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Abstract:

Vinyl ehloride or monochlorethylens CHp = CACl, discovered by
Regnault +in 1835 [1] by reacting potaseiwn bydroxide in
aleohol with 1,1-dichloroethane or 1,2-dichlorethane, is

one of the representatives of the class of halogenated
derivatives of the aliphatic hydrocarbone most widely used
in tndustry. ATtar having long been coneidered as one of the
least toxic among the substances of this series, it has
recently been proven very dangerous, especia~ly due to its
earcinogenic properties, which may be manifested not only in
laboratory antmals but also in pan. ~ The objective of the
present article is to clarify this question. It s divided
wnto several parts: 1. Presentation of the compound,
indicating the ways in which it i8 produced and its principal
physical and chemical properties, as well as its industrial
uses, making it poseible to define the conditions and circum-
stances of exposure which, along with the torieity, determine
the manifestation of the rigks. 2. Information on the
different forms of vinyl chloride toxicity, with particular
attention to the toxic effects over a more or leas lengthy
period, including the earcinogenic effects which may result
from repéated exposure to this chlorinated hydrocarbon. 8.
Risk prevention measures to be applied for the protection of
cecupationally -expqsed subjects. -

*Director of the Toxiecological and Industrial Research Center, Nevartment of
Pharmaceutical and Biological Sciences of the Rene Descartes University;
**Physician, Rhone ~Poulenc Industries.
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1. Presentation of Vinyl Chloride CHg = CHCL
A. ’.F;reparation

We shall not discuss laboratory methods or methods abandoned by industry,
such as the action of soda on dichlorethane.

The phenomenal growth of the production of FPVC 1s due In large part to
the availability of cheap monomer.

Direct synthesis from acetylene and hydrochloric scid has leng been the
main preparation method. The reactiorn takes place in the gaseous state
between 150 and 200°C and contact with activated charcoai impregnated with
mercuric chloride. The yield is 99Z with 2 slight excess of HCl.

CH = CH + HC1 + CH, = CH C1

Another process for the preparation of vinyl chloride is the dehydro-

chlorination of 1l,2-dichloroethane
cm,c1 - om,e3 3 an, = el

The cholice of one method or another is guided by economic considerations
(price of acetylene) and the availsbility of hydrochloric acid.

The process involving acetylene consumes HCl while the process with
1,2-dichlorcethane produces it. Sometimes there are two laboratories to
equalize the HC1l balance.

New processes based on ogychloriuation techniques have_recently been
applied and developed industrially. They are based on the Deacon Process,
the hydrochloric acid being oxidizéd by the air at around 500°C to produce
chlorirne and water. The reaction takes place in the presence of ethylene, which
serves as a chlorine aoceptor and controls the reactiom.

According to this principle, a procedure has been developed
allowing the simultaneous synthesis of several C; chlorinated compounds in

variable proportions, as needed, particularly vinyl chloride, 1,2-di-
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chloroethane, which is subsequantly transformed by thermal cracking into
vinyl chloride, trichloroethylene, perchloroethylene, vinylidene ’
chloride, etc., and tetrach;oroethape which s also transformed by
cracking. According to the local conditions, the process may be an HCL
consumar, an equalizer, or even an HC1 producer.

CH+ C)y —> CH,Cl + HC
'CH, @ 2Cly — CH,Cly + 2 HCI
'CQHQC‘. — C’H’C‘ + MNCI
C,H;Cly =3 C;H,Cly + HCI

The hydrochloric acid produced in this way is combined with ethylene and
oxygen (in the form of air) at 300°C using a copper catalyst. The
oxychlorination reactions thus developed mainly produce dichloroethane, which
is dehydrochlorinated to give vinyl chloride.

‘CHe + 2 HCH + 172 (0, + 4 Ny)
; —> GHCL+ HO+2H,
[GHCl —+ GOl + HE '

Two points should be emphasized:

1. The operations are conducted continuously in hermetically scealed
systems and, as a2 consequence, without accidents (lesks iﬁ particular);
exposure of the workers invﬁlved is practically nonexistent,

2.' The monomer vinyl chloride produced in modern plants
has a very high degree of purity. It contsins less thaun 20 ppm by volume of
organic impurities checked by gas phase chromatography (1,2-dichlorosthane, -
methyl chloride, propylene..). The vinyl chloride ocbtained in the form of
a gas 1s liquefied and stored as a liquid under pressure.

with respéct to the quantities produced throughout the world, which are
very high, we take the 11bert§ of directing our readers to the report of a
vinyl chloride study. grouv, which met in Lyon on.June 23 and 24, 1974

.

under the auspices of the Internationel Cancer Research Center [2].
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B. Phyeical and Chemical Properties of Vinyl Chloride
tinder normal temperature and pressure, vinyl chloride (molecuiar
weightt 62.5) is & colorless gas, but it is ordinarily used ther 11quefaction.
under pressure. R
The physical constants are as follows:
Bof1ling POINt cecissesncecnsroncssnnosscs =13.9°C
Density of the liquid Dio eesessesssvenes 0.,9121
Refractiv; index'n%o cerssusrastesans eees 1.4066
Vapor density {air = 1) cveeciianenncaess 2.15

VaPOT PrESSUTE ccnrevsscassvssscsosssesses 2660 mm of mercury at
’ : 25°C

Heat of polymerization ssseevervrccecessss 23 kecal/mole
{400 cal/g)

It is inflammable and forms explosive mixtures with air at concentrations

between 4% and 22X by volume [3].

It is slightly soluble in water (0.11¥ weight/weight at 25°C) [4], scluble
in alcohol, and very soluble in ether, caréon tetrachloride, and benzene.

It ig also very soluble in lipids.

'On the chemical leéel, it is easily polymerized under the influence of
solar rays and/or catalysts.- This polymerization reaction has been recognized
by Baumann [5] but has been’ cited in particular by Ostromyslinski [6].
According to Lefaux [7], the catalyéts most widely used at the pfesent time
are hydrogen peroxide, organic peroxides, ozbne, and’the persulfates.

By codbustipn, it produces hydrochloric acid, carbon.monoxide, and carbon
dioxide gas [8]. '

Under the effect of strong alkalies at a high temperature, vinyl chloride

is released in the form of chlorides.

.
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C. Uses of Vinyl Chloride

According to the information‘assembled by "Chemical Informatioh Services,
Stanford Research Institute, California" and reported to the International
Cancer Research Center [2], in the United States, the majority (about 97%)
of the vinyl chloride produced was used for the manufacturing of polyvinyl
chloride (PVC) or of copolymers in which it is found in cowmbination with
other monomers, the principal one of which is vinyl acetate.

The PVC industry came.to life in Germany during the thirties. and then
began its rise in the United States and France around 1940. It developed to
& considerable extent after the war.

Numerous applications of vinyl chloride have been put into practice,
especially its use as a refrigerant, as an extraction solvent, and particularly
as a propellant in the production of preparations for domestic use designed
to be dispersed in t@e form of aerosols, products such as insecticides,
cosmetics, or even‘drugs.

These applications were completely eliminated in France a nunber of years
ago, vinyl chloride having been replaced by non-inflammable fluorinated
hydrocarbons. It still appears to be used as 2 raw material in the manufacturing
of 1,1,1-trichlorcethane or methylchléroform, a solvent very widely used in
industry, and in the manufacturing of monocﬁloracetaldehyde, an intermediate

-

product in the manufacturing of certain drugs of the sulfonamide class.

.The manufacture of polymers having a vinyl chloride base‘(Pvc or
copolymers), whose annual production on & world scale is about
7 million tons (about 700,000 tons for France), is determined by
the quality desired based on the specified purpose. But, from all evidence,
the basic process lies in the polymerization of the Qinyl chloride. This
polymerization is a polyaddition reaction, the macromolecular chain elongating
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by end-to-end addition of monomer molecules. It is initlated by chemical
compounds capable of decomposing under the effect of heat, producing free
radicals. Generally speaking, these radicals are organic peroxides.
Polymerization may take piace in the presence of a dispersing wedium (water)
(polymerization in emulsion or in suspension), or in a liquid monomer under
pressure (bulk polymerization). In certain cases, it is carried out in
the presence of another monomer capable of copolymerizing, for example, vinyl
acetate. The temperature (generally ranging' between 40 and 70°C), the
pressure (6 to 10 bars), and the nature of the catalyst modify the behavior
of the reaction. These diff;rent factors inflvence the length of the linear
macromolecular chains, and the presence and form 6{ the lateral chains.

The common industrial polymers have average molecular wefghts ranging
between 50,000 and 100,000 [9]. They come in the form of white’ powders, of
low apparent density;(o.bo to 0.60).

The thermal degradation of PVC begins at 200°C with the release of hyédro-
chloric acid. The speed of degradation increases rapidly with the temperature.
The color of the polymer turns from white to bréwn and then to black. The
decomposition procedure is not yet perfectly understood and there are several
conflicting theories. Certain authors [iO] suggest the formation of free
radicals followed by a molecular rearrangement With. the release of HCl; other
authors [lli think that the un;aturation activates the adjacent chlorine
molecule. .

There are numerous stabilizers which prevent the degradation of PVC,
regardless of the origin (thermal or undgr the effect of ultraviolet rays).
These stabilizing agents share the property of feacting with the HCl released
at the beginning of decomposition so as to prevent an autocatalysis of the
reaction, Certain stabilizing agents can be used alone. These are the

-6-

-

" AP00007936



"primary” stabilizers. Others have a synergistic effect with the primary
stabilizers but cannot be used alone. These are called "gecondary' stabilizers.
The main stabilizers used for PVC are the organic metal salts (lead, tin,
calcium, barium, cadmium, ete.), epoxidized oils, or phosphites. They are
generally used at levels ranging from 0.1% to 3% of the weight of the

resin.

Polyvinyl chloride is sometimes supplemented with plasticizers which
facilitate the work of a plastic material and, in particular, givé it a permanent
pliability. A large number of plasticizers have been proposed.’ We shall
mention, in particular, the inorganic acid esters (phosphates), the organic
acid esters (phthélates, adipates, sebacates, ricinoleates...), polymers
(polyesters), and high polymers {(butadiene-acrylic nitrile copolymer, for
example).

Non-plasticized polyvinyl chloride can be worked at 170-210°C and welded
at 200°C in a jet of hot air. Plasticized, it can be worked at & lower
temperature {160 to 180°C). The main transformation processes are extrusion,
calendering, injection, and extrusion-blowing.

The polymerization of vinyl chloride and the subsequent operatioms, unlike
the manufacturing of vinyl chloride, which.takes place continuously, as we

have seen, are‘almost always performed discontinuously and require

human participation at various stages in the work: polymerization autoclaves,
addition of adjuvants which may have a toxicity of their owm, conditioning, .
bagging of the resins, etc.

Upon stopping polymerizatiom, a fraction of the vinyl chloride whose
quantity depends on the polymerization method used {emulsion, suspension, or
bulk) and which generally ranges from 3% to 20% of the total charge, is
still present in the reactor. This vinyl chloride is.eliminated from the
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tesin by degassing, either directly in thg.autoclave or in a specisl apparatus.
This operation is performed, first, by connection to a condensation circuit,
the vinyl chloride being recovered in liquid form to be reused at the time

of another polymerization operation. When the pressure drop is total, the
remaining traces of vinyl chloride are eliminated almost completely by re-
peated vacuum extraction tepar;ted by pericds in & nitrogen atmosphere.

After the last vacuum extraction, the container with the PVC is filled
with-air, It may be transported either directly to screening installations
when bulk polymerization is involved, or to dryers where the water present

45 eliminsted, in the case of smulsion or suspension processes.

In the chapter dedicated to means of preventing risks which may result
from exposure to vinyl chloride we shall see that, following the discovery
of the occupationsl pathology of vinyl chloride, numer;us technological im-
provements wera made in the processes used, with a considerable reduction
in the degree of exposure as a consequence.’

2, Toxiecology of Vinyl Chloride

-Before going into the details, we feel that it would be useful to take
an overall look at the history of the development of our knowledge on the
toxicity of vinyl chloride, since this compound iz a npectacplar example
of the constant vigilance which must be exercised by toxicologists to
detect any chemical agent capable of polluting the occupational or general
environment.

A, Imtroduction to the Study of the Toxieology of Vinyl Chloride:
Historical Review

Vinyl chloride--undoubtedly the compound most widely used in the

plastics industry for more than 20 years--has never been considered as
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in practically all the world's producers, and especially in a particular

particularly dangerous on the human toxicological level until relatively
zecently. - )

Of courses it was known to be inflammable and explosive, but the precau-
tions.tnken against the riaks deriving from these properties scemgd to be
largely sufficient.

Nor was there any lack of knowledge as to its marcotic powsr at high
doses,. and some cases of coma had been reported during prolonged accidental
exposures. in a concentrated atmospheré. There was nothing surprising in this,
since it was known that, as with thg majority of the compounds belbnging
to the same chemical class, its volatility--affecting pulmenary penetration—
permitted rapid access to the central nervous system, &lthough its lipid solubility
4nfluenced binding and retention at this level. But, even in this regard,'
it was considered to be one of the least toxic chlorinated hydrocarboms,
which meant the reconmendation of a relatively high permissible limit in the
atmosphere of working sites: 500 ppm, i.e., under normal teﬁperature and
pressure, 1275 ng/en>.

But 1963 saw the discovery for the first time of cases of bone disturbances
of the osteolytic type, particularly--but not exclusively~-striking the hands,
with disappearance of bone tissué from the ungual phalanges of several
fingers on both hands (acroosteclysis syndrome)}. The cases reported occurred
category of workers--qutoclave decrusters. These workers were responsible

for manually removing, with a type of trowel, the inevitable crusty residues

of polymerization. The operation lasted about 1/4 hour in a vinyl chloride

atmosphere. It sufficed to enter an autoclave at the end of the
operation to smell this weakly etheral, but charscteristic odor which meant
that the workexrs were inhaling air containing at least 40 ppm--or often more--

' g-
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of vinyl chloride, which scarcely caused a stir gt the time.

The proportion of subjects afflicted was in the order of 2 to 3X of the
workers. Other subjects presented an abnormal prevalence of circulatory
disturbances, similar to those characterizing Raynaud’s phenomenon.

It was at the 16th International Occupational Medicine Congress, held in
Tokyo in 1969, that the first three Yeports were presented on this subjeet, one
by Professor Viola, occcupational physician of the Solvay Company at Rossi-
gnano Solvay (Italy) [12].

The etiology was unknown dué to the diversity of the ingredients used
in the manufacturing of PVC, but an analysis of the data resulted
in the incrimination of vinyl chloride exposure. Furthermore, Professor Vicola
had reproduced lesions similar to those observed in PVC workers in his
experimental investigations on the rat,exposed via the pulmonary route to
very high doses of vinyl chloride it is true (30;000 prm), 5 days per week
for 1 year.

Pursuing his experimental studies, he confided to ome of us who visited
him about his anguish over seeing the development in exposed animals of a
number of tumors (skin. lung, and bone, in particular). This was the
subject of his report to the 16th International Cancer Congress in Houston
{United States) in May, 1970 [13).

These observations, added-to those concerning the effects of vinyl
chloride on the bone system, had a resounding effect. They led four major
European producers of PVC (Montedison, ICI, Rhoﬁe-?rogil, Solvay) to join
forces in consulting an eminent cancerologist, Professor Halt&hi of the
University of Bologna, concerning the execution of a very strict long-term
experimental program. These tests were to be conducted for 2-1/2 to 3 years

on several species of animals. The animals were to be exposed by the
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pulmonary route to different concentrations of vinyl chloride as purified as
possible. .
Begun in July 1871, these experlments,.which unfortunately confirmed the

carcinogenic powar of vinyl chloride, revealed—-in addition to the locations

reported by Viola--other specific locations, notably mephroblastomas and
especially angiomes and hemangiosarcomas of the liver, which are extremely
rare mal;gnant tumors in animal species 8u§jected to experimental tests.

The production of such effects by the pulmonary route disclose a "system
pathology" resulting from exposure to vinyl chloride which proved to be a
toxic agent having a vascular affinity, as demonsﬁrated,by signg gimilar to
Raynaud's disease‘(with an asphyxia of the extremities), multifocal hepatic
tumors or cellular atypia, pften combined with §ascular ectasia and
endothelial hypertrophy.

We were a long way from the microtraumatically induced local action

mentioned at the‘ﬁeginning to explain the lesions of the hands of autoclave

decrusrers!
However, although observations related to human bone pathology had
preceded etiological confirmation in the animal ag to the culpability of
vinyl chloride, it could at least be hoped that the_neoplastic pathology
of animals would not be found in human subjects exposed to .it.
-Now, in January, 1974, information from-the United States has reduced

such hope to nothing. American .organizations MCA (Manufacturing Chemists

Asesociation), NIOSH (Rational Institute on Occupational Safety and Health),
OSHA (Occupational Safety and Health Administration) informed by the
Europeans of the experimental results, had performed an epideniological
study. They were able to confirm the discovery of 13 cases of hepatic
hemangiosarcamas in workers exposed to vinyl chloride, including 7 at the
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Goodrich Plant in Louisville (Kentucky) where--revealing coincidence--~the
first cases of acroosteolysis had appeared! -

There is no need to stress the consequences of sugh observations, to
which new ones are being p;ngressively added--vhether in the United States
or in other countries--and to stress Eheir reverberation at all levels
(certain ones with passion in the wake of the first emotion) with
respect to the protective measures which it was imperative to consider.

We shall only say that the discovery of 'a carcinogenic effect.'of wvinyl
chloride in man presents toxicologists, doctors, and health specialists
with a burning problem with respect to the preventive measures to be implemented
at pumerous levels; first of all, according to all evidence, at the level of
PVC productien plants.

After this general intrcduction, we shall now go into greater detail in
examining toxicological information concerning vinyl echloride, compiled from
experimental studies on laboratory animals or epidemiological observations
and surveys of exposed human subjects.

We shall consider successively:

l. Data on’acute or subacute toxicity.

2. Data on more or less long-term toxicity.

B. Acute and Subaocute Toxicity of Vinyl Chloride -
The acute toxicity of vinyl chloride, i.e., the series of harmful effects
which may result from a single exposure, has been studied by inhalation
for different periods of air containing various concentrations of the
product in several specfes of animalss
--'in the mouse, by Peoples and Lgake (1933) {141 and by the researchers
from the Pharmacology and Toxicolbgy Division of the National Institute
of Public Health of the Netherlands {15];
-12-




— in the rat, by H. Danziger (1960) [16] and by Lester et al. (1963) [17];
~ in the guinea pig, rat, and other laboratory animal species- by Mastro—
Matteo et al. (1960) [18].

The following table (T;kle I) summarizes the data obtained on the guinea
pig.

We must also add to this table the data supplied by Patty [3], according
to which the maximum concentrations capable of being survived by the guinea
plg for wvarying éxposure'periods are the following:

50 to 70,000 ppm for 1 houry

25,000 ppm for 8 hours; ' -
although exposure to concentrations of 15,000 ppm for 1 hour and 5,000 ppm
for 8 hours, respgctively, did not cause serious problems.,

Patty described pulmonary edema and hyperemia of the kidney and the
1iver in animals dying of an acute exposure. )

In summary, observations in laboratory animals showed an affinity.. .
for the central nervous system,.with narcotic effects which can represent
true anesthesia and, at sufficient doses, cause death from respiratory - -
and cardiac collapse. The rapid reversibility of the narcotic effects after
stopping the exposure should also be noted.

Ve mgst point out that, according.to the figurss shcwﬁ in the table,
exposure of the guinea pig to'a concentration of 10,000 ppm did not cause
any apparent disorder; but it is not without interest to recal} that Vicla's
experiments (12}, rats exposed to concentrations of 30,000 ppm
4 hours per day and 5 days per week for a period of 1 year, did
not present disturbances immediately. Although we are talking about

longer exposure times, to be surs, we would also like to mention Torkelson

who, in ‘1961, exposing rats to vinyl chloride doses of 500, 200, and

.
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Table 1. Exzperimental data related to the acute toxicity of vimyl chloride
n the guinea pig. .

Concentrations
Parts Per p t
M{llion by iter Puration of Exposure Observations
Volume ng :
(p.p.m.)
400,000 1024 15 seconds animal lying ou its side
" " 10 to 20 minutes dead
150,000 384 :
to to 1 minute animal lying on its side
200,000 640
” v 16 to 20 minutes deep narcosis
" " 18 to 35 minutes dead
100,000 256 2 minutes aninal lying on its s=ide
n " 60 minutes deep narcosis
v " 120 to 340 minutes greatly retarded respirations
but not dead
50,000 123 50 minutes deep narcosis
" " 360 minutes greatly retarded respiration,
but not dead
10,000 25.8 480 minutes no signs of marcosis

100 ppm for 4 to S months, observed lesions of the liver and kidneys without
tumorous manifestation on anatomo-pathological examination J19)..

The narcotic effect -of vi;yl chloride i{s found inman. Two eccidental
deaths have been reported [16). 'They oécurred_durins work performed in

8 local vineyard (fermenting chamber) where the vinyl chloride content must

have been high_aﬁd the aurveillaﬁce nonexistent.

One member of our group succeeded in obtaining information from a large
chemical product company, concerning observations made in two workers who
had gone into the initial stage of anesthesia in decrusting vats that

“14-
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they had entered before degassing and who owed their health only to the
prompt intervention of the supervisors. The doses must have been greater
than 10,000 ppm. '

At lesser doses, vin;i-chloride has an irritating effect on the eye
(conjunctivitis, keratitis) and skin (erythema and even phlyctense in
the case of spurting of liquid vinyl chloride), in these cases justifying
immediate,heavy and prolonged washing--an emergency procedure imperative fo}
any chemical burn.

As a supplement to the observations concerning the acute toxicity of
vinyl chloride, ﬁe thought that it would be a good $dea to indicate the few
data unearthed in the specielized scientific literature on subacute toxicity,
i.e. on the toxic effects which may eventually be produced by repeated exposure
to vinyl chloride during a short period and at very short
intervals.

_ Indications on this subject have been given in a monograph from the
National Institute of Public Health of the Netherlands [15].

Rats and mice, exposed for 4 houxs per day for 5 to 8 consecutive days
to & concenﬁration of vinyl chloride sufficfent to induce signs of mild
narcosis, did not present any signs of liver or kidney pathology.

.In thelr study of the effects of vinyl chloride on the ratr, Lester ei al.
[17] exposed the animals to 'cct;cantrations of SO,Q;:)O PPN for. 8 hours per day
during a period of 19 days and 20,000 ppu for B hours per day during a period
of 92 days. They did not observe any effect on growth, hemoglobin level,
hematécrit, prothrombin level, or on the macroscopic and microscopic
characteristic; of the principai organs.‘ However, at two concentrations,
they observed an increase in the liver weight/body weight ratio and

a decrease in the white blood cell count and, at a concentration of

-15-
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50,000 ppm, an increase in the red blogd cell count,
In man, Lester et al. [17] obsetved 3 men and 3 women exposeé for
5 minutes 2 times per day at & hour intervals for a period of 3 consecutive
days, .at concentrations &é A,OOD, 8,000, 16,000, and 20,000 ppm, respectively.
They cbserved that only levels above 6,000 ppm caused mild symptoms of imn-
toxication: vertigo, nausea, and decreases in visual and auvditory acuity.
Baretta, Stewart et gl. (1969) [20] followed the behavior and reactions
of human subjects exposed for 7-1/2 hours to vinyl chloride concentrations
of 50, 250, and 500 ppm, respecti%ely. It‘ﬁas only at the highest concentra-
tion of 500 ppm that 2 of the exposed subjects develéped dryness of the
mucous menbranes of the eyes and nose. 7Two of the & subjects exposed to
50 ppm were exposed 2 days later to 500 ppm for a period of 3-1/2 hours,

without manifesting any harmful effects.

C. More or Less Long-Term Toxieity of Vinyl Chloride

As we indicated in our general look at the history and evolution of
knowledge on the danger of vianyl chloride-~which we included in the introduction
to the study of the toxicology of this chlorinated hydrocarbon-~two prominent
facts have been disclosed duriné the fast 12 years.

1.’ The production of bone and angloneurotic lesions in workers exposed
to vinyl chloride during the manufacturing of PVC.

2. The demonstration-~first by experiment on laboratory animals
and then by epidemiological investigations of occupationally exposed groups-—-
of the carcinogenic power of vinyl chloride.

Ve will examine these two points in turn:

1. Bone and angioneurctic lesions caused by occupational exposure to
vinyl chloride.

The first cases of bone.lesions were discovered in 1963,
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occurring simultaneously in different countries, all in autoclave dg.crusters.
A Russian publication 121] dating from 1968, reported these problems, which
had been cbserved for several years in personnel working with PVC in sus~
pension. Some workers éomplained of subjective disturbances, similar to
those characterizing Raynaud's phenomenon: asphyxis of the extremities
followed by intense vasodilatation, sometimes followed by distrubances
having an affinity for the skin. Sometimeg, at most, a condition was
observed resemhling scleroderma, a collagen {connective tissue) diseamse
consisting of a thinning of the skin which, atrophied and sometimes
ulcerated, "sticks" to the underlying bones, sometimes considerably inter-
fering with movement 122-33).

Other vascular disorders have been reported, in particular myocardial
infarction and arteritis of different sites. One case of this type was
reported by a member of our group at the International Occupational Medicine
Congress held at Buenos Aires in 1972 [34].

Other workers, not having any subjective symptoms or any apparent
disturbances, nevertheless presented bone lesions which could only be re-
vealed by systematic radiological surveys after the discovery of other
affeqted subjects working at the same occupation.

The typical lesions found which will always be pathognomonic for the
disarder, involve the hands (one or both) and consist of lysis of the ungual
phalanges, first of all of the index and middle fingers, but oftem of all
the fingers on the hand. These cases of pandlike osteolysis have been and
remain the prineipal symptom of the disease. The terminal phalanges
definitely look fractured, but the characteristic would be very large in such

an event.

This 1s not the only bone lesion. Notches resembling "halberds"
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have frequently been found on the edge of the phalanx, resembling Fhe bony
lesions of gout, also amputations of the distal phalanx ('barley-sugar”
images). Microgeodes have alsoc been observed elsevhere on the skeleton:
the ribs, the pelvis, the iliac crest, the bones of the tarsus, and-the
phalanges of the toes. As a result, incrimination of a local action is
not very plausible, all the more so since subjeﬁttve manifestations were
nonexistent in certain cases. It was not really possible under these
conditions to state that a bone disorder of this magnitude, if it was
induced by a local trauma, was not alweys accompanied by significant skin
disturbances.

Moreover, studies on the absorption of vinyl chloride have since
shown the very cutaneous skin absorption of this compound.

The currently reported cases of acroosteolysis, do not make it
possible to suggest any predisposing factor, because of their disparity,
such as age, sex, race, duration of exposure {(cases appearing rapidly within
a few months), or the beneficial effect of certain individual protective
measures, in particular, the wearing of gloves. The polymerizaticn ;rocess is
no longer an intervening factor.' Cases have been reported with all types of
procesgses, .

It is therefofe definitely inevitable to consider a sydtemic disorder,
predonminantly caused by penetration through the lungs.

Furthermore, American researchers have made a careful study, in
particular of workers suffering from bone disturbances, and the biological
tests performed on these subjects have not proved to be very conclusive.
Phosphorus and calcium levels, in particular, wére not disturbed.

According to Lefevre [35], toxicologists at the Solyay Company, who

studied the chronology of the lesions in detail, everything begins with distal
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amputation of the phalanx. The classical band of osteolysis is, aggording
to him, a false sign, since repair by recalcification begins at the end
and continues proximally, thinning the band until it disappesrs upon.
“restitutio ad integrum”. - .-

Thus, whether or mot the bone lesions are accompanied by asphyxic
vascular disturbances (the most frequent cases), genefalized disorders are
very definitely involved. It can be gtated that -these ;roblems are linked
to paripheral vascular disorders, with ox without subjective disturbances,
and sometimes to deyrmal sclerosis recalling scleroderma.

It should also be remarked that reported cases of acroosteolysis
have diminished very significantly in recent years, certainly due to the
preventive measures which have been taken, in particular the application of
hydreaulic decrusting apparatus. .

. In any éase, this indisputable occupational pathology has been recognized

by French law, which has set up a new table of occupational diseases subject to
compensation (Table 52) which we have reproduced here:

No. 52. Digorders atiributed to vinyl chloride polymeriaation operations.
(Decree No. 73-215 of 23 February 1873). FExposure time : 6 months.

Designation of the Diseases |[Time Taken |List of the Main Occupations

by the Capable of Provoking these-
hisorder Diseases

»

Angloneurotic disturbances of 2 months Work performed in vinyl chloride
fingers. polymerization shops,

Osteolysis of the ungual especially: manual decrusting of
phalanges of the hands confirmed autoclaves and polymerization.
radiologically. 3 years

The course of the reported cases of acroosteolysis has always been

favorable when the stricken subjects were removed from the risk as soon as

the diagnosis was made.

Recaleification (which, as we have seen, begins in the distal part of
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the phalanx) continues smoothly, but "restitutio sd integrum" always

takes fafrly long and rarely requires less than 10 monthg, sometimes clearly
more. Few radiological scars remain. Sometimes, small “collar-stud”
phalanges accompany cicatgicial deformities (shortening of thé previdusly
afflicted ungual phalanges) and curved nails.

. When they exist (alone or in combination), circulatory disturbances

require-a rather long perlod to disappear. Rather oftem, they produce

s particularly annoying eensitivity to cold, occasionally during the winter.
. Treatment consists of admini;teting caleium (intr;;;nously) and vitaﬁin c.

Several ca;es have given one memb;;mof our group the impressicn
that the oral administration of hydroxyproline was capable of accelerating
the healing process. )

As far as Raynaud's syndrome is concerned, its existence justifies the
implementation of a classical vascular therapy.

2. Carcinogenic power of vinyl chloride.

In the cese of this toxic potential, the experimental facts have
preceded the revelations of epidemiological studi§s in exposed human subjects.
We shall examine presently available info:m;;ion.in that order. .
) a) The experimental facts. “

The first observations of a carcinogenic activity of vinvl chloride in

.

laboratory animals were made by Viola [13, 36)}. This author exposed Wistar

rats, & hours per day and 5 days per week for 1 yeaxy, to alr containing

30,000 ppm of vinyl cﬁloride. Seventeen animals out of 26 sutvi;ed or were
sacrificed during the period extending between the 46th and the 54th week

after the initiarion of treatment, They'all presented skin tumers (14 epidermoid
carcinomas, 2 mucoepidermoid carcincma;:fi p;pilloma) which were subsequently

identified by Maltoni and Lefemine (1974) as tumors of Zymbal's gland,
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correspording ;n the rat to the parotid gland in man and particularly rich
in facty tissue. In sddition, 7 snimals showed pulmonary tumors (5 adeno-
carcinomas, 1 -denocanthoma. 1 spinocellular carcinoma), subsequently
identified by Maltoni and Lefemine [37] as being metastases of the skin tumors
although in 5 animals had osteochondromas. ) s

The skin tumors were exclusively located in the region of the submaxillary
glands and Zymba} 8 glands, although the bone tumors had developed in the
met;carpal and metatarsal regions of the 4 1limbs. No tumors appeared in the
25 con&f&l animal; sacrificed at the same time as the treated animals.

Table II summarizes the resulfs obtained.

Ve previously emphasized the concern evpked by these results, which
were the subject of a preliminary report at the International Cancer Congress
held in Houston (May, 1970), and we indicated that they led a group of

Eurapean PVC producers to entrust Professor Maltonl with carrying out a

pregram of experiments on a large scale. The investigations of the Italian

cancernlogist and his team were conducted in 3 animal species: the mouse,

the rat, and the hamster.. The animals were exposed for 4 hours per day, 5 days per
week, for periods ranging from 30 weeks to 52 weeks, to the inhalation of
air containing vinyl chloride concentrations ranging from 50 to 10,000 ppm.
Taﬁles 1IT, 1V, and V summarize the results obtained.
They show that the carcinééenic potentiality of vinyl chloride begins to
be manifested, although to a slight degree, starting at a concentration-of -
50 ppm under these experimental conditions. These results (which, in the case
of the mauge and the hamster, represent those cbtained in experiments which
had not yet been cﬁmpleted when we last héard about them) have been discussed

in several recent articles by Maltoni et al. {38, 39, 40].

Interasted readers will find here, in addition to references cf previous
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Table II.

Experimente of Maltoni et al. (1871).

Protocol similar to that of P.L. Viola

-Bawley rats

rogue
exposed 4 hours per day, 5 days per weck for 43 weeks to a concentration in the air of 30,000 ppm of vinyl chloride.
Results after 68 weeks (end of experiment). ‘

-

- R
' ' " Rats - . , W Sy ) .ty
. at ’ Animals with Tumors . :
. ottt e . . :
Groups |mumber of|Number of A : "| 7 ‘Anglosarcomas
* and | Animals.) Survivors _Carcinomas. of . _ IR v , ,
) “IBeginning| Appear- | * *. . . . . Liver : A B *Mox
of the -| anceof {.,. - . * | Nephro-"| - . JLocations . | locations Tunmors |
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. 24th Week . . . d :
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Table III. First stage experiments of C. Maltoni et al. on Sprag
day, 5 days per week for 52 weeks.

we-Dawley rats. ,Animale éxposed 4 hours per

Beginning of experimenti July, 1971. Results after 335 weéks (end of

»

experiment). - :
" “Animals with Tumors :
. . | Sprague~Dawley Rats| “Anglosarcomas - o aus Cutan~ Neuro- [Other | Ani~
Groups m«l-4 R Carcinomas Nephro~ taneous| reous | Hepa~ 'blasto~-[Types { mals
Treatment . " - [of Zymbal's) blastomas N - |Angio= | Carci~..! tomasa mas or |*th
(Concentra- ' . “land. . - 'Liver . ptherg| ™2 | Momas | : ca= | or
tions in . . . R B tions | More
p.p.m. of .§ Numbeyr of S - AN tumors
Vinyl ° . Survivors Upon o N T o : N
Chloride) | w | Appearance of B owlet 1.0 by C o " .
23 cho rirer monortS e |32 Bl galEl ] Sef B[ 5 ¥ )8 [ 5} 5| ¥
55 and at the 26th|{5|" Sﬁé’ g «nll sal . §: N AN g € £ B
z Weel = = L o = = K = 2 2 &
<" 10000" { eaf . 61 1ef20f 50 | 58| 89 [9lis| sl 3 |.-4 3. 1 7 7 | 28
6ooo. } 72| et il 72| ez (4|7 es fajzel w s o3 b ot | os foa] w
S 2500, |74 f . B9t f2) 3] 33 |el1o] c7e {1322 78 {3 | .3 1. 2 § -1 4 n
. 500 | 67| ;. 59 o 4] 1) e L4l 7] 83 r{uafien {2 [y wel ] 8, -1 & |
. 20 | or| < B8-fe |=|=|. ~ jolto} g0 |4] 7| 79| 2 [ v -]e | o= - 3.l .8
- 50 Ga[ - 89 v [=f=f = {1] 2| 135 [ v] 2] tas 11 o1 - - .9 19
VA:ZSDO" DE .' _-- ", . 49 . .','-,Ir-' o] e -l - '. - ] e ‘.' [ 0- . l-..- h"_.. "..' -f.' . -’ .“ T ]
- “Controls. [ 63} - ..t 68 R R I B e ) B ol Bl R IR B2 - o, | 5 - {10 6‘1
Toat [577] . . 484 o o [0l e e l2g| =] - Ja7je]c |14 | es2 L B L1545 1‘:'._]

*Zymbal's gland.

**VA-Vinyl acetate

"as a control".




Table IV. Experiments of C. Maltoni et al. in Swise mice. Exposure: 4 hours per day, § days
per week for 30 weeks. Results after 70 weecke (January 1975).

_¥56£0000dV

c.vz_

firouns and * . - . .
Troatment Animals Animals with Tumors .
(Concentra~ | Numher of ' Anglo-| Vagcular | .- .
tions in ' |Animals at . . : R aarco-| .Tumors. | -- Other Animals
p.n.m. of |the Begin- " PR - Pulmonary Mammar ag of|(Othex o Types or f(with 2
Vinyl Ining of thel "‘““bf’r ’ Survivors Tumors - Carci.nonis the |Types ot 'l"ﬁ:tt:s Locations for mor
. Chloride) |Experiment - Liver' Locations) Tumorx's
x —
dy . O,f . Or \ Latency| *~ . L.
o E—J Q d 9 (Q of 9 (0] [Nisiber] % (E:':ié) Nuiiber | % L;:::c fimker| Number IMNumber} Number [Number
.r N - .i. - . ..
10000 + {30] 30| 60| 22|28 60| = | ~] = 35 [70] 35 | 13 |a7| = B 8- 3 2 38
oeco  {30|0(cof20|z8fsa|-f ~) -] 3 |0 38 | -6 (28] 33 | 5 | ‘9" 6 | 4 39 |
2520 3o|30{co| 23|03} =] |~ 20 |57 43 ‘9 (30| 35 | 11 12 N 2 LY
" . 500 0f{30|cof20|29| 58| | ~{ -~ 33 {o6| 4 | 7 {24} 37 | 1o A S T B 4
. [}
+ 750 30 20 20| 20158 2] ~| 2} -233 {57} 45 | .11 {32] .30 | n 15 . 2 3" 40
S 30 39| 6o} 27| s0{ 57| ~| 6| 6 2 {31 s8'| 11 jar| 40 1 ‘1 - 2 .0 9
) ) S ., .
Controls |50[ 70150 74} o714t ji5 (a0 (a5 | 5 [3f 88 | = |=f. = | = -] e 1 5
I Tetwl 12601260 1510 {230 1241 1471 |47 138 183 ] 181 | =" B9 | ~| ~"| 47 73 15 - 15 12

*Animals alive after 16 weeks when the first tumor was reported (carcinoma of the mammary gland) (the percentage is

. indicated).




Table V. Ezperiments of C. Maltoni et al. on.hamsiers. Exposure: .4 .hours per
dazy, & days per week for 30 weeks.. Results after 57 weeks (January, 1875).
Animals Animals with Tumors
{Golden R
K t . . -
smstere) CEEE: o ~ o
o - - O~ Al . 94 LI [
Groups and - -B-B-Ag ve w 8 -
Treatment . A 3&‘32 ] w mgu g "a‘ﬁ
{Concentra-~ ‘o e eoE| B 8 g.o g 5 p ® o
tions in 5 - .ggu"c'.' g 2 "5 a ug 'E'é'
pP.p.m. of 3 & - ﬁmﬂm " E - - - =
Vinyl 3 Bl £%| 28| £ a3 | &85 | 28] E£n
Chloride) E “ {Mumber| Number |Number !Number | Number |Mumber | Number
w0000 | 35| 6 | - 4 | - s I 5
5020 321 B - 2 1 .2 3 1 6
2500. | 33| 9 - 1 -1 - 4 2 s
"s00 Jas {1 | 2 1 <l 1 ' 5
250 | 32} & - 2 - 1 - - 3
50 33 | 10 - 3 1 1 - -~ 5
. Gontrole | 70 | 30 - L2 - 1| - - 3.
Yool | 288 | 78 2 . 15 2 8 B 4 28 .

-

publications of the Maltoni team, more precise comments on the results obtained,

as well as §upplementary information, especfally dats concerning the positive

results obtained during the experiments conducted on the Wistar rat which

proved to be more resistant than the Sprague-Dawley rat. However, we must

emphasize the negative results obtained with vinyl acetate.

We think it is important to point cut that positive results, roughly

confirming those of the Maltoni team, were obtained in experiments conducted
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by "Bjotest Laboratory” in the United States, notahly on mice subjected for

7 hours per day and 5 days per week to vinyl chloride concentrations of S0,

200, and 2,500 ppm. We were not able to obtain sufficiently precise informa-

—

tion on this subject to be in & position to analyze the results in the
present article. We shall limit ourselves to indicating that:

after 8 memithe of exposure, although no tumor had beep obgerved in

the controls, the following wére'noted:

* in the group exposed to 2,500 ppm, 28 angiosarcomas of the iiver,
28 pulmonary adenomas, and 6 mammary adenoéatcinomss,.including-l
wvith pulnonary matastases;

o in the group exposed to 200 ppm, 11 angiosarcemas of the liver,

12 pulmonery adenomes, and 3 mammary adenocarcinomas, including 1
with pulmonary matastases; )

* in the group emﬁosed to 50 ppm, 2 angiosarcomas of the liver, 2
pulmonary adenomas, and 2 mammary adenocarcinomas with pulmonary
matastases. -

Each group included 50 animals. The experiments will be Finished at
the end of 1975.

Although the title of this article clearly indicates that our objective
in writing it was to stress the dangers involved in occupational exposure to
vinyl chloride, we feel that 1£ i1s appropriate to mention in Table VI the
. préliminary results obtained by Professor Maltoni et al. from hi; experiments
on the oral administration of vinyl chloride to the Sprague-Dawley rats,
These experiments are ofbprimg interest for food toxicology, because of - -
the possible existence of vinyl chloride residues in polyvinyl chloride
food wrappers and the possibility 'of its migrating into the food.

This particular problem will be the subject of an erticle by
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one member of our group, when we have learned the results.of.the lopg-term
experiments in rats currently underway in various Eurcpean or American

laboratories.

pa—

Table VI. Preliminary results of an exzperiment by C. Maltoni et al. inmvolving
administration by etomach catheter (5 daye per week) of vinyl chloride in
sclution in olive oil to Sprague-Dawley rats. (Duration of the experiment

at the end of April 1975: 58 weeks). :

Number of |Experimental Conditions { Angiosarcomas Othex Other
‘Animals |(Doses of VC in mg/kg of} of the Liver | Angiosarccmas |Locations
Body Weight)

80 50 3 *1 (thymus) 1 {(Zymbal'se
(half male . gland)
and half ’
female)
80 16.65 1 - -
80 3.33 - - -

Remark: The first positive results (1 angiosarcoma of the thymus in a female
animal of the group exposed to a dose of 50 mg/kg; 1 angiosarcoma
of the liver in a male animal of the group exposed to a dose of
16.65 mg/kg) were announced by Maltoni et al. at the end of February
1975 [41]).

It i5 a well-known fact that numerous carcinogenic chemicals have
mutagenic properties. The joini use of microorganisms or mammalian cells.
and of in vitreo and in vivo metabolic activation systems has made it
possible to demonstrate this. 1In this context, 1t‘was natural to investigate
whetherliinyl chloride had a mutagenic potential. In
’ this;regard; positive results Have been obtained by variou§ aﬁthors, among
others by Rannug et al. [42] and by the researchers of the Intarnational
Cancer Research Center of Lyon [43, &4, 45].

Without going into a detalled critical examination of the results, it is
interesting to note that vinyl chloride:ﬁanifests nutagenic activity only
after metabolic activation. In this regard, according to the indications of
Malaveille, the strong mutagenic capacity of mouochlogoethylene oxide and
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Number of
Years Be-
Total Rumber
Country Date of |[Age at tween the of Years of Occupation
Diagnosis |Disgnosgis| First Ex- E
Kposure
posure and
the
Diagnosis
USA June 1952 {43 years 15 15 Polyqﬁrizer
USA Aug., 1961 |41 years 15 15
USA April 1964} 52 years 20 18 "
UsA 1968 © |45 years 24 18 :
USA May 1968 |55 years 17 37
USA March 1969| 41 years 19 & “
UsA May 1969 {50 years 20 15 "
USA March 1970] 61 vears 23 23 v
USA May 1960 |36 years 14 13 v .
USA July 1972 [ 47 years 10 10 - Bookkeeper in a2 plant manu-
: facturing PVC
USA March 1973{49 years 22 36 Polymerizer
USA June 1873 {60 years 36 Insulation of electric wires
R containing PVC
USA Dec., 1973 | 58 years 28 28 Polymerizer
USA Feb. 1974 145 years 12 12 "
UsA March 1974)43 years 19 17 "
USA May 1974 |53 years 30 30 "
USA Oct. 1974 |43 years 19 19 "
England Feb., 1970 {55 years 24 11 Pourer of oil mixtures with PVC
on raw materials
England Dec. 1972 |71 years 26 20 Polymerizer
England 1974 36 years 9 3-1/2 ”
Sweden Feb. 1970 |43 years 19 18 "
Sweden May 1972 |61 years 27 23 Production of vinyl chloride
Norway Dec. 1971 |56 years 22 21 Polymerizer
W. Germany | Sept. 1968! 38 years 12 12 "
Y. Germany 1971 40 years 14 12 . -
W. Germany |March 1973|43 years 21 21 Filler of pesticide cans with
vinyl chloride as a propellant
W. Germany 1974 44 years 17 17 Polymerizer
W. Germany {July 1974 {49 years 17 11 "
W. Germany |. 1975 43 years 13 12 "
France .| Feb. 1967 |43 years .19 19 "
France Jan. 1975%| 63 years 16 13 "
Italy April 1971|36 years 6 3 Production of PVC bags
Italy Dec. 1972 {43 years 15 - 6 Polymerizer
Romania 1970%% {27 years 11 5-1/2 " -
Czecho~ No data currently available.
slovakia
Canada 7 cases confirmed quite recently, but we have not received any details so far.

*E Ravier, J.-N. Diter, and J. Pialat: A case of hepatic angiosarcoma in & worker ex-—
posed to monomer vinyl chloride. Report presented to the Scciety of Occupational

Medicine and Biotechnology of Lyon on 12/13/1974. Arch. Mel. Prof., 1975, 36 No. 3,
Pp . 171-179 . . :

A}
ema—— C e 4 e meme et — e . —_—

#*It was diagnosed as a mixed hepatocarcinoma and angiosarcoma.

-

Note: It way perhaps appear surprising to the reader that cases of angiosarcoma of the liver
are reported for the years preceding 1974. But this is explained by the fact that it
is only when the carcinogenic power of VC was disclosed in animals that retrospective
epldemiological studies were conducted throughout the world, which made it possible
to find these cases (diagnosis always operative). These epidemiological studies are
much harder to carry out im our country, where death certificates are not kept and
where there is no cancer registry, in contrast to the US, for example.
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monochloracetate make them good candidates for the I;St carcinogenic form
of vinyl chloride. Nevertheless, additional studies are necessary.to
permit conclusions which can clarify the mechanism of asction of .vinyl .
chloride.

It is not without interest to note at this point that various structural
analogues of vinyl chloride or its metsbolites have manifested carcinogenic
properties in certain experiments. This is the case with epichlorohydrin
‘or 1,2-epoxy 3-butene. Monochloracetic acid, the terminal metabolite of
vinyl chloride, was shown to be inactive in this regard, in the experiments
of Van Duuren {cited by Malaveille). .

Recently, Viola and Caputo showed that vinylidene chloride (VDC) or
1,1-dichloroethylene (Ccl2 - CHZ) was carcinogenic in the rat. This
compound has been recognized experimentally as having mutagenic praoperties
(cf. among others Malaveille [46]), while vinyl acetate lacks these properties.

A very recent item of information is also very disturbing: researchers
at the chemical carcinogenisis division of the National Cancer Institute
in the United States have demonstrated the carcinogenic potential of
trichlorcethylene after repeated oral administration to mice, at doses
which were actually relatively high. The rat is apparently #not sensitive,’
which would confirm the 'negative results obtained about 1D years ago .
in~investigations conducted in;ependently by G. Rudali and by our own group
147]. T

0f course, 1nterpre£1ng results of this type requires a proper- -
perspective. ;t‘iq nonetheless . true that they must lead to epidemiological
investigations in workers exposed to these various chlorinated hydrocarbons
and to a reinforcement of preventive seasures aimed at reduciné'the degree

of exposure.
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b} Results of epidemiologiocal iweatigai:wns in subjecta occupationally
exposed to vimyl ochloride.

As we have pointed out in our introductien to the study of the toxicology
of vinyl chloride, the disclosure of the carcinogenic potential of vinyl chloride
in experimental animals prométcd investigations, starting at the beginning ef

. 1974, into vwhether this potential could be manifested In man, especizlly
workers involved in cleaning autoclaves in PVC manufacturing plauts who
could have been expose@ repeatedly to inhalations of relatively high doses
of the chlorinated hydrocarbon. To the first cases of angicsarcoma of the
liver, rapidly discovered in the United States in such subjects, other cases
are progressively being added, not only in the United States but also in
Canada and in various European countries. To our knowledge, there are |
currently 41 cases. We have compiled them in Table VII indicating, among other

' items, the age of the subjects at the time of diagnosis, the number of éears
between the first exposure and diagnosis, the total number of exposure years,
and the occupation of the subjects exposed; notice that the vast majority had
jobs in polymerization shops.

Unfortunately, this list is likely to be lengthened as epidemfological
investigations are continued, causing certain deaths in occupationally ex—
posed subjects to be attributed. to angiosarcoma of the liver. A certain

- latency period is known to be £§quired before this disease appears, as in
the case of many other occupational cancers.

3. Preventive Measwres to be Implemented for the Protection of Exposed
Subjects

The information acquired in recent'years makes it evident that, In
addition to its other toxic properties, winyl chloride has carcinogenic potency
in man. Because of the resulting formidable risk, if it ig desired to continue

using this compound as a raw material in the chemifcal industry, it becomes
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imperative to set up very strict methods of technical prevention and to have
truly adequate methods available to enforce thair fmplementation as well as
the effectiveness of th;it épplication;

’In addition, individual érotective measur;s must be clearly recommended,
taking care-~by providing adequate information and a true health education-—
io draw the workers' attention to the major importance of compliance with.the

instyuctions given with respact to the precautions to be taken for the pro-

tection of their health.

Finally, technical pre;entive measures and individual protective measures
must be completed by a strict medical surveillance.

We shall take up these various points one by one, in a necessarily very
general manner. ’

4. Technioal Preventive Measurecs

These concern, first of all, the industrial conditionse under which
vinyl chloride is used, and constitute the decisive factor as to the degree
of exposure.

Next, they are concerned with surveillance over the work enviromment.
In this respect, there is the very important problem of eatablishing per-

" missible limits and controlling them by adequate methods of analysis.

2. Coéditions of the industrial use of vinyl chloride.

We have mentioned the basic concepts in this regard in the first part
of this article; dedicated to the presentation of vinyl chloride. We have
epphasized that these concepts are essent;al for defining the conditions and
exposure circumstances which, together with the qualitative and quantitative
aspects of toxicity, determine the manifestation of the risks. The capacity
of VC to polymerize and the production of PVC or copolymers constitute %y far

the principal use of this chlorinated hydrocarbon. But we now wish to stress
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that, with the progressive disclosure of the health riske that may result from

the exbosurc of workers invelved in this production, especially during

recent years, a very large number of chemical and technological refinements

have been made in the processes used. A better knowledge of the kinetics

of the reactions involved, both in the production Af vinyl chloride and - .
particularly in its polymerization, combimed with considerable progress -
made in the field of chemical engineering, have made it pessible to reduce
the degree of exposure to vinyl chloride considerably, while improving the output.
An increase in the size of the autoclaves (from 1 cubic meter to 50 cubie
meters and even 200 cubic meters), combined with execution of the decrusting
process under hydr;ulic_pressute and prolonged degassing, as well as.progress
in the area of automation, have made it possible to work continuously with
¢losed systems. For these reasons, the technology of modern polymerization
shops has considerably reduced the possibilities of the workers' being
exposed to vinyl chloride, particularly eliminating the possibility, which was
frequent 10 or 15 yeafs ago, of inhaling.toxic puffs of air while manually
decrusting the polymerization autoclaves. Of course, the situation has been
improved much more in the recent,modern installations than in those that are
alyeady old.

2. Surveillance of the working environment.

In this regard, in t?e cas; of toxic substanc;s that may be found in
-the air of working areas, the very important problem of determining the
permissible limits comes up as always [48].

In the case of vinyl chloride, about 30 years age, the major concern was
the risk of explosion at concentrations greater than 30,000 ppm. Following

& study on the dose-response relationship with respect to the manifestation

of such an effect in laboratory animals and in man, the disclosure of the °
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nequtoxic potential of vinyl chloride led to the recommendation of a per-
missible limit of S00 ppm, which is essentially egquivalent to 1.275 mg/cm3
under normal temperature and pressure conditions. This value was much
greater than the valﬁe fn;';he'perception threshold of the slightly ethereal

odor of chlorinated hydrocarbon--a threshold which, moreover, varies according

to the fndividual. It was notably less than the concentrations (1,000 PPR
and more) to which workers invelved in cleaning autoclaves might have been
expoged before 1960,

We would like to emphasize that it was a question of a mean value
integrated with reepect to time, valid for repeated exposures day after day
under industrial working conditiouns, 8 hours per day and 5 days per week.

The disgovery that repeated _exposure to vinyl chloride can .
induce vascular effects and the acroosteclysis syndrohe which we
described above, led to a lowering of the permissible limir, defined as
.previously, to 200 ppm, which is equivalent to 5 mg/cm§ under normal tempera-
ture and pressure conditions. This value had been especially recommended by
the American Conferences of Government Industrial Hygienists in the list of
Threshold Limit Values adopted in 1973 [49].

The revelation of the fact that vinyl chloride has a carcinogenic
potgntial in various laboratory animal speciles and the recognition of its
carcinogenic potency in man led the same organization, in May 1974, to
revise 1ts position drasgical;y and to postpone the establishment of a
permissible limit for this humawn carcinogen.

This a ticklish problem since there is a very widespread concept that -.-
there is no th;eshold for carcinogens, either physical or chemical, and -
that, under these conditions, it is not possible to establish permissible
limits for them other than on the basis of the concept:of sveially
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permissible risks. ,

However, certain objections of & scientific nature have formulzted in
recent years against such a rigid theory. Since it £s not possible for us
to expand on this subject here, we take the liberty of referring the reader
to the report of a scientific group of the World Health Organization I50) and
to an article by one member of our group iSl].

We would only like to point out that, even if the experimental data
vsed by H. Druckrey, the German specialist on chemical carcinogenesis, as
the basis of his proposed theory on the formation of totally irreversible
reactions to carcinogenic substances were recognized as being exact, a
certain number of thecretical considerations or experimental facts would

lead us to consider the possibility of establishing thresholds at least

for certain carcinogens. The present problem is that, for such a de-

termination, it is necessary to have recourse to adequate quantitative
data on the minimal do;es of carcinogens, so as to establish doses without
effect. In the vast mejority of cases, these data are completely lacking
at the present time. © .

Whatever may be thé case, a certain number of national or international
organizations have focused on the problem. This has been especially true of
the 0.S.H.A. (Occupationsl Safety and Health Administration) of the Depart-
ient of Labor of the United States of Amwerica which, following the guidelines
of its comuittee of expert consultants (N.I.0.S.H.), published in "U.S.
Federal Register" (issue of 5 April 1974, 39, 12342) a regulation establishing,
for a period of 6 months, a preliminary ceiling value (a2 value not to be ex—
ceeded even for short durations of exposure to & vinyl chloride concentration
in the atmosphere of working areas) of 50 ppm. It was specified in this

regulation, In 3ll operstions where the vinyl chloride concentrations
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exceeded th:is figure, respiratory equipment was indisensable for the
exposed subjects and that everything has to be done to reduce these
contentrations to the limit provisionally considered permissible.

At the same time, the Chemical Industries Association of the United
Kingdom recommended 50 ppm as a ceiling value and 25 ppm as an average
value.

At the begioning of October 1874, in a regulation api)earing in
"Uu.S. Federal Register" for October 1974 (39, 194, pp. 35890-57), 0.S.H.A.
adopted a much more restrictive attitude. This regulation went into
effect starting on January 1, 1975.

It is stipulated, in effect, that no worker should be exposed to an
average concentration in a given perfiod (one 8-hour work day) greater
. that; 1 ppm of vinyl chloride, i.e., 3 mg/em? at 25°C. A ceiling value
of 5 ppm for a duration of exposure not exceeding.ls minutes was simul-
taneously selected.

Up to December 31, 1975, provided that Ehe vinyl chloride concentra-
tions never exceed 25 ppm, the regulaticn allows manufacturers the possibility
to provide the exposed subjects with respiratory masks, whose type is defined
asccording to the concentrations present in the air of the shops. But this
is only a temporary measure until the concentrations have been reduced to
the limits previously mentioned.

Many other points are found inm a long text published in the "Federal
Register". - '

We shall limit ourselves here to mentioning that no worker should Be
exposed to direct contact with liquid vinyl chloride and, furthermore, areas
affected by this regulation should have signs 1nd1catiqg that vinyl chloride

is an agent capable of producting cancer.
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These provisions were discucsed at an internatiénal symposium held
4n Milan on October 28 and 29, 1974, under the auspices of a subcommittee
of the International Association for Occupational Medicine (MEDICHEM).
Representatives of 1ﬁﬁustr; have become aware of the fact that itlis not
realistic to schedule their application without allowing a sufficient
period td alter their installations.

One member of our group, who presided over this meeting, at the end
of the discussion gave his own opinion,shared by the cosigner of this
articl;. It fs summarized as follows: 4f vinyl chloride is considered to
be a carcinogen for man, all efforts must be taken to eliminste the exposure
of workers to this compound in practice. As faf as the average limit of
1 ppm and the ceiling value of 5 ppm for brief durations of exposure are
concerned, these are reasonable on theoretical grounds.

Actually, even if the possibility ié acknowledged of considering a
threshold for carcinogenic chemical agents of the vinyl chloride type vhose
mechanism of action, after metabolic activation, may well be alkylation
of certain sites on the nucleic acid macromolecule, it is indispensable
to establish, in long~term Investigations on laboratory animals, an ineffective
concentration, to which a sufficiently high safety factor should then be
applied for extrapolation to man. However, as we have seen,_in experiments
conducted until this tima, the‘lcwest tested concentrations of vinyl
chloride in the air (50 ppm) cauéhd'the'appearance of tumors and especially
angiosarcomas of the liver. From all ‘evidence, it fs wise to recommend
to industry thet‘they'do everything to meet the standards adopted by the
Ameyican authorities.

But, fully conscious of our ;esponsibilities, we think that to be

realistic, "industry should be permitted sufificient time to attain
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this objective.

. This is why we have pragmatically proposéd the following permissible
limits on a temporary basié? for 2 years starting on 1 January 1976, pairing
thie recommendation with the negéd for strict imdividual protective

measures:

Average value for a given period (8 hours per day— i -
5 days per week): X _ S ppm.

Ceiling value for an expogure duration not exceeding 15 minutes:

15 ‘ppm.

Meanwhile, industry can prepare itself to confront stricter require-
ments if the experiments currently being ;onducted on laborstory animals
subjected to concentrations in the air less than 50 ppm reveal the
appaarance of tumors and, in particular, of angiosarcomas of the liver.

An important problem arises with respect to these permissible limits:
the necedgsity of controlling their observance., Towards this cbjedtive,
it is indispensable to provide analytical methods of adequate specificity,
gensitivity, and accuracy. S V

In this regard, up to 1973, the methods generally used to estimate vinyl
chloride concentrations in working areas relied on the use of exposure meters.
equipped with tubes having a reagent producing a color with vinyl chloride.
But the sensitivity of these m;thoas did not go beyond 100 ppm under normal

. conditions of usage, '

With the nged for considerably reducing the value of the permissible
limits, it begoﬁes necessary to establish much more sensitive methods. Without
going into detail, we wish to 'iention that the specialists then turned
toward infrared spectrometry and g;s phase chromatography. The results of
infrared spectrometry are influenced by external parameters (humidity of the
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air). Therefore, gas phase chromatography, generaliy with a flame
donization detector, was selected. Analytical wethods based on tl';e
application of this technique make it possible to achieve a sengitivity on
the order of 0.1 ppm with. 'an accuracy of 6%. An entire series of techniques
has been proposed. The _establishment of ‘a standarized method is currently being
studied 1in the "Afr Ouality" section of the applied chemistry department of
the International Union of Pure and Applied Chemistry (IUPAC).

Two types of control may be Implemented:

.On the one hand, permanent surveillance by means of a fixed apparatus
aampling the atmosphere at several characteristic points in the shop [6-10).

On the other hand, determination of individual exposure at each working
site by means of a portable micropump apparatus accompanying the worker in
all his movements. This apparatus is equipped with an appropriate adsorbent

(silica gel, activated charcoal, etc.) for capturing the vinyl chloride, which

is then sbsorbed by a suitably chosen solvent (carbon disulfide, ethyl
acetate). The analysis is then performed by gas phase chromatography and
makes it possible to deternmine the vinyl chloride level present in the

volumé of air sampled during the course of the workday by the micropump.

B. Individugl Proteetive Measures

Ne matter how effective, collective protective measures could not permit
us to dispense with the c<lassical hygieni'c_ and individual protective measures of
the chemical industry (washing of hands, s;_!e-ci_ll spaps, double cloakroom
for separating work clothes) on which we cannot elaborate in this article.
Nevertheless, we must stress that the use of an independent open-circuit
respiratory unit is indespensible when checking and repairing polymerization
installations.

It is quite obvious that educating the workers as to the nature .
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and degree of the risks to which they are exposed constitutes,. in ?he case of
vinyl chloride, as generally speaking in the case of toxic substances
responsible for occupational exposure, an essential factor in prevention,
permitting them to play an active role in this control. Thus,. a great deal
of significance fs attached to their health education, which must be extended
to the foremen, engineers, chemists, and administrative personnel. It is
very important - to display, in full view in the shops, a set.of instructions,
written in simple and clear terms, specifying the preventive measures to be

observed against the risks of vinyl chloride exposure.

€. Medical Surveillance
Today, thanks to the progressive use of absolutely indispensable
technical prevention measures, bone pathology due to vinyl chloride exposure

is in the process of disappearing. We are justified in hoping that the same

will be true &s far as the carcinogenic risk is concerned.

Of course, an expleosion of hepatic angfosarcoma cases in the future may
be feared, since it cannot be forgotten that they may occur in'wurkers who
have been subjected to exposures at levels known to be high, 10 to 15 yeaxs.
ago and even more. . A -

The present atmospheric concentrations in PVC maﬁufacturing shops are
fortunately considerably lower, and we must continue to make.an effort in this
area. Nevertheless, can the physician responsible for monitoring the workers
at such a plant tély only on these measurements?

(It may be difffcult for all -levels of the hierarchy to understand this,
even at a time.when the whole jimportance ;f preyentive medicine is '
Justifiably recognized. As a consequence, it is a good idea to define the
basis for the medical surveillance of workers exposed to vinyl chloride.

Ever&thing we know concerning the pathiology linked to exposure to this
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compound must direct the attention of the occupationa‘l_physician:
~ towards tke vascular system and bones;
— towards the liver; N
== towards the.nervous system;
~= towards the gkin.
Employment medicals.
This attention must first of all be given at the time of the empleoyment .
medical. In our opinion, candidates with the followipg histories should
not be assigned to jobs possibly involving exposure to VC:
-= confirmed hepatic insufficiency (recent history of viral he-p;titis,
in particuiar, within the past year);
—— a hematological disorder or blood coagulation digtu:b;t;ce {acrocyanosis,-
angiohemophilia, hemoglobinopathy, leukopenia, etc.);
~~ vascular disturbances suggesting~-even mildly--Raynaud's syndrome;
-~ history of bone digsease;
-~ diabetes, chronié nephropathy;
—= history of epilepsy;
-- atopic eczema (this is also valid for any exposure to industrial
chemicals).
Thus, .an accurate interview of the subject is necessary, as well as a
thbrough clinical examination Ebut isu't this true of any serious hi;ing test?).
The data obtained fn this clinical exemination should be supplemented
by biological tests of such a nature as to define the health profile of the
candidate. '
Which 'l:ea"bs?
We feel that it is reasonable to require the following:

=~ blood count;
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== blood picture;

~- platelet count;

~- determination of the blood transaminases (SGOT and SGPT)} (to identify

a possible viral'ﬁepatitis};

— urine test (reactive strips)
and, naturally,

-- a lung X-ray;

~- X-rays of both hands (placed quite flat on the plate).

These will subsequently be very useful as a reference source, gince’the

mumber of small traumatic sequelar lesions which may cause the change

will be -known if their existence had not previocusly been demonstrated.

Of course, as always, there will be subjects representing borderline
cases, After they have been assigned to jobs, they should be followed up
subsequently.

Furthermore, there should be no question of limiting the occupational
physicilan to a fixed list of examinatioms.

This clinical examination, which remains the medical act par excellence,
will sometimes prompt him to request additional tests.

We feel that it is useful to remind the reader hers that it is well worth-
while to be strict during the ﬁiring test-~-this test being the responsibility
of the occupational physician ;nd influencing the subsequeng fitness of the

worker.

Follow-up examinations of workers admitted at the time of the hiring
examination.

Intervagl:  twice a year.

CIinical and radiographic examination of the hands (in certain cases, the
speed with which the bone lesions appear is known).

The sppearance of these lesions will be cause fo; a change of job and,
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as we know, will bring about a remission of the lesIAns. The problem here
is relatively pgimple. .

On the other hand, in the area of prevention.of carcinogenic risks, in
the present state of knowl;dge w;_do not have any blological test
furnishing a sufficiently early warning. Many biological tests have been
proposed, -and the number of blood parameters which have been the subject of
discussions between physicians definitely proves the problem of establishing
a typical list, However, we cannot abstain from discussing this,

of course, if the clinical examination shows a palpable liver (a large
liver is always pathol&gicai), the Qorker should be 'sent to his physician
or to a specialized department.

In the contrary case, as far as we are concerned, we think it is reasonable
to require the following biological fests:

-~ blood count;

L

blood picture;
~- platelet count;
-- two liver function tests (cholestasis testg): -
*» determination of alkaline phosphatases;
o determination of the blood fibrin:
-~ onee a year, a thoracic—abdominal X-ray, a pulmonary checkup and
exeﬁinntion for possibie splenomegaly, which is undoubtedly -
the best sign of portal fibresis syndrome, which we know to be frequent,
— a determination of the blood sedimentation rate: definitely not a
specific test but one which, if the result reveals a significant
.‘elevaéion {on the order of 70 mm-and higher during the first hour), con-
firmed Ly a second ‘test, practically always.indicates=a'kerious’active
disorder and Justifies interruption of work and strict medical surveil-

»

lance;
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-~ finally, two tests merit particular attention:
« exzamination of the ocular jhndia; of a certain usefulne;s;
o 8sulfobromophthglein test (BSP).
We feel thatdeterpination of the level of dye retention in the
serun after 45 minutes is the best test of hepatic cholestasis; it
could even be the ﬁnly one to be performed in monitoring workers who
mgy possibly have been exposed to vinyl chloride. Unfortunately,
it s difficult to apply and takes a good deal of time.

The te;ting of a number of other biological parametrers is advised in the
list of items to be monitored by certain foreign occupational physicians
(Americans, in particular). As far as we are concerned, it seems impossible
to recommend these tests routinely, since certain ones would require highly
speclalized laboratories beyond the reach of the cccupational medical de-
partments of many plants.

In particular, we wish to mention enzymatic determinatioas which, when
positive, indicate an established tumor which hés already reacﬁed an advanced
stage.

In this case, moreover, the clinical examination would very probably

have outstripped these positive findings due to the observation of a large

liver. One exception may be the deternination of blood ornithine carbemyl-
trénsferase—-relatively easy to do—which 1s considered as one of the most
sensitive hepatic function tests. :

As far as we are concerned, we would not insist on the abovementioned
tests.

We finish by pointing out that anglosarcoma of the liver will scon be
added to Table No. 52 of occupational diéeases reproduced In this article.

4. Conelusions

Concluding this article, in which we attempted to analyze the Information
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currently available on the risks that may result froﬁ occupational exposure
to viﬁyl chloride, mainly during the manufacturing of vinyl polychlorides
and subsequent opérations, we feel that a certain number of points should be
strongly emphasized: o

1. 4About 10 years ago, the danger for workers exposed.to vinyl chloride
appeared to result only from its inflammability combined with its explosive
nature between certain concentration limits, its mixing with the air, as
well as its narcotic effects. The disclosure that it is capable of causing
an aéroosteolysis syndrome and especially, more recently, is carcinogenic effects
in man, are & spectacular example of the vigilance that must constantly be
exerted by toxicologists, occupational physicians, and epidemiologists with
respect to the possible toxic potential of chemical agents that may be found
in working environments.

2. The disclosure of the carcinogenic potential of vinyl chloride by
experiments on animals, followed by its recognition ag & human carcinogen epi-
demiological investigations in occupationally exposed groups, show the major
importance of conducting adequate experimental investigations on laboratory
inimals for any chemical compound manufactured industrially, for which
practical .applications are planned, and paying the greatest attention to_
the results thus obtained with respect to technical preventign and in-
dividual»proteccive measures, ;s well as the medical surveillance &f the
workers exposed.

3. ﬂany investigations st1ll remain-to b; done, in an attempt to clarify
the mechanian of.toxic action and especially carcinogenic action of vinyl
chloride. 1In this regard, we feel that it is appropriate to emphasize that
many facts already known suggest that the initial attack point lies in the

vascular system, and that this affinity must be affected by biochemical factors
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which are still unknown.
4. On the practical level of prevention, the determination of permissible

l4mits of vinyl chloride in the air of working environments constitutes -a
burning current problem wg;se study, in our opinion, requires experiments
involving the exposure of various species of laboratory animals to a range
of concentrations sufficiently low to enable us to establish concentrations
without effect. In this regard, the thorny and controversial problem of
the existence of thresholds for carcinogenic agents should not be forgotten,
especially for compounds recognized as being carcinogeniec in man.

5. While awaiting the accumulation of the scientific informatiom
1hd1spensab1e toc an objective discussion of the decisions to be made, it
becomes necessary to require industry (which has, moreover, already extended
considerable effort in this direction, leading to the practical éisappearance T
of bone pathology) immediately to implement preventive measures and especially
‘technical preventive measures, making it possible to reduce the degree of
exposure of the workers to the lowest possible level.

It is in such a spirit that in the present article, while taking into
account certain pragmatic aspects which we feel affect the entire community,
we recommended the immediate application, for 8 limited period of time, of
permissible limits which would represent a considerable advance over the

current situation.
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