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THE MUTAGENICITY AND CARCINOGENICITY OF 
VINYL CHLORIDE :A HISTORICAL 

REVIEW AND ASSESSMENT

SUMMARY

In 1974 the first eyidence that occupational exposure to vinyl chloride (VC) could «
lead to a rare type of liver cancer in man, angiosarcoma, was published. Since then 
an enormous amount of epidemiological, clinical and toxicological research has been 
carried out and a large volume of data on occupational exposure and exposure of the 
general public has been collected. Th*s information is scattered in many types of 
publications by numerous authors. The purpose of this report Is to present under 
one cover a coherent picture of the most important aspects of the toxicology of VC 
(with the emphasis on carcinogenicity and mutagenicity), and the risk it poses for' 
human health at current levels of exposure.

A brief Introduction and Historical Review Is given in which the processes for 
producing VC and its polymer (polyvinyl chloride, PVC) are described; the sources 
and types of exposure to VC are given; the various diseases arising from excessive 
exposure are noted, and the evolution of exposure limits is summarised.

Human occupational exposure is predominantly via Inhalation at plants where VC and 
PVC are manufactured and at factories where PVC is processed to give various 
fabricated articles. In practice skin exposure from the liquid phase Is negligable. 
The development of methods for determining VC concentrations in air is briefly 
noted, and the historical levels of VC at the various types of plants are reviewed. 
By far the highest levels (hundreds of ppm) were experienced periodically at 
PVC-production plants, but by mid-1974 they had been reduced to, typically, around 
50 ppm. Progress in lowering the levels continued, and since 1978 they have been at 
a few ppm or lower.

The general public is exposed to very small amounts of VC : i) from Inhalation of 
ambient air ir. urban areas typically in the order of 5Mg/person/day with higher 
amounts in the vicinity of VC and PVC plants, ii) by ingestion of food and drinks 
packed in VC-containing polymers as films, cartons or can-linings from which 
residual VC can migrate into the packed material and iii) by inhalation of tobacco 
smoke (a few ng/person/day). Since 1978 emissions from VC and PVC producing plants 
have been reduced considerably. Between mid-1973 and mid-1975 the amount of
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residual VC in polymers was also drastically reduced, typically from more than 10 
ppm to about 1 ppm, and the concentrations in food and drink fell from around 100 
to about 2 ppb over the same time period, and data obtained in 1986 show typical 
values of 0.1 ppb or less.

The carcinogenic, mutagenic, clastogenic and related effects of VC on humans are 
reviewed. Twenty-six papers describing epidemiological studies are critically 
assessed and it is concluded that, apart from the well-established fact that 
exposure to the high levels of VC experienced in the past can cause angiosarcoma of 
the liver, there is no convincing evidence that it causes cancer at other sites, 
nor is there any evidence of teratogenic or heritable mutagenic effects in man. 
Clastogenicity was crly seen at higher occupational exposure levels experienced 
before the marked reduction in exposure in the mid-1970's.

Various non-carcinogenic effects of chronic occupational exposure to VC have been 
described under the collective heading "Vinyl Chloride Disease", and these are 
briefly reviewed. There have been no reports of such effects in workers exposed to 
VC after the early 1970s when VC levels were lowered to a few ppm.

The experimental studies on the carcinogenicity, mutagenicity and genotoxicity of 
VC are also reviewed. From the extensive work on carcinogenicity, much of it by 
Maltcni, it is concluded that VC is a versatile carcinogen In animals when 
administered by inhalation or orally. In the three species tested (rat, mouse and 
hamster) it induced hepatic haemagiosarcomas, Zymbal gland tumours, nephroblastoma, 
pulmonary and mammary gland tumours, and forestoroach papillomas. The minimum dose 
at which compound-related tumours were induced by Inhalation was 10 ppm for rats, 
50 ppm for mice ard 500 ppm for hamsters. When VC in PVC powder was administered 
orally to rats, the minimum effective dose was 1.7 mg VC/kgbw per day. When It was 
administered as a solution in water to the same species, the minimum effective dose 
was 25 ppm.

VC is mutagenic and clastogenic in vivo. It is also mutagenic and clastogenic i_n 
vitro but only in the presence of appropriate metabolic activating systems. 
Chloroethylene oxide appears to be the most potent mutagenic metabolite.

The liver is the primary site of structural damage by VC, and it appears that the 
effect is due to toxic metabolites whose formation is induced by the mixed function 
oxidase system. The fact that, in experimental animals, tumours were Induced in

BFG12615



- J-

organs which were not adversely affected in acute and sub-acute studies, and that 
tumours developed in the liver at dose levels well below those found to cause 
hepatotoxicity, Is consistent with a genotoxic mechanism of action.

The major pathways in the metabolism of VC have been established. In experimental 
animals the key metabolic step is its conversion by mixed function oxidase into 
chloroethylene oxide. Although this process is readily saturable, the ability of 
chloroethylene oxide to bind covalently to DNA at levels which do not induce 
saturation probably accounts for the induction of tumours at such low levels. From 
studies on the clearance rates of inhaled VC in rats, mice and humans it is 
concluded that rats and mice exposed to VC produce more of the carcinogenic 
metabolite per kgbw than do humans.

As to the current risks, our conclusions are that although it is not possible to 
set definitely safe levels of exposure for genotoxic carcinogens, the evidence 
presented in this report suggests that occupational exposure at current levels, as 
would be achieved when in compliance with, for example the EEC limit of 3 ppm, does 
not present any significant risk to health. At the atmospheric levels to which the 
general public is exposed, in the order of 5 Ug/person/day with higher values in 
the vicinity of VC and PVC plants, and less elsewhere, the risk of adverse health 
effects is even less. The content of residual VC in PVC and copolymers in food and 
liquid packaging materials has fallen, typically from more than 10 ppm In the early 
1970’s to below 1 ppm in subsequent years. There has been a corresponding reduction 
in the VC content of packed food and drink 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 drink presents a negligible risk of cancer.
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I

A* INTRODUCTION and historical review

Since about 1974 vinyl chloride (VC) has become one of the most Intensively studied 
of all industrial chemicals from the point of view of its toxic effects. An 
enormous amount of clinical and toxicological research has been carried out and a 
large amount of data relating to occupational exposure and exposure of the general 
public has been collected. By about 1985 many epidemiological or animal studies had 
been completed and reported. Host of the information necessary to understand the 
toxic effects of VC have been obtained. As this Information Is widely scattered It 
is difficult to have a coherent view of the results and developments which form the 
background of control measures currently In force. This Is necessary for all who 
are concerned with the voluntary and regulatory control of VC.

As a consequence ECETOC set up a Task Force composed of experts to assess the 
carcinogenicity and mutagenicity of VC and their significance for the health of 
exposed workers and the general public. Emphasis was placed on carcinogenicity and 
mutagenicity because measures taken to reduce the risk from these effects would 
automatically minimise, and probably eliminate entirely, the risk of those 
VC-related diseases and conditions, which develop only after exposure to "high" 
concentrations. These other VC-related diseases are described briefly for the sake 
of completeness.

The report is set out as follows. The short historical review which completes this 
Chapter is followed by an account of human exposure (Chapter B) and the effects of 
exposure to VC on human health (Chapter C). Experimental studies are then assessed 
under the headings: experimental 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 those publications relevant to the task in hand are 
considered.

1. VC AND PVC PRODUCTION PROCESSES .

Vinyl chloride (VC) is a colourless. Inflammable, explosive gas, slightly soluble 
in water, and soluble in fats and organic solvents (Appendix 1).

It was first synthesised by Regnault in 1835. Research on the polymerization of VC 
was carried out in Germany to provide a substitute for rubber during the First 
World War, but it was not until a century after its discovery, i.e. in the 1930s,

BFG12617

21308009



3~

that the production of VC and Its polymerisation to polyvinyl chloride (PVC) was 
developed industrially. After the Second World War production expanded considerably 
and PVC became one of the most important synthetic resins produced by the plastics 
Industry. Worldwide annual production of the polymer In 1985 was about 12 million 
tons.

Apart from Its use'In the production of PVC and the manufacture of copolymers with 
monomers such as vinyl acetate or vinylidene chloride, VC still retains some minor 
use as a raw material for the manufacture of 1,1,1-trichloroethane and 
monochloroacetaldehyde. Certain of its less important uses have been abandoned 
since the early days and are not considered further, eg aerosol propellant and 
general anaesthesia.

There are two methods for the Industrial production of VC. Formerly it was made 
from acetylene and hydrogen chloride but nowadays ethylene and chlorine are mainly 
used. They are reacted to give 1,2-dichloroethane, which is thermally cracked to 
produce VC and hydrogen chloride. There is very little exposure to VC, since 
production is carried out as a continuous process in plant closed to the outside 
atmosphere.

Descriptions of VC polymerization processes have been given by Cook et al (1971), 
Cohan (1975), Barnes (1976), Bonnefoy (1977) and Stafford (1977). There are two 
main processes : the dispersion process and the bulk process. Because most of the 
adverse effects of VC .on human health occured at plants in which PVC was 
manufactured by the dispersion process, this is described in some detail below. The 
bulk process was introduced only in the later 1960s and a much shorter description 
of this is given.

1.1 Dispersion Process

As VC is a gas at ambient temperatures polymerisation is carried out in autoclaves 
at 40-70°C. The reaction is exothermic, and the most common method of dissipating 
the heat is to disperse the monomer in fine droplets in an approximately equal 
quantity of water. The reaction takes place in a three-phase system; the solid 
polymer is precipitated in the monomer droplets, which in turn are dispersed in the 
aqueous phase. Despite more than 30 years of research, no way has yet been found to 
prevent a film of pvc forming on the inside wall of the reactor. This film 
interferes with the transfer of heat between the reactor and its contents, and the
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process has to be interrupted periodically to allow the reactor to be cleaned. The 
fact that it is technically Impossible to polymerize VC by a continuous process in 
a permanently-closed system lies at the origin of the occupational pathology of 
autoclave cleaning personnel.

Over the years, the size of the autoclaves has gradually been Increased. Whereas 
the first had a capacity of only a few cubic metres, those in current use have a 
volume of several tens of cubic metres, and even larger autoclaves are being 
designed.

In a typical process, deionized water is first Introduced into the autoclave, 
followed by emulsifiers, catalysts, surfactants, buffers, etc. Air is purged from 
the reactor, and the liquid VC is then pumped into the sealed autoclave under 
pressure. The autoclave is heated to between SO and 60°C In order to Initiate 
polymerisation which then continues exothermically. Once polymerisation has ended, 
the autoclave charge is emptied into degassing tanks, and the non-polymerlzed VC Is 
degassed and pumped into a gasometer where It is compressed and then stored under 
refrigeration in pressurised spheres. The wet PYC Is transferred to mixers in which 
the charges from several reactors are combined in order to make the product 
uniform. It is then transferred to driers, and the resulting dried powder is sent 
either tc bulk storage silos, or to hoppers for bagging. The autoclave, after being 
emptied, is opened, rinsed and washed either with solvents or by means of automatic 
high-pressure water jets.

Nowadays, many precautions are taken to guarantee the best achievable sealing 
involving the complex system of piping, tanks, pumps and valves in which the VC 
flows. This even applies to the autoclave which only needs to be opened 
occasionally. A combination of technologies are used for autoclave cleaning all of 
which Involve washing between individual, or a limited number of batches, thereby 
reducing the formation of crusts or deposits resulting from polymerisation. In the 
past, the autoclaves were cleaned manually ; gloves were worn, whilst the Inside of 
the autoclave was scrapped with a spatula, or sometimes a hammer and chisel, to 
remove the encrusted polymer adhering to the walls of the vessel and the mixing 
devices. Lumps of polymer often released monomer when broken, resulting in 
dangerously high concentrations in the autoclave. The usual practice up until about 
1970 was not to go into the vessel, in which the atmosphere was still laden with 
monomer, until an explosimeter had been used to check that the autoclave contained 
less than about 400 ppm, ie. a safety margin of around two orders of magnitude
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below the lower limit of explosivity of VC. Nowadays much more sensitive 
instruments are used to ensure that entry into autoclaves occurs only when the VC 
level is at or below 10 ppm.

1.2 Bulk Process

Liquid VC under pressure, plus a free-radical catalyst and other additives, are 
charged to an autoclave where pre-polymerisation occurs. When 8 to 12X of the 
monomer has been converted into polymer this "seed" material is passed to the main 
polymerisation autoclave where further VC, catalyst, etc. are added and the 
polymerisation is allowed to go substantially to completion. The remaining VC is 
removed and recovered, and the dry polymer is then screened, and passed to storage.

In the period between Its production and use, PVC is stored in warehouses for 
periods of several days or weeks and can lose significant amounts of Its residual 
monomer by diffusion into the atmosphere.

2. PVC CONVERSION PROCESSES

PVC is converted into a wide range cf products by various processes, including dry 
blending. Most of which involve heating until it softens or melts. It can then be 
formed into solid articles (by extrusion, thermo-forming, or rotational moulding), 
or rigid or flexible film (by extrusion or callendering). During the processes, 
part of the residual VC is expelled from the PVC. The industrial operations 
described above can lead to occupational exposure to VC.

3. PVC PACKASINGS FOR FOOD AND DRINK

Exposure of the general public can arise from the packaging of a wide variety of
foods and drinks In containers or film made of PVC or VC co-polymers. Residual VC)
in the polymer may migrate into food or drink and minute amounts can thus be 
ingested by the consumer.

4. EXPOSURE TO VINYL CHLORIDE

An inventory of the population groups liable to be exposed to VC shows a 
steeply-decreasing degree of exposure, in the following order (Bonnefoy, 1977):

1.

2.

3.

4.
5.
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1. Polymerisation unit workers - the most heavily exposed because of the many 
manual operations, the frequent opening of equipment and the fact that the 
installations are often situated inside buildings.

2. Workers in monomer production units - only slightly exposed since the continuous 
process under pressure necessitates sealed systems, and the installations are 
situated in the ppen air.

3. Workers in plants where PVC is converted into manufactured articles. The levels 
have always been very low, as the only source of VC is traces released from the 
resin.

4. People living near plants.
5. Consumers of food and drink packed in PVC or VC copolymers containing residual 

monomer.

More details about the levels of exposure of these groups are given in 
Chapter B.

The concurrent publication in 1974 of papers on angiosarcoma of the liver in VC 
exposed experimental animals and man stimulated a major technological effort to 
reduce the exposure at workplaces. The result was that exposure was markedly 
reduced and atmospheric, concentration limits in the workplace were lowered, e.g. 
from 500 ppm (ACGIH, 1970) to a "harmonized" long-term Limit Value of 3 ppm as an 
annual average in the European Communities (EEC, 1978), cf table 1. At the same 
time there was a sustained effort to lower the amount of residual monomer in PVC, 
and hence In food and drink packaged in PVC-containing materials. In 1978 the EEC 
set a limit of 1 ppm of residual VC in PVC polymers, and a migration limit of 10 
ppb in food or drink resulting from the packaging (EEC, 1978).

5. EFFECTS OF VINYL CHLORIDE ON HEALTH

There are many reviews of the toxicclcgy of VC, eg. Schottek (1969), Viola (1974), 
Foa et al (1974), CIRC (1574), Haley (1975), Hublet (1975), Truhaut et al (1975), 
Szadkowski (1976), Heuse (1978), Binns (1979) and Veltman (1980). In addition 
Cavigneaux (1975), Helman et al (1975), Warren et al (1975) and Szadkowski et al 
(1982), have produced bibliographic inventories.

Our understanding of the toxicology of VC developed in three historical stages as 
set out below.

i BFG12621
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5.1 Effects on the Central Nervous System (CHS) (roughly from 1930)

During the early period of the Industrial development and use of VC and FVC, the 
effects of VC on the CNS, at what would now be considered to be very high 
concentrations, were recognised In experimental animals and man (Patty, 1930). The 
symptoms include euphoria, headaches, dizziness and loss of consciousness which are 
manifested In man, it concentrations of several thousand ppm. See, for example, 
Mastromatteo et al (1960), Cordier et al (1966), Berod et al (1972), Lange et al 
(1974), Moulin et al (1974), tills et al (1975), Truhaut et al (1975). Walker 
(1976) and Delorme et al (1978).

5.2 "Vinyl Chloride Disease" (roughly from 1957)

In the 1950s a variety of other effects became recognised as resulting from chronic 
exposure to VC at concentrations of (probably) several hundred ppm. Some of them 
were first described by Filatova (1957) and were later collectively called "vinyl 
chloride disease". The effects Included a sclerotic condition of the connective 
tissue of the fingers accompanied by a thickening of the dermis, and from fibrosis 
of the liver tissue and spleen. Another effect is acro-osteolysis, a rare 
bore-disease resulting in de-calcification of the terminal phalanges of the hand
and affecting largely the "autoclave scrapers" (Cordier et al., 1966). Less
commonly, osteolytic lesions are observed at other sites In the skeleton.

Acro-osteolysis Is frequently preceded by a Raynaud-type phenomenon in which there 
is a reversible constriction of the arterioles of the fingers leading to numbness, 
pallor, and cyanosis of the fingers.

5.3 Carcinogenicity (1970 and onwards)

While attempting to reproduce acro-osteolysis in rats exposed to VC by Inhalation, 
Viola (1970) and Viola et el (1971) found an increased incidence of tumours of the 
skin, lungs and bones. A few years later Maltoni et. al (1974) confirmed this, and 
identified in addition an increased Incidence of angiosarcoma of the liver. A most 
significant finding was also made in the same year when Creech and Johnson (1974) 
reported that a search of the medical files at a Goodrich plant In the USA had 
revealed three cases of death from angiosarcoma of the liver (a very rare form of 
cancer) among the deceased workers. It was recognised that the cause was likely to 
be inhalation at high levels (probably a few hundred ppm) of VC over long periods.
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This finding, in combination with results from experimental studies. Initiated an 
urgent and radical worldwide revision of measures for protecting the health of 
groups of people exposed to VC, and simultaneously led to extensive epidemiological 
and animal studies which are described in the following chapters.

6. EVOLUTION OF OCCUPATIONAL EXPOSURE LIMITS

In parallel with the discovery of the toxic properties of VC, the development of 
technology to lower the concentration in occupational atmospheres, and Improved 
analytical capability, the various recommended exposure limits were lowered, as 
summarised in Table 1.
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2.2. EXPOSURE OF HUMAN BEINGS TO VINYL CHLORIDE

1. ODOUR THRESHOLD

The ojiour of VC could be detected In the neighborhood of autoclaves when they were 
opened and while they were being ventilated prior to cleaning. Various authors 
have given differing values of the odour threshold. Viola (1974) and Patty (1966), 
who carried out experiments with human volunteers, put the threshold at 5000 and 
4000 ppm respectively. Cook et al (1971) put the lower odour threshold at 400 ppm. 
Bauer (1974) reported that the range of perceptible concentrations was between 200 
and 2000 ppm, while Baretta et al (1969) reported that one of the experimental 
subjects recognised the odour of VC at 250 ppm, although the sensation faded very 
quickly. Lefevre, quoted by Hublet (1975), puts the threshold at as low as 150 ppm.

Our
lim
sam

2. OCCUPATIONAL EXPOSURE

2.1 Locations

Occupational exposure to VC by inhalation can occur at three different locations :

- VC production plants,
- VC polymerisation (PVC-productlon) plants,
- PVC processing areas.

It is Important to distinguish between them because, especially in the past, they 
correspond, to markedly different levels of exposure. VC concentrations and the 
incidence of various adverse effects or. health were undoubtedly highest in 
PVC-production plants and the measurement/nonitoring of exposure levels has 
consequently been much more extensive at these plants, data from the other 
locations being scarcer.

Skin exposure to VC in its liquid phase is of no practical consequence In view of 
the closed manufacturing process. Ea
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2.2 Measuring and Monitoring Methods

During 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 into a syringe or evacuated flask and tested in the 
laboratory, the limit of detection being around 500ppm, the ACGIH Threshold 
Limit Value established in 1959. The method is not specific for VC;

- explosimeters were used for the (non-specific) detection of VC in the 1950s 
and 1960s. Initially, the limit of detection was around 200 ppm, but it was 
progressively lowered to about 40 ppm.
Gradually more sophisticated techniques became available, such as :

- colour-indicator test tubes of the Draeger or Gastec type, with a detection 
limit of down to 1 ppm depending on the measuring range. The tubes are not 
specific for VC, since other unsaturated or halogenated hydrocarbons 
interfere;

- GLC or infra-red absorption techniques specific for detecting vinyl chloride 
in workplace air samples, which were taken into syringes, evacuated vessels or 
"gas bags". This technique became available in the 1960s. Its limit of 
detection depends on sample size, but Is usually well below 1 ppm; it has been 
developed for continuous area monitoring.

- various portable direct reading equipment such as infra-red analyzers with 
absorption at specific frequencies has also been described ( Wilkes and 
Lavery, 1974; Ketterer, 1974; Thain, 1975).

- non-specific direct-reading instruments, e.g. various flame-Ionisation 
detectors, or more recently photo-ionisation detectors, used since the 
mid-1970s to determine atmospheric VC at the ppm level.
Reference has alsc been made to application of paper-tape analyzers (Denberg 
and Miller, 1974).

Early measurements of Time Weighted Average (TWA) exposures were often calculated 
on the basis of the time spent in given areas by the worker and the VC content of 
grab samples of workplace air taken supposedly nearby. By the early 1970s more 
sophisticated methods had become available and were increasingly used, permitting 
TWA measurements to be made by personal monitoring in the worker's breathing zone. 
Air from the breathing zone is drawn by a small light-weight pump through a carbon
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et al (1972) quotiad average values of 10 ppm and stated that some workers were 
exposed to more than 300 ppm TWA. Cook et al (1971) found concentrations of 50 to 
100 ppm in reactors after ventilation, i.e. when the autoclave cleaner went down 
into the autoclave, but levels of 600 to 1000 ppm could be detected around the 
workers' hands during scraping. Lefevre (cf. Hublet et al, 1977) carried out 
measurements in 1967 which showed that the average exposure of autoclave scrapers 
at that time was in the region of the TLV, i.e. 500 ppm. In the epidemiological 
study carried out by Ott et al (1975) (see also section C.l.l.a), very precise 
exposure profiles were given for workers carrying out different tasks In the 
polymerisation units of an American company where continuous monitoring of the 
atmosphere had been carried out from 1959. These values were significantly lower 
than those reported above.

Several authors estimated average exposure levels prior to the mid-1970s from the 
rather limited data available (see Baretta et al, 1969; Ott et al, 1975; Siclu et 
al., 1975; Barnes, 1976; Hansteen et al, 1978). By about 1974 onwards, when 
accurate personal monitoring became possible, the levels were much lower (Barnhardt 
et al, 1975; Milby, 1977; Jones, 1981). The various author's estimates are not very 
different, and there is general agreement that historical VC concentrations In 
polymerisation plants were broadly as in Table 2 (Dowrlck, 1974; Barnes, 1976).

Until the mid-1970s, peak exposures, probably of greater than 1000 ppm, often 
occurred during autoclave cleaning. The data in Table 2 are reasonably consistent 
with the following statement by Sittig (1978):

"Since early occupational health studies often reported acute toxic 
effects (dizziness, headaches, nausea, etc.), it can be assumed that 
peak exposure levels of several thousand ppm were experienced at times.
Air monitoring data in one group of PVC plants during the period 1950 to 
1959 indicate that 8 hour TWA exposures in these facilities were in the 
range 120 tc 285 ppm. This may not be typical of exposure in all PVC 
plants. Peak exposures probably exceeded 1,000 ppm".

The progress made in lowering the weekly-average VC concentrations in seven 
polymerisation plants in the UK during 1974 and 1975 can be seen from Table 3.

This trend has continued to the present day, current average concentrations in 
' plants located in EEC member states falling well within the reouirements of the
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European Communities Directive (EEC, 1578) on the health of workers exposed to VC, 
i.e. 8 ppm over 1 h, 7 ppm over 8 hs, 6 ppm over 1 week, 5 ppm over 1 month and 3 
ppm over 1 year.

2.3.3 PVC-processinq plants

Atmospheric VC-confcentrations at these workplaces were, even in the early 1970s, 
generally below 2 ppm (Dowrick, 1974; Becker, 1974), although intermittent personal 
exposures of 60-120 and 1.5-2.2 ppm at the site of mixing and blending operations 
at 70-110°C and 46-68°C, respectively, were recorded by Oberg (1974). Magnavita et 
a^ (1983) made grab sample measurements at a single PVC-processing plant from 1972 
onwards, finding atmospheric concentrations of 50 ppm or more in 1972, falling 
generally to 1 ppm in 1974 (with occasional peaks at 10 ppm) and to lower levels in 
subsequent years with the introduction of degassing procedures.

Because the level of residual VC in PVC has fallen to 1 ppm or less in order to 
comply with regulatory requirements, eg. EEC (1978), there car be little doubt that 
current levels in the atmospheres of PVC-processing units are correspondingly 
lower.

2.3.4 Discussion

Although this brief summary is believed to be a true reflection of historical vinyl 
chloride exposures, it must be remembered that at some factories worse conditions 
nay have existed than in those for which data are given above. In some countries 
there is a remarkable clustering of cases of angiosarcoma of the liver in a small 
number of factories, suggesting that working conditions and standards of hygiene 
varied between factories. Thus, cases of ASL in PVC-production plants were 
restricted to 1 out of 16 Japanese factories and 9 out of 28 US factories (23 out 
of 33 cases were in just 2 plants), fit a US chemical PVC plant in Midland, USA, the 
average concentrations were much lower than those given in Table 2 (Rowe, 1975) As 
a consequence the results of animal studies by Torkelson et al (1961) stricter 
in-house standards were introduced, and until now there have been no cases of 
angiosarcoma of the liver at the plant despite the fact that it started operation 
in 1950 (Bennett, 1985).

It is clearly difficult to quantify exposures retrospectively, particularly where 
there are no, or only limited, contemporaneous observations. In any investigation
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attempting to relate the incidence of disease to exposure. It Is essential that the 
specific exposure data of the study population be used rather than the general data 
in the above survey.

It can be seen from the foregoing review that, in relation to the occupational 
exposure of humans, the inhalation toxicology of VC Is of Interest in the range of 
up to about 3 ppm (the EEC 1 year average limit) for current exposures, and up to 
several thousand ppm for exposures prior to the mid-1970s.

3. EXPOSURE OF THE GENERAL PUBLIC

3.1 BY Inhalation

The general public may be exposed to VC present in ambient air not necessarily 
originating from VC plants.

Lahmann et al (1978) measured the concentrations of VC at 3 sites in Berlin - a 
residential suburb; at the side of a road with a high density of traffic; and in 
the middle of an industrial area. Fifty samples were taken at 15-min. intervals at 
each site from January to July 1977. The average VC concentration at all 3 sites 
was between 0.11 and 0.15 ppt (0.3 to 0.4 Mg/m3).

Exposure of the public to VC also arises from smoking tobacco. In the "mainstream" 
smoke of a typical 85 mm-long cigarette, 12.2 ng of VC per cigarette were found, 
the analytical date suggesting that the total inorganic chloride content of tobacco 
determines the amount of VC formed (Hoffmann et al, 1976).

3.1.1 Plant emission levels

The US Environmental Protection Agency (EPA, 1976) reported that the average VC 
concentration in air around polymerisation plants was 0.017 ppm (44 Mg/m'). Gordon 
and Meeks (1977) sampled air at randomly-chosen locations in industrial regions of 
Houston, Texas, where 40i of the total US vinyl chloride capacity is situated. In 
100 grab samples, 82 contained levels of VC below the detection limit (probably 
0.001 ppm, 2.6 Mg/m3). The highest concentration in the remaining 18 samples was
1.2 ppm. (3.2 x 103 Mg/m3).
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A survey of atmospheric VC levels at housing areas within 1 km of all six 
VC-productlon plants in the UK was performed to assess the levels to which the 
inhabitants were exposed (Aron, 1978). Preliminary results from one plant showed 
that 97S of the readings were below 0.034 ppm, and that the highest daily value was 
0.12 ppm, compared with the UK occupational exposure standard of 10 ppm TWA at that 
time. In a follow up study conducted In 1984 when data was obtained from the same 
factory sites (Turner et al, 1984) lower ambient VC levels were obtained downwind 
(measured at 100 to 1050 m from source), except during period of minor plant 
malfunction. For the entire two month sample period details were :

Site No. Distance from Overall 24 hr mean. Highest dally 24 hr
emitsion PP« reading, ppm

point (m)
1976-78 1984 1976-78 1984

1 670 0.015 <0.005 0.12 0.011
2 570-1000 0.028 <0.005 0.23 0.009
3 680 0.008 <0.005 0.10 0.038
4 100-1050 0.020 0.088 0.17 0.84
5 180-540 0.029 0.020 0.37 0.20

The data for Site 4 are not exactly comparable, production capacity had increased 
and the only pratical sampling point was close to the plant (100 m).

Diranick (1981) reported the analyses of samples taken In the vicinity of 
VC-producing, PVC-producing and PVC-processing plants. The location of sampling is 
not very clear, but seems to have been on the factory property outside of the plant 
buildings or area. The findings were as follows:

- VC plants : the arithmetic mean of grab samples taken at more than 1000 m. 
from the plant (the distance was not better defined In the paper) was 0.CC13 
ppm (3.4 Pg/m3). The maximum 24-hour average concentration was 10.4 ppm (27 x 
103 Pg/m3), probably in the direct vicinity of the plant.

- PVC production plants : the arithmetic mean of grab samples at more than 1CCC 
m from the plant was 0.044 ppm (11.5 Pg/m3).

- PVC-processing plants : the highest 24-hour average concentration around the 
plant was 0.007 ppm (17 Pg/m3). Out of 313 samples, the 24-hour average 
concentration of 224 cf them was below the limit of detection, ie. 0.0005 ppm 
(1.3 Pg/m3).
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In recent years despite maintaining capacity, emissions have been lowered, for 
example the Dutch Ministry of Physical Planning and Environmental Housing quote 
emission levels of VC in the Netherlands to be :

year •lr emission (tons)

1975 9,073
1978 1,340
1981 356

(NL, Ministrie van Volkshuisvesting, Ruimtelijke Ordering en Mllieubeheer, 1984).

In the above Dutch Criteria Document an estimate is given of the inhalation 
exposure of the Dutch population. The average concentration In the Netherlands as a 
whole calculated from the emission and dispersion data is 0.00001 ppm (0.2 Mg/m3). 
The highest concentrations were calculated to be 0.001 ppm (2 Mg/m3) (annual 
average). Close to VC and PVC plants calculated average concentration ranges from 
0.003 ppir (8 Mg/m3) at a distance of about lKm to 0.0005 ppm (1 Mg/m3) at a 
distance of 5 Km.

From regional maps and population density data it seems reasonable to assume that 
0.01 % of the Dutch population is exposed to average levels of 0.002 ppm (5-6 
Mg/n3), 0.04% to levels of 0.0015 ppm (4-5 Mg/m3), and 0.05 % to 0.0013 ppm (3-4 
Mg/m3). Calculated daily exposure therefore ranges from 4 Mgr per person per day on 
average to more than 10C Mgr for the upper 0.01 % (5-6 Mg/m3) of the population.

Another example oi the reduction measures over recent years can be found on page 
31-32 of the Dutch Criteria Document :

Emission of 320 kg VC/hour was dramatically reduced after 1976/77 to 20 kg/hr. This 
naturally has reduced the surrounding ambient air concentrations, as illustrated 
below.
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Year Distance froo Saaplea Concentrations
g/n» PJ»

1976-77 > 600 ■ average concentration 210 0.081
600 n Baxiaun concentration 600 0.231

post 0-200 a average concentration 86 0.033
1976-77 200-500 a average concentration 55 0.021

>500 n average concentration 18 0.007

3.1. Legislation regarding inhalation

The Task Force is not aware of official and enforceable regulations on maximum 
ambient air concentrations for VC in Western Europe.

In The Netherlands an unofficial target concentration of maximum 1 Mg/m3 for 
ambient air is being used. This value is based on an estimation that continuous 
exposure to 0.001 mg VC/m5 (3.8 ppb) corresponds to an additional cancer mortality 
risk of 1 in 10® per lifetime for the general population (Netherlands Health 

Council, 1987).

3.? By Ingestion

Many consumer goods are packaged in various physical forms of PVC or VC-copolymers. 
The general public is thus potentially exposed to very small amounts of VC when it 
consumes or uses the goods becauses residual VC in the polymer or copolymer can 
migrate into the packaged contents.

3.2.1 Sources of ingestion
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PVC, and VC copolymers, are widely-used in food packaging in the form of :
- bottles produced by blow-moulding for containing liquid foods, beverages, 

cooking oils, vinegar, etc.;
- rigid film (either calendered or extruded) which is converted into tubs and 

shaped containers by subsequent vacuum- or pressure-forming, for the packaging 
of butter, rye-bread, sweets, biscuits, salads, etc.;

- flexible film, manufactured by blowing or calendering, which is generally 
applied to wrapping solid foods such as cheese, meat, sandwiches and 
vegetables and sometimes cheese;

- coatings in metal cans.

i
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Another important use of PVC is in pipes and auxiliaries for the transport of 
potable water. !r. a number of countries a considerable part of the water network 
consists of plastic - mainly PVC - pipes.

Two other sources of potential oral exposure to VC are via PVC-based packaging for 
pharmaceuticals anjl toys. In comparison with the other areas of application 
mentioned above, however, exposure to VC originating from these sources is 
negligible.

3.C.2 general aspects of ingestion via migration

Migration is the mass transfer of a substance to a medium in contact with it. 
Potential health hazards exist when substances migrate from a packaging material 
into food in significant quantities. Because so irer.y different types of food are 
wrapped in PVC, migration into food and drink has been established by the use of 
simulants (EEC, 1980, 1981, 1985, FDA, 1986).

Ethyl Corporation Inc, in a series of reports to the FDA dating from 1975 have 
oeveloped a model of the migration of VC from PVC into food simulants (FDA, 
1966).This accurately predicted the extent of migration from bottles containing 
from 80 to 330 ppm of VC. The FDA later confirmed the accuracy of the model with 
PVC sheet containing much lower concentrations of VC : sheets containing 0.44 and 
C.2C ppm of VC, in contact with 50i aqueous-ethanol,for 19 days at 49°C gave 
ccrcertrations of 2.4 and 1.6 ppt in the simulant respectively (Diachenko et al, 
1977). The model predicts that migration will occur even if the VC level is below 1 
ppm, as confirmed by the above figures.

!t has been argued that In PVC containing less than 1 ppm of VC the monomer the 
latter is bound to active sites and will not migrate (Kontominas et al, 1985). The 
FDA (1986) did not support this hypothesis.

3.2.3 Typical values for VC in PVC articles and in food

Evidence has been produced showing that the VC content of a fabricated article is 
influenced by each link in the production chain (UK-KAFF, 1978). The initial VC
content of the newly-produced polymer used for blending influences the residual VC 
content since monomer is lost during intermediate storage. The VC present in the 
powdering blend is influenced by the processing conditions, which in turn affect
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the VC content of the fabricated article. The amount of VC detected in food
exa

simulants has been shown to be clearly related to the level in the packaging 
material, the storage time, and the temperature.

ppb

A number of investigations on the residual VC content in PVC packaging materials 
and in food or drink in contact with them have been reported in the literature 
during the past few years (UK-MAFF, 1974; Fuchs et al, 1975; RSsli et al, 1975; 
Ehtesham-Ud Din et al, 1977; UK-MAFF, 1978; van Lierop, 1979; Codex Committee, 
1984). Because in this report we are concerned with the potential cancer risk from 
VC in food and drink at current levels, only the more recent data on these are 
discussed belcw.

a) Levels of VC in polymers. A significant reduction in these levels has been 
achieved since 1974. The UK-MAFF (1978, 1984) reported that whereas in 1974 only 
about 2CS of PVC bottles analysed contained less than 10 ppm of residual VC, by 
early 1977 all contained less than 1 ppm.

3.2
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Substantiation of this reduction has been provided by reports from the U.S. 
Society of the Plastics Industry (SPI, 1987) of VC levels of 10 ppb in PVC 
bottles and from Union Carbide (1980) on an estimate 100 ppt VC in car. coatings.

b) Levels in food and drink. These have also fallen substantially since 1974 as 
shown by the UK-KAFF (1978, 1984). VC levels in concentrated fruit drink and 
cooking oil fell from over 100 ppb in 1974 to less than 2 ppb (the limit of ; 
detection of the method of analysis) by 1977.
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A recent review (Codex Committee, 1984) demonstrated, that In general, residual VC 
levels In food and drink are well below 10 ppb, a maximum value which is higher 
than some of the earlier values noted above.

The UK-KAFF (1987) have provided the results of a three laboratory -survey of 
residual VC levels in food and drink undertaken during 1986. 50 samples were 
analysed using methods of analysis with limits of detection ranging from 0.1 ppb to 
2 ppb. VC was detected In only 5 of these samples, the highest recorded levels 
being o.04 ppb (sic) in sunflower oil and 0.74 ppb in orange drink.

H*

Kontominas et al (1985) studied the migration of VC from PVC bottles into selected q 
food simulants; distilled water, 3 % acetic acid, n-heptane and olive oil. Under
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exaggerated storage conditions (4 months at 35°C), migration of VC from the bottles 
:ontaining the highest residual level (121 ppb) resulted in concentrations of 1.8 
<pb in n-heptane and 1.7 ppb in olive oil.

3.2.4 Estimated average intake of VC by ingestion

By considering the typical daily consumption of various foods and drinks by human 
beings, and their VC content, the average daily intake of VC can be estimated. The 
maximum VC intake/persor./day in the UK thus was calculated to be 0.1 Ug in 1976 (UK 
MAFF, 1978) but less than 0.02 Ug/d in 1978 (MAFF, 1984). The FDA (1986) arrived at 
similar values. They calculated the intakes from : oil, liquor and wine bottles; 
food packed in PVC, or VC-VDC co-polymer, film, and other sources. The upper limits 
of these were summed to give a total maximum daily intake of 0.025 Ug (25 ng).

3.2.5 Evaluation of risk to VC 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
nan and estimated that at an oral intake of 0.4 Ug of VC per person per day the
risk of cancer was 1 in 10®. They concluded or the basis Intake values at 0.1 Ug
the risk of cancer was further lowered by a factor of 4. They noted that the linear 
extrapolation model is conservative and concluded that :

'translated into practical term* this means that the cancer risk of a maximum 
daily intake of 0.1 Mg of VC/person/day is small enough to be practically 
neglected".

i

The FDA (1986) also used the results of the animal studies by Til et al (1983), and 
together with their own estimated daily intake of 0.025 Ug/person/day, to calculate 
an individual lifetime risk of below 1 in 10^. The linear proportional model used 

was said by the FDA to exaggerate the risk, ar,d they added that

"Because cf numerous conservatisms in the exposure estimates, 
lifetime-averaged individual exposure is expected to be substantially less 
than 25 ng/day".
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ECETOC (1982) has expressed Its reservations about the validity of mathematical 
models for estimating the risk of cancer in humans by : extrapolating data from 
animal experiments. It should be emphasised that linear extrapolation models 
over-estimate the risk at low dose and this gives more weight to the conclusions of 
Til et al and the FDA that the cancer risk from consumption of foods and drinks 
containing VC at present levels is negligible.

3.2.6 legislation affecting the use of PVC for food packaging

The EEC (1976) has published a General Directive defining health, safety and 
organoleptic requirements for food packaging materials. In its 1978 Directive the 
EC established a 1 ppm limit for residual VC in PVC used for food contact 
applications, and a 10 ppb limit in the food. Further Directives, EEC (1980, 1981) 
describe the analytical methods tor the determination of VC in the polymer and food 
respectively.

In. the United States the Food and Drug Administration (FDA, 1986) has recently 
published new more stringent regulations on the use of PVC in contact with food. 
The residual VC content in the polymer should be limited to :

- 5 ppb in VC homo- or co-polymer films and coatings, and plasticised PVC 
bottles;

- 10 ppb in rigid PVC;
- 5C ppb in water-pipes and vinyl chloride-vinylidene chloride copolymer 

films.

3.3 Summary and Risk Assessment

The exposure to the general public is primarily from ambient air, 0.2 Mg VC/m3 
(Lahman et al,1978) up to 18 Mg VC/m3 in the immedicate vicinity of VC and PVC 
plants.

Calculation of daily inhalation rates indicates the amount Inhaled ranges from 4 
Mg/person/day on average to more than 100 Mg/person/day for a very small part of 
the population living immediately adjacent to VC and PVC plants. Less than 50% of 
the inhaled amount is retained and metabolised.

Exposure from food sources is less than 0.1 i'g/d.
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Risk assessment should therefore concentrate on inhalation exposure, and reference 
is therefore made to the report of the Netherlands National Health Council (1987) 
who estimated that continuous exposure to 0.001 mg VC/m* (corresponding to an 
inhalation dose of 20 Pg/person/day) leads to an additional cancer mortality risk 
of 1 in 106 per lifetime for the general population.
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1.1C. EFFECTS ON HUMAN HEAL T H

1. CARCINOGENICITY a)

This section surveys epidemiological studies of cancer incidence and cancer 
mortality, in occupationally exposed workers. Certain terms used in reports are not 
clearly defined or consistent between publications. The following definitions are 
used in this report and, where necessary for clarity, the terns used by the author 
have been replaced by the following :

a) Exposure period : the period during which workers were occupationally exposed 
when employed in a VC or PVC plant.

- fc) Follow-up period : the period over which the expected morbidity or mortality 
rate is calculated. It is expressed in person-years.

c) Latency period: the period from the beginning of exposure until the disease 
becomes apparent or death from the disease occurs.

d) Observation period : the period from the beginning of exposure of an individual 
to the final date cf his follow-up.

e) Study period : the period from the beginning of exposure of the first workers 
exposed in the cohort to the final date of the study.

I

1.1 Cohort Studies of Cancer Morbidity and Mortality in VC/PVC Production Plants ;

Creech ar.o Johnson (1974) first recognised the relationship between exposure to VC 
and an excess incidence of angiosarcoma of the liver (ASL) in a PVC-production 
plant at Louisville, Kentucky. Following this, several cohort studies on workers 
exposed to VC were initiated worldwide. In most studies insufficient attention was 
paid to the collection cf information, the level and duration of exposure, whilst 
the observation period was Insufficient to allow for detection of cancers with a 
long latency period, especially for ether organs than the liver. Each study was 
examined and judged on the information provided in these areas and on the evidence 
of a relationship between VC-exposure and cancer mortality. To be objective and if 
sufficient data are available the observed Standardised Mortality Ratios (SMP.'s) in 
differert dose groups were tested for homogeneity and trend by the method of 
Breslow et al (1983).
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1.1.1 USA

a) Ott et al (1975) studied a population of PVC-production employees who worked 
between 1942 and 1960 in areas of potential exposure to VC. Nearly all those who 
had worked for at least 1 year, and about half of those who had worked for less 
than 1 year, were traced. A group of 594 people were identified, of whom 72 were 
omitted because they had also been exposed to arsenic compounds. The mortality 
of the remaining 522 was studied in relation to their exposure to VC. The 8-hr 
TWA exposures were :

from 1950-1959, almost certainly below 500 ppm (peak exposures, 4000 ppm);
from 1960-1966, below 250 ppm (peak exposures, 500 ppm);
from 1960 onwards, less than 50 ppm. I

The 522 workers were divided into 4 groups with average exposures for at least 1 
month to :

- more than 200 ppm (high group);
- 25-200 ppm (intermediate group);
- less than 25 ppm (low group);
- unmeasurable (low group).

There was a total of 206 in the two low groups, of whom 166 had been exposed to 
VC for less than 1 year. The total number of years of exposure was not given by 
Ott et al, but is estimated to be 4,000 from Table 8 in their publication. The 
start and end of the observation and follow-up periods were not stated but were 
probably 1942 (start) and 1973 (end) fcr both. The number of person-years of 
follow-up was not presented by Ott et al but is estimated to be 13,000 based on 
the expected mortality.

Of the 522 workers exposed to VC the mortality figures were :
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Cause of death StatisticalObserved Expected
Significance (?)

All causes 
All cancer 
Respiratory cancer 
Cancer of digestive 

organs and peritoneum 
Cancer of ail other sites

No liver angiosarcoma were found.

This cohort was also stratified on intensity, and duration of exposure and on 
observation period. Four exposure categories were distinguished on TWA-8 hour 
levels :

- High level exposure (> 200 ppm)
- Intermediate exposure (>25, <200 ppm)
- Low exposure (< 25 ppm)
- Unmeasured exposure.

The cancer mortality data of these sub-groups are sunmarlsed below.

All cancer deaths 
stratified on level of exposure
Observed Expected Statistical

Signiflclance (?)
High exposure group 9 5.1 n.s.
Remaining groups A 10.9 0.05

\
The observed cancer mortality in the remaining exposure groups was significantly 
lower than expected.

All cancer deaths
high exposure group with observation period > 15 years

Observed Expected Statistical
Significance (?)

Exposure duration < 1 year 3 1.3 n.s.

Exposure duration > 1 year 5 1.9 0.05

Total 8 3.2 0.05

ls3

f Throughout Section C statistical significance testing is based on a 
one-tailed poissor, distribution on the observed number of deaths. A 
P-value <0.05 is considered as not significant (n.s.).

79 89.1 n.s
13 16.0 n.s

A 5.2 n.s
n.s

5 A.7 n.s.
A 6.1 n.s

b)
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From the table above a clear influence of the duration of exposure on the 
observed/expected ratio (2.3 versus 2.6) in the high exposure group is not 
apparent, but might perhaps not be expected, as the numbers involved are small.

b) Nicholson et al (1975, 1984) carried out a mortality follow-up study of workers 
in the USA with at least 5 years of exposure to VC in PVC plants. The follow-up 
period started ID years after the onset of exposure so that the focus could be 
on long-term effects. Three cohorts were studied :

i) 256 workers in a plant at Niagara Falls, with a follow-up period 
from Jan. 1956 to Dec. 1981;

ii) 40 workers at the same plant, with a follow-up period from April 
1974 to Dec. 1981;

iii) 195 workers in a plant at South Charleston, with a follow-up period 
from Dec. 1966 to Dec. 1980.

The three cohorts were combined to one. The total number of person years of 
follow-up was 7062. The mortality data are presented below :

Cause of death Observed Expected Statistical

All causes 80 85.6

Significance (P)

n.s.
All cancer 28 19.7 0.05
Lung cancer 4 7.3 n.s.
Brain cancer 1 0.76 n.s.
Lymphoma 3 1.14 n.s.
Liver cancer 10 0.42 0.001

Nine of the ten liver cancer deaths were caused by liver angiosarcomas.

The fact, that the follow-up period in the Nicholson study started 10 years 
after the onset of exposure must be taken into account when comparing with other 
studies in which the start of the observation and follow-up periods were much 
closer. At least 4910 person-years have to be added, to give a total of 11,972 
years of observation. The average number of years of observation per worker was
24.3 years, a period long enough to allow for detection of cancers with a long 
latency period.
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At the Niagara Palls plant no detailed data on exposure levels were available 
before 1972, measurements prior to this being made solely to ensure that the 
explosive limit of VC in air (greater than 30,000 ppm) was not exceeded in plant 
operations. Nicholson et al (1975) reported that over 50% of the workers 
examined had experienced symptoms of dizziness, headache or euphoria during work 
periods, and 14 had suffered loss of consciousness, suggesting that peak 
exposures may have exceeded 10,000 ppm.

c) Waxweiler et al (1976) studied a population from 4 PVC plants in the USA which 
had been operating for more than 15 years and had a sizeable workforce. Only 
people with at least E years exposure to VC, and at least 10 years employment 
before 31 Dec. 1973, were included in the cohort which comprised 1294 workers of
which only 7 were losjt to follow-up. The follow-up period (not to be confused
with the observation period of at least 10 years) represented 12,720
person-years. Of the cohort of 1294 workers the mortality data are presented
below :

Cause of death Observed Exoected Statistical
Significance (P)

All causes 136 126.3 n.s.

All cancer 35 23.5 0.05

Brain cancer 3 0.9 n.s.
Respiratory cancer 12 7.7 • n.a.
Lymphatic and

haematopoietic system cancer A 2.5 n.s.
Biliary and liver cancer 7 0.6 0.001

When the cancer mortality of workers with more than 15 years of observation was 
considered, the statistical significance of the above findings was increased as 
shown belew :

Cancer bv site Observed Expected Statistical
Significance (P)

All cancer 31 16.9 0.001

Brain cancer 3 0.6 0.05
Respiratory cancer
Lymphatic and

11 5.7 0.05

haematopoietic system cancer 3 1.7 n.s.

Biliary and liver cancer 7 O.A 0.001
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The statistical significance of the increase of cancer mortality grows with 
increasing observation period except for cancer of the lymphatic and 
haematopoietic tissues.

d) Buffler et al (1979) conducted a cohort mortality study of 464 white males 
enployed in a VC production plant in the USA since 1948. The cohort comprised 
employees who had worked in the VC department for at least 2 onsecutive months 
between 1 Aug. 1948 and 25 Sept. 1975. All of the members of the cohort were 
traced for follow-up, and the follow-up period represented 5313 person-years. 
Expected number of deaths for the study population were calculated by applying 
1950-59 cnc 1560-69 age-cause specific death rates for white males in Texas to 
the observed distribution of person years of observation, categorised into five 
age groups. The mortality date ere summarised below :

Cause of death Observed Expected Statistical

All causes 28 31.6
Significance (P)

n.s.
All cancer 8 5.19 n.s.
Respiratory cancer 5 1.73 0.05

Four of the 5 who died from respiratory cancer had a history cf smoking. but
this information was rot available for a large proportion (27.6%) of the cohort
of 464 workers.

In a subgroup of 314 workers with a minimum observation period of 5 years the
mortality data were :

Cause of death Observed Expected Statistical

All causes 22 25.18
Significance (?)

n.s.
All cancer 6 4.34 n.s.
Respiratory cancer u 1.49 n.s.

This subgroup was further stratified on level and duration of exposure and on a 
so-called overall exposure index, based on level and duration together. The 
mortality data are summarised below for respiratory cancer. A high or low level 
was not precisely defined.
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Subgroups Respiratory Cancer
Observed Expected Statistical

Significance (Pi
Low level exposure 1 0.82 n.«.
High level exposure 3 0.68 0.05

Exposure duration <2.29 year O 0.45 n*».
Exposure duration >2.29 year 4 1.05 0.05

Low exposure Index 1 0.56 n.s.
High exposure Index 3 0.94 n.s.

Both a longer duration and a higher level of exposure during the first five 
years of observation were associated with a statistical significant excess of 
respiratory cancer. However, when duration and level of exposure were combined 
in an overall exposure index, the results were not significant.

The authors conclude, that in view of the absence of a significant dose-response 
relationship, the observed excess in respiratory cancer deaths may not be 
attributable to exposure to vinyl chloride. However, the fact that excesses were 
seen ir the group with the longer duration of exposure in the initial five years 
suggests that a relationship may exist.

t) £Eh (1978). Equitable Environmental Health Inc. carried out a cohort mortality 
study for the US Manufacturing Chemists Association on workers employed for at 
least 1 year, between 1936 and 1S72, in 37 VC/PVC production plants in the USA. 
The cohort included those from the other US studies described in a) - d), above. 
Of the 10,173 workers, 9,677 (95.IS) were traced for follow-up; 2008 had had 15 
or more years exposure, and 1001 more than 20 years. The follow-up period ended 
on December 31, 1972, and was equivalent to 120,203 person-years. The mortality 
figures were :

u
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Cauae of death Observed Expected Statistical

All causes 707 795
Significance

0.001
All cancer 139 141.4 n.».
Cancer of the buccal 

cavity and pharynx S 5.2 n*s.
Cancer of digestive organs 

and peritoneum 29 40.8 0.05
Liver angiosarcoma (ASL) 5 0.01 0.001
Liver cancer (including ASL) 10 1.7 0.001
Respiratory cancer 45 44.3 tus.
Cancer of the genital organs 4 7.2 He*.
Cancer of the urinary organs 8 6.9 n.».
Leukaemia and lymphoma 20 17.0 He*.
Miscellaneous cancers

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

The high incidence of liver cancer and liver angiosarcoma reported from the 
earlier investigations was confirmed.

The authors concluded that their results gave some support to the hypothesis 
that exposure to VC slightly increases the mortality due to cancer at sites 
other thar the liver. Thus, the incidence of respiratory cancer and those of ICD 
classification 190-199 (miscellaneous cancers) appeared to be higher in 
individuals with higher level of exposure or longer periods of exposure. The 
miscellaneous tumours included 12 brain tumours versus 5.9 expected. The 
mortality of these was not related to either intensity or duration of exposure. 
The mortality from respiratory cancer was not significantly related to the total 
integrated exposure dose.

In addition, the Task Force examined the SMR's for respiratory cancer and 
leukaemia and lymphoma for homogenicity and trend (by Breslow et_al ,19E3)in 
subgroups with different levels of exposure or with different integrated doses 
of exposure. No significant deviations from homogenicity nor any significant 
trends were found.
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21308037



Environmental Health Associates (EHA) (1986) updated this study. Loss of worker 
identification numbers and non-participation of some plants reduced the cohort 
to 9,200 workers and of these 725 (7.88?) were not traced. Of the 1,536 deaths, 
97 death certificates (6.3? of all deaths) were not available. These deaths were 
included in the "all death" figure, but not in cause specific death number.

The follow-up period of the update was from January 1, 1973 to December 31, 1982 
and contained about 80,000 person years. With the EEH period of follow up 
(120,203 years) the total follow-up was about 200,000 years; this is not 
mentioned in the update. The average period of follow-up per worker was thus 
about 20 years; the average period of employment per worker was reported to be 
16 years.

The mortality figures were as follows.

Cause of deaCh Observed Expected Statistical 1

Significance (P) i
All causes 1536 1705.3 O.OOl f
All cancer 359 341.7 n.s.
Csncer of buccal cavity c

and pharynx 12 11.6 n.s. t
Cancer of digestive organs 99 89.2 n.s.
Liver angiosarcoma (ASL) 15 0.02 0.001 T
Liver cancer excluding ASL 15 3.1 0.001
Biliary tract cancer 7 2.7 0.05 t
Respiratory cancer 115 122.3 n.s. r
Bone cancer 2 1.8 n.s.
Skin cancer 6 7.4 n.s. y
Prostate cancer 5 15.2 n.s. m

Bladder cancer 5 B.5 n.s. b
Kidney cancer 11 9.1 n.s.
Brain and CKS cancer 23 12.8 0.01
Lymphatic and haematopcletlc T

aystem cancer 37 36.3 n.s.

Emphysema 41 22.8 0.001 •f

In addition to the effects upon the liver the mortality increase from biliary P
tract cancer was significant. This is the first report that biliary tract cancer 
appeared to be related to VC-exposure. No increase of respiratory cancer or of T
cancer of the lymphatic and haematopoietic tissues was found. The power of the 
updated study had an CCi' chance of detecting a relative risk of 1.24 for 
respiratory cancer and of 1.45 for cancer of the lymphatic or haematopoietic 
tissues at the 5* level of significance.
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In the update, no evaluation of the historical exposure level was made, because 
the authors considered it subjective and not reliable because of lack of enough 
personal monitoring data.

The cohort was stratified on :
- length of exposure;
- time between start and end of follow-up;
- age of first exposure;
- year of first exposure;
- type of plant (VCM.PVC).

The authors found the SMR's in the various strata to be significantly different 
from 1 at the 5% level and evaluated the trend from visual inspection of the 
data.

The SMR for liver cancers increased with increasing duration of exposure, with 
increasing period of follow-up and with decreasing age and calendar year of 
first exposure. Only two plants (VC polymerisation), involving 3,533 employees, 
contributed 14 ASL-cases to a total of 15. The authors felt this might indicate 
that exposure at these plants was different from that in others.

The SMR for brain cancer was significantly increased only in workers with more 
than 20 exposure years (6 versus 1.55 expected). However, brain cancer was not 
related to time of follow-up and the incidence increased with increasing age and 
year of first exposure, the reverse of what is seen for liver cancer. What this 
means in terms of human risk remains unclear, according to the authors. Twelve 
brair cancer deaths came from the same two plants as the 14 ASL-cases.

The SMR for emphysema increased with decreasing length of exposure and with 
increasing age at first exposure, but did not change in relation to time of 
follow-up or to calendar year of first exposure. The SMR was higher in 
PVC-plants than VC-plants.

The overall conclusion of the authors was that the study confirmed that VC 
workers experienced significant mortality excess from angiosarcomas, cancer of 
the liver and biliary tracts and cancer of the brain and other central nervous 
system. The study also showed a significant higher mortality from emphysema but 
no excess of respiratory or lymphatic or haematopoetic cancer.
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This Task Force tested the SMR's for the various strata by the Breslow et al 
(1?£2) method. Only liver cancers showed significant trend (P<0.01) with length 
of exposure, time between start arid end of follow-up and age at first exposure. 
No other significant trend was found.

1.1.2 United Kingdom

a) Duck et al (1975) conducted a cohort mortality study on 2,100 workers who had 
had any exposure to VC between 1948 and 1975 while employed in VC or PVC plants. 
Only 7 could not be traced for follow-up and the follow-up period comprised 
23,052 person-years. Of this cohort, 136 had died (expected, 142.2) and the 
number of deaths from cancer was 35 (36.4 expected). No case of ASL was found 
during the study period but 1 occurred just outside It. There was no increase in 
mortality from the common malignant diseases.

The observation and follow-up period (about 11 years) were too short to draw any 
conclusions about target organs for cancer in relation to VC-exposure.

b) Fox and Collier (1977) studied the mortality of workers exposed to VC at PVC 
plants. There was no criterion of exposure for admittance to the cohort. Of the 
7561 persons identified as having started work between 1944 and 1974, 85 could 
not be traced for follow-up and information was lacking for a further 72. The
cohort of Duck et__aj|_ (1975) was included. The number of person-years of
follow-up was 75,000. .Only 8% of the workers had beer employed for more than 20 
years.

Analysis of the levels and duration of exposure revealed that of the 7,409 
workers included in the follow-up, 385 were constantly, and 486 occasionally, 
exposed to high and medium levels of VC for more than 10 years (high level TWA 
>200 ppm, medium level TWA > 25 < 200 ppm). The mortality figures were as 
follows :
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Cause of death Observed Expected Statistical

All causes 393 • 521.2
Significance (PI

0.001
All cancer 115 126.8 n.s.
Stomach cancer 14 15.3 n.s.
Liver cancer 4 1.64 n.s.
Lung cancer 46 57.2 n.s.
Brain cancer 2 3.66 n.s.
Lymphatic and 

haematopoietic cancer 9 9.01 n.s.

Two of the 4 liver cancer deaths were due to liver angiosarcoma. There was no 
indication of excess mortality from other types of cancer. This is not 
surprising since the average period 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 of 1 year of employment between 1940 and 1974 in 
a job or jobs with potential exposure to VCM for at least 252 of the working 
week was introduced, and this had the effect of reducing the male population to 
55C0, of whom 5498 (98.9%) were traced. As only 105 female employees qualified 
for inclusion, analysis was restricted to the male employees. The study period 
h?s been extended to the end of 1984, follow-up is started one year after 
commencing employment, and the total number of person-years is 104,000. Expected 
figures were calculated from male mortality rates for England and Wales. The 
mortality figures are summarised below :

Cause of Peeth Observed Expected Statistical
Significance (P)

All causes 780 894 0.001
All cancer 235 228.6 n.s.

Stomach cancer 26 23.9 n.s.
Liver cancer (Including ASL) 11 1.94 0.001
Liver angiosarcoma 7 0.1 0.001

Respiratory cancer 81 92.1 n.s.
Brain cancer 4 6.2 n.s.
Lymphatic and

haematopoietic cancer 16 12.4 n.s.
SKin melanoma 2 1.7 n.s.

As part of this update, each employee's work history was classified into job 
titles, and these job titles were further categorised into 4 groups, autoclave 
workers, baggers and driers, craftsmen, and other workers. All 7 cases were 
autoclave workers (6 from one plant), and the mean latency was 25 years. The

1
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data were analysed by occupation for lung cancer, brain cancer, lymphatic I
cancer, malignant melanoma and cancer of the thyroid. No evidence was found of 
any increase in mortality from these causes, that was attributable to VCM 
exposure. There was no evidence of increased mortality from non-malignant liver ! 
disease (5 observed versus 4.9 expected), and the Incidence of deaths from j b
respiratory disease was low (78 observed versus 105 expected) and v/as not 
affected by PVC dust exposure.

A significant excess of bladder cancer (14 observed versus 8.0 expected, P <
0.05) was found in the total cohort. Further analysis showed that this excess 
could rot be considered to be associated with VCK exposure because mortality j 
from genlto-urlnary cancer was heavily concentrated in the low exposure workers j 
at 3 of the 9 factories. j

i
- i

According to the authors this update confirms the relation between exposure to j 
VC and liver cancer mortality. There was no evidence for other cancer 
mortalities in relation to VC-exposure. j

1.1.3 Federal Republic of Germany

a) Frentzel-Bevme et al (1978) studied a cohort of 1618 workers exposed to VC while 
employed in VC or PVC plants. There was no exposure criterion for inclusion in 
the cohort. Of the German and non-German workers, 95.5 and 60S respectively were j 
traced for follow-up. The 313 non-Germans all had their first exposure after I 
19C0. The follow-up period was from 1952 to December 1975, and the number of j 
perrcr-years was 19,767. Standard mortality rates were estimated from, the vital ! 
statistics of the population of the Rhinehessia Palatinate over the years j 
1970-1975. The mortality figures were :

Mortality from Oberserved Expected Statistical
Significance (P)

All causes 81 90.8 n.s.
All cancer
Cancer of the

18 16.8* n.s.

digestive organa 12 8.8* n.s.

Stomach cancer 3 2.4 n.s*
£3Colon cancer A 1.1 0.05

Respiratory cancer

*
6 5.1 n.s.

03
O

estimated figures from tables, not presented by the authors.
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The absence of deaths from ASL may, according to the authors, be due to the 
relatively low levels of exposure to VC at the plants concerned.

b) Rein! et al (1979) and Greiser et al (1982). A mortality follow-up study was 
carried out on all workers employed before 31 December 1974 in 11 VC and PVC 
plants in the FRG. In parallel, a cohort of workers with no exposure to VC and 
another of workers from PVC-processing plants were studied. The first group 
comprised 7021 German and Austrian workers whose combined follow-up period 
represented 73,734 person-years up to 31 December 1974 (882 workers of other 
nationalities, of whom 8 had died, were omitted from the group). Standard 
mortality rates were estimated from the vital statistics of the national 
population from 1969 to 1974 (Rein! et al,1979). The mortality figures were :

Cause of death Observed Expected Statistical

All causes 414 434.7
Significance

D.S.
All cancer 94 90.6 n.s.
Cancer of the

digestive organs 45 32.7 0.05
Stomach cancer 18 14.4 n.s.
Colon cancer 6 5.8 n.s.
Liver cancer 12 0.9 0.001
Respiratory Cancer 24 26.6 n.s.
Bladder cancer 1 2.9 n.s.
Brain cancer 1.3 n.s.
Cancer of lymphatic

and haematopoietic tlasues 15 7.7 0.05

There were cases of ASL among those of liver cancer but the number could not be 
stated because of a lack of adequate identification in the early years of PVC 
production. The statistical probability that the increased mortality from liver 
cancers was due to chance is 3 x 10"10, providing further evidence for a casual 
relationship between liver cancer and exposure to VC. Mortality from liver 
cancers was elevated in the other two cohorts, but to a much lesser extent. The 
increased mortality from cancer of the lymphatic and haematopoietic tissues is 
also statistically significant (P < 0.05). In the other two cohorts, deaths from 
this cancer were lower than expected.

Although no information on level of exposure was provided in this study, 
Marsteller et al (1975) had previously reported that workers in German PVC 
plants, especially autoclave cleaners, had often suffered pre-narcotic effects 
due to exposure to VC.
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Greiser et al (1982) presented observed and expected mortalities from career for 
subgroups of the VC/PVC-cohort, exposed to VC during <1, 1-5, 5-10 and >10 
years. ECETOC tested the SKR's of liver cancer, of respiratory cancer and of 
cancer of the lymphatic and haematopoietic tissues for homogeneity and trend by 
the Breslow et al (1983) method. The SKR's did not show any significant 
deviation from homogeneity nor any significant trend with exposure-duration 
(P < 0.05).

1.1.4 Italy

Bertazzi et al (1979) studied male workers employed In VC and PVC plants since they 
started operating in 1952. Of the 5441 workers with at least 6 months exposure to 
VC, 4777 (88%) were traced for follow-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).

Of the deaths from cancer, 8 were from liver cancers. These included 3 from ASL, 
2 of which were of workers at a PVC plant and 1 of a worker in a PVC-processing 
plant (his employment history was uncertain). The average follow-up per worker 
was 4.2 years, a period too short to allow a study of cancer of other organs. 
This paper was essentially a discussion of individuals clinical symptoms and the 
above data were extracted from the narrative.

1.1

Byr. 
froi 
'a dm 
cou 
75C 
per

A partial update of this study was presented by Belli et al (1986). From the 
VC-PVC plant at Ravenna (started 1959), the VC plant at Rosignano (started 
1953), and the PVC plant at Ferrara (started 1953) a cohort of 1263 workers was 
identified, who had more than 6 months exposure to VC. Seven workers were not 
traced. The expected mortality was calculated from the statistics for the total 
Italian population. The follow-up period was from the start of production until 
December 31, 1983 for the Ravenna plant and until December 31, 1984 for the 
Ferrara and Rosignano plants. The number of person years of follow-up was 22,395 
and so the average period of follow-up per worker was 17.7 years.

i
I

Two 
! wor 
1 abc

i
There were G3 mortalities (102.6 expected) and initially 36 cancer deaths (2f.? 
expected). Of these cancer deaths 2 were due to liver cancer (C.4 expected) and 
12 to lung cancer (7.e expected). After careful examination by the authors of

BFG12651



-*»u

the available clinical and pathological evidence these figures changed to 39 for 
all cancer deaths, 5 for liver cancer deaths and 13 for lung cancer death. These 
liver and lung cancer mortalities represent a significant excess at the 5* 
level. This excess in all and specific cancer deaths arose mainly from the 
cohort of the FVC-plant at Ferrara, all cancer 26 (14.5 expected), liver cancer 
4 (C.l expected) and lung cancer 10 (4.1 expected).

The careful examination of the clinical and pathological evidence in the study 
population introduced observer bias since the same evaluation could not be made 
for the reference population. Further, the lung cancer mortality in the area of 
Ferrara seems to be higher than in the general Italian population. Finally, the 
report does not provide information on VC exposure levels, on possible exposure 
to other carcinogenic compounds or on smoking habits. The study does confirm the 
relation between liver cancer and VC-exposure.

1.1.5 Sweden

Byren et al (1976) studied a cohort of 771 workers employed in VC/PVC production 
from the early 1940s to October 1974. There was no exposure criterion for 
admittance to the cohort. Twenty-one workers with a very short period of employment 
could not be traced and were omitted. The total time of employment of the remaining 
75C workers was 6300 person-years and the follow-up period amounted to 12,000 
person-years. The mortality findings were :

Cause of death Observed Expected Statistical

All causes 58 Not provided

Significance

All cancer 11 Not provided
Lung cancer 3 1.78 n.s.
Liver, pancreas cancer A 0.97 0.05
Brain cancer 2 0.33 0.05

Two of the 4 cases of liver and pancreas cancer were liver angiosarcoma. Only 112 
workers in the study group had been exposed for more than 10 years and conclusions 
about cancer in other target organs than the liver cannot be derived from such a 
small group.
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1.1.6 France The
mig

Pierre et al (1979) studied the mortality and cancer Incidence in a population of 
workers in VC and PVC plants in Tavaux. Of the 1,482 workforce, 160 were lost to 
follow-up and together with the 11 women in the population were excluded from the 
follow-up analysis. The remaining 1311 workers were followed from 1953 until 31 
December 1976. Thebe were 15,458 person-years of follow-up. The number of workers 
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 than 15 years). The mortality findings were :

- total deaths 25 (48.7 expected);
- deaths fro. cancer, 8 (8.63 expected).

all

The
Jan
sum

There was 1 death (0.0015 estimated expectance) from ASL of an autoclave cleaner 
with more than 15 years of high exposure. The rather low observed and expected 
mortality in this cohort is attributed to the low average age of the population,

f
which makes it difficult to draw conclusions from this study. j

i

1.1.7 Canada

Theriault' and Allard (1981) performed a cohort mortality study or 451 workers at a 
PVC plant with more th?r 5 years exposure to VC between 1 January 1948 and 31 
December 1972. The follow-up period ended on 31 December 1977. The average 
exposure-period of the cohort was 17.4 years and the average observation period
22.6 years. Mortality was as follows :

Cruse of death Observed Expected Statistical

All causes 59 71.1
Sisnificance

n.s.
All cancers 20 16.4 n.s.
Cancer of digestive organs 14 5.4 0.01

Liver cancer (all ASL) 8 0.14 0.001
Respiratory cancer 2 5.80 n.s*

Cencer of bone, akin, and
connective tissue 2 0.38 n.s.

Cancer of eye, CNS 0 0.60 n.s.

Leukaemia, lymphoma 1 1.67 n.s.

Although the average exposure period and the average observation period were much 
longer than in nearly all other presented studies, there was no evidence of excess 
mortality from cancers other than of the liver.
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The authors suggest the possibility 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 cancer in other target organs.

Theriault (1982) presented an update of this study, in which the follow-up ended on 
January 31, 1981. Eleven men could not be traced. The mortality figures are 
summarised below :‘

Cause of death Observed Expected Statistical

All causes 73 *1.1
Significant

0.05
All cancers 23 21.5 n.s.
Cancer of digestive organs 15 0.16 0.01
Liver cancer (all ASL) B 0.16 0.001
Respiratory cancer 4 7.70 n.s.
Cancer of bone, skin,

and connective tissue 2 0.50 n.s.
Cancer of eye, CHS 0 0.57 n.s.
Leukaemia, lymphoma 1 2.07 n.s.

The results of this updated study confirm the association between VC-exposure and 
liver angiosarcoma Incidence, but does not support an association between 
VC-exposure and the incidence of respiratory or of brain cancer.

1.1.8 Norway

Heldaas et al (1984) studied the overall mortality from all causes and the 
incidence of cancer in 454 male employees who had worked for more than 1 year 
between 1950 and 1969 at a VC/PVC plant. The follow-up period was from 1953 to the 
end of 1979 and Involved 8676 person-years.

During this period 50 workers had died (59.3 expected). This difference between 
observed and expected mortality was not statistically significant. This is the only 
cohort study, which presents cancer morbidity Instead of cancer mortality. The 
cancer cases are summarised below :
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Hew eases of cancer Observed Expected Statistical

AH sites 23 20.2
Slanlflcance (PI

Q.Ss
Lung 5 2.8 n.».
Skin melanoma 4 0.8 0.01
Colon 3 2.44 n.a.
thyroid gland 2 0.16 0.01
Liver angiosarcoma 1 0.001 0.001

The task force noted that the excess of different cancers was seen in the group 
with highest estimated exposure level and this observation might suggest an 
association between vir.yl chloride exposure and these types of cancers. However, a 
significant trend of cancer incidence with level of exposure, years of observation 
or integrated exposure dose could not be established by ECETOC for any cancer type 
according to the method of Breslow et al (1983). The absence of a significant trend 
may be caused by the small cohort and the small observed Incidences.

Recently, Heldaas et al (1987) presented an update of this study, in which the 
follow-up period was extended with the period 1980-1984. The study population in 
this second period consisted of 430 male workers. A number of 1809 years of 
follow-up were added tc the previous 8183, resulting into a total of 9992 years. 
The new cases of cancer for the total follow-up period were as follows :

a) Masuda (1979) studied a group of 305 workers who had been exposed to VC at a 
VC/PVC plant for at least 1 year in the period 1949-1975. The author noted that 
after 1961 the maximum level of exposure of autoclave cleaners was below 250 
ppm, but may have been much higher before this. Only 1 person was lost to 
follow-up, and the number of person-years of follow-up was 4,777. Masuda found :

New cases of cancer Observed Expected Statistical Th

Lung 7 4.0
Significance (P)

n.«.
al

Skin melanoma 6 1.1 0.001 di
Colon 5 2.1 n.«. ca

All sites (subgroup) 31 24.0 n.»*
AS

The Task Force tested again the cancer incidences on trend in relation to level of
eir
in

exposure and in relation to the number of years from first employment. A

significant trend could not

1.1.9 Japan

be established. 1.1.1
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* 27 deaths (26.5'expected);
- 8 deaths fro* cancer (5.8 expected), but no significant Increase 

In any specific type of cancer aortallty.

b) Nakamura (1983) conducted a cohort mortality study on male employees who had 
worked for at least 1 year before 31 December 1964 In one of 25 plants which had 
begun to produce VC and/or PVC before 1965. The follow-up period was from 1 
January 1950 to 31 October 1975. This gave a cohort of 4,524 workers of whom 29 
were lost to follow-up. It Is not clear .ihether the Masuda cohort (see above) 
was included. Nakamura's cohort was divided into PVC-workers (2546) and others, 
the former group representing about 41,500 person-years of follow-up. 
Twenty-eight percent of this group was observed for more than 20 years. In the 
group of PVC-workers the mortality data were as follows :

Cause of death Observed Ejected Statistical

All causes 128 147.6
Slxnlflcance (P)

n.s.
All cancers 37 26.9 0.05
Stomach cancer 16 11.9 n.s.
Liver cancer 6 2.5* 0.05
Pancreatic cancer 3 1.05 n.s.
Lung cancer 2 2.33 n.s.
Ocher cancers 10 9.0* n.s.

The SMR of liver cancer rose with increasing duration of exposure, but that of 
all the remaining types of cancer did not. Of the 6 cases of liver cancer, 1 was 
diagnosed as ASL and it is highly probable that there was one other. A further 
case, recorded as death from an unspecified cancer, was also probably one of 
ASL. There was no correlation between deaths from liver cancer and length of 
employment as ar. autoclave cleaner. In the group of non-PVC workers there was no 
increase in deaths from any specific cause.

1.1.10 Soviet Union

Filatova et al (1982) and Fedotova (1983) reported a retrospective cohort study of 
all Soviet workers exposed to VC between 1939 and 1977. The cohort of 3,232 was 
dividied into 3 groups :

- those exposed to more than 115 ppm VC, and often to thousands of ppm. This 
group probably started work involving exposure to VC between 1939 and 1949;

- those exposed to between 11 and 115 ppm VC, and probably starting work between 
1950 and 1959;

.A
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- those exposed to less than 11 ppm VC and starting work after 1959.
i l.

The authors presented no data on total deaths, deaths from cancer or the number of 
workers in the groups. SMR's were estimated from the vital statistics of the urban a) 
and total population of (probably) the USSR for 1959, 1969 and 1975, but the values j 
in the two papers are not identical. However, the following information was drawn 
from these publications :

- of the total deaths from cancer, 31.7% were due to cancer of the stomach,
26.9% were due to cancer of the lung and 14.3% to cancer of the lymphatic and 
haematopoietic tissues;

- in mer. there was an increase in death from cancer of the lung and the 
lymphatic and haematopoietic tissues (SMR's 1.5 and 2.4 respectively);

- in women there was an increase in deaths from cancer of the stomach, colon and 
the lymphatic and haematopoietic tissues. The increases in deaths from cancer 
seemed to be related to the level but not duration of exposure, this being 
clear in the first of the above groups with the highest exposure. In the third 
group, with the lowest exposure 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 cases revealed 71 cases of chronic hepatitis. After these workers had 
been removed from exposure to VC, the majority was found to be free from 
changes in the liver" (Filatova et al, 1982).

1

It is uncertain how this opinion was obtained.

1.2 Studies of Workers in Polyvinyl Chloride Processing

Studies of workers employed In PVC-processing may provide information on the 
effects on health of exposure to low levels of VC. Ouring the conversion of PVC 
into fabricated articles some of the residual VC is released from the polymer but 
the resulting exposure levels will clearly be much lower than those at VC/P^

production plants.
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1.2.1 USA

) Chiazze et al (1977) carried out a proportional mortality study on 4,341 workers 
who had died during the period 1964-1973 among current and former employees at 
17 PVC-processing companies with 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 
determined but was estimated to have been between 65,000 and 70,000 by the end 
of 1973. The deceased employees only included those in the following 
categories :

- those who died during employment;
- those who died after retiring from the company, with retirement benefits;
- those who died after terminating employment 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 expected number of deaths from specific causes in 
the study population was obtained from the relative frequencies of these causes 
by age and by calendar year in a comparison population. Among the 3,248 white 
males and 601 white female employees who had died there was an excess of deaths 
from cancer, ie. for men, 666 (562 expected) and for women, 181 (138 expected). 
The causes of cancer death are presented below :

Cause of death Observed Expected Statistical
Amona Men Significance (?)

All cancer 666 567 0.001
Cancer of huecal
cavity and pharynx 15 16.9 n.s»

Cancer of digestive ,
system 209 162.1 0.001

S touch cancer 41 31.5 n«ff.

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 44 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 34.6 0.001
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Cause of death Observed Expected Statistical
Among Women Significance fPl 1.2.

All cancer 181 137.7 0.001 MoliCancer of buccal cavity
and pharynx 3 1.9 Q . emp1>

Cancer of digestive system 53 35.3 0.01 not
Stomach cancer
Colon cancer

8
24

5.0
15.3

n.s.
0.05

Decei
Rectum cancer 8 3.9 0.05 stat
Liver cancer 0 0.63 n.Se
Respiratory cancer
Cancer of bone, skin

12 11.9 n.*. The
connective tissue 7 3.3 0.05 pres<

Breast cancer 44 32.4 0.05 1945
Cancer of genital organs 19 23.3 n«s. persCancer of urinary organs 11 4.5 0.01
Brain, CNS cancer 4 3.5 n.s. peri
Lymphomas 9 7.6 n.s. (exp
Leukaemias 1 5.0 0.05 liveOther cancers 18 9.6 0.01

No case of death from ASL was found. 1.2.:

This PMP study must be interpreted with caution because the "healthy worker" Grei:
effect which produces a low mortality rate for non-malignant diseases in the PVC-t
population studied could account completely for the increases in the PMRs of the
death from cancers. to 3:

Chiazze et al (1980)* made a case-control analysis of the above-mentioned 44 The r
deaths from breast cancer, in comparison with 134 control subjects matched for of w

age and selected from 5 FVC-processing companies. When such variables as extent 
of exposure, length of employment, continuous versus intermittent employment, 
marriage status and child-bearing history were compared for the cases and the 
controls, no statistlcally-significant increase in relative risk was found. 
However, given the number of cases and controls, the smallest relative risk 
which could have been detected was 3.
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1.2.2 Sweden

Molina et al (1981) studied a cohort of 2,073 workers with at least 3 months 
employment between 1S45 and 31 December 1974 in 4 PVC-processing plants. 103 could 
not be traced to follow-up, the period of which was from 1 January 1961 to 31 
December 1976. Standard mortality rates were estimated from the national 
statistics.

The presentation of the data is rather confusing. Somewhat ambiguous data are 
presented on a sub-group of 1,771 workers with at least 6 months exposure between 
1945 and 1974, excluding those whose exposure ceased before 1961. Of these 1,771 
persons, 73 died between 1969 and 1976 (87.7 expected). In a longer follow-up 
period between 1961 and 1976, there were 51 deaths from cancer in the group 
(expected, 44.6), of which 11 were from cancers of the digestive organs including 1 
liver cancer.

1.2.3 Federal Republic of Germany

Greiser et al (1982) made a cohort mortality study of 4,007 workers at 2 
PVC-processing units, employment at which was the only criterion for Inclusion in 
the cohort. 92.IS were traced for follow-up, the follow-up period being from 1944 
to 31 December 1974 and representing 52,896 person-years.

The mortality findings are given below and compared with those from Greiser*s study 
of workers in VC/PVC production plants - see section 1.1.3 b), above.
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1.
Cohorts of Greiser (1982)

PVC-Processlng VC/PVC-Productlon

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. E*P- Statistical Obs. Exp. Statistical
Significance Significance (P)

All causes 360 379.6 n.s. 414 434.7 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 1 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 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

icant deviations from expected in the PVC-processing cohort are mainly
based on less deaths than expected, except the deaths of liver and brain cancer. In 
contrast, all significant findings in the VC/PVC production cohort are based on 
more cancer deaths than expected.

1.0 Evaluation of the Epidemiological Studies

In these studies excess mortality from liver cancer was frequently found and *n 
excess of deaths from cancer of the respiratory tract, brain, thyroid and $k’n 
(malignant melanoma), and of the lymphatic and haematopoietic tissues was sometime 
reported. The relationship between deaths from cancer in the various target organs 
and exposure to VC is discussed below.
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1.3.1 Liver cancer

1

Angiosarcoma of the liver is such a rare disease that it proved much easier to 
establish that there was an excess incidence of it in a study than was the case 
with the more common cancers.

In 12 of the 20 studies reviewed there was a statistically significant excess of 
deaths due to liver cancer in workers exposed to VC and the relationship of this 
form of cancer to exposure to VC Is thus well-established. In the updated cohort 
mortality study (E.H.A., 1986) of all VC- and PVC-workers In the USA VC-exposure 
appeared to increase cancer mortality from liver angiosarcoma, from other liver 
cancers and from biliary tract cancer. This last finding is the first and only one 
relating biliary tract cancer mortality to VC-exposure.

It is of interest to consider why 8 of the studies failed to show an excess of 
deaths from primary liver cancers. The average latency period for ASL in 
occupationally-exposed workers is between 20 and 29 years (Forman et al, 1985), and 
thus the average observation time was clearly too short In the Masuda (1979) and 
Buffler et al (1979) studies.

The integrated dose of exposure and peak exposure were probably less in the studies 
by Ott et al (1975), Buffler et al (1979), Chiazze et al (1977, 1980), 
Frentzel-Beyme et al (1978) and Greiser et al (1982, cohort of PVC-processors). 
There is no evident explanation for the absence of an excess mortality from liver 
cancers in the studies by Filatova et al (1982) and Fedotova (1983).

The study by Ott et al is completely-comparable in terms of cohort size, average 
exposure period, average observation period and type cf plant (PVC production), 
with that of Nicolson et al (1975, 19C4) and yet Ott found no excess mortality from 
liver cancers. This is probably because peak exposure and integrated exposure of 
the Ott population were clearly less than those of the Nlchclscn population. This 
indicates that the likelihood that humans develop ASL falls significantly with 
decreasing peak and integrated exposure to VC.

1.3.2 Respiratory cancer

The mortality from this was significantly increased in the studies of Buffler et al 
(1979), Heldaas et al (1984), Waxweiler et al (1976), Filatova et al (1982) and
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Fedotova (1983). The level of exposure, as deduced from the rates of mortality from 
ASL, was moderate for the populations of Buffler et al and Heldaas et al, and high 
for that of Waxweiler et al . Of three cohorts which had experienced high exposure 
to VC, those of Nlcolson et al (1975, 1984) and Theriault and Allard (1981) showed 
a decrease in mortality from cancer of the respiratory tract, while in the study of 
Greiser et al (1982) It was normal. Beaumont and Breslow (1981) considered the 
statistical power of 8 for the epidemiological studies to detect an increased 
relative risk of respiratory cancer of 1.5 in workers exposed to VC. The only 2 
studies of high statistical power (EEH, 1978 and Fox and Collier, 1977) failed to 
show an increase in relative risk.

In addition, in the updated studies of VC-workers in the United States and the 
United Kingdom (Environmental Health Associates 1986, and Jones 1986) the power to 
detect a relative risk of respectively 1.24 and 1.27 at a significance level of 5* 
was 80%. However, in the US-VC-workers there were 115 respiratory cancer deaths 
(122.5 expected) a relative risk 0.94, and In the UK-VC-workers 85 respiratory 
cancer deaths (94.3 expected) a relative risk 0.90. Taken overall, these findings 
do not suggest that there is a causal relationship between exposure to VC and death 
from respiratory cancer. Some of the excess mortality found may be due to smoking.

1.3.3 Brain cancer
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An increase in death from brain cancer was found in the cohorts of EEH (1978),
Byren et_a^ (1976) and Waxweiler et__al (1976). Beaumont and Breslow (1981)
calculated the statistical power to detect an Increase in the relative risk of 
brain cancer for 5 of the epidemiological studies. Those of Waxweiler (1976) and 
EEH (1978) had sufficient power to detect a relative risk of 2-3, and an increase 
in brain cancer was found In these studies and also in that of Byren et al (1976). 
Beaumont and Breslow concluded that therefore the most reasonable interpretation 
is, that the data are consistent with an aetiological hypothesis for vinyl chloride 
and cancer of the brain. However, in the EEH study the increase in this type of 
cancer was not related to the level or duration of exposure and. In addition, 110 
such increase was found by Nicholson et al (1975, 1984), Greiser. et al (1982) °r 
Theriault et al (1981) in whose studies the exposure levels were very high.

In the update of the EEH study (Environmental Health Associates, 1986) 23 deaths 
from brain cancers were found against 12.76 expected. Although this is consider^ 
as highly significant by the authors, this task force could not establish by ^
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method of Breslow et_al (1983) a significant trend of the SKR with length of 
exposure, with the length of the period of follow-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 (Jones, 1986) the power to detect a relative risk of brain cancer of 2.2 at 
the 5% level was 80X. Only 4 brain cancer deaths were found against 6.18 expected 
(relative risk 0.65).

It should also be noted that statistics on brain cancer for the general population 
are of doubtful reliability because of the limited number of brain post-mortem 
examinations. Therefore comparison between observed and expected cases is of 
limited validity. There Is thus a serious doubt about a possible relationship 
between exposure to VC and death resulting from brain cancer.

1.3.4 Cancer of the lymphatic and haematopoietic tissues

Increased deaths from these types of cancer were reported by Waxweiler et al 
(1976), Greiser et al (1982), Filatova et al (1982)/Fedotova (1983; same study) and 
Nicolson et al (1984). The most significant Increase was in the VC/PVC-production 
cohort of Greiser et al (15 found against 7.7 expected) but there may be some doubt 
about the expected figure as the German statistics for the single year 196? had to 
be used for the period 1944-1968. It is possible that reliable figures were not 
available prior to 1968 because of the influence of the Second World War on German 
demographic parameters. Greiser et al (1SC2) stratified the VC/PVC production 
cohort on the basis of duration of exposure. ECETOC tested the trend of the SMR's 
in the subgroups in relation to duration of exposure by the method of Breslow et al 
(29P3). A significant trend could not be established.

In the EEH population, 20 deaths from cancer of the lymphatic or haematopoietic 
tissues wore found against 17.0 expected and there was no relationship between 
mortality and the level of exposure or integrated, dose of VC. In the update 
(Environmental Health Associates, 1986) 37 deaths from lymphatic or haematopoietic 
cancer were observed against 36.28 expected. The power to detect a relative risk of 
1.45 at 5« significance was 80*. A significant trend of the SMR with length of 
exposure, length of period of follow-up or with age of first exposure could not be 
established by ECETOC by the method of Breslow et al (1983). In the updated study 
of VC-workers in the UK the power to detect a relative risk of lymphatic and 
haematopoietic cancer of 1.8 was 80%. 16 deaths from this type of cancer were 
observed against 12.36 expected (relative risk 1.3). Information about exposure
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conditions was not sufficient to trace a relation between VC-exposure with this 
type of cancer mortality.

Nicholson et al (1980) and Waxweller et al (1976) found, respectively, 3 deaths 
(1.14 expected) and 4 deaths (2.5 expected) from such cancers but did not relate 
them to exposure. Filatova et al (1982) observed a significant Increase in the SMR 
(■12) for this type of cancer In female workers, a finding which is difficult to 
assess because the authors give no absolute or expected values of cancer deaths. In 
the remaining studies no increase was noted.

Overall, there is equivocal evidence, that a relationship exists between exposure 
to VC and death from cancer of the lymphatic and haematopoietic tissues.

1.3.5 Malignant melanoma

The cohort, cancer Incidence study by Heldaas et al (1984), in which an Increased 
incidence of this type of skin cancer was found, is not directly comparable to the 
other studies which were of cancer mortality. In the updated EEH-study 
(Environmental Health Associates, 1986) 6 skin melanoma deaths were observed 
against 7.36 expected. The power of this study to detect a relative risk of skin 
melanoma deaths of 2.1 at a 5% significance level was 80%.

There are numerous examples in the literature of the finding of an excess incidence 
of malignant melanomas. In studies of occupational cohorts in a variety of 
industries and countries, as exemplified below for workers not exposed to VC. An 
increase in melanoma morbidity or mortality has been observed :

- in Norwegian workers exposed to asbestos, 3 melanoma cases (0.6 expected) (Hilt et al.1983);
- In Swedish rubber workers, 21 sielanoma cases (9.1 expected) (Holnberg et al.1983);
- in Swedish workers in the telecommunications industry, 12 melanosis cases (4.6 expected) (Vsgero

et si.1963)i
- in Swedish electrical engineers, 3 melanoma deaths (0.9 expected) (Olln et al.1985);
- in English semiconductor workers, 3 melanoma cases (0.6C expected)(Sorahan et al.1985);
- in workers at B UK oil refineries, 14 melanoma deaths (6.48 expected) (Alderson and Rushton, 

1982);
- In 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 1° 

males (6.80 expected) (Reynolds et al.1985). *0H*coo
8
ui
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In all these cohort studies, no specific chemical Is Implicated as the causal agent 
of malignant melanoma of the skin and It seems that this can arise In a study as a 
purely coincidental finding.

There seems to be no doubt that solar radiation Is a causal factor In the 
development of malignant melanoma (Magnus, 1981). Scandinavian people have a higher 
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 Scandinavians that does continuous exposure of people in the more 
southern countries. This could explain the results of Heldaas et al If PVC-workers 
had relatively more exposure to sunshine than did the general population. However, 
the 4 workers with malignant melanoma did not have any excessive exposure to 
sunshine nor were other skin tumours known to be related to sunshine found 
(Heldaas, personal communication). Therefore, the finding of Heldaas et al deserves 
more attention In future studies.

Up until now the total evidence from all the studies does not Indicate a causal 
relationship between exposure to VC and the Incidence of, or mortality from, 
malignant melanoma.

1.3.6 Cancer of the thyroid

The increased incidence of this type of cancer found by Heldaas et al (1984) was 
not paralleled by an Increase In mortality In the studies by Nicholson et al (1976) 
and Greiser et al (1982) In which there were high exposures to VC and long periods 
of observation and follow-up. Thus the evidence for a causal relationship between 
exposure to VC and cancer of the thyroid is weak, especially since Heldaas et al 
found only 2 cancers of that type.

1.4 The Register of Angiosarcoma of the Liver (ASL) 'Cases

Since 1974, ICI Pic has maintained, on behalf of the Association of Plastics 
Manufacturers in Europe, a worldwide register of histologically confirmed ASL cases 
resulting from exposure to VC (Forman et al, 1985). The register Is doubtless 
incomplete, although the collaborating organisations believe that they have been 
informed about nearly all of the cases. By January 1986, 120 men, of whom three 
were still alive on 1 January, 1986, had been recorded as having VC-related ASL. Of 
the 120 cases, 119 were reported tc be hepatoangiosarcomas and one a
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cholangiosarcoma. No cases were recorded In women 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 register was begun In 1974 when exposure to VC first 
became firmly established as a cause of ASL. Under-reporting Is therefore less 
likely to be a problem after this date* when special attention began to be paid to 
the disease.
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In Table 5 the age-distribution of the 120 men at the time of diagnosis Is given. 
The mean age at diagnosis was 52. It seems that the Incidence of ASL reached a peak 
20 - 29 years after first exposure, but 18 cases occurred after more than 30 years. 
The average latency period for the ASL cases was 22.5 years, and the average length 
of exposure 18.3 years. The majority of cases occurred 15 to 29 years after first 
exposure, as Is common with occupationally-induced cancers. There has'been no case 
of ASL recorded In any Individual who has been exposed since the levels of VC in 
the atmosphere were drastically reduced in 1974.

In Table 6 are shown the principal occupations of the 120 affected men. At least 
43? of the men (53/120) had been employed as autoclave cleaners, an occupation 
which was almost certainly associated with the highest exposure to VC. Only 82 new 
cases have been diagnosed since 1975 despite the large number of workers in the 
industry.

Forman et al (1985) have estimated the number of future cases of VC-related ASL by 
analysing the 110 cases diagnosed at the time, in terms of latency, and assuming 
that the hazard was eliminated In the late 196C's. They estimate that a further 155 
cases might occur for latencies of less than 35 years, and in the absence of data 
for latencies greater than 35 years, they suggest that there might be around 50 
cases for these extended latency periods. Thus the total estimate for future cases 
is in the range 200-250, or about twice as many as have already been reported.

j In th
j on 27
! could 
| chemi 
i et a'
* more
!

resic 
I remai 
I carri 

i n tl' 
Viann 
1979) 
patie 

j mile 
i 26.8 
I of th 

of VC 
all 
peric 
repot 
case? 
not t 
Thorc

1.5 Angiosarcoma of the Liver In the General Population

The Incidence of angiosarcoma of the liver is difficult to estimate as It Is a rare 
condition. Apart form VC, thorium dioxide (in the x-ray contrast medium Thorotrast) 
and arsenic can Induce ASL (Roth, 1955; Tesluk et al, 1955). Edmonson (1958) found 
only one case in 52,000 autopsies (0.002%), Rein and Huth (1575) report on 6 cases 
(0.02%) of primary vascular liver tumours in 3C,G7S autopsies, while Brady et al
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(1977) give 0.25 per million as the annual morbidity incidence rate for 
histologically confirmed angiosarcoma 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 0.26 per million. Baxter et al (1977) report that 
between 1963-1973 an average of four cases per year of ASL were recorded in the UK, 
while a panel agreed with these diagnoses only in a third of the reported cases.

In their case-control study over the period 1958 to 1975, Brady et al (1977) report 
on 27 cases with confirmed ASL. One case was excluded because histologic assessment 
could not confirm ASL. Seven of the patients had documented exposure to VC (all 
chemical operators). Thorium dioxide (Thorotrast) or arsenical pesticides (Bradey 
et al, 1977). Of the other 19 patients, 5 lived In highly Industrialised areas no 
more than 1350 m from VC fabrication or polymerisation factories. Neither 
residential history nor ambient air concentration data were obtained for the 
remaining 14 patients and statistical analysis for a geopgraphical factor was not 
carried out. The authors conclude that the geographical factor might be Important 
in the etiology of this disorder but it must be considered unresolved at present. 
Vianna et al studied the same area and expanded the study by 4 more years (1958 to 
1979) including the New York City cases from 1973 through 1979. A total of 43 
patients diagnosed with ASL were reported. For five females residing within one 
mile of plastic producing factories for a period ranging from 8-62 years (medium
26.8 years}, VC is mentioned as posssible cause. Furthermore, it is noted that 19 
of the 43 patients resided in four urban counties which contain the greatest number 
of VC polymerisation and fabrication factories. Dalderup et al (1976) investigated 
all cases diagnosed as ASL 1r. The Netherlands in the period 1950-1S75. In that 
period the population increased from about 10 to 14 millions. From the 27 cases 
reported by the pathologists only 9 cases were proven angiosarcoma. None of the 27 
cases had any traceable contact with vinyl chloride and a geographical factor was 
not found. One of the cases was probably induced by chronic use of arsenic drugs. 
Thorotrast induced cases were not included in this serifes.

Saric et al (1976) studied the Incidence of malignant primary tumours of the lung, 
bronchus and liver in 1968-1971 in a city in Yugoslavia with several factories 
including a PVC industry. There was no causal relationship between the liver 
tumours recorded and the area of residence and there were no haemangiosarcomas.
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Of the 14 cases of ASL in the periods 1963-1973 in England and Wales, and 1965-1973 
in Scotland, which were confirmed by a panel, one case had occupational exposure to 
VCM. One other case was a man who had lived for 6-7 years before his death in 1970 
within half a mile of the PVC plant in which the occupationally exposed person had 
worked. For the other 12 cases there was no geographical factor (Baxter et al, 
1977).

1.6 Conclusions

Occupational exposure to high levels of VC, (probably hundreds of ppm during 
several years) causes mortality due to angiosarcoma and possibly other primary 
liver cancers. There is insufficient evidence to establish any relationship between 
exposure to VC and an increased incidence of cancer of the brain, lung, thyroid, 
lymphatic or haematopoietic tissues, and skin (malignant melanoma).

The annual incidence of angiosarcoma of the liver in the general population has 
been reported to be in the order of 0.25 per million, but may even be lower when 
stringent pathological criteria are used. In addition to VC, arsenic and Thorotrast 
may cause ASL, but for many of the ASL cases studied no plausible cause could be 
found. Theoretically exposure from the ambient air, In particular near VC or PVC 
plants, could present a cancer risk, but the results from the few studies done do 
not indicate such a possibility or are inconclusive.

2. CLASTOGENICITV AND MUTAGENICITY

2.1 Studies

The finding of carcinogenic and clastogenic effects In workers exposed to VC led to 
studies on its possible mutagenic effects.

A number of cytogenetic studies have demonstrated that exposure tc VC is associated 
with an Increased frequency of chromosomal aberrations in the peripheral 
lymphocytes of exposed workers (Funes-Cravioto et al (1975). Ducatman et al (1975)* 
Szentezl et al (1976), Purchase et al (1976), Fomenko et al (1976), Purchase etj»i 
(1978), Hansteen et al (1978), Kucerova et al (1979), Anderson et al (1980) and 
Anderson et al (1981). Chromosomal aberrations induced by VC were described a* 
dicentrics, fragments, rings and translocations. Leonard et al (1977) aescrib^ 
such aberrations amongst VC exposed workers but underlined that they had receivH^
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frequent X-ray exposures and that the positive results could be attributed to 
X-rays rather than VC. Both Hansteen et al (1978) and Anderson et al (1980) found a 
decrease in chromosomal aberrations of circulating lymphocytes to the levels found 
in control groups (people on-site or off-site not exposed to vinyl chloride) with 
the Improvement of plant hygiene. Fleig and Thiess (1978) failed to demonstrate an 
increased frequency of chromosomal aberrations in 10 persons classified as "exposed 
persons showing no symptoms of VC illness". Picciano et al (1977) failed to show an 
increased prevalence of chromosomal abberatlons in 209 workers employed for up to 
28 years in a VC plant. The average exposure had been to 50 ppm or less since 1959. 
Two studies reported that there was a small increase in sister chromatid exchange 
rate (Kucerova et al, 1979; Georgevia and Tsoneva, 1981), whereas two other studies 
failed to demonstrate such an increase (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 reported for unexposed people (Hansteen et el, 1978). 
The urine of workers exposed to VC did not induced mutations in the Salmonella 
typhimurium strain TA100, even in the presence of rat liver homogenates or 
B-glucuronidase (Matlern et al,1977).

Some other studies on the possible effects of VC on reproduction are also noted 
here for completeness. Infante et al (1976) compared the outcome of pregnancies in 
the wives of workers before and after they had been exposed to VC with the outcome 
in the wives of workers in the PVC-processing and rubber industries. They found an 
excess of foetal loss in the group of wives whose husbands had been exposed to VC. 
However, Paddle (1976) and Clemmensen (1982) pointed out some fallacies in the 
study, and Downs et al (1977) have questioned some of the reported findings on the 
clastogenic, mutagenic and genotoxic effects of VC, concluding that there was 
evidence of an association between occupational exposure to VC and chromosomal 
abberations in the lymphocytes, but none for an association between foetal loss in 
wives and exposure of the husbands, or between exposure to VC and excess birth 
defects in communities near PVC-prcduction plants.

Infante et al (1976) reported higher incidences of birth defects1(cleft lip and 
palate, abnormal genital organs, clubfoot, and abnormalities in the CNS) in 
communities in Ohio where PVC polymerisation plants were located. Edmonds et al 
(1976) reinvestigated the data and found no correlation between congenital 

? abnormalities of the CNS and exposure to VC. In Canada, Theriault et al (1983)
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found higher incidences of birth defects, among them abnormalities of the CNS, in a 
community where a PVC polymerisation plant was located. The occupational and 
residential histories of parents who gave birth to malformed infants and normal 
infants (controls) did not indicate an association with exposure.

2.2 Conclusions
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Exposure to VC causes chromosomal abberations in human beings, but only at the 
levels existing before the marked reduction in occupational exposure in the 
mid-1970's. It is uncertain whether it causes changes in the rate of sister 
chromatid exchange. From the scant evidence available it seems unlikely that VC has 
caused any adverse effects on human health via its mutagenic potential.

3. OTHER EFFECTS RELEVANT TO CARCINOGENICITY OR MUTAGENICITY

In this section, long-term effects of exposure to VC which are relevant to its
carcinogenicity are reviewed. Fortwengler et al[ (1981) have shown that ASL
originates from effects in the endothelial cells and this type of cell may also be 
involved in the development of acro-osteolysis (AOL) and non-malignant liver 
diseases related to liver cancers.

3.1 Non-malignant Liver Diseases

Juhe et al (1973) investigated W. German PVC-production workers with symptoms 
resembling progressive scleroderma. Three of a group of 13 had a history of 
bleeding from oesophageal varices due to portal hypertension.
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Tribukh et al (1949) studied a group of 73 workers at a plant in the Soviet Union 
at which PVC resins were manufactured and compounded. Twenty-one subjects were 
found tc have "anicteric hepatitis" (hepatitis without jaundice) and the authors 
reported non-tender hepatomegaly but gave no details.

Suciu et al (1963, 1975) reported that 30% of a group of 168 workers at two 
Rumanian PVC-production plants had hepatomegaly, and this was . associated with 
splenomegaly in 6%. The VC concentration in the working environment was 880 PPn,> 
Four years later, following a reduction in this concentration to 38 ppm, th^
prevalence of hepatogegaly was only 11%. Hi
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Marsteller et al (1973) found varying degrees of non-cirrhotic portal fibrosis, 
perisinusoidal fibrosis and subcapsular fibrosis of the liver In all of a group of 
ZO mcle PVC-production workers. The prevalence of findings related to liver disease 
was :

The subjects were aged 30-56 years at diagnosis and their exposure time was 1.5-21 
years. Nc information on exposure levels was given but all 20 workers had been 
engaged in autoclave cleaning, some of them full-time. Barnes (1976) suggested that 
in the early 1950s autoclave cleaners had been exposed to levels of VC of up to 
3000 ppm.

After the first report that exposure to VC was related to ASL (Creech and Johnson, 
1974) the performance of liver-function tests on workers exposed to VC was extended 
and it later appeared that non-cirrhotic portal fibrosis leading to portal 
hypertension was a more common lesion than was ASL (Lelbach and Marsteller, 1981; 
Jones and Smith, 1982). Non-cirrhotic portal hypertension and ASL are both rare. 
Iber (1969) estimated that of all subjects with portal hypertension similar to that 
encountered in cirrhosis or portal vein blockage, 3 to 5% had normal liver 
morphology.

Falk et al (1974) reviewed the pathology of liver biopsy specimens from VC exposed 
workers and with non-malignant liver disease or ASL. They suggested that there was 
a close histological similarity between these two diseases, both leading to portal 
fibrosis and sinusoidal changes. The progression of VC-induced hepatic fibrosis to 
ASL has been described by Smith et al (1976), Lelbach and Marsteller (1981) and 
Jones and Smith (1982) who suggested that periportal fibrosis and sinusoidal 
changes were precursors to ASL. Hepatic sinusoidal cells include endothelial cells, 
and Fortwengler et al (1981) have given evidence that VC-induced ASL has its origin 
in endothelial cells. They demonstrated an increase in factor VIII, a known marker 
for endothelial cells, in the tumour cells of ASL cases, suggesting that the 
endothelial cells were the target. Hepatocytes may not be the target cells for 
toxic action, which would explain why the standard biochemical liver-function tests

increased bromsulphthaleln (BSP) retention 
thrombocytopenia
hepatic-spleen surface alterations on peritoneoscopy
splenomegaly
hepatomegaly
acroosteolysls
oesophageal varices

19/20
16/20
14/20
7/20
6/20
4/20
3/20
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were of limited value for the early detection of non-cirrhotic portal hypertension 
and ASL in populations at risk (Creek and Makk, 1975; Williams et al, 1976; Lee et 
al, 1977).

3.2 Acro-osteolysis (AOL), Raynaud's Phenomenon and Effects on the Skin

Filatova and Gronsberg (1957) published one of the earliest papers to record 
adverse effects from exposure to VC, finding effects similar to Raynaud's 
phenomenon ("toxic angioneurosis") in exposed workers. A few years later, Smirnova 
(1961) reported finding destructive bone lesions of the terminal phalanges of the 
hand in PVC-production workers exposed to VC for between 3 and 9 years. Those 
affected also had symptoms similar to those of Raynaud's phenomenon, and Smirnova 
believed that the bone lesions were caused by the exposure to VC. Suciu et al 
(1963, 1975) found Raynaud's phenomenon in 6% and scleroderma in 3.6%, of the 
work-force of 168 at two Rumanian PVC-producing plants where the VC concentration 
in the working atmosphere was 880 ppm. After this had been lowered to 37 ppm, the ; 
prevalence of Raynaud's phenomenon fell to 2.9* and that of scleroderma to zero, j 
The authors did not mention finding any bone lesions such as AOL.

Cordier et al (1966) described AOL of the hands in two male autoclave cleaners at a 
Belgian PVC-production plant. Several months after starting this work they 
developed the symptoms cf Raynaud's phenomenon, eruptions on the skin of the hands, 
asthma and drowsiness. The most striking sign, however, was radiological evidence 
of lysis of some terminal phalanges of the hand and, in one case, the feet. In the 
succeeding years additional cases were reported from France (Chatelian and 
Motillon, 1967), Great Britain (Harris and Adams, 1967) and the USA (Wilson et 
aX,1967). These last authors found 31 cases among 3,000 employees engaged in VC- 
and PVC-production. Dinman et al (1971) observed e. strong association of AOL with 
PVC autoclave cleaning (1 case per 72 workers at risk) and the bagging and packing 
of PVC (I case per 86 at risk), but found no cases among the 1,257 employees 
working on the compounding of PVC resins.

The first cases of AOL in W. Germany were observed by Jlihe and Lange (1972) among 
workers at PVC plants. Initially the clinical findings resembled systemic sclerosis 
and it emerged that some workers, mainly occupied as autoclave cleaners, had a 
history of bleeding from oescphagal varices due to portal hypertension- 
Arteriographic evaluation of the vascular tree of the hands showed the presence of 
vascular lesions confined to the small digital arteries, although there was some
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narrowing of the superficial and deep palmar arterial arch (Lange et al t 1974). 
Arterial Irregularities and segmental stenosis were accompanied by retardation of 
the flow of the contrast medium and peculiar tortuosities of the patent arteries. 
The results of arteriography correlated well with those of non-invasive methods 
such as photoplethysmography, neography and thermography.

Ward et al (1976) demonstrated that circulating immune complexes were present in 19 
out of 28 patients with "VC disease", 1e. Raynaud's phenomenon, AOL, 
thrombocytopenia, portal fibrosis, and hepatic and pulmonary dysfunction. They 
suggested that the disease was an immune complex disorder, a suggestion also made 
by Lanrauer-Lewowicka et al (1976). Lange et al (1974) had already concluded from 
their results that there was no convincing evidence that VC disease was an 
auto-immune disease.

3.3 Conclusions

Vinyl chloride-induced chronic toxicity affects the endothelial lining of the liver 
sinusoids from which ASL originates. Exposure to VC may also lead to periportal 
fibrosis and to changes in the distal vasculature of the hands manifested by the 
development of Raynaud's phenomenon, scleroderma or AOL. It is not clear whether 
these lesions are caused by VC Itself or its metabolites. These effects were seen 
in workers exposed in the 1950s and 1960s. There have been no reports of such 
effects in workers whose exposure to VC started in the early 1970s when exposure 
levels in most countries were lowered to a few ppm.
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! 0. EXPERIMENTAL TOXICOLOGY

1 1. CARCINOGENICITY
» —ii «i

ti
1.1 Exposure by Inhalation

1.1.1 Viola's initial experiment

The first investigation of the long-term effects of VC on animals was carried out 
in the Institute of General Pathology, Perugia, and was reported by Viola (1970, 
1971). It was undertaken in an attempt to produce AOL in experimental animals. A 
group of 26 3-month old male Wistar rats of the IRE strain were exposed to VC at a 
concentration of 3% v/v in the irhaled air for 4 h/d, 5 d/wk for 12 months. 
Twenty-five rats of the same strain served "as controls. The animals were slightly 
sleepy but otherwise appeared to tolerate these high exposures well. Tumours 
started to appear after the 10th month of treatment and the experiment was 
terminated after 12 months. Seventeen rats survived beyond the 10th month and 
epidermoid tumours appeared in the para-auricular region in all of them. Fourteen 
of these tumours were reported to be epidermoid carcinomas, 2 muco-epidermoid 
carcinomas and one a papilloma. Five of the 17 animals had osteochondromas and 7 

. had lung tumours, but no haemangiosarcomas were reported. The epidermoid tumours 
I were reviewed by other pathologists and re-classified as Zymbal gland carcinomas
| and the lung tumours were metastases from the Zymbal gland carcinomas (Maltoni et
f a^, 1974, 1975). No tumours of these types were observed in the control rats.

1.1.2 Investigations by Maltoni - BT series

Because the Viola study indicated a risk of cancer from occupational and 
environmental exposure to VC, its carcinogenicity was then thoroughly investigated 
in laboratory rodents by Maltoni. Maltoni numbered his experiments BT 1, BT 2, etc. 
and the detailed results cf the experiments are tabulated in a book, Maltoni et_al. 
(1984). Three earlier papers containing details of the design of the BT series of 
experiments as well as some important interim and final results are cited in Table
7. As the tumourigenic response in experiments BT 3 and BT 15’. was low due t° 
inadequate dosage discussion of these experiments have not been Included in this 
report.
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In an extensive series of studies, Maltoni administered VC in air to adult rats, 
mice and hamsters, and VC dissolved in olive oil, to rats by the oral and 
parenteral routes. He also exposed pregnant and neonatal rats to VC by Inhalation 
to examine the sensitivity of foetal and newly-born animals.

1.1.2. a Pose-response in Sprague-Dawlay rats exposed by inhalation

In one of these studies (BT 6, Table 8) the Viola experiment was repeated. A group 
of 30 male and 30 female Sprague-Dawley rats was exposed to 30,000 ppm of VC for 52 
weeks and killed at 68 weeks. Zymbal gland carcinomas were observed as in Viola's 
experiment. In addition a high incidence of angiosarcomas and forestomach tumours 
but no bone or cartilaginous tumours were induced. It is difficult to account for 
this discrepancy. The longer period of observation in Maltoni's study may have 
allowed more time for the development of the hepatic tumours but there appears to 
be no explanation for the absence of bone lesions. The increase in the incidence of 
forestomach tumours was not observed in later experiments and appears to be an 
isolated observation.

The carcinogenicity of VC was convincingly demonstrated in a dose-response study on 
Sprague-Dawley rats (BT 1, Table 9). Animals of both sexes were exposed to a wide 
range of concentrations of VC from 50 ppm at the lowest level to 10,000 ppm at the 
highest for 4 h/d, 5 d/wk over 52 weeks. The experiment was terminated at 135 
weeks. There was a clear dose-response relationship for Zymbal gland tumours and 
hepatic angiosarcomas, but It was less clear for hepatomas, nephroblastomas and 
brain tumours although the increased incidence of these appeared to be 
treatment-related. In particular, a haemangiosarcoma, a rare tumour in rats, was 
observed in a female rat at 50 ppm. Other tumours (mammary gland, forestomach, 
papillomas and leukaemias) occurred in both test and control groups and were 
randomly distributed. There was also an indication of a reduction in the latent 
period of the treatment-related tumours compared with that of the same type of 
tumours occurring in the control group.

1.1.2. b Other dose-response inhalation experiments in Sprague-Dawley rats

The occurrence of haemanoiosarcomas at 50 ppm prompted further dose-response 
experiments (BT 2 and BT 15, Tables 10 and 11) to explore further the 
carcinogenicity of VC at relatively low levels of exposure. In one of these 
experiments (BT 2) a comparatively narrow range of concentrations was investigated.
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1e. 100, 150, and. 200 ppm, and the number of rats exposed was twice that in the 
previous experiment (BT 1). The regime of exposure was the same as In BT 1 and 
exposure was maintained for 52 weeks, the experiment being terminated at 143 weeks. 
Haemangiosarcomas and nephroblastomas occurred in the treated animals but not in 
the controls. Zymbal gland carcinomas occurred in the females in the treated groups 
at all dose levels and also in the controls. The highest incidence of these tumours 
occurred in males at the 200 ppm dose, but no such tumours were observed in males 
at the lower dose-levels. A few hepatomas occurred late in the experiment in both 
sexes at the highest dose ar.d in male control animals. In addition, mammary gland 
tumours, leukaemias and forestomach papillomas were observed in this experiment, 
and were randomly distributed in test and control groups. No brain tumours were 
observed. This experiment confirmed the carcinogenic activity of VC to the 
Sprague-Dawley rat at exposure levels between 100 and 200 ppm.

In experiment BT 15, 13-week old Sprague-Dawley rats were exposed to 0, 1, 5, 10 
and 25 ppm of VC for 52 weeks (Table 11). Treatment was then stopped and the rats 
allowed to live free of exposure until the termination of the experiment at 147 
weeks. Zymbal gland carcinomas occurred in all treated groups and In 2 males in the 
control group. Angiosarcoma occurred in both sexes at the highest concentration 
only and predominantly in females. At this concentration one hepatoma was observed 
in one female and one nephroblastoma in one male. Me brain tumours were observed.

1.1.2
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In experiment BT 15 the carcinogenic effect of VC at 25 ppm rested principally on Jn Ma
the induction of haemangiosarccma in the female, and reflects the higher incidence Swiss
of this type of tumour in the exposed females compared with males which was found in BT
in other experiments in this series. This sex difference was clearly observed in contr
experiment BT 9 (Table 12) when VC was administered by inhalation to comparatively incre
large groups of rats (5 times the number used in BT 1 experiment) at. 50 ppm. In treat-
this experiment the incidence of hepatic angiosarcoma in females was 6 times that haemai
found in males. Zymbal gland carcinomas and brain tumours were also dose-t
treatment-related but for these there was virtually no sex difference. evider

was <

Experiment BT 9 was presumably carried out tc explore further the incidence of less notice
frequently observed cancer at a low level of exposure (50 ppm) since the number ot nQt
VC-related tumours at the same level in experiment BT 1 was very low.
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1.1.2.C Inhalation experiments in Wlstar strain rats

Maltoni's design of the experiment on Wistar rats (BT 7, Table 13) followed closely 
that of his original study on Sprague-Dawley rats (BT 1). The concentrations at 
which VC was administered, the regimen of exposure and duration of treatment were 
the same. The time of observation was about 30 weeks longer, the experiment being 
terminated after 165 instead of 135 weeks. For an unknown reason only males were 
employed in this experiment. The results mirrored closely those obtained In males 
in experiment BT 1. There was unquestionably a dose-related incidence of hepatic 
angiosarcoma, while the incidence of Zymbal gland carcinomas, nephroblastomas, 
hepatomas and brain tumours appeared to be treatment-related but not dose-related. 
With the exception of hepatic angiosarcoma, the incidence of the tumours was lower 
than that observed ir BT 1, the comparable experiment on Sprague-Dawley rats. Apart 
from these tumours, a few mamnary adenocarcinomas, skin carcinomas and leukaemias 
were observed, occurring randomly in the test and control groups.

In experiment BT 17 three extra-hepatic angiosarcomas were observed when 120 male 
Wlstar rats were exposed to 1 ppm VC 4h/d, 5d/wk for 52 wks and observed for a 
further 82 wks (Table 13).

1.1.2.d Inhalation experiments in Swiss albino mice

In Maltoni's experiment BT 4 (Table 14) groups of 30 male and 30 female weanling 
Swiss Albino mice were exposed to the same levels of VC as were Sprague-Dawley rats 
in BT 1, and the Wistar rats in BT 7. Double this number were allocated to the 
control groups. Mortality was low in the control groups, but increased with the 
increase in exposure level In the treated groups. Despite the lower survival in the 
treated groups there was a clear increase in the incidence of hepatic 
haemangiosarcoma, pulmonary adenocarcinoma and mannary gland tumours. A 
dose-response relationship for the number of cancer observed was not so clearly 
evident, presumably because of the increased mortality. On the other hand, there 
was a dose-related shortening of the average latency period, particularly 
noticeable for pulmonary adenomas and mamnary gland tumours. Such a shortening was 
not particularly conspicuous for the hepatic angiosarcomas.
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In experiment BT 8 (Table 15) Maltoni exposed groups of 32-35 male Syrian golden 
hamsters to the same concentrations of VC as the Sprague-Dawley rats in BT 1 and 
the Wistar rats in BT 7. The animals were exposed 4 h/d, 5 d/wk (as for the other 
species) for 30 weeks, and then allowed a treatment-free period of 79 weeks. A few 
haemangiosarcomas, melanomas, Zymbal gland tumours and forestomach papillomas were 
observed in the treated animals. According to the authors, all tumours were 
compound-related but there was no dose-response relationship for any of them. 
Because haemangiosarcomas are unknown in untreated hamsters (Greenblatt, 1982) and 
acoustic-duct tumours are urcommon in this species, there is little doubt that 
these were induced by VC. In the case of melanomas it is more difficult to come to 
this conclusion. These tumours are known to occur naturally in this species and the 
frequency varies from one strain to the next. Because of the total absence of this 
tumour in the control group and the occurrence of melanoma in each group of 
hamsters exposed to VC (except at 500 ppm), it is possible that these melanomas 
occurred as a result of VC exposure. However, statistical analysis by the Fisher 
exact-probability test failed to show a significant difference between the treated 
and control animals, end the analysis for possible trends was also negative (see 
Appendix 2). This is the only species studied in which melanomas have been reported 
to result from exposure to VC. They have not been observed in other species, 
presumably because they lack the perifollicular network of melanocytes from which 
the hamster melanomas arise (Ghadially and Barker, I960).

1.1.2.e Inhalation experiments In golden hamsters
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1.1.3 Investigations on VC carcinogenesis by other workers

Several other workers have investigated the carcinogenicity of VC. The results 
obtained in the earlier investigations were confirmed and some other features of VC 
carcinogenesis were discovered.
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1.1.3.a Inhalation experiments in mice

Keplinger et al (1975) observed a pattern of tumour type and incidence similar to 
those of previous workers when he exposed groups of 100 CD1 Sw4ss mice of both 
sexes to 0, 50, 200 or 2,500 ppm of VC in air for 9 months, and kept then for 
another 9 merths without treatment when the experiment was terminated. Forty-rir* 
of the treated mice died with tumours within 8 months of exposure. The incidence of 
three types of tumours appeared tc be related to treatment; lung adenomas, liv<?r
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angiosarcoma and mammary adenocarcinomas. The Incidence of these tumours In the 
control and exposed groups (in ascending order of VC concentration) was 0, 2, ll 
and 28 respectively for lung adenomas; 0, 2, 11 and 28 for hepatic angiosarcoma; 
and C, 2, 3 and 6 for mammary adenocarcinomas.

Lee et al (1978) also found an Increased incidence of lung, liver and manmary gland 
tumours in mice exposed to VC In air. Groups of 36 male and 36 female 2-month old 
albino CD mice were exposed to 0, 50, 250 and 1,000 ppm of VC for 6 h/d, 5 d/wk for 
52 weeks (Table 16). The exposed animals showed some signs of toxicity from the 6th 
month onwards, the experiment being terminated at 12 months. Most of the treated 
animals had died by the 10th month. All dead animals were examined for tumours. 
Only one pulmonary adenoma was found, in a male of the control group that had died 
between the 7th and 9th month. None was observed in females. The absence cf any 
other tumours in the control group is probably due to the unusually short duration 
of the experiment, which nevertheless confirms the earlier findings of Maltoni and 
demonstrates that in the mouse the three target organs for VC carcinogenesis are 
the lung, liver and manmary glands.

The same type of tumour incidence in CD-I mice exposed to VC was reported in a 
subsequent publication (Hong et al, 1981). Groups of 8 to 28 2-month-old mice 
strain were exposed to C, 50, 250 or 1000 ppm VC, 6 h/d, 5 d/week by inhalation for 
1, 3 or 6 months. Each group was allowed to live for a further 12 months after the 
end of the exposure period. The cumulative tumour incidence is given in Table 17.

Tp both the Keplinger and the Lee experiments the incidences of tumours were 
dose-related. Holmberg et al (1976) conducted an experiment on mice and, in 
contrast to the findings of other workers, reported that haemangiosarcomas 
developed only in extra-hepatic sites. Two groups, each of 12 male and 12 female 
NNAI outbred albino mice, were exposed by inhalation to 50 or 500 ppm of VC in air, 
6 h/d, 5 d/wk. Control groups of the same numbers were taken for both of these dose 
levels. Most of the mice, particularly those exposed to 500 ppm, were in poor 
condition and were killed at 26 weeks, the rest dying progressively over the next 
25 weeks. Of the animals exposed to 50 ppm, 6 male and 8 female mice developed 
haemangicsarcoma in the fatty tissue of the abdominal cavity. One female and 2 male 
mice also had a tumour of the same type in the subcutaneous region. The first 
tumour appeared at the 36Ih week in females and at the 46th week in males. Nine 
males and 4 females from this group developed pulmonary adenomas, the first tumour 
in males appearing at 26 weeks and in females at ?9 weeks. All of the animals
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exposed to 500 ppm developed pulmonary adenomas. In addition, 4 female mice 
developed mammary adenocarcinoma and 3 male and 5 female mice developed 
haemangiosarcomas in the abdominal fat, the first tumours appearing in males at 
week 39 and in females at week 36. One male rat developed an angiosarcoma of the 
liver as well as en abdominal haemangiosarcoma. Only 3 tumours were observed in 
control animals: a mammary gland adenocarcinoma, a dysgermlnoma of the ovary, and a 
reticulum cell sarcoma of the spleen.

1.1.3.b Inhalation experiments in rats

1.

Ma

1.

in
Ta
se

Lee et__al_ (1978) reported the development Of a dose-related incidence of
haemangiosarcoma in male and female CD-I rats exposed to 0, 50, 250 or 1,000 ppm of 
VC, 6 h/d, 5 d/wk for 12 months, at which time the experiment was terminated. There 
was a much higher incidence of hepatic haemangiosarcoma in the females than in the 
males. A few angiosarcomas occurred in extra-hepatic sites but these were not 
dose-related and were randomly distributed in treated male and female rats, but not 
in the control animals. Other tumours which occur normally in this strain of rat 
were also observed but were randomly distributed in exposed and control animals. 
The number of animals with hepatic haemangiosarcoma in males was 0 (controls), 0, 
2, and 6 out of a group of 36 rats for each dose level, and In females was 0 
(controls), 0, 10, 15, out of groups of similar size. The incidence of
extra-hepatic haemangiosarcomas was 0 (controls), 1, 2, 0 in males and C 
(controls), 1, 0, 1 in females.

Other tumours were found to be randomly distributed in both test and control rats. 
No zymbal gland carcinomas, nephroblastomas or brain tumours were reported.

Ir,
a
ot
o*
re
ti­
de
he,
ot
rer

rr; 
hat 
glc 
i ri­
te 
of

In another experiment on the seme strain of rats (Hong et al, 1981) groups of 4-16 
rats of each sex were exposed to 0, 50, 250 or 1000 ppm VC by Inhalation 6 h/d, 5 
d/wk for 1, 3, 6 or 10 months. The rats were allowed to live free of treatment for 
a further 12 months. The cumulative incidence of tumours is given in Table 1C. Ir 
addition to haemangiosarcoma, a dose-related incidence was also found in respect of 
hepatocellular carcinoma, brcnchioalveolar tumours and malignant lymphomas. The 
difference in the pattern of tumour incidence between this experiment and the 
previous one (Lee et al, 1978) is presumably due to the observation period after
exposure which in this experiment allowed tumours to develop in other sites (Tab 1 ^ 
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1.2 Exposure by Routes Other Than Inhalation

1.2.1 Oral administration of VC

Maltoni (1974) conducted 2 experiments (BT 11 and BT 27) in which VC was dissolved 
in olive oil and administered to rats by gavage. In the first experiment (BT 11, 
Table 19) dose-levels of 50, 16.6 and 3.33 mg/kgbw were employed, while in the 
second (BT 27, Table 20) the doses were lower, i.e. 1.0, 0.3 and 0.03 mg/kgbw.

In BT 11, one nephroblastoma ard 2 Zymbal gland carcinomas (one each in a male and 
a female) occurred in the group treated with 50 mg/kgbw. No such tumours were 
observed at any other dose level. Haemangiosarcomas were found in approximately 25% 
of the rats of both sexes at the highest dose (50 mg/kgbw) and in 20% of female 
rats dosed with 16.6 mg/kgbw of VC. Only one male developed haemangiosarcoma at 
this dose level. No tumours related to VC treatment were observed at the lowest 
dose in BT 11 but in BT 27, in which twice the number of rats were employed, a 
hepatic angiosarcoma was found in 1 male and 2 females administered 1.0 mg/kgbw. No 
other tumours related to VC administration were observed at this dose level. In the 
remaining 2 dose levels, there were no exposure-related tumours.

From the results of these experiments considered together it is seen that 
haemangiosarcomas occurred in a dose-related manner, but there were very few Zymbal 
gland tumcurs or nephroblastomas and then only at the highest dose in BT 11. No 
increase in brain tumours were observed ir. either BT 11 or 27. Other tumours common 
to the Sprague-Dawley rat were observed but their incidence was comparable to that 
of the control animals.

Evans et al (1978) administered VC dissolved in drinking water to groups of 54 male 
and 54 female rats of the Wistar strain, at concentrations of 0, 2.5, 25 or 250 ppm 
fer up to 152 weeks (cf. Table 21). Since VC has a high vapour pressure, a system 
was devised tc ensure that the partial pressure in the container was sufficient to 
maintain the required concentration in the drinking water. In rats receiving the 
highest dose there was a significantly higher incidence of hepatocellular 
carcinoma, haemangiosarcoma and mammary gland tumours. One hepatic and one 
subcutaneous angiosarcoma were observed in male rats receiving 25 ppm of VC. No 
increased incidence of tumours occurred at the lowest dose.

BFG12682

21308075



The carcinogenicity of VC administered by the oral route was investigated by 
incorporating VC in PVC powder and then mixing the PVC powder with the rat diet 
(Feron, 1981). This diet was provided for 4 h/d throughout the duration of the 
experiment. No other food was given during the next 20 hours to ensure that the 
rats consumed the treated diet. This method of administration was thought to 
simulate the migration of residual VC from PVC wrappings and containers that come 
into contract with food. Some of the VC incorporated into the PVC powder was lost 
by evaporation and some remained adsorbed in it after passing through the 
gastro-intestir.al tract, so that the biologically-available VC was less than the 
amount originally incorporated. The actual dose which the animals absorbed in the 
control and the 3 dosed groups was estimated to be 0, 1.7, 5.0 and 14.1 mg/kgbw. As 
a positive control, VC dissolved in edible oil (300 mg/kgbw) was also administered, 
by gavage.

i
j

Groups of 80 Wistar rats of both sexes were allocated to the untreated and positive 
control groups and to the highest dose group. Groups of 60 Wistar rats of both ’
sexes were allocated to the intermediate and low dose groups. The experiment was j
terminated when about 75Z of the control rats were dead, this point having been j 
reached at wk 135 for M and 144 for F. The results are summarised in Table 22. The 
incidence of hepatic angiosarcoma was 0 (controls), 0, 6, 27 and 27 (positive 
controls) in males, in ascending order of VC dose, and similarly 0, 0, 2, 9 and 29 
in females. The incidence of hepatocellular carcinoma was 0 (controls) 1, 2, 8 and 
1 (positive controls) in males, and 0 (controls), 0, 4, 19, 29, 0 (positive 
controls) in females. The only other treatment-related tumour was pulmonary 
angiosarcoma. There was an increased Incidence of abdominal mesothelioma in treated 
as compared to control-group rats, but there was no dose-response relationship and 
the difference was statlstically-signifleant only in females at the lowest dose 
level.

1.2.2 Orel administration of VC adsorbed on PVC powder

In a second study carried out by Til et al (1983) at the same laboratory and with 
the same method as the previous one, much lower concentrations of VC in PVC were 
used, the oral doses absorbed being calculated as 0.014, 0.13, 1*3 mg/kgbw (Table 
22). A statistically-significant increase in the incidence of liver nodules 
(presumed to be hepatomas) was the only neoplastic response to the administration 
of VC at levels below 1.7 mg/kgbw, but both hepatocellular carcinomas and
angiosarcomas were found at the highest dose (1.7 mg/kgbw) although in sralff
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numbers . In the previous study, no haemanglosarcomas of the liver were observed at 
this dose-level.

1.2.3 Parenteral administration of VC In edible oil

These studies (Maltoni et al, 1977) are included for the sake of completeness 
although the route of administration is not relevant to human exposure. Two groups 
(75 M and 75 F) of 21-week old Sprague-Dawley rats were administered 1 ml of a 
solution of VC in olive oil corresponding to 4.25 mg of VC per animal, as a single 
subcutaneous Injection (BT 13). One nephroblastoma was observed in a male. The 
experiment was terminated at 145 weeks, but data on survival were not given.

The'carcinogenicity of VC was also explored by the Intraperltcneal route (BT 12, 
Kaltoni, 1977). A single injection of 4.25 mg of VC in olive oil was administered 
to each animal in the test group (30 male and 30 female Sprague-Dawley rats), 2, 3 
or 4 times in 2 months. One nephroblastoma and one subcutaneous angiosarcoma were 
found. The experiment was terminated after 144 weeks. These experiments are not 
relevant for assessing the carcinogenicity of VC because the duration of treatment 
was inadequate.

1.3 Species Studies of Vinyl Chloride Carcinogenesis

1.3.1 Type of pulmonary tumours induced by VC in mice

Suzuki (1978, 1981, 1983) followed up earlier indications from Maltoni's 
experiments that the Incidence of pulmonary adenomas and adenocarcinomas had been 
consistently reported to increase in a dose-related manner when mice were exposed 
to VC by inhalation. In his first experiment (1978) the author exposed weanling CD1 
•ale mice to 2,500 or 6,000 ppm of VC, 5 h/d, 5 d/wk for up to 6 months. Groups of 
•ice from each exposure-level were then killed after a treatment-free period of 6,

1 8 or 37 days. Pulmonary tumours were found In all exposed animals with the
2 Exception of one mouse from the group with the highest exposure. Detailed 
e Morphological studies carried out on the tumours showed that macroscopically they 
s ^re round, whitish in colour and 1 to 5 mm in diameter. Histologically, the 
n Aplastic cells were principally arranged as tubulo-papillary and adenomatous 
d formations. "Pleomorphic and atypical structures" were uncommon, suggesting that 
1 tumours were predominantly benign. Ultrastructurally, the neoplastic cells

1 •
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contained numerous lamellar bodies, microvilli and tubular lumens. Indicating that 
they originated from Type II pneumocytes. ac

is

In a second experiment, Suzuki (1981) exposed male CD-I mice to much lower 
concentrations of VC. Groups of 30 mice were exposed to 0.1, 10 and 100 ppm of VC 
for 4 weeks and then left untreated for a further period of 36 weeks. Groups of 1 
to 10 mice were sacrificed at 4 and 12 weeks and the remainder killed at 40 weeks. 
One spontaneous death occurred during this experiment in each of the treated 
groups. Pulmonary tumours were found only at the terminal kill. Their incidence was 
0/10 (controls), 1/9, 2/9 and 5/9 mice.

In a third investigation, Suzuki (1983) studied the response of the mouse lung to 
inhalation of VC at a range of concentrations for a short period. The results given 
in Table 23 shew a clear dose-response relationship both in the number of pulmonary 
tumours induced and in the reduction of the time of their appearance.

1.3.2 Effect of single or repeated exposure to VC on tumour induction
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The carcinogenic effect resulting from a single or multiple exposure to VC was 
investigated in rats and mice by Hehir et al (1981). In the "single exposure" part 
of the experiment, groups of 90 male and 90 female Fischer 344 rats- (15 to 16 weeks 
old at commencement of experiment) were given a single exposure to VC at a 
concentration of 50, 500 or 50,000 ppm lasting for one hour. They were then left 
untreated and interim kills were carried out at 8, 16 and 24 months. No 
treatment-related tumours were observed.
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An experiment on the same lines was conducted on ICR Swiss mice. Firstly, groups of 
90 male and 90 female mice were exposed once only to 50, 500, 5,000 or 50,000 PP^1 
of VC for one hour and the animals were then sacrificed at 8 and 18 months. Groups 
of 50 male and 50 female mice were retained as controls. Results from the 8th an() 
18th month kills were combined. Secondly, the same number of mice were exposed to 
50 or 500 ppm of VC, 1 hour daily for 10 or 100 consecutive days. The experiment 

was terminated at 20 months. Interim kills were carried out at 8 and 16 months. The 
results are in accord with other studies in mice. In both experiments, there was a 
dose-related incidence of pulmonary tumours. Furthermore, there is a suggesti°n 
that the same total dose resulting from repeated inhalation is more effective in 
inducing tumours than when given as a single administration (Tables 24 and 25)- 
With a large single administration, only a small proportion is metabolised to th
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active intermediate, whereas in repeated smaller doses the proportion metabolised 
is very much higher, which results in greater damage to the ONA.

1.3.3 Age of rats and susceptibility to tumour Induction by VC

The effect of age on the susceptibility to tumour Induction by VC was investigated 
in adult Sprague-Dawley rats of both sexes by Groth et al (1981). The rats were 
aged 6, 18, 32 or 52 weeks, the number in each treated age group being 110, 119, 
116 and 128 males, and 110, 120, 120 and 128 females. A similar number of rats of 
both sexes in each age group constituted the controls. The rats were exposed by 
inhalation to 940 ppm of VC vapour, 7 h/d, 5 d/wk for 24 weeks. Interim kills were 
carried out at 3, 6 and 9 months. The experiment was terminated at the 43rd week. 
The combined incidence of haemangicsarcoma in the interim and final (43rd week) 
kills was 1/83, 2/91, 7/94 and 16/102 for males and 2/88, 7/97, 27/98 and 14/104 
for females, in increasing order of age group. The author concluded that the older 
animals were more susceptible to tumour induction than were the younger ones.

Maltoni investigated the carcinogenic potential of VC in rat foetuses and in 
newly-born rats (BT 5 and BT 14). To test the susceptibility of the foetus to VC, a 
group of 60 pregnant Sprague-Dawley rats was exposed to 10,000 or 6,000 ppm of VC, 
4 h/d from the 12th to the 18th day of pregnancy. After this exposure there was no 
further treatment either during the rest of the pregnancy or in postnatal life (BT 
5). The pregnancy was allowed to terminate naturally and the pups and dams were 
killed after 143 weeks. No controls were available ir. this experiment but there was 
no increase in any of the types of tumours that were found to be increased on 
exposure to VC in previous experiments. Thus this experiment provided no evidence 
that VC could act as a transplacental carcinogen. The study on newly-born rats (BT 
14, Table 26) showed, however, that those treated for 5 weeks from the day of birth 
were susceptible to VC carcinogenesis. Forty-four newly-born rats were exposed to
10,000 ppm, and 42 to 6,000 ppm by inhalation, 4 h/d, 5 d/wk for 5 weeks from the 
day of birth. They were then left untreated until the experiment was terminated at 
124 weeks. The results indicated that whereas the breeders, treated for the same 
length of time as the newly-born, developed no tumours referrable to exposure to 
VC, a low incidence of hepatic haemangiosarcoma and hepatoma was found in animals 
treated during the first 5 weeks of postnatal life (Table 26).
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These investigations were supplemented by 2 other experiments in which 
transplacental exposure was combined with exposure after birth, comnenclng at the 
perinatal period and continuing for 15 or 76 weeks (BT 4001 and 4006). In these 
experiments, control animals unexposed to VC were available. One hundred and 
fourteen pregnant Sprague-Dawley rats were exposed from the 12th day of pregnancy 
to 2,500 ppm of VC, 4-7 h/d, 5 d/wk for 76 weeks. A total of 554 newly-born rats 
was then divided into 2 groups, one group being exposed to 2,500 ppm of VC, 4-7 
h/d, 5 d/wk for 76 weeks, and the other similarly, but for 15 weeks only. A high 
incidence of hepatic haemangiosarcomas and hepatomas occurred in all treated groups 
(Table 27).

The effect of age and duration of exposure on tumour production by VC was further 
investigated in rats, mice and hamsters by Drew et al (1983). The exposure 
concentrations were selected to ensure optimal survival at a dose known from 
previous authors to produce a high Incidence of tumours. Groups of 55 to 143 female 
F344 weanling rats (approximately 9 weeks) old were exposed for 6, 12, 18 and 24 
months to ICC ppm VC 6 h/d, 5 d/wk. Rats were then allowed to live out their 
life-span and were killed when moribund. Other groups of female rats from this 
strain were held without treatment for 6 or 12 months and then exposed for 6 or 12 
months to VC administered by the same regime. One group was held over for 18 months 
and then exposed for 6 months (Table 28). The tumours Induced by VC consisted of 
haemangiosarcomas, mammary gland adenocarcinomas and benign and malignant tumours 
of hepatocellular origin. The highest incidence of all these tumours was observed 
in weanling animals that were treated continuously for 12 months. Treating rats for 
longer periods did not increase the tumourigenic response except for a marginal 
increase in the liver.

There seemed to be a decline in sensitivity to VC carcinogenesis with age since 
rats held without treatment for 12 months or more, and then exposed to VC for 6 or 
12 months, failed to produce a significant increase in VC related neoplasms.

Groups of 48 to 69 female mice (approximately 9 weeks old) of the B6C3F1 and CD-I 
strain were exposed to 50 ppm VC by the same regimen as rats (Table 29). In mice 
exposed for 6 months from the beginning of the experiment there was a .significant 
increase in haemangiosarcomas, pulmonary adenomas (CD-I mice only) and mammary 

gland carcinomas. There was very little increase In tumour Incidence ir. animals 
treated with VC for a further 6 or 12 months. The incidence of tumours in mice held 
over for 6 or 12 months before beginning treatment was of the same order or iesC
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than that observed In mice treated from the beginning of the experiment (Drew et 
al, 1983).

Groups of 44 to 143 female golden hamsters (approximately 9 weeks old) were exposed 
to 200 ppm VC by the same regime as rats (Table 30). The highest Incidence of 
haemangiosarcoms,.mammary gland carcinoma and stomach adenoma occurred in hamsters 
exposed for the first 12 months of the experiment. Exposure commencing after a 
6-months holding period resulted in less tumours whereas exposure commencing after 
a holding period of 12 months did not cause any neoplasms. No melanomas were 
observed in this experiment. This experiment provides evidence that exposure of 
animals to VC for the first 12-month period from the beginning of the experiment 
was adequate to provide a clear carcinogenic response. According to the author, 
there is no indication that older animals are more sensitive to VC carcinogenesis 
than are the young mature animals. It is worthy of note that no Zymbal gland 
tumours were observed in any one of the 3 species tested. Skin tumours but not 
melanomas were observed for the first time in hamsters exposed to VC, while stomach 
tumours in this species appear to have originated in the glandular portion in 
contrast to Maltoni's experiment where stomach tumours originated in the squamous 
region.

The experiments of Groth and of Kaltoni suggest that there is an increased 
susceptibility to tumour development on exposure to VC in both young and old rats, 
but the experiment of Drew et al (1983) suggests that further investigations are 
needed to establish the full sensitivity of adult rats to VC carcinogenesis.

1.3.4 Concurrent administration of ethanol and VC in relation to tumour incidence 
in rats

The effect of social or environmental factors on the carcinogenic response to VC 
was studied in rat. Two groups of 80 male Sprague-Dawley rats were exposed to 600 
ppm of VC in air 4 h/d, 5 d/wk for 1 year. One of these groups was given a 55 v/v 
solution of ethanol in water instead of drinking water. Two other groups with the 
same number of rats served as controls, one being given 55 ethanol In place of 
drinking water and the other being left untreated. The experiment was terminated at
2.5 years from the first exposure to^VC. Haemangiosarcomas were found in 18/80 of 
the rats treated with VC alone and 40/80 of the rats given both VC and ethanol. No 
S' tumours were observed in the other 2 groups. Hepatocellular carcinomas were 
found in 35/80 of the rats given VC alone and 48/80 of the rats treated with VC and
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ethanol. Of the rats treated with ethanol alone, 8/80 had liver carcinoma while the \
only one such tumour was found In the other control animals (Radlke et al, 1981). these

exper
Interestingly, no pancreatic endocrine tumours were observed in rats treated with
VC alone or In rats that were left untreated, but 14/80 rats treated with ethanol Apart
alone and 12/80 rats treated with VC ard ethanol developed these tumours. common

adenoc
1.4 Comments carcin

hepatoi
The extensive studies carried out on VC establish beyond reasonable doubt that It became
Is carcinogenic to laboratory rodents. They also reveal a number of Interesting where •
features of the carcinogenic response which are worth considering in view of the change 
fact that VC is also a human carcinogen. experir

1.4.1 Rare and common tumours Induced The bac
such tun

A summary of the various tumours reported to be induced by VC according to the et al. 
papers reviewed earlier is given in Table ?1. occurs c

species
The principal tumours induced by VC in the rat are haemangiosarcoma of the liver, 
nephroblastoma of the kidney, and Zymbal gland carcinoma (clearly induced In the l.£.? 0c
Sprague-Dawley rat but not so clearly in the Wistar rat). Haemangiosarcomas of the 
liver occur very rarely In untreated rats, while the other two tumours, although The princ 
not so rare, are uncommon (Schauer and Kunze, 1976), this allows an assessment of paragraph
the tumour incidence and an analysis of the features of the carcinogenic response incidence
unencumbered by a high incidence of the same type of tumour in the control animals, appeared < 
Haemangiosarcomas were also found in the liver of mice and hamsters. They are dose-respc 
extremely rare tumours in untreated animals of these species (Grasso and Hardy, produced b 
1975; Ghadially and Barker, 1960). To a narrc

effect (ECi
Although haemangiosarcomas occurred predominantly in the liver of rats and mice
treated with VC, they also frequently developed at extra-hepatic sites in these 1.4.3 Tumc
species. Such tumours rarely occur spontaneously in either rats or mice (Carter,
1973; Stewart, 1979) and the low incidence in untreated control animals is 1° Another imp 
keeping with these reports. Thus, the haemangiosarcomas found outside the liver after only 
likely to be related to the administration of VC. There was, however, no regimes of 
dose-response relationship in any of the experiments reviewed. In one experiment indication i 
•ith mice haemangiosarcomas occured in extra-hepatic sites only and in this case cirrhosis, *
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the Incidence was dose-related. The reason for the comparatively low incidence of 
these tumour? compared with those of hepatic origin Is not apparent from the 
experiments reviewed.

Apart from these rare tumours, VC also induced some other tumours which occur 
commonly in untreated animals. In the rat, VC Induced hepatocellular 
adenocarcinomas; in the mouse, mammary gland tumours, pulmonary adenomas and 
carcinomas; and In the hamster, forestomach papillomas and possibly melanomas. The 
hepatocellular carcinomas were uncommon in rats treated with highest dose of VC but 
became relatively more frequent at the mid-dose level, particularly In experiments 
where it was given by the oral route. The clearest indication of this apparent 
change in the histogenic origin of the tumours Induced by VC Is. seen in the 
experiment where VC adsorbed on to PVC powder was administered to rats.

The background incidence of melanomas in the hamster Is In the range of 3-5% and 
such tumours are readily Induced in this species by some chemical carcinogens (Pour 
et al, 1979; Ghadlally, 1962). Since the cell from which melanomas are derived 
occurs only in hamsters, this type of tumour has been described only In this 
species (Ghadially and Barker, 1960).

1.4.2 Dose-response relationships

The principal feature of the induction of the tumours mentioned in the preceding 
paragraphs (except the extra-hepatic angiosarcoma) is the clear Increase in 
incidence with increasing amount of VC administered. Furthermore, these tumours 
appeared over a dose-range of at least three orders of magnitude. This type of 
dose-response, typical of genotoxic carcinogens. Is in sharp contrast to that 
produced by "non-genetoxic" carcinogens where the tumourigenic response is limited 
to a narrow range of extremely high doses which often produce an additional toxic 
effect (ECETOC, 1982; Grasso and Hardy, 1975).

1.4.3 Tumours induced after a limited exposure

Another important feature of the above results is that the tumours were induced 
after only a limited period of exposure (52 weeks) and then mostly by exposure 
regimes of 4, rather than 6 or 8, h/d. In the case of the liver there is no 
Indication that the tumours were due to a progressive pathological lesion, such as 
cirrhosis, which eventually could lead to hepatoma (ECETOC, 1982). Hepatic damage
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was reported by Viola (1970) who described "torbld degeneration", necrosis and 
nuclear enlargement and polymorphism In the hepatic cell but apparently found no 
cirrhosis even though the dose administered was very high Indeed. The hepatic 
tumours induced by VC are therefore most likely to be the result of an Irreversible 
molecular lesion such as an interaction with DNA. It Is presumed that a similar 
mechanism could account for the kidney and Zymbal gland tumours, particularly since 
no evidence of serious damage has been recorded in these organs.

1.4.4 Tumours induced in a limited number of organs

VC has induced tumours in all the species that have so far been exposed to it 
experimentally, and consequently It belongs to the class of "versatileM carcinogens 
such as the nitrosamines (Grasso, 1981). Despite its species versatility, however, 
VC induced a dose-related incidence of tumours in only a limited number of organs (3 
or 4) In any one species, the incidence in other organs being similar to that of the 
control animals. This would suggest that in carcinogenicity studies of unknown 
compounds, attention should be given to a dose-related incidence of tumours at 
specific sites (target organs) rather than to an increase in the total number of 
tumours.

1.4.5 Time-to-tumour development

The time that elapsed from the intial treatment with VC to the appearance of 
tumours, estimated as the average latency period or time to first tumour, clearly 
reveals a dose-related shortening of the latency period. Although this parameter Is 
In disfavour with some statisticians who prefer instead an estimation of the 
age-related incidence of tumours, the concept of latency is important to the 
experimentalist interested in studying everts leading to the appearance of tumours. 
The markedly short latency period observed in the VC experiments, particularly at 
the higher dose-levels, is in contrast to the long latency period observed in the 
Induction of hepato-cellular carcinoma by non-genotoxic agents (ECETOC, 198?).

1.4.6 Sex-difference
v

With the exception of hepatic angiosarcoma there was little difference in the 
incidence of the rare tumours induced by VC between males and females. Hepatic 

angiosarcoma occurred at a higher incidence in female rats and mice than in the 
males. In contrast, the hepatocellular tumours occurred at a higher Incidence *r
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males. In the mouse, maumary adencarclnomas occurred at a higher Incidence In the 
female.

1.4.7 Other observations

Maltonl's studies suggest that, apart from the tumours considered above, VC may 
increase the incidence of mairmary gland and brain tumours in the Sprague-Dawley rat. 
This suggestion is difficult to verify. The background Incidence of mammary gland 
tumours in control animals is high and variable so that a statlstically-significant 
difference In any one experiment may be due to chance (see Maltoni et al, 1984). The 
brain tumour Incidence, on the other hand, is low In control animals but It is also 
low In the exposed groups. Furthermore, the incidence In the Maltoni experiments 
taken overall was comparable In exposed and control animals and there appears to be 
little or no consistency in the incidence of brain tumours in the various 
experiments. This apparent lack of consistency may be due to the limited number of 
brain sections taken at necropsy so that microscopic tumours may have been missed. 
Nevertheless, on the evidence available there does not appear to be a causal 
connection between brain tumours and exposure to VC.

On the other hand, a high incidence of maimiary and pulmonary tumours has 
consistently been reported following the administration of VC to mice. The induction 
of mamary and pulmonary tumours in mice has been seriously questioned as a reliable 
index of carcinogenicity because of the genetic, hormonal and viral factors Involved 
in their production (Grasso and Crampton, 1972). Although the increased incidence of 
such tumours following the administration of VC does not alter the fact that their 
value in assessing carcinogenic hazard to man is questionable. It does indicate that 
induction cf these tumours by compounds of previously unknown activity requires 
further and careful investigation.

1.5 Conclusions

VC is a versatile carcinogen in animals. When administered by inhalation It irduced 
hepatic haemangiosarcomas in rats, mice and hamsters; Zymbal gland tumours in rats 
and hamsters; nephroblastomas in rats; and pulmcnary and mairmary gland tumours in 
mice. In hamsters, forestomach papillomas and melanomas were observed in the 
treated, but not control, animals. The incidence of forestomach tumours was clearly 
dose-related, whereas that of the melanomas was not. Furthermore, for melanomas 
there was no statlstically-significant difference between the exposed and control
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animals, and no positive trend, so that a causal connection between these tumours 
and administration of VC Is equivocal.

When VC was administered orally to rats the same spectrum of tumours was observed, 
with the exception of one experiment by the oral route in which the predominant 
neoplastic lesion was pulmonary haemangiosarcoma which was not the case when VC 
administered by inhalation.

Tumours were observed over a wide range of dose-levels. The minimum dose at which 
the compound-related tumours were observed when VC was given by inhalation was as 
follows: In rats 10 ppm, in mice 50 ppm and in hamsters 500 ppm. When VC adsorbed 
onto PVC powder was given orally, the minimum effective dose was 1.7 mg/kgbw 
(equivalent to 25 ppm in the diet), and when administered In solution In water the 
minimum effect dose was 25 ppm. The tumour incidence Increased with dose In the case 
of most of the neoplastic lesions that were clearly treatment-related. Because 
multiple tumours were induced by this compound It was not possible to observe a 
classical dose-response relationship for all of them.

2. MUTAGENICITY AND GENOTQXICITY

The mutagenicity and genotoxiclty of VC and its known metabolites have been examined 
in in vitro and in vivo test systems.

2.1 Mutagenicity and Genotoxicity In Vitro (Table 32)

Mutagenic effects have been detected in numerous In vitro systems. Gaseous VC 
induced point mutations in Salmonella typhimurium strains (reverse mutations of the 
base-pair substitution type). The effects were detectable In the presence of, and to 
a minor extent In the absence of, metabolic activation systems derived from 
different species, ie. liver preparations from rats (Bartsch et al. 1975; Rannug et 
ii, 1974; Malaveille et al, 1975; Garro et al, 1976; Andrews et al, 1976) and human 
liver biopsies (Bartsch et al, 1975; Mallaveille et al, 1975). A persistent feature 
of the findings is that the mutagenicity of VC is highly dependent upon its 
metabolic conversion into one or more reactive metabolites. Also, It Is strongly 
increased by the addition of activating enzymes of the mixed function oxidase (MFO ) 
type, NADPH ** (supernatant from cytochrome P450-1nduced rat liver) af1<' 
NADPH-generating systems (Rannug et al, 1974; Bartsch et al, 1975, 1979; McCann et •

• mixed function oxidase
nicotinamide adenine dinucleotide phosphate 21308066
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aj.. 1975; Andrews et al, 1976). However, Garro et al (1976) found no requirement for 
NADPH and MFO in contradiction to all other studies. This brings Into question the 
validity of the Garro et al experiments since they also found no stimulation of 
mutagenesis by liver preparations from rats pretreated with Aroclor 1254, a result 
which contrasts with the findings of Jaeger et al (1974), who found acute 
hepatoxiclty after pretreatment with phenobarbital or PCB.
VC itself is comparatively weakly mutagenic in systems with little metabolising 
capacity, and exposure to high concentrations is needed for the induction of 
mutations in S. typhimurium ^strains; for example, Bartsch et al (1975) used 
concentrations of 20%, and Andrews et al (1976) used 0.4-15.4%, In air. It is 
possible that under such test conditions a different type of genotoxic event is 
produced.

In aqueous solution VC was not mutagenic to 5. typhlmurium under the test conditions 
employed by Bartsch et al (1975) and Rannug et al (1974). Whether this would also be 
true for more refined tests such as those with pre-incubation procedures cannot be 
stated. In other aqueous systems, however, VC was mutagenic; for example reverse 
nutations in E. Coll were obtained upon metabolic activation with 9000 x supernatant 
from mouse liver (Greim et al, 1975). These authors observed that mutagenicity was a 
function of metabolic chloro-oxirane formation.

Schizosaccharoniyces pombe and Saccharomyces cerevisiae were similarly mutated after 
metabolic activation In a host-mediated assay in which mice were treated with an 
oral dose of 700 mg/kg of VC (Loprieno et al, 1976, 1977). Mutagenicity was net 
detectable in Neurospora crassa exposed to VC vapour or to an ethanolic solution of 
VC in the presence or absence of metabolic activation (Drozdcwicz and Huang, 1977).

Drevon et al (1978, 1979) found that exposure to VC vapour Induced mutations in V79 
Chinese hamster cells after metabolic activation by an S15 postmitochondrial 
fraction plus* co-factors, inducing forward mutations resistant to 20 Ug/ml 
8-azaguanine o#£mK ouabain.

Covalent binding of VC to DNA and RNA In vitro has been demonstrated in the presence 
of rat liver mlcrosanes, NADPH and oxygen (Kappus et al, 1975; Laib and OttenwSlder, 
1978).
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2.2 Mutagenicity and 6enotox1city In Vivo (Table 33) se

The exposure of Drosophila melanoqaster to VC in air gave positive results In the 
recessive lethal test, l.e. there were significant increases of recessive lethals 
both in the first and second generation after treatment (Magnusson and Ramel, 1976, 
1978). The results were, however, negative in the test for dominant lethals, 
translocations and sex-chromosome loss after exposure to 30,000 ppm of VC for 2 days 
(Verburgt and Vogel, 1977). The lowest effective concentration for recessive lethals 
was 850 ppm for a 2 day and 30 ppm for a 17 day exposure. Exposure to 200 ppm of VC 
for 2 days was not effective. The mutation frequency increased with concentration 
and reached a plateau at 10,000 ppm indicating a saturation of metabolism which may 
also have accounted for the negative findings with the other end-points (Verburgt 
and Vogel, 1977).

An increase in chromosomal aberrations and elevated sister chromatid exchanges were 
observed in hamster bone-marrow cells after exposure by inhalation to 25,000 and
50,000 ppm of VC for 6, 12 or 24 h (Basler and Rbhrborn, 1980).

In a dominant lethal assay in mice in which post-implantation foetal death, 
pre-implantational egg losses and reduction in fertility were scored, a negative 
result was obtained at exposure levels of 3000, 10,000 or 30,000 ppm, 6 h/d for 5 
days (Anderson et al, 1976, 1977). The sensitivity of this test, however, is not 
particularly high and hence this negative result Is of little significance. 
Similarly, dominant lethal and somatic mutations were not detected in the mammalian 

spot test on the offspring of mice exposed to 4,600 ppm of VC for 5 h at day 10 of 
gestation (Peter and UngvSry, 1980). However, small amounts of 
hydroxyethyl-histidines were found ir. the testes of mice after exposure by 
inhalation (Ostermann-Golkar et al, 1977), demonstrating that VC can reach the 
testes and may possibly cause point mutations.

Sin

An increase in DNA-sIngle-strand breaks was obtained in various organs of mice after 
the Inhalation of 500 ppm of VC for 6 h/d, 5 d/wk, for 1 to 8 weeks. The target 
organs Investigated were liver, kidney, spleen, brain and lung. The frequency °f aj 
single-strand breaks Increased with the time of exposure in the lHver, kidney, lur,5 
and (slightly) spleen, reaching a plateau for the kidney and lung after 80 and 12® 
hours of exposure. No increase of single-strand breaks was detected in the brain 
(Wallis and Holmberg, 1984). In order to study the dose dependency of the genotox’c 

effects, the induction of hepatocellular ATPase deficient foci was studied aft6'

21308088



several subchronic Inhalation exposure regimes (2.5 - 2000 ppm; 8h/d). A straight 
line linear dose relationship was obtained (Laib et al. 1985).

Alkylation of liver DMA was observed in rats after the oral uptake of VC from 
drinking water (Green and Hathway, 1978), after exposure by Inhalation (Laib et al, 
1981) and similarly in mice after exposure by inhalation (Ostermann-Golkar et al, 
1977). Metabolic incorporation of 14C-VC fragments into liver DNA after 
intraperitoneal injection of VC into mice was insignificant.

1 Various cyclic and straight-chain base adducts, such as 3, N^-ethenocytidine in the
4 kidney and 1, N^-ethenoadenosine and 1, N^-ethenoadenine in the kidney and liver 

were recovered during in vivo studies on DNA binding (Bergmann, 1982; Green and 
Hathway, 1978). Laib et al (1981) found primarily 7-N-(2-oxoethyl)guanine which 
could be transformed into 7-N-(2-hydroxyethyl)guanine. The alkylated DNA sites are

; prone tc irispairing (Zajdela et al, 1980; Scherer et al, 1981) and to Increased 
lability of the glycosidlc bond in vivo, leading to fragmentation. It is difficult 
to decide which is the most mutation-prone DNA-lesion resulting from exposure to VC 
since, depending on the method of hydrolysing DNA and Isolating the bases after iji 

» vivo exposure, some of the alkylated DNA-bases may not have been recovered at the
e end the procedure. The major stable VC-DNA adduct, 7-(2)oxoethyl-guanine, was
5 • recently found not to show miscoding properties (Barbin et al, 1985). Similarly,
1 alkylation of RNA occurs leading to formation of l-N®-ethenoadenosine (Laib and
• Bolt, 1977) and 3-N^-ethenocytldene moiety (Laib and Bolt, 1978).
r.

^ 2.3 Mutagenicity of VC-metabolites In Vitro and In Vivo
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Since it was known that metabolic activation is highly important for the genotoxic
•V.

action of VC, single VC metabolites, especially those with electrophilic potential, 
were tested for mutagenicity. The following have been investigated: 
chloroethyleneoxide, chloroacetaldehyde, chlorcethanol and chloroacetic acid 
(Malaveille et al, 1975; Rannug et al, 1976).

a) Chloroethyleneoxide. Rannug et__§2 (1974) suggested that chloro-oxirane
(chloroethyleneoxide) was formed in the course of metabolic toxificetion, and 
that it was responsible for the DNA-alkylation and genotoxicity.The formation of 
this metabolite, as postulated by Rannug et al (1974), was proved by trapping it 
with 4-(4-nitrobenzyl)pyridine after the oxidation of VC by mouse liver 
microsomes (Bartsch et al, 1979). This highly-electrophilic compound proved to be
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by far the strongest mutagen of all the metabolites tested, being 500 to 10CC 
times more potent than chloroacetaldehyde when the exposure time was taken Into 
account (Hussain and Ostermann-Golkar, 1976). It was mutagenic in the Ames test 
(Bartsch, 1975; Rannug, 1976; Elmore et al, 1976), induced gene mutations and 
gene conversions in Schizosaccharonyces pombe and Saccharocnyces cerevisiae 
(Loprieno et al, 1977) and alkylated DNA bases to give covalent adducts (Laib et
aj[, 1981; Barbin et aj, 1975; Bergman, 1982; Green and Hathway, 1978). In
subcutaneous injection and dermal initiation-promotion experiments in mice it was 
found to be strongly carcinogenic (Zajdela et al, 1980).

b) Chioroaceta1dehyde. Chloroacetaldehyde was weakly mutagenic in Salmonella 
typhimurium , E. coli and E. subtil is (Hussain and Ostermann-Golkar, 1976; 
Laumbach et al, 1977; Halaveille et al, 1975; Rannug et al, 1976 and Elmore et 
al, 1976) and was of low activity in producing ouabain-resistant mutants in V79 
hamster cells (Hubermann et al, 1975). It did not cause forward mutatations or
gent conversions in yeast (Loprieno et al_, 1977). A chemical reaction with
adenosine and cytldine was demonstrated in vitro by Barrio et al (1972). The lor 
response of chloroacetaldehyde in mutation assays may be due to its pronounced 
cytotoxicity which prevents the expression . of significant mutagenicity. In 
subtoxic doses the mutagenicity of chloroacetaldehyde is either absent or 
undetectable, and the dose at which mutations are first detected is close to the 
toxic dose. However, despite the above results, it cannot be ruled out that 
chloroacetaldehyde may make an important contribution to the carcinogenicity of 
VC. It could be continuously generated in the target cell and may cause cell 
necrosis, mitosis and a reduction in the efficiency of DNA repair leading to the 
fixation of genotoxic lesions (see ECETOC, 1982). Therefore, this metabolite may 
facilitate the production of tumours by VC.

c) Chtoroethanol. 2-Chloroethanol was found to be negative ir a number of 
mutagenicity tests uslrg mammalian cells, yeast and Drosophila (Rannug et al, 
1976; Bartsch et al, 1975; Elmore et al, 1976; Loprieno et al, 1977). It did not 

induce DNA strand breaks in the liver in vivo and was negative in two year 

dermal carcinogenicity assays in rats and mice (NTP, 1985).

d) Chloroacetic acid. Chloroacetic acid had no mutagenic effect at all in bacterial

test systems (Bartsch et al. 1975; Rannuq et al, 1976; Elmore et al, 1576).
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e) 1,2-Dichloroethane. This possible contaminant of VC was mutagenic to Salmonella 
typhimurium with or without metabolic activation (McCann et al. 1975; Rannug and 
Ramel, 1977). It is known to be endogeneously converted into a toxic metabolite 
by glutathione conjugation.

2.4 Conclusions

The results show that VC is mutagenic and genotoxic only in the presence of 
appropriate metabolic activating systems. As was suggested by Van Duuren (1975), the 
most potent mutagenic metabolite is chloroethyleneoxide. This is supported by the 
appearence of 7-(2-oxoethyl)guanine in the rat liver DNA after vinyl chloride 
exposure (Laib, 19GC). Chloroacetaldehyde is a metabolite of low mutagenic activity 
but is highly cytotoxic, and the possibility that it contributes to the 
carcinogenicity of VC cannot be completely dismissed. Other metabolites have no or 
marginal genotoxic action and are not likely to be involved in the carcinogenic 
action of VC.

3. OTHER TOXICOLOGICAL DATA RELEVANT TO CARCINOGENICITY AND MUTAGENICITY

Both neoplastic and toxic lesions can be induced in the same organ by carcinogenic 
chemicals. Whereas toxic lesions usually appear after a few hours or days of 
administration, cancer may develop only after several months of treatment. Study of 
the toxic effects of carcinogens may throw light on the nature of the pathological 
lesions at both the light-microscope and sub-cellular levels and may assist in the 
quest fcr the reactive intermediates. Information of this sort often provides some 
basis for understanding the mechanism involved and for making an assessment of the 
risk to man.

Vinyl chloride produces acute effects in Uver. lung and the CNS In rats. Tumours 
have beer, produced in only one of these three organs - the liver. There is no 
convincing evidence that either lure or brain tumours were induced. On the other 
hand, VC induced tumours in the kidney and Zymbal gland of rats, as well as in the 
liver, but there is no evidence of a clear toxic effect on the first two of these 
organs in shorter term tests.
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3.1 Acute Exposure by Inhalation deve
This

When mice and rats were exposed to VC at atmospheric concentrations of 10,000,
20.0000 or 30,000 ppm for 30 minutes the principal effect was narcosis. Some deaths 
occurred at the higher levels. Following a 2-week observation period, the 
pathological lesions detected were congestion, oedema and haemorrhages of the lungs, 
and congestion of the liver and kidney (Prodan et al, 1975).

Groups of rats exposed to atmospheres containing 0, 0.5, 5 and 10% of VC for 6 hrs, 
with and without pretreatment with phenobarbitone, showed centrilobular i
hepatocellular vacuolisation at the 10% exposure level In the absence of 
pretreatment, and at both the 10 and 5% levels following pretreatment with 
phenobarbitone. Some hepatocellular necrosis was also observed at the 10% level 
(Jaegar et al, 1974; Reynolds et al, 1975). (

i
When Sprague-Dawley rats were exposed to atmospheric concentrations of 15,000 and .
28.000 ppm of VC, 2 to 8 h/d , 5 d/wk over 1 to 6 weeks, they showed a reduced
weight gain. Conventional histology revealed no signs of hepatocellular damage, i
though the rough and smooth endoplasmic reticulum were dilated. There was a decrease
in glucose-6-phosphate dehydrogenase and glutathione reductase after 103 hours. j
Following 6 weeks exposure to 28,000 ppm of VC there were significant increases in 
the non-protein sulphydryl content and the glutathione aldehyde transferase and 
glutathione S-epoxIde transferase levels, and a significant decrease In cytochrome 
P-45G levels, all Indicating early liver Injury (Jaeger et al, 1974; Reynolds et al. 
1975).

3.2 Conclusions

These studies reveal that the liver is the primary site of structural damage by VC. 
The toxic effects In rats appeared at lower levels when they were pre^treated with 
phenobarbitone, suggesting that the toxic intermediates are formed by the mixed 
function oxidase system Induced by phenobarbitone. Studies of this sort led to the 
metabolic studies which Identified chloroethylene oxide as the most important 
reactive metabolite, probably accounting for the mutagenic and possibly the 
carcinogenic effects of VC. It is notable that tumours developed in organs which 
were not adversely affected in acute and sub-acute studies. Also, In the liver, 
which was the site for the development of both toxic and neoplastic lesions, tumours

»
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developed at dose levels well below those which showed evidence of hepatotoxlclty. 
This is consistent with the effects of genotoxic compounds. (ECETOC, 1982).
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E. METABOLISM AND RELATED STUDIES

Reviews on the metabolism of VC have been published by Pflugge and Safe (1977) and 
IARC (1979).

1. ANIMAL STUDIES
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The metabolism and kinetics of VC have been extensively studied in vitro and in vivo 
(Antweiler, 1976; Bonse and Henschler, 1976; Green and Hathway, 1975; Greim et al. 
1975; Hefner et al, 1975a, 1975b; Malaveille et al, 1975; Muller and Norpoth, 1975; 
Muller et al, 1978; Watanabe et al, 1976a, 1976b; Watanabe and Gehring, 1976). The 
quantitative studies of metabolism in the SO rat by Watanabe et al (1978) and 
Gehring et al (1978) at 9 different concentrations of VC, administered orally and by 
inhalation, are of especial importance since the results help to link between animal 
and epidemiological studies, and provide an understanding of the dose-response 
relationships in VC carcinogenicity and so help the evaluation of evaluation of risk 
to human beings exposed to VC.

Figure 4 illustrates the major pathways of VC metabolism. VC is absorbed from the 
lunos and the intestinal tract, distributed in the body and metabolised at several 
sites. The systemic uptake of VC is determined by its oxidative biotransformation 
and the amount of VC absorbed is limited by the amount metabolised. The 
biotransformation pathway has limited capacity (i.e. is readily saturable) and this 
limits the systemic uptake. VC which is r.ot metabolised is not absorbed but is 
mainly exhaled and is thus toxicolopically irrelevant.
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Strong inhibitors of oxidation processes which depend on microsomal cytochrome P450 
(mixed function oxidase) markedly reduce the systemic uptake of VC, as shown by Bolt 
et al (1976) in inhalation studies with rats exposed to 100 ppm of VC in air. 
Inducers of mixed function oxidase such as phenobarbital or PCB increased the 
metabolism of VC and its systemic uptake. The combination of exposure to VC at high 
levels (about 10,000 ppm of VC in air) and inducers of MFO can lead to acute 
hepatotoxicity in rats (Jaeger et al, 1974).
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When radio-labelled (*4C) VC was administered (orally or by inhalation) to rats, 
radioactivity accumulated ir. the liver, skin, thymus* urinary system and the 
salivary and lachrymatory glands (Duprat et al, 1977; Watanabe et al, 1976a, 1976b)* 
It is now widely accepted that the first step in the metabolism of VC is lts
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NADPH-dependent epoxidation to chloro-oxirane (chloroethyleneoxide). The reaction Is 
limited in capacity since the oxidative microsomal enzyme (mixed function oxidase) 
becomes saturated at low dose levels (Kappus et ai. 1975, 1976; Gehring et al. 1978; 
Guengerich and Watanabe, 1978) at which point the rate of epoxidation and systemic 
uptake switch from first-order to pseudo-zero-order kinetics.

Chloroethyleoxide is the predominant mutecer.ic metabolite of VC (see above). Its 
subsequent metabolism involves : z'"'

- spontaneous rearrangement to chloroacetaldehyde, a metabolite of high 
cytotoxicity and some mutagenic potential; 

and - hydrolysis by epoxyhydratase to l-chloroethane-l,2-diol; 
or - conversion into a glutathione adduct by the action of glutathione

transferase. Watanabe et al (1976c) observed a depletion of glutathione 
during the metabolism of VC.
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The last two reactions lead to detoxification but although the capacity of the two 
enzymes is not the limiting factor they have a low affinity for their substrates ; 
they do not therefore sufficiently protect the cells against DNA damage by the 
chloro-oxirane. This was demonstrated by Watanabe et al (1S7G) who found a linear 
relationship between the amount of radioactivity covalently bound to cellular 
constituents and the level of exposure to radio-labelled VC even at low levels. This 
explains why the types of tumour caused by exposure to VC occur even at very low 
dcses in animal experiments. At low levels of exposure by inhalation in animals, the 
carcinogenic activity of VC is also linearly related to dose (Maltoni and Lefemine, 
1975) but at somewhat higher levels the maximal tumour incidence is reached. At this 
level there is no further Increase In the incidence of angiosarcoma or related 
lesions art* the slope of the dose-response curve approaches zero (Maltoni et al, 
1975). This reflects saturation of the capacity for microsomal oxidation of VC by 
mixed function oxidase responsible for generating chloro-oxirane, and the change in 
the kinetics described above. As the exposure level increases there is an increased 
incidence of an additional type of tumour, Zymbal gland carcinoma, in rats, these 
may result from a different kind of genotoxic lesion (Table 2, BT-1).

The Mr.ctic constants of VC metabolism in the rat were determined by Gehring et al 
(1978) who exposed the animals by inhalation to 9 concentrations of VC ranging from
1.4 to 4600 ppm. They estimated the amount of VC metabolised and bound to liver 
protein, from which were calculated the Michael is constant, K^, and a V|r2X of 856C
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2.Mg of VC metabolised per rat In 6 hours of exposure. For a rat weighing 250 g this 
is equivalent to a of about 336 ppm and a V of 5.7 mg of VC metabolised per 
hour per kg (Gehring et al, 1978; Andersen, 1981). The latter author calculated Kj. 
by regression analysis of the dose-response relationship for the Incidence of 
angiosarcoma In rats and obtained a value of about 565 ppm, that is similar to that 
from the metabolic data.

In conclusion, in animals the key step in the metabolism of VC is readily saturable. 
Nevertheless, covalent binding to DNA occurs at levels well below the saturation 
limit. This may explain the Induction of tumours at low exposure levels.

2. TOXICOKINETICS OF INHALED VC IN MAN

2.1 Retention of Inhalated VC in the Lung

Krajewski et al (1980) exposed 5 volunteers to 3, 6, 12 and 23 ppm of VC, and found 
that the average retention In the lung remained constant at 42% in the period 0.5 to 
6 hrs after exposure. The mean concentration in exhaled air during the first 30 
minutes after cessation of exposure to the three higher concentrations was about 
4.2% of the inhaled concentration.
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Buchter et al (1978) exposed two volunteers to 2.5 ppm of VC for 15 and 30 minutes. 
The average retention appeared to be 27%. Five minutes after cessation of exposure, 
the VC-level in expired eir dropped from 1.5 to 0.15 ppm. A half-life of VC in 
exhaled air of only 1.5 minutes can be derived from these results on the assumption 
that a fart exchange with the blood compartment occurs, indicating that there is 1 
very short half-life In blood as well.

2.2 Clearance of VC from Air by Inhalation

The work described in the previous section was in open systems. Buchter et al (1978, 
1980) estimated the rate of clearance of VC from the air in a closed system. Two 
volunteers inhaled the air for 30 minutes while the consumed oxygen was 
automatically supplemented. From the decay in the concentration (10 ppm at the 
beginning to 0.25-0.50 ppm after 30 minutes) the clearance rate of VC was 
determined, and averaged for the open and closed systems. The average for open ap<* 
closed systems was 2.46 1/min or 2 1/h/kgbw.

21308096
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2.3 Biological Monitoring

2.3.1 VC in exhaled air

Baretta et al (1969) tried to establish a method for the blomonitoring of VC by 
analysing the exhaled air of humans exposed to it. They exposed 6 volunteers to 48 
ppm, 4 volunteers to 248 ppm and 4 volunteers to 459 ppm of VC. The concentrations 
were expressed as time-weighted-averages (TWAs), based on a total exposure time of
7.5 hours, which included a 0.5 hour lunch period in an uncontaminated area. The 
concentration of VC in exhaled air was measured directly every hour until 20 hours 
after cessation of exposure. The retention of VC in the lung, based on the VC 
concentration in the first exhaled air sample, was not presented. The authors 
carried out a multiple regression analysis of the data on the decrease in 
VC-concentrations in exhaled air with time (separately for every exposure 
concentration) which resulted in smooth decay curves. Such curves, adjusted to 500, 
250 and 50 ppm TWA, plus an interpolated curve for 100 ppm, were presented. In the 
same way, curves for VC in breath were constructed for 10 workers occupationally 
exposed to a range of VC concentrations from 50 to 250 ppm (8 h TWA). The decay 
curves were very similar to those of the exposed volunteers and the authors thus 
considered their approach as a good one for biomonitoring.

From the smooth decay curves cf the volunteer experiments the following data were 
estimated by the Task Force.

Tine after cessation VC-concentration In exhaled air (ppa)
of exposure (hours) after 7.5 hours exposure to (TWA-ppa)

500 250 100 50

1 20 8.8 2.7 1.1
2 13 5.7 1.8 0.74
4 6.5 3.0 1.0 0.43
8 2.9 1.4 0.5 0.22

20 0.74 0.4 0.16 0.07

Comparison of the exhaled air concentrations after one hour and the exposure 
concentrations provides evidence for saturation of the metabolic pathways. ECETOC 
made the assumption that the decay was following Michaelis-Menten kinetics and 
estimated the exposure concentration of VC at which the metabolic conversion rate
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ms half of its maximum value (see appendix 3). This concentration was estimated to 
be 435 ppm, a value close to that found for the rat (330 ppm) by Gehring et al 
(1978).

The studies of Buchter et al (1978) and Baretta et al (1969) taken together enable 
three phases of VC elimination from exhaled air to be discerned :

- a fast one with a half-life of 1.5 minutes;
- a moderately fast one with a half-life of about 100 minutes;
- a slow ore with a half-life of about 400 minutes.

2.3.2 VC in blood

Hasegawa et_§2 (1979) determined the VC-concentration in the blood of workers
exposed to VC. Measurements were made immediately and 8, 16, 24 and 48 hours after 
the end of the night shift. The exposure concentration was less than 2 ppm. No more 
information was given about the exposure conditions. VC-concentrations between 0 and 
16 ppb were detected in most blood samples but on one occasion, 48 hours after 
cessation of exposure, about 30 ppb were found.

2.3.3 VC metabolites in urine

Chen et al (1983) determined thiodiglycclic acid (TdGA), a metabolite of VC, in the 
urine of workers exposed to VC. Average VC-exposure concentrations were presented 
without any indication of the duration of exposure or TWA. The results are 
summarised in the table below.

Aversfe VC 
exposure level 
<PJ*)

{tunber of
workers

Averase TdGA 
level (#g/l)

Standard
deviation

0 78 .83 .56
<10 9 1.25 .58

30 23 2.84 • 1.68

>100 32 3.73 ’ 4.02

MUller et al (1978) and Heger et al (1982) studied the TdGA concentration in urine 
by personal monitoring over 2-h- periods of 18 and 15 workers exposed to VC. 
concentration increased after a few hours of exposure (TdGA appeared to °ccur
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naturally in the urine). The concentration increased significantly on exposure to
1.5 ppm or higher (MUller, 1978). For exposures over the range 0.14-7 ppm of VC, the 
TdGA concentrations in urine varied from 0.3 to 4 Ug/1.

In the opinion of ECETOC, the measurement of TdGA in urine is probably not a good 
method of establishing exposure to VC at current levels because the results 
fluctuate widely and the sensitivity of the measurement is low.

2.4 Comparison of the Rate of Uptake of VC from Air in Man and Other Mammals

Buchter et al (1978, 1980) compared the rate of uptake of VC from air by man and 
experimental animals. Eleven mice, 3 rats, 4 gerbils and 1 rabbit were placed in a
10.3 1 closed system (each species separately) and exposed to VC at a starting 
concentration of 50 ppm. A 4 kg rhesus monkey was placed In a 200 1 closed system 
and exposed to starting concentrations of VC varying between 20 and 600 ppm. The 
decay in the VC-concentration with time and the oxygen consumed was recorded by 
means of a spirograph. For the monkey, the kinetics of the decay in VC concentration 
was first-order and the clearance rate was linearly related to the concentration at 
starting concentrations of less than 200 ppm. At above 300 ppm the relationship was 
no longer linear and showed characteristics of saturation. From the VC decay curves 
of all of the above animals exposed at below the saturation level, clearance rates 
were estimated and compared with that of man as below :

Specie* Clearance rate of VC f
(l/h/kgbvr)

Man 2.02
Rabbit 2.74
Monkey 3.55
Rat 11.0
Gerbll 12.5
Mouse 25.6

As the carcinogenicity of VC is due to the action of its metabolites it can be 
concluded from the above-noted differences in clearance rates that rats and mice 
exposed tc VC produce more carcinogenic metabolite per kgbw than does man. Thus, if 
the results of carcinogenicity studies on these species are .used to predict 
Quantitatively the carcinogenic response in the human being, appropriate correction 
factors should be employed.
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F. CONCLUSr 0 N S

1. VC has caused primary liver cancer in occupationally-exposed human beings, and a 
variety of tumours In three species of experimental animals (rat, mouse and 
hamster).

in man, a causal relationship between exposure to VC in workplace air and the 
development of angiosarcoma of the liver is well established, but there is 
insufficient evidence that such exposure is causally-related to the development 
of tumours at other sites than the liver. There is some evidence that other 
primary liver tumours were caused by VC.

In animals, the liver is the primary target organ for the toxic and carcinogenic 
effects of VC, but VC also induces tumours at other sites, for instance the 
Zymbal gland, the kidney, connective tissue, mammary gland, lung and 
fore-stomach.

2. VC is mutagenic in vivo and in vitro various assays in the presence of 
appropriate metabolic activity agents. Its most potent mutagenic metabolite is 
chlcroethylene oxide which has been shewn to alkylate DNA and is probably 
responsible for the mutagenicity and possibly for the carcinogenicity of VC. From 
the scant evidence available it seems unlikely that VC has caused any mutagenic 
disease in man.

3. Exposure to VC causes chromosomal aberrations in human beings, but only at the 
levels existing before the marked reduction in occupational exposure in the 
mid-1970s. It is uncertain whether it alters in the rate of sister chromatid 
exchange.

4. Occupational exposure to VC has led to periportal fibrosis and to changes in the 
distal vascular tree of the hands followed by the development of Raynaud's 
phenomenon, scleroderma or acro-osteolysis. There have been no reports of such 
effects in workers whose exposure to VC started subsequent to the early 1970s 
when exposure levels In most countries were lowered to a few ppih.

5. Occupational exposure to VC (by inhalation) has fallen from several hundred PP®* 
with peaks at several thousand, before the early 1970s, to levels of around 1 PP^ 
subsequently. Although it is not possible to set definitely safe levels
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exposure for genotoxic carcinogens, the evidence presented in this report does 
not suggest that occupational exposure at current levels in compliance with the 
EEC limit of 3 ppm presents any significant risk to health.

At the atmospheric levels to which the general public is exposed (up to 5 ppb, 
annual average at 1 km, in the vicinity of VC and PVC plants, and less 
elsewhere), the risk of adverse health effects is even less.

C. The content of residual VC in PVC and co-polymers used for packaging food and 
drink has fallen, typically, from about 50 ppm in the early 1970s to below 1 ppm 
in subsequent years. There has been a corresponding reduction in the VC-content 
of the food and drink from about 100 ppb, to below 2 ppb from about 1577 onwards. 
Conservative risk estimates have indicated that the intake of VC from food and 
drink presents a negligible risk of cancer at current VC levels.

s
h
s

i,
»ir.

BFG12708

t

21308101



B I B L I 0 G R A P H Y
Hut.

- Bolt

Adams W.C.F.(1980). Chromosomal analysis In vinyl chloride exposed workers. Results from analysis ie 
and 62 months after Initial sasipllng. hut. Res., 79, 151-162.
Alderson M.R. and Rushton L.(1982). Mortality patterns In 8 UK oil refineries. Ann. N.Y. Acad. Scl., 
381, 139-165.
Andersen M.E.(1981). Saturable mechanism and Its relation to toxicology. CRC Crit. Rev. Toxicol., 
105-150.
Anderson D., Hodge M.C.E. and Purchase I.F.H.(1976). Vinyl chloride : dominant lethal studies In male 
CD-I mice. Mut. Res., 60, 359-370.
Anderson D., Hodge M.C.E. and Purchase I.F.H.(1977). Dominant lethal studies with the hologenated 
olefins vinyl chloride and vlnylldene dlchlorlde In male CD-I mice. Envlr. Hlth. persp., 21, 71-78. 
Anderson D., Richardson C.R., Weight T.M., Purchase I.F.H. and Adams W.G.F.(1960). Chromosomal analysis 
In vinyl chloride exposed workers. Results from analysis 18 and 63 months after initial sampling, hut. 
Res., 79, 151-162.
Anderson D., Richardson C.R., Purchase I.F.H., Evans H.J. and O'Rlordan M.1.(1981). Chromosomal 
analysis In vinyl chloride exposed workers : comparison of the standard technique with the sister- 
chromatid exchange technique. Mut. Res., 83, 137-166.
Andrews A.W., Zawlstowski E.S. and Valentine C.R.(1976). Comparison of the mutagenic properties of 
vinyl chloride and methylchlorlde. Mut. Res., 60, 273-276.
Anon.(1978). European Chemical News, 16 July 1978.
Antweiler H.(1976). Studies on the metabolism of vinyl chloride. Envl. Hlth. Persp., 17, 217-219.
Barbln A., Brdsll H., Crolsy A., Jacqulnon P., Malavellle C., Montesano R. and Bartach H.(1975). Llver- 
microsome-mediated formation of alkylating agents from vlnylbrcmide and vinyl chloride. Blochem. 
Blphys. Res. Corns., 67, 596-603.
Barbln A., La lb R.J. and Bartsch H.(1985). Lack of miscoding properties of 7-(2-oxoethy1)guanine, the 
aiajor vinyl chloride-DNA adduct. Cancer Res., 65 , 2660-2666.
Baretta E.D., Stewart R.D. and Mutchler J.E.(1969). Monitoring exposures to vinyl chloride vapour. 
Breath analyses and continuous air sampling. Am. Indust. Hyg. Assoc. J., 30, 537-566.
Barnes A.W.(1976). Vinyl chloride and the production of PVC Proc. Roy. Soc. Med., 69, 277-281.
Barrio J.R., Secrlst J.A. and Leonard N.J.(1972). Fluorescent adenosine and cylldine derivatives. 
Blochem. Blphys. Res. Comm., 66, 597-606.
Bartsch H., Malavellle C., Barbln A., Tomatis L. and Montesano R.(1976). Mutagenicity and metabolism of 
vinyl chloride and related compounds. Envlr. Hlth. Persp., 17, 193.
Bartsch H., Malavellle C., Barbln A. and Planche G. (1979). Mutagenic and alkylating metabolites of 
halo-ethylenes, chloro-butadlens and dichlorobutenes produced by rodent or human liver tissues. Arch. 
Toxicol., 61, 269-277.
Basler A. and Rbhrborn C.(1980). Vinyl chloride : an example of evaluating mutagenic effects in manna1* 
In vivo after exposure to inhalation. Arch. Toxicol., 61, 1-7.
Baxter P.J., Anthony P.P., MacSween R.N.M. and Scheur P.J.(1977). Angiosarcoma of the liver In Great 

Britain, 1963-1973. Brit. Med. J. 2, 919-921.
Beaumont J.J. and Breslow N.E.(1981). Power considerations In epidemiologic studies of vinyl chloric* 

works. Am. J. Epldem., 116, 725-736.
Bennett B, 1985. Private communication.
Bergmann K.(1982), Reactions of vinyl chloride with RNA and DNA of various mouse tissues in vivo. *rch‘ 

Toxicol., 69, 117-129. {
Bertazzl P.A., Vella A., Foa V., Sala B., Fabbrl L., Mapp C., Marcer C., Manno M., Marchl M.,
F. and Bottasso F.(1979). An epidemiological study of vinyl chloride exposed workers In Italy. Arc

vinyl
- Bolt 

Arch.
- Bolt 

halog
- Bonse 

poly-
- Brady 

Viann 
13e3-

- Bresl 
Am. S

- Bucht 
Karri 
Gesel

- Bucht 
monke

- Buffi 
vinyl

• Bysen 
Swedi

■ Carte 
Tumoti

- Chate 
const

• Chen 
thiod 
Hlth.

* Chive 
j Ir.d.i
I ' Code? 
i ' Cordi 

chez
' CranK 

Creec 
Med., 
Cree< 
88-9* 
Dald< 
chloi 
Dinnu 
acre

* Down! 
foeti 
Drev 
V79 i

Indust. hyg. and Toxicol., 30 (supplement), 379-397.

BFGU109



* Blemnesen J.C1982). Mutagenicity and tertogenicity of vinyl chloride monomer. Epidemiological evidence. 
Mut. Rea., 98, 97-100.

- Bolt H.M., Fllser J.G., Laib R.J. and Ottenwalder H.(1960). Binding kinetics of vinyl chloride and 
vinyl bromide at very low doaea. Arch. Toxicol., Supplement 3, 129-142.

- Bolt H.M., Kappus H., Buchter A. and Bolt W.(1976). Dlapoaltlon of 1,2-^C-vinyl chloride in Che rat. 
Arch. Toxicol., 35, 153-162.

- Bolt H.M., La lb R.J. and Fllser J.C.(1982). Conmentary : Reactive metabolites and carcinogenicity of 
halogenated ethylenes. Blochem. Pharmacol., 31, 1-4.

- Bonse G. and Henschler D.(1976). Chemical reactivity, biotransformation and toxicity of
poly-chlorlnated aliphatic compounds. CRC Crit. Rev. Toxicol., 4, 395-409.

- Brady J.F., Llberatore P., Harper P., Greenwald P., Burnett W., Davies J.N.P., Bishop M., Polan A. and 
Vlanna N.(1977). Angiosarcoma of the liver : an epldelologlc survey. J. Natl. Cancer Inst., 59, 
1383-1385.

- Breslow N.E., Lubln J.H., Mazek P. and Langhola B.C1983). Multiplicative models and cohort analysis. J. 
Am. Stat. Assoc., 78, 1-12,

- Buchter A., Bolt H.M., Fllser J., Goergens H.U., Laib R.J. and Bolt W.(1978). Pharisaic oleine tilt und 
Karzlnogenese von Vinyl Chloride. Arbeltamedlzlnische Rlslkobeurtelllng. Verhandlung der Deutsche 
Gesellschaft fflr Arbeltsmedizln, 18, 111-124.

- Buchter A., Fllser J.G., Peter H. and Bolt H.M.(1980). Pharmacokinetics of vinyl chloride In the rhesus 
monkey. Toxicol. Letters, 6, 3-36.

* Buffler P.A., Wood S., Elfler C., Suarez L. and Kilien D.J.(1979). Mortality experience of workers in a 
vinyl chloride monomer production plant. J. Occup. med., 21, 195-203.

- Bysen D., Engholm G., Englund A. and Kesterholm P.(1978). Mortality and cancer morbidity in a group of 
Swedish VCM and PVC production workers. Envir. Hlth. perap., 17, 167-170.

- Carter R.L.(1973). Tumours of soft tissues. In "Pathology of Tumours in Laboratory Animals", Vol. 1, 
Tumours of the rat. Ed. Turuson V.S., IARC Scientific Publication No.5, IARC, Lyon.
Chatelain A. and Motlllon F.(1967). La syndrome d'oero-ostdolyse d’origin* professlonelle et de 
constatation nouvelle en France. J. Radiol. Electrol., 48, 277-280.

* Chen Z.Y., Gu X.R., Cui M.Z. ans Zhu X.X.(19B3). Sensitive flame-photometrlc-detector analysis of 
thlodlglycollc acid in urine as a biological monitor of vinyl chloride. Int. Arch. Occup. and Envir. 
Hlth., 52, 281-284.

- Chivers C.P., Lawrence-Jones C., Paddle G.(1980). Lung function in workers exposed to PVC dust. Br. J. 
Ind. Med., 37, 147-151.

* Codex Committee (1984). Codex Coostlttee on Food Additives (FA0), Report ex/FA 84/11, March 1984.
* Cordler J.M., Flevres C., Lefeve M.J. and Sevrin A.(1966). Acro-ostfolyse et lesions cutanles assocides 

chez deux ouvriers affeetds au nettoyage d'autoclaves. Cah. Med. Trav., 4, 3-39.
- Crank (1976). See Fed. Reg.(1986). Ficks law diffusion
* Creech J.L. and Johnson M.N.(1974). Angiosarcoma of the liver in the manufacture of PVC. J. Occup. 

Med., 16, 150-151.
* Creech J.L. and Makk L.(1975). Liver disease among PVC production workers. Ann. N.Y. Acad. Sci., 246, 

88-94.
* Dalderup L.P., Freni S.C., Bras G. and Bronckhorst F.B.(1976). Angiosarcoma of the liver and vinyl 

chloride. T. Soc. Geneesk, 54, 333-335.
* Dinman B.D., Warren A.C., Whltehouse W.M., Magnuson H.J., Arbor A. and Ditcheck 1.(1971). Occupational

acro-osteolysis. I, An Epidemiological study. Arch. Envir. Hlth, 22, 61-73. ;
* Downs T.D., Stallones R.A., Frenkowskl R.F. and Labarthe D.R.(1977). Vinyl chloride, birth defects and 

foetal wastage. Soc. Plastics. Ind.
' Drevon C. and Kukor.i T.(1976). Mutagenicity of vinyl chloride, vinylidene chloride and chloroprene in 

V79 Chinese hamster cells. Mut. Res., 53, 181-182.

J BFG12710

21308102



Drevon C., Kukoni T. and Montesano R.(1979). Mlcrosome-medlated mutagenesis of Chine hamster cell line 
by various chemicals. 67, 173*182.
Drew R.T., Boorman G.A., Haseman J.K., McConnell E.E., Busey W.M. and Moore J.A.(1983). The effect of 
age and exposure duration on cancer Induction by a known carcinogen In rata, mice and hamsters. 
Toxicol. Appl. Pharmacol., 68, 120-130.
Drozdowlcz B.Z. and Huang P.C.(1977). Lack of mutagenicity of vinyl chloride in two strains of 
Weurospora crassa. Mut. Res., 48, 43-50.
Ducatman A., Hlrchhom K. and Selikoff I.J.(1975). Vinyl chloride exposure and human chromosome 
aberrations. Mut. Res., 31, 163-168.
Duck B.W., Carter J.T. and Coombes E.J.(1975). Mortality study of workers in a PVC production plant. 
Lancet, 1197-1199.
Duprat P., Fabry J.P., Gradlskl D. and Magadur J.L.(1977). Metabolic approach to Industrial poisoning : 
blood kinetics and distribution of ^C-vlnylchloride monomer (V.C.M.) Acta Pharmacol. Toxicol., 41, 
Suppl.l, 142-145.
ECETOC (1982). Hepatocarclnogenesis In laboratory rodents : relevance for man. ECETOC, Brussels, Oct. 
1982, p.33.
Edwards L.D., Falk H. and Nlssln J.E.(1975). Congenital malformations and vinyl chloride. Lancet, 1098. 
Edmonds L.D., Anderson C.E., Fynt J.W. and James L.M.(1978). Congenital CNS malformations and vinyl 
chloride exposure : a community study. Teratology, 17, 137-142.
Edmonson H.A. (1958). Tumours of the liver and intrahepatlc bile ducts. Atlas of tumour pathology. AFIP 
Washington fasc., 25, 139.
EEC (1976). Directive 76/893/EEC d.d., 23.11.76. Off. J. Europ. Commun. L 340/19 d.d., 9.12.76.
EEC (1978). Directive 78/142/EEC d.d., 30.1.78. Off. J. Europ. Commun. L 44/15 d.d., 15.2.78.
EEC (1980). Directive 80/766/EEC d.d., 8.7.80. Off. J. Europ. Commun. L 213/42 d.d., 16.8.80.
EEC (1981). Directive 81/432/EEC d.d., 29.4.81. Off. J. Europ. Commun. L 167/6 d.d., 29.4.81.
EEC (1985). Directive 85/S72/EEC d.d., 19.12.85. Off. J. Europ. Commun. L 372/4 d.d., 31.12.85.
EEH (1978). Epidemiological study of vinyl chloride workers. Final report of Equitable Environmental 
Health Inc. for Manufacturing Chemists Association.
Elmore J.D., Wong J.L., Laumbach A.D. and Streips C.N.(1978). Vinyl chloride mutagenicity via the 
metabolites chlorooxlrane and chloroacetaldehyde. Blochlm. Blophs. Acta, 442, 405-419.
Environmental Health Associates (1986). An update of an epidemiologic study of vinyl chloride workers, 
1942-1982. Published by EHA Inc. 520 Third Street, Suite 208, Oakland, CA 94607, USA.
Falappa P., Magnavlta N., Bergamaschi A. and Colavita N.(1982). Angiographic study of digital arteries 
in workers exposed tr vinyl chloride. Brit. J. Indust. Med., 39, 169-172.
Falk H., Creech J.L., Heath C.W., Johnson M.N. and Key M.M.(1974). Hepatic disease among workers at a 
vinyl chloride polymerisation plant. J. Am. Med. Assqc., 230, 59-63.
PDA (1966). Fed. Reg. 51(22), 4173-4188 (also 3 Feb'86 ref. in section 3.2.3b).
Feron V.J., Hendrikson C.F.M., Speel A.J., Til H.P. and Spit B.J.(1981). Lifespan oral toxicity study 
of vinyl chloride in rats. Fd. Cosmet. Toxicol., 19, 317.
Filatova V.S. and Gronsberg E.S. (1957). Hygienic working conditions in production of PVC resins and 

measures for improvement. Gig. Sanlt., 1, 38-42.
Fleig I. and Ihelss A.M.(1978). Mutagenicity of vinyl chloride. J. Occup. Med., 8, 557-561.
Fomenko V.N., Katasova L.D. and Pavlenko G.I.(1976). Cytogenetic analysis of the lymphocytes °f 

peripheral blood from workers emploed in process of vinyl chloride. Gig. Tr. Prof. ZSbol., 20, 48-50. ^ 
Forman D., Bennett B., Stafford J. and Doll R.(1985). Exposure to vinyl chloride and angiosarcoma 0 
the liver : a report of the register of cases. Brit. J. Indust. Med., 42, 750-753.
Fortvengler H.P., Jones D., Espinosa E. and Tamburro C.H.(1981). Evidence for endothelial cell origip 

of VC-induced hepatic angiosarcoma. Gastroenterology, 80, 1415-1419.
Fox A.J. and Collier P.F.(1977). Mortality experience of workers expsed to vinyl chloride in 
manufacture of PVC in Great Britain. Brit. J. Indust. Med., 34, 1-10.

21308103

BFG12711

i



Funes-Cravloto F., Lambert B., Llndsten J., Ehrenberg L., Na taraJan A.T. and Osterman-Golkar S.(1975). 
Chromosome aberrations In workera exposed Co vinyl chloride. Lancet, 459.
Garro A.J., Guccenplan J.B. and Milvy P.(1976). Vinyl chloride dependent mutagenesis. Mut. Rea., 38, 
81-88.
Ghadlally F.N. (1982). Tumours of the akin. In : "Pathology of Tuaioura in Laboratory An inala", Vol.III, 
Tunoura of the Hanater. Ed. Turuaov V.S., IARC Scl. Publlcatlona No.34, IARC, Lyon.
Ghadlally F.N. and Barker J.F.(1960). The hlatogenesla of experimentally-induced nenanotlc tunoura in 
the Syrian hamster. J. Path. Beet., 79, 263-271.
Gherlng P.J., Watanabe P.G. and Park C.N.(1978). Reaolutlon of doae-reaponae toxicity data for 
chemicals requiring metabolic activation. Toxicol, and Appl. Pharamcol., 44, 581-591.
Grasso P.(1981). Histopsthology of Nltroaanlne Carcinogenesis. In : "Safety Evaluation of Nltrosatable 
Drugs and Chenlcala", Ed. Gibaon G.C. and Joannldea C. Publ., Taylor Franclea, London.
Grasso P. and Cranpton R.F., 1972. The value of the mouse in carcinogenicity testing. Fd. Cosmet. 
Toxicol., 10, 418.
Grasso P. and Hardy J.(1975). In : "Mouse Hepatic Neoplasia", Ed. Butler W.H. and Nevberne P.M. Publ. 
Elsevier, Amsterdam.
Green T. and Hath way D.E.(1975). Biological fate of vinyl chloride in relation to its oncogenicity. 
Chem. Biol. Interact., 11, 545-562.
Green T. and Hathvay D.E.(1977). Chemistry and biogenesis of S-containing metabolites of vinyl chloride 
in rats. Chem. Biol. Interact., 17, 137-150.
Green T. and Hathvay D.E.(1978). Interactions of vinyl chloride with rat-liver DNA in vivo. Chen. Biol. 
Interact., 22, 211-224.
Grelm H., Bonse G., Radvan Z., Reichert D. and Henschler D.(1975). Mutagenicity in vitro and potential 
carcinogenicity of chlorinated ethylene. Blochem. Pharamcol., 24, 2013-2017.
Greiser E., Relml W. and Weber R.(1962). VC-exposltion und Moratalitlt deutscher Chemlearbeiter. 
Zentrallblat Arbeltamed., Arbeltschuta, Prophylaxe und Ergonomle, 32, 44-62.
Groth D.H., Coate W.B., Ulland B.M. and Hornung R.W.(1981). Effects of ageing on induction of 
angiosarcoma. Envlr. Hlth. Persp., 41, 53.
Guengerlch F.P. and Watanabe P.G.(1979). Metabolism of (14C)- and (36Cl)-labelled vinyl chloride in 

vivo and in vitro. Blochem. Pharmacol., 28, 589-596.
Hansteen I.L., Hlllestad L., Thlls-Evensen E. and Heldaas S.S.(1978). Effects of vinyl chloride in man. 
A cytogenlc follow-up study. Rut. Rea., 51, 271-278.
Harris E. and Adams G.F.(1967). Acro-osteolysis occurring in men engaged in polymerisation of vinyl 
chloride. Brit. Med. J., 3, 712-714.
Hasegawa H., Sato M., Okonogi K., Shinmaoka A. and Tsuruta H.(1979). Examination of workers in 
polymerisation process of vinyl chloride. Indust. Hlth., 17, 153-185.
Hefner R.E., Watanabe P.G. and Gehrlng P.J.(1975-a). Preliminary studies on the fate of inhaled vinyl 
chloride monomer in rats. Ann. N.T. Acad. Scl., 246, 133-148.
Hefner R.E., Watanabe P.G. and Gehrlng P.J.(1975-b). Preliminary studies of the fate of inhaled vinyl 
chloride monomer In rata. Eitvir. Hlth. Persp., 11, 85-95.
Heger M., Mailer C. and Norpoth K.(1982). Dntersuchungen rur Bezlehung rwischen VCM-Aufrahme und 
Metabolltenausscheidung bei 15 VCM-Exponierten. Int. Arch. Occup. and Envlr. Hlth, 50, 187-196.
Hehir R.M., MacNamara B.P., MacLaughlin J., Willlgan D.A., Bierbower G. and Hardiaty J.F.(1981). Csncer 
induction following single and multiple exposures to a constatn amount of vinyl chloride. Envir. Hlth. 

Persp., 41, 63.
Heldaas, S.S., Anderson, A.A., and Langard, S.L.U987). Incidence of cancer among vinyl chloride and 
polyvinyl chloride workers : further evidence for an association with malignant melanoaia. Brit. J, 
Indust. Med., 44, 278-280.
Heldaas S.S., Langard S.L. and Andersen A.A.(1984). Incidence of cancer among vinyl chloride and PVC 
workers. Brit. J. Indust. Med., 41, 25-30.

f
BFG12712

21308104



- Hilt B., Held*** S.S. end Langard S.L.(1983). Can occupational exposure contribute to the developaient
of malignant melanoma of the akin 1 Scand. J. Work Envlr. and Hlth., 9, 52-53.

- Hoffmann D., Fatrlanakoa C. and Brunneman K.D.(1976). Chromatographic determination of vinyl chloride
In tabacco amoke. Anal. Chem., 48, 47-50.

- Holmberg B. et al.(1976). Pathology of vinyl chloride exposed mice. Acta Vet. Scand., 17, 328-342.
- Hong C.B., Winston J.H., Thornburg L.P. and Lee C.C.(1981). Follow-up study on the carcinogenicity of

vinyl chloride and vlnylldene chloride In rats and mice - Tumour Incidence and mortality subsequent to 
exposure. J. Tox. Env. Hlth, 7, 909-924.

- Huberman E., Bartsch H. and Sachs L.(1975). Mutation induction In Chinese hasmter V79 cells by two 
vinyl chloride metabolites, chloroethylene oxide and 2-chloro-acetaldehyde. Int. J. Cancer, 16, 
639-644.

- Hussain S. and Ostermann-Golkar S.(1976). Comment on the mutagenic effectiveness of vinyl chloride 
metabolites. Chem. Biol., Interact., 12, 265-267.

- Iber F.L.(1969). Obliterative portal venopathy of the liver and Idiopathic portal hypertension. Ann. 
Intern. Med., 71, 660-661.

- Infante P.F.(1976). Oncogenic and mutagenic risks In communities with PVC production facilities. Ann. 
N.Y. Acad. Scl., 271, 49-57.

- Infante P.F., Wagoner J.K., McMlchael J.K., Waxweller A.J. end Falk H.(1976). Genetic risks of vinyl 
chloride. Lancet, 734-735.

- Ivanetlch K.M., Aronson E. and Katz E.D.(1977). Interaction of vinyl chloride with rat hepatic 
microsomal cytochrome P-450 In vitro. Blocheo. Blophys. res. Coasn., 74, 1411-1418.

- Jaeger R.J., Rehnolds E.S., Conolly R.B., Moslem M.T., Szabo S. and Murphy S.D.(1974). Acute hepatic 
injury by vinyl chloride in rats pre-treated with phenobarbltal. Nature, 252, 724-726.

- Jones D.B. and Smith P.M.(1982). Progression of vinyl chloride Induced hepatic fibrosis to angiosarcoma 
of the liver. Brit. J. Indust. Med., 39, 306-307.

- Jones R.0.(1987). Mortality study of vinyl chloride manomer employed In the United Kingdom, 1940-1984. 
In press.

- Jtihe S. and Lange C.E.(1972). Sklerodermieartlge Hautveranderlng, Raynaud - sy d rom und Akro-osteolysen 
bel Arbeltem der PVC-herstellenden Industrie. Dtsch. med. Washr., 97, 1922-1923.

- Jllhe S., Lange C.E., Stein G. and Veltman G.(1973). Uber die sogennante Vinyl Chlorlde-Krankbeit. 
Dtsch. med. Waschr., 43, 2034-2037.

- Kappus H., Bolt H.M., Buchter A. and Bolt W.(1975). Rat liver microsomes catalyse covalent binding of 
^C-VC to macromolecule*. Nature, 257, 134-135.

- Kappus H., Bolt H.M., Buchter A. and Bolt W.(1976). Liver microsomal uptake of 1AC-VC and 

transformation to protein alkylating metabolites In vitro. Toxicol. Appl. Pharmacol., 37, 461.
- Keplinger M.L., Goode J.W., Gordon t>.£. and Calandra J.C.(1975). Interim results of exposure of rats, 

hamsters and mice to vinyl chloride. Ann. N.Y. Acad. Scl., 246, 219.
- Kontomlnas, M.G., Gupta, C. and Gilbert, S.G.(1985). Lebensm. Wlaa. U.- Technol., 18, 353-356.
- Krajewskl J., Dobeckl M. and Gromiec J.(1980). Retention of vinyl chloride In the human lung. Brit. J* 

Indust. Med., 37, 373-374.
- Kucerova M., Polivkova Z. and Batora J.(1979). Comparative evaluation of frequency of chromosomal 

aberrations and SCE numbers In peripheral lymphocytes of workers occupationally exposed to vinyl 
chloride monomer. Hut. Res., 67, 97-100.

- Lehmann E., Seifert B. and Dulson W.(1978). Organlsche-chemlsche Verunelnlgungen iq StBdtischer Luft* 
Bundesgesundheltsblatt, 21, 75-76.

• La lb R.J.(1986). The role of cycle base adducts in vinyl chloride-Induced carcinogenesis : studies on 
nucleic acid alkylation In vivo. In: The role of cyclic nucleic acid adducts in carcinogenesis and 
mutagenesis. IARC, National Cancer Institute of the DSA, No.70, 101-108.
Lalb R.J. and Bolt H.M.(1977). Alkylation of RNA by vinyl chloride metabolites In vitro and in vivo •• 
formation of 1-N6-etheno-adenoslne. Toxicology, 8, 185-195.

21308105

La 11 
nets 
La It 
Intc 
Lalt 
vlny 
Ulb 
II. 
low 
Lang 
phen 
Lang 
Syst 
Laum 
met? 
Nie! 
Lee 
vin; 
Lee 
chic 
Lehm 
LOsir 
Ldon. 
inve 
Radi 
Ldon. 
inve; 
1135- 
Lesti 
rats 
Lopr: 
Gerv. 

gene 
85-9 
Lopr 
Nier 
conv 

Lloy 
work; 
Magw 
Res. 
Magrr 
and < 
Mala' 
Mutai 
Blopl 
Malt; 
: "0: 

Malt 
N.Y.

i

4 BFG12713
l

A



4
La lb R.J. and Bolt H.B.(1978). Formation of 3,N -ethenocytldlne moieties In RNA by vinyl chloride 
metabolites In vitro and In vivo. Arch. Toxicol., 39, 235*240.
La lb R.J., QwInner L.M. and Bolt H.(1981). DMA alkylation by vinyl chloride aetabolltea. Chea. Biol. 
Interact., 37, 219-231.
La lb R.J. and Ottenwllder H.(1978). Alkylation of DNA and RNA by aetabolltea of vinyl chloride and 
vlnylbromlde. Naunyn Schaledeberg's Arch. Pharmacol. 302(1), R21.
Lalb R.J., Pelllo T., UUnschel U.M., Zimmermann N. and Bolt H.M.(1985). The rat liver foci bloaaaay : 
II. Investigations on the dose-dependent Induction of ATPase-deflclent foci by vinyl chloride at very 
low doses. Carcinogenesis, 6(1), 69-72.
Langauer-Levowlcka H., Dudzlak Z., Byczkowska Z. and Marks J.(1976). Cryoglobulinaenla In Raynaud's 
phenomenon due to vinyl chloride. Intern. Arch. Occup. Envlr. Hlth., 36, 197-207.
Lange C.E., JUhe S., Stein G. and Veltman G.(1974). Die sogennante VC-Krankrelt : elne berufsbedlngte 
Systemskleroese ? Intern. Arch. Arbeltsmed., 32, 1-32.
Laumbach A.D., Lee S., Wong J. and Strelps O.N.(1977). Studies on the autagenlcity of vinyl chloride 
metabolites and related chemicals In : "Prevention and Detection of Cancer", Part 1, Vol.2, p.155. Ed. 
Kieburg H.E. Publ., Marcel Dekker Inc., N.Y.
Lee C.C., Bhandarl J.C., Winston J.M., House W.B., Dixon R.L. and Woods J.S.(1978). Carcinogenicity of
vinyl chloride and vlnylldene chloride. J. Toxicol. Envlr. Hlth, 4, 15.
Lee F.I., Harry D.S., Adams W.G.P. and Llchtfield M.(1977). Screening for liver dlaease in vinyl 
chloride workers. Brit. J. Indust. Med., 34, 142-147.
Lehman K.B. and Flury F.(1936). Monochlorlthylen. In: 'Toxlkologie und Hygiene der technlschen 
LBsungsmittel". Publ., Springer, Berlin pp.130-131.
Leonard A., Decat, G., Leonard E.D., Lefivre M.J., Decuyper L.J. and Nlcalae C.(1976). Cytogenetic 
Investigations on lymphocytes from workers exposed to vinyl chloride. Report from CEN-SCR Dept, of
Radiology and Solvay, Brussels.
Leonard A., Decat G., Leonard E.D., Lefevre M.S., Decuyper L.J. and Nlcalse C.(1977). Cytogenetic
Investigations on lymphocytes from workers exposed to vinyl chloride. J. Toxicol. Environ. Health, 2, 
1135-1141.
Lester D., Greenburg L.A. and Adams R.V.(1963). Effects of single and repeated exposure of humans and 
rats to vinyl chloride. Ind. Hyg. J., 24, 265-275.
Loprleno N., Barale R., Baroncelli S., Bauer C., Bronzetti, G., Cammellinl A., Cerclgnanl G., Corsi C., 
Gervasl G., Leporlni C., Nleri R., Rossi A.M., Strettl G. and Turchl G. (1976). Evaluation of the 
genetic effects Induced by vinyl chloride monomer under mammalian metabolic activation. Mut. Res., 40, 
85-96.
Loprleno N., Barale R., Baroncelli S., Bartsch H., Bronzetti G., Caasnelllni A., Coral C., Frezza D., 
Nleri R., Leporlni C., Roselllnl D. and Rossi A.M. (1977). Induction of gene mutations and gene 
conversions by vinyl chloride metabolites In yeast. Cancer Res., 37, 253-257.
Lloyd M.H., Gauld S., Copland l. and Soutar C.A.(1984). Epidemiological study of lung function of 
workers at a factor manufacturing PVC. Brit. J. Indust. Med., 41, 328-333.
Magmisson J. and Ramel C.(1976). Mutagenic effects of vinyl chloride in Drosophila melanogaster. Mut. 
Res., 38, 115.
Magnussor. J. and Ramel C.(1978). Mutagenic effects of vinyl chloride In Drosophila melanogaster with 
and without pretreatment with sodium phenobarblturate. Mut. Res., 57, 302-312.
Malaveille H., Bartsch H., Barbln A., Camus R., Montesano R., Croisy A. and Jacqulnon P.(1975). 
Mutagenicity of vinyl chloride, chloroethylene oxide, chloro-acetaldehyde and chloro-ethanol. Blochem. 

Biophys. Res. Comm., 63, 363-370.
Maiton! C.(1977). Vinyl chloride carcinogenicity : an experimental model for carcinogenesis studies. In 
: "Origins of Human Cancer". Cold Spring Harbour Laboratory, pp.119-146.
Maltoni C. and Lefemlne G.(1975). Carcinogenicity bloassays of vinyl chloride : current results. Ann. 
N.Y. Acad. Sci., 246, 195-217.

BFG12714

21308106



- Maltonl C., Lefealne G., Chteco P. and Carretti D.(1974). Vinyl chloride carclnogeneala : currant 
results and perspectives. Med. Lav., 65, 421.

- Maltonl C., Lefedlne G., Clllbertl A., Cottl G. and Carrettu D.(1979). Vinyl chloride carcinogenicity 
bloassays (BT project). Final report. In : "Epidemiologic animale et dplddmlologle humalned : le cat du 
chlorure de vlnyle aonomere", XXe Reunion du Club de CancdrogdnAse Chlalque. Publ., Publications 
Essentlelles, Paris.

- Maltonl C., Lefealne G., Clllbertl A., Cottl G. and Carretti D.(1980). Vinyl chloride carcinogenicity 
bloassays (BT project) as an experimental model for risk Identification and asaessment In envlronaental 
and occupational carcinogenesis. Report to the XX Meeting of "Le Club de Cancdrogdnise Chlalque" on 
"Eplddmiologle Animale et Eplddalologle Humaine - le cas du chlorur de vlnyle nonoaire (Inst, du 
Radium), Publications Essentlelles pp. 15-112.

- Maltonl C., Lefealne G., Clllbertl A., Cottl G. and Carretti D.(1984). Experimental research on vinyl 
chloride carcinogenesis. In : "C. Maltonl and M.A. Mehlaan Archives of Research on Industrial 
Carcinogenesis". Princeton Scientific Publishers Vol.II.

- Harsteller H.J., Leibach W.K., MQller R., Gedlgk P. and Lange C.E.(1975). Kllnlsche und laparoskoplsche 
Aspekte der Lebenschlden bel cheale-arbeiter in der Vinyl Chloride-polymerisation. Leber Magen Darn., 
5, 196-202,

- Harsteller H.J., Lelbach W.R., MQller R., Jdhe S., Lange C.E., Rohner H.G. and Veltman G.(1973). 
Chronlsch-toxlsche Leberschlden bel Arbeiten In der PVC-produkten. Dtsch. Med. Hschr., 98, 2311-2314.

- Masuda Y.(1979). Long-term mortality study of vinyl chloride and PVC workers in a Japanese plant. Arch. 
Industr. Hyg. and Toxicol., 30(supplement), 403-409.

- Met tern and Van der Zwaan W.B.0977). Mutagenicity testing of urine frosi vinyl chloride treated rats
using the Salmonella teat systea. Mutat. Res., 46, 230-231.

- McCann J., Simon V., Streltweiser D. and Ames B.N.(1975). Mutagenicity of chloro-acetaldehyde : • 
possible metabolic product of 1,2-dlchloroethane, chloroethanol and cyclophosphamide. Proc. nat. Acad. 
Sci., 72, 3190-3193.

* Miller A.(1975). Pulmonary function defects In non-smoking vinyl chloride workers. Envir. Hlth. Persp., 
11, 247-250.

- Mlnlsterle van Volkshulsvestlng, Rulmtelljke Ordering en Mllleubeheer, Publlkatlereeks Lucht 34, 
Crlterladocument over vlnylchloride.

- MQller G. and Norpoth K.(1975). Bestlanung zweler Urinmetabolite des Vlnylchlorlds. Naturvlss., 82,
541.

- MQller G., Norpoth K. and Eckard R. (1976). Identification of two metabolites of vinyl chloride by 
GC-MS-lnvestlgatlons. Int. Arch. Occup. Envir. Hlth, 38, 69-75.

- MQller G., Norpoth K., Rutters E., Herveg K. and Versin E.(1978). Determination of thlodlglycollc acid 
In urine specimens of vinyl chloride exposed workers, intern. Arch. Occup. and Envir. Hlth., 4l» 

199-205.
- Nakamura R.(1983). A mortality study of vinyl chloride workers In Japan. Sangyo Ika Dalguka Zasthli 

5(supplement), 49-57.
- Netherlands National Health Council (1987). Scientific basis for the assessment of vinyl chloric*•

(1984)
Regul. Tox. & Pharmacol., 7 (in press).
Netherlands Ministrie van Volksthulsvesting, Rulmtelljke Ordering en Mllleubeheer, 
Crltereadocument over Vlnylchloride, Publlkatlerlecks lucht 34. t
Nicholson W.J., Hammound E.C., Seldman H. and Sellkoff l.J.(1975). Mortality experience of a c 
vinyl chorlde - PVC workers. Ann. N.Y. Acad. Sd,, 246, 225-230.
RTF (1985). Technical Report No. IR 275. National Inst. Health Publication No. 86-2531. To* C° mice 
Carcinogenesis.' Studies of 2-ch1oroethano1 (CAS No. 107-07-3) In F344/N rats and Swiss 
(dermal studies).
Ocsch F., Thoenen H. and Fahrlaender H.(1974). Epoxldedelysse in human liver blopay speclments • 
and properties. Biochea. Pharmacol., 23, 1307-1317. .

ass*>

, oster R 
Anaesthe 
Osterman 
C.A. (19 
Comm., 2 
Ott M.G. 
environm 
Paddle G 
Patty F. 
commercL 
Perkln-E 
Perbin-E 
Peter S. 
test. Mu 
Peto R., 
(1980). 
animal e 
carclnog' 
Plcciano 
19, 527-! 
Pierre C 
exposes • 
Pour P., 
three tyj 
Prodan I 
chloride 
Purchase 
vinyl ch'. 
Purchase 
In vinyl 
Plugge H 
Rad Ike M 
Envir. H' 
Rannug V 
2-chloro< 
Interact 
Rannug V 
■netabolii 
Rein F.F 
Kollektl' 
Reinl W. 
Industr. 
Reynolds 
tndoplasi 
Richards 
Nut. Res 
Roth, F,
33, 423. 
Saric M. 
with a P

21308107 f
i

I
BFG12715



nt Oster R.H., Carr J. end Krtntz JaC«(1947)« AnicsthciIt XXVIIX. Ntrcosli with vinyl chloride, 
inaesthesiology, 8, 395-361.

ty Ostermann-Golkar S., Hultmark D., Segerblck D., Calleman C.J., GCthe R., Ehrenberg L. and Wachtneister
’u C.A. (1977). Alkylation of DNA and proteins in alee exposed to vinyl chloride. Blochem. Blophys. Res.
.is Comm., 259-266.

Ott M.G., Langner R.R. and Holder B.B.(1975). Vinyl chloride exposed In a controlled Industrial 
ty environment. Arch. Envlr. Hlth., 30, 333-339. 
al Paddle G. (1976). Genetic risks of vinyl chloride. Lancet, 1079.
on Patty F.A., Yant W.F. and Waite C.P.(1930). Acute responses of guinea pigs to vapours of some new 
du commercial organic compounds. Vinyl chloride. US Publ. Hlth. Reports, 45, 1963-1971.

Perkln-Elmer (1960). Adsorption tubes for personal environment sampling. Brochure 43-11-02158. 
yl Perbin-Elmer Ltd., Beaconsfleld, UK.
al Peter S. and UngvRry G.(1980). Lack of mutagenic effect of vinyl chloride monomer in the mammalian spot 

test. Mut. Res., 77, 193-196.
he Peto R., Pike M.C., Day N.E., Gray R.G., Lee P.N., Parish S., Peto J., Richards S. and Wahrendorf J.
•• (I960). Guidelines for slstple, sensitive significance tests for carcinogenic effects In long-term

animal experiments. In: I ARC Monographs, Supplement 2. Long-term and short-term screening assays for 
carcinogens : a critical appraisal. Annex p. 311-426.
Plcclano D.J., Flake R.E., Gay P.C. and Killan D.J.(1977). Vinyl chloride cytogenetics. J. Occup. Med., 
19, 527-530.
Pierre C., Tasslgnon J.P., Pernln H. and Spelkens J.(1979). Etude de la mortalltd chez des travallleurs 

ts exposes au chlorune de vlnyle. Arch. Malad. Profess, de Med. du Trav. et de Secur. Soc., 40, 1131-1145.
Pour P., Althoff J., Salmas1 S.Z. and' Stephan K.(1979). Spontaneous tumours and common diseases In 

* three types of hamsters. J. Nat. Cancer Inst., 63, 797.
Prodan L., Sucln I., Pisloru V., Ilea E. and Pascu L.(1975). Experimental acute toxicity of vinyl 
chloride. Ann. N’.Y. Acad. Scl., 246, 154-158.

’*• Purchase I.F.H., Richardson C.R. and Anderson D.(1975). Chromosomal and dominant lethal effects of 
vinyl chloride. Lancet, 410-411.
Purchase I.F.H., Richardson C.R., Anderson D., Paddle G.M. and Adams K.C.F.(1978). Chromosomal analysis 
In vinyl chloride exposed workers. Mut. Res., 57, 325-334.

,2' Plugge H. and Safe S.(1977). Vinyl chloride metabolism : a review. Chemosphere, 6, 309-325.

RadIke M.J., Sterner K.L. and Bingham E.(1961). Effect of ethanol on vinyl chloride carcinogenesis. 
^ Envlr. Hlth. Persp., 41, 59.

Rannug V., GOthe and Wachtmelster C.(1976). Mutagenicity of chloro-ethylene oxide, chloro-acetaldehyde, 
2-chloroethanol and chloroacetlc acid, conceivable metabolites of vinyl chloride. Chem. Biol. 
Interact., 12, 251-263.

i Rannug V., Johansson A., Ramei C. and Wachtmelser C.A.(1974). Mutagenicity of vinyl chloride after 
’ setabolic activation. Ambio, 3, 194-197.

Rein F.R. and Huth F.(1975). Sechs spontane prlmBre siallgne GeflssgeschwOlste der Lever in elnem 
Rollektlv von 30.000 Obduktlonene. Int. Arch. Arbeitsmed., 34, 237.

} Relnl W., Weber H. and Grelser E.(1979). Mortality of German vinyl chloride and PVC workers. Atch. 
Industr. Hyg. and Toxicol., 30(supplement), 399-402.

f Reynolds E.S., Jaeger R.J. and Murphy S.D.(1975). Acute liver injury by vinyl chloride : Involvement of 
endoplasmic reticulum In phenobarbltal-treated rats. Envlr. Hlth. Persp., 11, 227-233. .

^ Richardson C.R., Styles J.A. and Bennett I.P. (1983). Activity of VCM In the mouse micronuclear assay. 

ice Nut. Res., 122, 139-142.
Roth, F, (1955). HBmanglodothellomatose der Leber nach chronlscher Arsenverglftung. Zentrallbl. Pathol, 

s,v 93, 423.
jaric M., Kulcar Z., Zorlca M. and Gellc 1.(1976). Malignant tumours of the liver and lungs In an area 
with a PVC Industry. Envlr. Hlth Persp., 17, 189-192.

J BFG12716

I

80
T8

08
TZ



Schauer A. and Kunze E.(1976). Tumours of the liver . In: "Pathology of Tumours In Laboratory Anlaalt" 
Vol.II, Tumour* of the Mouse. Ed. Turusov V.S., IARC Scl. Publ. No.23, 1ARC, Lyon.
Scherer E., Van der Laken C.J., Owinner L.M., Laib R.J., Emmelot P.(1981). Modification of 
deoxyguanosine by chloroethylene oxide. Carcinogenesis, 2, 671-677.
Siegel S. (1956). Nonparametrlc statistics for the behavioural sciences. The Fisher Exact Probability 
Test, p. 96-104.
Smith P.M., Crossley I.R. and Williams D.M.J.(1976). Portal hypertension in vinyl chloride production 
workers. Lancet, 602-604.
Snedecor G.W. and Cochran W.G. (1980). Statistical Methods. Iowa State University Press.
Solvelg Walles S.A. and Holnberg B.(1974). Induction of single-strand breaks in DNA of nice after 
inhalation of vinyl chloride. Cancer Letters, 25, 13-18.
SPI - Migration data - see Fed. Reg., Vol. 51, No.22, 3 Feb. 1986, pp.4178-4179.
Stewart H.L.(1979). Tumours of soft tissues. In "Pathology of Tumours in Laboratory Animals", Vol. n, 
Tumours of the mouse. Ed. Turusov V.S., IARC Sci. Publ., No.23, IARC, Lyon.
Suclu I., Drejman I. and Valaskai M.(1963). Contrlbuttl la studlul imbolnavirilor produse de chlorura 
de vinil. Med. Interna., 15, 967-978.
Suclu I., Prodan L., Ilea E., Paduraru A. and Pascu L.(1975). Clinical manifestations in vinyl chloride 
poisoning. Ann. N.Y. Acad. Scl., 246, 53-69.
Suzuki Y.(1981-a). Neoplastic and non-neoplastic effects of vinyl chloride in mouse lung. Envlr. Hlth. 
Persp., 41, 31.
Suzuki Y.(1981-b). Pulmonary tumours induced in mice by vinyl chloride monomer. Env. Res., 16, 265. 
Suzuki Y.(1983). Neoplastic effect of vinyl chloride in mouse lung : lower doses and short-terr 
exposure. Envlr. Res., 32, 91-103.
Szende B., Lapis K., Nemes A. and Pinter A.(1970). Pneumoconiosis caused by the inhalation of PVC dust. 
Med. Lav., 61, 433-436.
Szentesi I., Hornyak E., Ungvlry A., Czeizel A., Bognar Z. and Ilmar M.C1976). High rate of chromosomal 
abberations in PVC workers. Mut. Res., 37, 313-316.
Tesluk, H and Nordln W.A., (1955). Haemangioendothelloma of liver following thorium dioxide
administration. Arch. Pathol., 60, 493.
Theriault G.(19B2). Cancer mortality of Canadian workers exposed to VCM. J. Occup. Med., 24, 730-731. 
Theriault G. and Allard P.(1981). Cancer mortality study of a group of Canadian workers exposed to 
vinyl chloride monomer. J. Occup. Med., 23, 671-676.
Theriault G. and Gaulet L.(1979). Mortality study of oil refinery workers. J. Occup. Med., 21, 367-370. 
Theriault G., Iturra H. and Gingras S.(1983). Evaluation of the association between birth defects ard 

exposure to ambient vinyl chloride. Teratol., 27, 359-370.
Til H.P., Immel H.P. and Feron V.J.(1983). Life-span oral carcinogenicity study of vinyl chloride in 

rats. TN0vCIV0 report V 83.285/291099, Sept. 1983.
Torkelson T.R., Oyen F. and Rowe V.K.(1961). Toxicity of vinyl chloride as determined by repeated 

exposure of laboratory animals. Ind. Hyg. J., 354-361.
Iribukh S.I., Tlkhocinmova N.P., Levina S.P. and Kozlov L.A.(1949). Conditions of work and measures^ 
industrial hygiene in the production of and manufacture from vinyl chloride plastics. Gig. Sanlc*>
38-44.
Turner A.C., Payne A.P. and Bushby B.R.(1984). Determination of ambient levels of vinyl chl°

monomer (VCM) around manufacturers in the UK. Part 7. Warren Spring Laboratory, Report No. LR
514 <AP>-

, .^culture
UK MAFF (1974). Fourteenth report of the Steering Group on Food Surveillance, Ministry or as 
Fisheries and Food. of
UK MAFF (1978). Survey of vinyl chloride content of PVC for food contact, and of foods. M 

Agriculture Fisheries and Food, Food Surveillance Paper No.2, London. lllanc*'
UK MAFF (1984). Progress Report 1984. Fourteenth Report of the Steering Group on Food Sun 

HMSO London.

UK MAFF ( 
Vagaro D 
teleeosmu 
Van Duure 
Acad. Scl 
Van Llero 
Utrecht, 
Verburgt i 
327-346. 
Vlanna N. 
State. Net 
Viola P.L. 
Viola P.L 
chloride. 
Voogd C.E 
89, 269-2 
Ward A.M. 
pathogene 
Watanabe 
relations'. 
Watanabe I 
Inhalation 
Watanabe 1 
admlnlstra 
Watanabe : 
non-protei 
Watanabe I 
exposure t 
Uaxweiler 
among work 
Vi 11 lams : 
disorder i 
-52-157. 
wiIson R. 
^ed. Assoc 
zajdela F. 
c*Uoroeth> 
after subi
352-356.

*0

Co
o
CD

<6

BFG12717

I



■ UK MAFF (1987). Private Communication.

■ Vagaro D., Ahlborn A., 01 in R. and Sahlsten S.(1985). Cancer morbidity anong workers In the 
'■eleconmunlcations Industry. Brit. J. Indust. Med., 42, 191-195.
an Duuren B.L.(1975). On the poaalble mechanism of carcinogenic action of vinyl chloride. Ann. N.Y. 

Acad. Scl., 246, 25B-267.
• Van Llerop J.B.M.(1979). Determination of potentially carcinogenic compounds In food. Thesis, Unlv. of 

1 Utrecht, the Netherlands, May 1979.
- Verburgt F.C. and Vogel E.(1977). Vinyl chloride mutagenesis In Drosophila aelanogaater. Mut. Res., 48, 

327-346.
Vianna N.J., Brady J.A, and Cardamone A.I.(1981). Epidemiology and angiosarcoma of liver In New York 
State. New York State, J. of Med., 895-899.
Viola P.L.(1970). Pathology of vinyl chloride. Med. Lav., 61, 174.

• Viola P.L., Blgottl A. and Caputo A.(1971). Oncogenic response of rat akin, lungs and bones to vinyl 
chloride. Cancer Res., 31, 516-522.

' Voogd C.E., van der Stel J.J. and Jacobs J.(1981). Mutagenic action of aliphatic expoxldes. Mut. Res., 
89, 269-282.
Ward A.M., Udnoon S., Watkins J., Walker A.E. and Darke C.S. (1976). limnological mechanisms In the 
pathogenesis of vinyl chloride disease. Brit. Med. J., 1, 936-938.
Watanabe P.G. and Gehrlng P.J.(1976). Doae-dependent fate of vinyl chloride and Its possible 
relationship to oncogenicity In rats. Envlr. Hlth. Persp., 17, 145-152.
Watanabe P.G., MacGowan G.R., Madrid E.O. and Gehrlng P.(1976-a). Fate of vinyl chloride following 

n Inhalation exposure In rats. Toxicol. Appl. Pharmacol., 37, 49-59.
14Watanabe P.G., McGowan G.R. and Gehrlng P.J.(1976-b). Fate of C vinyl chloride after single oral 

administration In rats. Toxicol. Appl. Pharamcol., 36, 339-352.
Watanabe P.G., Hefner R.E. and Gehrlng P.J.(1976-c). Vinyl chloride Induced depression of hepatic 

1 -m-protelr. sulphydryl content and effects on bromosulfaleln (BSP) clearance In rats. Toxicol., 6, 1. 

watanabe P.G., Zampel J.A., Pegg D.G. and Gehrlng P.J.(1978). Hepatic macrooolecular binding following
a

exposure to vinyl chloride. Toxicol. Appl. Pharmacol., 44, 571.
Waxweller R.J., Stringer W., Wagoner J.K., Jones J., Falk, H. and Carter C.(1976). Neoplastic risk
among workers exposed to vinyl chloride. Ann. N.Y. Acad. Scl., 271, 40-48.

3 Williams D.M.J., Smith P.M., Iayior K.J.W., Crossley I.R. and Duck B.W.(1976). Monitoring liver
disorder In vinyl chloride monomer workers using greyscale ultrasonography. Brit. J. Indust. Med., 33,
152-157.d
Wilson R.H., McCoralck W.E., Tatum C.F. and Creech J.L.Q967). Occupational acro-osteolysis. J. Am. 
Med. Assocn., 201, 577-581.

” Zajdela F., Crolsy A., Barbin A., Malavellle C., Tomatls L. and Bartach H.(1980). Carcinogenicity of 

chloroethylene oxide, an ultimate reactive metabolites of vinyl chloride, and bls(chloromethyl)ether 
after subcutaneous administration and in Initiation-promotion experiments In mice. Cancer Res., 40, 

. 352-356.

e

■e

J
BFG12718

21308110



TABLE 1

■■■s

Historical Evolution of Occupational Exposure Limits in Europe and the USA

Year Authority Limit (ppm)

1954 ACGIH 500
1962 ACGIH 500
1971 OSHA 500
1972 ACGIH 200
1973 UK - HSE 25 (TWA-8h), 50 max.
1974 (April) OSHA 50, temporary emergency standard over 

an 8 h period
1974 OSHA proposed "not-detectable" level
1975 (April) OSHA 1, averaged over 8 h period

with a max. of 5 for 15 min.
1976 UK - HSE 10 (TWA-8h), 30 max.
1978 EEC 3, technical long-term (lyr) limit, 

with 7 as TWA-8h and 8 TWA-lh
1980 ACGIH 5

TABLE 2
Estimated Typical VC Concentrations in Atmospheres of Polymerisation Plants

Year Concentration (ppm)

1945-1955 1000

1955-1960 400-500

1960-1970 300-400

mid-1973 150

mid-1974 50
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TABLE 3

Weekly-average VC Concentrations (ppn) In the Atmospheres of 7 
Polymerisation Plants (Barnes, 1975)

Plant Mid 1974 Late 1974 Spring 1975

A 25 15 12
B 10 5 3
C 10 5 4
D 25 13 5
E 20 14 4
F 40 12 5
G 30 13 7

TABLE 4

Number of VC-related Cases of Angiosarcoma of the Liver by Date of Death

CO
H-
*■*

BFG12720



TABLE 5

Number of VC-related Cases of Angiosarcomas of the Liver by Age at Diagnosis

Age (Years) No. of cases
35 - 39 11

.40-44 24
45 - 49 18
50 - 54 18
55 - 59 21
60 - 64 17
65 - 69 8
70 - 74 3
All ages 120

TABLE 6
jj
S

Recorded Occupations among ASL Cases on Register

*
No.

Production worker/operator 69
Autoclave cleaner 51
General maintenance/Fitter 8
Other jobs 11
Unknown 17

TOTAL 156

*
As several employees have more than one recorded job, these numbers 
up to 120.
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FI6URE 1
Weekly Average Level of Vinyl Chloride 

In Plant Atmosphere (Barnes. 1975)
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FIGURE 2

Residual VC (og/Vg)

levels of rssiduel vinyl chloride (VC) in PVC bottles
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FIGURE 3

Residual VC (pg/kg) CH2=C,

OH
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Levels of residual vinyl chloride (VC) in concencreted fruit drink end cooking
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FIGURE 4
Ha.ior Pathways in Metabolism of VC 

(adaDted from L. Fishbein, “Industrial Carcinogens", 
Elsevier, 1979)

Citrate Cycle, 
Glycine transfer
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A P P E N D I C E S

Appendix 1 : Properties of Vinyl Chloride

Synonyms

Chemical Formula

Properties

General

Physical Molecular Weight 
Boiling Point 
Freezing Point 
Flash Point 
Upper Explosive 

Limit
Lower Explosive 

Limit 
Liquid Density 
Vapour Density 
Solubility

Chemical

VC, Vinyl Chloride Monomer, VCM, j
Monochloroethylene, Monochloroethane

e
CH2 = CHC1

i

y

Vinyl chloride is a colourless gas at ambient 
temperature and pressure with a sweetish odour at 
high concentrations. It Is normally stored and 
handled under pressure as a colourless liquid.

62.5 
-13.9°C 
-153.7°C 
-78°C (open cup)

26% volume/volume

3.6% volume/volume 
0.983 (at 20°C)
2.15 (relative to air at 20°C)
Readily soluble in most organic solvents 
but only sparingly in water

Vinyl chloride will polymerise exothermically 
under the influence of light, air, oxygen and 
initiators such as benzoyl peroxide. Pure vinyl 
chloride is termally stable to quite high 
temperatures, however, peroxides formed by slow 
reaction with oxygen in air may initiate 
polymerisation. Stablisers, such as benzequir.one 
or p-methoxyphenol, and storage in an oxygen free 
atmosphere inhibit adventitious polymerisation.
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Appendix 2 : Test For Significance Of Increased Incidence In Skin Melanoma
In Maltoni's Experiment BT8

In his experiment BT8, Maltoni et al found an Increased incidence of melanoma in 
male golden hamsters exposed to VC by inhalation. This could be taken as supporting 
evidence that the excess of malignant skin melanomas found in humans by Heldaas et 
a^ (1984) was Indeed causally related to exposure to VC. It is therefore of 
importance to analyse statistically the significance of Maltoni's findings, and this
has been done by the reviewers.

The basic data are as follows :

VC Concentration No. of Animals No. with
PPin in Group Melanoma

10,000 30 1
6,CCG 30 2
2,500 30 1

500 30 0
250 30 1

50 30 1
0 (controls) 60 0

This gives the following totals :

Animals

With melanoma Without melanoma
Exposed 6 174
Controls 0 60

d
1

^ When the Fisher exact probability test (Siegel, 1956) was applied to these figures,

W a value of P = 0.174 was obtained. Indicating that the increase in melanoma in the
exposed animals when compared with the controls is not significant. There was no 
significantly positive trend for the incidence to increase with dose, as tested by 
the method of Peto et al (1980).
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By contrast, the increased Incidences of ASL and Zymbal gland carcinomas in the 
Mai toni et al experiment BT 1, in which Sprague-Dawley rats were exposed to VC by 
inhalation, are clearly significant when similarly analysed statistically (p = 
0.0Q11 for ASL and 0.011 for Zymbal gland carcinomas by the Fisher test; and P - 
0.0017 and 2.35 x 10"12, respectively, in the Peto test for positive trends).
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Appendix 3: Estimation of the Exposure Concentration of VC Corresponding 
ii ,he with 50% of the Maximum Metabolic Conversion Rate In Humans

0 VC by
V (P * The present reviewers estimated the concentration of VC In air at which the
:nd P a metabolic conversion rate was at half of its maximum value In humans. This estimate

was based on the decay curves of the VC-concentration in exhaled air after cessation 
of exposure, determined by Baretta et al (1969). The figures found one hour after 
cessation of exposure were used as it is assumed that the concentration in exhaled 
air one hour after cessation of exposure is linearly related to the equilibrium 
concentration in exhaled air during exposure.

Exposure concentration 
(ppm)

Concentration in exhaled air one hour 
after cessation of exposure (ppm)

500 20
250 8.8

100 2.7
50 1.1

The metabolic conversion rate (dCe/dt) may be described by :

» V.C1 - k.Ce (1)

V 3 factor related to respiratory minute volume
k » metabolic conversion rate constant
Cl * Inhaled air concentration
Ce s exhaled air concentration

At equilibrium dCe/dt is zero, and the following equation applies :

»

v u V.Co (2)
* Ee

Thus, in equation (2) the concentration of VC in exhaled air one hour after 
cessation of exposure may be substituted for Ce.
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Appendix 5 : Members of ECETOC Scientiv "i1 r'”" 1-1 1r_n Tr

.5E (Chairman), Director, Central 
Toxicology Laboratory

ICI
(Aldt

ARRATT, Senior Toxicologist BP
(Sunbi

y**
. BROECKER, Coordinator, Progugt-related 

Environmental PrbbTems
HOECHS
(Frank

H.O. ESSER, Head of Biochemistry, Agricultural 
Division

CIBA-GE
(Basel)

P. GELBKE, Head, Department of Toxicology BASF
(Ludwigsh

P.A. GILBERT, Environmental Relations Manager UMILEVER 
(Port Sun!

U. KORALLUS, Medical Director BAYER
(Leverkusen,

C. LUNDBERG, Chief Toxicologist NOBEL INDUST! 
(Karlskoga)

i.G. NOSLER, Head, Coord. Centre
for Environmental Protection 
and Consumer Safety

HENKEL
(Dlisseldorf)

SLIALUNGA, Head of Industrial Toxicology MONTEDISON
(Novara)

'ELS, Envir. Affairs Division SHELL 
(den Haag)

Head of Occupational Health and 
Toxicology Division

SHELL 
(den Haag)

Head, Department of Toxicology DOW CHEMICAL 
(Horgen)
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