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TOXICOLOGY OF VINYL~CHLORIDE MONOMER

This paper was presented at the occupational health session of the
C.I.C. Conference, London, Ontario, June 1, 1976.

The speaker from Occupational Health Protection Branch, Toronto, was
responsible for setting the VCM level in Ontario at 10 ppm in the
atmosphere. He stated that the 1 ppm level, commonly accepted by
some regulatory agencies, is unrealisticly low.

J. G. Budlovslyy, M.D.
MEDICAL CONSULTANT
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VINYL-CHLCGRIDE

Vinyl chleride (chlorethylene) is a chlorinnted hydrocarbon. It is

a colorless pas, heavier than air, its density being 2.16. 1t is

flammable and explosive.

. i

boiling point

vapour pressure 760 mm Hg (13.8C°)
It is slightly soluble in water, soluble in ethanol, very soluble

in ethyl ether.

It is a «colorless gas with a weak sweetish odor resembling chloroform.

62£901 S%BH

'Its TLV is 10 p.p.m. or 26 mg/m3 with a C~level of 25 p.p.m. for

15 minutes.

Jts sweet odor can be detected only in high concentrations.

All chlorinated aliphatic hydrocarbons have cemmon toxic effects.

They are . "
SLIDE .
1) neurotoxic = ——~———-- depressant of the CNS
2) local irritant  seesw—-- respiratory tract, eyes, skin
3) systemic toxic =e—wenme- liver, kidneys.

With all chlorinated hydrocarbons, acute and chronic intoxication
can be expected. The acute intoxications very often have a

biphasic course. 1In the first phase, usually anesthesia prevails,

whereas in the second phase, the systenic effects like liver damage

davelop. These can becone chronis consequences of acute intoxications.




VINYL-CHLORLDE (cont'd)

With chronic intoxications, the systemic effcets are in the foreground.
The chronic damage to the CNS manifests itself{ with behavioural changes,
‘sleépiness and fatigﬁe_during the day and sleeplessness during the
night, headaches and dizziness. With some compﬁunds, the damage to
liver and kidneys is in the foreground of the clinicallpicture. There
have been many trials to predict the prevaleuce of the individual toxic
effects of the chlorinated hydfocarbons by using the chemical structure
such as number of chlorine atoms in the molecule or length of chains

or double bonds. None of these trials was successful.

Vinyl chlovide was industrially synthetized {or the first time in 1912,
but only after the huge development of the plastics industry and after
the discovery of the polymerisation of VCM its production jumped and

is today second only to the production of polyolefines. Its world

0£€901 SBH

production in 1970 was 6.2 million tons, almost one fourth of it in
the U.S.A. It is used polymerised in many industrics and last but not

least in the production for medical appliances.

The gas vinyl chloride was industrially preduced by hydrochlorination

of acetylene using mercuric chloride as a catalvst. This process was

the cause of llinimata disease - chronic intoxication with methyl
mercury. At present, it is manufactured by theriral dehydrochlorination

- of ethylene dichloride.

SLIDE
HgClz as catalyst
CHECH+Hé1—*CH2=CHCl
11 |

CHp=Cliy+HC1—>Cliy C1=CH, C1+¥a0H~> CHy =Cif C1-+i{a C1+H70
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VINYL-CHLORIDE (cont'd)

Health Hazards

Following the process of ﬁroduction is the ecasiest way to evaluate ,;
the hazard of VCM. The production takes place in enclosed systems r
and the employees are cxposced to this substance only for short periods.

lHowvever, leakages cannot be entirely prevented and in the U.S.A. up

to one to two p.p.m. were found in the vicinity of the VCM plants.

After polymerisation, ghe film remaining on the vessel walls contains
3 - 8% of the monomer. Up to 50%Z of this is released during the
cleaniné of the reactors. Automatic clecaning of the reactor vessels
by water jets and scrubbers has effjciently reduced the exposure of
the cleaning procedure. Automatic cleaning, howevar, is not quite
effective and has to be supplemented by hand~cleaning after cvery

20 - 30 polymerisation processes.

In 1955, Van Oettinger reviewed VCM and concluded that the gas had,
in high concentrations, anaesthetic properties; however, its dcpressing -
effect on the circulatory syvstem and its high flammability have pre-

vented its use as a surgical anaesthetic.

In 1957, Filatova reported the occurrence of Raynaud's Syndroirc ameng
workers in a VC polymerisation plant in the USSR. The concentration
of VCM in this plant was below the Russion TLV of 1 mg/l air or

400 p.p.m,

In 1960, Danzinger reported two cases of accidental fatal poisoning

with vinyl chloride. Tnese cases wove investigated by Dr. Mastromatteo =

and one year later they published together the effects of acute cxposure
for vinyl chloride in animals. They quote results of Lebhman and Flury

who noted that 'VCM was highly narcotic, and that the margin between




VINYL-CHLORIDE (cont'd)
irritating effcct and its toxicity were considered to be very slight

as climination from the body was rapid.

, SLIDE
1955 Van Oetringer Narcotic properties
1957 Filatova Rﬁynaud‘s Syndrome
1960 Danzinger & Mastrematteo 2 fatalities (acute)
1961 Torkelson - animal experiments (50-500 p.p.m.) - TLV50 p.p.m.
1966 Acro-osteolysis reported
Deqembeé
1973 3 cases of angilosarcoma of the liver reported

Mastromatteo and co-workers used VCM in concentrations of 10, 20, 30
and 407 for animal experiments. The animals, rats, mice, and guinea
pigs, were cxposed to these concentrations for 30 minutes. All
animals werc unconscious but recovered within five minutes after
exposures to 10 and 207%7. At 30%, all mice, rats and one guinea pig
out of five did not surine. Congestion of lungs and liver, fatty
degeneration of the liver and degencrative changes in the kidneys

were found.

In an epidemiological study in 1971, Dinman and co-workers reported
their ewperiences rcferring to Rayraud's Syndrome and to Acroostaolysis
among VCif workers, They fouud:
1. Raynauvd's Syndrome was the first manifestation noted and tends

te anteced2 the bone chanzes of ostec-ucrolysis.

2. All of the 25 afflicted vorkers had been reactor cleaners.

In unsuzcessful artempts to produce acro-ostoolysis, the carcincgenic

properties of VCM were discovered. Rats, after inhaling VCM in con-

ze€90l S8
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VINYL-CHLORIDE (cont'd)

centrations of 50 to 2000 p.p.m. for four hours/day for five days/weel
during one year developed with the cxceptions of the ones cxposed to
50 p.p.m. malignancies of liver, skin, lungs and intestines. As a

. ’ r £
spccial case of liver cancers angiosarcoma was obscrved (Torkelson

‘1961) and a TWA of 50 p.p.m. was supggested.

Metabolism of VCM

VCM éfter being absorbed in the lungs is carried by the blecod stream
to the brain, where it exerts its depressant action and is mainly
metaboliéed in the liver. Rannung of Sweden ﬁsed S. Typhiwmurium (a
bacterium causing a kind of pavatyphus) to test Ve for its capacity
of inducing mutations in these bacteria. He found that VC¥ becanme

mutagenic only after liver cells were added to the cultures.

The liver metabolizes VGl to chlorethylene oxide which is further
oxidized to chleracetaldehyde and lastly to chloracetie acid. his

and the aldehyde are excreted in the urine.

Chloracetaldehyde competes with acetaldehyde produced in the
metabolism of alecchol for the enzyme acetaldehyd-dehydrogenase. 2An
excess of toxic acetaldehyde in the bleoed results. This is the reason
why intake of alcohol shortly aftoer VCM exposure is of special toxi-

cologic importance.

(hlorocthylene ig an epoxide and an alkylating agent, furtheracre, it
ceuld be during the merabolism cxidized to chlore-mothiyl-mechiyl cther

which iIs a strong carcircgaen in onimals.
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VINYL~CULORLDE (cont'd)
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SLIDE
=0 0
: Cl.CH=CH2—9C1~CS—§H2"§C1.CHz—C—H—}Cl.CHZiC_OH
o .

Chloracetic acid in the urine gives a positive result of the

Fujiwara reaction. Maybe this reaction could help to evaluate the

exposure of VCM workers.

The connection of human exposure to VCM with carcinogenesis was
suspected in 1973, after thrce consecutive cases of anglosarcoma

causing death-in VCM workers were reported.

Angiosavcoma of the liver is a very rare tumor in man. According
to the U.S§. Wational Cancer institute, only 0.0014 cases per 100,000

population are cxpected to occur in one year.

In 1974, when the International Agency for Research of Cancer

cempiled 22 cases of angiosarcomas in VC-workers, 15vof then were
reported in the U.S., 2 in Sweden, 1 in Nerwvay, 1 in the U.K. and
three in Vest Germany. The time of expesure in these cases ranped

from 13 to 30 vyears.

There is, bf course, the questicn of whether results obscrved in
animal studieé can be applied to man., 1In the case of VCM, these
considerations arc not important a2s similar health elfects both
acute and chronic have been cbserved in men. Resides signs result-
ing from damage to the central nervous system, Raynaud's Syndroma
(white fingers), acro-asteolysis, signs suggesting chronic liver

damage and angiosarcoma werc scen in exposed workers.

yE€€90L SBH
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' examiuation of the fingers of both hands.

VINYL-CULORIDE (cont'd)
Prevention muét be both engineering and medical.
Medical prevention must start with a good pre-employment examination
directed especially to the functional status of liver and kidneys.

Alcoholism is a contra-indication for empleyment in VC exposure.

’
Follow up examinations should include certain liver function tests,

looking for Raynahd's syndrome and if this has been found, X-ray

People with pathological results of liver function tests and/or

Raynaud's syndrome should be remcved from exposure.

Cougrary to the acute and chronic healéh hazards encounteced in

the production of VCM, the hazards 6f processing PVC are negligible.
PVC when heated e.g. at the extruding nozzle, can give off small
amounts of hydrochloric acid vapours and vet smaller amounts of
chlorine gas, which may irritate skin,conjunctivaland the upper
respiratory tract. However, lately a case of pneumcconiesis was
reported from Hungary. It occurred in a man who shoveled for onez

ycar PVC powder.




POSITION STATEMENT: VCM MORTALITY STUDY

The results of a study by Dr. Buffler and others of vinyl chloride

monomer (VCM) plant employees in Dow's Texas Division show that the
total number of observed deaths due to cancer (malignant neoplasms)
was not substantially different from expected. The results of the

study may raise a concern because a statistically significant dif-

ference is reported between observed and expected malignant neo-

plasms of the respiratory system.

However, the results must be viewed in perspective and considered

with other available data. It is important to note several facts

concerning the Buffler study:

1) The number of cases was very small.

2) There were five cases of cancer categorized as respiratory
cancer by the ICDA coding system.

3) One of the five respiratory cancers was a type of tumor
(mediastinal teratoma) which is not classified as lung
cancer.

4) The mediastinal cancer occurred in a 21 year-old employee
exposed for only ome year to VCM (which is an unrealistically
short latency period for development of any tumor due to VCM).

5) When this mediastinal cancer is deleted from subsequent
analysis, there is not a statistical difference between
observed and expected numbers of respiratory cancer.

6) Of the remaining four cases of respiratory cancer in em~
ployees with long-term exposure (greater than 5 years) to
VCM, all had positive smoking histories.

7) Other studies of much larger populations with higher exposures
have failed to show a definitive correlation between V(M and
respiratory cancer.

8) The incowmplete industrial hygiene data prior to 1970 neces-

sitated subjective estimates of exposure levels.

9€€901 Spy
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POSITION STATEMENT — Page 2

9) The "initial exposure to vinyl chloride occurred in mid-~
career (34-43 years of age) for all four persons who died
of lung cancer. In this regard, the lack of information
on previous employment or occupational exposures for these
individuals adds to the difficulty of interpreting the

significance of these statistical findings."

We agree with the authors' conclusion that; "in view of our inability
to detect a significant dose-response relationship, we cannot state
that the observed excess in respiratory cancer deaths is due to VCM
exposure. However, ...a relationship may exist.”" The authors also
state that '"the results of this study can only be considered in con-
junction with other studies, both past and future. In view of in-

consistent reports to date, more studies... are needed."

Dow will continue to closely examine employees exposed to VCM and to
conduct and support additional studies aimed at determining and

understanding any health risks that may be related to VCM exposures.

We do not believe that our employees are at any additional risk of

lung cancer due to their current exposure to vinyl chloride.
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