a maximum

daily intake of 0.1 Hg of V
neglected”.

The FDA (168€) also used the re
together with their cwn estimat
an individual lifetime risk of
wes saic by the FDA to exaggera

"Becatse ¢f numerous conserv
lifetime-averaged individua
than 25 ng/day".

C/person/day is small encugh to be practicaily

sults of the animal studies by Til et al (1983), and
bd daily intake of C.025 bg/person/day, to calculate
below 1 1in 107. The linear proportional model used
e the risk, ard they added that

dtisms in the exposure estimates,
1 exposure is expected to be substentially less

SP1-00704
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ECETOC (1982) has expressed

models for estimating the rifk of cancer in humans by :
It shoulld be emphasised that

animal experiments.
over-estimate the risk at low
Til et al and the FDA that f

containing VC at present level

3.2.6 Legislation affecting {1

-23-

its reservatiors about the validity of mathematical

extrapolating data from
linear extrapclation models
dose and this gives more weight to the conclusicre cf
he cancer risk from consumption of foods and drinks
s is negligible.

he use of PVC for food packaging

The EEC (1976)
organoleptic requirements for

EC established a 1 ppm limfit for residual VC

has published

a General Directive defining health, safety and
food packaging materials. In its 1978 Directive the
in PVC used for food contact

applications, and a 10 ppb lipit in the food. Further Directives, EEC (1980, 19£1)
describe the analytical methods tor the determination of VC in the polymer and food

respectively.

In the United States the Foqd and Drug Administration (FDA, 1986) has recently

published new more stringent
The residual VC content in the

-5 ppb in VC homo- or
bottles;

- 10 ppb in rigid PVC;

- EC ppb in water-pipes and
filme,

3.3 Summary and Risk Assessmg

Fo-polymer films

regulations on the use of PVC in contact with food.
polymer should be limited to :

and coatings, and plasticised PVC

vinyl chloride-vinylidene chloride copolymer

t

=

The exposure to the general
(Lahman et 21,1978) up to 18
plants.

public is primarily from ambient air, 0.2 kg VC/m3
Hg VC/m3 in the immedicate vicinity of VC and PVC

Calculation of daily inhalatipn rates indicates the amount inhaled ringes from 4

Hg/person/day on average to

ore than 100 Vbg/person/day for a very small part of

the population living immccictely adjacent to VC and PVC plants. Less than 50% of

the inhaled amount is retaired

Exposure from food sources is

anc metabolised.

SPI1-007
less than 0.1 Ve/d. 05

WL
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Risk assessment should therefbre concentrate on inhalation exposure, and reference
is therefore made to the repdrt of the Netherlands National Health Council (1987)
who estimated that continuouf exposure to 0.001 mg VC/m3® (corresponding to an
inhalation dose of 20 Kg/perspn/day) leads to an additicral cancer mortality risk
of 1 in 106 per lifetime for the gereral population.
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C.EFFET

TS ON HUMAN HEALTH

1. CARCINOGENICITY

This section surveys epiden
mortality, in occupationally ex
clearly defined or consistent
used in this report and, where

have been replaced by the follo

a) Exposure period the perjod during which workers were occupationally es-
when employed in a VC or P\C plant.

b} Follow-up period the period over which the expected morbidity or mor*-
rate is calculated. It is gxpressed in person-years.

c) Latercy peried: the periofl from the beginning of exposure until the ¢ -~ ~
becomes apparent or death flrom the disease occurs.

d) Observation period : the pg¢riod from the beginning of exposure of an indi~/
to the final date cf his fdliow-up.

e) Study pericd the period |from the beginning of expcsure cf the first wﬂ“;
expcced in the cohort to tHe final date of the study.

1.1 Cohort Studies of Cancer |Morbidity and Mortality in VC/PVC Precuction P13”°

iological

studies of cancer incidence and
posed workers. Certain terms used in reports e-*
between publications. The following definitic--
necessary for clarity, the terms used by the 2.

wing :

e

Creech ara ochneon (1974) firs
and an excess incidence c¢f 4

piant at Louisville, Kentuckyl|.

exposed to VC were initiated yorldwice.

paid to the collectiorn cf infp

t recognised the relationship between exposure
rciosarcoma of the liver (ASL) in a PVC-produ”

Following this, several cohort studies on wo””
In most studies insufficient cttentir”
rmation, the level and duration of exposure, #*

the observetion period was insufficient to allow feor detection of cancers w

long latency period, especial|l

examined and judgecd on the informetion provided in these areas and on the ev’
xposure and cancer mortality. Tc be objective 377
the observed Standardised Mortality Ratios (SMF '~

ested for homogeneity and trend by the metr””

of a relationship between VC-g
sufficiert cdeta are available
differert dcse aroups were 1
Breslow et al (1983).

y for cther crgans than the liver, Each stu?,

SPI-00707
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1.1.1 USA

a) 0tt et al (1975) studied

between 1942 and 1960 in ay
had worked for a* Jleast 1 |
than 1 year, were traced. A
omitted because they had a
of the remaihing 522 was s
TWA exposures were :

from 1950-1959, almost

-26-

a population of PVC-production employees who vicrked
reas of potential exposure to VC. Nearly all those who
year, and about half of those who had worked for less
group of 594 people were identified, of whom 72 were
1so been exposed to arsenic compounds. The mortality
tudied in relation to their exposure to VC. The &-hr

certainly below 500 ppm (peak exposures, 4000 ppm);

from 1960-1966, below 250 ppm (peak exposures, 500 ppm);

from 1960 onwards, less

The 522 workers were divide
to :
more than 20C ppm (h
25-200 ppm (intermec

month

¥

unmeasurable (Tow gr

There was a total of 286 in
VC for less thar 1 year. Th
Ott et al, but is estimated
start and end of the observ
probably 1642 (start) and
follow-up was not presented
the expected mortality,

less thar 25 ppm (7o

than 50 ppm.

 into 4 groups with average exposures for at least 1

igh group);
iate group);
v group);
bup ) .

the two Tow groups, of whom 166 had beer exposed to
e total number of years of exposure was not given by
to be 4,000 from Table 8 in their publication. The
ptior and follow-up periods were not stated but were
673 (erc) fcr beth, The number of person-years of
by Ott et al but is estimated to be 13,000 based on

O0f the 522 workers exposed to VC the mortality figures were :
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Cause of death

All causes
All cancer
Respiratory cancer
Cancer of digestive

'

Cancer of all other sit

organs and peritone

No liver angiosarcoma were f{

This cohort was also strat
observation period. Four e
levels

- High level exposure |
intermediate exposure
Lov exrosure (< 25 pp
Unmeasured exposure.

The cancer mortality data of

High exposure group

Reraining groups

The observed cancer mortalit
lower than expected.

Observed Expected E - -
P
79 89.1 .
13 16.0
4 5.2
5 4, -
e s 4 6. -
ound.
ified on intensity. and duration -~ Tl .
e a—r
posure categories were distingu’i"”/
> 200 ppm)
(>25, <200 ppm) .
m) -
. o
these sub-groups are summarisec #
All cancer deaths
stratified on level of exposure P
-, % -
Observed Expected 7
L& T
5.1
10.9
o~

y in the remaining expesure grouz”

All cancer deaths

high exp&sure group with observation period > 15 —=<~

Observed Expected
Exposure duration < 1 year 3 1.3
Exposure duration > 1 year S 1.9
Total 8 3.2

# Throughout Secticn C stat
one-tailed poisson cistribuf
P-value <0.05 is considered

VA

y

testing is =
4

stical significance
jon on the observed number of ce~’
as not significant (n.s.).




b)

From the table above a
observed/expected ratio
apparent, but might perhs

q

-

Nicholson et al (1975, 1
in the USA with at least
period started 10 years :
on long-term effects. Thr

i) 256 workers in a p
from Jan.
ii)

1974 to Dec. 1981;

ii1) 195 workers in a pl
1966 to Dkc.

from Dec.

The three cohorts were co
follow-up was 7062. The mo

Cause of death

All causes
All cancer
Lung cancer
Brain cancer
Lymphema

Liver cancer

Nine of the ten liver cance

The fact,

studies

105€ to [
40 workers at the

that the follow-
after the onset of exposure
in which the start

clear influence of the duration of exposure on the
(2.3 versus 2.6) in the high exposure group 15 not
ps rot be expected, as the numbers involved are small,

84) carried out a mortality follow-up study of workers
5 years of exposure to VC in PVC plants. The follow-up
fter the onset of exposure so that the focus could be
e cohorts were studied :

ant at Niagara Falls, with a follow-up period
ec. 1981;

ame plant, with a follow-up perioc from April

ant at South Charleston, with a follow-up period
1980.

rbined to one. The total number of person years of

rtality data are presented below :

Observed Expected Statistical
Significance (P)
80 85.6 n.s.
28 19.7 0.05
4 7.3 n.s.
1 0.76 n.5.
3 1.14 n.S.
10 0.42 0.001

deaths were caused by liver angiosarcomas.

in the Nicholson study started 10 years :
must be taker into account when comparing with other

P perica

of the observaticr and follow-up periods were much !

closer. At least 4910 person
years of observation. The aV
24.3 years, a pericod long er

latercy fpericc.

-vears have to be added, to give a total of 11,972 '
erage number of years of observation per worker was
ough to allow for detection of cancers with a long

SPI-00710




At the Niagara Falls plant

no detailed data on exposure levels were available

before 1972, measurements prior to this being made solely to ensure that the

explosive 1imit of VC in aif (greater than 3C,000 ppm) was not exceeded in plant

operations. Nicholson et

41

1075} reported that over 50% of the workers

—————d e -

examined had experienced syriptoms of dizziness, headache or euphoria during work

14 had

exposures may have exceeded

periods, and

Waxweiler et al -(1976) stud

suffered

loss of consciousness, suggesting that peak

10,000 ppm.

ied 2 population from 4 PVC plants in the USA which

had been operating for mor¢ than 15 years and had a sizeable workforce. Only

people with at least £

yeans

exposure to VC, and at least 10 years employment

before 31 Dec. 1973, were irncluded in the cohort which comprised 1294 workers of

which only 7 were lost to
with the
perscr-years, 0f the cohor
beley :

observation

Cause of death

All causes

All cancer

Brain cancer

Respirateory cancer

Lymphatic and
haematopoietic sy4

Biliary and liver c4

When the cancer mortality o
considered, the statistical

shown belcw :

perficc

Follow-up. The follow-up period (not to be confused
of at 12,720

of 1294 workers the mortality data are presented

least 10 years) represented

Clserved Expected Statistical
Significance (P)
136 126.3 n.s.
35 23.5 0.05
3 0.9 n.s.
12 7.7 n.s.
tem cancer A 2.5 n.s.
ncer 7 0.6 0.001

¢ vorkers with more than 15 years of observation was
significance of the above findings was increased as

Cérncer by site Observed Expected Statistical
Significance (P)

All cancer 31 . 16.9 0.001
Brain cancer 3 0.6 0.05
Respiratory cancer 11 5.7 0.05
Lymphatic and

haematopoietic syptem cancer 3 1.7 n.s.
B{liary and liver cpncer 7 0.4 0.201
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The statistical signifig
increasing observation
haematopoietic tissues.

Buffler et al (1979) cao

erployed in a VC product
employees who had worked
between 1 Aug. 1948 and

traced for follow-up, aif

Expected number of death

increase of cancer mcrtality grows with
the

ance of the

period except for and

cancer of lymphatic

nducted a cohort mortality study of 464 white males
ion plant in the USA since 1948. The cohort comprised
in the VC department for at least 2 onsecutive mcrths
25 Sept. 1975. A1l of the members of the cohort were
the follow-up period represented 5313 person-years.
for the study population were calculated by applying

1950-59 and 1960-69 age-cpuse specific death rates for white males in Texas to

the observed distribution
age groups. The mortality
Cause of death

All causes
All cancer

Respiratory cancer

of person years of observation, categorised into five
dete ere summarised below :

Observed Expected Statistical
Significance (P)
28 31.6 n.s.
5.19 n.s.
1.73 0.05

Four of the 5 who died ffom respiratory cancer had a history cf smoking, but

this information was rot
of 464 workers,

evailable for a large proportion (27.6%) of the cohort

In a subgroup of 314 workers with 2 mirimum observation period of 5 years the

mortality data were :

Causc ¢f death

All causes
All cancer

Respiratory cancer

Expected Statistical

Observed

Significance (P)
22 25.18 n.s.
6 4.34 n.s.
4 1.49 n.s.

This subgroup wac further dtratified on level and duration of exposure and on a

sc-called overall exposu

re| index, based on level and duration tcogether. The

mortality data are summarispd belcw for respiratory cancer, A high or low Jevel

was not precisely defined

.
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Subgroups
Low level exposure
High level exposure

Exposure duration <2,29
Exposure duration >2,29

Low exposure index
High exposure index

Both a longer duration and
years of observation were a

respiratory cancer., However

in an overall exposure index

The authors concluce, that i
relationship, the observecd
attributable to exposure to
seen ir the group with the 1
suggests that a relationship

EEh (1678). Ecuitable Envir
stucdy for the US Manufactur
least 1 year, between 193€ .
The cohort ircludec those fn
0f the 10,173 workers, 9,67]
or more years exposure, and
on December 31, 1972, and w

figures were :

Respiratorv Cancer

Observed Expected Statistical
Significance (P)
1 0.82 n.s.
3 0.68 0.05
year 0 0.45 n.s,
year 4 1.05 0.05
1 0.56 n.s.
3 0.94 n.s.

a higher level of exposure during the first five
ssociated with a statistical significant excess of
when duration and level of exposure were combined

the results were not sigrificant.

h view of the absence of a significant dose-response

excess not be
vinyl chloride. However, the fact that excesses vere

pnger duration of exposure in the initial five years

in respiratory cancer deaths may

may exist.

bnmental Health Inc. carried out a cohort mortality
ng Chemists Association on workers employed for ct
trd 1672, in 37 VC/PVC production plants ir the USA,
om the other US studies described in a) - d), above.

(95.1%) were tracec fcr fcllow-up; 2008 had had 15
1001 rmore than 20 years. The follow-up period ended
bs equivalent to 120,203 person-years. The mortality
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Cause of death Observed Expected Statistical
Significance (P)

All causes 707 795 0.001
All cancer 139 141.4 n.s.
Cancer of the buccal

cavity and pharynx 5 5.2 n.s
Cancer of digestive qrgans

and peritoneum 29 40.8 0.05
Liver angiosarcoma (ﬂSL) 5 0.01 0,001
Liver cancer (includfing ASL) 10 1.7 0.001
Respiratory cancer 45 44,3 n.s.
Cancer of the genital] organs 7.2 n.s.
Cancer of the urinary| organs 8 6.9 n.s.
Leukaemia and lympho 20 17.0 n.s.
Miscellaneous cancer:r

(I.C.D. 190-199 incfl. brain) 28 20.2 n.s.
Brain cancer 12 5.9 0.05

The high
earlier investigaticns was cq

incidence of liven

The authors corcluded that
that exposure to VC slightl
cther ther the liver. Thus, t

cancer and liver angigsarcoma reported from the
nfirmed.

their results gave some support fo the hypothesis
y increases the mortality due to cancer at sites
he inciderce of respiratory cancer and those cf ICD

tlessification 190-199 (migcellaneous cancers) appeared to be higher in
individuals with higher levdgl of exposure or longer periods of expesure. The
miscellarecus tumours inclufed 12 brain tumours versus 5.9 expected. The

mortality of these was not related to either intensity or duration of exposure.
The mortality from respiratoryy cancer was not significantly related tc the total

integrated exposure dose.

In addition,

Tevkeernia and lymphoma for

the Task Forcd

examined the SMR's for respiratory cancer and
homogenicity and trend (by Breslow et al,19€2}in

subgroups with different levels of exposure or with different intecrated doses

of exposure. No sicrificant

trends were foung.

deviations from homogenicity nor any significant

SPI-00714

B s 0 s ——



—

-33-

Environmental Health Acsociates (EMA) (1986) updated this study. Loss of worker

identification numbers and norn-pgrticipation of some plants reduced the cohort
to 9,200 workers and of these 72§ (7.88%) were not traced. Of the 1,536 deaths,
97 death certificates (6.3% of alll deaths) were not evailable. These deaths were |
included in the "all death" figurp, but not in cause specific death number.

The follow-up period of the update was from January 1, 1973 tc December 31, 1982
and conteired about 80,000 perspn years. With the EEH period of follow up
(120,203 years) the total follow-up was about 200,000 years; this is not
menticned ir the update. The avdrage period of follow-up per worker was thus
about 2C years; the average periqd of emp]oymént per worker was reported to be
1€ years.

The mortality figures were as follows.

Cause of death Observed Expected Statistical
significance (P)

All causes 1536 1705.3 0,001

A1l cancer 359 341.7 n.s.

Cancer of buccal cavity

and pharynx 12 11.6 n.s.

Cancer of digestive organs 99 89.2 n.s.

Liver angiosarcoma (ASL) 15 0.02 0.001

Liver cancer excluding ASL 15 3.1 0.001

Biliary tract cancer 7 2,7 0.05

Respiratory cancer 115 122.3 n.s.

Bone cancer 2 1.8 n.s.

Skin cancer 6 7.4 n.s.

Prostate cancer ) S 15.2 n.s.

Bladder cancer 5 8.5 n.s.

Kidney cancer 11 9.1 n.s.

Brain and CNS cancer 23 12.8 0.01

Lymphatic and haematopcietic| -
system cancer 37 36.3 n.s. SPI-00715

Emphysema 41 22.8 0.001

N

In addition to the effects upon the liver the mortality increase from biliary
tract cancer was significant. This|is the first report that biliary tract cancer
appeared to be related to VC-expojure. No increase of respiratory cancer or of
cancer of the lymphatic and haemafopoietic tissues was found. The power of the
updated study had an 00% chance| of detecting a relative risk cf 1.24 for
respiratory carcer and of 1.45 for cancer of the lymphatic or haematopoietic

tissues at the 5 level of signifigance.

[

fr




M icottitsentiomaesc.

In the update, no evaluation of
the authcrs considered it subje
personal monitoring data.

The cohort was stratified on :

- lergth of exposure;

- time between start and en
- age of first erposure;

- year of first exposure;

- type of plant (VCM,PVC).

The authors found the SMR's in

from 1 at the 5% level and eva
date.

The SMR for liver cancers incre
increasing period of follow-up
first exposure. Only two plants
contributed 14 ASL-cases to a tg
that exposure at these plants wa

The SMR for brain cancer was si
than 20 exposure years (6 versu
related to time of follow-up and
year of first exposure, the reve
means in terms of human risk re
brair cancer deaths came from th
The SMR for emphysema increase
ircreasing age at first exposur
follow-up or to calendar yean
PVC-plants than VC-plants.

The cverall cornclusion of the
workers experienced significant
the liver and biliary tracts eng
system, The study alsc showed a
no excess of respiratory or lymp

-34-

the historical exposure level was made, because
Ctive and not reliable because of lack of enouch

d of follow-up;

the various strata to be significantly different

luated the trend from visual inspection of the

hsed with increasing duration of exposure, with
and with decreasing age and calendar year of
(VC polymerisation), involving 3,533 employees,
tal of 15. The authors felt this might indicate
€ different from that in others.

gnificartly increased only in workers with more
. 1.55 expected). However, brain cancer was not
the incidence increased with increasing age and
rse of what is seen for liver cancer. What this
mains unclear, according to the authors. Twelve
e same two plants as the 14 ASL-cases.

i with decreasing length of exposure and with
in relation to time of
The SMR was

e, but did not change

of first exposure. higher ir

authors was thet the study confirmed that VC
mortality excess from angiosarcomas, cancer of
 cancer of the brain and other central nervous
significant higher mortality from emphysema but
hatic or haematopoetic cancer.
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1.1.2 United Kingdom

a)

This Task Force tested the SMR'p

(19€2) method. Only liver cancer$
of exposure, time between start

-35-

for the various strata by the Breslow et al
showed significant trend (P<0.01) with length

end end of follow-up and age at first erposure,

No other significant trend was fdund.

Duck et al (1975) conducted a cd

hort mertality study on 2,100 workers who had

had any exposure to VC between 1948 ard 197% while employed in VC or PVC plants.

Only 7 could not be traced for
23,052 person-years.
number of deaths from cancer was
during the study period but 1 occ
mortality from the common maligna

The observation and follow-up per
conclusions about target orcens f

Fox and Collier (1977) studied f{
plants. There was no criterion of

0f this cophort,

follow-up and the follow-up period comprised
136 had died (expected, 142.2) and the
35 (36.4 expected). No case of ASL was found
Lrred just outside it. There was nc increase in

ht diseases.

iod (abcut 11 years) were too short to draw any
br cancer in relation to VC-exposure.

he mortality of wcrkers exposed to VC at PVC
exposure for admittance to the cchcrt. COf the

7561 perscrs icdentified as having started work between 1944 and 1974, 85 could

not be traced for follow-up and

cohort of Duck et al (1975) was

follow-up was 75,000. Only 8% of
years.

information was lacking for a further 72. The
included. The number of person-years of

the workers had beer employed for more than 20

Aralysis of the levels and curgticr of exposure revealed that of the-7,409

workers included in the follow-u

exposed to high and medium Tevelg

>200 ppm, meaium level TWA > 2

follows :

b, 385 were constantly, and 486 occasionally,
of VC for more than 10 years (high level TWA
5 < 200 ppm). The mortality figures were as

SPI-00717




Cause ¢f death

All causes

All cancer

Stomach cancer

Liver cancer

Lung cancer

Brain cancer

Lymphatic and
haematopoietic cancer

-36-

Observed Expected Statistical
Significance (P)
393 - 521.2 0.001
115 126.8 n.s.
14 15.3 n.s.
4 1,64 n.s.
46 57.2 n.s.
2 3.66 n.s.
9 9.01 n.s.

Two of the 4 liver cancer deat+s were due to liver angiosarcoma. There was no

indication of excess mortality from other types of cancer. This is not

surprising since the average perfiod of follow-up was about 10 years.

This study has been updated by |Jones et al (in press) to provide a further 10
years of follow-up. A criterion pf 1 year of employment between 194G and 1974 in

a job or jobs with potential e

posure to VCM for at least 25% of the working

week was introduced. and this hald the effect of reducing the male population to

5560, of whom 5498 (98.9%) were
for inclusicon, analysis was rest

traced. As only 105 female employees qualified
ricted to the male employees. The study period

has beern extended to the end pf 1984, follcw-up is started one year after

commencing employment, and the t{
figures were calculztec from ma
mortality figures are summarised

Cause of Teath

All causes
All cancer
Stomach cancer

Liver cancer (including ASL)

Liver angiosarcoma

Respiratory cancer

Brairn cancer

Lymphatic and
haematopoietic cancer

Skin melanoma

As part of this update, each em
titles, and these job titles werd
workers, baggers arcd driers, crg

autoclave workers (6 frcm one pl

tal number of person-years is 104.,000. Expected
e mortality rates for England and Wales. The
below :

Observed Expected Statistical
Significance (P)

780 894 0.001
235 228.6 n.s.
26 23.9 n.s.
11 1.94 0.001

7 0.1 0.001
81 92.1 n.s.
A 6.2 n.s.
16 12.4 n.s.
2 1.7 n.s.

ftsmen, and other workers.
ant), and the mean latency was 25 years. The

bloyee's work history was classified into job
further categorised into 4 groups, autoclave
A11 7 cases were

SP1-00718
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1.1.3 Feceral Republic of Germar

a) Frentzel-Bevme et al (1978) st

detz were analysed by occup

ition for 1lung cancer, brain cancer, lymphatic

cancer, malignant melanoma and cancer of the thyroid. No evidence was found of

any increase

exposure. There was nc evideng
disease (5 observed versus 4
respiratory disease was low

affected by PVC dust exposure.

A signiTicant excess of bladd
0.05) was found in the total
coulc rot be considered to b
from genito-urinary cancer wag
at 3 of the 9 factories.

According to the authors this
vC
mortalities in relation tc V(-

and liver cancer mortal

in mortality foqom

attributable to V(M
e of increased mortality from non-malignant liver
.9 expected), and the
(7¢ observed versus 105 expected) and wvas not

these causes, that was

incidence of deaths from

er cancer (14 observed versus 8.0 expected, P <
cohort. Further analysis showed that this excess
e associatec with VCM exposure because mortality
heavily concerntrated in the low exposure workers

ity. There wes nrc evidence for other cancer

€YposSure,

employed in VC or PVC plants.
the cohort. 0f the German and
traced for follow-up.

196C. The follow-up period was from

udied a cohort of 1618 workers exposed to VC while
There was no exposure criterion for inclusion in
non-German workers, 95.5 and 60% respectively were

The 315 norn-Germans all had their first expesure after

1952 to December 1975, and the number of

perscr-years was 19,767. Stangard mortaiity rates were estimated from the vitel

statistics of the populatioT

1970-1975. The mortality fiqu

Mortality from

All causes

All cancer

Cancer of the
digestive organs

Stonach cancer

Colon cancer

Respiratory cancer

of the Rhinehessia Palatinate over the years

es were :

Oberserved Expected Statistical
Sigrificance (P)
81 90.8 n.s.
18 16.8" n.s.
12 §.8" n.s.
3 2.4 n.s.
; 1.1 0.05
6 5.1 n.s.

* estirated figures from tables, not presented by the authors,

SPI-00719
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The absence of deaths from ASL may, according to the authors, be due to the

relatively low levels cf expogure to VC at the plants concerned.
Reinl et al (1979) and Greiser et al (1982). A mortality follow-up study was
carried out on all werkers efiployed before 31 December 1974 in 11 VC and PVC
plants in the FRG.
another of workers from PVC{processing plants were studied.

7021

In paralldl, a cohort of wcrkers with no exposure to VC and
The first group

comprised German and Austriar workers whose combined follow-up period

represented 73,734 person-yeafs up to 31

nationalities, of whom & ha{

mortality rates

population from 19€6¢ tc 1974 (R

vere estimated from the vital

Pecember 1974 (882
died, were omitted from the
statistics

einl et al,1979). The mortality

workers of other
group). Standard
of the naticnal

figures were :

Cause of death QObserved Expected Statistical
Significance (P)

All causes 414 434,7 n.s.
All cancer 9S4 90.6 n.s.
Cancer of the

digestive organs 45 32.7 0.05
Stomach cancer 18 14.4 n.s
Colon cancer 6 .8 n.s.
Liver cancer 12 0.9 0.001
Respiratory Cancer 24 26.6 n.s.
Bladder cancer 1 .9 n.s.
Brain cancer 2 .3 .S.
Cancer of lymphatic

and haematopoietic tissues 15 7.7 0.05

There were cases of ASL among those cf liver cancer but the number could nct be

ctetecd because of a lack of afequate identification in the early years of PVC
production. The statistical pre¢bability that the increased mortality from liver

cancers was due to chance is 3

relationship between liver capcer and exposure to VC.

Mortality from

X 10'10, providing further evidence for a casual

liver

cancers was elevated in the other two cohorts, but to a much lesser extent. The
increased mortality from cancef of the lymphatic and haematopoietic tissues is

also statistically significant

this cancer were lcwer than expected.

Although nro
Marsteller et al (1975) he
plants, especially autoclave ¢
due to exposure to VC.

information on level
d greviously reported that workers

of exposure was

provided

(P < 0.05). In the other two cohorts, deaths from

in this study,

in German PVC

eaners, had often suffered pre-narcotic erfects
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Greiser et al (1982) presented

-30-

observed and expected mortalities from carcer for

subgroups of the VC/PVC-cohort, exposed to VC during <1, 1-5, 5-10 and >10

years. ECETOC tested the SKR'

of liver cancer, of respiratory cancer and of

cancer of the lymphatic and hegmatopoietic tissues for homogeneity and trend by
the Bresiow et al (1983) method. The SMR's did not show any sianificant

deviation from homogeneity nor
(P < 0.05).

1.1.4 Italy

Bertazzi et al (1979) studied male
started operating in 1952, Of the

any siorificant trend with exposure-duration

workers employed in VC and PVC plants since they
§441 workers with at least 6 months exposure to

VC, 4777 (88%) were traced for flollow-up. The follow-up period was from 1952 to
1975 and is estimated by the present authors to represent 23,000 person-years. The

mortality figures were :

- total deaths, 62 (141 expected);
- deaths from cancer, 30 (30.9 expected).

0f the deaths from cancer, 8 we

2 of which were of workers et @

re from liver cancers. These included 3 from ASL,
PVC plant and 1 of a worker in a PVC-processing

plant (his employment history was uncertain). The averace follow-up per worker

was 4,2 years, a period too sh
This paper was essentially & di
above data were extracted from

ort to #1low a study of cancer of other organs.
scussion of individuals clinical symptoms and the

the narrative.

A partial upcdele of this study was presented by Belli et al (1986). From the

VC-PVC plant at Ravenna (stad

ted 1050), the VC plant at Rosignano (started

1653), and the PVC plant at Fefrara (sterted 1953) a cohort of 1263 workers was

identified, who had more than
traced. The expected mortality
Italian population. The follow-
December .21, 1983 for the Ray
Ferrarz ard Rosignano plants. T
and so the average period of fqg

There were §3 mortalities (102

6 months exposure to VC. Seven workers were not
was calculated from the statistics for the total
up period was from the start of procuction until
enna plant and until December 31, 1984 for the
he number of person years of follow-up was 22,395
Tlow-up per worker was 17.7 years. SP1-00721

6 expected) and initially 36 cancer deaths (2€.°

expected). Of these cancer deaths 2 were due to liver cancer (C.4 expected) and

12 to lung cancer (7.€ expecté

d). After careful examination by the authors of
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the available clinical and pathplogical evidence these figures changed to 39 for
all cancer deaths, 5 for liver ¢ancer deaths and 13 for lung cancer death. These
liver and lung cancer mortalities represent a significant excess at the 5%
lTevel. This excess in all and specific cancer deaths arose mainly from the
cohort of the PVC-plant at Ferrpra, all cancer 26 (14.5 expected), liver cancer
4 (C.1 expected) and lung cancet 10 (4.1 expected).

The careful examination of the |[cl1inical and pathological evidence in the study
population introduced observer pias since the same evaluation could not be made
for the reference pcpulation, Fyrther, the lung cancer mortality in the area of

Ferrara seems to be higher than
report does not provide informa
to other carcircgenic corpounds

relation between liver cancer af

in the general Italian population. Finally, the
Lion on VC exposure levels, on possible exposure
or on smoking habits. The study does confirm the
d VC-exposure,

1.1.5 Sweden

Byren et al (1976) studied a cohoft of 771 workers employed in VC/PVC production
from the early 1940s to October 1974. There was nroc exposure criterion for
admittance to the cohart. Twenty-ore workers with a very short period of employment
could not be traced and were omittgd. The total time of employment of the remaining
75C workers was 6300 person-year§ and the follow-up period amounted to 12,000

person-years. The mortality findings were :

Cause of death Observed Expected Statistical
Significance (P)

All causes 58 Not provided

All cancer 11 Not provided

Lung cancer 3 1.78 n.s.

Liver, pancreas cancer 4 0.97, 0.05

Brain cancer 2 0.33 0.05

Two of the 4 cases of liver and pJncreas cancer were liver angiosarcoma. Only 112
workers in the study group had beer expcsecd fcr more than 10 years and conclusions
about cancer in other target crgans than the liver cannot be derived from such a

small group.
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1.1.6 France

Pierre et al (1979) studied the m

workers in VC and PVC plants in Tavaux. Of the 1,482 workforce, 160 were lost to

follow-up and together with the 1
follow-up analysis. The remaining
December 1976. There were 15,458

exposed to VC for more than 5 years was 872. They had been heavily exposed {81 for

more than 5 years and 44 for more

deaths from cancer, 8 (8

There was 1 death (0.0015 estimat
with more than 15 years of high

-de

mortality in this cohort is attr
which makes it difficult to draw ¢

1.1.7 Canada

Theriault and Allard (1981) perfon
PVC plant with more ther 5 yearg
The follow-up pe
exposure-period of the cohort wes

December 1S7c.

2.6 years. Mortality was as folloy

Couse of death

All causes

All cancers

Cancer of digestive organs

Liver cancer (all ASL)

Respiratory cancer

Cancer of bone, skin, and
connective tissue

Cancer of eye, CNS

Leukaemia, lymphoma

Although the average exposure per
longer than in nearly all other pr
mertality from cancers other than

total deaths 25 (48.7 expected);

bt the Tiver.

-41-

brtality and cancer incidence in a population of

women in the population were exciuded from the
1953 until 31
persori-years of follow-up. The number of workers

1311 workers were followed from

than 15 years). The mortality findings were :

63 expected),

pd expectance) from ASL of an autoclave cleaner
expesure. The rather low observed and expected
buted to the low average age of the population,

brclusions from this study.

med a cohort mortality study on 451 workers at a
exposure to VC between 1 January 1942 and 31
riod ended December 1977. The average
17.4 years and the average observation period

cn 31

1<

Observed Expected Statistical
Significance (P)
5@ 71.1 n.s.
20 16.4 n.s.
14 5.4 0.01
8 0.14 0.001
2 5.80 n.s.
2 0.38 .S,
0 0.60 .5.
1 1.67 .5e
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od and the average observation period were much
esented studies, there was nc evidence of excess
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The authors suggest the possibiljty that some of the men who died of liver cancer,

might have developed

lung cancer had they lived longer.

However, the average

latency time of the liver cancers was 19.6 years and this seems long enough to

allow for the development of cande

Theriault (1982) preserted an upda
1981.
summarisecd below :

January 31, Eleven men

Cause of death

All causes
All cancers
Cancer of digestive organs
Liver cancer (all ASL)
Respiratory cancer
Cancer of bone, skin,

and connective tissue
Cancer of eye, CNS
Leukaemia, lymphoma

The results of this updated study

could not be traced.

r in other target organs.

te of this study, in which the follow-up ended on
The mortality figures are

Observed Expected Statistical
Significance (P)

73 91.1 0.05
23 21.5 n.s.
15 0.16 0.01

8 0.16 0,001
7.70 n.s.
2 0.50 n.s.
0 0.57 n.s.
2.07 n.s.

confirm the association between VC-exposure and

liver angiosarcoma incidence, but does not support an association between
VC-exposure and the incidence of tespiratory or of brain cancer.

1.1.8 Norway

Heldaas et al (1984) studied the overall mertality from all causes ard the

incidence of cancer in 454 male
between 1950 and 1969 at a VC/PVQ
end of 1979 and involved 8676 pers$

emplcyees who had worked for more than 1 year
plant. The follow-up period was from 1953 to the

on-years.

During this period 50 workers hdd died (59.3 expected). This difference between

observed and expected mortality wi

cohort study, which presents cap

s not statistically significant. This is the only

cer morbidity instead of cancer mortality. The

cancer cases are summarised below|:

SPI1-00724
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New cases of cancer

All sites

Lung

Skin melanoma
Colon

Thyroid gland
Liver angiosarcoma

The task force noted that the ¢
with highest estimated exposur
association between vinyl chlori
cignificant trend of cancer inci
or integrated exposure dose coul
according to the method of Breslq

may be causec by the small cohort

Recently, Heldaas et al (1987)
follow-up period was extended w]
this second period consisted o
follow-up were addec tc the pre
The new cases of cancer for the -

New cases of cancer

Lung
Skin melanoma
Colon

All sites (subgroup)

The Task Force tested again the
expesure  &and to
significant trend couid not be e

in relation

1.1.9 Japan

a) Masuda (1979) studied a group
VC/PVC plant for 2t least 1y
after 1961 the maximum level
ppm, but may have been much h
follow-up, and the number of

-43-

Qbserved Expected Statistical
Significance (P)
23 20.2 n.s.
5 2,8 n.s.
4 0.8 0.01
3 l.44 n.s.
2 0.16 0.01
1 0.001 0.001

xcess of different cancers was seen in the group
and thig
le exposure and these types of cancers. However, a

2l

level observation might suggest an
Hence with level of exposure, years of cbservation
! not be established by ECETOC for any cancer type
w et al (1983). The absence of a significant trend
and the srmall observed incidences.
presented an update of this study, in which the:*
th the period 1980-1984. The study population in
f 430 male workers. A number of 1809 years of
jous 8183, resulting into a total of 9992 years.

fotal follow-up period were as fo]]owsv:

Statistical
Significance (P)

n.s.
0.001

n.s.

Observed

Expected

S.

24.0 n.

31

cancer incidences on trend in relation to level of
the number of years from first employment. A
stablished.

of 305 workers who had been exposed to VC at a

ear in the period 1949-1975. The author noted that
of exposure of autoclave cleaners was below 250

igher before this. Only 1 person was lost to
person-years of follow-up was 4,777. Masuda found :
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b) Nakamura (1983) conducted a

Lt BTN

- 27 deaths (26.5 expected);
- 8 deaths from cancer (5.8 exped
In any specific type of cancer

worked for at least 1 year bef
begun to produce VC and/or P
January 1950 to 31 October 197
were lost to follow-up. It is

-44-

ted), but no significant increase
ortality.

ohort mortality study on male employees who had
bre 31 December 19€4 ir one of 25 plants which had
VC before 1965.
5. This gave a cohort of 4,524 workers of whom 29
not clear whether the Masuda cohort {see above)

The follow-up period was from 1

was included. Nakamura's cohorft was divided into PVC-workers (2546) anc others,
41,500
Twenty-eight percent of this group was observed for more than 20 years. In the

the former group representfing about person-years of follow-up.

group of PVC-workers the mortality data were as follows :

Cause of death Obsegved Expected Statistical
Significance (P)
Al)l causes 128 147.,6 n.s.
All cancers 37 26.9 0.05
Stomach cancer 16} 11.9 n.S.
Liver cancer € 2.54 0.05
Pancreatic cancer 3 1.05 n.s.
Lung cancer 2 2.33 n.s.
Other cancers 10 9.04 n.s.

The SMR of liver cancer rose with increasing duration of exposure, but that of
all the remaining types of canger did not. Of the 6 cases of liver cancer, 1 was
diagrosed as ASL and it is higFly probable that there was one other. A further
case, recorded as death from ar urspecified cancer, was also probably one of
ASL. There was no correlation|betweer deaths from liver cancer and length of
employmert as an autoclave cleaper. In the group of non-PVC workers there was no
increase in deaths from anry spegific cause.
1.1.10 Soviet Unicn
Filatova et al (1982) and Fedotovd (1983) reported a retrospective cohort study of
all Soviet workers expcsed to VC |between 1939 and 1977. The cohort of 3,232 was

~

dividied into 3 groups :

- those exposed to more thar 1f15 ppm VC, and often to thousands of ppm. This
group probably started work ifivolving exposure to VC between 1939 and 1949;

- those exposed to betweer 11 apd 115 ppm VC, and probably starting work between

1950 and 1959;
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- those exposed to less than [I1 ppm VC and starting work after 1959.

The authore presented no data corff tctal deeths, deaths from cancer or the nurber of
workers in the groups. SMR's wete estimated from the vital statistics of the urban
and total population of (probablly) the USSR for 1959, 1969 and 1975, but the values
in the twoc papers are not jdenffical. Hewever, the following information was drawn
from these publications :

- of the total deaths from (cancer, 31.7% were due to cancer of the stomach,
26.5% were due to cancer of the lung and 14.3% to cancer of the lymphatic ard
haematopoietic tissues;

- irn mer. there was an increase in death from cancer of the lung and the
lymphatic and haematcpcietifc tissues (SMR's i.5 and Z.4 respectively);

- in women there was an increase in deaths from carcer of the stomach, colon and
the lymphatic and haematop¢ietic ticcucs. The increases in deaths from cancer
seemed to be related to the level but not duration of exposure, this being
clear ir the first of the gbove groups with the highest exposure. In the thirﬁ
group, with the lowest expgosure the mortality from cancer was comparable to
that of the normal population.

The authors stated that
"liver angiosarcomas were not observed. However, a retrospective analysis of
disease ceses revealed 71 cdses of chronic hepetitis. After these workers had

been removed fror expesure to VC, the majority was found to be free from
changes in the liver" (Filatova et al, 1982).

It is uncertain how this opinioL was obtained.

1.2 Stucies of wWorkers in Polyyinyl Chloride Processing

Studies of workers emploved {n PVC-processing may provide information on the
effects on health of exposure [to low levels of VC. During the corversion of pvC
into fatricated articles some ¢f the residual VC is released from the polymer but
the resulting exposure levels|will clearly be much lower than those at ve/Pve

production plants.
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1.2.1 USA

a) Chiazze et al (1977) carried qut a proportional mortality study on 4,341 workers

who had died during the periqd 1964-1973 among current and former employees at
17 PVC-processing companies wfith a total of 55 plants. Data on all deaths were
obtained because it was not |possible to identify those workers who had been

§ exposed to VC only. The total number of employees could not be precisely
‘ i determined but was estimated [to have been between 65,000 and 70,000 by the end
¥ of 1973. The deceased employeds only included those in the following
é categories :
{ - those who died during employment;
: - those who died after retinfing from the company, with retirement berefits;

- those who died after tegminating empioyment but who were in a company
life-insurance plan.

Proportional mortality rates {PMRs) for various causes of death were estimated .
from the vital statistics of the US and adjusted for age, race, sex and year. In

the calculation of PMRs the ¢
the study population was obta?
by age and by calendar year i
males and 601 white female emp
from carcer, je. for men, 666
The causes of cancer death are

xpected number of deaths from specific causes in
ned from the relative frequencies of these causes
n a comparison population. Among the 3,248 white
loyees who had died there was an excess of deaths
(562 expected) and for women, 181 (138 expectecd).
presented below :

Cause of death Observed Expected Statistical
Among Men Significance (P)
All cancer 666 562 0.001
Cancer of buccal

cavity and pharynx 15 16.9 n.s.
Cancer of digestive )

system 209 162.1 0.001
Stomach cancer 41 31.5 n.s.
Colon cancer 73 52.5 0.01
Rectum cancer 25 19.6 n.s.
Liver cancer 6 4.2 n.s.
Respiratory cancer 205 176.7 0.05
Cancer of bone,

skin and connective tissue 24 15.1 0.05

Cancer of genital organs L 52.8 n.s.
Cancer of urinary organs 36 33.1 n.s.
Brain, CNS cancer 16 13.9 n.s.
Lymphomas 42 32.4 n.s.
Leukaemias 19 ‘23,4 n.s.
Other cancers 56 4.6 0.001 SPI-00728
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Cause of death

Among Women

All carncer

Cancer of buccal cavity
ard pharynx

Cancer of digestive system

Stomach cancer

Colon cancer

Rectum cancer

Liver cancer

Respiratory cancer

Cancer of bone, skin
connective tissue

Breast cancer

Cancer of genital organs

Cancer of urinary organs

Brain, CNS cancer

Lymphomas

Leukaemias

Other cancers

No case of death from ASL was 1

This PMR study must be intery

-47-

Observed

181

53

24

12

18

ound.

reted with

Expected Statistical
Significance (P)

137.7 0.001
1.9 n.s.
35.3 0.01
5.0 n.s.
15.3 0.05
3.9 0.05
0.63 n.s.
11.9 n.s.
3.3 0.05
32.4 0.05
23.3 n.s.
4.5 0.01
3.5 n.s.
7.6 n.s.
5.0 0.05
9.6 0.01

caution because the "healthy worker"

effect which produces a Tow mortality rate for non-malignant diseases in the
population studied coula accofint completely for the increases ir the PMRs of

death from cancers,

(hiazze et al (1980) made a
deaths from breast cancer, in

case-control analysis of the &bove-mentioned 44

comparison with 134 control subjects matched for

cge and selected from 5 PVC-prlocessing companies. When such variables as extert
of exposure, lergth of employment, continuous versus intermittent employment,
marriage status and child-bearing history were compared for the cases and the

controls, no statistically-csignificant

However, given the number of
which cculd have been detected

cases and
was 3.

increase in relative risk was found.
controls, the smallest relative risk

SP1-00729
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1.2.2 Sweden
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Molina et al (1981) studied a fohort of 2,073 workers with at least 3 months
employment between 1545 and 31 Dgcember 1974 in 4 PVC-processing plants. 103 could

not be traced to follow-up, the
December 1976. Standard
statistics.

The presentation of the data id
presented on a sub-group of 1,771
1945 and 1974, excluding those w
persons,
period between 1961 and 1976, {
(expected, 44.6), of which 11 werdg
liver cancer,

1.2.3 Federal Republic of Germany

Greiser et al (1982) made a ¢

PYC-processing urits, employment 4
the cohort. 92.1% were traced for
to 31 December 1974 and representi

The mortality findings are given b

of workers in VC/PVC producticn plants

mortality

73 died between 1969 apd 1976 (87.7 expected).

period of which was from 1 January 1961 to 31

rates were estimated from the national

rather confusing. Somewhat ambiguous data are
workers with at least 6 months exposure between
ose exposure ceased before 1961. Of these 1,771
In a longer follow-up
here were 51 deaths from cancer in the group

from cancers of the digestive organs including 1

phort mortality study of 4,007 workers at 2
t which was the only criterion for inclusion in
follow-up, the follow-up period being from 1944
ng 52,896 person-years.

2 low and compared with those from Greiser's study
- see section 1.1.3 b), above,
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Cohorts of Greiser ()982)

PVC-Processing VC/PVC-Production

Number of workers 4,007 7,021
Persons years of
follow-up 52,896 73,734

% follow-up 92.1 93.2
Cause of death Obs. Exp. Statistical Obs. Exp. Statistical

Significance Significance (P)

All causes 360 379.6 n.s. 414 4347 n.s.
All cancer 62 81.9 0.01 94 90.6 n.s
Cancer of the

digestive organs 15 30.3 0.01 45 32.7 0.01
Stomach cancer 7 13.5 0.05 18 14,4 n.s.
Colon cancer 5.3 0.05 6 5.8 n.s.
Liver cancer 3 0.8 0.05 12 0.9 0.001
Respiratory cancer 25 24 .4 n.s. 24 26.6 n.s.
Bladder cancer 2.8 n.s. 1 2.9 n.s.
Brain cancer 5 1.1 0.01 2 1.3 n.s.
Cancer of the

lymphatic and

haematopoietic 2 6.3 0.05 15 7.7 0.05

tissues

The significant deviations from
based on less deaths than expect
contrast, all significant findi
more cancer deaths than expected

1.2 Eveluation of the Epidemiol

expected in the PVC-processing cohort are mainly
bd, except the deaths of liver and brain cancer. In
hgs in the VC/PVC production cohort are based on

bgical Studies

In these studies excess mortali

excess of deaths from cancer of

(malignant melanoma), and of the
reported. The relationship betwe

ty from liver cancer was frequently found and an

the respiratory tract, brain, thyroid and skin
lymphatic and heematcpoietic tissues was sometimes
bn deaths from cancer in the various target organs

and exposure to VC is discussed Below.

SPI1-00731
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1.3.1 Liver cancer
Angiosarcoma of the liver is s
establish that there was an exq

with the more common cancers.

In 12 of the 20 studies reviews
deaths due to liver cancer in w
form of cancer to exposure to
mortality study (E.H.A., 1986)
appeared to
cancers and from biliary tract c
relating biliary tract cancer mo

increase ‘cancer montaiity from liver angiosarcoma,

ich @ rare disease that it proved much easier to
ess incidence of it in a study than was the case

¢ there was a statistically significant excess of
prkers exposed to VC arnd the relationship of this
€ is thus well-established. In the updated cohort
bf all VC- and PVC-workers in the USA VC-exposure
from other liver
ancer. This last finding is the first and only one
rtality to VC-exposure.

It is of interest to consider why 8 of the studies failed to show an excess of
deaths from primary liver ca$cers. The average 1latency period for ASL in

occupationally-exposed werkers i

between 20 and 29 years (Forman et al, 1985), and

thus the average observation tige was clearly too short in the Masuda (1979) and

Buffler et al (1979) studies.

The integrated dose of exposure gdrc peak exposure were probably lees in the studies

et al (197%),

by Ott

There is no evident explanation

Bufflen
Frentzel-Beyme et al (1978) arnc

(1979), Chiazze et al (1977, 1980),
(1982, cohort of PVC-processors).

for the absence of an excess mortality from liver

et al

Creiser et al

carcers in the studies by Filatoe et al (1982) and Fedotova (19£3).

The study by 0tt et al is compl
exposure period, average observ

btely-comparable in terms of cohort size, average
dtion period and type cf plant (PVC prqduction),

with that of Nicolson et al (1975, 1°€4) and yet Ott found no excess mortality from

liver cancers. This is probably
the 0tt population were clearly

indicatce

becavse peak exposure and integrated exposure of
less than those of the Nickclscn population. This

thet the likelihood that humars develop ASL falls significantly with

decreasing peak and integrated exposure to V(.

1.3.2 Respiratory carcer

The mortality from this was signifficantly increased in the studies of Buffler et al
(1979), Heldaas et al (1984), Wixweiler et al (1976), Filatova et al (1982) and
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Fedotova (19€3). The level of expo
ASL, was moderate for the populati

for that of Waxweiler et al ., Of {
to VC, those c¢f Micolson et al (19

a decrease ir mortality from cance

-51-

bure, as deduced from the rates of mortality from
pns of Buffier et al and Heldaas et al, and high
hree cohorts which had experienced high exposure
75, 1984) and Theriault and Allard (1981) showed
r of the respiratory tract, while in the study cf

Greiser et al (1982) it was nornmal. Beaumont and Breclow (1981) considered the

statistical power of 8 for the
relative risk of respiratory canc
studies of high statistical power
show an increase in relative risk.
In addition, in the updated stud
United Kingdom (Environrertal Heal
detect a relative risk of respect]
was 80%. in the US-VC-w
(122.5 expected) a relative risk
cancer deaths (94.3 expected) a r

However,

do rot suaagest that there is a cau
from respiratory carcer. Some of

1.3.3 Brain cancer

An increase in death from brain
Byren et al (1976) and Waxweil
calculated the statistical
brain cancer for 5 of the epidem

EEH (1978) had sufficient power t

power

in brain cancer was found in thes
Beaumont and Breslow concluded t
is, that the data are consistent
and cancer of the brain. However
cancer was nect related to the le
such increase was found by Nichol
Theriault et al (1981) in whose st

In the update of the EEH study
from brain cancers were found ags
as highly :ianificant by the aut

er et al

l

epicdemiclogical studies to detect an increased
ey of 1.5 in workers exposed to VC. The only 2

(EEH, 1978 and Fox and Collier, 1977) failed to

ies of VC-workers in the United States and the
th Associates 1986, and Jones 19C€) the power to
vely 1.24 and 1.27 at a significance level of 5%

11¢€
-

brkers there were respiratory cancer deaths
0.94, and in the UK-VC-workers 85 respiratory
Elative risk 0.90. Taken overall, these findings
a1l relationship between exposure to VC and death

he excess mortality found may be due to smoking.
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cancer was found in the cohorts of EEH (1978),
(1976). Beaumont and Breslow (1981)
to detect an increase the relative risk of
ological studies. Those of Waxweiler (1976) and

in

h detect a relative risk of 2-3, and an increase

studies and also in that of Byren et al (1676).
at therefore the most reasonable interpretation
ith an aetiological hypothesis for vinyl chloride

| in the EEH study the increase in this type of
bel or duration of exposure and, in addition, no

son et al (1975, 19684), Greiser et al (1982) or
udies the exposure levels were very high.

Environmental Health Associates, 1986) 23 deaths

inst 12.76 expected. Althouch this is considered

+ors, this task force could not establish by the
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method of Breslow et al (1983) |a significant trend of the SMR with length of
exposure, with the length cf the feriod of foilow-up or with age of first exposure,
as was found for deaths from liver cancer. In the updated study of VC-workers in
the UK (Jcres, 1986) the power to|detect a relative risk of brain cancer of 2.2 at

the 5% level was 80%. Only 4 braip
(relative risk 0.65).

cancer deaths were found against 6.18 expected

It should also be noted that statilstics on brain cancer for the general population

are of doubtful reliecbility beca*
examinations,
limited validity. There
between exposure to VC and death re

1.2.4 Cancer of the lymphatic and

Therefore comparisqn between

se of the limited number of brain post-mortem

observed ard expected cases is of

is thus |a serious doubt about a possible relationship

sultino from brain cancer.

haematopoietic tissues

Increased deaths from these types
(1976), Greiser et al (1982), Filat
Nicolson et al (1984). The mecst sf
cohort of Greiser et al (15 found g
about the expected figure as the Geg
be used for the pericd 1944-1968.
available prior to 1668 because of
demographic parameters, Greiser ¢
cohort on the basis of duraticr of
in the subgroups in relation to dur
(1083). A significant trend could n

In the EEH population, 20 deaths

of cancer were reported by Waxweiler et al
ova et al (1982)/Fedotova (1983; same study) and
anificant increase was in the VC/PVC-production
gainst 7.7 expected) but there may be some doubt
rman statistics for the single year 1968 had to
It is possible that reliable figures were not
the influence of the Second World War on German
t al (1662} stratified the VC/PVC procuction
exposure. ECETOC tested the trend of the SMR's
tion of exposure by the method of Breslow et al
5t be established.

From cancer of the lymphatic cr haematopoietic

tissues were found against 17.0 ekpected and there was no relationship between

mcrtality and the 1level of expos

integrated " dose of VC. In the update

re or
(Ervirormental Health Associates, ltSG) 37 deaths from lymphatic or hzematopoietic

cancer were observed against 36.28 4
1.45 a*t 5% significance was 80%. A
exposure, length of period of follo
established by ECETQOC by the methed
of VC-workers 1in the UK the powen

haematopaietic cancer of 1.8 was 80%.

observed against 12.36 expected (r

xpected. The power to detect a relative risk of
significant trend of the SMR with length of
v-up or with age of first exposure could not be
of Breslow et al (1983). In the updated study
to detect a relative risk of lymphatic and
16 deaths from this type of cancer were
blative risk 1.3). Information about expcsure
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conditions was not
type of cancer mortality.

Nicholson et al (1980) and Waxw
(1.14 expected) and 4 deaths (2.
them to exposure. Filatova et al

-53«

sufficient tp trace a relation between VC-exposure with this

eiler et al (1976) found, respectively, 3 deaths
5 expected} from such cancers but did not relate
(1982) observed a significant increase in the SMR

(=12) for this type of cancer ip female workers, a finding which is difficult to

assess because the authcrs give 1
the remaininc studies no increass

0 absclute cr expected values of cancer deaths. In
was noted.

Overall, there is eguivocal evidence, that a reilationchip exists between exposure

to VC and death from cancer of th

1.3.5 Malignant melanoma

The cohort, cancer incidence stu
incidence of this type of skin ¢
studies which were of
(Environmental Health Associate
against 7.36 expected. The powver

meianoma deaths of 2.1 at a 5% si

other

There are numerous examples in th
of malignant melanomas. in stu
industries and countries. as exe

increase in melanome morbidity on

e lymphatic and haematopoietic tissues.

iy by Heldaas et al (1984), in which an increased
incer was found, is not directly comparable to the
cancer mertality. In the wupdated EEH-study
£, 1986) € <kin melanoma deaths were observed
of this study to detect a relative risk of skin

crificance level was 80%.

e literature of the finding of an excess incidence
iies of occupaticrel cohorts in a variety of
mplified below for wcrkers not exposed to VC. An

mortality has beer observed :

- in Norwegian workers exposed to 1:bestos, 3 melanoma cases (0.6 expected) (Hilt et al,1983);
1

- in Swedish rubber workers, 21 me

noma cases (9.1 expected) (Holmberg et al,1983);

- in Swedish workers in the telecomrunications industry, 12 melanoma cases (4.6 expected) (Vagero

et al,1985);
- 1in Swedish electrical engineers,
- in English semiconductor workers,

3 melanoma deaths (0.9 expected) (Olin et al,1985);
3 melanoma cases (0.€8 expected)(Sorahan et a1,1985);

- in workers at 8 UK oil refineries, 14 melanoma deaths (6.48 expected) (Alderson an¢ Rushton,

1682);

- 1In employees of the Lawrence Livermore National Laboratory, a high energy physics research

facility in California, where there were 7 melanoma cases in females (1.43 expected), and 22 in

males (€.80 expected) (Reynolds et al,19€5),
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In all these cohort studies, no sge
of malignart melanoma of the skin
purely coincidental finding.

There seems
development of malignant melanoma |(

to be no doubt thdt solar

-54-

cific chemical is implicated as the causal agent

and it seems that this can arise in a study as a

in the

Scandinavian people have a higher

radiation is a causal factor

Magnus, 1981).

risk of developing melanoma (Amstrong, 1984); it is suggested that infrequent but

intense exposure to sunlight contributes more to the risk of melanoma of the

fair-skinned Scandiravians that ¢oes continuous exposure of people

southern countries. This could expl

in the more
ain the results of Heldaas et al if PVC-workers

had relatively more exposure to synshine than did the general population. However,

the 4 workers with malignant mejanoma did not have any excessive exposure to

sunshine
(Heldaas, personal communication
more attenticn in future studies.

Up until now the total evidence from all

relationship between exposure to
malignant melanoma.

1.3.6 Cancer of the thyroid

nor were other skin tTmours

knowr to be related to sunshine found

Therefore, the finding of Heldaas et al deserves

the studies dcecs rot indicate a causal

VC and the incidence of, or mortality from,

The increased incidence of this type of cancer found by Heldaas et al (1984) was

not paraileled by an increase in mo
and Greiser et al (1982) in which
of observation and follow-up. Thug
exposure to VC and cancer of the

found only 2 cancers of that type.

1.4 The Register of Angiosarcoma (

rtality in the studies by Nichclson et al (1976)

there were high exposures to VC and long periods

the evidence for a causal relationship between

thyroid is weak, ecpecially since Heldaas et al

f the Liver (ASL) Cases

Since 1974, 1I(I
Manufacturers in Europe, a worldwid

Flc has maintained,

on behalf of the Association of Plastics
e register of histologically confirmed ASL cases

resultinc from exposure to VC (Fprman et al, 1985). The register is doubtless
incomplete, although the ccllabordting organisations believe that they have been

informed about nearly all of the
were still alive on 1 January, 1986
the 120

cases, 119 were

repdrted tc be

cases. By January 1986, 120 men, of whom three

, had been recorded as having VC-related ASL. Of

hepatoangiosarcomas and one a
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cholangiosarcoma. No cases were rg

corded in womer but few women have been employed

in manufacturing PVC. Table 4 shows the breakdown of the cases by date of death.

It should be noted that the regis
became firmly established as a d
likely tc be a problem after this
the disease.

In Table 5 the age-distribution of
The mean age at diagnosis was 52.

20 - 29 years after first exposure
The average latency period for the
of exposure 18.3 years. The major
exposure, as is common with occupa
of ASL recorded in any individual
the atmosphere were drastically re

in Table 6 are shown the principd
43% of the men (53/120) had been
which was almost certainly associ
cases have been diagrcsec since 1

industry.

Forman et al (1985) have estimated
analysing the 110 cases diagnosed
that the hezerd was eliminated in

cases might occur for latencies of
for latencies greater than 35 yedq
cases for these extended latency {
is in the range 200-250, or about

1.5 Angiosarcoma of the Liver in

ter was begun in 1974 when exposure to VC first

ause of ASL. Under-reporting is therefore less

date, when special attention began to be paid to

the 120 mer at the time of diagnosis is given.

[t seems that the incidence of ASL reached a peeak

, but 18 cases occurred after more than 30 years.
ASL cases was 22.5 years, and the average length
ty of cases occurred 15 to 29 years after first
tionally-induced cancers. There has been no case
who has been exposed since the levels of VC in
Huced in 1974,

1 occupetions of the 120 affected men. At least
employed as autoclave cleaners, an occupation
ited with the highest exposure to VC. Only 82 new

975 despite the large number of workers in the

the number of future cases of VC-related ASL by

at the time, in terms of latency, and assuming
the late 196C's. They estimate that a further 155
F less than 35 years, and in the absence of data
rs, they suggest that there might be around 50
eriods. Thus the total estimate for future cases
twice as many as have already been reported.

the General Population

The incidence of angiosarcoma of t
condition. Apart form VC, therium
and arsenic can induce ASL (Roth,
only one case in 52,CC0 autopsies
(0.02¢) of primary vescular liver

he liver is difficult to estimate as it is a rare
Hioxide (in the x-ray contrast medium Thorotrast)
1955; Tecluk et al, 1955). Edmonson (1958) found
(0.002%), Rein and Huth (1975) report on 6 cases
tumours in 2C,07S autopsies, while Brady et &l
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(1977) give 0.25 per million
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as the annual morbidity incidence rate for

histologically confirmed angiosdrcoma of the liver among residents of New York
State (excluding New York City) [for the years 1970 to 1975. In a later and more
extensive study of the same geographical area Vianna et al (1981) conclude to an

average annual incidence of 0.2p
between 1963-1973 an average of fp
while a panel agreed with these d

In their case-control study over 1
on 27 cases with confirmed ASL. O
could not confirm ASL. Seven of
chemical operators), Thorium diox
et al, 1977). Of the other 19 pat
1350 m from VC fab
history nor ambient

more than
recidential
remaining 14 patients and statist
carried out. The authors conclude
in the etiology of this disorder

per million. Baxter et al (1977) report that
ur cases per year of ASL were recorded in the UK,
agnoses only in a third of the reported cases.

he period 1958 to 1975, Brady et al (1977) report
e case was excluded because histologic assessment
the patients had documented exposure to VC (all
ide (Thorotrast) or arsenical pesticides (Bradey
ients, 5 lived in highly incustrialised areas no
Neither

air concentration data were obtained for the

rication or polymerisation factories.

that the geographical factor might be important
but it must be considered unresolved at present.

Vianna et al studied the same ared and expanded the study by 4 more years (1958 to
1979) including the Mew York City cases from 1973 through 1979. A total of 43

patients diagnosed with ASL were
mile of plestic producing factori
26.8 years), VC is mentioned as p
of the 43 patients resided in four

reported. For five females residing within one
¢s for a period ranging from 8-62 years (medium
dsssible cause. Furthermore, it is noted that 10
urban counties which contain the greatest number

of VC polymerisation and fabricatipn factories. Dalderup et al (1976) investigated
all cases diagnosed as ASL ir The Netherlands in the period 1950-1975. In that
period the population increased from about 10 to 14 millions. From the 27 cases

reported by the pethclogists only
cases had any traceable contact w
not found. One of the cases was p
Thorotrast induced cases were not

9 cases were proven angiosarcoma. None of the 27
ilth vinyl chloride and a geographical factor was
rpbably induced by chronic use ¢f arseric drugs.

ipcluded in this series.

Saric et al (1976) studied the incildence of malignant primary tumours of the lung,

bronchus and liver in 19€8-1971
ircluding a PVC industry. There

tumours recorded and the area of r

ip a city in Yugoslavia with several factories
bas no caucal relationship between the Tliver

etidence and there were no haemangiosarcomas.
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O0f the 14 cases of ASL in the pe

in Scotland, which were confirmed
VCM. One other case was a man who

within half a mile of the PV(C pl
worked., For the other 12 cases

1977).
1.6 Conclusions

Occupational exposure to high

several years) causes mortality

l1iver cancers., There is insuffic
exposure to VC and an increased
lynphatic or haematopoietic tiss

The annual
been reported to be in the orde
stringent pathological criteria
may cause ASL, but for many of
feund. Theoretically exposure f
plants, could present a cancer
not indicate such a possibility

”
209

CLASTOGENICITY AND MUTAGENICH

incidence of angiosa

-57.

riods 1963-1973 in Englard and Wales, and 1965-1973

by a panel, one case had occupational exposure tg
had lived for 6-7 years before his death in 1070
ant in which the occupationally exposed person had

there was no geographical factor (Baxter et al,

evels of VC,
due to angiosarcoma and possibly other primary
ent evidence to establish any relationship between

(probably hundreds of ppm durinc

1
incicdence of cancer of the brain, lung, thyroid,
ges, and skin (malignant melanoma).

rcoma of the liver in the general population has
F of 0.25 per million, but mey even be lower when
hre used. In addition tco VC, arsenic and Thorotrast
the ASL cases studied no plausible cause could be
rom the ambient air, in particular near VC or PVC
Fisk, but the results from the few stucdies done do

or are inconclusive.

TY

2.1 Studies
The finding of carcinogenic and
studies on its possible mutagen

A number of cytogenetic studies
with increased freguency
lymphocytes of exposed workers
Szentezi et 21 (1976), Purchasq
(1978), Hansteen et al (1978)
Anderson et al (1981). Chromg
rings

an

(

h

S

dicentrice, fracments,

such aberraticrs amongst VC ejp

clastogenic effects ir workers exposed to VC led to
¢ effects.

heve demonstrated that exposure tc VC is essociated
of chromosomal the
Funes-Cravioto et al (1975). Ducatman et al (1975),
et al (1976), Fomenko et al (1976), Purchase et al
Kucerova et al (1979), Anderson et al (1980) and
omal aberrationé induced by VC were described as

aberrations in peripheral

ind translocations. Léonard et al (1977) described

osed workers but underlined that they had received
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frequent X-ray exposures and thdt the positive results could be attributed to
X-rays rather than VC. Both Hanstden et sl (1978) and Anderson et al (1980) found a

decrease in chromosomal aberratiofs of circulating lymphocytes to the levels found

in control groups (people on-site|or off-site not exposed to vinyl chloride) with
Fleig and Thiess (1978) failed to demonstrate an

aberrations in 10 persons classified as "exposed

the improvement of plant hygiene.
increased frequency of chromosomal
persons showing no symptoms of VC [i1Tness". Picciano et al (1977) failed to show an
increased prevalence of chromosomdl abberations in 209 workers employed for up to
28 years in a VC plant. The averagge exposure had been to 50 ppm or less since 1959,
Twc studies reported that there wgs a small increase in sister chromatid exchange
rate (Kucerova et al, 1979; Georgeyia and Tsoneva, 1961), whereas two other studies

failed to demonstrate such an ircrease (Hansteen et al, 1978; Anderson et al,

1981).
In the bone marrow cells of VC| exposed workers the frequency of chromosomal
breakage was higher than that repofted fcr unexposed people (Hansteen et 21, 1978).

The urine of workers exposed to JC did not induced mutations in the Salmerella

typhimurium strain TA10C, even in {
8-glucuronidase (lMatlern et al,1977

he presence of rat liver homogenates or

).

Some other studies on the possiblp effects of VC on reproduction are also noted

here for completeness. Infante et {

1 (1976) compared the outcome of pregnancies in

the wives of workers before and after they had been exposed te VC with the outcome
in the wives of workers in the PVCiprocessing and rubber industries. They founc an

excess of fcetal less in the group
Paddle
study, and Downs et al (1977) have

Hewever,

clastogenic,
evidence of an association betwee
abberations in the lymphocytes, but
wives and exposure of the husband
defects in communities near PVC-prc

Infante et al (1976) reported higher incidences of birth defects

palate, abnormal gerital organs,
comnunities
(1976) reinvestigated the data

abnormalities of the ChS and expo

(1976) and Clemmepsen

of wives whose husbands had been exposed to VC.
(1982) pointed out some fallacies in the
questioned some of the repcrted findings on the

mutagenic arc cenotogic effects of VC, concluding that there was

n occupational exposure to VC and chromosomal
none for ar association between foetal loss in
K, or between exposure to VC and excess birth

Fuction plants.

(cleft 1ip and

clubfoot, and abnormalities in the CNS) in

in Ohio where PVC polymerisation plants were located. Edmonds et al

ind found no correlation between congenital
lure to VC. In Canada, Thériault et al (1983)
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found higher incidences of birth deffects, amcno them abnormalities of the CKS,
community where a PVC polymerisation plant wes
historics cf perents who gave birth to malformed infants and normal

residential

infants (contrcls) did not indicate
2.2 Conclusions
Exposure to VC causes chromosomal

levels existing before the
mid-1970's. It

markdd
is uncertain whether

-50-

in a

located. The occupational and

an association with exposure.

but only at the
exposure in the

abberations in human beinos,

reduction in occupational

it causcs chances in the rate of sister

chromatid exchange. From the scant evicderce available it seems unlikely that VC has

caused any adverse effects on human

health via its mutagenic potential,

3. OTHER EFFECTS RELEVANT TO CARCINOGENICITY QR MUTAGENICITY

In this section, long-term effectf

carcinogenicity

are reviewed. Fortwengler et al

of exposure to VC which are relevant to 1its

(1981) have shown that ASL

originates from effects in the endpthelial cells and this type of cell may also be

involved in the development of
diseases related to liver cancers.

3.1 Non-malignant Liver Diseases

Jihe €t al (1973) investigated N.
resemblirg progressive scleroderma.
Hue to portal hypertension,

bleeding from oesophageal varices

acro-osteolysis

(AOL) and non-malignant liver

German PVC-production workers with symptoms
Three of a group of 13 had a history of

Tribukh et al (1949) studied a grLup of 73 workers at a plant in the Soviet Union

at which

PVC resins were manufaqtured and compounded. Twenty-one subjects were

four¢ tc have "anicteric hepatitis" (hepatitis without jaundice) and the authors

reported non-tender hepatomegaly blt gave no details.

Suciu et a1>(1963, 1975) reported that 30% of a group of 168 werkers at two

Rumanian PVC-production plants hpd hepatomegaly,
The VC concerftration in the working environment was 880 ppm.

splenomegaly ir €%.
Four years later,
prevalence of hepatogegaly was onlly

following a rpduction in

and this was associated with

this concerntration to 38 ppm, the
11%.
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(1973)
perisinusoidal fibrosis and subcapsu
20 male PVC-production workers. The

Marsteller et al found vary]

was -

- 1increased bromsulphthalein (BSP) retedg
- thrombocytopenia

- hepatic-spleen surface alterations on
- splenomegaly

- hepatomegaly

- acroosteolysis

- oesophageal varices

-60-

ng degrees of non-cirrhotic portal fibrosis,
ar fibrosis of the liver in all of a group of
revalence of findings related to liver disease

tion 19/20
16/20
14/20
7/20
6/20
4/20
3/20

peritoneoscopy

The subjects were aged 30-56 years at diagnosis and their exposure time was 1.5-21

years. Nc information on exposure 1

engaged in autoclave cleaning, some g

evels was given but all 20 workers had been
f them full-time. Barnes (1976) suggested that

in the early 1950s autcclave cleanefs had been exposed to levels of VC of up to

300C ppm.

After the first report that exposure
1974) the performance of liver-functi
and it later eppeered that non-c
hvpertension was a more common lesio
Jones and Smith, 1982). Non-cirrhot{
Iber (1969) estimated that of all sub
porta

encountered 1in cirrhosis or

morphology.

Falk et al (1974) reviewed the patho
workers and with non-malignant liver
2 close histological similarity betwd
fibrosis and sinusoidal changes. The
ASL has been described by Smith et |
(1982) who sugges]
changes were precursors to ASL. Hepat|
and Fortwengler et al (1981) have giVv
in endothelial cells. They demonstraf

Jones and Smith

for endothelial cells,

endothelial cells were the target.

ir the tumoyr cells of ASL cases,

to VC was related to ASL (Creech anc Johnson,
on tests on workers exposed to VC was extended
rrhotic portal fibrosis leading to portal
n than was ASL (Lelbach and Marsteller, 1981,
¢ portal hypertension and ASL are both rare.
jects with portal hypertension similar to that

[ vein btlockzce, 3 to 5% had normal liver

Jogy of liver biopsy specimens from VC exposed
disease or ASL. They suggested that there was
en these two diseases, both leadinc te portal
progression of VC-inducec hepatic fibrosis to
al (1976), Lelbach and Marsteller (1981) and
fed that periportal fibrosis and sinusoidal
ic sinusoidal cells include endothelial cells,
en evidence that VC-induced ASL has its crigin
ed an increase in factor VIII, a known marker

suggesting that the
Hepatocytes may not be the target cells for

toxic action, which would explain why| the standard biochemical liver-function tests
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were of limited value for the eal
and ASL ir populations at risk ({
al, 1977).

-61-

"1y detection of non-cirrhotic portal hypertension
[reek and Makk, 1975; Williams et al, 1976; Lee et

Ld's Phencrenon and Effects on the Skin

3.2 Acro-osteolysis (AOL), Rayna

(1957)
exposure

Filatova and Gronsberg f

adverse effects from
phenomenon ("“toxic angioneurosis"
(1961) repcrted finding destruct?
hand
affected also had symptoms simild
believed that the bone lesions

(1963, 1975)

ir PVC-production workers ¢

found Raynaud's ph

ublished one of the earliest papers to record
to VC, 10

) in exposed workers. A few years later, Smirnova

finding effects similar Raynaud's
ve bone lesions of the terminal phalanges cf the
bxposed to VC for between 3 and 9 years. Those
ir to those of Raynaud's phenomenon, and Smirnova
pere caused by the exposure to VC. Suciu et al

enomenen in 6% and scleroderma in 3.6%, of the

work-force of 168 at two Rumania

PVC-producirc plants where the VC concentration

in the working atmosphere was 88(¢ ppm. After this had been lowerec¢ to 37 ppm, the,

prevalence of Raynaud's phenomen
The authors did not mention findi

Cordier et al (1966) described AQ
Belgian PVC-production plant.
developed the symptems c¢f Raynaud
asthma and crowsiness. The most
of lysis of some terminal phalang
additional

succeeding years ce

n fell to 2.9% and that of scleroderma to zero.
hg any bone lesions such as AQOL.

| of the hands in two male autoclave cleaners at a

beveral months after starting this werk they

s phenomenon, eruptions on the skin of the hands,
Etriking sign, however, was radiological evidence
ps of the hand and, in one case, the feet. In the
reported from France (Chatelian and

FES were

Motillon, 1967), Great Britain (Harris and Adams, 19€7) ancd the USA (Wilson et

al,1967). These last authors fou
and PVC-production. Dinman et al

PVC autoclave cleaning (1 case pd

of PVC (1 case per 86 at risk)
working on the compounding of PVC

The first cases of AOL in W. Gern

workers at PVC plarts. Initially
and it emerged that some worker
history of bleeding from oes
Artericgraphic evaluation of the
vascular lesions confined to the

nd 31 cases among 3,000 employees engaged in VC-
(1971) observecd a strong association of AOL with
r 72 workers at risk) and the baoging and packing

, but found no cases among the 1,257 employees
resins,
any were observed by Jiihe and Lange (1572) amorg

the clinical findings resembled systemic sclerosis
5, mainly occupied as autoclave cleaners, had a
cphegal  varices due to portal hypertension.
vacculer tree of the hands showed the presence of
small digital arteries, although there was some
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narrowing of the superficial and
Arterial irregularities and segme
the flow of the contrast medium a
The results cf arteriography cor

-§2-

deep palmar arterial arch (Lange et al, 1974).
ntal stenosis were accompanied by retardation of
nd peculiar tortuosities of the patent arteries.
related vell with those of non-invasive methods

such as photoplethysmocraphy, neo%raphy and thermography.

Ward et al (1976) demonstrated tha
out of 28 patients
thrombocytopenia,
suggested that the disease was an

portal fibrosiqg

by Lencaver-Lewowicka et al (1976).

their results
auto-immune disease.

3.3 Conclusions

Vinyl chloride-induced chronic tox

sinusoids from which ASL originat

fibrosis and to changes in the di

development of Raynaud's phenomenpn,
these lesions are caused by VC itjself or its metabolites.

in workers exposed in the 195Cs
effects in workers whose exposure
Tevels in most countries were lowe

with “v¢

that there was np

t circulating immune complexes were present in 19
ACL,
They
immune complex disorder, 2 suggestion also made

Lange et al (1974) had already concluded from

disease", ie. Raynaud's phenomenon,

, and hepatic and pulmonary dystunction,

convincing evidence that VC disease was an

icity affects the endcthelial lining of the liver
es. Exposure to VC may also lead to periportal
stal vasculeture of the hands manifested by the
It is not clear whether

These effects were seen

sclercderma or AOL.
and 1960s. There have been no reports of such

to VC ctarted 1n the early 1570s when exposure

red to a few ppm.
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D. EXPERIM

ENTAL TOXICOLOGY

1. CARCINCGENICITY

1.1 Exposure by Inhalation

1.1.1 Viola's initial experiment

The first investigation of the lo

ng-term effects of VC on animels was carried out

in the Institute of General Pathdlogy, Perugia, and was reported by Viola (1970,

1971). It was undertaken in an a

Ltempt to procuce AOL in experimental animals. A

group of 26 3-month old male Wistgr rats of the IRE strain were exposed to VC at a

concentration of 3% v/v in the
Twenty-five rats of the same stra

sleepy but otherwice appeared to tolerate these high exposures well.
th month of treatment and the experiment was -

started to appear after the 10
termineted after 12 months. Sevé
epidermcid tumours appeared in th
of these tumours were reported
carcinomas and one a papiliomz. §
had Tung tumours, but no haemang
were reviewed by other pathologi
and the lung tumcurs were metast]
al, 1974, 1975). No tumours of thg

1,1.2 Investigations by Maltoni

irhaled air for 4 h/d, 5 d/wk for 12 months,
in served as controls. The animals were slightly
Tumours

nteen rats survived beyond the 10th month and
p para-auricular region in all of them. Fourteer
to be epidermoid carcinomas, 2 muco-epidermoid
ive of the 17 animals had osteochondromas and 7
josarcomas were reported. The epidermoid tumours
bts and re-classified as Zymbal gland carcinomas
ses from the Zymbal gland carcinomas (Maltoni et

se types were observed in the control rats.

¢+ BT series

Because the Viola stucy indic
environmental exposure to VC, itg
in laboratory rodents by Maltoni.
and the detailed results cf the e
(1984). Three earlier papers conf
experiments as well as some impor
7. As the tumourigenic response
inadequate dosage discussion of

report.

bted a risk of cancer from occupational and
carcinogenicity was then thoroughly investigatec

Maltoni numbered his experiments BT 1, BT 2, etc,

xperiments are tabulated in a book, Maltoni et al
aining details of the design of the BT series of
tant interim and final results are cited in Table
in experiments BT 3 and BT 15 was low due to
these experiments have not been included in this
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In an extercsive serjes of studies,
mice and hamsters, and VC dissol
parenteral rcutes. He also exposed
to examine the sensitivity of foeta

1.1.2.2

-64-

Maltoni administered VC in air to adult rats,
ved in olive oil, to rats by the cral and
pregnant and neonatal rats to VC by inhalation
and newly-born animals.

Dawlay rats exposed by inhalation

Dese-response in Sprague-

In one of these studies (BT 6, Tabl
of 30 male and 30 female Spreque-Day
weeks and killed at 68 weeks., Zymbg
experiment. In addition a high inc
but no bone or cartilaginous tumour
this discrepancy. The longer perig
allowed mere time for the developmg
be no explanaticr for the absence of
forestomach turiours was not observ

isolated observation,

The carcinogenicity cf VC was convis

Sprague-Dawley rats (BT 1, Table 9J).

rance of concentrations of VC from
highest for 4 h/d, 5 d/wk over 5
weeks. There was a clear dose-resp
hepatic angiosarcomas, but it was
brain although the inc
treatment-related. In particular, 3

tumours

observed in a female rat &t 50 ppm.

e 8) the Viola experiment was repeated. A group
vley rats was exposed to 30,000 ppm of VC for 52
1 gland carcinomas were observed as in Viola's
dence of anciosarcomas and forestomach tumours
s were induced. It is difficult to account for
¢ of observation in Maltoni's study may have
nt of the hepatic tumours but there appears to
[ bone lesions. The increase in the incidence of
ed in later experimerts and appears to be an

cingly demonstrated in a dose-response study on
Animals of both sexes were expesed to a wide
bC ppm at the lowest level to 10,000 ppm at the
P weeks. The experiment was terminated at 135
pbnse relationship for Zymbel cland tumours and
less clear for hepatomas, nephroblastomas and
reasec  incidence of these appeared to be
haemangiosarcoma, a rare tumour in rats, was

Other tumours (mammary gland, forestomach,

papillomas and leukaemias) occurrgd in both test and cortrol groups and were

randomly cistributed. There was al

ko an indication of a reduction in the latent

periocd of the treatment-related tymours compared with that of the sare type of

tumours occurring in the control gr

1.1.2.b Other dose-response inhala

up.

fion experiments in Sprague-Dawley rats

The occurrence of haemangiosarcom

experiments (BT 2 and BT 15,

carcinogericity of VC at relativdly low levels of exposure.

experimerts (BT 2) a comparatively

s at 50 ppm prompted further dose-response

Tables 10 and 11) to explore further the
In one of these

narrow range of concentrations was investigated,
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